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EXAMPLE 3: PCB SITE

STEP 1: SCREENING-LEVEL PROBLEM FORMULATION AND ECOLOGICAL
EFFECTS EVALUATION

Site history. This is a former waste-oil recycling facility located in a remote area.
Oils contaminated with polychlorinated biphenyl compounds (PCBs) were disposed of in a
lagoon. The lagoon was not lined, and the soil is composed mostly of sand. Oils
contaminated with PCBs migrated through the soil and contaminated a wide area adjacent to
the site.

Site visit. During the preliminary site visit, the ecological checklist was completed.
Most of the habitat is upland forest, old field, and successional terrestrial areas. Biological
surveys at this site have noted a variety of small mammal signs. In addition, red-tailed hawks
were observed.

Problem formulation. At least 10 acres surrounding the site are known to be
,contaminated with PCBs. Some PCBs are reproductive toxins in mammals (Ringer et al., 0.

1972; Aulerich et al., 1985; Wren, 1991; Kamrin and Ringer, 1996). When ingested, they
induce (i.e., increase concentrations and activity of) enzymes in the liver, which might affect
the metabolism of some steroid hormones (Rice and O'Keefe, 1995). Whatever the
mechanism of action, several physiological functions that are controlled by steroid hormones
can be altered by exposure of mammals to PCBs, and reproduction appears to be the most
sensitive endpoint for PCB toxicity in mammals (Rice and O'Keefe, 1995). Given this
information, the screening ecological risk assessment should include potential exposure
pathways for mammals to PCBs.

Several possible exposure pathways were evaluated for mammals. PCBs are not
highly volatile, so inhalation of PCBs by animals would not be an important exposure
pathway. PCBs in soils generally are not taken up by most plants, but are accumulated by
soil macroinvertebrates. Thus, herbivores, such as voles and rabbits, would not be exposed to
PCBs in most of their diets; whereas insectivores, such as shrews, or omnivores, such as deer
mice, could be exposed to accumulated PCBs in their diets. PCBs also are known to
biomagnify in terrestrial food chains; therefore, the ingestion exposure route needs evaluation,
and shrews and/or deer mice would be appropriate mammalian receptors to evaluate in this
exposure pathway.

Potential reproductive effects on predators that feed on shrews or mice also would be
important to evaluate. The literature indicated that exposure to PCBs through the food chain
could cause reproductive impairment in predatory birds through a similar mechanism as in
mammals. The prey of red-tail hawks include voles, deer mice, and various insects. Thus,
this raptor could be at risk of adverse reproductive effects.

A-14

E20.156



Ecological effects evaluation. No-obseryed-adverse-effect levels (NOAELs) for
the effects of PCBs and other contaminants at the site on mammals, birds, and other biota
were identified in the literature.

STEP 2: SCREENING-LEVEL EXPOSURE ESTIMATE AND RISK CALCULATION

Exposure estimate. For the screening-level risk calculation, the highest PCB and
other contaminant levels measured on site were used to estimate exposures.

Risk calculation. The potential contaminants of concern were screened based on
NOAELs for exposure routes appropriate to each contaminant. Based on this screen, PCBs
were confinned to be the only contaminants of concern to small mammals, and possibly to
birds, based on the levels measured at this site. Thus, at the SMDP, the risk manager and
lead risk assessor decided to continue to Step 3 of the ecological risk assessment process.

STEP 3: BASELINE RISK ASSESSMENT PROBLEM FORMULATION

The screening-level ecological risk assessment confirmed that PCBs are of concern to
small mammals based on the levels measured at the site and suggested that predatory birds
might be at risk from PCBs that accumulate in some of their mammalian prey.

Ecotoxicity literature review. A literature review was conducted to evaluate
potential reproductive effects in birds. PCBs have been implicated as a cause of reduced
reproductive success of piscivorous birds (e.g., cormorants, terns) in the Great Lakes (Kubiak
et al., 1989; Fox et al., 1991). Limited information was available on the effects of PCBs to
red-tailed hawks. A study on American kestrel indicated that consumption of 33 mglkgBW
day PCBs resulted in a significant decrease in sperm concentration in male kestrels (Bird et
al., 1983). Implications of this decrease for mating success in kestrels was not evaluated in
the study, but studies on other bird species indicate that it could increase the incidence of
infertile eggs and therefore reduce the number of young fledged per pair. The Great Lakes
International Joint Commission (IJC) recommends 0.1 mglkg total PCBs as a prey tissue level
that will protect predatory birds and mammals (IJC, 1988). (This number is used as an
illustration and not to suggest that this particular level is appropriate for a given site.)

Exposure pathways. The complete exposure pathways identified during Steps 1
were considered appropriate for the baseline ecological risk assessment as well.

Assessment endpoints and conceptual model. Based on the screening-level
risk assessment for small mammals and the results of the ecotoxicity literature search for
birds, a conceptual model was initiated for the site, which included consideration of predatory
birds (e.g., red-tailed hawks) and their prey. The ecological risk assessor and the risk
manager agreed (SMDP) that assessment endpoints for the site would be the protection of
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small mammals and predatory birds from reproductive impairment caused by PCBs that had
accumulated in their prey.

An exposure pathway diagram was developed for the conceptual model to identify the
exposure pathways by which predatory birds could be exposed to PCBs originating in the soil
at the site (see Exhibit A-3). While voles may be prevalent at the site, they are not part of
the exposure pathway for predators because they are herbivorous and PCBs do not accumulate
in plants. Deer mice (Peromyscus maniculatus), on the other hand, also are abundant at the
site and, being omnivorous, are likely to be exposed to PCBs that have accumulated in the
insect component of their diet. Preliminary calculations indicated that environmental levels
likely to cause reproductive effects in predatory birds are lower than those likely to cause
reproductive effects in mice because mice feed lower in the food chain than do raptors. The
assessment endpoint was therefore restricted to reproductive impainnent in predatory birds.

Risk questions. Based on the conceptual model, one question was whether
predatory birds could consume a high enough dose of PCBs in their diet to impair their
reproduction. Given the presence of red-tailed hawks on site, the question was refined to ask
whether that species could consume sufficient quantities of PCBs in their diet to affect

~ reproduction.

STEP 4: MEASUREMENT ENDPOINTS AND STUDY DESIGN

Measurement endpoints. To determine whether PCB levels in prey of the red
tailed hawk. exceed levels that might impair their reproduction, PCB levels would be
measured in deer mice taken from the site (of all of the species in the diet of the red-tailed
hawk, deer mice are assumed to accumulate the highest levels of PCBs). Based on estimated
prey ingestion rates for red-tailed hawks, a total PCB dose would be estimated from the
measured PCB concentrations in the mice.

Study design. The available measures of PCB concentrations in soil at the site
indicated a gradient of decreasing PCB concentration with increasing distance from the
unlined lagoon. Three locations along this gradient were selected to measure PCB
concentrations in deer mice. The study design specified that eight deer mice of the sam~ size
and sex would be collected at each location. Each mouse should be approximately 20 grams
so that contaminant levels can be measured in individual mice. With concentrations measured
in eight individual mice, it is possible to estimate a mean concentration and an upper
confidence limit of the mean concentration in deer mice for the location. In addition, QAlQC
requirements dictate that an additional eight deer mice should be collected at one location.

For this site, it was necessary to verify that sufficient numbers of deer mice of the
specified size would be present to meet the sampling requirements. In addition, hab,itat

A-16

E20.158



>•.....
----J

EXHIBIT A-3
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conditions needed to be evaluated to detennine what trapping techniques would work at the
targeted locations.

The study design specified further that the hazard quotient (HQ) method would be
used to estimate the risk of reproductive impairment in the red-tailed hawk from exposure to
PCBs in their prey. To detennine the HQ, the measured DDT concentrations in deer mice is
divided by the LOAEL of 33 mglkgBW-day for a decrease in sperm concentration in kestrels.
To estimate the dose to the red-tailed hawk, the PCB concentrations in deer mice is
multiplied by the quantity of deer mice that could be ingested by a red-tailed hawk each day
and divided by the body weight of the hawk. This dose is adjusted by a factor that
corresponds to the proportion of the diet of a red-tailed hawk that would come from the
contaminated area. This area use factor is a function of the home range size of the hawks
relative to the area of contamination. A HQ of greater than one implies that impacts due to
site contamination are likely, and an HQ of less than one implies impacts due to site
contaminants are unlikely.

STEP 5: FIELD VERIFICATION OF STUDY DESIGN

A field assessment using several trapping techniques was conducted to detennine (1)
which technique was most effective for capturing deer mice at the site and (2) whether the
technique would yield sufficient numbers of mice over 20 grams to meet the specified
sampling design. On the fIrst evening of the field assessment, two survey lines of 10 live
traps were set for deer mice in typical old-field habitat in the area believed to contain the
desired DDT concentration gradient for the study design. At the beginning of the second day,
the traps were retrieved. Two deer mice over 20 grams were captured in each of the survey
lines. These results indicated that collection of deer mice over a period of a week or less
with this number and spacing of live traps should be adequate to meet the study objectives.
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Notice

The policies and procedures established in this document are intended solely for the guidance of government personnel, for
use in the Superfund Program. They are not intended, and cannot be relied upon, to create any rights, substantive or
procedural, enforceable by any party in litigation with the United States. The Agency reserves the right to act at variance
with these policies and procedures and to change them at any time without public notice.

For more infonnation on Biological Sampling procedures, refer to the Compendium ofERT Toxicity Testing Procedures,
OSWER Directive 9360-4-08, EPA/5401P-911OO9 (U.S. EPA 1991a). Topics covered in this compendium include: toxicity
testing; and surface water and sediment sampling.

Please note that the procedures in this document should only be used by individuals properly trained and certified under a
40 Hour Hazardous Waste Site Training Course that meets the requirements set forth in 29 CPR 1910.120(e)(3). It should
not be used to replace or supersede any information obtained in a 40 Hour Hazardous Waste Site Training Course.

Questions, comments, and recommendations are welcomed regarding the Superfund Program Representative Sampling
Guidance, Volume 3 -- Biological. Send remarks to:

Mark Sprenger Ph.D. - Environmental Scientist
David Chatters Ph.D. - Environmental Scientist

U.S. EPA - Environmental Response Center (ERC)
Building 18, MS-I0l

2890 Woodbridge Avenue
Edison, NJ 08837-3679

For additional copies of the Superfund Program Representative Sampling Guidance, Volume 3 -- Biological, contact:

National Technical Infonnation Services
5285 Port Royal Road
Springfield, VA 22161
Phone (703)487-4650

u.s. EPA employees can order a copy by calling the ERe at (908) 321-4212
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Disclaimer

This document has been reviewed in accordance with u.S. Environmental Protection Agency policy and approved for
publication. Mention of trade names or commercial products does not constitute endorsement or recommendation for use.

The following trade names are mentioned in this document:

Havahart® - Allcock Manufacturing Co., Lititz, PA

Longworth - Longworth Scientific Instnlment Company, Ltd., England

Museum Special- Woodstream Corporation, Liti~ PA

Shennan - H.B. Shennan Traps, Tallahassee, FL
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Preface

This document is third in a series of guidance documents designed to assist Superfund Program Site Managers such as On
Scene Coordinators (OSCs), Site Assessment Managers (SAMs), and other field staff in obtaining representative samples
at Superfund sites. It is intended to assist Superfund Program personnel in evaluating and documenting environmental threat
in support ofmanagement decisions, including whether or not to pursue a response action. This document provides general
guidance for collecting representative biological samples (i.e., measurement endpoints) once it has been detennined by the
Site Manager that additional sampling will assist in evaluating the potential for ecological risk. In addition, this document
will:

• Assist field personnel in representative biological sampling within the objectives and scope of the Superfund
Program

• Facilitate the use of ecological assessments as an integral part of the overall site evaluation process

• Assist the Site Manager in determining whether an environmental threat exists and what methods are available to
assess that threat

_.1bis document is intended to be used in conjunction with other existing guidance documents, most notably, Ecological.Risk ...
'Assessment Guidancefor Superfund: Processfor Designing and Conducting Ecological Risk Assessments, OSWER, EPA
540-R-97/006.

The objective of representative sampling is to ensure that a sample or a group of samples accurately characterizes site
conditions. Biological infonnation collected in this manner complements existing ecological assessment methods.
Representative sampling within the objectives of the Superfund Program is used to:

• promote awareness of biological and ecological issues
• define the parameters of concern and the data quality objectives (DQOs)
• develop a biological sampling plan
• define biological sampling methods and equipment
• identify and collect suitable quality assurance/quality control (QAlQC) samples
• interpret and present the analytical and biological data

The National Contingency Plan (NCP) requires that short-tenn response (removal) actions contribute to the efficient
performance of any long-term site remediation, to the extent applicable. Use of this document will help detennine if
biological sampling should be conducted at a site, and if so, what samples will assist program personnel in the collection
of information required to make such a determination.

Identification and assessment ofpotential environmental threats are important elements for the Site Manager to understand.
These activities can be accomplished through ecological assessments such as biological sampling. This document focuses
on the performance of ecological assessment screening approaches, more detailed ecological assessment approaches, and
biological sampling methods.
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1.0 INTRODUCTION

1.1 OBJECTIVE AND SCOPE

This document is intended to assist Superfund Program
personnel in evaluating and documenting environmental
threat in support of management decisions. It presents
ecological assessment and sampling as tools in meeting
the objectives of the Superfund Program, which include:

•

•
•
•

Detennine threat to public health, welfare, and
the environment

Detennine the need for long-term action

Develop containment and control strategies

Detennine appropriate treatment and disposal
options

1be collection of representative samples is critical to the
site evaluation process since all data interpretation
assumes proper sample collection. Samples collected
which inadvertently or intentionally direct the generated
data toward a conclusion are biased and therefore not
representative.

This document provides Superfund Program personnel
with general guidance for collecting representative
biological samples (i.e., measurement endpoints, [see
Section 1.2 for the defInition of measurement endpoint]).
Representative biological sampling is conducted once the
Site Manager has determined that additional sampling
may assist in evaluating the potential for ecological risk.
This determination should be made in consultation with
a trained ecologist or biologist The topics covered in
this document include sampling methods and equipment,
QAlQC, and data analysis and interpretation.

• Document attainment of clean-up goals

This document is intended to assist Superfund Program
personnel in obtaining scientifically valid and defensible
environmental data for the overall decision-making
process of site actions. Both the Comprehensive
Environmental Response, Compensation, and Liability
Act (CERCLA) [§l04(a)(I)], as amended by the
Superfund Amendments and Reauthorization Act
(SARA), and the NCP [§300.400(a)(2)], require that the
United States Environmental Protection Agency (U.S.
EPA) "protect human health and the environment."

Environmental threats may be independent of human
health threats, whether they co-exist at a site or are the
result of the same causative agents. It is therefore
imponant to detennine and document potential,
substantial, and/or imminent threats to the environment
separately from threats to human health.

Representative sampling ensures that a sample or a group
of sample accurately characterizes site conditions.
Representative biological sampling and ecological risk
assessment include. but are not limited to, the collection
of site infonnation and the collection of samples for
chemical or toxicological analyses. Biological sampling
is dependent upon specific site requirements during
limited response actions or in emergency response
situations. Applying the methods of collecting
environmental infonnation, as outlined in this document,
can facilitate the decision-making process (e.g., during
chemical spill incidents).

The appendices in this document provide several types of
assistance. Appendix A provides a checklist for initial
ecological assessment and sampling. Appendix B
provides an example flow diagram for the development
of a conceptual site model. Appendix C provides
examples of how the checklist for ecological
assessment/sampling is used to fonnulate a conceptual
site model that leads up to the design of a site
investigation.

This document is intended to be used in conjunction with
other existing guidance documents, most notably,
Ecological Risk Assessment Guidance for Superfund:
Processfor Designing and Conducting Ecological Risk
Assessments, EPA 540-R-97/006 (U.S. EPA 1997).

1.2 RISK ASSESSMENT OVERVIEW

The lenn ecological risk assessment (ERA), as used in
this document, and as defined in Ecological Risk
Assessment Guidance for Superfund: Process for
Designing and Conducting Ecological Risk
Assessments, OSWE~ EPA 540-R-97/006 (U.S. EPA
1997) refers to:

..... a qualitative and/or quantitative
appraisal of the actual or potential
impacts of a hazardous waste ·site on
plants and animals other than humans
and domesticated species."

Risk assessments are an integral part of the Superfund
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process and are conducted as part of the baseline risk
assessment for the remedial investigation and feasibility
study (RIIFS). The RI is defmed by a characterization of
the nature and extent of contamination, and ecological
and human health risk assessments. The nature and
extent ofcontamination determines the chemicals present
on the site. The ecological and human health risk
assessments determine if the concentrations threaten the
environment and human health.

An ecological risk assessment is a fonnal process that
integrates knowledge about an environmental
contaminant (i.e., exposure assessment) and its potential
effects to ecological receptors (i.e., hazard assessment).
The process evaluates the likelihood that adverse
ecological effects may occur or are occurring as a result
of exposure to a stressor. As defmed by u.s. EPA
(1992), a stressor is any physical, chemical or biological
entity that can induce an adverse ecological response.
Adverse responses can range from sublethal chronic

..effects in an individual organism to a loss of ecosystem
function.

Although stressors can be biological (e.g., introduced
species), in the Superfund Program substances
designated as hazardous under CERCLA are usually the
stressors of concern. A risk does not exist unless (1) the
stressor has the ability to cause one or more adverse
effects, and (2) it co-occurs with or contacts an ecological
component long enough and at sufficient intensity to elicit
the identified adverse effect.

The risk assessment process also involves the
identification of assessment and measurement endpoints.
Assessment endpoints are explicit expressions of the
actual environmental values (e.g., ecological resources)
that are to be protected. A measurement endpoint is a
measurable biological response to a stressor that can be
related to the valued characteristic chosen as the
assessment endpoint (U.S. EPA 1997). Biological
samples are collected from a site to represent these
measurement endpoints. See Section 2.2 for a detailed
discussion of assessment and measurement endpoints.

:Except where required under other regulations, issues!
I such as restoration. mitigation, and replacement are!
I imponant to the program but are reserved for!
Iinvestigations that mayor may not be included in the RI I
Iphase. During the management decision process ofl
iselecting the preferred remedial option leading to ~el
!Record of Decision (ROD), mitigation and restorabonl
Iissues should be addressed. Note that these issues are not
inecessarily issues within the baseline ecological riskI

2

Iassessment.

Guidelines for human health risk assessment have been
established; however, comparable protocols for
ecological risk assessment do not currently exist.
Ecological Risk Assessment Guidtlnce for Superfund:
Processfor Designing and Conducting Ecological Risk
Assessments." (U.S. EPA 1997) provides conceptual
guidance and explains how to design and conduct
ecological risk assessments for a CERCLA RIIFS. The
Frameworkfor Ecological Risk Assessment (U.S. EPA
1992) provides an Agency-wide structure for conducting
ecological risk assessments and describes the basic
elements for evaluating site-specific adverse effects of
stressors on the environment These documents should
be referre(f to for specific infonnation regarding the risk
assessment process.

While the ecological risk assessment is a necessary flfSt
step in a "natural resource damage assessmerit~' to
provide a causal link, it is not a damage evaluation. A
natural resource damage assessment may be conducted at
any Superfund site at the discretion of the Natural
Resource Trustees. The portion of the damage
assessment beyond the risk assessment is the
responsibility of the Natural Resource Trustees, not of the
u.S. EPA. Therefore, natural resource damage
assessment is not addressed in this guidance.

1.3 CONCEPTUAL SITE MODEL

A conceptual site model is an integral part of a site
investigation and/or ecological risk assessment as it
provides the framework from which the study design is
structured. The conceptual site model follows
contaminants from their sources, through transport and
fate pathways (air, soil, surface water, groundwater), to
the ecological receptors. The conceptual m~el is a
strong tool in the development of a representative
sampling plan and is a requirement when conducting an
ecological risk assessment. It assists the Site Manager in
evaluating the interaction of different site features (e.g.,
drainage systems and the surrounding topography),
thereby ensuring that contaminant sources, pathways, and
ecological or human receptors throughout the site have
been considered before sampling locations, techniques,
and media are chosen.

Frequentlyt a conceptual model is created as a site map
(Figure 1) or flow diagram that describes the potential
movement of contaminants to site receptors (see
Appendix B). Important considerations when creating a
conceptual model-are:
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•

•
•
•

The state(s) (or chemical form) of each
contaminant and its potential mobility through
various media
Site topographical features
Meteorological conditions (e.g., climate,
precipitation, humidity, wind direction/speed)
Wildlife area utilization.

riveriM vegetation/aquatic organisms if
suspected to be in contiJCt with potentially
COntlJmi1Ulted surface water and soil
~ vegetmionfnuunmtjls/aqutltic organisms if
suspected to be in contact with potentially
contamiMted surface water and leaclulte.

Preliminary and historical site information may provide
the identification of the contaminant(s) of concern and the
level(s) of the contamination. A sampling plan should be
developed from the conceptual model based on the
selected assessment endpoints.

The conceptual site model (Figure 1) is applied to this
document, Representative Sampling Guidance Volume
3: Biological. Based on the model, you can
approximate:

1.4 DATA QUALITY OBJECTIVES

Data quality objectives (DQOs) state the level of
uncertainty that is acceptable from data collection
activities. DQOs also define the data quality necessary to
make a certain decision. Consider the following when
establishing DQOs for a particular project:

• Decision(s) to be made or question(s) to be
answered;

• Potential Sources
hazardous waste site (waste pile, lagoon,
emissions), drum dump (runoff, leachate),
agricultural (runoff, dust, and paniculates)

•

•

Why environmental data are needed and how
the results will be used;

Time and resource constraints on data
collection;

• Potential Exposure Pathways
ingestion

waste contained in the pile on the
haz.ardous waste site; soil panicles near
the waste pile; drum dump; or area of
agricultural activity

inhalation
dust and particulates from waste pile,
drum dump, or area ofagricultural activity

absorption/direct contact
soil near waste pile, drum dump, or area of
agricultural activity and surface water
downstream ofsources

• Potential Migration Pathways
air (paniculates and gases) from drum dump
and area ofagricultural activity
soil (runoff) from the hazardous waste site,
drum dump, and agricultural runoff
surfac~ water (river & lake) from hazardous
waste site and agricultural runoff
groundwater (aquifer) from drum dump
leachate.

Descriptions of the environmental data to be
collected:

• Applicable model or data interpretation method
used to arrive at a conclusion:

• Detection limits for anaIytes of concern; and

• Sampling and analytical etTOr.

In addition to these considerations, the quality assurance
components of precision, accuracy (bias), completeness,
representativeness, and comparability should also be
considered. Quality assurance components are defined as
follows:

• Precision -- measurement of variability in the
data collection process.

Accuracy (bias) -- measurement of bias in the
analytical process. The tenn "bias" throughout
this document refers to the QAlQC accuracy
component

• Potential Receptors of Concern (and associated
potential routes)

wetland vegetation/mamtrulls/invenebrates if
suspected to be in contact with potentially
contaminated soil and surface water

3

•

•

Completeness - percentage of sampling
measurements which are judged to be valid.

Representativeness - degree to which sample
data accurately and precisely represent the
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cbaractmstics ofthe site contaminants and their
concentrations.

• Comparability - evaluation of the similarity of
conditions (e.g., sample depth, sample
homogeneity) under which separate sets of data
are produced.

Many ofthe DQOs and quality assurance considerations
for soil, sediment. and water sampling are also applicable
to biological sampling. However, there are also
additional considerations that are specific to biological
sampling.

• Is biological data needed to aDSwer the
- question(s) and, ifso, how will the data be used;

• Seasonal, logistical, resource, and legal
constraints on biological specimen collection;

-. What component of the biological system will
be collected or evaluated (i.e., tissue samples,
whole organisms, population~ community
data, habitat data);

• 1be specific model or interpretation scheme to
be utilized on the data set;

1be temporal, spatial, and behavioral variability
inherent in natural systems.

Quality assurance/quality control (QAlQC) objectives are
discussed further in Chapter 4.

1.5 TECHNICAL ASSISTANCE

In this document, it is assumed that technical specialists
are available to assist Site Managers and other site
personnel in detennining the best approach to ecological
assessment This assistance ensures that all approaches
are up-to-date and that best professional judgment is
exercised. Refer to Appendix A for more infonnation.

Suppon in designing and evaluating ecological
assessments is currently available from regional technical
assistance groups such as Biological Technical
Assistance Groups (BTAGs). Support is also available
from the Environmental Response Team Center (ERTe)
as well as from other sources within each region.

4
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2.0 BIOLOGICAUECOLOGICAL ASSESSMENT APPROACHES

2.1 INTRODUCTION 2.2.1 Literature Screening Values

Biological assessments vary in their level of effort,
components, and complexity, depending upon the
objectives of the study and specific site conditions. An
assessment may consist of literature-based risk
evaluations and/or site-specific studies (e.g.,
population/community studies, toxicity testslbioassays,
and tissue residue analyses).

Superfund Program personnel (RPMs and OSCs) may be
limited to completing the ecological checklist (Appendix
A) during the Preliminary Site Evaluations and to
consulting an ecological specialist if it is detennined that
additional field data are required. The checklist is
designed to be completed by one person during an initial

-,site visit. The checklist provides baseline data, is useful
in designing sampling objectives; and requires a few
hours to complete in the field.

When the Site Manager determines that additional data
collection is needed at a response site, the personnel and
other resources required depends on the selected
approach and the site complexity.

To detennine which biological assessment approach or
combination ofapproaches is appropriate for a given site
or situation, several factors must be considered. These
include what management decisions will ultimately need
to be made based on the data; what are the study
objectives; and what should be the appropriate level of
effort to obtain knowledge of contaminant fate! transport
and ecotoxicity.

2.2 RISK EVALUATION

TIlree common approaches to evaluating environmental
risk to ecological receptors are (1) the use of literature
screening values (e.g., literature toxicity values) for
comparison to site-specific contaminant levels, (2) a
"desk-top" risk assessment which can model existing site
specific contaminant data to ecological receptors for
subsequent comparison to literature toxicity values, and
(3) field investigationllaboratory analysis that involves a
site investigation (which may utilize existing contaminant
data for support) and laboratory analysis of contaminant
levels in media and/or experimentation using bioassay
procedures. These three approaches are described in
further detail next.
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To detennine the environmental effects of contaminants
at a hazardous waste site, the levels of contaminants
found may be compared to literature toxicity screening
values or established screening criteria. These values
should be derived from studies that involve testing of the
same matrix and a similar organism of concern. Most
simply stated, if the contaminant levels on the site are
above the established criteria, further evaluation of the
site may be necessary to determine the presence of risk.
Site contaminant levels that are lower than established
criteria may indicate. that no further evaluation is
necessary at the site for that contaminant

2.2.2 Risk Calculations

The "desk-top" risk calculation approach compares site
contaminants to infonnation from studies found in
teetmicallitemture. This type of evaluation can serve as
a screening assessment or as a tier in a more complex
evaluation. Since many assumptions must be made due
to limited site-specific information, risk calculations are
necessarily conservative. The collection and inclusion of
site-specific field data can reduce the number and/or the
magnitude of these "conservative" assumptions, thereby
generating a more realistic calculation of potential risk.
(See Chapter 5.0 for a complete discussion on risk
calculations.)

2.2.3 Standard Field Studies

Two important aspects of conducting a field study that
warrant discussion are the selection of a reference area
and the selection of the receptors of concern. These are
important to establish prior to conducting a field study.

2.2.3.1 Reference Area Selection

A reference area is defined in this document as an area
that is outside the chemical influence of the site but
possesses similar characteristics (e.g., habitat, substrate
type) that allows for the comparison of data between the
impacted area (i.e., the site) and the unimpacted area (i.e.,
the reference area). Reference areas can provide
infonnation regarding naturally occurring compounds and
the existence of any regional contamination independent
of the site. They can help determine if contaminants are
ubiquitous in the area and can separate site-related issues
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from non-site related issues.

The reference area must be of similar habitat type and
support a species composition similar to the study area.
The collection and analysis of samples from a reference
area can support site-specific decisions regarding uptake,
body burden, and accumulation of chemicals and toxicity.

The reference area should be outside the area of influence
of the site and if possible, in an area of minimal
contamination or disturbance. Location of reference
areas in urban or industrial areas is frequently difficult,
but an acceptable reference area is usually critical to the
successful use of ecological assessment methods.

2.2.3.2 Receptor Selection

The selection of a receptor is dependent upon the
objectives ofthe study and the contaminants present. The

-,first step is to detennine the toxicity characteristics of the
contaminants (i.e., acute, chronic, bioaccumulative, or
non-persistent). The next step is to detennine the
exposure route of the chemical (i.e., dermal, ingestion,
inhalation).

Selection of the receptor or group of receptors is a
component of establishing the measurement endpoint in
the study design. When discussing the term measurement
endpoint, it is useful to fust define a related concept, the
assessment endpoint. An assessment endpoint is defmed
as "an explicit expression of the environmental value that
is to be protected." For example, "maintaining aquatic
community composition and structure downstream of a
site similar to that upstream of the site" is an explicit
assessment endpoint Inherent in this assessment endpoint
is the process of receptor selection that would most
appropriately answer the question that the endpoint
raises. Related to this assessment endpoint is the
measurement endpoint which is defined as "a measurable
ecological characteristic that is related to the valued
characteristic chosen as the assessment endpoint." For
example, measurements of biological effects such as
monahty, reproduction, or growth of an invertebrate
community are measurement endpoints. Establishing
these endpoints will ensure (1) that the proper receptor
will be selected to best answer the questions raised by the
assessment and measurement endpoints, and (2) that the
focus of the study remains on the component of the
environment that may be used as the basis for decision.

There are a number of factors that must be considered
when selecting a target species. The behavioral habits
and lifestyle of the species must be consistent with the
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environmental fate and transport of the contaminants of
interest as well as pathways of exposure to receptor
species. For example, if the contaminants of concern at
the site are PCBs that are bioaccumulative, a mammal
such as a mink could be selected for the study since this
species is documented to be sensitive to the
bioaccumulation of PCBs. The mink in this case has
been selected to be used for establishing the measurement
endpoint that is representative of piscivorous mammals.
However, it may not be feasible to collect mink for study
due to their low availability in a given area. Therefore,
the food items of the mink (e.g., small mammals, aquatic
vertebrates and invertebrates) may be collected and
analyzed for PCBs as an alternative means of evaluating
the risk to mink. The resulting residue data may be
utilized to produce a dose model. From this model, a
reference dose value may be detennined from which the
probable effects to mink calculated.

The movement patterns of a measurement endpoint are
also important during the receptor selection process.
Species that are migratory or that have large feeding
ranges are more difficult to link to site exposure than
those which are sessile, territorial, or have limited
movement patterns.
Ecological field studies offer direct or corroborative
evidence ofa link between contamination and ecological
effects. Such evidence includes:

• Reduction in population sizes of species that
can not be otherwise explained by naturally
occuning population cycles

• Absence of species nonnally occurring in the
habitat and geographical distribution

• Dominance ofspecies associated primarily with
stressed habitat

• Changes in community diversity or trophic
structure relative to a reference location

• High incidence of lesions, tumors, or other
pathologies

• Development of exposure response
relationships.

Ecologists usually compare data of observed adverse
effects to infonnation obtained from a reference area not
affected by site contamination. To accomplish this,
chemical and biological data should be collected
simultaneously and then compared to determine if a
correlation exists between contaminant concentrations
and ecological effects (U.S. EPA 1991b). The
simultaneous collection of the data is important in
reducing the effect of temporal variability as a factor in
the correlation analysis.
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The type of field study selected is directed by the
contaminants present linked to the assessment endpoint
Prior to choosing a specific study" approach, the site
contaminant must be detennined using infonnation about
known or suspected site contaminants and how the nature
of these contaminants may be modified by several
environmental and ecotoxicological factors. In addition,
evaluation of chemical fate and transport infonnation is
necessary to detennine the appropriate matrix and
technique.

Contaminants can be a food chain threat. a lethal threat.
a direct non-lethal toxicant. indirect toxicant. or some
combination of the four. Chemical residue studies are
appropriate if the contaminant of concern (COC) will
bioaccumulate. Ecotoxicological information can provide
insight about contaminants that are expected to
accumulate in organisms. It can also provide infonnation
about which organisms provide the best data for the study

, objectives. For example, the species-specific
'bioaccumulation rate must be considered along with
analytical detection limits; the bioaccumulated levels
need to be above the analytical detection limits. In
contrast, population! community studies or toxicity testing
may be more appropriate if the contaminants cause direct
lethality.

2.2.3.3 Exposure - Response Relationships

The relationship between the exposure (or dose) of a
contaminant and the response that it elicits is a
fundamental concept in toxicology (Timbrell 1989). The
simplest response to observe is death. Some examples of
other responses that vary in tenDs of ease of measurement
include pathological lesions, cell necrosis, biochemical
changes, and behavioral changes. It is this foundation of
exposure-response relationships upon which the concept
of chemical residue studies, population/community
studies, and toxicity testing/bioassays are built upon.

2.2.3.4 Chemical Residue Studies

Residue studies are appropriate to use when there is
concern about the accumulation of contaminants in the
tissues of indigenous species. Residue studies are
conducted by collecting organisms of one or more species
and comparing the contaminant bioaccumulation data to
those organisms collected from a reference area.

Chemical residue studies require field collection of biota
and subsequent tissue analysis. A representative
organism for collection and analysis is selected based on
the study objectives and the site habitat. Generally the
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organism should be abundant. sessile (or with limited
home range), and easy to capture. These attributes help
to provide a sufficient number of samples for analysis
thereby strengthening the linkage to the site. A number
oforganism- and contaminant-specific factors should also
be considered when designing residue studies (see Philips
[1977] and [1978] for additional infonnation). The
subsequent chemical analysis may be conducted on
specific target tissues or the whole body. In most cases,
whole-body analysis is the method of choice to support
biological assessments. This is because most prey
species are eaten in entirety by the predator.

In designing residue analysis studies, it is important to
evaluate the exposure pathway carefully. If the organisms
analyzed are not within the site-specific exposure
pathway, the infonnation generated will not relate to the
environmental threat. Evaluation of the exposure
pathwaymay suggest that a species other than the one of
direct concern might provide a better evaluation of
potential threat or bioaccumulation.

Bec;ause there are different data needs for each objective,
the study objective needs to be detennined prior to the
collection of organisms. In these studies the actual
accumulation (dependent upon the bioavailability) of the
contaminants is evaluated rather than assumed from
literature values. The infonnation collected then allows
for site-specific evaluation of the threat and reduces the
uncertainty associated with the use of literature
bioavailability values. These factors may be applied for
specific areas of uncertainty inherent from the
extrapolation of available data (e.g., assumptions of 100
percent bioaccumulation, variations in sensitive
populations).

As stated previously, because site conditions as well as
the bioavailability can change over time, it is important
thatexposme medium (soil, sediment, or water) samples
and biological samples are collected simultaneously and
analyzed for the same parameters to allow for the
comparison of environmental contaminant levels in the
tissue and the exposure medium. This is critical in
establishing a site-specific linkage that must be
detennined on a case-by-case basis.
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2.2.3.5 Population/Community
Response Studies

The fundamental approach to population or community
response studies is to systematically sample an area,
documenting the organisms of the population or
community. Individuals are typically identified and
enumerated, and calculations are made with respect to the
number, and species present. These calculated values
(e.g., indices or Metrics) are used to compare sampling
locations and reference conditions. Some population and
community metrics include the number of individuals,
species composition, density, diversity, and community
structure.

2.2.3.6 Toxicity Testing/Bioassays

A third common assessment approach is to utilize toxicity
tests or bioassays. A toxicity test may be designed to

, measure the effects from acute (short-term) or chronic
(long-tenn) exposure to a contaminant. An acute test
attempts to expose the organism to a stimulus that is
severe enough to produce a response rapidly. The
duration of an acute toxicity test is short relative to the
organism's life cycle and mortality is the most common
response measured. In contrast, a chronic test attempts
to induce a biological response of relatively slow
progress through continuous, long-tenn exposure to a
contaminant.

In des~gning a toxicity test, it is critical to understand the
fate. transport, and mechanisms of toxicity of the
contaminants to select the test type and conditions. The
toxicity test must be selected to match the site and its
conditions rather than modify the site matrix for the use
of a panicular test. Factors to consider are the test
species. physical/chemical factors of the contaminated
media. acclimation of test organisms, necessity for
laboratory versus field testing, test duration, and selection
of test endpoints (e.g.• monality or growth). A thorough
understanding of the interaction of these and other factors
is necessary to detennine if a toxicity test meets the study
objectives.

The selection of the best toxicity test. including the choice
of test organism. depends on several factors:

• The decisions that will be based on the results
of the study

• The ecological setting of the site
• The contaminant(s) of concern

Toxicity testing can be conducted on a variety of sample
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matrices, including water (or an aqueous effluent),
sedimen~ and soil. Soil and sediment toxicity tests can
be conducted on the parent material (solid-phase tests) or
on the eluttiate (a water extract of the soil or sediment).
Solid-phase sediment and soil tests are currently the
preferred tests since they evaluate the toxicity of the
matrix ofinterest to the test organisms, thereby providing
more of a realistic site-specific exposure scenario.

As stated previously, one of the most frequently used
endpoints in acute toxicity testing is mortality (also
referred to as leIhaIity) because it is one of the most easily
measured parameters.

In contrast, some contaminants do not cause mortality in
test organisms but rather they affect the rate or success of
reproduction or growth in test organisms. In this case,
the environmental effect of a contaminant may be that it
causes reproductive failure but does not cause mortality
in the existing population. In either case, the population ~

will either be eliminated or drastically reduced.

The use ofcontrol as well as reference groups is normally
required. Laboratory toxicity tests include a control that
evaluates the laboratory conditions, and the health and
response of the test organisms. Laboratory controls are
required for all valid toxicity tests. A reference provides
information on how the test organisms respond to the
exposure medium without the site contaminants.
1berefore, the reference is necessary for interpretation of
the test results in the context of the site (i.e., sample data
is compared to the reference data). It is not uncommon
for conditions other than contamination to induce a
response in a toxicity test With proper reference and
control tests, toxicity tests can be used to establish a link
between contaminants results and adverse effects.

Within the Superfund Program. conducting toxicity tests
typically involves collecting field samples .(water,
sediment, soil) and transferring the materials to a
laboratory. In situ (field conducted) tests can be run if
field conditions pennit. There are benefits and
limitations associated with each approach.' The most
notable benefit of laboratory testing is that exposure
conditions are controlled, but this leads to its most
notable limitation, a reduction of realism. With in situ
tests, the reality of the exposure situation is increased, but
there is a reduction of test conttols. See U.S. EPA's
Compendium of ERT Toxicity Testing Procedures,
OSWER Directive 9360.4-08, EPA/5401P-91/009 (U.S.
EPA 1991a), for descriptions of nine common toxicity
tests and SttuUltJrd Guide for Conducting Sediment
Toxicity Tests w#h Freshwater lnvenebrates, ASTM
Standard E1383, October 1990.
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Species SelectioD for Ioxicin' Iestio&

Selection of the test organism is critical in designing a
sWdy using toxicity testing. The species selected should
be representative relative to the assessment endpoint,
typically an organism found within the exposure pathway
expected in the field. To be useful in evaluating risk, the
test organism must respond to the contaminant(s) of
concern. 1bis can be difficult to achieve since the species
and tests available are limited. Difficult choices and
balancing of factors are frequently necessary.

10
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3.0 BIOLOGICAL SAMPLING METHODS

Once a decision has been made that additional data are
required to assess the biological threat posed by a site, an
appropriate sampling plan must be developed. The
selection ofecological sampling methods and equipment
is dependent upon the field assessment approach, as
discussed in Chapters 1 and 2. Thus, the selection of an
assessment approach is the initial step in the collection
process. This chapter does not present step-by-step
insttuctions for a particular method, nor does it present an
exhaustive list of methods or equipment Rather, it
presents specific examples of the most commonly used
methods and associated equipment. Table 4.1 (at the end
of this chapter) lists some of the standard operating
procedures (SOPs) used by the U.S. EPA's
Environmental Response Team Center (ERTC).

. ,Because of the complex process required for selecting
the proper assessment approach for a particular site,
consultation with an ecologistlbiologist experienced in
conducting ecological risk assessments is strongly
recommended.

3.1 CHEMICAL RESIDUE STUDIES

Chemical residue studies are a commonly used approach
that can address the bioavailability of contaminants in
media (e.g., soil, sediment, water). They are often called
tissue residue studies because they measure the
contaminant body burden in site organisms.

When collecting organisms for tissue analyses, it is
critical that the measured levels of contaminants in the
organism are attributable to a particular location and
contaminant level within the site. Collection techniques
must be evaluated for their potential to bias the generated
data. Collection methods can result in some fonn of
biased data either by the size, sex, or individual health of
the organism. Collection techniques are chosen based on
the habitat present and the species of interest. When
representative approaches are not practical, the potential
bias must be identified and considered when drawing
conclusions from the data. The use of a particular
collection technique should not be confused with the need
to target a IIclass II of individuals within a population for
collection. For example, in a specific study it may be
desirable to collect only males of the species or to collect
fish of consumable size.
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Some receptors of concern (ROCs) cannot be collected
and analyzed directly because of low numbers of
individuals in the study area, or other technical or
logistical reasons. Exposure levels for these receptors
can be estimated by collecting organisms that are preyed
upon by the ROC. For example, if the ROC is a
predatorybird, the species collected for contaminant level
measurements may be one of several small mammals or
fish that the ROC is known to eat

As noted previously, it is critical to link the accumulated
contaminants both to the site and to an exposure medium.
Subsequently, the collection and analysis of
representative soil, sediment, or water samples from the
same location are critical. A realistic site-specific
Bioaccumulation Factor (BAF) or Bioconcentration
Factor (BCF) may then be calculated for use in the site
exposure models.

''Bioconcentration is usually considered to be that process
by which toxic substances enter aquatic organisms, by
gill or epithelial tissue from the water. Bioaccumulation
is a broader tenn in the sense that it usually includes not
only bioconcentration but also any uptake of toxic
substances through the consumption of one organism. It

(Brungs and Mount 1978).

3.1.1 Collection Methods

It should be noted that any applicable state permits
should be acquired before any biological sampling event.
States requirements on organism, method, sampling
location, and data usage differ widely and may change
from year to year.

The techniques used to collect different organisms are
specific to the study objectives. All techniques are
selective to some extent for certain species, sizes, habitat,
or sexes of animals. Therefore, the potential biases
associated with each technique should be detennined
prior to the study. If the biases are recognized prior to
collection, the sampling may be designed to minimize
effect of the bias. For example, large traps are not
effective for trapping small animals since small mammals
are not heavy enough to trigger the trap or may escape
through minute trap openings.
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In detennining environmental threat, the target species
generally consist of prey species such as earthworms,
small mammals, or fISh. Residue data from these
organisms can be used to evaluate the risk to higher
trophic level organisms, which may be difficult to capture
or analyze.

3.1 .1 .1 Comparability Considerations

There are two issues that directly affect field collection.
FIrst, organisms such as benthic macroinvertebrates tend
to have a patchy or non-unifonn distribution in the
environment due to micro habitats and other factors.
Therefore, professional evaluation in matching habitat for
sampling is critical in the collection of a truly
representative sample of the community. Second,
variability in sampling effort and effectiveness needs to
be considered.

-3.1.1.2 Mammals

Trapping is the most common method for the collection
ofmammals. The selection of traps is detennined by the
species targeted and the habitat present Both live trap or
kill trap methods may be acceptable for residue studies,
but consideration ofother data uses (e.g., histopathology)
or concern for injury or death of non-target species can
influence the use of certain trap types.
Several trap methods are available for collecting small
mammals. Commonly used traps include Museum
Special, Havahart, Longworth, and Sherman traps
(Figure 3). Although somewhat labor-intensive, pitfall
trap arrays may also be established to include mammals
that are not regularly trapped using other techniques (e.g.,
shrews).

Trap placement is a key element when collecting
samples. Various methods of trap placement can be
utilized. These include, but are not limited to:

• Sign methodlBest set method
• Paceline method
• Grid method

When using the signlbest set method, an experienced
field technical specialist searches for fresh mammal signs
(e.g., tacks, scat, feeding debris) to determine where the
trap should be positioned. This method typically
produces higher trapping success than other methods,
however, this method is biased and is therefore generally
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used to determine what species are present at the site.

The paceline method involves placement of ttaps at
regular intervals along a transect A starting point is
selected and marked, a landmark is identified to indicate
the direction of the transect, and as the field member
walks the transect, the ttaps are placed at regular
intervals along it

The grid method is similar to the paceline method but
involves a group of evenly spaced parallel transects of
equal lengths to create a grid. Traps are placed at each
grid node. The size of the grid is dependent on the
species to be captured and the type of study. Grids of
between 500 to 1,000 square meters containing
approximately 100 traps are common. H a grid is
established in a forest interior, additional parallel
trapping lines may be established to cover the edge
habitat

Regardless of the type of trapping used, habitat
disturbance should be kept to a minimum to achieve
maximum trapping success. In most areas, a trapping
success of 10 percent is considered maximum but is
oftentimes significantly lower (e.g., 2 to 5 percent). Part
of this reduced trapping success is due to habitat
disturbance. Therefore, abiotic media samples (e.g., soil,
sediment, water) should be collected well in advance of
trapping efforts or after all trapping is completed.
Trapping success also varies with time but may increase
over time with diminishing returns. In other words,
extending the trapping period over several days may
produce higher trapping success by allowing mammals
that were once peripheral to the trapping area to
immigrate into the now mammal-depauperate area.
These immigrants would not be representative of the
trapping area. Therefore, a trapping period of 3 days is
typically used to minimize this situation.

Trapping success will also vary widely based on the
available habitat, targeted species, season, and
geographical location of the site. When detennining trap
success objectives, it is important to keep in mind the
minimum sample masslvolume requirements for chemical
residue studies.
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3.1.1.3 Fish

Electrofishing, gill nets, trawl nets, seine nets, and
minnow traps are common methods used for the
collection of fISh. The selection of which technique to
use is dependent on the species targeted for collection
and the system being sampled. In addition, there are
other available fish netting and trapping techniques that
may be more appropriate in specific areas. As with
manunal trapping, disturbance in the area being sampled
should be kept to a minimum to ensure collection
success.

Electrofishing uses electrical currents to gather, slow
down, or immobilize fish for capture. An electrical field
is created between and around two submerged electrodes
that stuns the fish or alters their swimming within or
around the field. Depending on the electrical voltage, the

. ~lectrical pulse frequency, and the fISh species, the fish
may swim towards one of the electrodes, swim slowly
enough to capture, or may be stunned to the point of
immobilization. This technique is most effective on fish
with swimbladders and/or shallow water since these fish
will float to the surface for easy capture.

Electrofishing can be done using a backpack-mounted
electroshocker unit a shore-based unit or from a boat
using either type. Electrofishing does not work in saline
waters and can be ineffective in very soft water.
Electrofishing is less effective in deep water where the
fish can avoid the current. In turbid waters, it may be
difficult to see the stunned fish.

GilJ netting is a highly effective passive collection
technique for a wide range of habitats. Because of its low
visibility under water, a gill net captures fish by
entangling their gill plates as they attempt to swim
through the area in which the gill net has been placed in.
Unfonunately. this may result in fish to be injured or
killed due to funher entanglement, predation, or fatigue.

The size and shape of fish captured is relative to the size
and kind of mesh used in the net thus creating bias

-towards a cenain sized fish. These nelS are typically used
in shallow waters. but may extend to depths exceeding 50
meters. The sampling area should be free of obstructions
and floating debris. and provide little to no current.
(Hurben 1983)
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Otter trawl netting is an active collection technique that
utilizes the motion of a powered boat to drag a pocket
shaped net through a bodyofwater. The net is secured to
the rear ofa boat and pulled to gather any organisms that
are within the opening of the pocket This pocket is kept
open through the use of underwater plates on either side
ofthe net that act as keels, spreading the mouth of the net
open.

Seining is another active netting technique that traps fISh
by encircling them with a long wall of netting. The top of
the net is buoyed by floats and the bottom of the net is
weighed down by lead weights or chains. Seine nets are
effective in open or shallow waters with unobstructed
bottoms. Beach or haul seines are used in shallow water
situations where the net extends to the bottom. Purse
seines are designed for applications in open water and do
not touch the bottom (Hayes 1983).

1be use ofminnow traps is a passive collection tec~que
for minnow-sized fish. 1be trap itself is a metal or plastic
cage that is secured to a stationary point and baited to
attract fish. Small funnel-shaped openings on either end
of the trap allow fISh to swim easily into it, but are
difficult to locate for exit Cage "extenders" or "spacers"
that are inserted to lengthen the cage, allow larger
organisms such as eels, or for a larger mass of fISh to be
collected.

3.1.1.4 Vegetation

Under certain conditions, the analysis of the chemical
residue in plants may be a highly effective method of
assessing the impacts of a site. The bioaccumulative
potential of plants varies greatly however, among
contaminants, contaminant species, soiVsediment texture
and chemistry, plant condition, and genetic composition
of the plant In addition to this variability, pl~ts can
translocate specific contaminants to different pans of the
plant. For example, one contaminant may tend to
accumulate in the roots of a plant, whereas a second
contaminant may tend to accumulate in the fruit of the
same plant. In this scenario, the collection and analysis
ofa plant part that normally does not receive translocated
materials would not result in a useful sample. Therefore,
it is ClUcial to conduct a literature review prior to
establishing a sampling protocol.

Sampling of herbaceous plants should be conducted
. during the growing season of the species of interest.
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Sampling of woody plants may be conducted during the
growing or donnant season, however, most plants
translocate materials from the aboveground portions of
the plant to the roots prior to donnancy.

Collection methods and sampling specifics may be found
in U.S. EPAIERT SOP #2037, Terrestrial Plant
Community Sampling; others are provided in Table 4.1.

3.1.2 Sample Handling and
Preparation

The animals or plants collected should be identified to
species level or the lowest practical taxonomic level.
Appropriate metrics (e.g., weight, animal body length,
plant height) and the presence of any external anomalies,
parasites, and external pathologies should be recorded.
If compositing of the sample material is necessary, it
should be perfonned in accordance with the study design.

Depending upon the study objectives, it may be necessary
to isolate the contaminant levels in animal tissue from the
contaminant levels in the food or abiotic matrices (e.g.,
sediment) entrained in the digestive tract of the organism.
This is an important process in that it separates the
contribution of two distinct sources of contaminants to the
next trophic level, thereby allowing the data user to
recognize the relative importance of the two sources.

Clearing of the digestive tract (i.e., depuration) of the
organism must then be accomplished prior to the
chemical analysis. The specific depuration procedures
will vary with each type of organism but all involve
allowing the organism to excrete waste products in a
manner in which the products may not be reingested,
absorbed, or deposited back onto the organism.

Biological samples should be handled with caution to
avoid personal injury, exposure to disease, parasites, or
sample contamination. Persona] protection such as
gloves should be worn when handling animals and traps
to reduce the transfer of scents or oils from the hand to
the trap_ which could cause an avoidance reaction in the
targeted animals.

Samples collected for biological evaluation must be
treated in the same manDer as abiotic samples (i.e., the
same health and safety guidelines, decontamination
protocols, and procedures for preventing cross-
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contamination must be adhered to). Biological samples
do require some extra caution in handling to avoid
personal injury and exposure to disease, parasites, and
venoms/resins. The selection of sample containers and
storage conditions (e.g., wet ice) should follow the same
protocols as abiotic samples. Refer to Chapter 4.0 for
determination of holding times and additional quality
assurance/quality control (QAlQC) handling procedures.

3.1.3 Analytical Methods

Chemical analytical methods for tissue analysis are
similar to those for abiotic matrices (e.g., soil and water),
however, the required sample preparation procedures
(e.g., .homogenization and subsampling) of biological
samples are frequently problematic. For example, large
bones, abundant hair, or high cellulose fiber content may
result in difficult homogenization of mammals and plants.
Extra steps may be required dming sample cleanup due
to high lipid (fat) levels in animals tissue or high'resin-
content in plant tissue.

Most tissue samples can be placed in a laboratory blender
with dry ice and homogenized at high speeds. The
sample material is then left to sit to allow for the
sublimation of the dry ice. Aliquots of the homogenate
may then be removed for the required analyses.

The requirement for split samples or other QA samples
must be detennined prior to sampling to ensure a
sufficient volume of sample is collected. Chapter 4.0
discusses the selection and use of QAlQC samples.

The detection limits of the analytical parameters should
be established prior to the collection of samples.
Detection limits are selected based on the level of
analytical resolution that is needed to interpret the data
against the study objectives. For example, if the detection
limit for a compound is 10 mg/kg but the concentnltion in
tissue which causes effects is 1 mg/kg. the detection limit
is not adequate to determine ifa problem exists. It should
be noted that standard laboratory detection limits for
abiotic matrices are often not adequate for tissue samples.
Chapter 4.0 provides details on detection limits and other
QAlQC parameters.

The tissue analysis can consist of whole body residue
analysis or analysis of specific tissues (i.e., fish fillets).
Although less frequently used in Superfund, tissues such
as organs (e.g., kidney or liver) may be analyzed. The
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study endpoints will determine whether whole body,
fillet, or specific organ samples are to be analyzed.

Concurrent analyses should include a determination of
percent lipids and percent moisture. Percent lipids may
be used to normalize the concentration of non-polar
organic contaminant data. In addition, the lipid content
of the organisms analyzed can be used to evaluate the
organism's health. Percent moisture detenninations
allow the expression ofcontaminant levels on the basis of
wet or dry weight. Wet weight concentration data are
frequently used in food chain accumulation models, and
dry weight basis data are frequently reported between
sample location comparisons.

Histo,pathQ1QaicaJ Analysis

Histopathological analysis can be an effective mechanism
for establishing causative relationships due to
contaminants since some contaminants can cause distinct
pathological effects. For example, cadmium causes
visible kidney damage providing causal links between
contaminants and effects. These analyses may be
perfonned on organisms collected for residue analysis. A
partial necropsy performed on the animal tissue may
indicate the presence of internal abnormalities or
parasites. The time frame and objectives of the study
detennine if histopathological analysis is warranted.

3.2 POPULATION/COMMUNITY
RESPONSE STUDIES

Population/community response studies are a commonly
utilized field assessment approach. The decision to
conduct a population/community response study is based
on the type(s) of contaminants, the time available to
conduct the study, the type of communities potentially
present at the site, and the time of year of the study.
These studies are most commonly conducted on non
time-critical or long-tenn remediation-type site activities.
During limited time frame responses, however, a
population/community surveyor screening level study
may be useful for providing infonnation about potential
impacts associated with a site.

3.2.1 Terrestrial Vertebrate Surveys

Methods for detennining adverse effects on terrestrial
vertebrate communities are as follows: censusing or
population estimates, sex-age ratio detenninations,
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natality/mortality estimations, and diversity studies.

True or accurate censuses are usually· not feasible for
most terrestrial vertebrate populations due to logistical
difficulties. Estimations can be derived by counting a
subset of organisms or counting and evaluating signs
such as burrows, nests, tracks, feces, and carcasses.
Capture-recapture studies may be used to estimate
population size but are labor-intensive and usually
require multiple-season sampling. If conducted
improperly, methods for marking captured organisms
may cause irritation or injury or interfere with the
species' nonna! activities.

Age ratios provide information on natality and rearing
success, age-specific reproductive rates, and mortality
and survival rates. Sex ratios indicate whether sexes are
present in sufficient numbers and proportions for nonnal
reproductive activity.

Communitycomposition (or diversity) can be assessed by
species frequency, species per unit area, spatial
distribution of individuals, and numerical abundance of
species (Hair 1980).

3.2.2 Benthic Macroinvertebrate
Surveys

Benthic macroinvertebrate (BMI) population/community
evaluations in smaIl- to medimn- sized streams have been
successfully used for approximately 100 years to
document injury to the aquatic systems. There are many
advantages to using BMI populations to detennine the
potential ecological impact associated with a site.
Sampling is relatively easy, and equipment requirements
are minimal. An evaluation of the community structure
may be used to assess overall water quality, evaluate the
integrity of watersheds, or suggest the presence of an
influence of the community structure that is independent
of water quality and habitat conditions.

Because BMIs are a primary food source for many fish
and other organisms, threats beyond the benthic
community can be inferred from the evaluation of BMIs.
Techniques such as rapid bioassessment protocols may
be used as a tool to support this type of fmding and
inference. A more comprehensive discussion of general
benthological surveys may be found in U.S. EPA (1990).
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3.2.2.1 Rapid Bioassessment Protocols
for Benthic Communities

Rapid bioassessment protocols are an inexpensive
screening tool used for detennining if a stream is
supporting or not supporting a designated aquatic life
use. The rapid bioassessment protocols advocate an
integrated assessment, comparing habitat and biological
measures with empirically defmed reference conditions
(U.S. EPA 1989a).

The three major components of a rapid bioassessment
essential for determining ecological impact are:

• Biological survey
• Habitat assessment
• Physical and chemical measurements

As with all population/community evaluations, the habitat
-, assessment is of particular concern with respect to

representative sampling. Care must be taken to prevent
bias dming collection of the benthic community resulting
from sampling dissimilar habitats. Similar habitats must
be sampled to make valid comparisons between
locations. In addition to ha1?ital similarity, the sampling
technique and level of effort at each location must be
uniform to achieve an accurate interpretation of results.

In the U.S. EPA Rapid Bioassessment Protocol (RBP),
various components of the community and habitat are
evaluated, a numerical score is calculated, and the score
is compared to predetermined values. A review of the
scores, together with habitat assessment and the physical
and chemical data, support a determination of impact.
U.S. EPA Reference (May, 1989a) presents the
calculation and interpretation of scores.

Standard protocols, including the RBP, have been
developed to facilitate surveying BMis to determine
impact rapidly. These protocols use a standard approach
to reduce the amount of time spent collecting and
analyzing samples. Protocols range from a quick survey
of the benthos (Protocol I) to a detailed laboratory
classification analysis (Protocol nn. Protocol I may be
conducted in several hours; Protocol II is more intensive
and focuses on major taxonomic levels; and Protocol ill
may require numerous hours to process each sample to a
greater level of taxonomic and community assessment
resolution. These protocols are used to determine
community health and biological condition via tolerance
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values and matrices. 1bey also create and amend a
historical data base that can be used for fuf:Ure site
evaluation.

3.2.2.2 General Benthological Surveys

Benthological surveys can be conducted with methods
other than those discussed in the RBP protocols utilizing
techniques discussed in the literature. The overall
concept is generally the same as that used in the RBP, but
the specific sampling technique changes depending on
the habitat or community sampled.

3.2.2.3 Reference Stations

The use of a reference station is essential to determine
population/community effects attributable to a site. The
use of a reference station within the study area is
preferable (upstream or at a nearby location otherwise
outside the area of site influence). In some cases this is
not possible due to regional impacts, area-wide habitat
degradation, or lack of a similar habitat In these cases
the use of population/community studies should be re
evaluated within the context of the site investigation. If
the choice is made to include the population/community
study, regional reference or a literature-based evaluation
of the community may be options.

3.2.2.4 Equipment for Benthic Surveys

The selection of the most appropriate sampling
equipment for a particular site is based primarily on the
habitat being sampled. This subsection is a brief
overview ofthe equipment available for the collection of
BMIs. Detailed procedures are not discussed in this
document For additional information, refer to the SOPs
and methods manuals provided in Table 4.1, or consult
an ecologistlbiologist experienced in this type of field
collection.

Long-handled nets or a Surber sampler with a 0.5
millimeter (rmn) size mesh are conunon sampling nets for
the collection of macroinvertebrates from a riffle area of
a stream. Samples to be collected from deep water
gravel, sand, or soft bottom habitats such as ponds, lakes,
or rivers are more often sampled using a small Ponar or
Ekman dredge. Artificial substrates are used in varying
habitats when habitat matching is problematic and/or
native substrate sampling would not be effective. The
most common types of artificial substrate samplers are
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Example No.1 (solid-phase sojll

followed for toxicity tests are described in detail in U.S.
EPA's Compendium of ERT Toxicity Testing
Procedures, OSWER Directive 9360.4-08, EPA/54OIP
91-009 (U.S. EPA 1991a), as well as existing SOPs
listed in Table 4.1. These published procedures address
sample preservation, handling and storage, equipment
and apparatus, reagents, test procedures, calculations,
QAlQC, and data validation. The practical uses of
various toxicity tests, including examples of acute and
chronic tests, are described next. Each section includes
an example toxicity test

multiple-plate samplers or barbecue basket samplers.

The organisms to be taken to the laboratory for
identification or retained for archival purposes may be
placed in wide-mouthed plastic or glass jars (for ease in
removing contents) and preserved in 70 percent 2
propanol (isopropyl alcohol) or ethyl alcohol (ethanol),
30 percent fonnalin, or Kahle's solution. Refer to
methods manuals for detailed infonnation on sample
handling and preservation.

3.2.3 Fish Biosurveys

3.2.3.1 Rapid Bioassessment Protocols
for Fish Biosurveys

3.3.1 Examples Of Acute Toxicity
Tests

RBPs IV and V are two levels of fISh biosurvey analyses.
Protocol IV consists of a questionnaire to be completed
with the aid of local and state fisheries experts. Protocol

, /V is a rigorous analysis of the fish community through
careful species collection, identification, and
enumeration. This level is comparable to the
macroinvertebrate Protocol m(see Section 3.2.2.1) in
effort. Detailed infonnation on both protocols can be
found in Rapid Bioassessments Protocols for Use In
Streams and Rivers (U.S. EPA 1989a).

3.3 TOXICITY TESTS

Toxicity tests evaluate the relative threat of exposure to
contaminated media (e.g., soil, sediment, water) in a
controlled setting. These tests are most often conducted
in the laboratory, although they may be conducted in the
field as well. These tests provide an estimate of the
relationship between the contaminated medium, the level
ofcontaminant, and the severity of adverse effects under
specific test parameters. Toxicity tests are categorized by
several parameters which include duration of the test, test
species, life stage of the organism, test end points, and
other variables.

The collection of the actual samples on which the tests
are to be conducted follow the same protocols as
collection of representative samples for chemical
analyses. Typically, a subsample of the media collected
for toxicity testing is submitted for chemical analyses.
The use of a concentration gradient for toxicity testing is
frequently desired to establish a concentration gradient
within the test. This also eliminates the need to sample
all the locations at a sileo The specific methods to be
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Laboratory-raised earthwonns are placed 30 per replicate
into test chambers containing site soil. A laboratory
control and a site reference treatment are established to
provide a means for comparison of the resulting data set.
Depending on the anticipated contaminant concenttatioDS
in the site soil, the soil may be used in its entirety or
diluted with control or site reference soil. The test
chambers are examined daily for an exposure period of
14 days and the number dead organisms is tabulated.
When the observed mortality in the site soil treatments is
statistically compared to control and site reference
treatments, inferences regarding the toxicity of the
contaminant concentrations in the site soil treatments may
be drawn.

Example No 2 (surface water)

Fathead minnows (PimephLlles promelas) are exposed
for 96 hours in aerated test vessels containing surface
water from sampling locations representing a
concentration gradient The mortality of the organisms is
recorded at the end of the exposure period and
statistically compared to control and site reference
treatments. Statistically significant differences between
treatments may be attributed to the varying contaminant
concentrations.
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3.3.2 Examples of Chronic Toxicity
Tests

Example No. J (surface water)

Fathead minnow larvae (Pimephales promelas) are
exposed for 7 days to surface water collected from
sampling locations that represent a concentration
gradient Each replicate consists of 20 individuals of the
same maturity level. The test vessels are aerated and the
water is replaced daily. The fISh, which should have
remained alive throughout the exposure period, are
harvested and measured for body length and body weight
1bese results represent growth rates and are statistically
compared to the control and site reference 1reabnents to
infer the toxicological effects of the contaminant
concentrations.

Example No.2 (sediment)

Midge (Chironomus sp.) larvae are exposed for 10 days
to sediment, overlain with site reference water, and
collected from sampling locations that represent a
concentration gradient. Each replicate consists of 200
individuals of the same maturity level (1st instar). The
test vessels are aerated and the water is replaced daily.
At the end of the exposure period, the larvae are removed
from the test vessels and measured for body length and
body weight.

The organisms are then returned to the test vessels and
allowed to mature to the adult stage. An emergence trap
is placed over the test vessel and the number of emerging
adults is recorded. These results, as well as the length
and weight results, are statistically compared to the
control and site reference treatments to infer the
toxicological effects of the contaminant concentrations.
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Figure 2: Common Mammal Traps

Havahart Trap

Longworth live trap

(A) (B)

Folding (A) and non-folding (B) Shennan live traps
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TABLE I
Reference List of Standard Operating Procedures -- Ecological Samplin2 Methods

SOPlMelhod No. Source ProcedureJMethod Title Publication No.

SOP No. 1820 ERTC Tissue Homogenization Procedure (in development)

SOP No. 1821 ERTC Semi-Volatiles Analysis of Tissue Samples by GCJMS (in development)

SOP No. 1822 ERTC Pesticides/PCB Analysis of Tissue Samples by GCJECD (in development)

SOP No. 1823 ERTC Microwave Digestion and Metals Analysis of Tissue Samples (in development)

SOP No. 2020 ERTC 7-Day Standard Reference Toxicity Test UsinR Larval Fathead Minnows Pimephales promelas OSWER EPA/5401P-91 /009

SOP No. 2021 ERTC 24-Hour Range Finding Test Using Daphnia maRna or Daphnia pulex OSWER EPA/5401P-91/009

SOP No. 2022 ERTC 96-Hour Acute Toxicity Test Using Larval Pimephales promelas OSWER EPA/5401P-911009

SOP No. 2023 ERTC 24-Hour Range Finding Test Using Larval Pimephales promelas OSWER EPA/5401P-9JIOO9

SOP No. 2024 ERTC 48-Hour Acute Toxicity Test Using Daphnia magna or Daphnia pulex OSWER EPA/5401P-911009

SOP No. 2025 ERTC 7-Day Renewal Toxicity Test Usin2 Ceriodaphnia dubia OSWER EPA/5401P-911OO9

SOP No. 2026 ERTC 7-Day Static Toxicity Test Using Larval Pimephales promelas OSWER EPA/5401P-911009

SOP No. 2027 ERTC 96-Hour Static Toxicity Test Using Selenastrum capr;comutum OSWER EPA/5401P-91/009

SOP No. 2028 ERTC 10-Day Chronic Toxicity Test Using Daphnia maRna or Daphnia pulex OSWER EPA/5401P-91/009

SOP No.l-oot ERTC IS-Day Solid Phase Toxicity Test Usin2 Chironomus tentans (in development)

SOP No. 1-002 ERTC 28-Day Solid Phase Toxicity Test Using Hyalella azteca (in development)

Greene et aI.( 1989) - 14-Day Acute Toxicity Test Using adult Eisenia andrei (earthwonns) EPA 600/3-88-029

SOP No. 1-005 ERTC Field Processing of Fish (in development)

SOPNo~ 2029 ERTC Small Manunal Sampling and Processing (in development)

SOP No. 2032 ERTC Benthic Sampling (in development)

SOP No. 2033 ERTC Plant Protein Detennination (in development)

SOP No. 2034 ERTC Plant Biomass Detennination (in development)

SOP No. 2035 ERTC Plant Peroxidase Activity Detenninalion (in development)

SOP No. 2036 ERTC Tree Coring and Interpretation (in development)

SOP No. 2037 ERTC Terrestrial Plant Community Sampling (in development)
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4.0 QUALITY ASSURANCE/QUALITY CONTROL

4.1 INTRODUCTION

The goal of representative sampling is to yield
quantitative data that accurately depict site conditions in
a given period ofUme. QAlQC measures specified in the
sampling procedures minimize and quantify the error
introduced into the data.

Many QA/QC measures are dependant on QA/QC
samples submitted with regular field samples. QA/QC
samples evaluate the three following types of infonnation:
(1) the degree ofsite variation; (2) whether samples were
cross-contaminated dming sampling and sample handling
procedures; and (3) whether a discrepancy in sample
results is attributable to field handling, laboratory
handling, or analysis. For additional infonnation on QA

-,objectives, refer to U.S. EPA Quality Assurance/Quality
Control (QAlQC) Guidance for Removal Activities,
EPA/540/G-90/004, April 1990.

4.2 DATA CATEGORIES

The u.s. EPA has established a process of data quality
objectives (DQOs) which establish what type, quantity,
and quality of environmental data are appropriate for
their intended application. In its DQO process, U.S.
EPA has defined two broad categories of data: screening
and definitive.

Screening data are generated by rapid, less precise
methods of analysis with less rigorous sample
preparation. Sample preparation steps may be restricted
to simple procedures such as dilution with a solvent,
rather than an elaborate extraction/digestion and cleanup.
At least 10 percent of the screening data are confumed
using the analytical methods and QA/QC procedures and
cri teria associated with definitive data. Screening data
without associated confinnation data are not considered
to be data ofknown quality. To be acceptable, screening
data must include the following:

• chain of custody
• initial and continuing calibration
• analyte identification
• analyte quantification
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Streamlined QC requirements are the defining
characteristic of screening data.

Definitive data are generated using rigorous analytical
methods (e.g., approved U.S. EPA reference methods).
These data are analyte-specific, with confinnation of
analyte identity and concentration. Methods produce
tangible raw data (e.g., chromatograms, spectra, digital
values) in the fann of hard-copy printouts or computer
generated electronic fues. Data may be generated at the
site or at an off-site location as long as the QAlQC
requirements are satisfied. For the data to be definitive,
either analytical or total measurement error must be
detennined. QC measures for definitive data contain all
the elements associated with screening data, but also
include trip, method, and rinsate blanks; matrix spikes;
perfonnance evaluation samples; and replicate analyses
for error detennination.

For more details on these data categories, refer to U.S.
EPA Data Quality Objectives Process For Superfund,
EPA/5401R-93/071, Sept 1993.

4~ SOURCESOFERROR

1be four most common potential sources of data error in
biological sampling:

• Sampling design
• Sampling methodology
• Sample heterogeneity
• Sample analysis

4.3.1 Sampling Design

The initial selection of a habitat is a potential source of
bias in biological sampling, which might either
exaggerate or mask the effects of hazardous substances in
the environment. In a representative sampling scheme,
habitat characteristics such as plant and animal species
composition, substrates, and degree of shading should be
similar at a1llocatioDS, including the reference location.
The same individual should select both the test site and
the control and background site to minimize error in
comparing site conditions.
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Rapid bioassessments in the field should include two
QAlQC procedures: 1) collection of replicate samples at
stations to check on the accuracy of the collection effort,
and 2) repeat a ponion (typically 10%) recount and
reidentification for accuracy.

For tissue analyses, tools and other sampling equipment
should be dedicated to each sample, or must be
decontaminated between uses. To avoid contamination,
sample containers must be compatible with the intended
tissue matrix and analysis.

Standardized procedures for habitat assessment and
selection also help minimize design error. The selection
of an inappropriate species may introduce an error into
the representative sampling design. This error can be
minimized by selecting a species that is representative of
the habitat and whose life-cycle is compatible with the
timing of the study. In addition, migratory or transient
species should be avoided.

During fishing operations, the sampling crew can prevent
habitat disturbance by staying out of the water body near
the sampling locations. The use of any particular
technique may introduce judgment error into the
sampling regimen ifdone improperly. For all techniques,
sampling should be conducted from the downstream
location to the upstream location to avoid contamination
of the upstream stations. Data comparability is
maintained by using similar collection methods and
sampling efforts at all stations.

Sample Analysis

Tissues destined for chemical analysis should be
homogenized Ideally, tissue sample homogenates should
consist of organisms of the same species, sex. and
development stage and size since these variables all affect
chemical uptake. There is no universal SOP for tissue
homogenization; specific procedures depend on the size
and type of the organism. For example, tissues must be
cut from fur and shell-bearing organisms as they cannot
be practicallyhomogenized as a whole. Homogenization
procedures may vary by site objective. Tissue
homogenates should be stored away from light and kept
frozen at -20 0 C. TIssue homogenates are prepared in
the laboratory and could be subject to cross
contamination.

Refer to U.S. EPAIERT SOP #1820, Tissue
Homogeni:lJltion Procedures for further details on tissue
homogenization procedures.

Appropriate sample preservation prevents loss of
compounds and decomposition of tissues before analysis.
Consult the appropriate SOP, analytical method, or
designated laboratory contact to confmn holding times for
tissue samples.

Because many compounds (e.g., chlorinate9
h){lrocarbons) concentrate in fatty tissues, a percent lipid
analysis is necessary to nonnalize results among samples.
Lipid recoveries vary among different analytical methods;
percent lipid results for samples to be nonnalized and
compared must be generated by the same analytical
method. Select a lipid analysis based on the objective of
the study (see references Herbes and Allen [1983] and
Bligh and Dyer 1959). Sample results may be
nonnalized on a wet-weight basis. If sample results are
to be reported on a dry-weight basis, instruct the
analytical laboratory to report the percent moisture
content for each sample.

Analytical procedures may introduce errors from
laboratory cross-contamination, extraction difficulties,
and inappropriate methodology. Fats naturally present in
tissues may interfere with sample analysis or extraction
and elevate detection limits. Detection limits in the tissue
samples must be the same as in the background tissue
samples if a meaningful comparison is to be made. To
minimize this interference, select an extraction or
digestion procedure applicable to tissue samples.

4.3.4

Sampling Methodology

Sample Heterogeneity

4.3.2

4.3.3

Sampling methodology and sample handling procedures
may contain possible sources of error such as unclean
sample containers, improper sample handling, and
improper shipment procedures. Procedures for sample
collection and handling should be standardized to allow
easier identification of potential error. Follow SOPs or
established procedures to ensure that all sampling
techniques are perfonned consistently despite different

_,sampling teams, dates, or locations. Use QAlQC
samples (Section 4.4) to evaluate errors due to improper
sampling methodology and sample handling procedures.
These guidelines should apply to biological as well as
soil, sediment, and water sampling.
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Tissu~ samples destined for sorting and identification
(e.g., benthic macroinvertebrates, voucher fish) should be
preserved in isopropyl or ethyl alcohol, fonnalin, or
Kahle's solution. Preservation in these solvents precludes
any chemical analysis.

4.4 QAlQC SAMPLES

QAlQC samples are collected at the site as prepared by
the laboratory. Analysis of the QAlQC samples provides
infonnation on the variability and usability of biological
sampling data, indicates possible field sampling or
laboratory error, and provides a basis for future validation
and usability of the analytical data. The most common
field QAlQC samples are field replicates, reference, and
rinsate blank samples. The most common laboratory
QAlQC samples are perfonnance evaluation (PE), matrix
spike (MS), and matrix spike duplicate (MSD) samples.
QAlQC results may suggest the need for modifying

-.sample collection, preparation, handling, or analytical
procedures if the resultant data do not meet site-specific
quality assurance objectives.

Refer to data validation procedures in U.S. EPA QUlJlity
Assurance/QUlJlity Control (QA/QC) Guidance for
RemovalAetivities, EPA/540/G-90/004, April 1990, for
guidelines on utilizing QAlQC samples.

determine error, a minimum of eight replicate samples is
recolllDlel1ded for valid statistical analysis. For total error
determination, samples should be analyzed by the same
laboratory. The higher detection limit associated with
composite samples may limit the usefulness of error
determination.

NOTE: A replicate biological sample may consist of
more than a single organism in those cases where the
species mass is less than the mass required by the
analytical procedure to attain required detection limits.
This variability in replicate biological samples is
independent of the variability in analytical procedures.

Toxicity 1=08 Rc;!1icatcs

For sediment samples, at least 3 replicate treabnents
should be conducted to determine variability between
tests.~The function of these replicates is to determine th~

variability of the test organism population within each
treatment This assumes the sample matrix exhibits a
uniform concentration of the contaminants of concern
within each treatment. Large variability may indicate a
problem with the test procedures or organisms or lack of
contaminant homogeneityiwithin the sample matrix..

Site-Specific Examples of the Use of Replicates

4.4.1 Replicate Samples
Example No.1

Field Replicates

Field replicates for solid media are samples obtained
from one sampling point that are homogenized, divided
into separate containers, and treated as separate samples
throughout the remaining sample handling and analytical
processes. Field replicates for aqueous samples are
samples obtained from one location that are homogenized
and divided into separate containers. There are no "true"
field replicates for biological samples, however,
biological samples collected from the same station are
typically referred to as replicates. In this case. the
biological replicates are used to detennine the variability
associated with heterogeneity within a biological
population. Field replicates may be sent to two or more
laboratories or to the same laboratory as unique samples.

Field replicates may be used to determine total error for
critical samples with contaminant concentrations near the
level that determines environmental impact. To
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Two contaminant sources were identified at an active
copper smelting facility. The fust area was a slag pile
containing high levels of copper suspected of migrating
into the surrounding surface ronoff pathways,
subsequently leaching into the surface water of a
surrounding stream system. The second area was the
contaminated creek sediment that was present in the
drainage pathway of the slag pile.

Whole-phase sediment toxicity tests were selected to
evaluate the toxicity associated with the copper levels in
the stream sediments. Sediment was collected at each
sampling location (six locations total) to provide the
testing laboratory with sufficient sample volume to
perfonn these evaluations. Ten-day static renewal tests
using the amphipod, Hyalella tlVeca, and the midge,
Chironomus tentans, were chosen. The toxicity test
utilized four "replicatestt per sampling location (or
treatment), each replicate containing fJfteen organisms.
The purpose of these replicates was to detennine the
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variability within the test organism population within
each treatment

The results reported mean survival for Hyalella azteca in
the contaminated sediment (8 to 50 percent) to be
significantly lower than survival in the uncontaminated
reference sediment (85 percent). Similarly, mean
survival for Chironomus tentans in the contaminated
sediment (0 to 63 percent) was significantly lower than
survival in the uncontaminated reference sediment (83
percent).

ExarnpleNQ 2

An inactive manufacturing facility had stored its stock
compounds in unprotected piles for a number of years,
resulting in DDT contamination of the adjacent
watershed. DDT contamination in a stream located
adjacent to the site extended from the manufacturing

_facility to approximately 27 miles downstream.

A field study was designed to quantitatively detennine if
the levels of DDT in the water and sediment in this
stream were resulting in an adverse ecological impact.
This was accomplished through the examination of
several in situ environmental variables in conjunction
with laboratory analyses. Water, sediment, and resident
biota were collected and submitted for various physical
and chemical detenninations. Additional sediments were
secured and utilized for toxicity testing with three
surrogate species. Finally, the benthic invertebrate
community was sampled and the structure and function of
this segment of the aquatic ecosystem evaluated.

Benthic invertebrates were collected from three areas at
each sampling location (i.e., three "replicates" per
location) and evaluated for various quantitative
community metrics. The purpose of these replicates were
to detennine the spatial variability in the stream among
the three areas within each sampling location.
Community structure, diversity indices, taxonomic
evenness, an evaluation of the function feeding groups,
and statistical analyses were perfonned on the data set.

substantiated by the toxicity evaluation results.

Example NQ. 3

Phase I and n Remedial Investigation and Feasibility
Studies (RIPS) have indicated that the soils surrounding
an industrial and municipal waste disposal site were
contaminated with PCBs. A preliminary site survey
revealed the presence of small mammal habitat and
mammal signs in the natural areas adjacent to the site as
well as an area that appeared to be outside of the site's
influence (i.e., a potential reference .area). A site
investigation was subsequently conducted to determine
the levels of PCBs ~cumulating into the resident
mammal community from contact with the PCB
contaminated soil.

Three small mammal trapping areas were identified for
this site. Two areas were located in PCB-contaminated
areas, the third area was a reference. Trapping -grids
were established in each area consisting of 100 traps of
various design. Six soil samples were also collected from
each trapping area to characterize the levels of PCBs
associated with the anticipated captured mammals.

A total of 32 mamma1s were collected at this site.
Twelve were collected from each on-site area and six
were collected from the reference area. All captured
mammals were submitted for whole body analysis of
PCBs. Mean PCB concentrations in the mammals were
as follows: on-site areas (1250 and 1340 J.J,glkg, wet
weight); reference area (490 J.J,glkg, wet weight). A one
way analysis of variance was conducted on the data set
treating each animal in an area as a "replicate" (i.e., 12
replicates from each on-site area and 6 replicates from
the reference). The results of the statistical analyses
indicated that there was a statistically significant
difference between on-site and reference area PCB levels
in the mammals (p<O.10). Therefore, in this example,
there were no analytical replicates since each individual
mammal was analyzed. However, each mammal
represented a statistical replicate within each trapping
area.

A collocated sample is collected from an area adjoining
a field sample to detennine variability of the matrix and
contaminants within a small area of the site. For
example, collocated samples for chemistry analysis split

Qualitative and statistical comparison of the results
between the contaminated areas and the uncontaminated
reference indicated that the benthic invertebrate
community was adversely affected downstream of the site
compared to the upstream reference. Taxonomic and
functional diversity varied inversely with DDT levels in
sediment and water. These results were further
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4.4.2 Collocated Samples
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from the sample collected for the toxicity test are
collected about one-half to three feet away from the field
sample location. Plants collected from within the same
sampling plot may be considered collocated. Collocated
samples are appropriate for assessing variability only in
a small area, and should not be used to assess variability
across the entire site or for assessing error.

organics. Handle, ttansport, and analyze trip blanb in
the same manner as the other volatile organic samples
collected that day. Trip blanks are used to evaluate error
associated with sampling methodology, shipping and
handling, and analytical procedures, since any volatile
organic contamination of a trip blank would have to be
introduced during one of those procedures.

Reference biological samples may be taken from a
reference area outside the influence of the site.
Comparison of results from actual samples and samples
from the reference area may indicate uptake, body
burden, or accumulation of chemicals on the site. The
reference area should be close to the site. It should have
habitats, size and terrain similar to the site under
investigation. The reference site need not be pristine.
Biological reference samples should be of the same

.. species, sex, and developmental stage as the field site
sample.

A perfonnance evaluation (PE) sample evaluates the
overall error from the analytical laboratory and detects
any bias in the analytical method being used. PE samples
contain known quantities of target analytes manufactured
under strict quality control. They are usually prepared by
a third party under a U.S. EPA certification program.
The samples are usually submitted "blind" to analytical
laboratories (the sampling team knows the contents of the
samples, but the laboratory does not). Labomtory--
analytical error (usually bias) may be evaluated by the
percent recoveries and correct identification of the
components in the PE sample.

A rinsate blank is used to assess cross-contamination
from improper equipment decontamination procedures.
Rinsate blanks are samples obtained by running analyte
free water over decontaminated sampling equipment.
Any residual contamination should appear in the rinsate
data. Analyze the rinsate blank for the same analytical
parameters as the field samples collected that day. When
dedicated cutting tools or other sampling equipment are
not used, collect one rinsate blank per device per day.

Analytical Laboratmy ConUpI Samples

A chemical analytical laboratory control sample (LCS)
contains quantities of target analytes known to the
laboratory and are used to monitor "controlled"
conditions. LeSs are analyzed under the same sample
preparation, reagents, and analytical methods as the field
samples. LCS results can show bias and/or variability in
analytical results.

4.4.3

4.4.4

4.4.5

Reference Samples

Rinsate Blank Samples

Field Blank Samples

4.4.7

4.4.8

Performance Evaluation
/Laboratory Control Samples

Controls

Trip blanks are samples prepared prior to going into the
field. They consist of certified clean water or sand, and
they are not opened until they reach the laboratory. Use
trip blanks when samples are being analyzed for volatile

Field blanks are samples prepared in the field using
cenified clean water or sand that are then submitted to the
laboratory for analysis. A field blank is used to evaluate
contamination or error associated with sampling
methodology, preservation, handling/shipping, and
laboratory procedures. If appropriate for the test, submit
one field blank per day.

4.4.6 Trip Blank Samples
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Toxicity Iestine Control GrouPS

In toxicity tests, a laboratory reference toxicant treatment
and a control treatment are both typically utilized in
addition to a site reference treatment. This test involves
exposing the test organism population to a standardized
reference toxicant at a standardized dose, then comparing
the response to historical laboratory records for that
culture. The mortality results of the newly conducted
reference toxicant test should be similar to the historical
results. This is conducted to reveal if the generation(s) in
the present culture is viable for use in the toxicity test, or
if the culture has grown resistant or intolerant to the
toxicant over time. Therefore, a laboratory reference
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toxicant test should be conducted prior to the testing of
the site matrices.

4.4.10 Laboratory Duplicate
Samples

In contrast, a laboratory control test is conducted
simultaneously with the testing of the site matrices. This
treatment identifies mortality factors that are unrelated to
site contaminants. This is accomplished by exposing the
test organism population to a clean dilution water and/or
a clean laboratory substrate.

MSIMSDs are a required QAlQC element of the
definitive data objectives. MSIMSDs should accompany
every 10 samples. Since the MSIMSDs are spiked field
samples, sufficient volume for three separate analyses
must be provided. Organic analysis of tissue samples is
frequently subject to matrix interferences which causes
biased analytical results. Matrix spike recoveries are
often low or show poor precision in tissue samples. The
matrix interferences will be evident in the matrix spike
results. Although metals analysis of tissue samples is
usually not subject to these interferences, MSIMSD
samples should be utilized to monitor method and
laboratory perfonnance. Some analytical parameters
such as percent lipids, organic carbon, and particle-size
distribution are exempt from MSIMSD analyses.

Matrix spike and matrix spike duplicate samples
(MSIMSDs) are supplemental volumes of field-collected
samples that are spiked in the laboratory with a known
concentration of a target analyte to determine matrix
interference. Matrix interference is determined as a
function of the percent analyte recovery in the sample

. -extraction. The percent recovery from MSIMSDs
indicates the degree to which matrix interferences will
affect the identification and/or quantitation of a substance.
MSIMSDs can also be used to monitor laboratory
perfonnance. When two or more pairs of MSIMSDs are
analyzed, the data obtained may also be used to evaluate
error due to laboratory bias and precision. Analyze one
MSIMSD pair. to assess bias for every 10 samples, and
use the average percent recovery for the pair. To assess
precision, analyze at least eight matrix spike replicates
from the same sample, and determine the standard
deviation and the coefficient of variation. See the U.S.
EPA Quality Assurance!' Quality Control (QA/QC)
Guidance for Removal Activities (April 1990) for
directions on calculating analytical error.

4.5 Data Evaluation

Evaluation of Analytical Error

Data Validation

4.5.1

4.5.2

A laboratory duplicate is a sample that undergoes
preparation and analysis twice. The laboratory takes two
aliquots of one sample and treats them as if they were
separate samples. Comparison of data from the two
~~ provides a measure of analytical reproducibility
Within a sample set. Discrepancies in duplicate analyses
may indicate poor homogenization in the field or other
sample preparation error, whether in the field or in the
laboratory. However, duplicate analyses are not possible
with most tissue samples unless a homogenate of the
sample is created.

Analytical error becomes significant in decision-making -~

as sample results approach the level of environmental
impact. The acceptable level of error is detennined by
the intended use of the data and litigation concerns. To
be definitive, analytical data must have quantitative
measurement of analytical error with PE samples and
replicates. The QA samples identified in this section can
indicate a variety ofqualitative and quantitative sampling
errors. Due to matrix interferences, causes of error may
be difficult to detennine in organic analysis of tissue
samples.

Data from tissue sample analysis may be validated
according to the Contract Laboratory Program National
Functional Guidelines (U.S. EPA 1994) and according to
U.S. EPA Quality Assurance/Quality Control (QA/QC)
Guidance for Removal Activities, EPAl540/G-90/004,
April 1990. Validation of organic data may require an
experienced chemist due to complexity of tissue analysis.

Matrix SpikelMatrix Spike
Duplicate Samples

4.4.9
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5.0 DATA ANALYSIS AND INTERPRETATION

extent of symmetry, and existence of outliers. Stem and
leaf plots are similar to histograms in that they provide
infonnation on the distribution of a data set; however they
also contain infonnation on the numeric values in the data
set. Box and whisker plots can be used to compare two
or more samples of the same characteristic (e.g., stream
IBI values for two or more years). Scatter plots are a
useful method for examining the relationship between
two sets of variables. Figure 4 illustrates the four graph
techniques described previously.

Large data sets are often summarized using a few
descriptive statistics. Two important features of a set of
data are the central tendency and the spread. Statistics
used to describe central tendency include the arithmetic
mean, median, mode and geometric mean. Spread or
dispersion in a data set refers to the variability in the
observations about the center of the distribution.
Statistics used to describe data dispersion include range
and standard deviation. Methods for calculating
descriptive statistics can be found in any statistics
textbook, and many software programs are available for
statistical calculations.

5.1 INTRODUCTION

The main objective of biological surveys conducted at
Superfund sites is the assessment of site-related threat or
effect For many types of biological data (e.g., levels of
contaminants in organisms collected on site and from a
reference location), hypotheses are tested to detennine
the presence or absence ofan effect For some biological
tests (e.g., benthic macroinvertebrate studies, toxicity
tests), the data analysis and interpretation process is
outlined in existing documents (U.S. EPA November
1990, U.S. EPA May 1996). For many Superfund
ecological assessments, a weight-of-evidence approach
is used to interpret the results of different studies or tests
conducted at a site.

, -The statistical tests and methods that will be employed
should be based on the objective of the data evaluation.
These components should be outlined in the Work Plan
or Sampling and Analysis Plan. This process will help
focus the study to ensure that the appropriate type and
number of samples are collected.

5.2 DATA PRESENTATION AND
ANALYSIS

5.2.2 Descriptive Statistics

5.2.1 Data Presentation Techniques 5.2.3 Hypothesis Testing

In many cases, before descriptive statistics are calculated
from a data set, it is useful to try various graphical
displays of the raw data. The graphical displays help
guide the choice of any necessary transfonnations of the
data set and the selection of appropriate statistics to
summarize the data. Since most statistical procedures
require summary statistics calculated from a data set, it is
imponant that the summary statistics represent the entire
data set. For example, the median may be a more
appropriate measure of central tendency than the mean
for a data set that contains outliers. Graphical display of
a data set could indicate the need to log ttansfonn data so

- that symmetry indicates a normaJ distribution. Four of the
most useful graphical techniques are described next.

A histogram is a bar graph that displays the distribution
of a data set, and provides infonnation regarding the
location of the center of the sample, amount of dispersion,
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Biological studies are conducted at Superfund sites to
detennine adverse effects due to site-related factors. For
many types of biological da~ hypothesis testing is the
statistical procedure used to evaluate data. Hypothesis
testing involves statistically evaluating a parameter of
concern, such as the mean or median, at a specified
probability for incorrectly interpreting the .analysis
results. In conventional statistical analysis, hypothesis
testing for a trend or effect is based on a null hypothesis.
Typically, the null hypothesis is presumed when there is
no trend or effect present. To test this hypothesis, data
are collected to estimate an effect The data are used to
provide a sample estimate of a test statistic, and a table
for the test statistic is consulted to detennine how unlikely
the observed value of the statistic is if the null hypothesis
is true. If the observed value of the test statistic is
unlikely, the null hypothesis is rejected. In ecological risk
assessment, a hypothesis is a question about the
relationship among assessment endpoints and their

E20.198



predicted responses when exposed to contaminants. The
most basic hypothesis that is applicable to virtually all
Superfund sites is that site-related contaminants are
causing adverse effects of the assessment endpoint(s).

5.3 DATA INTERPRETATION

assessment, mathematical models, such as the Hazard
Quotient method, are used to evaluate the site data
against literature toxicity values. Based on the type of
model used, the results can be extrapolated to suggest the
presence of ecological risk.

5.3.1 Chemical Residue Studies

Chemical residue data may be evaluated in two ways.
First, the contaminant concentrations by themselves
provide evidence of bioaccumulation and probable food
chain transfer of the contaminants, and an overall picture
of the distribution of contaminants in the biological
community. Second, the residue data may be evaluated
against literature residue values that are known to cause
no effect or an adverse effect in the organism.

5.3.2 Popu lation/Comm unity
Studies

The interpretation of population/community data is
extensive, therefore, the reader is referred to a detailed
treatment in U.S. EPA (November 1990), U.S. EPA
(1989a), Karr et ale (1986), and other literature.

5.3.3 Toxicity Testing

Measurement endpoints obtained in toxicity tests are
generally compared to results from a laboratory control
and a reference location sample to detennine whether
statistically significant differences exist. If significant
effects (e.g., monality, decreased reproduction) are
observed, additional statistical analyses can be run to
determine whether observed effects correlate with
measured contaminant levels. The reader is referred to a
detailed treatment in ASTM (1992), U.S. EPA (May
1988), u.s. EPA (March 1989b).

5.3.4 Risk Calculation

'.

Preliminary screening value results are interpreted by
comparison of historical and/or new site analytical data
against literature toxicity values. This comparison will
suggest if the probability of risk exists and whether
additional evaluation is desired.

If the evaluation is pursued to an ecological risk
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Figure 3 Illustrations of Sample Plots

IBIDATA

12 25 33 56
12 24 34 58
14 26 35
15 24 36
16 24 35
22 27 38
24 23 41
23 28 42

A) Histogram

C) Whisker Plot
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B) Leaf Plot

D) Scatter Plot
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APPENDIX A • CHECKLIST FOR ECOLOGICAL
ASSESSMENT/SAMPLING

Introduction

The checklist that fonows provides guidance in making observations for an ecological assessment It is not intended for
limited or emergency response actions (e.g., removal of a few drums) or for purely industrial settings with no discharges.
The checklist is a screening tool for preliminary site evaluation and may also be useful in planning more extensive site
investigations. It must be completed as thoroughly as time allows. The results of the checklist will serve as a starting point
for the collection of appropriate biological data to be used in developing a response action. It is recognized that certain
questions in this checklist are not universally applicable and that site-specific conditions will influence interpretation.
Therefore, a site synopsis is requested to facilitate final review of the checklist by a trained ecologisL

Checldist

The checklist has been divided into sections that correspond to data collection methods and ecosystem types. These sections
are:

I. Site Description

IA. Summary of Observations and Site Setting

ll. Terrestrial Habitat Checklist

ITA. Wooded
lIB. ShrUb/Scrub
nc. Open Field
fiD. Miscellaneous

m. Aquatic Habitat Checklist -- Non-Flowing Systems

IV. Aquatic Habitat Checklist - Flowing Systems

v. Wetlands Habitat Checklist
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Checklist for Ecological Assessment/Sampling

I. SITE DESCRIPTION

1. Site Name: _

Location: _

County: City: State: _

2. Latitude: _ Longitude: _

3. What is the approximate area of the site? _

4. Is this the frrst site visit? 0 yes 0 no If no, attach trip report of previous site visit(s), if available.

~ate(s) ofp~vious she vish(s):_~ ~

5. Please attach to the checklist USGS topographic Mapes) of the site, if available.

6. Are aerial or other site photographs available? 0 yes 0 no If yes, please attach any available photoes) to the site
map at the conclusion of this section.
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7. The land use on the site is:

__% Urban

__% Rural

__% Residential

__% Industrial (0 light 0 heavy)

__% Agricultural

(Crops: -J

__% Recreational

(Describe; note ifit is a park, etc.)

__% Undisturbed

__% Other

The area surrounding the site is:
_________ mile radius

__% Urban

__% Rural

__% Residential

__% Industrial (0 light 0 heavy)

__% Agricultural

(Crops: -J

__% Recreational

(Describe,. note if it is a park, etc.)

__% Undisturbed

__% Other

8. Has any movement of soil taken place at the site? 0 yes 0 no. Ifyes, please identify the most likely cause of this
disturbance:

__ Agricultural Use

__ Natural Events

Please describe:

__ Heavy Equipment

__ Erosion
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__ Mining

__ Other
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9. Do any potentially sensitive environmental areas exist adjacent to or in proximity to the site, e.g., Federal and State
parks, National and State monuments, wetlands, prairie potholes? Remember, flood plains and wetlands are not
always obvious; do not answer "no" without confirming information.

Please provide the source(s) of information used to identify these sensitive areas, and indicate their general location
on the site map.

10. What type of facility is located at the site?

o Chemical o Manufacturing 0 Mixing o Waste disposal

o Other (specify) _

11. What are the suspected contaminants of concern at the site? Ifknown, what are the maximum concentration levels?

12. Check any potential routes of off-site migration of contaminants observed at the site:

o Swales o Depressions o Drainage ditches

o Runoff o Windblown particulates 0 Vehicular traffic

o Other (specify) _

13. If known, what is the approximate depth to the water table? _

14. Is the direction of surface runoff apparent from site observations? 0 yes 0 no Ifyes, to which of the following
does the surface runoff discharge? Indicate all that apply.

:::: Surface water o Groundwater o Sewer o Collection impoundment

15. Is there a navigable waterbody or tributary to a navigable waterbody?
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Dyes 0 no
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16. Is there a waterbody anywhere on or in the vicinity of the site? Ifyes, also complete Section m: Aquatic Habitat
Checklist - Non-Flowing Systems and/or Section IV: Aquatic Habitat Checklist - Flowing Systems.

Dyes (approx. distance _ ono

17. Is there evidence of flooding? 0 yes 0 no Wetlands andflood plains are not always obvious; do not answer "no"
without confirming information. H yes, complete Section V: Wetland Habitat Checklist.

18. If a field guide was used to aid any of the identifications, please provide a reference. Also, estimate the time spent
identifying fauna. [Use a blank sheet if addition~space is needed for text]

19. Are any threatened and/or endangered species (plant or animal) known to inhabit the area of the site? 0 yes 0 no
Ifyes, you are required to verify this information with the U.S. Fish and Wildlife Service. H species' identities are
known, please list them next.

20. Record weather conditions at the time this checklist was prepared:

DATE: _

______ Temperature (oCJ°F)

______ Wind (direction/speed)

______ Cloud cover

_ Nonna) daily high temperature

______ Precipitation (rain, snow)
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IA. SUMMARY OF OBSERVATIONS AND SITE SETTING

Completed by Affiliation _

Additional Preparers _

Site Manager _

Date _
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D. TERRESTRIAL HABITAT CHECKLIST

DA. WOODED

1. Are there any wooded areas at the site? 0 yes 0 no If no, go to Section lIB: Shrub/Scrub.

2. What percentage or area of the site is wooded? <-%__ acres).. Indicate the wooded area.on the site map
which is attached to a copy of this checklist. Please identify what infonnation was used to detennine the wooded
area of the site.

3. What is the dominant type of vegetation in the wooded area? (Circle one: EvergreenlDeciduousl Mixed) Provide a
photograph, if available.

Dominant plant, if known: _

4. What is the pr~ominantsize of the trees at the site? Use diameter at breast height

o 0-6 in. o 6-12 in. o > 12 in.

5. Specify type of understory present, if known. Provide a photograph, if available.

fiB. SHRUB/SCRUB

1. Is shrub/scrub vegetation present at the site? 0 yes 0 no If no, go to Section nc: Open Field.

2. What percentage of the site is covered by scrub/shrub vegetation? ( __% __ acres). Indicate the areas of
shrub/scrub on the site map. Please identify what infonnation was used to detennine this area.

3. What is the dominant type of scrub/shrub vegetation, if known? Provide a photograph, if available.

4. What is the approximate average height of the scrub/shrub vegetation?

o 0-2 ft. o 2-5 ft. o > 5 ft.
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5. Based on site observations, how dense is the scrub/shrub vegetation?

o Dense

nc. OPEN FIELD

o Patchy o Sparse

I. Are there open (bare, barren) field areas present at the site? 0 yes 0 no If yes, please
indicate the type below:

o Prairie/plains o Savannah o Old field o Other (specify) _

2. What percentage of the site is open field? ( __% __ acres). Indicate the open fields on the site map.

3. What is/are the dominant plant(s)? Provide a photograph, if available.

4. What is the approximate average height of the dominant plant? _

5. Describe the vegetation cover: 0 Dense

OD. ~SCELLANEOUS

o Sparse o Patchy

1. Are other types of terrestrial habitats present at the site, other than woods, scrub/shrub, and open field? 0 yes 0 no
If yes, identify and describe them below.

2. Describe the terrestrial miscellaneous habitat(s) and identify these area(s) on the site map.
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3. What observations, if any, were made at the site regarding the presence and/or absence of insects, fish, birds,
mammals, etc.?

4. Review the questions in Section I to determine if any additional habitat checklists should be completed for this site.
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m. AQUATIC HABITAT CHECKLIST·· NON·FLOWING SYSTEMS

Note: Aquatic systems are often associated with wetland habitats. Please refer to Section V, Wetland Habitilt
Checklist.

1. What type of open-water, non-flowing system is present at the site?

o Natural (pond, lake)
o Artificially created Oagoon, reservoir, canal, impoundment)

2. If known, what is the name(s) of the waterbody(ies) on or adjacent to the site?

3. If a waterbody is present, what are its known uses (e.g.: recreation, navigation, etc.)?

4. What is the approximate size of the waterbody(ies)? ______ acre(s).

5. Is any aquatic vegetation present? 0 yes 0 no If yes, please identify the type of vegetation present if known.

o Emergent o Submergent o Floating

7. What is the general composition of the substrate? Check all that apply.

o Bedrock

o Boulder (>10 in.)

o Cobble (2.5-10 in.)

o Gravel (0.1-2.5 in.)

o Sand (coarse)

o Silt (fine)

o Marl (shells)

o Clay (slick)

o Muck (fineJblack)

o Debris

o Detritus

o Concrete

[] Other (specify) _

8. What is the source of water in the waterbody?

C River/Stream/Creek

C Industrial discharge

o Groundwater

o Surface runoff
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9. Is there a discharge from the site to the waterbody? 0 yes 0 no H yes, please describe this
discharge and its path.

10. Is there a discharge from the waterbody? 0 yes 0 no If yes, and the infonnation is available, identify from the list
below the environment into which the waterbody discharges.

DRiver/Stream/Creek

o Groundwater

o Wetland

o Impoundment

o onsite

o onsite

o onsite

o onsite

o offsite

o offsite

o offsite

o offsite

Distance _

Distance _

11. Identify any field measurements and observations of water quality that were made. For those parameters for which
data were collected provide the measurement and the units of measure below:

Area

Depth (average)

Temperature (depth of the water at which the reading was taken) _

pH

Dissolved oxygen

Salinity

Turbidity (clear, slightly turbid, turbid, opaque) (Secchi disk depth _

Other (specify)

12. Describe observed color and area of coloration.

13. Mark the open-water, non-flowing system on the site map attached to this checklist.
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14. What observations, if any, were made at the waterbody regarding the presence and/or absence of benthic
macroinvertebrates, fish, birds, mammals, etc.?
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IV. AQUATIC HABITAT CHECKLIST·- FLOWING SYSTEMS

Note: Aquatic systems are often associated with wetland habitats. . Please refer to Section V, WetlmuJ Habitat
Checklist.

1. What type(s) of flowing water system(s) is (are) present at the site?

o Creek
o Brook
o Channeling

DRiver
o Dry wash
o Artificially

created
(ditch, etc.)

o Stream
o Arroyo
o Intennittent Stream
o Other (specify) _

3. For natural systems, are there any indicators of physical alteration (e.g., channeling, debris, etc.)?
Dyes 0 no If yes, please describe indicators that were observed.

4. What is the general composition of the substtate? Check all that apply.

o Bedrock

o Boulder (>10 in.)

o Cobble (2.5-10 in.)

o Gravel (0.1-2.5 in.)

o Sand (coarse)

o Silt (fine)

o Marl (shells)

o Clay (slick)

o Muck ( finelblack)

o Debris

o Detritus

o Concrete

o Other (specify) _

5. What is the condition of the bank (e.g., height, slope, extent of vegetative cover)?

6. Is the system influenced by tides? 0 yes 0 no What information was used to make this detennination?
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7. Is the flow intennittent? 0 yes 0 no Ifyes, please note the infonnation that was used in making this determination.

8. Is there a discharge from the site to the waterbody? 0 yes 0 no If yes, please describe the discharge and its path.

9. Is there a discharge from the waterbody? 0 yes 0 no If yes, and the information is available, please identify what
the waterbody discharges to and whether the discharge is on site or off site.

10. Identify any field measurements and observations of water quality that were made. For those parameters for which
data were collected, provide the measurement and the units of measure in the appropriate space below:

Width (ft.)

Depth (ft.)

Velocity (specify units): _

Temperature (depth of the water at which the reading was taken ~

pH

Dissolved oxygen

Salinity

Turbidity (clear, slightly turbid, turbid, opaque)
(Secchi disk depth )
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11. Describe observed color and area of coloration.

12. Is any aquatic vegetation present? 0 yes 0 no If yes, please identify the type of vegetation presen~ if known.

o Emergent o Submergent o Floating

13. Mark the flowing water system on the attached site map.

14. What observations were made at the waterbody regarding the presence and/or absence of benthic
macroinvertebrates, fish, birds, mammals, etc.?
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v. WETLAND HABITAT CHECKLIST

1. Based on observations and/or available information, are designated or known wetlands defmitely present at .the site?
Dyes Ono

Please note the sources of observations and infonnation used (e.g., USGS Topographic Maps, National Wetland
Inventory, Federal or State Agency, etc.) to make this detennination.

2. Based on the location of the site (e.g., along a waterbody, in a floodplain) and site conditions (e.g., standing water;
dark, wet soils; mud cracks; debris line; water marks), are wetland habitats suspected?
Dyes D no If yes, proceed with the remainder of the wetland habitat identification checklist

3. What type(s) of vegetation are present in the wetland?

o Submergent
o Scrub/Shrub

o Emergent
o Wooded

o Other (specify) _

4. Provide a general description of the vegetation present in and around the wetland (height, color, etc.). Provide a
photograph of the known or suspected wetlands, if available.

5. Is standing water present? 0 yes 0 no If yes, is this water: 0 Fresh 0 Brackish
What is the approximate area of the water (sq. f1.)? _
Please complete questions 4, 11, 12 in Checklist ill - Aquatic Habitat -- Non-Rowing Systems.

6. Is there evidence of flooding at the site? What observations were noted?

Buttressing

Debris line

o Water marks

o Other (describe below)
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7. Ifknown, what is the source of the water in the wetland?

o StrearnlRiver/CreeklLakeIPond

o flooding

o Groundwater

o Surface Runoff

8. Is there a discharge from the site to a known or suspected wetland? 0 yes 0 no Ifyes, please describe.

9. Is there a discharge from the wetland? 0 yes 0 no. If yes, to what waterbody is discharge released?

o Surface StreamlRiver o Groundwater 0 LakeJPond o Marine

10. If a soil sample was collected, describe the appearance of the soil in the wetland area. Circle or write in the best
response.

Water content (dry, wet, saturated/unsaturated) _

11. Mark the observed wetland area(s) on the attached site map.
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APPENDIX B -- Example of Flow Diagram For Conceptual Site Model

Figure B-1
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Figure B-2
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Figure B-3
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APPENDIX C • EXAMPLE SITES

Example sites are presented in this document to demonstrate how infonnation from the checklist for ecological
assessment/sampling is used in conjunction with representative biological sampling to meet the study objectives. A
general history for each site is presented fll"S~ then additional preliminary infonnation

I. SITE IUSTORIES

Site A -- CORO« Site

This is a fonner municipal landfill located in an upland area of the mid-Atlantic plain. Residential, commercial, and
industrial refuse were disposed at the site from 1961 to 1980. Large amounts of copper wire were also disposed at this
site. Minimal grass cover has been placed over the fill. Terrestrial ecosystems in the vicinity of the landfill include
upland fores~ successional fields, agricultural land, and residential and commercial areas. The surface of the landfill has
deteriorated in several locations. Leachate seeps have been noted on the slope of the landfill, several of which discharge
to a 5-acre pond down-gradient of the site.

Site B -- Stream DDT Site

This is a fonner chemical production facility located adjacent to a stream. The facility manufactured and packaged
dichlorodiphenyltrichloroethane (DDT). Due to poor storage practices, several DDT spills have occurred.

Site C -- Terrestrial PCB Site

This site is a fonner waste oil recycling facility located in a remote area. Oils contaminated with polychlorinated
biphenyl compounds (PCBs) were disposed in a lagoon. The lagoon is not lined and the substrate is composed mostly of
sand. Oils contaminated with PCBs have migrated through the soil and contaminated a wide area adjacent to the site.

D. USE OF THE CHECKLIST FOR ECOLOGICAL ASSESSMENTISAMPLING

Site A -- CQm>er Site

A preliminary site visit was conducted, and the checklist indicated the following: 1) the pond has an organic substrate,
2) emergent vegetation including cattail and Phragmites occurs along the shore near the leachate seeps, and 3) the pond
reaches a depth of five feet toward the middle. Several species of sunfish, minnows, and carp were observed. A diverse
benthic macroinvertebrate community also has been noted in the pond. The pond appears to function as a valuable
habitat for fish and other wildlife.

Preliminary sampling indicated elevated copper levels in the seep as well as elevated base cations, total organic carbon
(TOC). and depressed pH levels (pH 5.7).

Copper can cause toxic effects in both aquatic plants and invertebrates at relatively low water concentrations, thereby
affecting the pond's ability to suppon macroinvenebrate and fish communities, as well as the wildlife that feed at the
pond. Terrestrial ecosystems do not need to be evaluated because the overland flow of the seeps is limited to short
gullies. Thus. the area of concern has been identified as the 5-acre pond and the associated leachate seeps.

A review of the literature on the ecotoxicity of copper to aquatic biota and plants, both algae and vascular, was
conducted. In general it was found that young organisms are more sensitive to copper with decreasing sensitivity as
body weight increases. The toxicity of copper in water is influ~nced by water hardness, alkalinity, and pH.
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Site B ~- Stream DDT Site

The ecological checklist was completed as part of the preliminary site visit The information gathered indicates that
surface water drainage from the site flows through several drainage swales toward a small unnamed creek. This creek is
a second order stream containing riffle-run areas and small pools. The stream substrate is composed of sand and gravel
in the pools with some small depositional areas in the backwater areas, and primarily cobble in the riffles. Previous
sampling efforts have indicated the presence of DDT and its metabolites in the stream sediments at a concentration of
230 milligrams per kilogram (mglkg). A variety of wildlife, especially piscivorous birds, utilize this area for feeding.
Many species of minnow have been noted in this stream. DDT is well known for its tendency to bioaccumulate and
biomagnify in food chains, and available evidence indicates that it can cause reproductive failure in birds due to eggshell
thinning.

In freshwater systems, DDT can have direct effects on animals, particularly insects. A literature review of the aquatic
toxicity of DDT was conducted, and a no observed adverse effects level (NOAEL) was identified for aquatic insects.
Aquatic plants are not affected by DDT. Additional infonnation on the effects of DDT on birds identified decreased
reproductive success due to eggshell thinning.

Site C -- Terrestrial PCB Site

_During a preliminary site visit, the ecological checklist was completed. Most of the habitat is upland forest, old field,
and successional terrestrial areas. Biological surveys at this site have noted a variety of small mammals, and red-tailed
hawks were also observed. The area of concern has been identified as the to-acre area sUlTounding the site. PCBs have
been shown to reduce reproductive success in mammals or target liver functions. PCBs are not highly volatile, so
inhalation of PCBs would not be an important exposure pathway. However, PCBs have been shown to biomagnify
indicating that the ingestion exposure route needs evaluation. Shrews and/or voles would be appropriate mammalian
receptors to evaluate for this exposure route. Potential reproductive effects on predators that feed on small mammals
would also be important to evaluate. The literature has indicated that exposure to PCBs through the food chain can
cause chronic toxicity to predatory birds.

Limited information was available on the effects of PCBs to red-tailed hawks. Studies on comparable species have
indicated decreased spenn concentration that may affect reproductive success.

ID. CONCEPTUAL SITE MODEL FORMULATION

Site A -- Copper Site

The assessment endpoint for this site was identified as the maintenance of pond fISh and invertebrate community
composition similar to that of other ponds in the area of similar size and characteristics. Benthic macroinvertebrate
community studies may be relatively labor-intensive and potentially an insensitive measure in this type of system."
Measuring the fish community would also be unsuitable due to the limited size of the pond and the expected low
diversity of fish species. In addition, copper is not strongly food-chain transferrable. Therefore, direct toxicity testing
was selected as an appropriate measurement endpoint. Toxicity was defined as a statistically significant decrease in
survival or juvenile growth rates in a population exposed to water or sediments, as compared to a population from the
reference sites.

One toxicity test selected was a Io-day solid-phase sediment toxicity test using early life-stage Hyalella aveca. The
measurement endpoints for the test are mortality and growth rates (measured as length and weight changes). Two water
column toxicity tests were selected: a 7-day test using the alga Selenastrum capricomutum (growth test) and a 7-day
larval fish test using Pimephales promelas (mortality and growth endpoints).
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Five sediment samples were collected from the pond bottom at intervals along an identified concentration gradient
Reference sediment was also collected. A laboratory control was utilized in addition to the reference sediment in this
toxicity test. The study design specified that sediment for the toxicity tests was collected from the leachate seeps known
to be at the pond edge, and from four additional locations transecting the pond at equidistance locations. A pre-sampling
visit was required to conftrm that the seep was flowing due to the intermittent nature of leachate seeps.

Site B -- Stream DDT Site

A conceptual model was developed to evaluate the environmental pathways for DDT that could result in ecological
impacts. DDT in the sediments can be released to the water column during natural resuspension and redistribution of
the sediments. Some diffusion of DDT to the water column from the sediment surface may also occur. The benthic
macroinvertebrate community would be an initial receptor for tJle DDT in sediments. Fish that feed on the benthic
macroinvertebrates could be exposed to the DDT both in the water column and in their food. Piscivorous birds would
be exposed to the DDT that has accumulated in the fish. For example, belted kingfIShers are known to feed in the
stream. Given the natural history of this species, it is possible that they forage entirely in the contaminated area. From
this infonnation, the assessment endpoint was identified to be the protection of piscivorous birds from eggshell thinning
due to DDT exposure. From this assessment endpoint, eggshell thinning in the belted kingfisher was selected as the
measurement endpoint.

_Existing infonnation identified a DDT gradient in the stream sediments. Forage fish (e.g., creek chub) were selected to
measure exposure levels for kingfishers. The study design for measuring DDT residue levels specified that 10 creek
chub of the same size and sex will be collected at each location for chemical residue analysis. Although analytical data
for the stream sediment exists, new co-located sediment samples were specified to be collected to provide a stronger
link between the present state of contamination in the sediment and in the fish.

Site C -- Terrestrial PCB Site

A conceptual model was prepared to detennine the exposure pathways by which predatory birds could be exposed to
PCBs originating in the soil at the site. The prey of red-tailed hawks includes voles, deer mice, and various insects.
Voles are herbivorous and prevalent at the site. However, PCBs do not strongly accumulate in plants, thus voles may
not represent a strong exposure pathway to hawks. Deer mice are omnivorous and may be more likely than voles to be
exposed to PCBs. The assessment endpoint for this site was identified to be the protection of reproductive success in
high trophic level species exposed to PCBs via diet.

Initially, a sampling feasibility study was conducted to confmn sufficient numbers of the deer mice. Two survey lines of
10 live traps were set for deer mice in the area believed to contain the desired concentration gradient for the study
design. Previous information indicated a gradient of decreasing PCB concentration with increasing distance from the
unlined lagoon. Three locations were selected along this gradient to measure PCB concentrations in prey. Co-located
soi I and water samples were also collected. The analytical results of these matrices were utilized as variables in a -rood
chain accumulation model which predicted the amount of contaminant in the environmentthat may travel through the
food chain, ultimately to the red-tailed hawk.

52

E20.223



REFERENCES

ASlM. 1992. Standard Guide for Conducting Early Ufe-Stage Toxicity Tests with Fishes. American Society for
Testing and Materials. E1241-92.

Bligh, E.G., WJ. Dyer. 1959. Lipid Extraction and Purification. Canadian Journal of Biochemistry and Physiology. Vol
37.pp.912-917

Brungs, W.A. and DJ. Mount. 1978. Introduction to a Discussion ofthe Use ofAquatic Toxicity Testsfor Evaluation
ofthe Effects ofToxic Substances. Cairns, J. Jr., K.L. Dickson and A.W. Makei (eds.) Estimating the Hazard of
Chemical Substances to Aquatic Life. ASTM 657. Amer. Soc. Test Materials, Philadelphia, PA. p. 1526.

Green, J.C., C.L. Bartels, W.J. Warren-Hicks, B.R. Parkhurst, G.L. Linder, S.A. Peterson, and W.E. Meiller. 1989.
Protocolfor Short Term Toxicity Screening ofHazardous Waste. U.S. Environmental Protection Agency,
Environmental Research Laboratory, Corvallis, OR. EPA 60013-88/029.

Hair, J.D. 1980. Measurement of ecological diversity. in S.D. Schemnitz, 00. Wildlife Management Techniques
Manual. Fourth Edition. The Wildlife Society, Washington, D.C. pp269-275.

Hayes, M.L. 1983. Active Fish Capture Methods, Chapter 7 in Fisheries Techniques. American Fisheries Society. pp.
123-145.

Herbes, S.E. and C.P. Allen. 1983. Lipid Quantification ofFreshwater Invertebrates: Method Modification/or
Microquantitation. Canadian Journal of Fisheries and Aquatic Sciences. 40(8). pp. 1315-1317.

Hurbert, W.A.· 1983. Passive Capture Methods, Chapter 6 in Fisheries Techniques. American Fisheries Society. pp. 95
122.05

Karr, J.R., K.D. Fausch, P.L. Angenneier, P.R. Yant, and I.J. Schlosser. 1986. Assessing Biological Integrity in
Running Waters: A Method and Its Rationale. Special Publication 5. Dlinois Natural History Survey.

Philips, OJ.H. 1977. The Use of Biological Indicator Organisms to Monitor Trace Metal Pollution In Marine and
Estuarine Environments-A Review. Environmental Poll. 13, pp. 281-317.

Philips. DJ.H. 1978. Use of Biological Indicator Organisms to Quantitate Organochlorine Pollutants in Aquatic
Environments-A Review. Environmental Poll. 16, pp. 167-229.

Timbrell. l.A. 1989. Introduction to Toxicology. Taylor and Francis, London. 155p.

U.s. EPA (Environmental Protection Agency). 1997. Ecological Risk Assessment Guidance for Superfund: Process for
Des;~n;ngand Conducting Ecological Risk Assessments. Office of Solid Waste and Emergency Response. EPA 540-R
97/006.

U.s. EPA (Environmental Protection Agency). 1994. eLP National Functional Guidelines for Inorganic Data
RevieM'. Office of Solid Waste and Emergency Response. Publication 9240.1-05

u.S. EPA (Environmental Protection Agency). January 1991. Compendium ofERTToxicity Testing Procedures.
OSWER Directive 9360.4-08.

53

E20.224



u.s. EPA (Environmental Protection Agency). 1992. Framework/or Ecological Risk Assessment. EPA/6301R-92JOOI.

u.s. EPA (Environmental Protection Agency). December 1991b. ECO Update. Volume 1, Number 2, Publication
9345.0-051. Office of Emergency and Remedial Response, Hazardous Site Evaluation Division (OS-230).

u.s. EPA (Environmental Protection Agency)..Aprill990. Quality Assurance/Quality Control (QA/QC) Guidance
for Removal Activities, Sampling QA/QC Plan and Data Validation Procedures. EPA/540/G-90/004.

u.s. EPA (Environmental Protection Agency). November 1990. Macroinvertebrate Field and Laboratory Methods
for Evaluating the Biological Integrity of Surface Waters. Aquatic Biology Branch and Development and Evaluation
Branch, Quality Assurance Research Division, Environmental Monitoring Systems Laboratory, Cincinnati, Ohio,
EPA/600/4-90/030.

u.s. EPA (Environmental Protection Agency). March 1989b. Short-Term Methodsfor Estimating the Chronic Toxicity
ofEffluents and Receiving Waters to Freshwater Organisms. EPAl600/4-89/001.

u.s. Environmental Protection Agency. May 1989a. Rapid Bioassessment Protocols For Use In Streams And Rivers:
Benthic Macroinvertebrates and Fish. EPA/444/4-89-001.

u.s. Environmental Protection Agency. May 1988. Short-Term Methodsfor Estimating the Chronic Toxicity of
Effluents and Receiving Waters to Marine and Estuarine Organisms. EPAl600/4-87/028.

54

E20.225



APPENDIX C

SUPPLEMENTAL GUIDANCE ON LITERATURE SEARCH

E20.226



APPENDIX C
SUPPLEMENTAL GUIDANCE ON LITERATURE SEARCH

A literature search is conducted to obtain information on contaminants of concern,
their potential ecological effects, and species of concern. This appendix is separated into two
sections; Section C-l describes the information necessary for the literature review portion of .
an ecological risk assessment. Topics include information for exposure profiles,
bioavailability or bioconcentration factors for various compounds, life-history information for
the species of concern or the surrogate species, and an ecological effects profile. Section C-2
lists information sources and techniques for a literature search and review. Topics include a
discussion of how to select key words on which to base a search and various sources of
information (i.e., databases, scientific abstracts, literature reviews, journal articles, and
government documents). Threatened and endangered species are discussed separately due to
the unique databases and information sources available for these species.

Prior to conducting a literature search, it is important to determine what information is
needed for the ecological risk assessment. The questions raised in Section D-l must be
thoroughly reviewed, the information necessary to complete the assessment must be '.

-determined, and the purpose of the assessment must be clearly defined. Once these activities
are completed, the actual literature search can begin. These activities will assist in focusing
and streamlining the search.

C-1 LITERATURE REVIEW FOR AN ECOLOGICAL RISK ASSESSMENT

Specific information. During problem formulation, the risk assessor must
determine what information is needed for the risk assessment. For example, if the risk
assessment will estimate the effects of lead contamination of soils on terrestrial vertebrates,
then literature information on the effects of dissolved lead to fish would not be relevant. The
type and fonn of the contaminant and the biological species of concern often can focus the
literature search. For example, the toxicity of organometallic compounds is quite different
from the comparable inorganic forms. Different isomers of organic compounds also can have
different toxic effects.

Reports of toxicity tests should be reviewed critically to ensure that the study was
scientifically sound. For example, a report should specify the exposure routes, measures of
effect and e~posure, and the full study design. Moreover, ·whether the investigator used
accepted scientific techniques should be determined.

The exposure route used in the study should also be comparable to the exposure route
in the risk assessment. Data reported for studies where exposure is by injection or gavage are
not directly comparable to dietary exposure studies. Therefore, an uncertainty factor might
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need to be- included in the risk assessment study design, or the toxicity report should not be
used in the risk assessment.

To use some data reported in the literature, dose conversions are necessary to estimate
toxicity levels for species other than those tested. Doses for many laboratory studies are
reported in terms of mg contaminantlkg.diet, sometimes on a wet-weight basis and sometimes
on a dry-weight basis. That expression should be converted to mg contaminantlkg wet
bodyweightlday, so that estimates of an equivalent dose in another species can be scaled
appropriately. Average ingestion rate and wet body weight for a species often are reported in
the original toxicity study. If not, estimates of those data can be obtained from other
literature sources to make the dose conversion:

Dose = (mg contaminantlkg diet) x ingestion rate (kg/day) x (l/wet body weight (kg)).

If the contaminant concentration is expressed as mg contaminantlkg dry diet, the ingestion
rate should also be in terms of kg of dry diet ingested per day.

Exposure profile. Once contaminants of concern are selected for the ecological risk
. assessment, a general overview of the contaminants' physical and chemical properties is ".
needed. The fate and transport of co~taminants in the environment detennines how biota are
likely to be exposed. Many contaminants undergo degradation (e.g., hydrolysis, photolysis,
microbial) after release into the environment. Degradation can affect toxicity, persistence,
and fate and transport of compounds. Developing an exposure profile for a contaminant
requires information regarding inherent properties of the contaminant that can affect fate and
transport or. bioavailability.

Bioavailability. Of particular importance in an ecological risk assessment is the
bioavailability of site contaminants in the environment. Bioavailability influences exposure
levels for the biota. Some factors that affect bioavailability of contaminants in soil and
sediment include the proportion of the medium composed of organic matter, grain size of the
medium, and its pH. The aerobic state of sediments is important because it often affects the
chemical form of contaminants. Those physical properties of the media can change the
chemical form of a contaminant to a form that is more or less toxic than the original
contaminant. Many contaminants adsorb to organic matter, which can make them less
bioavailable.

Environmental factors that influence the bioavailability of a contaminant in water are
important to aquatic risk assessments. Factors including pH, hardness, or aerobic status can
determine both the chemical form and uptake of contaminants by biota. Other environmental
factors can influence how organisms process contaminants. For example, as water
temperatures rise, metabolism of fish and aquatic invertebrates increases, and the rate of
uptake of a contaminant from water can increase.
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If the literature search on the contaminants of concern reveals information on the
bioavailability of a contaminant, then appropriate bioaccumulation or bioconcentration factors
(BAFs or BCFs) for the contaminants should be determined. If not readily available in the
literature,.·BAF or BCF values can be estimated from studies that report contaminant
concentrations in both the environmental exposure medium (e.g., sediments) and in the
exposed biota (e.g., benthic macroinvertebrates). Caution is necessary, however, when
extrapolating BAF or BCF values estimated for one ecosystem to another ecosystem.

Life history. Because it is impossible and unnecessary to model an entire ecosystem,
the selection of assessment endpoints and associated species of concern, and measurement
endpoints (including those for a surrogate species if necessary) are fundamental to a
successful risk assessment. This process is described in Steps 3 and 4. Once assessment and
measurement endpoints are agreed to by the risk assessor and risk manager, life history
information for the species of concern or the surrogate species should be collected. Patterns
of activity and feeding habits of a species affect their potential for exposure to a contaminant
(e.g., grooming activities of small mammals, egestion of bone and hide by owls). Other
important exposure factors include food and water ingestion rates, composition of the diet,
average body weight, home range size, and seasonal activities such as migration.

Ecological effects profile. Once contaminants and species of concern are selected
during problem formulation, a general overview of toxicity and toxic mechanisms is needed.
The distinction between the species of concern representing an assessment endpoint and a
surrogate species representing a measurement endpoint is important. The species of concern
is the species that might be threatened by contaminants at the site. A surrogate species is
used when it is not appropriate or possible to measure attributes of the species of concern. A
surrogate for a species of concern should be sufficiently similar biologically to allow
inferences on likely effects in the species of concern.

The ecological effects profile should include toxicity information from the literature
for each possible exposure route. A lowest-observed-adverse-effect level (LOAEL)and the
no-observed-adverse-effect level (NOAEL) for the species of concern or its surrogate should
be obtained. Unfortunately, LOAELs are available for few wildlife species and contaminants.
If used with caution, toxicity data from a closely related species can be used to estimate a
LOAEL and a NOAEL for a receptor species.

C-2 INFORMATION SOURCES

This section describes information sources that can be examined to find the
information described in Section 3-1. A logical and focused literature search will reduce the
time spent searching for pertinent information.
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A first step in a literature search is to develop a search strategy, including a list of key
words. The next step is to review computerized databases, either on-line or CD-ROM-based
information systems. These systems can be searched based on a number of parameters.

Scientific abstracts that contain up-to-date listings of current, published information
also are useful information sources. Most abstracts are indexed by author or subject.
Toxicity studies and information on wildlife life-histories often are summarized in literature
reviews published in books or peer-reviewed journals. Original reports of toxicity studies can
be identified in the literature section of published documents. The original article in which
data are reported must be reviewed before the data are cited in a risk assessment.

Key words. Once the risk assessor has prepared a list of the specific information
needed for the risk assessment, a list of key words can be developed. Card catalogs,
abstracts, on-line databases, and other reference materials usually are indexed on a limited set
of key words. Therefore, the key words used to search fOI: information must be considered
carefully.

Useful key words include the contaminant of concern, the biological species of
. concern, the type of toxicity information wanted, or other associated words. In addition, .

related subjects can be .used as key words. However, it usually is necessary to limit
peripheral aspects of the subject in order to narrow the search. For example, if the risk
assessor needs information on the toxicity of lead in soils to moles, then requiring that both
"lead" and "mole" are among the key words can focus the literature search. If the risk
assessor needs information on a given plant or animal species (or group of species), key
words should include both the scientific name (e.g., genus and species names or order or
family names) and an accepted common name(s). The projected use of the data in the risk
assessment helps determine which key words are most appropriate.

If someone outside of the risk assessment team will conduct the literature search, it is
important that they understand both the key words and the study objectives for the data.

Databases. Databases are usually on-line or CD-ROM-based information systems.
These systems can be searched using a number of parameters. Prior to searching databases,
the risk assessor should determine which database(s) is most likely to provide the information
needed for the risk assessment. For example, U.S. Environmental Protection Agency's
(EPA's) AQUIRE database (AQUatic Information REtrieval database) provides information
specifically on the toxicity of chemicals to aquatic plants and animals. PHYTOTOX includes
data on the toxicity of contaminants to terrestrial and aquatic plants, and TER~TOX
includes data on toxicity to terrestrial animals. U.S. EPA's IRIS (Integrated Risk Information
System) provides information on human health risks (e.g., references to original toxicity
studies) and regulatory information (e.g., reference doses and cancer potency factors) for a
variety of chemicals. Other useful databases include the National Library of Medicine's
HSDB (Hazardous Substances Data Bank) and the National Center for Environmental
Assessment's HEAST Tables (Health Effects A~sessment Summary Tables). Commercially
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available databases include BIOSIS (Biosciences InfQrmation Services) and ENVIROLINE.
Another database, the U.S. Public Health Service's Registry of Toxic Effects of Chemical
Substances (RTECS) is a compilation of toxicity data extracted from the scientific literature
and is -also. available online.

Several states have Fish and Wildlife History Databases or Academy of Science
databases, which often provide useful information on the life-histories of plants and animals
in the state. State databases are particularly useful for obtaining information on endemic
organisms or geographically distinct habitats.

Databases searches can yield a large amount of information in a short period of time.
Thus, if the key words do not accurately describe the information needed, database searches
can provide a large amount of irrelevant information. Access fees and on-line fees can apply;
therefore, the selection of relevant key words and an organized approach to the search will
reduce the time and expense of on-line literature searches.

Abstracts. Published abstract compilations (e.g., Biological Abstracts, Chemical
Abstracts, Applied Ecology Abstracts) contain up-to-date listings of current, published
information. Most abstracts are indexed by author or subject. Authors and key words can be

. cross-referenced to identify additional publications. Abstract compilations also include, fOf
each citation, a copy of its abstract from the journal or book in which it was published.
Reviewing the abstracts of individual citations is a relatively quick way to determine whether
an article is applicable to the risk assessment. As with computerized database searches, it is
important to determine which abstract compilations are most suitable for the risk assessor's
information needs.

Published abstract compilations that are indexed by author are particularly useful. If
an author is known to conduct a specific type of research, their name would be referenced in
the abstract for other articles on similar subjects. If the risk assessor considers an abstract
pertinent to the assessment, the original article must be retrieved and reviewed before it can
be cited in the risk assessment. Otherwise, the results of the risk assessment could be based
on incorrect and incomplete information about a study.

Abstracts usually must be searched manually, which can be a very time consuming.
The judicious use of key words can help to reduce the amount of time needed to search·
through these volumes.

Literature review publications. Published literature reviews often cover toxicity
or wildlife information of value to an ecological risk assessment. For example, the U.S. Fish
and Wildlife Services (U.S. FWS) has published several contaminant-specific documents that
list toxicological data on terrestrial, aquatic, and avian studies (e.g., Eisler, 1988). The U.S.
EPA publishes ambient water quality criteria documents (e.g., U.S. EPA, 1985) that list all
the data used to calculate those values. Some literature reviews critically evaluate the original
studies (e.g., toxicity data reviewed by NOAA, 1990). The Wildlife Exposure Factors
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Handbook (U.S. EPA, 1993a,b) provides pertinent information on exposure factors (e.g., body
weights, food ingestion rates, dietary composition, home range size) for 34 selected wildlife
species.

Literature reviews can provide an extensive amount of information. However, the risk
assessor must obtain a copy of the original of any studies identified in a literature review that
will be used in the risk assessment. The original study must be reviewed and evaluated
before it can be used in the risk assessment. Otherwise, the results of the risk assessment
could be based on incorrect and incomplete information about a study.

References cited in previous studies. Pertinent studies can be identified in the
literature cited section of published documents that are relevant to the risk assessment, and
one often can identify several investigators who work on related studies. Searching for
references in the literature cited section of published documents, however, takes time and
might not be very effective. However, this is probably the most common approach to
identifying relevant literature. If this approach is selected, the best 'place to start is a review
article. Many journals do not list the title of a citation for an article, however, limiting the
usefulness of this technique. Also, it can be difficult to retrieve literature cited in obscure or

-foreign journals or in unpublished masters' theses or doctoral dissertations. Although this"'
approach tends to be more time consuming than the other literature search approaches
described above, it probably is the most common approach used to locate information for a
risk assessment.

Journal articles, books, government documents. There are a variety of
journals, books, and government documents that contain information useful to risk
assessments. The same requirement for retrieving the original reports for any information
used in the risk assessment described for other information sources applies to these sources.

Threatened' and endangered species.' Threatened and endangered species are of
concern to both federal and state governments. When conducting an ecological risk
assessment, it often is necessary to determine or estimate the effects of site contaminants to
federal threatened or endangered species. In addition, other special-status species (e.g.,
species listed by a state as endangered or threatened within the state) also can be the focus of
the assessment. During the problem formulation step, the U.S. FWS or state Natural Heritage
programs should be contacted to determine if these species are present or might be present on
or near a Superfund site.

Once the presence of a special-status species is confirmed or considered likely,
information on this species, as well as on surrogate species, should be included in the
literature search. There are specific federal and state programs that deal with issues related to
special-status species, and often there is more information available for these than for non
special-status species used as surrogates for an ecological risk assessment. Nonetheless, the
use of surrogate species usually is necessary when an assessment endpoint is a special-status
species.
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APPENDIX D
STATISTICAL CONSIDERATIONS

In the biological sciences, statistical tests often are needed to support decisions based
on alternative hypotheses because of the natural variability in the systems under investigation.
A statistical test examines a set of sample data, and, based on an expected distribution of the
data, leads to a decision on whether to accept the hypothesis underlying the expected
distribution or whether to reject that hypothesis and accept an alternative one. The null
hypothesis is a hypothesis of no differences. It usually is formulated for the express purpose
of being rejected. The alte~ative or test hypothesis is an operational statement of the
investigator's research hypothesis. An example of a null hypothesis for toxicity testing would
be that mortality of water fleas exposed to water from a contaminated area is no different
than mortality of water fleas exposed to water from an otherwise similar, but uncontaminated
area. An example of the test hypothesis is that mortality of water fleas exposed to water
from the contaminated area is higher than mortality of water fleas exposed to uncontaminated
water.

0-1 TYPE I AND TYPE II ERROR

There are two types of correct decisions for hypothesis testing: (1) accepting a true
null hypothesis, and (2) rejecting a false null hypothesis. There also are two types of
incorrect decisions: rejecting a true null hypothesis, called Type I error; and accepting a false
null hypothesis, called Type II error.

When designing a test of a hypothesis, one should decide what magnitude of Type I
error (rejection of a true null hypothesis) is acceptable. Even when sampling from a
population of known parameters, there are always some sample sets which, by chance, differ
markedly. If one allows 5 percent of samples to lead to a Type I error, then one would on
average reject a true null hypothesis for 5 out of every 100 samples taken. In other words,
we would be confident that, 95 times out of 100, one would not reject the null hypothesis of
no difference "by mistake" (because chance alone produced such deviant results). When the
probability of Type I error (commonly symbolized by ex) is set at 0.05, this is called a
significance level of 5 percent. Setting a significance level of 5 percent is a widely accepted
convention in most experimental sciences, but it is just that, a convention. One can demand
more confidence (e.g., ex =0.01) or less confidence (e.g., ex =0.10) that the hypothesis of no
difference is not rejected by mistake.

If one requires more confidence for a given sample size that the null hypothesis is not
rejected by mistake (e.g., ex =0.01), the chances of Type II error increase. In other words,
the chance increases that one will mistakenly accept a false null hypothesis (e.g., mistakenly
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believe that the contaminated water from the site has no effect on mortality of water fleas).
The probability of Type II error is commonly denoted by~. Thus:

p (Type I error) =ex
p (Type IT error) =~

However, if one tries to evaluate the probability of Type II error (accepting a false hypothesis
of no difference), there is a problem. If the null hypothesis is false, then some other
hypothesis must be true, but unless one can specify a second hypothesis, one can't determine
the probability of Type II error. This leads to another important statistical consideration,
which is the power of a study design and the statistical test used to evaluate the results.

D-2 STATISTICAL POWER

The power of a statistical test is equal to (1 - ~) and is equal to the probability of
rejecting the null hypothesis (no difference) when it should be rejected (i.e., it is false) and
the specified alternative hypothesis is true. Obviously, for any given test (e.g., a toxicity test
at a Superfund site), one would like the quantity (1 - ~) to be as large as possible (and ~ to

- be as small as possible). Because one generally cannot specify a given alternative hypoth'esis
(e.g., mortality should be 40 percent in the exposed population), the power of a test is
generally evaluated on the basis of a continuum of possible alternative hypotheses.

Ideally, one would specify both a and ~ before an experiment or test of the hypothesis
is conducted. In practice, it is usual to specify a (e.g., 0.05) and the sample size because the
exact alternative hypothesis cannot be specified.} Given the inverse relationship between the
likelihood of making Type I and Type II errors, a decrease in a will increase ~ for any given
sample size.

To improve the statistical power of a test (i.e., reduce ~), while keeping a constant,
one can either increase the sample size (N) or change the nature of the statistical test. Some
statistical tests are more powerful than others, but it is important that the assumptions
required by the test (e.g., normality of the underlying distribution) are met for the test results
to be valid. In general, the more powerful tests rely on more assumptions about the data (see
Section D-3).

Alternative study designs sometimes can improve statistical power (e.g., stratified
random sampling compared with random sampling if something is known about the history
and location of contaminant release). A discussion of different statistical sampling designs is
beyond the scope of this guidance, however. Several references provide guidance on
statistical sampling design, sampling techniques, and statistical analyses appropriate for
hazardous waste sites (e.g., see Cochran, 1977; Green, 1979; Gilbert, 1987; Ott, 1995).

With a specified alternative hypothesis, once a and the sample size (N) are set, ~ is determined.
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One also can improve the power of a statistical test if the test hypothesis is more
specific than "two populations are different," and, instead, predicts the direction of a
difference (e.g., mortality in the 'exposed group is higher than mortality in the control group).
When one can predict the direction of a difference between groups, one uses a one-tailed
statistical test; otherwise, one must use the less powerful two-tailed version of the test.

Highlight 0·2
Key Points About Statistical Significance, Power, and Sample Size

(1) The significance level for a statistical test, a, is the probability that a statistical test will
yield a value under which the ·null hypothesis will be rejected when it is in fact true.
In other words, a defines the probability of committing Type I error (e.g., concluding
that the site medium is toxic when it is in fact not toxic to the test organisms).

(2) The value of ~ is the probability that a statistical test will yield a value under which the
null hypothesis is accepted when it is in fact false. Thus, ~ defines the probability of
committing Type n error (e.g., concluding .that the site medium is not toxic when it is
in fact toxic to the test organisms).

(3) The power of a statistical test (i.e., 1 - ~) indicates the probability of rejecting the null
hypotheses when it is false (and therefore should be rejected). Thus, one wants the
power of a statistical test to be as high as possible.

(4) Power is related to the nature of the statistical test chosen. A one-tailed test is more
powerful than a two-tailed test. If the alternative to the null hypothesis can state the
expected direction of a difference between a test and control group, one can use the more
powerful one-tailed test.

(5) The power of any statistical test increases with increasing sample size.

D-3 STATISTICAL MODEL

Associated with every statistical test is a model and a measurement requirement. .Each
statistical test is valid only under certain conditions. Sometimes, it is possible to test whether
the conditions of a particular statistical model are met, but more often, one has to assume that
they are or are not met based on an understanding of the· underlying population and sampling
design. The conditions that must be met for a statistical test to be valid often are referred to
as the assumptions of the test.

The most powerful statistical tests (see previous section) are those with the most
extensive assumptions. In general, parametric statistical tests (e.g., t test, F test) are the most
powerful tests, but also have the most exacting assumptions to be met:
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(1) The "observations" must be independent;

(2) The "observations" must be drawn from a population that is normally
distributed;

(3) The populations must have the same variance (or in special cases, a known
ratio of variances); and

(4) The variables must have been measured at least on an interval scale so that it is
possible to use arithmetic operations (e.g., addition, multiplication) on the
measured values (Siegel, 1956).

The second and third assumptions are the ones most often violated by the types of data
associated with biological hypothesis testing. Often, distributions are positively skewed (i.e.,
longer upper than lower tail of the distribution). Sometimes, it is possible to transform data
from positively skewed distributions to normal distributions using a mathematical function.
For example, many biological parameters turn out to be log-normally distributed (i.e., if one
takes the log of all measures, the resulting values are normally distributed). Sometimes,

: however, the underlying shape of the distribution cannot be normalized (e.g., it is bimodal).

When the assumptions required for parametric tests are not met, one must use
nonparametric statistics (e.g., median test, chi-squared test). Nonparametric tests are in
general less powerful than parametric tests because less is known or assumed about the shape
of the underlying distributions. However, the loss in power can be compensated for by an
increase in sample size, which is the concept behind measures of power-efficiency.

Power-efficiency reflects the increase in sample size necessary to make test B (e.g., a
nonparametric test) as efficient or powerful as test A (e.g., a parametric test). A power
efficiency of 80 percent means that in order for test B to be as powerful as test A, one must
make 10 observations for test B for every 8 observations for test A.

For further information on statistical tests, consult references on the topic (e.g., see
references below).
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EXECUTIVE SUMMARY 

This guidance document is being developed in coordination with the New Mexico Environment 

Department’s (NMED) Hazardous Waste Bureau (HWB) and the Ground Water Quality Bureau.  

This guidance document sets forth recommended approaches based on current State and Federal 

practices and intended for used as guidance for employees of NMED and for facilities within the 

State of New Mexico.  

In the past, the material contained within this document existed in three separate guidance and/or 

position papers.  To streamline the risk assessment process and ensure consistency between 

guidance/position papers, these documents have been combined into one document: Risk 

Assessment Guidance for Site Investigations and Remediation.   

The Risk Assessment Guidance for Site Investigations and Remediation dated February 2017 

replaces and supersedes previous versions of this document as well as the following documents: 

• Technical Background Document for Development of Soil Screening Levels, Revision

6.0, 2012,

• New Mexico Environment Department TPH Screening Guidelines, October 2006, and

• Risk-Based Remediation of Polychlorinated Biphenyls at RCRA Corrective Action Sites,

NMED Position Paper, March 2000.

• Guidance for Assessing Ecological Risks Posed by Chemicals: Screening-Level

Ecological Risk Assessment, 2008 (Parts 1-3).

This Risk Assessment Guidance for Site Investigations and Remediation is organized into two 

volumes.   

• Volume I –Soil Screening Guidance for Human Health Risk Assessments

• Volume II - Soil Screening Guidance for Ecological Risk Assessments

Volume I contains information related to conducting screening level human health risk 

assessments.  Previously, the soil screening levels (SSLs) were available in the Technical 

Background Document for Development of Soil Screening Levels while the screening levels for 

total petroleum hydrocarbons (TPH) were found in the New Mexico Environment Department 

TPH Screening Guidelines.  Now both are contained in Volume I.  Volume I also summarizes 

SSLs for select Aroclors, congeners of polychlorinated biphenyls (PCBs) and chemicals of 

emerging concern.   
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Volume II provides guidance for conducting ecological risk assessments and contains guidance 

that was previously provided in the Guidance for Assessing Ecological Risks Posed by 

Chemicals: Screening-Level Ecological Risk Assessment, 2008 (Parts 1-3). 
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SUMMARY OF CHANGES 

The following table summarizes changes to the “Risk Assessment Guidance for Investigations 

and Remediation,” Volume II.  Specific changes are as follows: 

Item Section Change 

VOLUME II  

SOIL SCREENING GUIDANCE FOR ECOLOGICAL RISK ASSESSMENTS 

November 2014 

1 Global Updating of references 

2 Global General editorial corrections 

3 Section 3 Additional clarification of Screening Level Ecological Risk 

Assessments (SLERA) for Phase I – revised Tier 1 assessments and 

added updated methodologies and equations 

4 Section 4 Added Tier 2 SLERA methodologies and equations 

5 Section 5 Site-specific ecological risk assessments added as Tier 3 process 

July 2015 

6 Section 4 Added references to the toxicity reference values (TRVs) and 

Ecological Screening Levels (ESLs) provided in Attachment C 

7 Section 4 Added Equation 8 for derivation of the screening level hazard 

quotient (SLHQ)using site concentrations and the ESLs (added as 

Attachment C) 

8 Attachment C Added new tables listing TRVs for Tier 1 and Tier 2 key ecological 

receptors and ESLs for Tier 1 key receptors 

January 2017 

9 General Editorial updates 

10 Scoping 

Assessment 

Checklist 

Checklist is now listed as an optional tool to use; it is not a 

requirement 

11 Section 3 Clarified soil exposure intervals; to include revision of non-

burrowing receptors soil exposure interval 

12 Section 3 Added guidance on aquatic receptors 

13 Section 4 Corrected Equations 13-17 for wet weight conversion factor 

14 Section 5 Updated to include Tier 3 guidance from Guidance for Assessing 

Ecological Risks Posed by Chemicals: Screening-Level Ecological 

Risk Assessment.  Volume II replaces the previous document (parts 

1-3) 
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15 Appendix C Updated TRVs 
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1.0 INTRODUCTION 

The purpose of an ecological risk assessment is to evaluate the potential adverse effects that 

chemical contamination has on the plants and animals that make up ecosystems.  The risk 

assessment process provides a way to develop, organize and present scientific information so that 

it is relevant to environmental decisions.   

The New Mexico Environment Department (NMED) has developed a tiered procedure for the 

evaluation of ecological risk.  Volume II of this Risk Assessment Guidance for Investigations and 

Remediation (SSG) outlines the steps for conducting ecological risk assessments from the 

scoping assessment, to the screening assessment to the site-specific assessment.  Phase I 

Assessments include a qualitative scoping assessment and a quantitative screening assessment, 

while Phase II assessments provide for more detailed (or site-specific) evaluations. analyses.  

This document replaces the guidance contained in the Guidance for Assessing Ecological Risks 

Posed by Chemicals: Screening-Level Ecological Risk Assessment (NMED, 2008).  Briefly, the 

tiers of the procedure are organized as follows: 

PHASE I – SCOPING AND SCREENING ASSESSMENTS 

• Scoping Assessment

• Screening Assessment (Tier 1 and 2)

PHASE II - SITE-SPECIFIC ASSESSMENTS 

• Site-Specific Ecological Risk Assessment (Tier 3)

As discussed above and illustrated in Figure 1, the Scoping Assessment is the first phase of the 

Screening-Level Ecological Risk Assessment process. This document provides specific 

procedures to assist the facility in conducting the first phase (Scoping and Screening 

Assessments), of the Screening-Level Ecological Risk Assessment process.  The purpose of the 

Scoping Assessment is to gather information, which will be used to determine if there is “any 

reason to believe that ecological receptors and/or complete exposure pathways exist at or in the 

locality of the site” (NMED, 2014).  The scoping assessment step also serves as the initial 

information-gathering phase for sites clearly in need of a more detailed assessment of potential 

ecological risk.  This document outlines the methodology for conducting a Scoping Assessment, 

and includes an optional Site Assessment Checklist (Attachment A), which can serve as tool for 

gathering information about the facility property and surrounding areas.  The attached Site 

Assessment Checklist provides a user-friendly template, which both guides the user as to what 

information to collect and furnishes an organized structure in which to enter the information. 

After a determination is made that ecological receptors may be present at the site, using either 

site knowledge or the Site Assessment Checklist, the assessor will use the collected information 

to generate a Scoping Assessment Report and Preliminary Conceptual Site Exposure Model 

(PCSEM).    The Scoping Assessment Report and PCSEM are subsequently used to address the 

first in a series of Technical Decision Points of the tiered process.  Technical Decision Points are 

questions which must be answered by the assessor after the completion of certain phases in the 
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process.  The resulting answer to the question determines the next step to be undertaken by the 

facility.  The first Technical Decision Point, as illustrated in Figure 1, is to decide: Is Ecological 

Risk Suspected?   

If the answer to the first Technical Decision Point is “no” (that is, ecological risk is not 

suspected), the assessor may use the Exclusion Criteria Checklist and Decision Tree (Attachment 

B) to help confirm or deny that possibility.  However, it is unlikely that any site containing

potential ecological habitat or receptors will meet the Site Exclusion Criteria. 

If ecological risk is suspected, the facility will usually be directed to proceed to the Tier 1 

Screening Level Ecological Risk Assessment (SLERA) and, if needed, refined Tier 2 SLERA.  A 

SLERA is a simplified risk assessment that can be conducted with limited site-specific data by 

defining assumptions for parameters that lack site-specific data (US EPA, 1997).  Values used 

for screening are consistently biased in the direction of overestimating risk to ensure that sites 

that might pose an ecological risk are properly identified.  While not required, the Site 

Assessment Checklist is a valuable source of information that can aid in the completion of the 

SLERA.  Additional information on performing a SLERA can be found in several EPA guidance 

documents (e.g., US EPA, 1997; US EPA, 1998). 

2.0 SCOPING ASSESSMENT 

The Scoping Assessment serves as the initial information gathering and evaluation for the Phase 

I process.  A Scoping Assessment consists of the following steps: 

• Compile and assess basic Site information,

• Conduct site visit,

• Identify preliminary contaminants of potential ecological concern (COPEC),

• Develop a PCSEM, and

• Prepare a scoping assessment.

The following subsections provide guidance for completing each step of the Scoping 

Assessment.   

2.1 Compile and Assess Basic Site Information 

The first step of the Scoping Assessment process is to compile and assess basic site information.  

Since the purpose of the Scoping Assessment is to determine if ecological habitats, receptors, 

and complete exposure pathways are likely to exist at the site, those items are the focus of the 

information gathering.  The Site Assessment Checklist (Attachment A) is a tool that may be used 

to complete this step.   

In many cases, a large portion of the Site Assessment Checklist can be completed using reference 

materials and general knowledge of the site.  A thorough file search should be conducted to 

compile all potential reference materials.  Resource Conservation and Recovery Act (RCRA) 
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Facility Assessment (RFA) and Facility Investigation (RFI) reports, inspection reports, RCRA 

Part B Permit Applications, and facility maps can all be good sources of the information needed 

for the Site Assessment Checklist.  

Habitats and receptors which may be present at the site can be identified by contacting local and 

regional natural resource agencies.  Habitat types may be determined by reviewing land use and 

land cover maps (LULC).  Additional sources of general information for the identification of 

ecological receptors and habitats are listed in the introduction section of the Site Assessment 

Checklist (Attachment A).   

2.2 Site Visit 

When performing a Scoping Assessment, at least one site visit should be conducted to directly 

assess ecological features and conditions.  The site visit allows for verification of the information 

obtained from the review of references and other information sources.  The current land and 

surface water usage and characteristics at the site can be observed, as well as direct and indirect 

evidence of receptors.  In addition to the site, areas adjacent to the site and all areas where 

ecological receptors are likely to contact site-related chemicals (i.e., all areas which may have 

been impacted by the release or migration of chemicals from the site) should be observed or 

visited.  The focus of the habitat and receptor observations should be on a community level.  

That is, dominant plant and animal species and habitats (e.g., wetlands, wooded areas) should be 

identified during the site visit.  Photographs should be taken during the site visit and attached to 

the Scoping Assessment summary.  Photographs are particularly useful for documenting the 

nature, quality, and distribution of vegetation, other ecological features, potential exposure 

pathways, and any evidence of contamination or impact.  While the focus of the survey is on the 

community level, the U.S. Fish and Wildlife Service and the New Mexico Natural Heritage 

Program should be contacted prior to the site visit.  The intent is to determine if state listed 

and/or federal listed Threatened & Endangered (T&E) species or sensitive habitats may be 

present at the site, or if any other fish or wildlife species could occur in the area.  A trained 

biologist or ecologist may need to conduct biota surveys to appropriately characterize major 

habitats and to determine whether T&E species are present or may potentially use the site.  The 

site assessment should also include a general survey for T&E species and any sensitive habitats 

(e.g. wetlands, perennial waters, breeding areas), since federal and state databases might not be 

complete. 

Site visits should be conducted at times of the year when ecological features are most apparent 

(i.e., spring, summer, early fall).  Visits during winter might not provide as much evidence of the 

presence or absence of receptors and potential exposure pathways.   

In addition to observations of ecological features, the assessor should note any evidence of 

chemical releases (including visual and olfactory clues), drainage patterns, areas with apparent 

erosion, signs of groundwater discharge at the surface (such as seeps or springs), and any natural 

or anthropogenic site disturbances. 

2.3 Identify Contaminants of Potential Ecological Concern 
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COPECs are chemicals which may pose a threat to individual species or biological communities.  

For the purposes of the Scoping Assessment, all chemicals known or suspected of being released 

at the site are considered COPECs.  The identification of COPECs is usually accomplished by 

the review of historical information in which previous site activities and releases are identified, 

or by sampling data which confirm the presence of contaminants in environmental media at the 

site.  If any non-chemical stressors such as mechanical disturbances or extreme temperature 

conditions are known to be present at the site, they too are to be considered in the assessment. 

After the COPECs have been identified, they should be summarized and organized (such as in 

table or chart form) for presentation in the Scoping Assessment summary. 

2.4 Developing the Preliminary Conceptual Site Exposure Model 

A PCSEM provides a summary of potentially complete exposure pathways, along with 

potentially exposed receptor types.  The PCSEM, in conjunction with the scoping report, is used 

to determine whether further ecological assessment (i.e., Screening-Level Assessment, Site-

Specific Assessment) and/or interim measures are required.   

A complete exposure pathway is defined as a pathway having all of the following attributes 

(US EPA, 1998; NMED, 2014): 

• A source and mechanism for hazardous waste/constituent release to the environment;

• An environmental transport medium or mechanism by which a receptor can come into

contact with the hazardous waste/constituent;

• A point of receptor contact with the contaminated media or via the food web; and

• An exposure route to the receptor.

If any of the above components are missing from the exposure pathway, it is not a complete 

pathway for the site.  A discussion regarding all possible exposure pathways and the 

rationale/justification for eliminating any pathways should be included in the PCSEM narrative 

and in the risk assessment. 
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Figure 1.  NMED Ecological Risk Assessment Process 
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The PCSEM is presented as both a narrative discussion and a diagram illustrating potential 

contaminant migration and exposure pathways to ecological receptors.  A sample PCSEM 

diagram is presented in Figure 2.  On the PCSEM diagram, the components of a complete 

exposure pathway are grouped into three main categories: sources, release mechanisms, and 

potential receptors.  As a contaminant migrates and/or is transformed in the environment, sources 

and release mechanisms can be defined as primary, secondary, and tertiary.  

For example, Figure 2 depicts releases from a landfill that migrate into soils, and reach nearby 

surface water and sediment via storm water runoff.  In this situation, the release from the landfill 

is considered the primary release, with infiltration as the primary release mechanism.  Soil 

becomes the secondary source, and storm water runoff is the secondary release mechanism to 

surface water and sediments, the tertiary source.  

Subsequent ecological exposures to terrestrial and aquatic receptors will result from this release.  

The primary exposure routes to ecological receptors are direct contact, ingestion, and possibly 

inhalation.  For example, plant roots will be in direct contact with contaminated sediments, and 

burrowing mammals will be exposed via dermal contact with soil and incidental ingestion of 

contaminated soil.  In addition, exposures for birds and mammals will occur as they ingest prey 

items through the food web.  

Although completing the Site Assessment Checklist will not provide the user with a readymade 

PCSEM, a majority of the components of the PCSEM can be found in the information provided 

by the Site Assessment Checklist.  The information gathered for the completion of Section II of 

the Site Assessment Checklist, can be used to identify sources of releases.  The results of Section 

III, Habitat Evaluation, can be used to both identify secondary and tertiary sources and to 

identify the types of receptors which may be exposed.  The information gathered for completion 

of Section IV, Exposure Pathway Evaluation, will assist users in tracing the migration pathways 

of releases in the environment, thus helping to identify release mechanisms and sources.  

Once all of the components of the conceptual model have been identified, complete exposure 

pathways and receptors that have the potential for exposure to site releases can be identified. 

2.5 Assembling the Scoping Assessment Summary 

After completion of the previously described activities of the scoping assessment, the 

information should be provided as justification for the screening assessment to support the 

decision made regarding the first Technical Decision Point (Is Ecological Risk Suspected?).  

Critical information gained from the Scoping Assessment includes: 

• Existing Data Summary,

• Site Visit Summary (and Site Assessment Checklist, if completed),

• Evaluation of Receptors and Pathways,

• Recommendations,
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• Attachments (e.g. photographs, field notes, telephone conversation logs with natural

resource agencies), and

• References/Data Sources

This information is typically included as part of the site investigation (e.g., RFI) report.

E22.15



Risk Assessment Guidance for Investigations and Remediation 

Volume II 

 2017 revised 

8 

Figure 2. Example Preliminary Conceptual Site Exposure Model Diagram for a Hypothetical Site
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2.6 Site Exclusion Criteria 

If the assessor believes that the answer to the first Technical Decision Point (Is Ecological Risk 

Suspected?) is “no” based on the results of the PCSEM and Scoping Assessment summary it 

should be determined whether the facility meets the NMED Site Exclusion Criteria.  

Exclusion criteria are defined as those conditions at an affected property which eliminate the 

need for a SLERA.  The three criteria are as follows: 

• Affected property does not include viable ecological habitat.

• Affected property is not utilized by potential (current and/or future) receptors.

• Complete or potentially complete exposure pathways do not exist due to affected

property setting or conditions of affected property media.

The Exclusion Criteria Checklist and associated Decision Tree (Attachment B) can be used as a 

tool to help the user determine if an affected site meets the exclusion criteria.  The checklist 

assists in making a conservative, qualitative determination of whether viable habitats, ecological 

receptors, and/or complete exposure pathways exist at or in the locality of the site where a 

release of hazardous waste/constituents has occurred.  Thus, meeting the exclusion criteria means 

that the facility can answer “no” to the first Technical Decision Point. 

If the affected property meets the Site Exclusion Criteria, based on the results of the checklist 

and decision tree, the facility must still submit a Scoping Assessment summary to NMED which 

documents the site conditions and justification for how the criteria have been met.  Upon review 

and approval of the exclusion by NMED, the facility will not be required to conduct any further 

evaluation of ecological risk.  However, the exclusion is not permanent; a future change in 

circumstances may result in the affected property no longer meeting the exclusion criteria.  

2.7 Technical Decision Point: Is Ecological Risk Suspected? 

As discussed in the beginning of this document, the Scoping Assessment is the first phase of the 

ecological risk assessment process (Figure 1).  Following the submission of the information 

gathered during the Scoping Assessment, NMED will decide upon one of the following two 

recommendations for the site: 

• No further ecological investigation at the site, or

• Continue the risk assessment process.

If the information presented in the Scoping Assessment supports the answer of “no” to the first 

Technical Decision Point, and the site meets the exclusion criteria, the site will likely be excused 

from further consideration of ecological risk.  However, this is only true if it can be documented 

that a complete exposure pathway does not exist and will not exist in the future at the site based 

on current conditions.  For those sites where valid pathways for potential exposure exist or are 

likely to exist in the future, further ecological risk assessment (the first step is the SLERA) will 

be required.   
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3.0 TIER 1 SCREENING LEVELS ECOLOGICAL RISK ASSESSMENT (SLERA) 

If the PSCEM indicates complete exposure pathways, a SLERA is the next step.  The data 

collected during the scoping assessment is used to define facility-wide conditions and define the 

steps needed for the SLERA and includes the below items.  The SLERA should contain a 

detailed discussion of each of these items. 

• Characterization of the environmental setting, including current and future land uses.

Ecological assessments must include the evaluation of present day conditions and land

uses but also evaluate future land uses.

• Identification of known or likely chemical stressors (chemicals of potential ecological

concern, COPECs).  The characterization data from the site (e.g., facility investigation) is

evaluated to determine what constituents are present in which media.  Selection of

COPEC should follow the same methodology as outlined in Volume I of this Soil

Screening Guidance (NMED, 2017).

• Identification of the fate and transport pathways that are complete.  This includes an

understanding of how COPECs may be mobilized from one media to another.

• Identification of the assessment endpoints that should be used to assess impact of the

receptors; what is the environmental value to be protected.

• Identification of the complete exposure pathways and exposure routes (as identified in the

example in Figure 2).  What are the impacted media (soil, surface water, sediment,

groundwater, and/or plants) and how might the representative receptors be exposed

(direct ingestion, inhalation, and/or direct contact)?

• Species likely to be impacted and selection of representative receptors.  From the list of

species likely to be present on-site, what species are to be selected to represent specific

trophic levels?

3.1 Selection of Representative Species 

Sites may include a wide range of terrestrial, semi-aquatic, and aquatic wildlife.  A generalized 

food web is shown in Figure 3.  Wildlife receptors for the SLERA should be selected to represent 

the trophic levels and habitats present or potentially present at the site and include any Federal 

threatened and endangered species and State sensitive species. 

As there are typically numerous species of wildlife and plants present at a given facility or site 

and in the surrounding areas, only a few key receptors need to be selected for quantitative 

evaluation in the SLERA, which are representative of the ecological community and varying 

trophic levels in the food web.  Possible receptors that may be evaluated in the SLERAs at each 

site include the following: 

• Plant community,

• Deer mouse,
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• Horned lark,

• Kit fox (evaluated at sites greater than 267 acres),

• Pronghorn (evaluated at sites greater than 342 acres), and

• Red-tailed hawk (evaluated at sites greater than 177 acres).

The above key receptors selected as the representative species represent the primary producers as 

well as the three levels of consumer (primary, secondary, and tertiary) for the most common 

receptors found at hazardous waste sites in New Mexico.  If water bodies are present, and aquatic 

receptors are viable, NMED should be consulted to discuss appropriate identification of receptor 

species, pathways, and SLERA methodologies. 

3.1.1 Plants 

The plant community will be evaluated quantitatively in the SLERAs at all sites.  Specific 

species of plants will not be evaluated separately; rather the plant community will be evaluated 

as a whole.  The plant community provides a necessary food source directly or indirectly through 

the food web for wildlife receptors. 

3.1.2 Deer Mouse 

The deer mouse (Peromyscus maniculatus) is a common rodent throughout much of North 

America and it can thrive in a variety of habitats.  The deer mouse was selected as a 

representative receptor because it is prevalent near most sites in New Mexico, and it represents 

one of the several species of omnivorous rodents that may be present at sites.  Small rodents are 

also a major food source for larger omnivorous and carnivorous species.  The deer mouse 

receptor will be evaluated at all sites, regardless of size.  The deer mouse has a relatively small 

home range and could therefore be substantially exposed to COPECs at sites if their home range 

is located within a solid waste management unit (SWMU) or other corrective action site.   

Based on a review of literature (OEHHA, 1999) and from the Natural Diversity Information 

Source (CDW, 2011), a dietary composition consisting of 26% invertebrates and 74% plant 

matter will be assumed for the deer mouse. 

3.1.3 Horned Lark 

The horned lark (Eremophila alpestris) is a common widespread terrestrial bird.  It spends much 

of its time on the ground and its diet consists mainly of insects and seeds.  The horned lark 

receptor was chosen because it is prevalent in New Mexico and represents one of the many small 

terrestrial bird species that could be present.  Since the horned lark spends most of its time on the 

ground, it also provides a conservative measure of effect since it has a higher rate of incidental 

ingestion of soil than other song birds.  The horned lark is also a major food source for 

omnivorous intermediate species, and top avian carnivores.  The horned lark will be evaluated 

based on an omnivorous diet of invertebrates and plant matter.  The horned lark receptor will be 

evaluated at all sites, regardless of size.  The horned lark has a relatively small home range and 
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could therefore be substantially exposed to COPECs at sites if their home range is located within 

a SWMU or other corrective action unit. 

It will be assumed that the horned lark’s diet consists of 75% plant matter, and 25% animal 

matter based on a study conducted by Doctor, et al, 2000. 

3.1.4 Kit Fox 

The kit fox (Vulpes macrotis) is native to the western United States and Mexico.  Its diet consists 

of mostly small mammals.  Although the kit fox’s diet may also consist of plant matter during 

certain times of the year, the kit fox will be evaluated as a carnivore, with a diet consisting of 

100% prey items.  It was selected as a key receptor because it is sensitive species and is common 

in New Mexico, and the surrounding area at most sites in New Mexico provides suitable habitat 

for the kit fox.  The kit fox also is representative of a mammalian carnivore within the food web.  

The kit fox will only be evaluated at sites that are larger than 276 acres.  A kit fox has a large 

home range size (2767 acres) (Zoellick & Smith, 1992) and it is assumed that risks are negligible 

from exposure to COPECs at sites that are less than 10% of the receptors home range.  Unless 

the area use factor (AUF) is at least 10%, food items potentially contaminated with COPECs and 

incidental soil ingestion at the site would not contribute significantly to the receptor’s diet and 

exposure to COPECs.  The kit fox diet will be based on composition of 100% prey. 

3.1.5 Red-Tailed Hawk 

The red-tailed hawk (Buteo jamaicensis) was selected as a top carnivore avian key receptor.  The 

red-tailed hawk is widespread throughout New Mexico and is one of the most common birds of 

prey.  It hunts primarily rodents, rabbits, birds, and reptiles.  The red-tailed hawk was chosen as a 

key receptor since it is a common species through New Mexico.  The red-tailed hawk will only 

be evaluated at sites that are larger than 177 acres.  The red-tailed hawk has a large home range 

size (1770 acres) (US EPA, 1993b), and risks to the red-tailed hawk from exposure to COPECs 

at sites smaller than 177 acres (10% of the home range) would be negligible.  The red-tailed 

hawk diet will be based on composition of 100% prey. 

3.1.6 Pronghorn Antelope 

The pronghorn (Antilocapra Americana) is a popular big game species that occurs in western 

Canada, United States, and northern Mexico.  Its diet consists mainly of sagebrush and other 

shrubs, grasses, and forbs.  The pronghorn was selected as a key receptor representative of large 

herbivorous species of wildlife.  The pronghorn will only be evaluated at sites that are larger than 

342 acres.  The pronghorn has a large home range size (3422 acres) (Reynolds, 1984), and risks 

to the pronghorn from exposure to COPECs at sites smaller than 342 acres (10% of the home 

range) would be negligible. It is assumed that 100% of the diet is from grazing. 
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3.2 Exposure Pathways 

The scoping survey will provide a summary of potentially complete exposure pathways, along 

with potentially exposed receptor types.  A complete exposure pathway is defined as a pathway 

having all the following attributes: 

• A source and mechanism for hazardous waste/constituent release to the environment,

• An environmental transport medium or mechanism by which a receptor can encounter the

hazardous waste/constituent,

• A point of receptor contact with the contaminated media or via the food web, and

• An exposure route to the receptor.

If any of the above components are missing from the exposure pathway, it is not a complete 

pathway for the site.  A discussion regarding all possible exposure pathways and the 

rationale/justification for eliminating any pathways will be included in the risk assessment. 

Affected media that ecological receptors may be exposed to at sites are soil, biota, and surface 

water or groundwater (through springs).  Surface water, sediment, and groundwater should be 

evaluated based on site-specific conditions. 

Wildlife receptors could be exposed to COPECs that have been assimilated into biota.  Ingestion 

of contaminated plant and animal matter, as a necessary component of the receptor’s diet, will be 

evaluated quantitatively in the SLERAs.  However, for the Tier 1 SLERA, it will conservatively 

be assumed that 100% of the wildlife receptors’ dietary intake consists of site soil. 

For soil, two soil intervals should be evaluated: 

• For all non-burrowing receptors and for shallow-rooted plants, the soil exposure interval

is typical of surface conditions and is considered to be between zero (0) and one (1) foot

below ground surface (ft bgs).

• For all burrowing receptors (and receptors that may use borrows) and deep rooted plants,

the soil interval to be evaluated is 0 – 10 ft bgs.

Table 1.  Soil Exposure Intervals 

Receptor Exposure Intervals (Soil) 

Ecological Receptors (non-burrowing 

and shallow rooted plants) 

0 – 1 ft bgs 

Ecological Receptors (burrowing and 

deep rooted plants) 

0 – 10 ft bgs 
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Figure 3.  Generic Food Web. 
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3.3 SLERA Exposure Estimation 

For the initial SLERA, conservative assumptions should be applied as follows: 

• Maximum detected concentrations for the exposure interval listed in Table 1 will be

utilized in calculating exposure doses.

• 100% of the diet is assumed to contain the maximum concentration of each COPEC

detected in the site media.

• Minimum reported body weights should be applied.

• Maximum dietary intake rates should be used.

• It will be assumed that 100% of the diet consists of direct ingestion of contaminated soil.

• It is assumed that the bioavailability is 100% at each site.

• Foraging ranges are initial set equal to the size of the site being evaluated.  This means

that the AUF in the SLERA is set to a value of one.

The equation and exposure assumptions for calculating the Tier 1 exposure doses for the deer 

mouse are presented in Equation 1. 

Equation 1.  Calculation of Tier 1 Exposure Dose for COPECs in Soil; Deer Mouse 

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝐷𝑜𝑠𝑒 =
(𝐶𝑠×(𝐼𝑅 ∗ 𝑤𝑤: 𝑑𝑤) ×𝐴𝑈𝐹)

𝐵𝑊

Parameter Definition (units) Value Reference 

Exposure 

Dose 

Estimated receptor-specific contaminant 

intake (mg/kg of body weight/day) 

calculated -- 

Cs Chemical concentration in soil (mg/kg) Site-specific Maximum detected 

concentration (0-10 ft bgs) 

IR Ingestion rate (kg food [ww]/day) 0.007 Maximum reported total 

dietary intake (US EPA, 

1993b) 

ww:dw Wet-weight to dry weight conversion 

factor for ingested matter 

0.22 78-percent moisture 

AUF Area use factor (the ratio of the site 

exposure area to the receptor foraging 

range) (unitless) 

1 Maximum possible value 

BW Body weight (kg) 0.014 Minimum reported adult 

body weight (CDW, 2011) 

The equation and exposure assumptions for calculating the Tier 1 exposure dose for the horned 

lark are presented in Equation 2. 
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Equation 2.  Calculation of Tier 1 Exposure Dose for COPECs in Soil; Horned Lark 

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝐷𝑜𝑠𝑒 =  
(𝐶𝑠 ×(𝐼𝑅 ∗ 𝑤𝑤: 𝑑𝑤)× 𝐴𝑈𝐹)

𝐵𝑊

Parameter Definition (units) Value Reference 

Exposure 

Dose 

Estimated receptor-specific contaminant 

intake (mg/kg of body weight/day) 

Calculated -- 

Cs Chemical concentration in soil (mg/kg) Site-specific Maximum detected 

concentration (0-1 ft bgs) 

IR Ingestion rate (kg food [ww]/day) 0.024 Maximum reported total 

dietary intake; American 

robin (US EPA, 1993b) 

ww:dw Wet-weight to dry weight conversion 

factor for ingested matter 

0.22 78-percent moisture 

AUF Area use factor (the ratio of the site 

exposure area to the receptor foraging 

range) (unitless) 

1 Maximum possible value 

BW Body weight (kg) 0.025 Minimum reported adult 

body weight (Trost, 1972) 

The equation and exposure assumptions for calculating the Tier 1 exposure doses for the kit fox 

are presented in Equation 3. 

Equation 3.  Calculation of Tier 1 Exposure Dose for COPECs in Soil; Kit Fox 

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝐷𝑜𝑠𝑒 =  
(𝐶𝑠× (𝐼𝑅 ∗ 𝑤𝑤: 𝑑𝑤)× 𝐴𝑈𝐹)

𝐵𝑊

Parameter Definition (units) Value Reference 

Exposure 

Dose 

Estimated receptor-specific contaminant 

intake (mg/kg of body weight/day) 

calculated -- 

Cs Chemical concentration in soil (mg/kg) Site-specific Maximum detected 

concentration (0-10 ft bgs) 

IR Ingestion rate (kg food [ww]/day) 0.18 Maximum reported total 

dietary intake (OEHHA, 

2003) 

ww:dw Wet-weight to dry weight conversion 

factor for ingested matter 

0.22 78-percent moisture 

AUF Area use factor (the ratio of the site 

exposure area to the receptor foraging 

range) (unitless) 

1 Maximum possible value 

BW Body weight (kg) 1.6 Minimum reported adult 

body weight (OEHHA, 2003) 

The equation and exposure assumptions for calculating the Tier 1 exposure doses for the red-

tailed hawk are presented in Equation 4. 
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Equation 4 Calculation of Tier 1 Exposure Dose for COPECs in Soil; Red-tailed 

Hawk 

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝐷𝑜𝑠𝑒 =  
(𝐶𝑠 ×(𝐼𝑅 ∗ 𝑤𝑤: 𝑑𝑤)×𝐴𝑈𝐹)

𝐵𝑊

Parameter Definition (units) Value Reference 

Exposure 

Dose 

Estimated receptor-specific 

contaminant intake (mg/kg of body 

weight/day) 

Calculated -- 

Cs Chemical concentration in soil 

(mg/kg) 

Site-specific Maximum detected 

concentration (0-1 ft bgs) 

IR Ingestion rate (kg food [ww]/day) 0.12 Maximum reported total 

dietary intake (US EPA, 

1993b) 

ww:dw Wet-weight to dry weight conversion 

factor for ingested matter 

0.22 78-percent moisture 

AUF Area use factor (the ratio of the site 

exposure area to the receptor 

foraging range) (unitless) 

1 Maximum possible value 

BW Body weight (kg) 0.96 Minimum reported adult 

body weight (US EPA, 

1993b) 

The equation and exposure assumptions for calculating the Tier 1 exposure doses for the 

pronghorn are presented in Equation 5. 

Equation 5.  Calculation of Tier 1 Exposure Dose for COPECs in Soil; Pronghorn 

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝐷𝑜𝑠𝑒 =  
(𝐶𝑠×(𝐼𝑅 ∗ 𝑤𝑤: 𝑑𝑤)×𝐴𝑈𝐹)

𝐵𝑊

Parameter Definition (units) Value Reference 

Exposure 

Dose 

Estimated receptor-specific contaminant 

intake (mg/kg of body weight/day) 

calculated -- 

Cs Chemical concentration in soil (mg/kg) Site-specific Maximum detected 

concentration (0-1 ft bgs) 

IR Ingestion rate (kg wet matter/day) 

Based on equation: 

IR=a(BW)b where: a=2.606, b=0.628 

0.74 Dry matter intake rate for 

herbivores (based on Nagy, 

2001) 

ww:dw Wet-weight to dry weight conversion 

factor for ingested matter 

0.22 78-percent moisture 

AUF Area use factor (the ratio of the site 

exposure area to the receptor foraging 

range) (unitless) 

1 Maximum possible value 

BW Body weight (kg) 47 Minimum reported adult body 

weight (O’Gara, 1978) 
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Exposure doses will not be calculated for plants.  For the Tier 1 exposure assessment, it will be 

assumed that the exposure concentrations for plants are equal to the maximum detected 

concentrations of COPECs in soil (as noted in Table 1). 

3.4 Effects Assessment 

The effects assessment evaluated the potential toxic effects on the receptors being exposed to the 

COPECs.  The effects assessment includes selection of appropriate toxicity reference values 

(TRVs) for the characterization and evaluation of risk.  TRVs are receptor and chemical specific 

exposure rates at which no adverse effects have been observed, or at which low adverse effects 

are observed.  TRVs that are based on studies with no adverse effects are called no observed 

adverse effects levels (NOAELs).  TRVs that are based on studies with low adverse effects are 

termed lowest observed adverse effects levels (LOAELs).   

For the initial SLERA, the preference for TRVs is based on chronic or long term exposure, when 

available.  The TRVs should be selected from peer-reviewed toxicity studies and from primary 

literature.  Initial risk characterization should be conducted using the lowest appropriate chronic 

NOAEL for non-lethal or reproductive effects.  If a TRV is not available and/or no surrogate 

data could be identified, the exclusion of potential toxicity associated with the COPEC will be 

qualitatively addressed in the uncertainty analysis of the risk assessment.  Other factors that may 

be included in this discussion is frequency of detection, depth of detections, and special analysis 

of the detections.  Attachment C, Tables C1 through C6, contains NOAEL- and LOAEL-based 

TRVs for the key ecological receptors. 

3.5 Risk Characterization 

Assessment endpoints are critical values to be protected (US EPA, 1997c).  The assessment 

endpoint will be to ensure the survival and reproduction of all ecological receptors to maintain 

populations.  This will be accomplished by determining whether COPECs at each site are present 

at levels that would adversely affect the population size of ecological receptors by limiting their 

abilities to reproduce. 

For plants, the Tier 1 screening level hazard quotients for plants will be calculated by comparing 

exposure doses (i.e., maximum detected concentrations of COPECs; 0-1 ft bgs for shallow rooted 

plans or 0-10 ft bgs for deep rooted plants) to an effect concentration.  The equation for 

screening level hazard quotient (SLHQ) for plants is shown in Equation 6.  Attachment C, Table 

C-6, lists effect concentrations to be used in screening for plants. 
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Equation 6.  Calculation of Screening-Level Hazard Quotients for Plant 

Receptors 

𝑆𝐿𝐻𝑄 =
𝐶𝑠

𝐸𝑓𝑓𝑒𝑐𝑡 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛

Parameter Definition (units) 

SLHQ Screening level hazard quotient (unitless) 

Cs Chemical concentration in soil (mg COPEC / kg soil dry weight), 

(0-1 ft bgs shallow-rooted and 0-10 ft bgs deep rooted plants) 

Effect Concentration Concentration at which adverse effects are not expected (mg/kg); 

see Attachment C, Table C-6. 

Tier 1 SLHQs for wildlife receptors will be calculated by comparing estimated exposure doses 

derived using Equations 1 through 5 for each of the key receptors determined to have complete 

habitat and exposure pathways at the site to NOAEL-based TRVs.  The derivation of SLHQ for 

the key receptors (except plants) is shown in Equation 7.   

Equation 7 Calculation of Screening-Level Hazard Quotients 

for Wildlife Receptors 

𝑆𝐿𝐻𝑄 =
𝐷𝑜𝑠𝑒

𝑇𝑅𝑉

OR 

𝑆𝐿𝐻𝑄 =
𝐶𝑠

𝐸𝑆𝐿

Parameter Definition (Units) 

SLHQ Screening-level hazard quotient (unitless) 

Dose Estimated receptor-specific contaminant intake, from 

Equations 1 through 5 (mg/kg of body weight/day) 

TRV NOAEL-based TRV (mg/kg/day), Refer to Attachment C, 

Tables C1 through C5 

Cs Chemical concentration in soil (mg COPEC / kg soil dry 

weight) 

ESL Ecological Screening Level (refer to Equation 8 and 

Attachment C) 

Rearranging the terms for the SLHQ in Equation 7, an Ecological Screening Level (ESL) was 

derived for comparison to chemical concentrations in soil.  Equation 8.  For the Tier 1 

assessment, the maximum detected site concentration is applied as the chemical concentration in 

soil.   

Attachment C, Tables C-1 through C-5, contains the Tier 1 ESLs for the deer mouse, horned 

lark, kit fox, red-tailed hawk, and pronghorn antelope. 
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Equation 8 Use of the ESLs to Determine the SLHQ 

𝑆𝐿𝐻𝑄 =
𝐶𝑠

𝐸𝑆𝐿

Parameter Definition (Units) 

SLHQ Screening-level hazard quotient (unitless) 

Cs Chemical concentration in soil (mg COPEC / kg soil dry 

weight) 

ESL Ecological Screening Level (refer to Attachment C, Table 

C1 through C5)) 

SLHQs are calculated for each receptor and each COPEC.  For each receptor, additive risk must 

be evaluated.  For the initial screening assessment, it is assumed that all COPECs have equal 

potential risk to the receptor.  The overall hazard index (HI) is then calculated for each receptor 

using Equation 9: 

zYx SLHQSLHQSLHQHI  ... Equation 9 

Where: 

HI = Hazard Index (unitless) 

SLHQx = Hazard quotient for each COPEC (unitless) 

NMED applies a target risk level for ecological risk assessments of 1.0.  If the HI for any 

receptor is above this target risk level, then there is a potential for adverse effects on ecological 

receptors and additional evaluation following the Tier 2 SLERA process is required.  

As with all risk assessments, the SLERA should include a discussion of the uncertainties.  More 

detailed information may be found in the Guidance for Assessing Ecological Risks Posed by 

Chemicals: Screening-Level Ecological Risk Assessment (NMED, 2014).  

4.0 TIER 2 SLERA 

The Tier 2 exposure assessment will consist of calculating refined estimates of exposure doses 

which will utilize exposure assumptions that are more realistic.  The following assumptions will 

apply to Tier 2 exposure doses: 

• Exposure Point Concentration (EPC) – 95 % upper confidence level of the mean (UCLs)

will be utilized as the EPC (if sufficient data are available – refer to Volume I of the SSG

(NMED, 2017) for determination of EPCs and UCLs).

• AUF – Site-specific value between 0 and 1, based on the ratio of the exposure area (size

of SWMU or corrective action site) to the receptor’s average home range size, as shown

in Equation 1; if a receptor’s home range size is less than the exposure area, a value of 1

will be assumed.

𝐴𝑈𝐹 =
𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝐴𝑟𝑒𝑎 𝑜𝑓 𝑆𝑖𝑡𝑒 (𝑎𝑐𝑟𝑒𝑠)

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐻𝑜𝑚𝑒 𝑅𝑎𝑛𝑔𝑒 (𝑎𝑐𝑟𝑒𝑠)
Equation 10 
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• Bioavailability – It will be assumed that the bioavailability is 100% at each site.

• Body weight – The average reported adult body weight will be applied.

• Ingestion rate – The average reported ingestion rate will be applied.

• Dietary composition – Receptor-specific percentages of plant, animal, and soil matter

will be considered.  Concentrations of COPECs in dietary elements (plant and animal

matter) will be predicted using bio-uptake and bioaccumulation modeling.

• Wet-weight to dry-weight conversion factor – Because body weight is reported as wet-

weight (kg), and soil concentrations are reported as dry-weight (mg/kg), a wet-weight to

dry-weight conversion factor will also be applied when calculating exposure doses.

The Tier 2 exposure doses for wildlife receptors will include one, two or all three of the 

following elements, depending on the receptor being evaluated: 1) ingestion of plant matter; 2) 

ingestion of animal (or invertebrate) matter; and 3) incidental ingestion of soil.  Bio-uptake and 

bioaccumulation modeling will be utilized to predict the concentrations of COPECs in plants and 

animal/invertebrate matter that could be ingested by wildlife receptors.  Evaluation of surface 

and/or groundwater should be discussed with NMED. 

Plant uptake factors (PUFs) will be used to predict the concentrations of COPECs in plants.  The 

PUFs for inorganic constituents are summarized in Table 2.  For organic COPECs, the PUFs are 

based on the octanol-water partition coefficient (Kow), which will be obtained from US EPA 

databases or primary literature.   

If a PUF is not available, then a value of one (1) will be applied which assumes 100% 

assimilation.  The equation and variables that will be used to predict COPEC concentrations in 

plants are shown in Equation 11.  

Equation 11.  Calculation of COPEC Concentrations in Plants 

𝐶𝑝𝑙𝑎𝑛𝑡 = 𝐶𝑠𝑜𝑖𝑙×𝑃𝑈𝐹

Parameter Definition (Units) Value 

Cplant COPEC concentration in plant (mg/kg dry 

weight) 

Calculated 

Csoil Concentration of COPEC in soil (EPC) 

(mg/kg dry weight) 

Site-specific 

PUF Plant-uptake factor (unitless) For inorganics (see Table 2) 

For organic constituents (Travis and Arms, 1988): 

PUF = 1.588 – 0.578 log Kow 

Kow-  obtain from EPA, 2011b or most current 
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Table 2.  Plant Uptake Factors for Inorganics 

Analyte 

Plant Uptake 

Factor (PUF) Analyte 

Plant Uptake 

Factor (PUF) 

Aluminum 4.0E-03 Magnesium 1.0E+00 

Antimony 2.0E-01 Manganese 2.5E-01 

Arsenic 4.0E-02 Mercury 9.0E-01 

Barium 1.5E-01 Molybdenum 2.5E-01 

Beryllium 1.0E-02 Nickel 6.0E-02 

Boron 4.0E+00 Potassium 1.0E+00 

Cadmium 5.5E-01 Selenium 2.5E-02 

Calcium 3.5E+00 Silver 4.0E-01 

Chromium 7.5E-03 Sodium 7.5E-02 

Cobalt 2.0E-02 Thallium 4.0E-03 

Copper 4.0E-01 Tin 3.0E-02 

Iron 4.0E-03 Vanadium 5.5E-03 

Lead 4.5E-02 Zinc 1.5E+00 

From Baes, et.al, 1994 

Concentrations of COPECs in animal matter (invertebrates and prey species) will be predicted by 

applying bioaccumulation or biomagnification factors (BAFs).  The BAFs will be selected from 

primary literature sources.  If BAF data are not available, a default value of 1 will be used, which 

will conservatively assume 100% assimilation.  Methodology for determining BAFs for soil to 

plants, soil to earthworms, and soil to small mammals may be found in US EPA (2003(b) and 

2005).  The equation and variables for predicting concentrations in animal matter are shown in 

Equation 12. 

Equation 12.  Calculation of COPEC Concentrations in Prey 

𝐶𝑝𝑟𝑒𝑦 = 𝐶𝑠𝑜𝑖𝑙×𝐵𝐴𝐹

Parameter Definition (Units) Value 

Cprey COPEC concentration in prey (mg/kg dry 

weight) 

Calculated 

Csoil Concentration of COPEC in soil (EPC) (mg/kg 

dry weight) 

Site-specific 

BAF Bioaccumulation/Biomagnification factor Chemical-specific (see 

US EPA 2003(b) and 

2005) 

The equation and exposure assumptions that will be used to calculate the Tier 2 exposure doses 

for the deer mouse are shown in Equation 13. 
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Equation 13.  Calculation of Tier 2 Exposure Dose for COPECs in Soil; Deer Mouse 

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝐷𝑜𝑠𝑒

=
[(𝐶𝑝𝑙𝑎𝑛𝑡×(𝐼𝑅𝑝𝑙𝑎𝑛𝑡×𝑤𝑤: 𝑑𝑤)) + (𝐶𝑖𝑛𝑣𝑒𝑟𝑡×(𝐼𝑅𝑖𝑛𝑣𝑒𝑟𝑡×𝑤𝑤: 𝑑𝑤)) + (𝐶𝑠𝑜𝑖𝑙×𝐼𝑅𝑠𝑜𝑖𝑙×𝑆𝑇)×𝐴𝑈𝐹]

𝐵𝑊

Parameter Definition (Units) Value Reference 

Exposure dose Estimated receptor-specific contaminant 

intake (mg/kg of body weight/day)  

Calculated -- 

Cplant COPEC concentration in plants (mg final 

COPEC/kg plant dry weight)  

Calculated See Equation 11 

IRtotal Receptor-specific average ingestion rate 

based on total dietary intake (kg wet 

weight/day) 

0.004 US EPA 1993b 

IRplant Receptor-specific plant-matter ingestion rate 

(kg food wet weight/day) 

0.003 Based on an average 

ingestion rate of 0.004 

kg/day (US EPA, 

1993b) and a diet of 

74% plant matter 

(OEHHA, 1999 ) 

ww:dw Wet-weight to dry weight conversion factor 

for ingested matter  

0.22 78-percent moisture 

Cinvert Invertebrate EPC (mg final COPEC/kg 

invertebrate dry weight) 

Calculated See Equation 12 

IRinvert Receptor-specific animal matter ingestion 

rate (kg food wet weight/day) 

0.001 Based on an average 

ingestion rate of 0.004 

kg/day (US EPA, 

1993b) and a diet of 

26% invertebrate matter 

(OEHHA, 1999) 

Csoil Surface-soil EPC (mg final COPEC/kg soil 

dry weight) 

Site-specific 95% UCL if available, 

or maximum (0-10 ft 

bgs) 

IRsoil Receptor-specific incidental soil ingestion 

rate (kg soil dry weight/day) 

0.000018 Based on < 2% (Beyer 

et. al, 1994); Average 

ingestion rate of (0.004 

kg/day wet weight * 

0.22 ww:dw) * 2%. 

ST Bioavailability factor for constituents 

ingested in soil (assumed to be 1.0 for all 

constituents) 

1.0 Conservative default 

(assume 100% 

bioavailability) 

AUF area use factor (maximum value = 1); ratio 

of area of site to average receptor foraging 

range (0.3 acres for deer mouse) 

Site-specific US EPA, 1993b 

BW average adult body weight (kg) 0.02 CDW, 2011 

The equation and exposure assumptions that will be used to calculate the Tier 2 exposure doses 

for the horned lark are shown in Equation 14. 
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Equation 14.  Calculation of Tier 2 Exposure Dose for COPECs in Soil; Horned Lark 

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝐷𝑜𝑠𝑒

=
[(𝐶𝑝𝑙𝑎𝑛𝑡×(𝐼𝑅𝑝𝑙𝑎𝑛𝑡×𝑤𝑤: 𝑑𝑤)) + (𝐶𝑖𝑛𝑣𝑒𝑟𝑡×(𝐼𝑅𝑖𝑛𝑣𝑒𝑟𝑡×𝑤𝑤: 𝑑𝑤)) + (𝐶𝑠𝑜𝑖𝑙×𝐼𝑅𝑠𝑜𝑖𝑙×𝑆𝑇)×𝐴𝑈𝐹]

𝐵𝑊

Parameter Definition (Units) Value Reference 

Exposure dose Estimated receptor-specific contaminant 

intake (mg/kg of body weight/day)  

Calculated -- 

Cplant COPEC concentration in plants (mg final 

COPEC/kg plant dry weight)  

Calculated See Equation 11 

IRtotal Receptor-specific average ingestion rate 

based on total dietary intake (kg food wet 

weight/day) 

0.035 US EPA 1993b; based 

on average ingestion 

rate for American robin 

adjusted for horned lark 

body weight. 

IRplant Receptor-specific plant-matter ingestion rate 

(kg food wet weight/day) 

0.026 Based on average 

ingestion rate of 0.035 

kg/day (US EPA 

1993b) and a diet of 

75% plant matter 

(Doctor, et al, 2000) 

and US EPA, 1993b 

ww:dw Wet-weight to dry weight conversion factor 

for ingested matter  

0.22 78-percent moisture 

Cinvert Invertebrate EPC (mg final COPEC / kg 

invertebrate dry weight) 

Site-specific See Equation 12 

IRinvert Receptor-specific animal matter ingestion 

rate (kg food wet weight/day) 

0.009 Based on average 

ingestion rate of 0.035 

kg/day (US EPA 

1993b) and a diet of 

25% invertebrates 

(Doctor, et al, 2000) 

and US EPA, 1993b 

Csoil Surface-soil EPC (mg final COPEC / kg soil 

dw) 

Site-specific 95% UCL if available, 

or maximum (0-1 ft 

bgs) 

IRsoil Receptor-specific incidental soil ingestion 

rate (kg/day dry weight) 

0.00077 Based on 10% (Baer, et 

al, 1994). Average 

ingestion rate of (0.035 

kg/day (wet weight) * 

0.22 ww:dw) * 10%). 

ST Bioavailability factor for constituents 

ingested in soil (assumed to be 1 for all 

constituents) 

1 Conservative default 

(assume 100% 

bioavailability) 

AUF Area use factor (maximum value = 1); ratio 

of area of site to average receptor foraging 

range (4 acres for horned lark)  

Area of site 

(acres) / 4 acres 

Beason, 1995 

BW Average adult body weight (kg) 0.033 Trost, 1972 

E22.32



Risk Assessment Guidance for Investigations and Remediation 

Volume II 

 2017 revised 

25 

The equation and exposure assumptions that will be used to calculate the Tier 2 exposure doses 

for the kit fox are shown in Equation 15. 

Equation 15.  Calculation of Tier 2 Exposure Dose for COPECs in Soil; Kit Fox 

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝐷𝑜𝑠𝑒 =
[(𝐶𝑝𝑟𝑒𝑦×(𝐼𝑅𝑝𝑟𝑒𝑦×𝑤𝑤: 𝑑𝑤)) + (𝐶𝑠𝑜𝑖𝑙×𝐼𝑅𝑠𝑜𝑖𝑙×𝑆𝑇)×𝐴𝑈𝐹]

𝐵𝑊

Parameter Definition (Units) Value Reference 

Exposure dose Estimated receptor-specific contaminant 

intake (mg/kg of body weight/day)  

Calculated -- 

Cprey Prey EPC (mg final COPEC / kg prey dry 

weight) 

Calculated See Equation 12 

IRprey Receptor-specific animal matter ingestion 

rate (kg food wet weight/day) 

0.13 Based on an average 

ingestion rate of 0.13 

kg/day (OEHHA, 

2003) and a diet of 

100% animal matter 

ww:dw Wet-weight to dry weight conversion factor 

for ingested matter  

0.22 78-percent moisture 

Csoil Surface and subsurface-soil (0-10 ft bgs) EPC 

(mg final COPEC / kg soil dw) 

Site-specific 95% UCL if available, 

or maximum (0-10 ft 

bgs) 

IRsoil Receptor-specific incidental soil ingestion 

rate (kg soil dry weight/day) 

0.0008 Based on 2.8% (Beyer 

et.al., 1994). Average 

ingestion rate of (0.13 

kg/day (wet weight) 

*0.22 ww:dw) * 2.8%).

ST Bioavailability factor for constituents 

ingested in soil (assumed to be 1for all 

constituents) 

1 Conservative default 

(assume 100% 

bioavailability) 

AUF Area use factor (maximum value = 1); ratio 

of area of site to average receptor foraging 

range (1713 acres for kit fox)  

Site-specific -- 

BW Average adult body weight (kg) 2.0 OEHHA, 2003 

The equation and exposure assumptions that will be used to calculate the Tier 2 exposure doses 

for the red-tailed hawk are shown in Equation 16. 

Equation 16.  Calculation of Tier 2 Exposure Dose for COPECs in Soil; Red-Tailed 

Hawk 

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝐷𝑜𝑠𝑒 =
[(𝐶𝑝𝑟𝑒𝑦×(𝐼𝑅𝑝𝑟𝑒𝑦×𝑤𝑤: 𝑑𝑤)) + (𝐶𝑠𝑜𝑖𝑙×𝐼𝑅𝑠𝑜𝑖𝑙×𝑆𝑇)×𝐴𝑈𝐹]

𝐵𝑊

Parameter Definition (Units) Value Reference 

E22.33



Risk Assessment Guidance for Investigations and Remediation 

Volume II 

2017 revised 

26 

Exposure dose Estimated receptor-specific contaminant 

intake (mg/kg of body weight/day)  

Calculated -- 

Cprey Prey EPC (mg final COPEC / kg prey dry 

weight) 

Calculated See Equation 12 

IRprey receptor-specific animal matter ingestion rate 

(kg food wet weight/day) 

0.1 Based on an average 

ingestion rate of 0.1 

kg/day (US EPA 

1993b) and a diet of 

100% animal matter 

ww:dw Wet-weight to dry weight conversion factor 

for ingested matter  

0.22 78-percent moisture 

Csoil surface-soil EPC (mg final COPEC / kg soil 

dw) 

Site-specific 95% UCL if available, 

or maximum (0-1 ft 

bgs) 

IRsoil receptor-specific incidental soil ingestion rate 

(kg soil dry weight/day) 

0.0004 Based on < 2% (Beyer 

et. al., 1994). Average 

ingestion rate of (0.12 

kg/day (wet weight) 

*0.22) * 2%).

ST bioavailability factor for constituents ingested 

in soil (assumed to be 1 for all constituents) 

1 Conservative default 

(assume 100% 

bioavailability) 

AUF area use factor (maximum value = 1); ratio of 

area of site to average receptor foraging range 

(1770 acres for red-tailed hawk)  

Site-specific -- 

BW average adult body weight (kg) 1.1 US EPA, 1993b 

The equation and exposure assumptions that will be used to calculate the Tier 2 exposure doses 

for the pronghorn are shown in Equation 17. 
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Equation 17.  Calculation of Tier 2 Exposure Dose for COPECs in Soil; Pronghorn 

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝐷𝑜𝑠𝑒 =
[(𝐶𝑝𝑙𝑎𝑛𝑡×(𝐼𝑅𝑝𝑙𝑎𝑛𝑡×𝑤𝑤: 𝑑𝑤)) + (𝐶𝑠𝑜𝑖𝑙×𝐼𝑅𝑠𝑜𝑖𝑙×𝑆𝑇)×𝐴𝑈𝐹]

𝐵𝑊

Parameter Definition (Units) Value Reference 

Exposure dose Estimated receptor-specific contaminant 

intake (mg/kg of body weight/day)  

Calculated -- 

Cplant COPEC concentration in plants (mg final 

COPEC/kg plant dry weight)  

Calculated See Equation 11 

IRplant receptor-specific plant-matter ingestion rate 

(kg food wet weight/day) 

1.4 Based on an average 

ingestion rate of 1.4 

kg/day (US FWS, 

2005) and a diet of 

100% plant matter 

ww:dw Wet-weight to dry weight conversion factor 

for ingested matter  

0.22 78-percent moisture 

Csoil surface-soil EPC (mg final COPEC / kg soil 

dw) 

95% UCL if available, 

or maximum (0-1 ft 

bgs) 

IRsoil receptor-specific incidental soil ingestion rate 

(kg soil dry weight/day) 

0.006 Based on < 2% (Beyer 

et. al., 1994). Average 

ingestion rate of (1.4 

kg/day (wet weight) * 

0.22 ww:dw) * 2%). 

ST bioavailability factor for constituents ingested 

in soil (assumed to be 1.0 for all constituents) 

1 Conservative default 

(assume 100% 

bioavailability) 

AUF area use factor (maximum value = 1); ratio of 

area of site to average receptor foraging range 

(3422 acres for pronghorn)  

Site-specific Zoellick & Smith, 1992 

BW Average adult body weight (kg) 50 O’Gara, 1978 

4.1.1 Toxicity Assessment – Tier 2 

The Tier 2 TRVs will be based on LOAELs.  The LOAEL will be used as it is more 

representative of population risks.  Attachment C, Tables C1 through C6 lists Tier 2 TRVs for 

select constituents for each of the key ecological receptors. 

4.1.2 Risk Characterization – Tier 2 

Risk characterization for Tier 2 will be conducted by calculating HQs for plant and wildlife 

receptors using a similar method as in the Tier 1 SLERA.  The equation and assumptions for 

calculating the Tier 2 HQs for wildlife receptors are shown in Equation 18. 
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Equation 18.  Calculation of Tier 2 Hazard Quotients for Wildlife 

Receptors 

𝐻𝑄 =
𝐷𝑜𝑠𝑒

𝑇𝑅𝑉

Parameter Definition (Units) 

HQ Hazard quotient (unitless) 

Dose Estimated receptor-specific contaminant intake (mg/kg of body weight/day) 

TRV Toxicity reference value (mg/kg/day) based on lowest observed adverse 

effects level (LOAEL), Refer to Attachment C 

For plants, a qualitative discussion of the potential for adverse risk will be provided in the 

assessment.  Comparison of TRVs to soil concentrations based on the 95% UCL may be 

provided. 

Summation of HQs will be added for COPECs that have a similar receptor-specific mode of 

toxicity.  If the Tier 2 HI is less than one, adverse ecological effects are not expected and no 

further action will be taken.   

For sites that have an HI equal to or greater than one, the site may require: 1) additional 

evaluation under a weight-of-evidence analysis; 2) a Tier 3 risk assessment; or 3) a corrective 

measures study or other remedial action. 

Per US EPA (1997c), Tier 2 ecological risk characterization should include a discussion of the 

uncertainties since many assumptions may or may not accurately reflect site conditions. 

Therefore, a discussion of the uncertainties associated with the Tier 2 SLERA will be included in 

the report. 

5.0 TIER 3: PHASE II - QUANTITATIVE ASSESSMENT 

If the SLERA does not show that levels of contamination in the impacted media are below the 

target level of 1.0, additional quantitative analyses (e.g., biota studies to evaluate impacts at the 

site) or even corrective actions (e.g., removals) may be warranted.  NMED should be consulted 

before proceeding with additional analyses and/or corrective actions and a cost-benefit analysis 

that weighs corrective actions (removals) versus additional investigations should be performed.  

If the SLERA, consultation with NMED, and the cost-benefit analysis support further evaluation 

of the contaminated site, site-specific data that supports formulation of a problem statement for a 

Tier 3 site-specific ecological risk assessment should be conducted (Section 5.2).    

5.1 Performing a Tier 3 Site Specific Ecological Risk Assessment 

After problem formulation is completed and an integrated conceptual exposure model is 

developed and discussed with NMED, a Work Plan should be developed and submitted to 

NMED for approval (Section 5.3).Site specific data should be collected and used, wherever 

practicable, to determine whether or not site releases present unacceptable risks and to develop 
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quantitative cleanup levels that are protective.  As in all risk assessments, the scope of the Tier 3 

site-specific risk assessment should be tailored to the nature and complexity of the issues present 

at the site and all response alternatives being considered, including their costs and 

implementability. 

5.2 Problem Formulation for Tier 3 

Similar to a Tier 1 or Tier 2 screening-level ecological risk assessment, a Tier 3 assessment 

begins with a problem formulation step.  By combining information on: (1) the site COPECs; (2) 

the ecotoxicity of the COPECs; (3) the ecological setting; (4) environmental fate and transport; 

and (5) complete exposure pathways, those aspects of the site ecosystem potentially at risk as 

well as the responses to that risk are identified.  Based on that information, the risk assessment 

team and NMED agree on assessment endpoints and specific risk questions or testable 

hypotheses that, together with an integrated conceptual site model (CSM), form the basis for the 

site investigation. 

Problem Formulation for a Tier 3 assessment includes the following elements: 

• Refinement of the COPECs by examining the assumptions used in the SLERA.
• Further characterization of the ecological effects associated with the contaminants.
• Reviewing and refining information on contaminant fate and transport, complete

exposure pathways, and ecosystems potentially at risk.
• Selection of site-specific assessment endpoints.
• Development of an integrated CSM and associated risk questions.

If the problem formulation step indicates additional sampling is required for the Tier 3 

assessment, a separate sampling and analysis plan (SAP) may also be required.  In addition to 

documenting the approaches, procedures, and expectations for the Tier 3 site-specific ecological 

risk assessment, the Work Plan should also summarize all agreements between the facility and 

NMED regarding the contaminants of concern, assessment endpoints, exposure pathways, and 

risk questions.  

5.2.1 Refining Contaminants of Concern 

Because of the conservative assumptions used during the SLERA, some of the COPECs retained 

for the Tier 3 assessment might pose negligible risk.  At this stage of the ecological risk 

assessment process, the risk assessment team should review the assumptions used in the SLERA 

(e.g., bioavailability assumed to be 100 percent) against COPEC-specific values reported in the 

literature and consider how the hazard quotients or indices would change if more realistic, yet 

conservative, assumptions were applied. 

New information may become available that indicates the initial assumptions that screened some 

contaminants out of the SLERA are no longer valid (e.g., site contaminant levels are higher than 

originally reported).  In this case, contaminants can be placed back on the list of COPECs to be 

investigated. 
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After consultation with NMED, one or more of the following supplemental components 

(background concentrations, frequency and magnitude of detection, dietary considerations) may 

be included in the Problem Formulation step for the Tier 3 assessment.  These components need 

not be implemented in the order presented herein, nor do all the components need to be 

implemented.  However, any COPEC identified for potential exclusion from the Tier 3 

assessment through application of any supplemental component must also be evaluated for its 

potential to bioaccumulate, biomagnify, and bioconcentrate.  

Those components included in the assessment should be identified and discussed in the Work 

Plan.  In addition, the Tier 3 ecological risk assessment report should fully address the issues 

associated with each supplemental component included in the Tier 3 assessment and describe the 

rationale underlying its selection for inclusion in the assessment. 

5.2.1.1 Frequency and Magnitude of Detection 

The SAP needs to provide for characterization of the full range of variability and distribution in 

the data while meeting the project criteria for completeness, comparability, representativeness, 

precision, and accuracy.  Given data of adequate quality, reduction of COPECs through 

application of this component may be determined acceptable following consultation with 

NMED.  A frequency of detection (FOD) evaluation should re-examine the original results 

giving consideration to: 

• The information and data considered in the evaluation performed for the SLERA;
• The results of the SLERA; and
• The information and data gathered in performing the problem formulation activities

associated with the Tier 3 site-specific ecological risk assessment.

The rationale, criteria, and methodology to be employed should be discussed with NMED.  For a 

Tier 3 assessment, these discussions should be expanded to address additional issues including:  

the influence of random and/or biased sampling on the frequency and magnitude of detected 

values within the distribution of data:  the spatial and temporal pattern of contaminants identified 

as low frequency and/or low magnitude; comparison of risk-based detection limits with toxicity 

benchmarks; and the relationship of detected values to toxicity benchmarks.  The agreed upon 

approach should be documented in the Work Plan. 

5.2.1.2 Dietary Considerations 

Some site-related chemicals such as calcium, iron, magnesium, sodium, and potassium can 

function as nutrients in organisms serving as physiological electrolytes.  When present at 

concentrations that allow them to function in this manner, they typically pose little ecological 

risk.  However, some nutrients (e.g., selenium, copper, molybdenum, and boron) can transition 

from essential to toxic at slightly higher concentrations.  As part of the Tier 3 assessment, the 

suite of nutrients relevant to the range of ecological receptors (wildlife versus plants) at the site 

should be identified.  The potential for toxic effects resulting from site concentrations relative to 

the toxicological benchmarks for nutrients should be evaluated.  In addition, the assessment 

should determine whether exposure to site contamination could result in a nutrient deficiency for 
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organisms of concern.  As part of the analysis, the nutrient deficiency level and the toxicity 

benchmark should be compared to determine if they are similar in magnitude. 

5.2.1.3 Bioaccumulation, Bioconcentration and Biomagnification 

For those COPECs identified by applying any of the supplemental components discussed above, 

it is essential to evaluate their potential to bioaccumulate, bioconcentrate, and/or biomagnify 

prior to eliminating them from further consideration in the Tier 3 assessment.  Compounds with a 

high potential to accumulate and persist in the food chain should be carried through the risk 

assessment process. 

Additionally, the Tier 3 assessment should address the likelihood that contaminants identified for 

removal from the list of COPECs could exert adverse effects on higher trophic level organisms.  

A determination that bioaccumulation and biomagnification have been satisfactorily addressed 

through methods developed in consultation with the NMED and documented in the Tier 3 

assessment Work Plan (e.g., modeling, site-related tissue measurements) should be included in 

the site-specific risk assessment report.   

5.2.2 Further Characterization of Ecological Effects 

The literature searches conducted as part of the SLERA should be expanded to obtain the 

information needed for the more detailed problem formulation phase of the Tier 3 site-specific 

ecological risk assessment.  The literature search should identify NOAELs, LOAELs, exposure-

response functions, and the mechanisms of toxic responses for those contaminants that were not 

addressed in the SLERA.  Appendix C of USEPA’s 1997 Ecological Risk Assessment Guidance 

for Superfund: Process for Designing and Conducting Ecological Risk Assessments (US EPA 

1997a) presents additional details on the factors that are important in conducting a literature 

search.  For all chemicals on the refined list of COPECs, it is important to obtain and review the 

primary literature to ensure potential data gaps are addressed and that the most recently available 

information is used is Tier 3 risk assessment. 

5.2.3 Reviewing and Refining Information on Contaminant Fate and Transport, Complete 

Exposure Pathways, and Ecosystems Potentially at Risk 

The exposure pathways and the ecosystems associated with the assessment endpoints that were 

retained in the SLERA are evaluated in more detail.  Additional information should be compiled 

on: 

• The environmental fate and transport of the COPECs;
• The ecological setting and general flora and fauna of the site (including habitat,

potential receptors, etc.); and
• The magnitude and extent of contamination, including its spatial and temporal

variability relative to the assessment endpoints.

It is frequently possible to reduce the number of exposure pathways that require evaluation to 

one or a few "critical exposure pathways" which (1) reflect maximum exposures of receptors 
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within the ecosystem, or (2) constitute exposure pathways to ecological receptors sensitive to 

specific COPECs.  If multiple critical exposure pathways exist at a site, each should be evaluated 

as part of the Tier 3 assessment. 

5.2.3.1 Contaminant Fate and Transport 

Information on how the COPECs will or could be transported or transformed in the environment 

by physical, chemical, and biological processes should be used to identify the exposure pathways 

that could produce significant ecological impacts.  Physically, COPECs move through the 

environment by volatilization, erosion, deposition (contaminant sinks), weathering of parent 

material with subsequent transport, and/or water transport.  Chemically, COPECs can undergo 

several processes in the environment such as degradation, complexation, ionization, 

precipitation, and/or adsorption.    Several biological processes also affect COPEC fate and 

transport in the environment including bioaccumulation, biodegradation, biological 

transformation, food chain transfers, and/or excretion.  Degradation product(s) and biological 

transformation products may be more or less toxic than the parent compound. 

The above information is used to evaluate how COPECs will partition in the environment and 

determine the bioavailability of site contaminants.  Note that at this point in the process, it may 

be possible for the risk assessment team and NMED to use this information to replace some of 

the conservative assumptions employed in the SLERA and eliminate some COPECs from further 

evaluation.  Such negotiations should be summarized in the Work Plan and must be documented 

in the Tier 3 site-specific ecological risk assessment report. 

5.2.3.2 Complete Exposure Pathways 

The potentially complete exposure pathways identified in the SLERA must be evaluated in more 

detail in the Tier 3 assessment on the basis of the refined contaminant fate and transport 

evaluation and the refined evaluation of potential ecological receptors. 

Some of the potentially complete exposure pathways identified in the SLERA may be ruled out 

from further consideration at this time.  Conversely, additional exposure pathways might be 

identified particularly those originating from secondary sources of contamination.  Any data gaps 

that result in questions about whether an exposure pathway is complete should be identified, and 

the type of data needed to answer those questions should be described to assist in developing the 

Work Plan and SAP.  During the re-examination of the exposure pathways, the potential for 

food-chain exposures deserves particular attention as some COPECs are effectively transferred 

through food chains while others are not. 

5.2.3.3 Ecosystems Potentially at Risk 

The ecological setting information collected during the SLERA should provide answers to 

several questions including: 

• What habitats are present?
• What types of water bodies are present, if any?
• Do any other habitats exist on or adjacent to the site (Table 3)?
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If the questions above cannot be effectively answered using the information from the SLERA, an 

additional site visit should be considered to supplement the one conducted during the Scoping 

Assessment. 

Available information on the ecological effects of contaminants as well as observations made 

during the initial and subsequent site visits can help focus the Tier 3 assessment on specific 

ecological resources that should be evaluated more thoroughly.  For example, some groups of 

organisms can be more sensitive than others to a particular COPEC; alternatively, an already-

stressed population (e.g., due to habitat degradation) could be particularly sensitive to any added 

stressor. 

5.2.4 Selection of Site-Specific Assessment Endpoints 

The selection of assessment endpoints includes discussion between the risk assessment team and 

NMED concerning management policy goals and ecological values.  Input should be sought 

from all stakeholders associated with a site when identifying assessment endpoints.  Stakeholder 

input at this stage helps ensure that NMED can readily defend the assessment endpoints when 

making decisions for the site. 

If a Tier 2 screening assessment has been performed for the site, the selection of assessment 

endpoints should be re-examined.  The endpoints selected for the Tier 3 assessment should 

reflect: 

• Contaminants and concentrations at the site;
• Mechanisms of toxicity of the contaminants to different groups of organisms;
• Ecologically relevant receptor groups potentially sensitive or highly exposed to site

contaminants and attributes of their natural history; and
• Potentially complete exposure pathways.

In addition, the risk assessment team should determine if any of the COPECs can adversely 

affect organisms in direct contact with contaminated media (e.g., direct exposure to water, 

sediment, soil) or if the contaminants accumulate in food chains, resulting in adverse effects in 

organisms that are not directly exposed or are minimally exposed to the original contaminated 

media (i.e., indirect exposure).  Also, the risk assessment team must decide if the Tier 3 

assessment should focus on toxicity resulting from direct or indirect exposures, or if both should 

be evaluated. 

In specifying assessment endpoints, a broad specification (e.g., protecting aquatic communities) 

is generally of less value in problem formulation than a focused specification (e.g., maintaining 

aquatic community composition and structure downstream of a site similar to that upstream of 

the site).  Focused assessment endpoints define the ecological value in sufficient detail to 

identify the measures needed to answer specific questions about the site or to test specific 

hypotheses. 
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Once assessment endpoints have been selected, testable hypotheses should be developed to 

determine whether or not a potential threat to the assessment endpoints exists.  Measurement 

endpoints can also be developed or if developed as part of a Tier 2 screening assessment, refined 

based on the activities associated with the problem formulation step of the Tier 3 assessment.  

Note that testable hypotheses and measurement endpoints cannot be finalized without agreement 

on the assessment endpoints among NMED, the risk assessment team, and other stakeholders. 

5.2.5 Development of a Conceptual Site Model and Associated Risk Questions 

5.2.5.1 Conceptual Site Model 

Based on the information obtained from the SLERA, knowledge of the contaminants present, the 

refined PSCEM, including the exposure pathway model, and the assessment endpoints, an 

integrated conceptual site model (CSM) should be developed.  The integrated CSM should 

include a contaminant fate-and-transport diagram that traces the movement of COPECs from 

sources through the ecosystem to receptors associated with the assessment endpoints.   

Exposure pathways that do not lead to a species or group of species associated with the proposed 

assessment endpoint indicate that: (1) there is an incomplete exposure pathway to the receptor(s) 

associated with the proposed assessment endpoint; or (2) there are missing components or data 

necessary to demonstrate a complete exposure pathway.  If case (1) is true, the proposed 

assessment endpoint should be reevaluated to determine if it is an appropriate endpoint for the 

site.  If case (2) is true, then additional field data may be needed to reevaluate contaminant fate 

and transport at the site.  

Assessment endpoints differ from site to site, and can represent one or more levels of biological 

organization.  At any particular site, the appropriate assessment endpoints might involve local 

populations of a particular species, community-level integrity, and/or habitat preservation.  The 

integrated CSM must encompass the level of biological organization appropriate for the 

assessment endpoints for the site. 

5.2.5.2 Risk Questions 

Ecological risk questions are inquiries into the relationship between an assessment endpoint and 

its expected response when exposed to site contamination.  Risk questions should be based on 

the assessment endpoints selected for the site and lead to answers that establish a foundation for 

the study design and evaluation of the results of the site investigation in the analysis and risk 

characterization phases of the risk assessment process.  The most basic question applicable to 

virtually every site asks whether site-related contaminants are causing or have the potential to 

cause adverse effects on the assessment endpoint(s).  To ensure the Tier 3 assessment is useful in 

a feasibility study, it is helpful if the specific contaminant(s) posing the most significant threat(s) 

can be identified.  Thus, the question is refined to ask "does (or could) chemical X cause adverse 

effects on the assessment endpoint?"  In general, four lines of evidence are used to answer this 

question: 
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• Comparison of estimated or measured exposure levels for chemical X with levels that
are known from the literature to be toxic to receptors associated with the assessment
endpoints;

• Comparison of laboratory bioassays of media from the site and bioassays of media
from a reference site;

• Comparison of in situ toxicity tests at the site with in situ toxicity tests in a reference
body of water; and

• Comparison of observed effects in the receptors associated with the site with similar
receptors at a reference site.

5.2.6 Finalization of the CSM 

The problem formulation step for the Tier 3 assessment is considered complete once the risk 

assessment team and NMED reach agreement on four items: the ecological contaminants of 

concern, the assessment endpoints, the exposure pathways, and the risk questions.  These items 

should be presented and summarized in the integrated CSM for the site and the CSM should be 

presented and discussed in the Work Plan and SAP (if a separate SAP is developed) for the Tier 

3 site-specific assessment. 

5.3 Develop a Work Plan and SAP for Tier 3 

Based on the information assembled during problem formulation, the risk assessment team and 

NMED agree on assessment endpoints, risk questions and/or testable hypotheses that, together 

with the rest of the integrated CSM, form the basis for the site investigation.  At this stage, site-

specific information on exposure pathways and/or the presence of specific species is likely to be 

incomplete.  By using the integrated CSM, measurement endpoints can be selected/verified and a 

plan for filling information gaps can be developed and written into the Work Plan and SAP. 

Field verification of the SAP is important to ensure that the data quality objectives (DQOs) for 

the site investigation will be met.  This step verifies that the selected assessment endpoints, 

testable hypotheses, exposure pathway model, measurement endpoints, and study design are 

appropriate and implementable at the site.  By verifying the field sampling plan prior to 

conducting the full site investigation, well-considered alterations can be made to the study design 

and/or its implementation if necessary.  If changing conditions identified during field verification 

force changes to the Work Plan and/or SAP (e.g., selection of a different reference site), the 

changes should be agreed to and documented by the risk assessment team in consultation with 

NMED. 

Site investigation activities and sampling and analysis procedures should be clearly documented 

in the Work Plan and/or SAP.  However, the Work Plan and SAP should allow for instances 

where unexpected conditions arise in the field that indicate a need to change the study design.  

The Work Plan and SAP should indicate that should the need arise, the ecological risk 

assessment team will reevaluate the feasibility or adequacy of the sampling design and any 

resulting changes to the Work Plan or SAP will be agreed upon by both the risk assessment team 

and NMED and will be documented in the Tier 3 site-specific ecological risk assessment report. 
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When possible, any field sampling efforts for the ecological risk assessment should overlap with 

other site data collection efforts to reduce sampling costs and to prevent redundant sampling.  

The Work Plan and/or the SAP should specify the methods by which the collected data will be 

analyzed. Both plans should address all food chain exposure model parameters, data reduction 

techniques, data interpretation methods, and statistical analyses that will be used.  Once 

completed, the documents should be submitted to NMED.  At the successful conclusion of the 

review process, NMED will issue approvals or approvals with modifications for the Work Plan 

and SAP and the site investigation, data evaluation, and risk characterization can proceed.   

 Recommended Information for Tier 3 site-specific Ecological Risk Assessment 

Work Plan and/or Sampling and Analysis Plan 

At a minimum, the Tier 3 site-specific ecological Work Plan and accompanying SAP (if needed) 

should include:   

• A brief and concise summary of the information contained in the SLERA Report.
• The results of the problem formulation step for the Tier 3 site-specific ecological risk

assessment including:
• Summary of discussion and agreements with NMED regarding the use of FOD in the

assessment.
• Refined list of COPECs.
• Further characterization of the ecological effects associated with site contaminants.
• Review and refinement of information on contaminant fate and transport, complete

exposure pathways, and ecosystems potentially at risk at the site.
• Review and refinement of the selection of site-specific assessment endpoints.
• Development of the integrated CSM and associated risk questions.
• Identification and discussion of the Supplemental Components (i.e., background

concentrations, frequency and magnitude of detection, dietary considerations, and any
additional considerations used in refining the list of COPECs.

• Presentation and discussion of the integrated CSM.
• Detailed presentation of all site investigation activities and sampling and analysis

procedures including quality assurance/quality control requirements.
• Presentation and discussion of all assessment endpoints, risk questions, and testable

hypotheses.
• The SAP should specify the relationship between measurement and assessment

endpoints, the necessary number, volume, and types of samples to be collected, and the
sampling techniques to be used.

• The SAP should specify the data reduction and interpretation techniques and the DQOs
for the site investigation.

• Contingency plan(s) that anticipate situations that may arise during the site investigation
that require modification of the approaches documented in the Work Plan and/or SAP.

• Detailed presentation of procedures for analyzing site-specific data collected during the
site investigation.

• Identification and discussion of the methodology to be employed in the analysis of
exposure response.

• Identification and discussion of statistical techniques to be used in the Tier 3 assessment
• Quantified exposure for each measurement receptor for each pathway.
• Technical Decision Point summarizing agreement between the risk assessment team and

NMED on the list of COPECs, assessment endpoints, exposure pathways, and risk
questions.
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5.4 Analysis of Ecological Exposures and Effects 

Analysis of exposure and effects is performed interactively, with one analysis informing the 

other.  These analyses are based on the information collected during the SLERA, problem 

formulation activities conducted in preparation for the Tier 3 assessment, and additional 

information collected in developing the Work Plan and SAP.  Both analyses are performed in 

accordance with the data interpretation and analysis methods outlined in the Work Plan and SAP. 

In the analysis phase, the site-specific data obtained during the site investigation replace many of 

the assumptions made for the SLERA.  For the exposure and ecological effects characterizations, 

the uncertainties associated with the field measurements and with the assumptions made where 

site-specific data are not available must be documented in the Tier 3 site-specific ecological risk 

assessment report. 

5.4.1 Characterizing Exposures 

In the exposure analysis, both the ecological stressor and the ecosystem must be characterized on 

similar temporal and spatial scales.  The result of the analysis is an exposure profile that 

quantifies the magnitude and spatial and temporal patterns of exposure as they relate to the 

assessment endpoints and risk questions developed during problem formulation.  This exposure 

profile along with a description of the associated uncertainties and assumptions serves as input to 

the risk characterization. 

Stressor characterization involves determining the stressor's distribution and pattern of change.  

The analytic approach for characterizing ecological exposures should follow the methodology 

specified in the Work Plan and SAP.  For chemical stressors, a combination of fate-and-transport 

modeling and sampling data from the site are typically used to predict the current and likely 

future nature and extent of contamination at a site.  Any site-specific information that can be 

used to replace previous assumptions based on literature searches or information from other sites 

should be incorporated into the description of ecological conditions at the site.  This information 

and all remaining assumptions and uncertainties associated with the characterization of 

exposures at the site should be documented in the Tier 3 site-specific ecological risk assessment 

report. 

Specifically, exposure to COPECs released from facility contaminant sources is evaluated 

through consideration of the exposure pathways included in the integrated CSM.  All exposure 

pathways identified as potentially complete should be evaluated in the exposure assessment.  The 

summation of this potential exposure across all pathways for a measurement receptor defines the 

exposure of that measurement receptor to a COPEC.  Exposure assessments are conducted 

separately for each community and each measurement receptor. 

5.4.2 Characterizing Ecological Effects 

Following the methods for analyzing site-specific data specified in the Work Plan and SAP, the 

assembled information on ecological effects is integrated with any evidence of existing impacts 

gathered during the site investigation (e.g., toxicity testing).   
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5.4.2.1 Exposure-response Analysis 

In this phase of the analysis, measurement endpoints are related to the assessment endpoints 

using the logical structure provided by the integrated CSM.  Any extrapolations required to relate 

measurement to assessment endpoints (e.g., between species, between response levels, from 

laboratory to field) should be explained.  Finally, an exposure-response relationship is described 

to the extent possible (e.g., by a regression equation), including the confidence limits 

(quantitative or qualitative) associated with the relationship.  Statistical techniques such as those 

available in US EPA’s ProUCL software (US EPA, 2013a) and other methods used to identify 

and/or describe the relationship between exposure and response from the field data should follow 

the analysis procedure specified in the Work Plan and SAP.  

When exposure-response data are not available or cannot be developed, a threshold for adverse 

effects can be developed instead, as in the SLERA. For the Tier 3 assessment: however, site-

specific information should be used instead of the conservative assumptions used in the SLERA.  

If a site will be analyzed using this approach, the methodology should be described in the Work 

Plan and, as necessary, the SAP (see Sections 3.2 and 4.1). 

5.4.2.2 Evidence of Causality 

Demonstrating a correlation between the contaminant gradient at the site and ecological impacts 

is an important component of establishing causality.  Thus, it is important to evaluate the 

strength of the causal association between the site contaminants and their impact on the 

measurement and assessment endpoints.  However, other lines of evidence should be presented 

in support or in the absence of such a demonstration.  Note that by itself, an exposure-response 

correlation at a site is not sufficient to demonstrate causality.  The correlation must be supported 

by one or more lines of evidence as well as an analysis of potential confounding factors at the 

site.  Criteria for evaluating causal associations are outlined in the US EPA’s Framework for 

Ecological Risk Assessment (US EPA, 1992d).   

5.5 Risk Characterization 

The risk characterization section of the Tier 3 site-specific ecological risk assessment report 

should include a qualitative and quantitative presentation of the risk results and associated 

uncertainties. 

5.5.1 Risk Estimation 

For population measurement receptors, HQs and HIs should reflect the actual diet of the 

receptor; the exposure and risk to multiple contaminants are additive (i.e., two or more 

contaminants may affect the same target organs or organ systems and/or act by similar 

mechanisms).  Therefore, HQs and HIs calculated using TRVs based on different effects (e.g., 

survivorship vs. reproductive ability), toxicity endpoints (e.g., NOAEL, LOAEL), and/or 

exposure durations (e.g., acute, chronic) should not be summed to derive HIs.  In these cases, 

risk assessment efforts should be focused on the highest contributing COPEC or class of 
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COPECs which can reasonably be summed across effects, toxicity endpoints, and exposure 

durations (US EPA, 1999a). 

Documentation of the risk estimates should describe how inferences are made from the 

measurement endpoints to the assessment endpoints established during problem formulation.  

For ecological risk assessments that rely upon multiple lines of evidence, a strength-of-evidence 

approach is used to integrate different types of data to support the conclusions of the assessment. 

The lines of evidence might include toxicity test results, assessments of existing impacts at a site, 

or risk calculations comparing exposures estimated for the site with toxicity values from the 

literature.  Balancing and interpreting these different types of data can be a major task and 

require professional judgment.  As already noted the strength of evidence provided by different 

types of tests and the precedence that one type of study might have over another should have 

been established in the Work Plan.  Taking this approach will ensure that data interpretation is 

objective and not biased to support a preconceived result.  Additional strength-of-evidence 

considerations at this stage include the degree to which DQOs were met and whether 

confounding factors became evident during the site investigation and analysis phase of the risk 

assessment process. 

For some biological tests (e.g., toxicity tests, benthic macroinvertebrate studies), all or some of 

the data interpretation process should be outlined in existing documents, such as in toxicity 

testing manuals.  In most cases; however, the Work Plan or SAP (if available) must describe how 

the resulting data will be interpreted for a site.  The data interpretation methods also should be 

presented in the risk characterization documentation.  For example, if the triad approach was 

used to evaluate contaminated sediments, the risk estimation section should describe how the 

three types of studies (i.e., toxicity test, benthic invertebrate survey, and sediment chemistry) are 

integrated to draw conclusions about risk. 

Where exposure-response functions are not available or developed, the quotient method of 

comparing an estimated exposure concentration to a threshold for response can be used, as used 

in the SLERA.  If possible, presentation of full exposure-response functions is preferred as these 

functions provide NMED with more information on which to base site decisions.  This guidance 

has recommended the use of on-site contamination gradients to demonstrate on-site exposure-

response functions.  Where such data have been collected, they should be presented along with 

the risk estimates in the Tier 3 site specific ecological risk assessment report.  HQs and HI s (for 

contaminants with the same mechanism of toxicity), the results of in situ toxicity testing, or 

community survey data can be mapped along with analytic chemistry data to provide a clear 

picture of the relationship between areas of contamination and observed or expected ecological 

effects. 

In addition to developing point estimates of exposure concentrations (as provided by the hazard 

quotient approach), it may be possible to develop a distribution of exposure levels based on the 

potential variability in various exposure parameters.  Probabilities of exceeding a threshold for 

adverse effects can then be estimated.  As previously stated, the risk assessment team and 

NMED should agree on the specific analyses to be used in characterizing risks and documented 

the procedures for the analyses in the Work Plan. 
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5.5.2 Risk Description 

Risk descriptions for Tier 3 assessments should document the environmental contamination 

levels that bound the threshold for adverse ecological effects for each assessment endpoint.  The 

lower bound of the threshold should be based on consistent conservative assumptions and 

NOAEL toxicity values while the upper bound should be based on observed impacts or 

predictions that ecological impacts could occur.  This upper bound should be developed using 

consistent assumptions, site-specific data, LOAEL toxicity values, or an impact evaluation. 

The approach for estimating environmental contaminant concentrations that represent thresholds 

for adverse ecological effects should be specified in the study design and documented in the 

Work Plan.  When higher trophic-level organisms are associated with assessment endpoints, the 

study design should describe how monitoring data and contaminant-transfer models will be used 

to back-calculate an environmental concentration representing a threshold for effect.  If the site 

investigation identifies a gradient of ecological effects along a contamination gradient, the risk 

assessment team should identify and document the levels of contamination below which no 

further improvements in the assessment endpoints are discernable or expected.  If departures 

from the original analysis plan are necessary based on information obtained during the site 

investigation or data analysis phase, the reasons for the change should be discussed with NMED 

and the results of those discussions documented in the Tier 3 risk assessment report. 

5.5.3 Additional Risk Information 

In addition to developing numerical estimates of existing impacts, risks, and thresholds for 

ecological effects, the risk assessment team should establish the context of the estimates by 

describing their extent, magnitude, and potential ecological significance.  Additional ecological 

risk descriptors are listed below: 

• The location and areal extent of existing contamination above a threshold for adverse
effects;

• The degree to which the threshold for contamination is exceeded or is likely to be
exceeded in the future, particularly if exposure-response functions are available; and

• The expected half-life (qualitative or quantitative) of contaminants in the environment
(e.g., sediments, food chain) and the potential for natural recovery once the sources of
contamination are removed.

5.6 Uncertainty Analysis 

There are several sources of uncertainties associated with ecological risk estimates. One is the 

initial selection of substances of concern based on the sampling data and available toxicity 

information.  Other sources of uncertainty include estimates of toxicity to ecological receptors at 

the site based on limited data from the laboratory (usually on other species), from other 

ecosystems, or from the site over a limited period.  Additional uncertainties result from the 

exposure assessment, because of the uncertainty in chemical monitoring data and models used to 

estimate exposure concentrations or doses.  Further uncertainties are included in risk estimates 

when simultaneous exposures to multiple substances occur. 
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Within the analysis each source of uncertainty should be identified and its impact on the risk 

estimates and risk characterization discussed.  Uncertainty should be distinguished from 

variability.  Variability arises from true heterogeneity or variation in environmental 

characteristics and receptors.  Uncertainty, on the other hand, represents lack of knowledge about 

certain factors, which can sometimes be reduced through additional study. 

In general, there are two approaches to tracking uncertainties through a risk assessment: 

• Using various point estimates of exposure and response to develop one or more point
estimates of risk; and

• Conducting a distributional analysis to predict a distribution of risks based on a
distribution of exposure levels and exposure-response information.  Whether one or the
other or both approaches are taken should have been agreed to by the risk assessment
team and NMED and documented in the Work Plan.

5.7 Recommended Content of the Tier 3 Ecological Risk Assessment Report 

In addition to the information delineated below, the report should include any other information 

about the site which the risk assessors considerrelevant to evaluating the ecological risk at the 

site.  For purposes of clarity, it is recommended that this additional information be included in an 

appendix to the Tier 3 Report and merely referenced in the main body of the report text. 

The results of the Tier 3 COPECs selection process should be presented in a tabular format 

showing the final list of COPECs from the SLERA, the refined list of COPECs developed during 

Tier 3 problem formulation and technically defensible justification for each COPEC eliminated 

from or added to the refined list of site contaminants. 

The following items should also be included in the Tier 3 Ecological Risk Assessment Report: 

• A brief and concise but comprehensive summary of the information contained in the
SLERA Report;

• The list of refined COPECs addressed in the Tier 3 assessment;
• A comprehensive summary of the results of all Tier 3 problem formulation activities;
• A description of all deviations from the Work Plan and SAP, including the circumstances

that led to the deviations and the agreements with NMED on how to address those
circumstances;

• A description of all in-field modifications to the approaches outlined in the Work Plan
and/or SAP, including the circumstances that led to the need for in-field modifications
and the agreements with NMED regarding the appropriate modifications for addressing
those circumstances;

• Identification and discussion of the assumptions and uncertainties associated with the
analysis of ecological exposures and ecological effects;

• A demonstration of the correlation between the contaminant gradients at the site and the
ecological effects of the contaminant gradients, including any supporting lines of
evidence needed to establish causality;

• Presentation and discussion of qualitative and quantitative risk results and the
uncertainties reflected in the results;

• Number, type and size of habitats present in the assessment area;
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• Sources of information used to determine habitats;
• Plant and animal species typical of those habitats;
• All food webs developed for habitats occurring in the assessment area including:

o Media for which web is constructed,
o Division into trophic levels,
o Class-specific guild designations for each trophic level, and
o Major dietary interactions.

• Assessment endpoints selected for guilds and communities (and rationale);
• Measurement endpoints associated with identified assessment endpoints;
• Measures of effect selected for guilds and communities (and rationale);
• Integrated conceptual site exposure model;
• Estimated COPEC concentration in each component of each trophic level;
• Quantified exposure for each measurement receptor for each pathway;
• Summary of toxicity values used in the Tier 3 assessment;
• Results of HQ and HI calculations for each receptor if this approach is used in the Tier 3

assessment;
• Evaluation of nature/magnitude of risk at each site; and
• Qualitative analysis of impact of all identified uncertainties on the ecological risk

assessment process.
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ATTACHMENT A 

SCREENING-LEVEL ECOLOGICAL RISK ASSESSMENT 

SCOPING ASSESSMENT 

SITE ASSESSMENT CHECKLIST 
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INTRODUCTION 

This checklist has been developed as a tool for gathering information about the facility property 

and surrounding areas, as part of the scoping assessment.  Specifically, the checklist assists in the 

compilation of information on the physical and biological aspects of the site including the site 

environmental setting, usage of the site, releases at the site, contaminant fate and transport 

mechanisms, and the area’s habitats, receptors, and exposure pathways.  The completed checklist 

can then be used to construct the preliminary conceptual site exposure model (PCSEM) for the 

site.  In addition, the checklist and PCSEM will serve as the basis for the scoping assessment.  

Section III of this document provides further information on using the completed checklist to 

develop the PCSEM. 

In general, the checklist is designed for applicability to all sites; however, there may be unusual 

circumstances which require professional judgment to determine the need for further ecological 

evaluation (e.g., cave-dwelling receptors).  In addition, some of the questions in the checklist 

may not be relevant to all sites.  Some facilities may have large amounts of data available 

regarding contaminant concentrations and hydrogeologic conditions at the site, while other may 

have only limited data.  In either case, the questions on the checklist should be addressed as 

completely as possible with the information available.  

Habitats and receptors, which may be present at the site, can be identified by direct or indirect1 

observations and by contacting local and regional natural resource agencies.  Habitat types may 

be determined by reviewing LULC, which are available via the Internet at 

http://www.nationalatlas.gov/mapit.html.  With regard to receptors, it should be noted that 

receptors are often present at a site even when they are not observed.  Therefore, for the purposes 

of this checklist, it should be assumed that receptors are present if viable habitat is present.  The 

presence of receptors should be confirmed by contacting one or several of the organizations 

listed below. 

Sources of general information available for the identification of ecological receptors and 

habitats include:  

• U.S. Fish and Wildlife Service (http://www.fws.gov)

• Biota Information System of New Mexico (BISON-M) maintained by the New Mexico

Department of Game and Fish (NMGF) (http://151.199.74.229/states/nm.htm)

• U.S. Forest Service (USFS) (http://www.fs.fed.us/)

• New Mexico Forestry Division (NMFD) of the Energy, Minerals and Natural Resources

Department (http://www.emnrd.state.nm.us/forestry/index.htm)

• U.S. Bureau of Land Management (USBLM) (http://www.blm.gov/nhp/index.htm) or

(http://www.nm.blm.gov/www/new_home_2.html)

• United States Geological Service (USGS) (http://www.usgs.gov)

1 Examples of indirect observations that indicate the presence of receptors include: tracks, feathers, burrows, scat 
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• National Wetland Inventory Maps (http://wetlands.fws.gov)

• National Audubon Society (http://www.audobon.com)

• National Biological Information Infrastructure (http://biology.usgs.gov)

• Sierra Club (http://www.sierraclub.org)

• National Geographic Society (http://www.nationalgeographic.com)

• New Mexico Natural Heritage Program (http://nmnhp.unm.edu/)

• State and National Parks System

• Local universities

• Tribal organizations

INSTRUCTIONS FOR COMPLETING THE CHECKLIST 

The checklist consists of four sections: Site Location, Site Characterization, Habitat Evaluation, 

and Exposure Pathway Evaluation.  Answers to the checklist should reflect existing conditions 

and should not consider future remedial actions at the site.  Completion of the checklist should 

provide sufficient information for the preparation of a PCSEM and scoping report and allow for 

the identification of any data gaps. 

Section I - Site Location, provides general site information, which identifies the facility being 

evaluated, and gives specific location information.  Site maps and diagrams, which should be 

attached to the completed checklist, are an important part of this section.  The following 

elements should be clearly illustrated:  1) the location and boundaries of the site relative to the 

surrounding area, 2) any buildings, structures or important features of the facility or site, and 3) 

all ecological areas or habitats identified during completion of the checklist.  It is possible that 

several maps will be needed to illustrate the required elements clearly and adequately.  Although 

topographical information should be illustrated on at least one map, it is not required for every 

map.  Simplified diagrams (preferably to scale) of the site and surrounding areas will usually 

suffice. 

Section II - Site Characterization, is intended to provide additional temporal and contextual 

information about the site, which may have an impact on determining whether a certain area 

should be characterized as ecologically viable habitat or contains receptors.  Answers to the 

questions in Section II will help the reviewer develop a broader and more complete evaluation of 

the ecological aspects of a site. 

Section III - Habitat Evaluation, provides information regarding the physical and biological 

characteristics of the different habitat types present at or in the locality of the site.  Aquatic 

features such as lakes, ponds, streams, arroyos and ephemeral waters can be identified by 

reviewing aerial photographs, LULC and topographic maps and during site reconnaissance visits.  

In New Mexico, there are several well-defined terrestrial communities, which occur naturally.  

Typical communities include wetlands, forest (e.g., mixed conifer, ponderosa pine and pinyon 

juniper), scrub/shrub, grassland, and desert.  Specific types of vegetation characterize each of 

these communities and can be used to identify them.  Field guides are often useful for identifying 

vegetation types.  A number of sites may be in areas that have been disturbed by human activities 

and may no longer match any of the naturally occurring communities typical of the southwest.  

Particularly at heavily used areas at facilities, the two most common of these areas are usually 
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described as “weed fields” and “lawn grass”.  Vegetation at “weed fields” should be examined to 

determine whether the weeds consist primarily of species native to the southwest or introduced 

species such as Kochia.  Fields of native weeds and lawn grass are best evaluated using the short 

grass prairie habitat guides. 

The applicable portions of Section III of the checklist should be completed for each individual 

habitat identified.  For example, the questions in Section III.A of the checklist should be 

answered for each wetland area identified at or in the locality of the site and the individual areas 

must be identified on a map or maps. 

Section IV- Exposure Pathway Evaluation is used to determine if contaminants at the site have 

the potential to impact habitat identified in Section III.  An exposure pathway is the course a 

chemical or physical agent takes from a source to an exposed organism.  Each exposure pathway 

includes a source (or release from a source), an environmental transport mechanism, an exposure 

point, and an exposure route.  A complete exposure pathway is one in which each of these 

components, as well as a receptor to be exposed, is present. Essentially, this section addresses the 

fate and transport of contaminants that are known or suspected to have been released at the site.  

In most cases, without a complete exposure pathway between contaminants and receptors, 

additional ecological evaluation is not warranted.  

Potential transport pathways addressed in this checklist include migration of contaminants via air 

dispersion, leaching into groundwater, soil erosion/runoff, groundwater discharge to surface 

water, and irradiation.  Due to New Mexico’s semi-arid climate, vegetation is generally sparse.  

The sparse vegetation, combined with the intense nature of summer storms in New Mexico, 

results in soil erosion that occurs sporadically over a very brief time frame.  Soil erosion may be 

of particular concern for sites located in steeply sloped areas.  Several questions within Section 

IV of this checklist have been developed to aid in the identification of those sites where soil 

erosion/runoff would be an important transport mechanism.  

USING THE CHECKLIST TO DEVELOP THE PRELIMINARY CONCEPTUAL SITE 

EXPOSURE MODEL 

The completed Site Assessment Checklist can be used to construct the PCSEM.  An example 

PCSEM diagram is presented in Figure 1.  The CSM illustrates actual and potential contaminant 

migration and exposure pathways to associated receptors.  The components of a complete 

exposure pathway are simplified and grouped into three main categories: sources, release 

mechanisms, and potential receptors.  As a contaminant migrates and/or is transformed in the 

environment, sources and release mechanisms may expand into primary, secondary, and tertiary 

levels.  For example, Figure 1 illustrates releases from inactive lagoons (primary sources) 

through spills (primary release mechanism), which migrate to surface and subsurface soils 

(secondary sources), which are then leached (secondary release mechanism) to groundwater 

(tertiary source).  Similarly, exposures of various trophic levels to the contaminant(s) and 

consequent exposures via the food chain may lead to multiple groups of receptors.  For example, 

Figure 1 illustrates groups of both aquatic and terrestrial receptors which may be exposed and 

subsequently serve as tertiary release mechanisms to receptors which prey on them.   

Although completing the checklist will not provide the user with a readymade PCSEM, a 

majority of the components of the PCSEM can be found in the answers to the checklist.  It is 
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up to the user to put the pieces together into a comprehensive whole.  The answers from Section 

II of the checklist, Site Characterization, can be used to identify sources of releases.  The answers 

to Section IV, Exposure Pathway Evaluation, will assist users in tracing the migration pathways 

of releases in the environment, thus helping to identify release mechanisms and sources.  The 

results of Section III, Habitat Evaluation, can be used to both identify secondary and tertiary 

sources and to identify the types of receptors which may be exposed.  Appendix B of the 

NMED’s Guidance for Assessing Ecological Risks Posed by Chemicals:  Screening-Level 

Ecological Assessment also contains sample food webs which may be used to develop the 

PCSEM. 

Once all of the components have been identified, one can begin tracing the steps between the 

primary releases and the potential receptors.  For each potential receptor, the user should 

consider all possible exposure points (e.g., prey items, direct contact with contaminated soil or 

water, etc.) then begin eliminating pathways, which are not expected to result in exposure to the 

contaminant at the site. Gradually, the links between the releases and receptors can be filled in, 

resulting in potential complete exposure pathways. 

For further guidance on constructing a PCSEM, consult the NMED’s Guidance for Assessing 

Ecological Risks Posed by Chemicals:  Screening-Level Ecological Assessment (2000), and 

EPA’s Office of Solid Waste and Emergency Response’s Soil Screening Guidance: User’s Guide 

(1996). 
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Figure 1.  Example Preliminary Conceptual Site Exposure Model Diagram
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NEW MEXICO ENVIRONMENT DEPARTMENT 

SITE ASSESSMENT CHECKLIST 

I. SITE LOCATION 

1. Site

Name:___________________________________________________________

US EPA I.D.

Number:______________________________________________________

Location:_________________________________________________________

County:_____________________

City:_________________________State:___________

2. Latitude:_______________________ Longitude:__________________________

3. Attach site maps, including a topographical map, a diagram which illustrates the

layout of the facility (e.g., site boundaries, structures, etc.), and maps showing all

habitat areas identified in Section III of the checklist.  Also, include maps which

illustrate known release areas, sampling locations, and any other important

features, if available.

II. SITE CHARACTERIZATION

1. Indicate the approximate area of the site (i.e., acres or sq. ft)

_______________________

2. Provide an approximate breakdown of the land uses on the site:

_____% Heavy Industrial _____% Light Industrial _____% Urban 

_____% Residential _____% Rural _____% Agriculturalb 

_____% Recreationala _____% Undisturbed _____% Otherc 

aFor recreational areas, please describe the usage of the area (e.g., park, playing 

field, etc.): 

________________________________________________________________ 

bFor agricultural areas, please list the crops and/or livestock which are present: 

________________________________________________________________ 

cFor areas designated as “other”, please describe the usage of the area: 

________________________________________________________________ 
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3. Provide an approximate breakdown of the land uses in the area surrounding the site.

Indicate the radius (in miles) of the area described: ___________________ 

_____% Heavy Industrial _____% Light Industrial _____% Urban 

_____% Residential _____% Rural _____% Agriculturalb 

_____% Recreationala _____% Undisturbed _____% Other c 

aFor recreational areas, please describe the usage of the area (e.g., park, playing 

field, golf course, etc.): 

________________________________________________________________ 

bFor agricultural areas, please list the crops and/or livestock which are present:  

__________________________________________________________________ 

cFor areas designated as “other”, please describe the usage of the area: 

__________________________________________________________________ 

__________________________________________________________________ 

4. Describe reasonable and likely future land and/or water use(s) at the site.

__________________________________________________________________

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

5. Describe the historical uses of the site.  Include information on chemical releases

that may have occurred as a result of previous land uses.  For each chemical

release, provide information on the form of the chemical released (i.e., solid,

liquid, vapor) and the known or suspected causes or mechanism of the release

(i.e., spills, leaks, material disposal, dumping, explosion, etc.).

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

6. If any movement of soil has taken place at the site, describe the degree of the

disturbance.  Indicate the likely source of any disturbances (e.g., erosion,

agricultural, mining, industrial activities, removals, etc.) and estimate when these

events occurred.

__________________________________________________________________

__________________________________________________________________ 

__________________________________________________________________ 
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7. Describe the current uses of the site.  Include information on recent (previous 5

years) disturbances or chemical releases that have occurred.  For each chemical

release, provide information on the form of the chemical released and the causes

or mechanism of the release.

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

8. Identify the location or suspected location of chemical releases at the site.

Provide an estimate of the distance between these locations and the areas

identified in Section III.

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

9. Identify the suspected contaminants of concern (COCs) at the site.  If known,

include the maximum contaminant levels.  Please indicate the source of data cited

(e.g., RFI, confirmatory sampling, etc.).

__________________________________________________________________

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

10. Identify the media (e.g., soil (surface or subsurface), surface water, air,

groundwater) which are known or suspected to contain COCs. _______________

_________________________________________________________________

11. Indicate the approximate depth to groundwater (in feet below ground surface

[(bgs)].

__________________________________________________________________

12. Indicate the direction of groundwater flow (e.g., north, southeast, etc.)

__________________________________________________________________ 
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III. HABITAT EVALUATION

III.A Wetland Habitats

Are any wetland2 areas such as marshes or swamps on or adjacent to the site? 
 Yes  No 

If yes, indicate the wetland area on the attached site map and answer the 

following questions regarding the wetland area.  If more than one wetland area is 

present on or adjacent to the site, make additional copies of the following 

questions and fill out for each individual wetland area.  Distinguish between 

wetland areas by using names or other designations (such as location), and clearly 

identify each area on the site map.  Also, obtain and attach a National Wetlands 

Inventory Map (or maps) to  illustrate each wetland area. 

Identify the sources of the observations and information (e.g., National Wetland 

Inventory, Federal or State Agency, USGS  topographic maps) used to make the 

determination that wetland areas are or are not present. 

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________ 

If no wetland areas are present, proceed to Section III.B.  

Wetland Area Questions 

 Onsite  Offsite 

Name or 

Designation:___________________________________________________________ 

1. Indicate the approximate area of the wetland (acres or ft2)_________________

2. Identify the type(s) of vegetation present in the wetland.

 Submergent (i.e., underwater) vegetation 

 Emergent (i.e., rooted in the water, but rising above it) vegetation 

 Floating vegetation 

 Scrub/shrub 

 Wooded 

2Wetlands are defined in 40 CFR §232.2 as “ Areas inundated or saturated by surface or groundwater at a frequency and duration sufficient to support, and that under 

normal circumstances does support, a prevalence of vegetation typically adapted for life in saturated soil conditions.”   Examples of  typical wetlands plants include: cattails, 

cordgrass, willows and cypress trees.   National wetland inventory maps may be available at http:\\nwi.fws.gov.  Additional information on wetland delineation criteria is 

also available from the Army Corps of Engineers. 
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 Other (Please describe):________________________________________ 

3. Estimate the vegetation density of the wetland area.

 Dense (i.e., greater than 75% vegetation) 

 Moderate (i.e., 25% to 75% vegetation) 

 Sparse (i.e., less than 25% vegetation) 

4. Is standing water present?  Yes  No 

If yes, is the water primarily:   Fresh or   Brackish

Indicate the approximate area of the standing water (ft2):

_____________________

Indicate the approximate depth of the standing water, if known (ft. or

in.)_________

5. If known, indicate the source of the water in the wetland.

 Stream/River/Creek/Lake/Pond

 Flooding

 Groundwater

 Surface runoff

6. Is there a discharge from the facility to the wetland?       Yes  No

If yes, please

describe:__________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

_
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Wetland Area Questions (Continued) 

7. Is there a discharge from the wetland?  Yes  No 

If yes, indicate the type of aquatic feature the wetland discharges into: 

 Surface stream/River (Name:___________________________)

 Lake/Pond   (Name:___________________________)

 Groundwater

 Not sure

8. Does the area show evidence of flooding?  Yes  No 

If yes, indicate which of the following are present (mark all that apply): 

 Standing water

 Water-saturated soils

 Water marks

 Buttressing

 Debris lines

 Mud cracks

 Other (Please describe):________________________________________

9. Animals observed in the wetland area or suspected to be present based on indirect

evidence or file material:

 Birds 

 Fish 

 Mammals 

 Reptiles (e.g., snakes, turtles) 

 Amphibians (e.g., frogs, salamanders) 

 Sediment-dwelling invertebrates (e.g., mussels, crayfish, insect nymphs) 

Specify species, if known: 

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________ 
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III.B Aquatic Habitats

III.B.1 Non-Flowing Aquatic Features

Are any non-flowing aquatic features (such as ponds or lakes) located at or 

adjacent to the site?  

 Yes     No 

If yes, indicate the aquatic feature on the attached site map and answer the 

following questions regarding the non-flowing aquatic features.  If more than one 

non-flowing aquatic feature is present on or adjacent to the site, make additional 

copies of the following questions and fill out for each individual aquatic feature.  

Distinguish between aquatic features by using names or other designations, and 

clearly identify each area on the site map. 

If no, proceed to Section III.B.2. 

Non-Flowing Aquatic Feature Questions 

 Onsite  Offsite  

Name or Designation:_______________________________________________ 

1. Indicate the type of aquatic feature present:

 Natural (e.g., pond or lake) 

 Man-made (e.g., impoundment, lagoon, canal, etc.) 

2. Estimate the approximate size of the water body (in acres or sq. ft.)_______________

3. If known, indicate the depth of the water body (in ft. or in.)._____________________
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Non-Flowing Aquatic Feature Questions (Continued) 

4. Indicate the general composition of the bottom substrate.  Mark all sources that apply

from the following list.

Bedrock Sand Concrete 

Boulder (>10 in.) Silt Debris 

Cobble (2.5 - 10 in.) Clay Detritus

Gravel (0.1 - 2.5 in.) Muck (fine/black) 

 Other (please specify):____________________________________________ 

5. Indicate the source(s) of the water in the aquatic feature.  Mark all sources that apply

from the following list.

 River/Stream/Creek 

 Groundwater 

 Industrial Discharge 

 Surface Runoff 

 Other (please 

specify):__________________________________________ 

6. Is there a discharge from the facility to the aquatic feature?  Yes No 

If yes, describe the origin of each discharge and its migration path: 

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________ 

__________________________________________________________________ 

7. Does the aquatic feature discharge to the surrounding environment?  Yes

No

If yes, indicate the features from the following list into which the aquatic feature 

discharges, and indicate whether the discharge occurs onsite or offsite: 

 River/Stream/Creek  onsite  offsite 

 Groundwater  onsite  offsite 

 Wetland  onsite  offsite 

 Impoundment  onsite offsite 

 Other (please describe)_______________________________________
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Non-Flowing Aquatic Feature Questions (Continued) 

8. Animals observed in the vicinity of the aquatic feature or suspected to be present

based on indirect evidence or file material:

 Birds 

 Fish 

 Mammals 

 Reptiles (e.g., snakes, turtles) 

 Amphibians (e.g., frogs, salamanders) 

 Sediment-dwelling invertebrates (e.g., mussels, crayfish, insect nymphs) 

Specify species, if known: 

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________
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III.B.2 Flowing Aquatic Features

Are any flowing aquatic features (such as streams or rivers) located at or adjacent 

to the site?   

 Yes     No 

If yes, indicate the aquatic feature on the attached site map and answer the 

following questions regarding the flowing aquatic features.  If more than one 

flowing aquatic feature is present on or adjacent to the site, make additional 

copies of the following questions and fill out for each individual aquatic feature.  

Distinguish between aquatic features by using names or other designations, and 

clearly identify each area on the site map 

If no, proceed to Section III.C. 
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Flowing Aquatic Feature Questions 

 Onsite  Offsite 

Name or Designation:_______________________________________________ 

1. Indicate the type of flowing aquatic feature present.

 River

 Stream

 Creek

 Brook

 Dry wash

 Arroyo

 Intermittent stream

 Artificially created (ditch, etc.)

 Other (specify)



2. Indicate the general composition of the bottom substrate.

Bedrock Sand Concrete 

Boulder (>10 in.) Silt Debris 

Cobble (2.5 - 10 in.) Clay Detritus

Gravel (0.1 - 2.5 in.) Muck (fine/black) 

 Other (please specify):____________________________________________ 

3. Describe the condition of the bank (e.g., height, slope, extent of vegetative cover) of

the aquatic feature.

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________

__________________________________________________________________ 

4. Is there a discharge from the facility to the aquatic feature?  Yes No 

If yes, describe the origin of each discharge and its migration path: 

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________ 

__________________________________________________________________ 

5. Indicate the discharge point of the water body.  Specify name, if known.

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________ 
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Flowing Aquatic Feature Questions (Continued) 

6. If the flowing aquatic feature is a dry wash or arroyo, answer the following questions.

 Check here if feature is not a dry wash or arroyo

If known, specify the average number of days in a year in which flowing water is 

present in the feature:   ______________________________________________  

Is standing water or mud present?  Check all that apply. 

 Standing water

 Mud

 Neither standing water or mud

Does the area show evidence of recent flow (e.g., flood debris clinging to 

vegetation)? 

 Yes

 No

 Not sure

7. Animals observed in the vicinity of the aquatic feature or suspected to be present

based on indirect evidence or file material:

 Birds

 Fish

 Mammals

 Reptiles (e.g., snakes, turtles)

 Amphibians (e.g., frogs, salamanders)

 Sediment-dwelling invertebrates (e.g., mussels, crayfish, insect nymphs)

Specify species, if known: 

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________ 
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III.C Terrestrial Habitats

III.C.1 Wooded 

Are any wooded areas on or adjacent to the site?    Yes No 

If yes, indicate the wooded area on the attached site map and answer the 

following questions.  If more than one wooded area is present on or adjacent to 

the site, make additional copies of the following questions and fill out for each 

individual wooded area.  Distinguish between wooded areas by using names or 

other designations, and clearly identify each area on the site map. 

If no, proceed to Section III.C.2. 
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Wooded Area Questions 

 On-site  Off-site 

Name or Designation:_______________________________________________ 

1. Estimate the approximate size of the wooded area (in acres or sq. ft.)______________

2. Indicate the dominant type of vegetation in the wooded area.

 Evergreen

 Deciduous

 Mixed

Dominant plant species, if 

known:_______________________________________ 

3. Estimate the vegetation density of the wooded area.

 Dense (i.e., greater than 75% vegetation)

 Moderate (i.e., 25% to 75% vegetation)

 Sparse (i.e., less than 25% vegetation)

4. Indicate the predominant size of the trees at the site.  Use diameter at chest height.

 0-6 inches

 6-12 inches

 >12 inches

 No single size range is predominant

5. Animals observed in the wooded area or suspected to be present based on indirect

evidence or file material:

 Birds

 Mammals

 Reptiles (e.g., snakes, lizards)

 Amphibians (e.g., toads, salamanders)

Specify species, if known: 

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________ 
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III.C.2 Shrub/Scrub 

Are any shrub/scrub areas on or adjacent to the site?    Yes No 

If yes, indicate the shrub/scrub area on the attached site map and answer the 

following questions.  If more than one shrub/scrub area is present on or adjacent 

to the site, make additional copies of the following questions and fill out for each 

individual shrub/scrub area.  Distinguish between shrub/scrub areas, using names 

or other designations, and clearly identify each area on the site map. 

If no, proceed to Section III.C.3. 
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Shrub/Scrub Area Questions 

 Onsite  Offsite  

Name or Designation:_______________________________________________

1. Estimate the approximate size of the shrub/scrub area (in acres or sq. ft.).__________

2. Indicate the dominant type of shrub/scrub vegetation present, if known.

__________________________________________________________________

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

3. Estimate the vegetation density of the shrub/scrub area.

 Dense (i.e., greater than 75% vegetation) 

 Moderate (i.e., 25% to 75% vegetation) 

 Sparse (i.e., less than 25% vegetation) 

4. Indicate the approximate average height of the scrub/shrub vegetation.

 0-2 feet

 2-5 feet

 >5 feet

5. Animals observed in the shrub/scrub area or suspected to be present based on

indirect evidence or file material:

 Birds

 Mammals

 Reptiles (e.g., snakes, lizards)

 Amphibians (e.g., toads, salamanders)

Specify species, if known: 

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________ 
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III.C.3  Grassland

Are any grassland areas on or adjacent to the site?    Yes No 

If yes, indicate the grassland area on the attached site map and answer the 

following questions.  If more than one grassland area is present on or adjacent to 

the site, make additional copies of the following questions and fill out for each 

individual grassland area.  Distinguish between grassland areas by using names or 

other designations, and clearly identify each area on the site map. 

If no, proceed to Section III.C.4. 

Grassland Area Questions 

 Onsite                Offsite  

Name or Designation:_______________________________________________

1. Estimate the approximate size of the grassland area (in acres or sq. ft.)._________

2. Indicate the dominant plant type, if known.

__________________________________________________________________

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

3. Estimate the vegetation density of the grassland area.

 Dense (i.e., greater than 75% vegetation) 

 Moderate (i.e., 25% to 75% vegetation) 

 Sparse (i.e., less than 25% vegetation) 

4. Indicate the approximate average height of the dominant plant type (in ft. or in.)_

5. Animals observed in the grassland area or suspected to be present based on

indirect evidence or file material:

 Birds

 Mammals

 Reptiles (e.g., snakes, lizards)

 Amphibians (e.g., toads, salamanders)

Specify species, if known: 
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III.C.4  Desert

Are any desert areas on or adjacent to the site?    Yes No 

If yes, indicate the desert area on the attached site map and answer the following 

questions.  If more than one desert area is present on or adjacent to the site, make 

additional copies of the following questions and fill out for each individual desert 

area.  Distinguish between desert areas by using names or other designations, and 

clearly identify each area on the site map. 

If no, proceed to Section III.C.5. 

Desert Area Questions 

 Onsite                Offsite  

Name or Designation:_______________________________________________

1. Estimate the approximate size of the desert area (in acres or sq. ft.)._________

2. Describe the desert area (e.g., presence or absence of vegetation, vegetation types,

presence/size of rocks, sand, etc.)

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

3. Animals observed in the desert area or suspected to be present based on indirect

evidence or file material:

 Birds

 Mammals

 Reptiles (e.g., snakes, lizards)

 Amphibians (e.g., toads, salamanders)

Specify species, if known: 
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III.C.5  Other

1. Are there any other terrestrial communities or habitats on or adjacent to the site

which were not previously described?

 Yes No 

If yes, indicate the “other” area(s) on the attached site map and describe the 

area(s) below.  Distinguish between onsite and offsite areas.  If no, proceed to 

Section III.D. 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________

__________________________________________________________________ 

III.D Sensitive Environments and Receptors

1. Do any other potentially sensitive environmental areas3 exist adjacent to or within

0.5 miles of the site?  If yes, list these areas and provide the source(s) of

information used to identify sensitive areas.  Do not answer “no” without

confirmation from the U.S. Fish and Wildlife Service and appropriate State of

New Mexico division.

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

3 Areas that provide unique and often protected habitat for wildlife species.  These areas 

are typically used during critical life stages such as breeding, hatching, rearing of young 

and overwintering.  Refer to Table 1 at the end of this document for examples of 

sensitive environments. 
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2. Are any areas on or near (i.e., within 0.5 miles) the site which are owned or used

by local tribes?  If yes, describe.  Contact the Tribal Liaison in the Office of the

Secretary (505)827-2855 to obtain this information.

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

4. Does the site serve or potentially serve as a habitat, foraging area, or refuge by

rare, threatened, endangered, candidate and/or proposed species (plants or

animals), or any otherwise protected species?  If yes, identify species.  This

information should be obtained from the U.S. Fish and Wildlife Service and

appropriate State of New Mexico division.

__________________________________________________________________

______

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

5. Is the site potentially used as a breeding, roosting or feeding area by migratory

bird species?  If yes, identify which species.

__________________________________________________________________

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

6. Is the site used by any ecologically4, recreationally, or commercially important

species?  If yes, explain.

4 Ecologically important species include populations of species which provide a critical 

(i.e., not replaceable) food resource for higher organisms and whose function as such 

would not be replaced by more tolerant species; or perform a critical ecological function 

(such as organic matter decomposition) and whose functions will not be replaced by other 

species.  Ecologically important species include pest and opportunistic species that 

populate an area if they serve as a food source for other species, but do not include 

domesticated animals (e.g., pets and livestock) or plants/animals whose existence is 

maintained by continuous human interventions (e.g., fish hatcheries, agricultural crops, 

etc.,) 
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__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________ 

IV. EXPOSURE PATHWAY EVALUATION

1. Do existing data provide sufficient information on the nature, rate, and extent of

contamination at the site?

 Yes 

 No 

 Uncertain 

Please provide an explanation for your 

answer:_____________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

2. Do existing data provide sufficient information on the nature, rate, and extent of

contamination in offsite affected areas?

 Yes 

 No 

 Uncertain 

 No offsite contamination 

Please provide an explanation for your 

answer:_____________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

3. Do existing data address potential migration pathways of contaminants at the site?

 Yes 

 No 

 Uncertain 

Please provide an explanation for your 

answer:___________________________________________________________

_ 
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__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 
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4. Do existing data address potential migration pathways of contaminants in offsite

affected areas?

 Yes 

 No 

 Uncertain 

 No offsite contamination 

Please provide an explanation for your 

answer:_____________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

5. Are there visible indications of stressed habitats or receptors on or near (i.e.,

within 0.5 miles) the site that may be the result of a chemical release?  If yes,

explain.  Attach photographs if available.

__________________________________________________________________

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

6. Is the location of the contamination such that receptors might be reasonably

expected to come into contact with it?  For soil, this means contamination in the

soil 0 to 5 feet below ground surface (bgs).  If yes, explain.

__________________________________________________________________

__________________________________________________________________ 

__________________________________________________________________

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

7. Are receptors located in or using habitats where chemicals exist in air, soil,

sediment or surface water?  If yes, explain.

__________________________________________________________________

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________

__________________________________________________________________ 
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8. Could chemicals reach receptors via groundwater?  Can chemicals leach or

dissolve to groundwater?  Are chemicals mobile in groundwater?  Does

groundwater discharge into receptor habitats?  If yes, explain.

__________________________________________________________________

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

9. Could chemicals reach receptors through runoff or erosion?  Answer the

following questions:

What is the approximate distance from the contaminated area to the nearest 

watercourse or arroyo?   

 0 feet (i.e., contamination has reached a watercourse or arroyo)

 1-10 feet

 11-20 feet

 21-50 feet

 51-100 feet

 101-200 feet

 > 200 feet

 > 500 feet

 > 1000 feet

What is the slope of the ground in the contaminated area? 

 0-10% 

 10-30% 

 > 30% 

What is the approximate amount of ground and canopy vegetative cover in the 

contaminated area? 

 < 25%

 25-75%

 > 75%

Is there visible evidence of erosion (e.g., a rill or gully) in or near the 

contaminated area? 

 Yes 

 No 

 Do not know 
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Do any structures, pavement, or natural drainage features direct run-on flow (i.e., 

surface flows originating upstream or uphill from the area of concern) into the 

contaminated area? 

 Yes

 No

 Do not know

10. Could chemicals reach receptors through the dispersion of contaminants in air

(e.g., volatilization, vapors, fugitive dust)?  If yes, explain.

__________________________________________________________________

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

11. Could chemicals reach receptors through migration of non-aqueous phase liquids

(NAPLs)?  Is a NAPL present at the site that might be migrating towards

receptors or habitats?  Could NAPL discharge contact receptors or their habitat?

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

____________________________________

12. Could receptors be impacted by external irradiation at the site?  Are gamma

emitting radionuclides present at the site?  Is the radionuclide contamination

buried or at the surface?

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

____________________________________
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PHOTOGRAPHIC DOCUMENTATION 

During the site visit(s), photographs should be taken to document the current 

conditions at the site and to support the information entered in the checklist.  For 

example, photographs may be used to document the following: 

• The nature, quality, and distribution of vegetation at the site

• Receptors or evidence of receptors

• Potentially important ecological features, such as ponds and drainage ditches

• Potential exposure pathways

• Any evidence of contamination or impact

The following space may be used to record photo subjects. 

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________ 

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________ 
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SUMMARY OF OBSERVATIONS AND SITE SETTING 

Include information on significant source areas and migration pathways that are 

likely to constitute complete exposure pathways. 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

Checklist Completed by______________________________________________ 

Affiliation_________________________________________________________ 

Author Assisted by__________________________________________________ 

Date_____________________________________________________________ 
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TABLE 3 

EXAMPLES OF SENSITIVE ENVIRONMENTS 

National Parks and National Monuments 

Designated or Administratively Proposed Federal Wilderness Areas 

National Preserves 

National or State Wildlife Refuges 

National Lakeshore Recreational Areas 

Federal land designated for protection of natural ecosystems 

State land designated for wildlife or game management 

State designated Natural Areas 

Federal or state designated Scenic or Wild River 

All areas that provide or could potentially provide critical habitat1 for state and federally 

listed Threatened or Endangered Species, those species that are currently petitioned for 

listing, and species designated by other agencies as sensitive or species of concern 

All areas that provide or could potentially provide habitat for state protected species as 

defined in the Wildlife Code, Chapter 17 of the New Mexico Statutes 

All areas that provide or could potentially provide habitat for migratory birds as 

protected by the Migratory Bird Treaty Act (16 U.S.C. §§ 703-712) 

All areas that provide or could potentially provide habitat for bald eagles and golden 

eagles as protected by the Bald and Golden Eagle Protection Act (16 U.S.C. 668-668d) 

All areas that provide or could potentially provide habitat for song birds as protected by 

the State of New Mexico statute (New Mexico Statute, 1978, Chapter 17, Game and 

Fish, 17-2-13) 

1 Critical habitats are defined by the Endangered Species Act (50 CFR §424.02(d)) as: 

1) Specific areas within the geographical area currently occupied by a species, at the time it is listed in
accordance with the Act, on which are found those physical or biological features (I) essential to the 
conservation of the species and (ii) that may require special management considerations or protection, and 
2) Specific areas outside the geographical area occupied by a species at the time it is listed upon a
determination by the Secretary [of Interior] that such areas are essential for the conservation of the species. 
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All areas that provide or could potentially provide habitat for hawks, vultures and 

owls as protected by the State of New Mexico statute (New Mexico Statute, 1978, 

Chapter 17, Game and Fish, 17-2-14) 

All areas that provide or could potentially provide habitat for horned toads and  

Bullfrogs as protected by the State of New Mexico statute (New Mexico Statute, 

1978, Chapter 17, Game and Fish, 17-2-15 and 16, resp.)  

All perennial waters (e.g., rivers, lakes, playas, sloughs, ponds, etc.) 

All ephemeral drainage ( e.g., arroyos, puddles/pools, intermittent streams, etc.) 

that provide significant wildlife habitat or that could potentially transport 

contaminants off site to areas that provide wildlife habitat 

All riparian habitats 

All perennial and ephemeral wetlands (not limited to jurisdictional wetlands) 

All areas that are potentially important breeding, staging, and overwintering 

habitats as well as other habitats important for the survival of animals during 

critical periods of their life cycle. 
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ATTACHMENT B 

ECOLOGICAL SITE EXCLUSION CRITERIA CHECKLIST AND 

DECISION TREE 
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NEW MEXICO ECOLOGICAL EXCLUSION CRITERIA CHECKLIST 

The following questions are designed to be used in conjunction with the Ecological Exclusion 

Criteria Decision Tree (Figure 1).  After answering each question, refer to the Decision Tree to 

determine the appropriate next step.  In some cases, questions will be omitted as the user is 

directed to another section as indicated by the flow diagram in the Decision Tree.  For example, 

if the user answers “yes” to Question 1 of Section I, he or she is directed to proceed to Section II. 

I. Habitat 

In the following questions, “affected property” refers to all property on which a release has 

occurred or is believed to have occurred, including off-site areas where contamination may have 

occurred or migrated. 

1. Are any of the below-listed sensitive environments at, adjacent to, or in the locality1 of

the affected property?

• National Park or National Monument

• Designated or administratively proposed Federal Wilderness Area

• National Preserve

• National or State Wildlife Refuge

• Federal or State land designated for wildlife or game management

• State designated Natural Areas

• All areas that are owned or used by local tribes

• All areas that are potentially important breeding, staging, and overwintering

habitats as well as other habitats important for the survival of animals during

critical periods of their life cycle

• All areas that provide or could potentially provide habitat for state and federally

listed Threatened or Endangered Species, those species that are currently

petitioned for listing, and species designated by other agencies as sensitive or

species of concern

• All areas that provide or could potentially provide habitat for state protected

species as defined in the Wildlife Code, Chapter 17 of the New Mexico Statutes

• All areas that provide or could potentially provide habitat for migratory birds as

protected by the Migratory Bird Treaty Act (16 U.S.C. §§ 703-712)

• All areas that provide or could potentially provide habitat for bald eagles and

golden eagles as protected by the Bald and Golden Eagle Protection Act

(16 U.S.C. 668-668d)

• All areas that provide or could potentially provide habitat for song birds as

protected by the state of New Mexico statute (New Mexico Statute, 1978, Chapter

17, Game and Fish, 17-2-13)

1 Locality of the site refers to any area where an ecological receptor is likely to contact site-

related chemicals.  The locality of the site considers the likelihood of contamination 

migrating over time and places the site in the context of its general surrounding.  

Therefore, the locality is typically larger than the site and the areas adjacent to the site.  
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• All areas that provide or could potentially provide habitat for hawks, vultures and

owls as protected by the state of New Mexico statute (New Mexico Statute, 1978,

Chapter 17, Game and Fish, 17-2-14)

• All areas that provide or could potentially provide habitat for horned toads and

bullfrogs as protected by the state of New Mexico statute (New Mexico Statute,

1978, Chapter 17, Game and Fish, 17-2-15 and 16, respectively)

2. Does the affected property contain land areas which were not listed in Question 1, but

could be considered viable ecological habitat?  The following are examples (but not a

complete listing) of viable ecological habitats:

• Wooded areas

• Shrub/scrub vegetated areas

• Open fields (prairie)

• Other grassy areas

• Desert areas

• Any other areas which support wildlife and/or vegetation, excluding areas which

support only opportunistic species (such as house mice, Norway rats, pigeons,

etc.) that do not serve as prey to species in adjacent habitats.

The following features are not considered ecologically viable: 

• Pavement

• Buildings

• Paved areas of roadways

• Paved/concrete equipment storage pads

• Paved manufacturing or process areas

• Other non-natural surface cover or structure

3. Does the affected property contain any perennial or ephemeral aquatic features which

were not listed in Question 1?

II. Receptors

1. Is any part of the affected property used for habitat, foraging area, or refuge by any rare,

threatened, or endangered species (plant or animal), or otherwise protected species (e.g.,

raptors, migratory birds)?

2. Is any part of the affected property used for habitat, foraging area, or refuge by any

species used as a recreational (e.g., game animals) and/or commercial resource?

3. Is any part of the affected property used for habitat, foraging area, or refuge by any plant

or animal species?  This includes plants considered “weeds” and opportunistic insect and
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animal species (such as cockroaches and rats) if they are used as a food source for other 

species in the area. 

III. Exposure Pathways

1. Could receptors be impacted by contaminants via direct contact?

Is a receptor located in or using an area where it could contact contaminated air, soil3, or 

surface water?   

For Questions 2 and 3, note that one must answer “yes” to all three bullets in order to be directed to the 

“exclusion denied” box of the decision tree.  This is because answering “no” to one of the questions in the bullet 

list indicates that a complete exposure pathway is not present.  For example, in Question 2, if the chemical 

cannot leach or dissolve to groundwater (bullet 1), there is no chance of ecological receptors being exposed to 

the chemical through contact with contaminated groundwater.  Similarly, the responses to the questions in 

Question 4 determine whether a complete pathway exists for exposure to NAPL. 

2. Could receptors contact contaminants via groundwater?

• Can the chemical leach or dissolve to groundwater4? 

• Can groundwater mobilize the chemical? 

• Could (does) contaminated groundwater discharge into known or potential 

receptor habitats? 

3. Could receptors contact contaminants via runoff (i.e., surface water and/or suspended

sediment) or erosion by water or wind?

• Are chemicals present in surface soils? 

• Can the chemical be leached from or eroded with surface soils? 

• Is there a receptor habitat located downgradient of the leached/eroded surface 

soil? 

4. Could receptors contact contaminants via migration of non-aqueous phase liquids

(NAPL)?

• Is NAPL present at the site? 

• Is NAPL migrating toward potential receptors or habitats? 

• Could NAPL discharge impact receptors or habitats? 

3  For soil, this means contamination less than 5 feet below ground surface (bgs). 

4  Information on the environmental fate of specific chemicals can be found on the Internet at http://www.epa.gov/opptintr/chemfact/ or at a local 

library in published copies of the Hazardous Substances Data Bank. 
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Figure 1 -Ecological Exclusion Criteria Decision Tree 

(Refer to corresponding checklist for the full text of each question) 

Figure 1 - Exclusion Criteria Decision Tree (continued) 
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Figure 1 - Exclusion Criteria Decision Tree (continued) 
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ECOLOGICAL SCREENING LEVELS (ESLs)  

AND TIER 2 TRVs
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TABLE C-1: TIER 1 TRVS AND ESLS AND TIER 2 TRVS FOR THE DEER MOUSE 

Constituent 

Tier 1 Tier 2 

TRV 

NOAEL 

(mg/kg/day) Typea Source 

Screening 

Level 

(mg/kg) 

TRV 

LOAEL 

(mg/kg/day) Typea Source 

VOCs 

Acetone 1.00E+01 chronic cs 

EcoRisk 

3.2b 9.09E+01 5.00E+01 chronic cs 

EcoRisk 

3.2 

Benzene 2.64E+01 chronic cs 

EcoRisk 

3.2 2.40E+02 2.64E+02 chronic cs 

EcoRisk 

3.2 

2-Butanone (MEK) 1.77E+03 chronic cs 

EcoRisk 

3.2 1.61E+04 4.57E+03 chronic cs 

EcoRisk 

3.2 

Carbon disulfide 2.50E-01 chronic cs 

EcoRisk 

3.2 2.27E+00 2.50E+00 chronic cs 

EcoRisk 

3.2 

Chlorobenzene 6.00E+01 chronic cs 

EcoRisk 

3.2 5.45E+02 6.00E+02 chronic cs 

EcoRisk 

3.2 

Chloroform 1.50E+01 chronic cs 

EcoRisk 

3.2 1.36E+02 4.10E+01 chronic cs 

EcoRisk 

3.2 

1,2-Dichlorobenzene 2.50E+00 chronic cs 

EcoRisk 

3.2 2.27E+01 2.50E+01 chronic cs 

EcoRisk 

3.2 

1,3-Dichlorobenzene 2.50E+00 chronic cs 

EcoRisk 

3.2 2.27E+01 2.50E+01 chronic cs 

EcoRisk 

3.2 

1,4-Dichlorobenzene 2.50E+00 chronic cs 

EcoRisk 

3.2 2.27E+01 1.00E+01 chronic cs 

EcoRisk 

3.2 

1,1-Dichloroethane 3.82E+02 chronic cs 

EcoRisk 

3.2 3.47E+03 3.82E+03 chronic cs 

EcoRisk 

3.2 

1,2-Dichloroethane 4.97E+01 chronic cs 

EcoRisk 

3.2 4.52E+02 4.97E+02 chronic cs 

EcoRisk 

3.2 

1,1-Dichloroethene 3.00E+01 chronic cs 

EcoRisk 

3.2 2.73E+02 3.00E+02 chronic cs 

EcoRisk 

3.2 

cis-1,2-Dichloroethene 4.52E+01 chronic cs 

EcoRisk 

3.2 4.11E+02 4.52E+02 chronic cs 

EcoRisk 

3.2 

trans-1,2-Dichloroethene 4.52E+01 chronic cs 

EcoRisk 

3.2 4.11E+02 4.52E+02 chronic cs 

EcoRisk 

3.2 

2-Hexanone 8.27E+00 

chronic 

GMM 

EcoRisk 

3.2 7.52E+01 3.15E+01 

chronic 

GMM 

EcoRisk 

3.2 

Methylene chloride 5.85E+00 chronic cs 

EcoRisk 

3.2 5.32E+01 5.00E+01 chronic cs 

EcoRisk 

3.2 

4-Methyl-2-pentanone (MIBK) 2.50E+01 chronic cs 

EcoRisk 

3.2 2.27E+02 2.50E+02 chronic cs 

EcoRisk 

3.2 

1,1,2,2-Tetrachloroethane 4.43E+01 chronic 

ATSDR 

1996 4.03E+02 

Tetrachloroethene 2.00E+00 chronic cs 

EcoRisk 

3.2 1.82E+01 1.00E+01 chronic cs 

EcoRisk 

3.2 

Toluene 2.60E+01 chronic cs 

EcoRisk 

3.2 2.36E+02 2.60E+02 chronic cs 

EcoRisk 

3.2 

1,2,4-Trichlorobenzene 1.48E+00 chronic cs 

EcoRisk 

3.2 1.35E+01 1.48E+01 chronic cs 

EcoRisk 

3.2 

1,1,1-Trichloroethane 9.99E+02 chronic cs 

EcoRisk 

3.2 9.08E+03 9.99E+03 chronic cs 

EcoRisk 

3.2 

1,1,2-Trichloroethane 3.90E+00 chronic IRIS 3.55E+01 

Trichloroethene 1.00E+02 chronic cs 

EcoRisk 

3.2 9.09E+02 1.00E+03 chronic cs 

EcoRisk 

3.2 

Trichlorofluoromethane 2.12E+02 

chronic 

GMM 

EcoRisk 

3.2 1.93E+03 1.42E+03 

chronic 

GMM 

EcoRisk 

3.2 

Vinyl chloride 1.70E-01 chronic cs 

EcoRisk 

3.2 1.55E+00 1.70E+00 chronic cs 

EcoRisk 

3.2 

E22.103
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TABLE C-1: TIER 1 TRVS AND ESLS AND TIER 2 TRVS FOR THE DEER MOUSE 

Constituent 

Tier 1 Tier 2 

TRV 

NOAEL 

(mg/kg/day) Typea Source 

Screening 

Level 

(mg/kg) 

TRV 

LOAEL 

(mg/kg/day) Typea Source 

Xylene (total) 2.10E+00 chronic cs 

EcoRisk 

3.2 1.91E+01 2.60E+00 chronic cs 

EcoRisk 

3.2 

SVOCs 

Benzyl alcohol 1.43E+02 chronic cs 

EcoRisk 

3.2 1.30E+03 1.43E+03 chronic cs 

EcoRisk 

3.2 

Bis(2-ethylhexyl) phthalate 1.83E+01 chronic cs 

EcoRisk 

3.2 1.66E+02 1.83E+02 chronic cs 

EcoRisk 

3.2 

Butyl benzyl phthalate 1.59E+02 chronic cs 

EcoRisk 

3.2 1.45E+03 1.59E+03 chronic cs 

EcoRisk 

3.2 

Carbazole 2.28E+01 chronic cs 

EcoRisk 

3.2 2.07E+02 2.28E+02 chronic cs 

EcoRisk 

3.2 

2-Chlorophenol 5.00E-01 chronic cs 

EcoRisk 

3.2 4.55E+00 5.00E+00 chronic cs 

EcoRisk 

3.2 

Di-n-butyl phthalate 1.34E+03 

chronic 

GMM 

EcoRisk 

3.2 1.22E+04 3.18E+03 

chronic 

GMM 

EcoRisk 

3.2 

Diethyl phthalate 4.60E+03 chronic cs 

EcoRisk 

3.2 4.18E+04 4.60E+04 chronic cs 

EcoRisk 

3.2 

Dimethyl phthalate 6.80E+01 chronic cs 

EcoRisk 

3.2 6.18E+02 6.80E+02 chronic cs 

EcoRisk 

3.2 

Di-n-octyl phthalate 6.51E+01 chronic cs 

EcoRisk 

3.2 5.92E+02 6.51E+02 chronic cs 

EcoRisk 

3.2 

Hexachlorobenzene 7.10E+00 chronic cs 

EcoRisk 

3.2 6.45E+01 7.10E+01 chronic cs 

EcoRisk 

3.2 

2-Methylphenol 2.20E+02 chronic cs 

EcoRisk 

3.2 2.00E+03 2.20E+03 chronic cs 

EcoRisk 

3.2 

2-Nitroaniline 3.00E+00 chronic cs 

EcoRisk 

3.2 2.73E+01 6.00E+00 chronic cs 

EcoRisk 

3.2 

Nitrobenzene 5.90E+00 chronic cs 

EcoRisk 

3.2 5.36E+01 5.90E+01 chronic cs 

EcoRisk 

3.2 

Pentachlorophenol 8.42E+00 

chronic 

GMM 

EcoRisk 

3.2 7.65E+01 8.42E+01 

chronic 

GMM 

EcoRisk 

3.2 

Phenol 6.00E+01 chronic cs 

EcoRisk 

3.2 5.45E+02 6.00E+02 chronic cs 

EcoRisk 

3.2 

Pesticides/Herbicides 

4,4'-DDD 5.83E+00 

chronic 

GMM 

EcoRisk 

3.2 5.30E+01 1.17E+01 

chronic 

GMM 

EcoRisk 

3.2 

4,4'-DDE 9.02E+00 

chronic 

GMM 

EcoRisk 

3.2 8.20E+01 2.27E+01 

chronic 

GMM 

EcoRisk 

3.2 

4,4'-DDT 1.39E-01 chronic cs 

EcoRisk 

3.2 1.26E+00 6.94E-01 chronic cs 

EcoRisk 

3.2 

Aldrin 2.00E-01 chronic cs 

EcoRisk 

3.2 1.82E+00 1.00E+00 chronic cs 

EcoRisk 

3.2 

alpha-BHC 8.70E+01 chronic cs 

EcoRisk 

3.2 7.91E+02 8.70E+02 chronic cs 

EcoRisk 

3.2 

alpha-Chlordane 1.18E+00 chronic cs 

EcoRisk 

3.2 1.07E+01 1.18E+01 chronic cs 

EcoRisk 

3.2 

beta-BHC 4.00E-01 chronic cs 

EcoRisk 

3.2 3.64E+00 2.00E+00 chronic cs 

EcoRisk 

3.2 

delta-BHC 1.40E-02 chronic cs 

EcoRisk 

3.2 1.27E-01 1.40E-01 chronic cs 

EcoRisk 

3.2 

Dieldrin 1.50E-02 chronic cs 

EcoRisk 

3.2 1.36E-01 3.00E-02 chronic cs 

EcoRisk 

3.2 

E22.104
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TABLE C-1: TIER 1 TRVS AND ESLS AND TIER 2 TRVS FOR THE DEER MOUSE 

Constituent 

Tier 1 Tier 2 

TRV 

NOAEL 

(mg/kg/day) Typea Source 

Screening 

Level 

(mg/kg) 

TRV 

LOAEL 

(mg/kg/day) Typea Source 

Endosulfan I 1.50E-01 chronic cs 

EcoRisk 

3.2 1.36E+00 1.50E+00 chronic cs 

EcoRisk 

3.2 

Endosulfan II 1.50E-01 chronic cs 

EcoRisk 

3.2 1.36E+00 1.50E+00 chronic cs 

EcoRisk 

3.2 

Endrin 9.20E-02 chronic cs 

EcoRisk 

3.2 8.36E-01 9.20E-01 chronic cs 

EcoRisk 

3.2 

gamma-BHC (Lindane) 1.40E-02 chronic cs 

EcoRisk 

3.2 1.27E-01 1.40E-01 chronic cs 

EcoRisk 

3.2 

gamma-Chlordane 1.18E+00 chronic cs 

EcoRisk 

3.2 1.07E+01 1.18E+01 chronic cs 

EcoRisk 

3.2 

Heptachlor 1.00E-01 chronic cs 

EcoRisk 

3.2 9.09E-01 1.00E+00 chronic cs 

EcoRisk 

3.2 

Methoxychlor 4.00E+00 chronic cs 

EcoRisk 

3.2 3.64E+01 8.00E+00 chronic cs 

EcoRisk 

3.2 

Aroclors 

Aroclor 1016 1.49E+00 

chronic 

GMM 

EcoRisk 

3.2 1.35E+01 4.26E+00 

chronic 

GMM 

EcoRisk 

3.2 

Aroclor 1260 1.38E+01 

chronic 

GMM 

EcoRisk 

3.2 1.25E+02 3.33E+01 

chronic 

GMM 

EcoRisk 

3.2 

Aroclor 1254 6.11E-01 

chronic 

GMM 

EcoRisk 

3.2 5.55E+00 3.37E+00 

chronic 

GMM 

EcoRisk 

3.2 

PAHs 

Acenaphthene 7.00E+01 chronic cs 

EcoRisk 

3.2 6.36E+02 7.00E+02 chronic cs 

EcoRisk 

3.2 

Acenaphthylene 7.00E+01 chronic cs 

EcoRisk 

3.2 6.36E+02 7.00E+02 chronic cs 

EcoRisk 

3.2 

Anthracene 1.00E+02 chronic cs 

EcoRisk 

3.2 9.09E+02 1.00E+03 chronic cs 

EcoRisk 

3.2 

Benzo(a)anthracene 1.70E-01 chronic cs 

EcoRisk 

3.2 1.55E+00 1.70E+00 chronic cs 

EcoRisk 

3.2 

Benzo(a)pyrene 5.58E+00 

chronic 

GMM 

EcoRisk 

3.2 5.07E+01 1.77E+01 

chronic 

GMM 

EcoRisk 

3.2 

Benzo(b)fluoranthene 4.00E+00 chronic cs 

EcoRisk 

3.2 3.64E+01 4.00E+01 chronic cs 

EcoRisk 

3.2 

Benzo(ghi)perylene 7.20E+00 chronic cs 

EcoRisk 

3.2 6.54E+01 7.20E+01 chronic cs 

EcoRisk 

3.2 

Benzo(k)fluoranthene 7.20E+00 chronic cs 

EcoRisk 

3.2 6.54E+01 7.20E+01 chronic cs 

EcoRisk 

3.2 

Chrysene 1.70E-01 chronic cs 

EcoRisk 

3.2 1.55E+00 1.70E+01 chronic cs 

EcoRisk 

3.2 

Dibenzo(a,h)anthracene 1.33E+00 chronic cs 

EcoRisk 

3.2 1.21E+01 1.33E+01 chronic cs 

EcoRisk 

3.2 

Fluoranthene 1.25E+01 chronic cs 

EcoRisk 

3.2 1.14E+02 1.25E+02 chronic cs 

EcoRisk 

3.2 

Fluorene 1.25E+02 chronic cs 

EcoRisk 

3.2 1.14E+03 2.50E+02 chronic cs 

EcoRisk 

3.2 

Indeno(1,2,3-cd)pyrene 7.20E+00 chronic cs 

EcoRisk 

3.2 6.54E+01 7.20E+01 chronic cs 

EcoRisk 

3.2 

Naphthalene 1.43E+01 

chronic 

GMM 

EcoRisk 

3.2 1.30E+02 4.02E+01 

chronic 

GMM 

EcoRisk 

3.2 

Phenanthrene 5.14E+00 chronic cs 

EcoRisk 

3.2 4.67E+01 5.14E+01 chronic cs 

EcoRisk 

3.2 

E22.105
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TABLE C-1: TIER 1 TRVS AND ESLS AND TIER 2 TRVS FOR THE DEER MOUSE 

Constituent 

Tier 1 Tier 2 

TRV 

NOAEL 

(mg/kg/day) Typea Source 

Screening 

Level 

(mg/kg) 

TRV 

LOAEL 

(mg/kg/day) Typea Source 

Pyrene 7.50E+00 chronic cs 

EcoRisk 

3.2 6.82E+01 7.50E+01 chronic cs 

EcoRisk 

3.2 

Dioxin/Furans 

2,3,7,8-Tetrachlorodibenzo-p-

dioxin (TCDD)  5.62E-07 

chronic 

GMM 

EcoRisk 

3.2 5.11E-06 3.76E-06 

chronic 

GMM 

EcoRisk 

3.2 

Metals 

Aluminum (note: pH dependent) 6.20E+01 chronic 

ATSDR 

1999 5.64E+02 1.30E+02 chronic 

ATSDR 

1999 

Antimony 5.90E-02 chronic cs 

EcoRisk 

3.2 5.36E-01 5.90E-01 chronic cs 

EcoRisk 

3.2 

Arsenic 1.04E+00 chronic cs 

EcoRisk 

3.2 9.45E+00 1.66E+00 chronic cs 

EcoRisk 

3.2 

Barium 5.18E+01 

chronic 

GMM 

EcoRisk 

3.2 4.71E+02 5.18E+02 

chronic 

GMM 

EcoRisk 

3.2 

Beryllium 5.32E-01 chronic cs 

EcoRisk 

3.2 4.84E+00 5.32E+00 chronic cs 

EcoRisk 

3.2 

Boron 2.80E+01 chromic cs 

EcoRisk 

3.2 2.55E+02 2.80E+02 chronic cs 

EcoRisk 

3.2 

Cadmium 7.70E-01 chronic cs 

EcoRisk 

3.2 7.00E+00 7.70E+00 chronic cs 

EcoRisk 

3.2 

Chromium (total) 2.40E+00 

chronic 

GMM 

EcoRisk 

3.2 2.18E+01 2.40E+01 

chronic 

GMM 

EcoRisk 

3.2 

Chromium (hexavalent) 9.24E+00 

chronic 

GMM 

EcoRisk 

3.2 8.40E+01 9.24E+01 

chronic 

GMM 

EcoRisk 

3.2 

Cobalt 7.33E+00 

chronic 

GMM 

EcoRisk 

3.2 6.66E+01 7.33E+01 

chronic 

GMM 

EcoRisk 

3.2 

Copper 5.60E+00 chronic cs 

EcoRisk 

3.2 5.09E+01 9.34E+00 chronic cs 

EcoRisk 

3.2 

Lead 4.70E+00 chronic cs 

EcoRisk 

3.2 4.27E+01 8.90E+00 chronic cs 

EcoRisk 

3.2 

Manganese 5.15E+01 

chronic 

GMM 

EcoRisk 

3.2 4.68E+02 5.15E+02 

chronic 

GMM 

EcoRisk 

3.2 

Mercury (inorganic) 1.41E+00 chronic cs 

EcoRisk 

3.2 1.28E+01 1.41E+01 chronic cs 

EcoRisk 

3.2 

Nickel 1.70E+00 chronic cs 

EcoRisk 

3.2 1.55E+01 3.40E+00 chronic cs 

EcoRisk 

3.2 

Selenium 1.43E-01 chronic cs 

EcoRisk 

3.2 1.30E+00 2.15E-01 chronic cs 

EcoRisk 

3.2 

Silver 6.02E+00 chronic cs 

EcoRisk 

3.2 5.47E+01 6.02E+01 chronic cs 

EcoRisk 

3.2 

Thallium 7.10E-03 chronic cs 

EcoRisk 

3.2 6.45E-02 7.10E-02 chronic cs 

EcoRisk 

3.2 

Vanadium 4.16E+00 chronic cs 

EcoRisk 

3.2 3.78E+01 8.31E+00 chronic cs 

EcoRisk 

3.2 

Zinc 7.54E+01 

chronic 

GMM 

EcoRisk 

3.2 6.85E+02 7.54E+02 

chronic 

GMM 

EcoRisk 

3.2 

Miscellaneous 

Cyanide (CN-) 6.87E+01 chronic cs 

EcoRisk 

3.2 6.24E+02 6.87E+02 chronic cs 

EcoRisk 

3.2 

Nitrite 5.07E+02 chronic cs 

Sample 

1996 4.61E+03 

E22.106
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TABLE C-1: TIER 1 TRVS AND ESLS AND TIER 2 TRVS FOR THE DEER MOUSE 

Constituent 

Tier 1 Tier 2 

TRV 

NOAEL 

(mg/kg/day) Typea Source 

Screening 

Level 

(mg/kg) 

TRV 

LOAEL 

(mg/kg/day) Typea Source 

Explosives 

Dinitrobenzene, 1,3- 1.13E-01 chronic cs 

EcoRisk 

3.2 1.03E+00 2.64E-01 chronic cs 

EcoRisk 

3.2 

Dinitrotoluene, 2,4- 2.68E+00 chronic cs 

EcoRisk 

3.2 2.44E+01 2.68E+01 chronic cs 

EcoRisk 

3.2 

Dinitrotoluene, 2,6- 1.77E+00 chronic cs 

EcoRisk 

3.2 1.61E+01 1.77E+01 chronic cs 

EcoRisk 

3.2 

Dinitrotoluene, 2-Amino-4,6- 1.39E+01 chronic cs 

EcoRisk 

3.2 1.26E+02 1.39E+02 chronic cs 

EcoRisk 

3.2 

Dinitrotoluene, 4-Amino-2,6- 9.59E+00 chronic cs 

EcoRisk 

3.2 8.72E+01 9.59E+01 chronic cs 

EcoRisk 

3.2 

Hexahydro-1,3,5-trinitro-1,3,5-

triazine (RDX) 8.94E+00 

chronic 

GMM 

EcoRisk 

3.2 8.13E+01 2.83E+01 

chronic 

GMM 

EcoRisk 

3.2 

Nitroglycerin 9.64E+01 chronic cs 

EcoRisk 

3.2 8.76E+02 1.02E+03 chronic cs 

EcoRisk 

3.2 

Nitrotoluene, m- 1.07E+01 chronic cs 

EcoRisk 

3.2 9.73E+01 1.07E+02 chronic cs 

EcoRisk 

3.2 

Nitrotoluene, o- 8.91E+00 chronic cs 

EcoRisk 

3.2 8.10E+01 8.91E+01 chronic cs 

EcoRisk 

3.2 

Nitrotoluene, p- 1.96E+01 chronic cs 

EcoRisk 

3.2 1.78E+02 1.96E+02 chronic cs 

EcoRisk 

3.2 

Octahydro-1,3,5,7-tetranitro-

1,3,5,7-tetra (HMX) 7.50E+01 chronic cs 

EcoRisk 

3.2 6.82E+02 2.00E+02 chronic cs 

EcoRisk 

3.2 

PETN 7.00E+01 chronic cs 

EcoRisk 

3.2 6.36E+02 7.00E+02 chronic cs 

EcoRisk 

3.2 

Tetryl 

(Trinitrophenylmethylnitramine) 1.30E+00 chronic cs 

EcoRisk 

3.2 1.18E+01 6.20E+00 chronic cs 

EcoRisk 

3.2 

Trinitrobenzene, 1,3,5- 1.34E+01 chronic cs 

EcoRisk 

3.2 1.22E+02 1.34E+02 chronic cs 

EcoRisk 

3.2 

Trinitrotoluene, 2,4,6- 3.47E+01 chronic cs 

EcoRisk 

3.2 3.15E+02 1.60E+02 chronic cs 

EcoRisk 

3.2 

Agent Breakdown Products 

DIMP 3.00E+02 chronic 

ATSDR 

1988 2.73E+03 3.75E+02 chronic IRIS 

IMPA 2.79E+02 chronic IRIS 2.54E+03 1.16E+02 chronic IRIS 

MPA 2.79E+02 chronic IRIS 2.54E+03 1.16E+02 chronic IRIS 

Thiodiglycol 5.00E+02 chronic 

USACHPP

M 1999 4.55E+03 
achronic cs - TRV based on a critical study (two or less data), chronic GMM - TRV based on geometric mean (three or more relevant 

data), b EcoRisk 3.2 - includes uncertainty factors for extrapolation to chronic NOAEL and LOAEL (see Uncertainty Factor's tab 

E22.107
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TABLE C-2: TIER 1 TRVS AND ESLS AND TIER 2 TRVS FOR THE HORNED LARK 

Surrogate: American 

Robin (Avian Omnivore) 

Tier 1 

Tier 2 

Constituent 

TRV 

NOAEL 

(mg/kg/day) Typea Source 

Screening 

Level 

(mg/kg) 

TRV 

LOAEL 

(mg/kg/day) Typea Source 

VOCs 

Acetone 2.01E+02 chronic 

EcoRisk 

3.2 9.51E+02 2.01E+03 chronic 

EcoRisk 

3.2 

Chlorobenzene 6.00E+01 chronic 

EcoRisk 

3.2 2.84E+02 6.00E+02 chronic 

EcoRisk 

3.2 

1,2-Dichloroethane 4.60E+00 chronic cs 

EcoRisk 

3.2 2.18E+01 9.10E+00 chronic cs 

EcoRisk 

3.2 

Hexachlorobenzene 5.00E+00 chronic cs 

EcoRisk 

3.2 2.37E+01 5.00E+01 chronic cs 

EcoRisk 

3.2 

2-Hexanone 1.00E+00 chronic cs 

EcoRisk 

3.2 4.73E+00 1.00E+01 chronic cs 

EcoRisk 

3.2 

Xylene (total) 1.07E+02 chronic cs 

EcoRisk 

3.2 5.06E+02 1.07E+03 chronic cs 

EcoRisk 

3.2 

SVOCs 

Bis(2-ethylhexyl) phthalate 1.10E+00 chronic cs 

EcoRisk 

3.2 5.20E+00 1.10E+01 chronic cs 

EcoRisk 

3.2 

2-Chlorophenol 1.13E+00 chronic cs 

EcoRisk 

3.2 5.34E+00 1.13E+01 chronic cs 

EcoRisk 

3.2 

Di-n-butyl phthalate 1.40E-01 chronic cs 

EcoRisk 

3.2 6.62E-01 1.40E+00 chronic cs 

EcoRisk 

3.2 

Pentachlorophenol 6.73E+00 chronic cs 

EcoRisk 

3.2 3.18E+01 6.73E+01 chronic cs 

EcoRisk 

3.2 

Pesticides/Herbicides 

4,4'-DDD 1.60E-02 

chronic 

GMM 

EcoRisk 

3.2 7.57E-02 8.30E-02 

chronic 

GMM 

EcoRisk 

3.2 

4,4'-DDE 4.80E-01 

chronic 

GMM 

EcoRisk 

3.2 2.27E+00 2.40E+00 

chronic 

GMM 

EcoRisk 

3.2 

4,4'-DDT 2.01E+00 

chronic 

GMM 

EcoRisk 

3.2 9.51E+00 5.96E+00 

chronic 

GMM 

EcoRisk 

3.2 

alpha-Chlordane 2.14E+00 chronic cs 

EcoRisk 

3.2 1.01E+01 1.07E+01 chronic cs 

EcoRisk 

3.2 

beta-BHC 3.83E+01 chronic cs 

EcoRisk 

3.2 1.81E+02 3.83E+02 chronic cs 

EcoRisk 

3.2 

Dieldrin 7.09E-02 chronic cs 

EcoRisk 

3.2 3.35E-01 3.78E+00 chronic cs 

EcoRisk 

3.2 

Endosulfan I 1.00E+01 chronic cs 

EcoRisk 

3.2 4.73E+01 1.00E+02 chronic cs 

EcoRisk 

3.2 

Endosulfan II 1.00E+01 chronic cs 

EcoRisk 

3.2 4.73E+01 1.00E+02 chronic cs 

EcoRisk 

3.2 

Endrin 1.00E-02 chronic cs 

EcoRisk 

3.2 4.73E-02 1.00E-01 chronic cs 

EcoRisk 

3.2 

gamma-BHC (Lindane) 5.60E-01 chronic cs 

EcoRisk 

3.2 2.65E+00 2.25E+00 chronic cs 

EcoRisk 

3.2 

gamma-Chlordane 2.14E+00 chronic cs 

EcoRisk 

3.2 1.01E+01 1.07E+01 chronic cs 

EcoRisk 

3.2 

Heptachlor 9.20E-01 chronic cs 

EcoRisk 

3.2 4.35E+00 9.20E+00 chronic cs 

EcoRisk 

3.2 

Methoxychlor 2.58E+01 chronic cs 

EcoRisk 

3.2 1.22E+02 2.58E+02 chronic cs 

EcoRisk 

3.2 

E22.108
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TABLE C-2: TIER 1 TRVS AND ESLS AND TIER 2 TRVS FOR THE HORNED LARK 

Surrogate: American 

Robin (Avian Omnivore) 

Tier 1 

Tier 2 

Constituent 

TRV 

NOAEL 

(mg/kg/day) Typea Source 

Screening 

Level 

(mg/kg) 

TRV 

LOAEL 

(mg/kg/day) Typea Source 

Aroclors 

Aroclor 1260 2.15E+00 

chronic 

GMM 

EcoRisk 

3.2 1.02E+01 3.04E+00 

chronic 

GMM 

EcoRisk 

3.2 

Aroclor 1254 1.00E-01 chronic cs 

EcoRisk 

3.2 4.73E-01 1.00E+00 chronic cs 

EcoRisk 

3.2 

PAHs 

Benzo(a)anthracene 1.07E-01 chronic cs 

EcoRisk 

3.2 5.06E-01 1.07E+00 chronic cs 

EcoRisk 

3.2 

Naphthalene 1.50E+01 chronic cs 

EcoRisk 

3.2 7.10E+01 1.50E+02 chronic cs 

EcoRisk 

3.2 

Pyrene 2.05E+01 chronic cs 

EcoRisk 

3.2 9.70E+01 2.05E+02 chronic cs 

EcoRisk 

3.2 

Metals 

Aluminum (Note: pH 

dependent) 1.10E+02 chronic 

Sample 

1996 5.20E+02 

Arsenic 2.24E+00 

chronic 

GMM 

EcoRisk 

3.2 1.06E+01 2.24E+01 

chronic 

GMM 

EcoRisk 

3.2 

Barium 7.35E+01 

chronic 

GMM 

EcoRisk 

3.2 3.48E+02 1.31E+02 

chronic 

GMM 

EcoRisk 

3.2 

Boron 2.92E+00 

chronic 

GMM 

EcoRisk 

3.2 1.45E+01 

chronic 

GMM 

EcoRisk 

3.2 

Cadmium 1.47E+00 

chronic 

GMM 

EcoRisk 

3.2 6.95E+00 1.47E+01 

chronic 

GMM 

EcoRisk 

3.2 

Chromium (total) 2.66E+00 

chronic 

GMM 

EcoRisk 

3.2 1.26E+01 2.66E+01 

chronic 

GMM 

EcoRisk 

3.2 

Chromium (hexavalent) 1.10E+01 chronic cs 

EcoRisk 

3.2 5.20E+01 1.10E+02 chronic cs 

EcoRisk 

3.2 

Cobalt 7.61E+00 

chronic 

GMM 

EcoRisk 

3.2 3.60E+01 7.61E+01 

chronic 

GMM 

EcoRisk 

3.2 

Copper 4.05E+00 chronic cs 

EcoRisk 

3.2 1.92E+01 1.21E+01 chronic cs 

EcoRisk 

3.2 

Lead 1.63E+00 chronic cs 

EcoRisk 

3.2 7.71E+00 3.26E+00 chronic cs 

EcoRisk 

3.2 

Manganese 1.79E+02 

chronic 

GMM 

EcoRisk 

3.2 8.47E+02 1.79E+03 

chronic 

GMM 

EcoRisk 

3.2 

Mercury (inorganic) 1.90E-02 chronic cs 

EcoRisk 

3.2 8.99E-02 1.90E-01 chronic cs 

EcoRisk 

3.2 

Molybdenum 3.50E+00 chronic cs 

EcoRisk 

3.2 1.66E+01 3.50E+01 chronic cs 

EcoRisk 

3.2 

Nickel 6.71E+00 chronic cs 

EcoRisk 

3.2 3.17E+01 6.71E+01 chronic cs 

EcoRisk 

3.2 

Selenium 2.90E-01 chronic cs 

EcoRisk 

3.2 1.37E+00 5.79E-01 chronic cs 

EcoRisk 

3.2 

Silver 2.20E+00 chronic cs 

EcoRisk 

3.2 1.04E+01 2.02E+01 chronic cs 

EcoRisk 

3.2 

Thallium 3.50E-01 chronic cs 

EcoRisk 

3.2 1.66E+00 3.50E+00 chronic cs 

EcoRisk 

3.2 

Vanadium 3.44E-01 chronic cs 

EcoRisk 

3.2 1.63E+00 6.88E-01 chronic cs 

EcoRisk 

3.2 

Zinc 6.61E+01 

chronic 

GMM 

EcoRisk 

3.2 3.13E+02 6.61E+02 

chronic 

GMM 

EcoRisk 

3.2 
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TABLE C-2: TIER 1 TRVS AND ESLS AND TIER 2 TRVS FOR THE HORNED LARK 

Surrogate: American 

Robin (Avian Omnivore) 

Tier 1 

Tier 2 

Constituent 

TRV 

NOAEL 

(mg/kg/day) Typea Source 

Screening 

Level 

(mg/kg) 

TRV 

LOAEL 

(mg/kg/day) Typea Source 

Miscellaneous 

Cyanide (CN-) 4.00E-02 chronic cs 

EcoRisk 

3.2 1.89E-01 4.00E-01 chronic cs 

EcoRisk 

3.2 

Explosives 

Dinitrobenzene, 1,3- 4.22E-01 chronic cs 

EcoRisk 

3.2 2.00E+00 4.22E+00 chronic cs 

EcoRisk 

3.2 

Dinitrotoluene, 2,6- 6.00E+01 chronic cs 

EcoRisk 

3.2 2.84E+02 6.00E+02 chronic cs 

EcoRisk 

3.2 

Trinitrotoluene, 2,4,6- 9.75E+00 chronic cs 

EcoRisk 

3.2 4.61E+01 1.78E+01 chronic cs 

EcoRisk 

3.2 

Hexahydro-1,3,5-trinitro-

1,3,5-triazine (RDX) 2.36E+00 

chronic 

GMM 

EcoRisk 

3.2 1.12E+01 4.49E+00 

chronic 

GMM 

EcoRisk 

3.2 

achronic cs - TRV based on a critical study (two or less data), chronic GMM - TRV based on geometric mean (three or more relevant 

data) 
b EcoRisk 3.2 - includes uncertainty factors for extrapolation to chronic NOAEL and LOAEL (see 

Uncertainty Factor's tab) 

E22.110



Risk Assessment Guidance for Investigations and Remediation 

Volume II 

 2017 revised 

C-4 

TABLE C-3: TIER 1 TRVS AND ESLS AND TIER 2 TRVS FOR THE KIT FOX 

Surrogate: Red Fox (Mammalian to 

Carnivore) Tier 1 Tier 2 

Constituent 

TRV 

NOAEL 

(mg/kg/day) Typea Source 

Screening 

Level 

(mg/kg) 

TRV 

LOAEL 

(mg/kg/day)  Typea Source 

VOCs 

Acetone 1.00E+01 chronic cs 

EcoRisk 

3.2 4.04E+02 5.00E+01 

chronic 

cs 

EcoRisk 

3.2 

Benzene 2.64E+01 chronic cs 

EcoRisk 

3.2 1.07E+03 2.64E+02 

chronic 

cs 

EcoRisk 

3.2 

2-Butanone (MEK) 1.77E+03 chronic cs 

EcoRisk 

3.2 7.15E+04 4.57E+03 

chronic 

cs 

EcoRisk 

3.2 

Carbon disulfide 2.50E-01 chronic cs 

EcoRisk 

3.2 1.01E+01 2.50E+00 

chronic 

cs 

EcoRisk 

3.2 

Chlorobenzene 6.00E+01 chronic cs 

EcoRisk 

3.2 2.42E+03 6.00E+02 

chronic 

cs 

EcoRisk 

3.2 

Chloroform 1.50E+01 chronic cs 

EcoRisk 

3.2 6.06E+02 4.10E+01 

chronic 

cs 

EcoRisk 

3.2 

1,2-Dichlorobenzene 2.50E+00 chronic cs 

EcoRisk 

3.2 1.01E+02 2.50E+01 

chronic 

cs 

EcoRisk 

3.2 

1,3-Dichlorobenzene 2.50E+00 chronic cs 

EcoRisk 

3.2 1.01E+02 2.50E+01 

chronic 

cs 

EcoRisk 

3.2 

1,4-Dichlorobenzene 2.50E+00 chronic cs 

EcoRisk 

3.2 1.01E+02 1.00E+01 

chronic 

cs 

EcoRisk 

3.2 

1,1-Dichloroethane 3.82E+02 chronic cs 

EcoRisk 

3.2 1.54E+04 3.82E+03 

chronic 

cs 

EcoRisk 

3.2 

1,2-Dichloroethane 4.97E+01 chronic cs 

EcoRisk 

3.2 2.01E+03 4.97E+02 

chronic 

cs 

EcoRisk 

3.2 

1,1-Dichloroethene 3.00E+01 chronic cs 

EcoRisk 

3.2 1.21E+03 3.00E+02 

chronic 

cs 

EcoRisk 

3.2 

cis-1,2-Dichloroethene 4.52E+01 chronic cs 

EcoRisk 

3.2 1.83E+03 4.52E+02 

chronic 

cs 

EcoRisk 

3.2 

trans-1,2-Dichloroethene 4.52E+01 chronic cs 

EcoRisk 

3.2 1.83E+03 4.52E+02 

chronic 

cs 

EcoRisk 

3.2 

2-Hexanone 8.27E+00 

chronic 

GMM 

EcoRisk 

3.2 3.34E+02 3.15E+01 

chronic 

GMM 

EcoRisk 

3.2 

Hexachlorobenzene 7.10E+00 chronic cs 

EcoRisk 

3.2 2.87E+02 7.10E+01 

chronic 

cs 

EcoRisk 

3.2 

Methylene chloride 5.85E+00 chronic cs 

EcoRisk 

3.2 2.36E+02 5.00E+01 

chronic 

cs 

EcoRisk 

3.2 

4-Methyl-2-pentanone (MIBK) 2.50E+01 chronic cs 

EcoRisk 

3.2 1.01E+03 2.50E+02 

chronic 

cs 

EcoRisk 

3.2 

Tetrachloroethene 2.00E+00 chronic cs 

EcoRisk 

3.2 8.08E+01 1.00E+01 

chronic 

cs 

EcoRisk 

3.2 

Toluene 2.60E+01 chronic cs 

EcoRisk 

3.2 1.05E+03 2.60E+02 

chronic 

cs 

EcoRisk 

3.2 

1,2,4-Trichlorobenzene 1.48E+00 chronic cs 

EcoRisk 

3.2 5.98E+01 1.48E+01 

chronic 

cs 

EcoRisk 

3.2 

1,1,1-Trichloroethane 9.99E+02 chronic cs 

EcoRisk 

3.2 4.04E+04 9.99E+03 

chronic 

cs 

EcoRisk 

3.2 

Trichloroethene 1.00E+02 chronic cs 

EcoRisk 

3.2 4.04E+03 1.00E+03 

chronic 

cs 

EcoRisk 

3.2 

Trichlorofluoromethane 2.12E+02 

chronic 

GMM 

EcoRisk 

3.2 8.56E+03 1.42E+03 

chronic 

GMM 

EcoRisk 

3.2 

Vinyl chloride 1.70E-01 chronic cs 

EcoRisk 

3.2 6.87E+00 1.70E+00 

chronic 

cs 

EcoRisk 

3.2 
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TABLE C-3: TIER 1 TRVS AND ESLS AND TIER 2 TRVS FOR THE KIT FOX 

Surrogate: Red Fox (Mammalian to 

Carnivore) Tier 1 Tier 2 

Constituent 

TRV 

NOAEL 

(mg/kg/day) Typea Source 

Screening 

Level 

(mg/kg) 

TRV 

LOAEL 

(mg/kg/day)  Typea Source 

Xylene (total) 2.10E+00 chronic cs 

EcoRisk 

3.2 8.48E+01 2.60E+00 

chronic 

cs 

EcoRisk 

3.2 

SVOCs 

Benzyl alcohol 1.43E+02 chronic cs 

EcoRisk 

3.2 5.78E+03 1.43E+03 

chronic 

cs 

EcoRisk 

3.2 

Bis(2-ethylhexyl) phthalate 1.83E+01 chronic cs 

EcoRisk 

3.2 7.39E+02 1.83E+02 

chronic 

cs 

EcoRisk 

3.2 

Butyl benzyl phthalate 1.59E+02 chronic cs 

EcoRisk 

3.2 6.42E+03 1.59E+03 

chronic 

cs 

EcoRisk 

3.2 

Carbazole 2.28E+01 chronic cs 

EcoRisk 

3.2 9.21E+02 2.28E+02 

chronic 

cs 

EcoRisk 

3.2 

2-Chlorophenol 5.00E-01 chronic cs 

EcoRisk 

3.2 2.02E+01 5.00E+00 

chronic 

cs 

EcoRisk 

3.2 

Di-n-butyl phthalate 1.34E+03 

chronic 

GMM 

EcoRisk 

3.2 5.41E+04 3.18E+03 

chronic 

GMM 

EcoRisk 

3.2 

Diethyl phthalate 4.60E+03 chronic cs 

EcoRisk 

3.2 1.86E+05 4.60E+04 

chronic 

cs 

EcoRisk 

3.2 

Dimethyl phthalate 6.80E+01 chronic cs 

EcoRisk 

3.2 2.75E+03 6.80E+02 

chronic 

cs 

EcoRisk 

3.2 

Di-n-octyl phthalate 6.51E+01 chronic cs 

EcoRisk 

3.2 2.63E+03 6.51E+02 

chronic 

cs 

EcoRisk 

3.2 

Hexachlorobenzene 7.10E+00 chronic cs 

EcoRisk 

3.2 2.87E+02 7.10E+01 

chronic 

cs 

EcoRisk 

3.2 

2-Methylphenol 2.20E+02 chronic cs 

EcoRisk 

3.2 8.89E+03 2.20E+03 

chronic 

cs 

EcoRisk 

3.2 

2-Nitroaniline 3.00E+00 chronic cs 

EcoRisk 

3.2 1.21E+02 6.00E+00 

chronic 

cs 

EcoRisk 

3.2 

Nitrobenzene 5.90E+00 chronic cs 

EcoRisk 

3.2 2.38E+02 5.90E+01 

chronic 

cs 

EcoRisk 

3.2 

Pentachlorophenol 8.42E+00 

chronic 

GMM 

EcoRisk 

3.2 3.40E+02 8.42E+01 

chronic 

GMM 

EcoRisk 

3.2 

Phenol 6.00E+01 chronic cs 

EcoRisk 

3.2 2.42E+03 6.00E+02 

chronic 

cs 

EcoRisk 

3.2 

Pesticides/Herbicides 

4,4'-DDD 5.83E+00 

chronic 

GMM 

EcoRisk 

3.2 2.36E+02 1.17E+01 

chronic 

GMM 

EcoRisk 

3.2 

4,4'-DDE 9.02E+00 

chronic 

GMM 

EcoRisk 

3.2 3.64E+02 2.27E+01 

chronic 

GMM 

EcoRisk 

3.2 

4,4'-DDT 1.39E-01 chronic cs 

EcoRisk 

3.2 5.62E+00 6.94E-01 

chronic 

cs 

EcoRisk 

3.2 

Aldrin 2.00E-01 chronic cs 

EcoRisk 

3.2 8.08E+00 1.00E+00 

chronic 

cs 

EcoRisk 

3.2 

alpha-BHC 8.70E+01 chronic cs 

EcoRisk 

3.2 3.51E+03 8.70E+02 

chronic 

cs 

EcoRisk 

3.2 

alpha-Chlordane 1.18E+00 chronic cs 

EcoRisk 

3.2 4.77E+01 1.18E+01 

chronic 

cs 

EcoRisk 

3.2 

beta-BHC 4.00E-01 chronic cs 

EcoRisk 

3.2 1.62E+01 2.00E+00 

chronic 

cs 

EcoRisk 

3.2 

delta-BHC 1.40E-02 chronic cs 

EcoRisk 

3.2 5.66E-01 1.40E-01 

chronic 

cs 

EcoRisk 

3.2 
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TABLE C-3: TIER 1 TRVS AND ESLS AND TIER 2 TRVS FOR THE KIT FOX 

Surrogate: Red Fox (Mammalian to 

Carnivore) Tier 1 Tier 2 

Constituent 

TRV 

NOAEL 

(mg/kg/day) Typea Source 

Screening 

Level 

(mg/kg) 

TRV 

LOAEL 

(mg/kg/day)  Typea Source 

Dieldrin 1.50E-02 chronic cs 

EcoRisk 

3.2 6.06E-01 3.00E-02 

chronic 

cs 

EcoRisk 

3.2 

Endosulfan I 1.50E-01 chronic cs 

EcoRisk 

3.2 6.06E+00 1.50E+00 

chronic 

cs 

EcoRisk 

3.2 

Endosulfan II 1.50E-01 chronic cs 

EcoRisk 

3.2 6.06E+00 1.50E+00 

chronic 

cs 

EcoRisk 

3.2 

Endrin 9.20E-02 chronic cs 

EcoRisk 

3.2 3.72E+00 9.20E-01 

chronic 

cs 

EcoRisk 

3.2 

gamma-BHC (Lindane) 1.40E-02 chronic cs 

EcoRisk 

3.2 5.66E-01 1.40E-01 

chronic 

cs 

EcoRisk 

3.2 

gamma-Chlordane 1.18E+00 chronic cs 

EcoRisk 

3.2 4.77E+01 1.18E+01 

chronic 

cs 

EcoRisk 

3.2 

Heptachlor 1.00E-01 chronic cs 

EcoRisk 

3.2 4.04E+00 1.00E+00 

chronic 

cs 

EcoRisk 

3.2 

Methoxychlor 4.00E+00 chronic cs 

EcoRisk 

3.2 1.62E+02 8.00E+00 

chronic 

cs 

EcoRisk 

3.2 

Aroclors 

Aroclor 1016 1.49E+00 

chronic 

GMM 

EcoRisk 

3.2 6.02E+01 4.26E+00 

chronic 

GMM 

EcoRisk 

3.2 

Aroclor 1260 3.10E-02 chronic cs 

EcoRisk 

3.2 1.25E+00 3.10E-01 

chronic 

cs 

EcoRisk 

3.2 

Aroclor 1254 6.11E-01 

chronic 

GMM 

EcoRisk 

3.2 2.47E+01 3.37E+00 

chronic 

GMM 

EcoRisk 

3.2 

PAHs 

Acenaphthene 7.00E+01 chronic cs 

EcoRisk 

3.2 2.83E+03 7.00E+02 

chronic 

cs 

EcoRisk 

3.2 

Acenaphthylene 7.00E+01 chronic cs 

EcoRisk 

3.2 2.83E+03 7.00E+02 

chronic 

cs 

EcoRisk 

3.2 

Anthracene 1.00E+02 chronic cs 

EcoRisk 

3.2 4.04E+03 1.00E+03 

chronic 

cs 

EcoRisk 

3.2 

Benzo(a)anthracene 1.70E-01 chronic cs 

EcoRisk 

3.2 6.87E+00 1.70E+00 

chronic 

cs 

EcoRisk 

3.2 

Benzo(a)pyrene 5.58E+00 

chronic 

GMM 

EcoRisk 

3.2 2.25E+02 1.77E+01 

chronic 

GMM 

EcoRisk 

3.2 

Benzo(b)fluoranthene 4.00E+00 chronic cs 

EcoRisk 

3.2 1.62E+02 4.00E+01 

chronic 

cs 

EcoRisk 

3.2 

Benzo(ghi)perylene 7.20E+00 chronic cs 

EcoRisk 

3.2 2.91E+02 7.20E+01 

chronic 

cs 

EcoRisk 

3.2 

Benzo(k)fluoranthene 7.20E+00 chronic cs 

EcoRisk 

3.2 2.91E+02 7.20E+01 

chronic 

cs 

EcoRisk 

3.2 

Chrysene 1.70E-01 chronic cs 

EcoRisk 

3.2 6.87E+00 1.70E+01 

chronic 

cs 

EcoRisk 

3.2 

Dibenzo(a,h)anthracene 1.33E+00 chronic cs 

EcoRisk 

3.2 5.37E+01 1.33E+01 

chronic 

cs 

EcoRisk 

3.2 

Fluoranthene 1.25E+01 chronic cs 

EcoRisk 

3.2 5.05E+02 1.25E+02 

chronic 

cs 

EcoRisk 

3.2 

Fluorene 1.25E+02 chronic cs 

EcoRisk 

3.2 5.05E+03 2.50E+02 

chronic 

cs 

EcoRisk 

3.2 

Indeno(1,2,3-cd)pyrene 7.20E+00 chronic cs 

EcoRisk 

3.2 2.91E+02 7.20E+01 

chronic 

cs 

EcoRisk 

3.2 
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TABLE C-3: TIER 1 TRVS AND ESLS AND TIER 2 TRVS FOR THE KIT FOX 

Surrogate: Red Fox (Mammalian to 

Carnivore) Tier 1 Tier 2 

Constituent 

TRV 

NOAEL 

(mg/kg/day) Typea Source 

Screening 

Level 

(mg/kg) 

TRV 

LOAEL 

(mg/kg/day)  Typea Source 

Naphthalene 1.43E+01 

chronic 

GMM 

EcoRisk 

3.2 5.78E+02 4.02E+01 

chronic 

GMM 

EcoRisk 

3.2 

Phenanthrene 5.14E+00 chronic cs 

EcoRisk 

3.2 2.08E+02 5.14E+01 

chronic 

cs 

EcoRisk 

3.2 

Pyrene 7.50E+00 chronic cs 

EcoRisk 

3.2 3.03E+02 7.50E+01 

chronic 

cs 

EcoRisk 

3.2 

Dioxin/Furans 

2,3,7,8-Tetrachlorodibenzo-p-dioxin 

(TCDD)  5.62E-07 

chronic 

GMM 

EcoRisk 

3.2 2.27E-05 3.76E-06 

chronic 

GMM 

EcoRisk 

3.2 

Metals 

Aluminum (note: pH dependent) 6.20E+01 chronic 

ATSDR 

1999 2.50E+03 1.30E+02 chronic 

ATSDR 

1999 

Antimony 5.90E-02 chronic cs 

EcoRisk 

3.2 2.38E+00 5.90E-01 

chronic 

cs 

EcoRisk 

3.2 

Arsenic 1.04E+00 chronic cs 

EcoRisk 

3.2 4.20E+01 1.66E+00 

chronic 

cs 

EcoRisk 

3.2 

Barium 5.18E+01 

chronic 

GMM 

EcoRisk 

3.2 2.09E+03 5.18E+02 

chronic 

GMM 

EcoRisk 

3.2 

Beryllium 5.32E-01 chronic cs 

EcoRisk 

3.2 2.15E+01 5.32E+00 

chronic 

cs 

EcoRisk 

3.2 

Boron 2.80E+01 chronic cs 

EcoRisk 

3.2 1.13E+03 2.80E+02 

chronic 

cs 

EcoRisk 

3.2 

Cadmium 7.70E-01 chronic cs 

EcoRisk 

3.2 3.11E+01 7.70E+00 

chronic 

cs 

EcoRisk 

3.2 

Chromium (total) 2.40E+00 

chronic 

GMM 

EcoRisk 

3.2 9.70E+01 2.40E+01 

chronic 

GMM 

EcoRisk 

3.2 

Chromium (hexavalent) 9.24E+00 

chronic 

GMM 

EcoRisk 

3.2 3.73E+02 9.24E+01 

chronic 

GMM 

EcoRisk 

3.2 

Cobalt 7.33E+00 

chronic 

GMM 

EcoRisk 

3.2 2.96E+02 7.33E+01 

chronic 

GMM 

EcoRisk 

3.2 

Copper 5.60E+00 chronic cs 

EcoRisk 

3.2 2.26E+02 9.34E+00 

chronic 

cs 

EcoRisk 

3.2 

Lead 4.70E+00 chronic cs 

EcoRisk 

3.2 1.90E+02 8.90E+00 

chronic 

cs 

EcoRisk 

3.2 

Manganese 5.15E+01 

chronic 

GMM 

EcoRisk 

3.2 2.08E+03 5.15E+02 

chronic 

GMM 

EcoRisk 

3.2 

Mercury (inorganic) 1.41E+00 chronic cs 

EcoRisk 

3.2 5.70E+01 1.41E+01 

chronic 

cs 

EcoRisk 

3.2 

Nickel 1.70E+00 chronic cs 

EcoRisk 

3.2 6.87E+01 3.40E+00 

chronic 

cs 

EcoRisk 

3.2 

Selenium 1.43E-01 chronic cs 

EcoRisk 

3.2 5.78E+00 2.15E-01 

chronic 

cs 

EcoRisk 

3.2 

Silver 6.02E+00 chronic cs 

EcoRisk 

3.2 2.43E+02 6.02E+01 

chronic 

cs 

EcoRisk 

3.2 

Thallium 7.10E-03 chronic cs 

EcoRisk 

3.2 2.87E-01 7.10E-02 

chronic 

cs 

EcoRisk 

3.2 

Vanadium 4.16E+00 chronic cs 

EcoRisk 

3.2 1.68E+02 8.31E+00 

chronic 

cs 

EcoRisk 

3.2 

Zinc 7.54E+01 

chronic 

GMM 

EcoRisk 

3.2 3.05E+03 7.54E+02 

chronic 

GMM 

EcoRisk 

3.2 

Miscellaneous 
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TABLE C-3: TIER 1 TRVS AND ESLS AND TIER 2 TRVS FOR THE KIT FOX 

Surrogate: Red Fox (Mammalian to 

Carnivore) Tier 1 Tier 2 

Constituent 

TRV 

NOAEL 

(mg/kg/day) Typea Source 

Screening 

Level 

(mg/kg) 

TRV 

LOAEL 

(mg/kg/day)  Typea Source 

Nitrite 5.07E+02 chronic cs 

Sample 

1996 2.05E+04 

Cyanide (CN-) 6.87E+01 chronic cs 

EcoRisk 

3.2 2.78E+03 6.87E+02 

chronic 

cs 

EcoRisk 

3.2 

Explosives 

Trinitrobenzene, 1,3,5- 1.34E+01 chronic cs 

EcoRisk 

3.2 5.41E+02 1.34E+02 

chronic 

cs 

EcoRisk 

3.2 

Dinitrobenzene, 1,3- 1.13E-01 chronic cs 

EcoRisk 

3.2 4.57E+00 2.64E-01 

chronic 

cs 

EcoRisk 

3.2 

Dinitrotoluene, 2,4- 2.68E+00 chronic cs 

EcoRisk 

3.2 1.08E+02 2.68E+01 

chronic 

cs 

EcoRisk 

3.2 

Dinitrotoluene, 2,6- 1.77E+00 chronic cs 

EcoRisk 

3.2 7.15E+01 1.77E+01 

chronic 

cs 

EcoRisk 

3.2 

Trinitrotoluene, 2,4,6- 3.47E+01 chronic cs 

EcoRisk 

3.2 1.40E+03 1.60E+02 

chronic 

cs 

EcoRisk 

3.2 

Dinitrotoluene, 2-Amino-4,6- 1.39E+01 chronic cs 

EcoRisk 

3.2 5.62E+02 1.39E+02 

chronic 

cs 

EcoRisk 

3.2 

Nitrotoluene, o- 8.91E+00 chronic cs 

EcoRisk 

3.2 3.60E+02 8.91E+01 

chronic 

cs 

EcoRisk 

3.2 

Nitrotoluene, m- 1.07E+01 chronic cs 

EcoRisk 

3.2 4.32E+02 1.07E+02 

chronic 

cs 

EcoRisk 

3.2 

Dinitrotoluene, 4-Amino-2,6- 9.59E+00 chronic cs 

EcoRisk 

3.2 3.87E+02 9.59E+01 

chronic 

cs 

EcoRisk 

3.2 

Nitrotoluene, p- 1.96E+01 chronic cs 

EcoRisk 

3.2 7.92E+02 1.96E+02 

chronic 

cs 

EcoRisk 

3.2 

PETN 7.00E+01 chronic cs 

EcoRisk 

3.2 2.83E+03 7.00E+02 

chronic 

cs 

EcoRisk 

3.2 

Hexahydro-1,3,5-trinitro-1,3,5-triazine 

(RDX) 8.94E+00 

chronic 

GMM 

EcoRisk 

3.2 3.61E+02 2.83E+01 

chronic 

GMM 

EcoRisk 

3.2 

Tetryl (Trinitrophenylmethylnitramine) 1.30E+00 chronic cs 

EcoRisk 

3.2 5.25E+01 6.20E+00 

chronic 

cs 

EcoRisk 

3.2 

Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetra 

(HMX) 7.50E+01 chronic cs 

EcoRisk 

3.2 3.03E+03 2.00E+02 

chronic 

cs 

EcoRisk 

3.2 

Nitroglycerin 9.64E+01 chronic cs 

EcoRisk 

3.2 3.89E+03 1.02E+03 

chronic 

cs 

EcoRisk 

3.2 

achronic cs - TRV based on a critical study (two or less data), chronic GMM - TRV based on geometric mean (three or more relevant data) 
b EcoRisk 3.2 - includes uncertainty factors for extrapolation to chronic NOAEL and 

LOAEL (see Uncertainty Factor's tab) 
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TABLE C-4: TIER 1 TRVS AND ESLS AND TIER 2 TRVS FOR THE RED-TAILED HAWK 

Surrogate: American Kestrel 

(Avian Top Carnivore) Tier 1 Tier 2 

Constituent 

TRV 

NOAEL 

(mg/kg/day) Typea Source 

Screening 

Level 

(mg/kg) 

TRV 

LOAEL 

(mg/kg/day) Typea Source 

VOCs 

Acetone 2.01E+02 chronic cs 

EcoRisk 

3.2 7.32E+03 2.01E+03 chronic cs 

EcoRisk 

3.2 

1,2-Dichloroethane 4.60E+00 chronic cs 

EcoRisk 

3.2 1.67E+02 9.10E+00 chronic cs 

EcoRisk 

3.2 

Hexachlorobenzene 5.00E+00 chronic cs 

EcoRisk 

3.2 1.82E+02 5.00E+01 chronic cs 

EcoRisk 

3.2 

2-Hexanone 1.00E+00 chronic cs 

EcoRisk 

3.2 3.64E+01 1.00E+01 chronic cs 

EcoRisk 

3.2 

Xylene (total) 1.07E+02 chronic cs 

EcoRisk 

3.2 3.89E+03 1.07E+03 chronic cs 

EcoRisk 

3.2 

SVOCs 

Bis(2-ethylhexyl) phthalate 1.10E+00 chronic cs 

EcoRisk 

3.2 4.00E+01 1.10E+01 chronic cs 

EcoRisk 

3.2 

2-Chlorophenol 1.13E+00 chronic cs 

EcoRisk 

3.2 4.11E+01 1.13E+01 chronic cs 

EcoRisk 

3.2 

Di-n-butyl phthalate 1.40E-01 chronic cs 

EcoRisk 

3.2 5.10E+00 1.40E+00 chronic cs 

EcoRisk 

3.2 

Pentachlorophenol 6.73E+00 chronic cs 

EcoRisk 

3.2 2.45E+02 6.73E+01 chronic cs 

EcoRisk 

3.2 

Pesticides/Herbicides 

4,4'-DDD 1.60E-02 

chronic 

GMM 

EcoRisk 

3.2 5.82E-01 8.30E-02 

chronic 

GMM 

EcoRisk 

3.2 

4,4'-DDE 4.80E-01 

chronic 

GMM 

EcoRisk 

3.2 1.75E+01 2.40E+00 

chronic 

GMM 

EcoRisk 

3.2 

4,4'-DDT 2.01E+00 

chronic 

GMM 

EcoRisk 

3.2 7.32E+01 5.96E+00 

chronic 

GMM 

EcoRisk 

3.2 

alpha-Chlordane 2.14E+00 chronic cs 

EcoRisk 

3.2 7.79E+01 1.07E+01 chronic cs 

EcoRisk 

3.2 

beta-BHC 3.83E+01 chronic cs 

EcoRisk 

3.2 1.39E+03 3.83E+02 chronic cs 

EcoRisk 

3.2 

Dieldrin 7.09E-02 chronic cs 

EcoRisk 

3.2 2.58E+00 3.78E+00 chronic cs 

EcoRisk 

3.2 

Endosulfan I 1.00E+01 chronic cs 

EcoRisk 

3.2 3.64E+02 1.00E+02 chronic cs 

EcoRisk 

3.2 

Endosulfan II 1.00E+01 chronic cs 

EcoRisk 

3.2 3.64E+02 1.00E+02 chronic cs 

EcoRisk 

3.2 

Endrin 1.00E-02 chronic cs 

EcoRisk 

3.2 3.64E-01 1.00E-01 chronic cs 

EcoRisk 

3.2 

gamma-BHC (Lindane) 5.60E-01 chronic cs 

EcoRisk 

3.2 2.04E+01 2.25E+00 chronic cs 

EcoRisk 

3.2 

gamma-Chlordane 2.14E+00 chronic cs 

EcoRisk 

3.2 7.79E+01 1.07E+01 chronic cs 

EcoRisk 

3.2 

Heptachlor 9.20E-01 chronic cs 

EcoRisk 

3.2 3.35E+01 9.20E+00 chronic cs 

EcoRisk 

3.2 

Methoxychlor 2.58E+01 chronic cs 

EcoRisk 

3.2 9.39E+02 2.58E+02 chronic cs 

EcoRisk 

3.2 

Aroclors 

Aroclor 1260 2.15E+00 

chronic 

GMM 

EcoRisk 

3.2 7.83E+01 3.04E+00 chronic cs 

EcoRisk 

3.2 
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TABLE C-4: TIER 1 TRVS AND ESLS AND TIER 2 TRVS FOR THE RED-TAILED HAWK 

Surrogate: American Kestrel 

(Avian Top Carnivore) Tier 1 Tier 2 

Constituent 

TRV 

NOAEL 

(mg/kg/day) Typea Source 

Screening 

Level 

(mg/kg) 

TRV 

LOAEL 

(mg/kg/day) Typea Source 

Aroclor 1254 1.00E-01 chronic cs 

EcoRisk 

3.2 3.64E+00 1.00E+00 chronic cs 

EcoRisk 

3.2 

PAHs 

Benzo(a)anthracene 1.07E-01 chronic cs 

EcoRisk 

3.2 3.89E+00 1.07E+00 chronic cs 

EcoRisk 

3.2 

Naphthalene 1.50E+01 chronic cs 

EcoRisk 

3.2 5.46E+02 1.50E+02 chronic cs 

EcoRisk 

3.2 

Pyrene 2.05E+01 chronic cs 

EcoRisk 

3.2 7.46E+02 2.05E+02 chronic cs 

EcoRisk 

3.2 

Metals 

Aluminum (Note: pH dependent) 1.10E+02 chronic 

Sample 

1996 4.00E+03 

Arsenic 2.24E+00 

chronic 

GMM 

EcoRisk 

3.2 8.15E+01 2.24E+01 

chronic 

GMM 

EcoRisk 

3.2 

Barium 7.35E+01 

chronic 

GMM 

EcoRisk 

3.2 2.68E+03 1.31E+02 

chronic 

GMM 

EcoRisk 

3.2 

Boron 2.92E+00 

chronic 

GMM 

EcoRisk 

3.2 1.06E+02 1.45E+01 

chronic 

GMM 

EcoRisk 

3.2 

Cadmium 1.47E+00 

chronic 

GMM 

EcoRisk 

3.2 5.35E+01 1.47E+01 

chronic 

GMM 

EcoRisk 

3.2 

Chromium (total) 2.66E+00 

chronic 

GMM 

EcoRisk 

3.2 9.68E+01 2.66E+01 

chronic 

GMM 

EcoRisk 

3.2 

Chromium (hexavalent) 1.10E+01 chronic cs 

EcoRisk 

3.2 4.00E+02 1.10E+02 chronic cs 

EcoRisk 

3.2 

Cobalt 7.61E+00 

chronic 

GMM 

EcoRisk 

3.2 2.77E+02 7.61E+01 

chronic 

GMM 

EcoRisk 

3.2 

Copper 4.05E+00 chronic cs 

EcoRisk 

3.2 1.47E+02 1.21E+01 chronic cs 

EcoRisk 

3.2 

Lead 1.63E+00 chronic cs 

EcoRisk 

3.2 5.93E+01 3.26E+00 chronic cs 

EcoRisk 

3.2 

Manganese 1.79E+02 

chronic 

GMM 

EcoRisk 

3.2 6.52E+03 1.79E+03 

chronic 

GMM 

EcoRisk 

3.2 

Mercury (inorganic) 1.90E-02 chronic cs 

EcoRisk 

3.2 6.92E-01 1.90E-01 chronic cs 

EcoRisk 

3.2 

Molybdenum 3.50E+00 chronic cs 

EcoRisk 

3.2 1.27E+02 3.50E+01 chronic cs 

EcoRisk 

3.2 

Nickel 6.71E+00 chronic cs 

EcoRisk 

3.2 2.44E+02 6.71E+01 chronic cs 

EcoRisk 

3.2 

Selenium 2.90E-01 chronic cs 

EcoRisk 

3.2 1.06E+01 5.79E-01 chronic cs 

EcoRisk 

3.2 

Silver 2.02E+00 chronic cs 

EcoRisk 

3.2 7.35E+01 2.02E+01 chronic cs 

EcoRisk 

3.2 

Thallium 3.50E-01 chronic cs 

EcoRisk 

3.2 1.27E+01 3.50E+00 chronic cs 

EcoRisk 

3.2 

Vanadium 3.44E-01 chronic cs 

EcoRisk 

3.2 1.25E+01 6.88E-01 chronic cs 

EcoRisk 

3.2 

Zinc 6.61E+01 

chronic 

GMM 

EcoRisk 

3.2 2.41E+03 6.61E+02 

chronic 

GMM 

EcoRisk 

3.2 

Miscellaneous 

Cyanide (CN-) 4.00E-02 chronic cs 

EcoRisk 

3.2 1.46E+00 4.00E-01 chronic cs 

EcoRisk 

3.2 
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TABLE C-4: TIER 1 TRVS AND ESLS AND TIER 2 TRVS FOR THE RED-TAILED HAWK 

Surrogate: American Kestrel 

(Avian Top Carnivore) Tier 1 Tier 2 

Constituent 

TRV 

NOAEL 

(mg/kg/day) Typea Source 

Screening 

Level 

(mg/kg) 

TRV 

LOAEL 

(mg/kg/day) Typea Source 

Explosives 

Dinitrobenzene, 1,3- 4.22E-01 chronic cs 

EcoRisk 

3.2 1.54E+01 4.22E+00 chronic cs 

EcoRisk 

3.2 

Dinitrotoluene, 2,6- 6.00E+01 chronic cs 

EcoRisk 

3.2 2.18E+03 6.00E+02 chronic cs 

EcoRisk 

3.2 

Trinitrotoluene, 2,4,6- 9.75E+00 chronic cs 

EcoRisk 

3.2 3.55E+02 1.78E+01 chronic cs 

EcoRisk 

3.2 

Hexahydro-1,3,5-trinitro-1,3,5-

triazine (RDX) 2.36E+00 

chronic 

GMM 

EcoRisk 

3.2 8.59E+01 4.49E+00 

chronic 

GMM 

EcoRisk 

3.2 
achronic cs - TRV based on a critical study (two or less data), chronic GMM - TRV based on geometric mean (three or more relevant 

data) 

b EcoRisk 3.2 - includes uncertainty factors for extrapolation to chronic NOAEL and LOAEL (see Uncertainty Factor's tab) 
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TABLE C-5: TIER 1 TRVS AND ESLS AND TIER 2 TRVS FOR THE PRONGHORN ANTELOPE 

Tier 1 Tier 2 

Constituent 

TRV 

NOAEL 

(mg/kg/day) Type Source 

Screening 

Level 

(mg/kg) 

TRV 

LOAEL 

(mg/kg/day) Type Source 

Metals 

Arsenic 1.25E-01 subchronic NAS, 1972 3.61E+01 1.56E-01 subchronic NAS, 1972 

Cobalt 2.00E-01 chronic NAS, 1980 5.77E+01 2.50E-01 chronic NAS, 1980 

Lead 6.00E-01 chronic NAS, 1980 1.73E+02 7.50E-01 chronic NAS, 1980 

Manganese 2.00E+01 chronic NAS, 1980 5.77E+03 2.50E+01 chronic NAS, 1980 

Molybdenum 4.00E+00 chronic NAS, 1972 1.15E+03 5.00E+00 chronic NAS, 1972 

Nickel 1.00E+00 chronic NAS, 1980 2.89E+02 1.25E+00 chronic NAS, 1980 

Silver 1.00E-02 acute Gough, 1979 2.89E+00 

Vanadium 1.00E+00 chronic NAS, 1980 2.89E+02 1.25E+00 chronic NAS, 1980 

Zinc 1.00E+01 chronic NAS, 1980 2.89E+03 1.25E+01 chronic NAS, 1980 
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TABLE C-6: TIER 1 TRVS AND ESLS AND TIER 2 TRVS FOR PLANTS 

Tier 1 Tier 2 

Constituent 

Effect 

Concentration 

NOAEL 

(mg/kg) Typea Source 

Effect 

Concentration 

LOAEL 

(mg/kg) Typea Source 

VOCs 

Hexachlorobenzene 1.00E+01 chronic cs EcoRisk 3.2 1.00E+02 chronic cs EcoRisk 3.2 

Methylene chloride 1.67E+03 chronic cs EcoRisk 3.2 1.67E+04 chronic cs EcoRisk 3.2 

Styrene 3.20E+00 chronic cs EcoRisk 3.2 3.20E+01 chronic cs EcoRisk 3.2 

Tetrachloroethene 1.00E+01 chronic cs EcoRisk 3.2 1.00E+02 chronic cs EcoRisk 3.2 

Toluene 2.00E+02 chronic cs EcoRisk 3.2 2.00E+03 chronic cs EcoRisk 3.2 

Xylene (total) 1.00E+02 chronic cs EcoRisk 3.2 1.00E+03 chronic cs EcoRisk 3.2 

SVOCs 

Dibenzofuran 6.17E+00 chronic cs EcoRisk 3.2 6.17E+01 chronic cs EcoRisk 3.2 

Di-n-butyl phthalate 1.67E+02 

chronic 

GMM EcoRisk 3.2 6.01E+02 

chronic 

GMM EcoRisk 3.2 

Diethyl phthalate 1.00E+02 chronic cs EcoRisk 3.2 1.00E+03 chronic cs EcoRisk 3.2 

Hexachlorobenzene 1.00E+01 chronic cs EcoRisk 3.2 1.00E+02 chronic cs EcoRisk 3.2 

2-Methylphenol 6.70E-01 chronic cs EcoRisk 3.2 6.70E+00 chronic cs EcoRisk 3.2 

3-Methylphenol 6.90E-01 chronic cs EcoRisk 3.2 6.90E+00 chronic cs EcoRisk 3.2 

Pentachlorophenol 5.00E+00 

chronic 

GMM EcoRisk 3.2 5.00E+01 

chronic 

GMM EcoRisk 3.2 

Phenol 7.90E-01 chronic cs EcoRisk 3.2 7.90E+00 chronic cs EcoRisk 3.2 

Pesticides/Herbicides 

gamma-BHC (Lindane) 1.00E-01 chronic cs EcoRisk 3.2 1.00E+00 chronic cs EcoRisk 3.2 

alpha-Chlordane 2.24E+00 chronic cs EcoRisk 3.2 2.24E+01 chronic cs EcoRisk 3.2 

gamma-Chlordane 2.24E+00 chronic cs EcoRisk 3.2 2.24E+01 chronic cs EcoRisk 3.2 

4,4'-DDT 4.10E+00 

chronic 

GMM EcoRisk 3.2 6.10E+00 

chronic 

GMM EcoRisk 3.2 

Dieldrin 1.00E+01 chronic cs EcoRisk 3.2 1.00E+02 chronic cs EcoRisk 3.2 

Endrin 3.40E-03 chronic cs EcoRisk 3.2 3.40E-02 chronic cs EcoRisk 3.2 

Heptachlor 4.08E-01 chronic cs EcoRisk 3.2 4.08E+00 chronic cs EcoRisk 3.2 

Aroclors 

Aroclor 1254 1.63E+02 

chronic 

GMM EcoRisk 3.2 6.20E+02 

chronic 

GMM EcoRisk 3.2 

PAHs 

Acenaphthene 2.50E-01 chronic cs EcoRisk 3.2 2.50E+00 chronic cs EcoRisk 3.2 

Anthracene 6.88E+00 

chronic 

GMM EcoRisk 3.2 8.95E+00 

chronic 

GMM EcoRisk 3.2 

Benzo(a)anthracene 1.80E+01 chronic cs EcoRisk 3.2 1.80E+02 chronic cs EcoRisk 3.2 

Benzo(b)fluoranthene 1.80E+01 chronic cs EcoRisk 3.2 1.80E+02 chronic cs EcoRisk 3.2 

Naphthalene 1.00E+00 chronic cs EcoRisk 3.2 1.00E+01 chronic cs EcoRisk 3.2 

Metals 
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TABLE C-6: TIER 1 TRVS AND ESLS AND TIER 2 TRVS FOR PLANTS 

Tier 1 Tier 2 

Constituent 

Effect 

Concentration 

NOAEL 

(mg/kg) Typea Source 

Effect 

Concentration 

LOAEL 

(mg/kg) Typea Source 

Antimony 1.14E+01 

chronic 

GMM EcoRisk 3.2 5.80E+01 

chronic 

GMM EcoRisk 3.2 

Arsenic 1.80E+01 

chronic 

GMM EcoRisk 3.2 9.10E+01 

chronic 

GMM EcoRisk 3.2 

Barium 1.18E+02 

chronic 

GMM EcoRisk 3.2 2.61E+02 

chronic 

GMM EcoRisk 3.2 

Beryllium 2.50E+00 chronic cs EcoRisk 3.2 2.50E+01 chronic cs EcoRisk 3.2 

Boron 3.68E+01 

chronic 

GMM EcoRisk 3.2 8.66E+01 

chronic 

GMM EcoRisk 3.2 

Cadmium 3.20E+01 

chronic 

GMM EcoRisk 3.2 1.60E+02 

chronic 

GMM EcoRisk 3.2 

Chromium (hexavalent) 3.50E-01 chronic cs EcoRisk 3.2 3.50E+00 chronic cs EcoRisk 3.2 

Cobalt 1.30E+01 

chronic 

GMM EcoRisk 3.2 1.34E+02 

chronic 

GMM EcoRisk 3.2 

Copper 7.00E+01 

chronic 

GMM EcoRisk 3.2 4.97E+02 

chronic 

GMM EcoRisk 3.2 

Lead 1.20E+02 

chronic 

GMM EcoRisk 3.2 5.76E+02 

chronic 

GMM EcoRisk 3.2 

Manganese 2.20E+02 

chronic 

GMM EcoRisk 3.2 1.10E+03 

chronic 

GMM EcoRisk 3.2 

Mercury (inorganic) 3.49E+01 chronic cs EcoRisk 3.2 6.40E+01 chronic cs EcoRisk 3.2 

Nickel 3.80E+01 

chronic 

GMM EcoRisk 3.2 2.76E+02 

chronic 

GMM EcoRisk 3.2 

Selenium 5.20E-01 

chronic 

GMM EcoRisk 3.2 3.40E+00 

chronic 

GMM EcoRisk 3.2 

Silver 5.60E+02 

chronic 

GMM EcoRisk 3.2 2.81E+03 

chronic 

GMM EcoRisk 3.2 

Thallium 5.00E-02 chronic cs EcoRisk 3.2 5.00E-01 chronic cs EcoRisk 3.2 

Vanadium 6.00E+01 chronic cs EcoRisk 3.2 8.00E+01 chronic cs EcoRisk 3.2 

Zinc 1.60E+02 

chronic 

GMM EcoRisk 3.2 8.12E+02 

chronic 

GMM EcoRisk 3.2 

Explosives 

Dinitrotoluene, 2,4- 6.00E+00 EPA Eco SSL EcoRisk 3.2 6.00E+01 EPA Eco SSL EcoRisk 3.2 

Trinitrotoluene, 2,4,6- 6.21E+01 

chronic 

GMM EcoRisk 3.2 1.26E+02 

chronic 

GMM EcoRisk 3.2 

Dinitrotoluene, 2-Amino-4,6- 1.40E+01 EPA Eco SSL EcoRisk 3.2 1.40E+02 EPA Eco SSL EcoRisk 3.2 

Dinitrotoluene, 4-Amino-2,6- 3.30E+01 EPA Eco SSL EcoRisk 3.2 3.30E+02 EPA Eco SSL EcoRisk 3.2 

Octahydro-1,3,5,7-tetranitro-

1,3,5,7-tetra (HMX) 2.74E+03 

chronic 

GMM EcoRisk 3.2 3.56E+03 

chronic 

GMM EcoRisk 3.2 

Nitroglycerin 2.10E+01 EPA Eco SSL EcoRisk 3.2 2.10E+02 EPA Eco SSL EcoRisk 3.2 
achronic cs - TRV based on a critical study (two or less data), chronic GMM - TRV based on geometric mean (three or more 

relevant data) 

b EcoRisk 3.2 - includes uncertainty factors for extrapolation to chronic NOAEL and LOAEL (see Uncertainty Factor's tab) 
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EXECUTIVE SUMMARY 

This guidance document is being developed in coordination with the New Mexico Environment 

Department’s (NMED) Hazardous Waste Bureau (HWB) and the Ground Water Quality Bureau.  

This guidance document sets forth recommended approaches based on current State and Federal 

practices and intended for used as guidance for employees of NMED and for facilities within the 

State of New Mexico.  

In the past, the material contained within this document existed in multiple guidance and/or 

position papers.  In order to streamline the risk assessment process and ensure consistency 

between guidance/position papers, these documents have been combined into one document: 

Risk Assessment Guidance for Site Investigations and Remediation.   

The Risk Assessment Guidance for Site Investigations and Remediation dated June 2022 replaces 

and supersedes previous versions of this document as well as the following documents: 

• Technical Background Document for Development of Soil Screening Levels, Revision

6.0, 2012,

• New Mexico Environment Department TPH Screening Guidelines, October 2006, and

• Risk-Based Remediation of Polychlorinated Biphenyls at RCRA Corrective Action Sites,

NMED Position Paper, March 2000.

• Guidance for Assessing Ecological Risks Posed by Chemicals: Screening-Level

Ecological Risk Assessment, March 2000 and 2008.

This Risk Assessment Guidance for Site Investigations and Remediation is organized into two 

volumes.   

• Volume I –Soil Screening Guidance for Human Health Risk Assessments

• Volume II - Soil Screening Guidance for Ecological Risk Assessments

Volume I presents information related to conducting screening level human health risk 

assessments.  Previously, the soil screening levels (SSLs) were available in the Technical 

Background Document for Development of Soil Screening Levels while the screening levels for 

total petroleum hydrocarbons (TPH) were found in the New Mexico Environment Department 

TPH Screening Guidelines.  Now both are contained in Volume I.  Volume I also includes SSLs 

for select Aroclors, congeners of polychlorinated biphenyls (PCBs), total petroleum 

hydrocarbons (TPH), and chemicals of emerging concern.   
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Volume II provides guidance for conducting ecological risk assessments and contains guidance 

that was previously contained in the Guidance for Assessing Ecological Risks Posed by 

Chemicals: Screening-Level Ecological Risk Assessment, March 2008. 
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SUMMARY OF CHANGES 

 

The following table summarizes changes to the “Risk Assessment Guidance for Investigations 

and Remediation,” Volume I.  Specific changes are as follows: 

 

VOLUME I 

SOIL SCREENING GUIDANCE FOR HUMAN HEALTH RISK ASSESSMENTS  

Item Section Change 

November 2014 

1 Global Update default exposure parameters; includes changes to text, 

tables, equations, and soil screening levels in Appendix A 

2 Global General edits and clarifications 

3 Table of Acronyms Updated 

4 Table of Contents Updated  

5 Summary of 

Changes 

Added new section summarizing changes to document by 

revision number and date 

6 Section 1.2.1 and 

Table 1-1 

Addition of tap-water exposure, vapor intrusion and beef 

ingestion pathways 

7 Section 2.1  Additional chemical-specific information added for clarification.  

Includes changes or additions to dioxin/furans, polychlorinated 

biphenyls (PCBs), hexavalent and total chromium, vanadium, 

xylene, phenanthrene, and polycyclic aromatic hydrocarbons 

(PAHs).   

8 Section 2.1.7 Section added addressing emerging contaminants 

9 Section 2.2.1 and 

Equations 12-17 

Incorporated carcinogenic and mutagenic effects to calculation of 

trichloroethylene (TCE) specific soil screening levels 

10 Section 2.4  Modified to include dermal exposure 

11 Equations 24-26 Equations were modified and added to include dermal contact 

with tap water pathway 

12 Equation 27 Changed noncarcinogenic exposure parameters from adult 

exposure to child exposure (tap water) 

13 Equations 29-30 

and Equations 31-

35 

Added dermal pathway to equations for vinyl chloride and 

mutagens 

14 Section 2.5 Section added addressing the vapor intrusion pathway and 

derivation of vapor screening levels 

15 Section 2.6 Section added describing the evaluation of the beef ingestion 

pathway 

16 Section 2.7.2 Section added describing background threshold values 

17 Section 2.7.3 Clarification added on determination of constituents of potential 

concern 

18 Section 2.7.7 Section added providing guidance for calculation of exposure-

point concentrations 

19 Section 3.4 Added list of sources used for deriving chemical property 

information 
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20 Section 5.0 Clarification added to text on the use of the SSLs 

21 Section 5.1 Section added describing chromium speciation and tiered 

approach to using chromium screening levels 

22 Section 5.2 Section added describing derivation of screening levels for 

essential nutrients 

23 Section 6.0 Updated Total Petroleum Hydrocarbon (TPH) methodology; 

removed groundwater screening levels. 

24 Section 7.0 Updated references 

25 Table A-1 Updated NMED screening levels 

26 Table A-2 Updated default exposure parameters 

27 Table A-3 Table added displaying vapor intrusion screening levels 

28 Tables B-1 and B-2 Updated chemical property information with references added 

29 Table B-3 Table added showing input parameters and chemical properties 

for dermal tap-water pathway 

30 Table C-1 Updated toxicity data 

April 2015 

31 Section 2.7.7 Update preferred method for handling non-detects  

January 2017 

1 Global Updated toxicity data; includes changes to text, tables, equations, 

and soil screening levels in Appendix A 

2 Section 1.3 New section addressing use of the guidance and screening levels 

3 Section 2.1 Added information of application of a relative bioavailability 

correction factor in the calculation of soil ingestion screening 

levels for arsenic. 

4 Section 2.1 Added equation for calculation of toxicity equivalents for 

dioxin/furan congeners 

5 Section 2.1 Added discussion on essential nutrients 

6 Section 2.1 Added discussion on perfluorinated compounds 

7 Equation 27 Updated age-adjusted dermal exposure factor 

8 Equation 36 Updated age-adjusted tap water dermal exposure factor, mutagens 

9 Section 2.3.3 Clarification on use of lead screening levels 

10 Section 2.5.1 Updated attenuation factors 

11 Section 2.5.2 Added discussion on use of the Johnson and Ettinger (J&E) bulk 

soil model 

12 Section 2.5.2.3 Clarified steps for analysis of the vapor intrusion pathway. 

13 Section 2.6 Due to issues with the preliminary remediation goal calculator for 

the beef ingestion pathway, requirement for a quantitative 

assessment removed; only a qualitative analysis is required. 

14 Section 2.7 Section re-written to address only site assessment and provide 

guidance on data quality objectives and background threshold 

values (BTVs). 

15 Section 2.8 New section addressing site characterization, conceptual site 

models, and exposure intervals. 

16 Section 2.8.3.1  New section on determining constituents of potential concern 

(COPCs) for organics and chemicals without background data. 
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17 Section 2.8.3.2 New section on comparison to BTVs using discrete data. 

18 Section 2.8.3.3 New section on comparison to BTVs using incremental sample 

methodology (ISM) data. 

19 Section 2.8.5.2 Added section for determination of UCLs for ISM data. 

20 Section 4.9 Added allowance of additional lines of evidence for migration to 

groundwater. 

21 Section 5.0 Clarification of how to assess risks/hazard to chemicals with both 

forms of toxicity. 

22 Section 5.2 Added text and new equation to clarify how to assess risk from 

essential nutrients.  

23 Section 6.1 New screening levels for TPH fractions  

24 Appendix A, Table 

A-1 

Screening levels for both carcinogenic and noncarcinogenic 

toxicity provided for all chemicals (previous versions only listed 

more conservative level). 

 

Added soil-to-groundwater migration screening levels based on 

New Mexico Water Quality Standards and/or Federal Maximum 

Contaminant Levels. 

 

Updated toxicity data; also added information of application of a 

relative bioavailability correction factor in the calculation of soil 

ingestion screening levels for arsenic. 

25 Appendices A -C, 

New Chemicals 

Screening levels have been added for the following chemicals: 

alachlor, atrazine, carbofuran, cobalt, dimethyl phthalate, 

glyphosate, 1-methylnaphthalene, 2-methylnaphthalene, 

nitrophenol, perfluorinated chemicals, perfluorohexane sulfonic 

acid, perfluorooctane sulfonate, perfluorooctanoic acid, simazine, 

and p-xylene.   

February 2019 

1 Section 1.3 Clarified text for Step 1, determining COPCs. 

2 Table 2-6 Added the soil-to-groundwater pathway 

3 Section 2.8.3 Added clarification on handling duplicates. 

4 Section 2.8.3.2 Updated to reflect organics and chemicals with background data.  

Includes new Sections 2.8.3.2.1 and 2.8.3.2.2 and additional 

clarifications on how to conduct site attribution analyses. 

5 Section 2.8.4 Modified Section to address initial and refined exposure point 

concentrations 

6 Section 4 Revised terminology for SSLs for the soil-to-groundwater 

pathway to reflect target leachate concentrations.  Included 

addition of Equation 58 to address how to use target leachate 

concentrations compared to site data. 

7 Section 5 Added clarification that overall risk and hazard calculations 

exclude the soil-to-groundwater pathway. 

8 Table 5-1 Updated essential nutrient levels 

9 Section 5.3 New section on PFAS, including preliminary screening levels for 

PFOA, PFOS, and PFHxS. 
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 Table 6-2  Added an SSL for gasoline 

9 Table 6-4 Updated terminology to reflect target leachate concentrations. 

Updated groundwater SSLs and SL-SSLs and added values for 

gasoline 

10 Appendix A, Table 

A-1 

Revised table to only list target leachate concentration to be used 

in initial screening assessments. 

11 Appendix A, Table 

A-3 

Added table showing calculation of all target leachate 

concentrations. 

12 Updated toxicity RDX 

13 Appendix E Added supporting information on PFHxS 

November 2021 

1 Section 2.8.2 and 

Table 2-6 

Updated soil exposure level for ecological receptors (refer to 

Volume II of the SSG). 

2 Section 2.5.2.1 Updated definition for an incomplete pathway for vapor intrusion. 

3 Section 2.8.4.1 Added alternative method for EPCs for datasets with high 

numbers of non-detects. 

4 Section 5.0 Added clarification that lead is to be evaluated individually and a 

HQ not added to the site HI. 

5 Section 5.4 Added discussion of derivation of new screening levels for PFBS 

and PFNA.  Removed text that PFAS risk should not be used to 

make regulator decisions or assess corrective action. 

6 Section 6.0 Updated TPH SL-SSLs and added VISLs for TPH mixtures. 

7 Table 5-3 Added screening levels for PFBS and PFNA. 

8 Tables A-1, A-2, 

and A-3 

Added new chemicals: 2-amino-4,6-dinitrotoluene, 4-amino-2,6-

dinitrotoluene, ammonium picrate, cyclohexane, 2-nitropropane, 

PFBS, PFNA, picric acid, and TMPA.  Updated toxicity and 

SSLs for molybdenum, vinyl bromide, trans-1,2-dichloroethene, 

and 1,3-butadiene. 

9 Appendix E Updated drinking water data in Table 1 and added discussion on 

calculation of exposure. 

June 2022 

1 General Updated references and toxicity data 

2 Section 2.1 Updated information related to arsenic bioavailability 

3 Section 2.1 Added discussion on short-term exposure to lead 

4 Section 2.1.7 Revised text concerning contaminants of emerging concern 

5 Section 2.5 Updated discussion on vapor intrusion screening levels 

6 Section 5.4 Updated how PFAS are evaluated.  Deleted Table 5-3 as SSLs for 

PFAS included in Appendix A 

7 Appendices A-C Updated toxicity, added PFAS, added both carcinogenic and 

noncarinogenic VISLs 

8 Appendix E Deleted Appendix E.  PFAS must be evaluated in risk 

assessments. 
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1.0 INTRODUCTION 

 

The New Mexico Environment Department (NMED) Hazardous Waste Bureau (HWB) and the 

Ground Water Quality Bureau (GWQB) have developed this soil screening guidance (SSG) for 

internal department use within corrective action programs.  The SSG discusses the methodology 

used to derive chemical-specific soil screening levels (SSLs), tap water screening levels, and 

vapor intrusion screening levels (VISLs).  In addition, guidance is provided to assist in 

identifying and evaluating appropriate exposure pathways and receptors.  Finally, this document 

provides generic SSLs, tap water SLs, and VISLs for chemicals commonly found at 

contaminated sites based on default exposure parameters under residential and non-residential 

land-use scenarios. 

 

The SSG provides site managers with a framework for developing and applying the SSLs and is 

likely to be most useful for determining whether areas or entire sites are contaminated to an 

extent that warrants further investigation.  It is intended to assist and streamline the site 

investigation and corrective action process by focusing resources on those sites or areas that pose 

the greatest risk to human health and the environment.  Implementation of the methodologies 

outlined within this SSG may significantly reduce the time necessary to complete site 

investigations and cleanup actions at certain sites, as well as improve the consistency of these 

investigations.  

 

Between various sites there can exist a wide spectrum of contaminant types and concentrations.  

The level of concern associated with those concentrations depends on several factors, including 

the likelihood of exposure to concentrations that could impact human health or ecological 

receptors.  At one end of the spectrum are levels that clearly warrant a response action; at the 

other end are levels that are below regulatory concern.  Appropriate cleanup goals for a site may 

fall anywhere within this range depending on site-specific conditions.  Screening levels such as 

SSLs identify the lower end of this spectrum – levels below which there is generally no need for 

further concern—provided the conditions associated with the development of the SSLs are 

consistent with the site being evaluated.  It is important to note that SSLs do not in themselves 

represent cleanup standards, and the SSLs alone do not trigger the need for a response action or 

define “unacceptable” levels of contamination in soil.   

 

1.1 Organization of the Document 

 

The NMED SSG is organized into five major sections with supporting appendices.  The 

remainder of Section 1 addresses the purpose of the NMED SSLs and outlines the scope of the 

document.  Section 2 outlines the receptors, exposure pathways, and exposure assumptions used 

in calculating the NMED SSLs.  It also discusses the risk levels on which the SSLs are 

predicated and presents the SSL model assumptions.  Finally, Section 2 discusses site 

assessment/characterization activities that should be completed prior to comparing site 

contaminant concentrations with SSLs.  These activities include development of data quality 

objectives, conducting site sampling, preparation of a preliminary conceptual site model (CSM), 

and identification of contaminants of potential concern (COPCs).  Section 3 provides a detailed 

description of the process used to develop pathway-specific SSLs.  Included in this section is a 

discussion of the human health basis for the SSLs, additive risk, and acute exposures.  Additional 
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topics discussed in Section 3 include chemical specific parameters used to develop the SSLs and 

calculation of volatilization factors, particulate emission factors and soil saturation limits.  

Section 4 presents methodologies for assessing the potential for migration of contaminants to 

groundwater from contaminated soil in concert with generic and site-specific leaching models.  

Section 5 addresses special use considerations for addressing contaminant concentrations in soil 

and notes specific problems that can arise when applying the SSLs to specific sites.  Finally, 

Section 6 addresses the screening criteria that should be applied at sites with potential petroleum 

releases.  Soil and tap water screening levels for contaminants are presented in Table A-1 of 

Appendix A.  Table A-2 of Appendix A presents the default exposure factor values used in the 

generation of the NMED SSLs.  Table A-3 presents all derived target soil leachate 

concentrations.  Screening levels for the vapor intrusion pathway are presented in Table A-4 of 

Appendix A.  Physical-chemical values used in the calculation of the SSLs are presented in 

Tables B-1, B-2, and B-3 of Appendix B.  Toxicity criteria are presented in Table C-1 of 

Appendix C.  Additional discussion of polychlorinated biphenyls (PCBs) is provided in 

Appendix D.  Appendix E provides recommendations for evaluating potential risk and hazard 

from perfluoroalkyl compounds. 

 

1.2 Scope of the Soil Screening Guidance  

 

The SSG incorporates readily obtainable site data and utilizes methods from various United 

States Environmental Protection Agency (US EPA) risk assessment guidance and derives site-

specific screening levels for selected contaminants and exposure pathways.  Key attributes of the 

SSG include default values for generic SSLs where site-specific information is unavailable, and 

the identification of parameters for which site-specific information is needed for the development 

of site-specific SSLs.  The goal of the SSG is to provide a consistent approach for developing 

site-specific SSLs for evaluating facilities under the auspices of the corrective action process 

within NMED.   

 

The NMED SSLs are based on a 1E-05 target risk for carcinogens, or a hazard quotient of 1.0 for 

noncarcinogens.  In instances where an individual contaminant has the capacity to elicit both 

types of responses, both SSLs are provided.  SSLs for migration to groundwater are based on 

NMED-specific tap water SSLs.  As such, the NMED SSLs serve as a generic benchmark for 

screening level comparisons of contaminant concentrations in soil.  NMED anticipates that the 

SSLs will be used as a tool to facilitate prompt identification of those contaminants and areas 

that represent the greatest risks to human health and the environment.  While concentrations 

above the NMED SSLs presented in this document do not automatically designate a site as 

“contaminated” or trigger the need for a response action, detected concentrations in site soils 

exceeding screening levels suggest that further evaluation is appropriate.  Further evaluation may 

include additional sampling to better characterize the nature and extent of contamination, 

consideration of background levels, reevaluation of COPCs or associated risk and hazard using 

site-specific parameters, and/or a reassessment of the assumptions associated with the generic 

SSLs (e.g., appropriateness of route-to-route extrapolations, use of chronic toxicity values to 

evaluate childhood and construction-worker exposures). 

 

Prior to calculating site-specific SSLs, each relevant chemical specific parameter value and 

toxicological datum should be checked against the most recent version of its source to 
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determine if updated data are available.   

 

If a NMED SSL is not listed for a given chemical, other sources of screening levels should be 

consulted, such as the US EPA Regional Screening Levels (RSLs) (US EPA, 2018a or most 

current), or a review of toxicological data should be conducted and if available, a screening level 

calculated for that given chemical.  Care should be used when other sources of screening levels 

are used to ensure that target risk/levels used in development of the levels are consistent with 

those applied by NMED.  For example, the US EPA carcinogenic RSLs are based on a 1E-06 

risk level and must be adjusted to a 1E-05 risk level for use.  RSLs for noncarcinogens are 

provided for hazards of 1.0 and 0.1; the RSLs based on a hazard quotient of 1.0 should be 

applied. 

 

1.2.1 Exposure Pathways 

 

A complete exposure pathway consists of (1) a source, (2) a mechanism of contaminant release, 

(3) a receiving or contact medium, (4) a potential receptor population, and (5) an exposure route.  

All five elements must be present for the exposure pathway to be considered complete. 

SSLs have been developed for use in evaluating several exposure scenarios representing a 

variety of potential land uses: residential, commercial/industrial, and construction.  The SSG 

presents lists of potential pathways for each scenario, though these lists are not intended to be 

exhaustive.  Instead, each list represents a set of typical exposure pathways likely to account for 

the majority of exposure to contaminants in soil or other media at a given site.  These include: 

 

• Direct (and incidental) ingestion of soil,  

• Dermal contact with soil, 

• Inhalation of volatiles and fugitive dusts from contaminated soil,  

• Migration of chemicals through soil to an underlying potable aquifer or water-bearing 

unit, 

• Ingestion of tap water during domestic use, 

• Dermal contact with tap water during domestic use, 

• Inhalation of volatile organic compounds (VOCs) volatilized from tap water into indoor 

air during domestic use,  

• Inhalation of volatiles in indoor air via the subsurface vapor intrusion pathway, and 

• Ingestion of potentially contaminated beef. 

 

Under some site-specific situations, additional complete exposure pathways may be identified.  

In these cases, a site-specific evaluation of risk is warranted under which additional exposure 

pathways can be considered.  If other land uses and exposure scenarios are determined to be 

more appropriate for a site (e.g., home gardening, recreational land use, hunting, and/or Native 

American land use), the exposure pathways addressed in this document should be modified or 

augmented accordingly or a site-specific risk assessment should be conducted.  Early 

identification of the need for additional information is important because it facilitates 

development of a defensible sampling and analysis strategy. 
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The exposure pathways addressed in this guidance are presented by land-use scenario in Table 1-

1. 

Table 1-1.  Exposure Pathways Evaluated in Soil Screening Guidance 

 

Potential Exposure Pathway Residential Commercial

/Industrial 

Construction 

Direct ingestion of soil    

Dermal contact with soil    

Inhalation of dust and volatiles from soil     

Inhalation of VOCs from vapor intrusion   -- 

Ingestion of tap water  -- -- 

Dermal contact with tap water  -- -- 

Inhalation of VOCs volatilized from tap 

water during domestic use 
 -- -- 

Ingestion of beef  -- -- 

 

1.2.2 Exposure Assumptions 

 

SSLs represent risk-based concentrations in soil derived from equations combining exposure 

assumptions with toxicity criteria following the US EPA’s preferred tiered hierarchy of 

toxicological data.  The models and assumptions used were developed to be consistent with the 

Superfund concept of “reasonable maximum exposure” (US EPA 1989 and 2009).  This is 

intended to provide an upper-bound estimate of chronic exposure by combining both average and 

conservative (i.e., 90th to 95th percentile) values in the calculations.  The default intake and 

duration assumptions presented here are intended to be protective of all potentially exposed 

populations for each land use consideration.  Exposure point concentrations in soil should reflect 

either directly measured or estimated values using fate and transport models.  When assessing 

chronic, long-term exposures, the maximum detected site concentration should be used for an 

initial screen against the SSLs.  A more refined assessment may include use of an estimate of the 

average [95 percent upper confidence level (UCL) of the mean] concentration if sufficient site 

data are available to allow for an accurate estimation of the UCL.  Where the potential for acute 

toxicity may be of concern, estimates based on the maximum exposure may be more appropriate. 

 

The resulting estimate of exposure is then compared with chemical-specific toxicity criteria.  To 

calculate the SSLs, the exposure equations and pathway models are rearranged to back calculate 

an “acceptable level” of a contaminant in soil corresponding to a specific level of target risk or 

hazard. 

 

1.2.3 Target Risk and Hazard  

 

Target risk and hazard levels for human health are risk management-based criteria for 

carcinogenic and noncarcinogenic responses, respectively, to determine: (1) whether site-related 

contamination poses an unacceptable risk to human health and requires corrective action or (2) 

whether implemented corrective action(s) sufficiently protects human health.  If an estimated 

risk or hazard falls within the target range, the risk manager must decide whether or not the site 

E23.17



Risk Assessment Guidance for Investigations and Remediation 

Volume I 

June 2022 

5 

poses an unacceptable risk.  This decision should consider the degree of inherent conservatism or 

level of uncertainty associated with the site-specific estimates of risk and hazard.  An estimated 

risk that exceeds these targets, however, does not necessarily indicate that current conditions are 

not safe or that they present an unacceptable risk.  Rather, a site risk calculation that exceeds a 

target value may simply indicate the need for further evaluation or refinement of the exposure 

model.   

 

For cumulative exposure via the ingestion, inhalation, and dermal pathways, toxicity criteria are 

used to calculate an acceptable level of contamination in soil.  SSLs are based on a carcinogenic 

risk level of one-in-one-hundred thousand (1E-05) and a noncarcinogenic hazard quotient of 1.0.  

A carcinogenic risk level is defined as the incremental probability of an individual developing 

cancer over a lifetime as a result of exposure to a potential carcinogen.  The noncarcinogenic 

hazard quotient assumes that there is a level of exposure below which it is unlikely for even 

sensitive populations to experience adverse health effects.  

 

1.2.4 SSL Model Assumptions 

 

The models used to calculate inhalation exposure and protection of groundwater based on 

potential migration of contaminants in soil are intended to be utilized at an early stage in the site 

investigation process when information regarding the site may be limited.  For this reason, the 

models incorporate a number of simplifying assumptions.  For instance, the models assume an 

infinite contaminant source, i.e., a constant concentration is maintained for the duration of the 

exposure period.  Although this is a highly conservative assumption, finite source models require 

accurate data regarding source size and volume.  Such data are unlikely to be available from 

limited sampling efforts.  The models also assume that contamination is homogeneous 

throughout the source and that no biological or chemical degradation occurs.  Where sufficient 

site-specific data are available, more detailed finite-source models may be used in place of the 

default model assumptions presented in this SSG. 

 

1.3 How to Use the Guidance in Volume I 

 

The intent of this guidance is to streamline the risk assessment process using a step-wise 

approach.  The human health screening level risk assessment should be performed after nature 

and extent of contamination has been fully defined.  The general steps for conducting the human 

health screening risk assessment are: 

 

Step 1: Determine constituents of potential concern (COPCs).  This includes conducting a site 

attribution analysis and elimination of some constituents through comparison of site 

concentrations to background levels.   

 

Step 2: Compare maximum detected site concentrations for COPCs to appropriate SSLs for 

each potential current or future receptor.  Note that a review of Table A-1 is required, as 

a chemical may present both carcinogenic and noncarcinogenic heath toxicity.  

Comparison to both screening levels, if available, is required. 

E23.18



Risk Assessment Guidance for Investigations and Remediation 

Volume I 

June 2022 

6 

• If the resulting Hazard Index (HI) (sum of all hazard quotients, HQs) is less than 

1.0, stop; no additional assessment for noncarcinogens is needed.  Move to Step 

5. 

• If resulting cancer risk (sum of all cancer risks) is less than 1E-05, stop; no 

additional assessment for carcinogens is required.  Move to Step 5. 

 

Note: risks/hazards across all appropriate pathways must be included in the comparison 

to NMED target levels of 1 and 1E-05.  Any risk/hazard from vapor intrusion or other 

site-specific pathway must be added to the summed risk/hazard calculated using the 

SSLs.  The beef ingestion pathway should be addressed in the Uncertainty Section. 

 

Step 3: If Step 2 results in adverse risk/hazard, calculate refined exposure point concentrations 

(EPCs). 

 

Step 4:  Compare EPCs to the appropriate SSLs for each receptor: 

• If the resulting Hazard Index (HI) is less than 1.0, stop; no additional assessment 

for noncarcinogens is needed.  Move to Step 5. 

• If resulting cancer risk is less than 1E-05, stop; no additional assessment for 

carcinogens is required.  Move to Step 5. 

 

Step 5: Compare the site concentrations to the soil-to-groundwater target soil leachate 

concentrations (based on a dilution attenuation factor of 20).  Maximum detected 

concentrations should be applied first, followed by use of a refined EPC and/or site-

specific data, if the initial comparison results in an exceedance of the applicable soil-to-

groundwater target soil leachate concentrations. 

 

Step 6:  Discuss Uncertainties 

 

Step 7: If Step 4 and/or Step 5 results in excess risk/hazard or potential to impact groundwater, 

conduct additional site-specific refinements of the assessment and/or implement 

corrective actions. 

 

Volume II contains guidance for conducting the ecological screening assessment. 

 

2.0 DEVELOPMENT OF PATHWAY SPECIFIC SOIL SCREENING LEVELS  

 

The following sections present the technical basis and limitations used to calculate SSLs, tap 

water screening levels (SLs), and VISLs for residential, commercial/industrial, and construction 

land use scenarios.  The equations used to evaluate inhalation and migration to groundwater 

include a number of easily obtainable site-specific input parameters.  Where site-specific data are 

not available, conservative default values are presented.  The equations used are presented in 

Sections 2.2 through 2.6.  Generic SSLs and tap water screening levels are calculated using these 

default values and are presented in Table A-1 of Appendix A.  Vapor intrusion screening levels 

were calculated for chemicals considered toxic and volatile and are presented in Table A-4. 
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2.1 Human Health Basis 

 

The toxicity criteria used for calculating the SSLs are presented in Table C-1 of Appendix C.  

The selected toxicity values were based on chronic exposure.  The primary sources for the 

human health benchmarks follow the US EPA Superfund programs tiered hierarchy of human 

health toxicity values (US EPA 2003).  Although the US EPA 2003 identified several Tier 3 

sources, a hierarchy among the Tier 3 sources was not assigned by the US EPA.  For the 

calculation of NMED SSLs, the following hierarchy of sources was applied in the order listed, 

and is similar to the hierarchy utilized in the calculation of US EPA’s RSLs (US EPA, 2016a):  

 

1) Integrated Risk Information System (IRIS) (US EPA, 2022) (www.epa.gov/iris),  

 

2) Provisional peer reviewed toxicity values (PPRTVs) (https://www.epa.gov/pprtv),  

 

3) Agency for Toxic Substances and Disease Registry (ATSDR) (http://www.atsdr.cdc.gov/) 

and minimal risk levels (MRLs) (http://www.atsdr.cdc.gov/mrls/index.asp),  

 

4) California EPA’s Office of Environmental and Health Hazard Assessment values 

(CalEPA) (https://dtsc.ca.gov/assessing-risk/), and  

 

5) Health Effects Assessment Summary Tables (HEAST) (US EPA 1997a).   

 

Special assumptions were also applied in determining appropriate toxicological data for certain 

chemicals. 

 

Dioxins/Furans.  Toxicity data for the dioxin and furan congeners were assessed using the 

2005 World Health Organization’s (WHO) toxicity equivalency factors (TEF) (Van den 

berg, et al 2006) and are summarized in Table 2-1.  When screening risk assessments are 

performed for dioxins/furans at a site, the TEFs in Table 2-1 should be applied to the 

analytical results and summed for each sample location; the sum, or toxicity equivalent 

(TEQ) as calculated using Equation 1, should be compared to the NMED SSL for 2,3,7,8-

Tetrachlorodibenzo-p-dioxin (TCDD).   
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Equation 1 

Calculation of Toxicity Equivalents for Dioxin and Furan 

Congeners 

 

𝑇𝐸𝐹𝑖 × 𝐶𝑖 = 𝑇𝐸𝐶𝑖 

 

∑ 𝑇𝐸𝐶𝑖 = 𝑇𝐸𝑄 

 

TEFi Congener-specific toxicity equivalency factor 

(Table 2-1) 

Ci Congener-specific concentration 

TEQ Toxicity Equivalent 

 

Table 2-1. Dioxin and Furan Toxicity Equivalency Factors 

 

Dioxin and Furan Congeners TEF 

Chlorinated dibenzo-p-dioxins  

2,3,7,8-TCDD 1 

1,2,3,7,8-PeCDD 1 

1,2,3,4,7,8-HxCDD 0.1 

1,2,3,6,7,8-HxCDD 0.1 

1,2,3,7,8,9-HxCDD 0.1 

1,2,3,4,6,7,8-HpCDD 0.01 

OCDD 0.0003 

Chlorinated dibenzofurans  

2,3,7,8-TCDF 0.1 

1,2,3,7,8-PeCDF 0.03 

2,3,4,7,8-PeCDF 0.3 

1,2,3,4,7,8-HxCDF 0.1 

1,2,3,6,7,8-HxCDF 0.1 

1,2,3,7,8,9-HxCDF 0.1 

2,3,4,6,7,8-HxCDF 0.1 

1,2,3,4,6,7,8-HpCDF 0.01 

1,2,3,4,7,8,9-HpCDF 0.01 

OCDF 0.0003 

 

Polychlorinated biphenyls (PCBs).  Toxicity data for Aroclors were taken from the IRIS 

database.  Aroclor 1016 is considered low risk; therefore, toxicity values deemed as 

“lowest risk” were applied.  It was assumed that all the other Aroclors are high risk; as 

such, toxicity values deemed as “highest risk” were applied.  

 

Toxicity data for the dioxin-like PCBs were calculated relative to 2,3,7,8-TCDD toxicity. 

TEFs for non-ortho [International Union of Pure and Applied Chemistry (IUPAC) 

numbers 77, 81, 126, and 169)] and mono-ortho congeners (IUPAC numbers 105, 114, 

118, 123, 156, 157, 167, and 189) were assessed using the 2005 WHO TEFs (Van den 

Berg, et al 2006) while TEFs for di-ortho congeners (IUPAC numbers 170 and 180) are 
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taken from Ahlborg, et al, 1993 (see Table 2-2). 

Table 2-2.  PCB TEFs 

IUPAC No. Structure TEF 

77 3,3',4,4'-TetraCB 0.0001 

81 3,4,4',5-TetraCB 0.0003 

105 2,3,3',4,4'-PeCB 0.00003 

114 2,3,4,4',5-PeCB 0.00003 

118 2,3',4,4',5-PeCB 0.00003 

123 2',3,4,4',5-PeCB 0.00003 

126 3,3',4,4',5-PeCB 0.1 

156 2,3,3',4,4',5-HxCB 0.00003 

157 2,3,3',4,4',5'-HxCB 0.00003 

167 2,3',4,4',5,5'-HxCB 0.00003 

169 3,3',4,4',5,5'-HxCB 0.03 

189 2,3,3',4,4',5,5'-HpCB 0.00003 

170 2,2',3,3',4,4',5-HpCB 0.0001 

180 2,2',3,4,4',5,5'-HpCB 0.00001 

Arsenic.  The SFo and RfDo for arsenic were multiplied by a relative bioavailability 

correction factor of 0.6 in the calculation of the SSLs for ingestion of soil.  Relative 

bioavailability accounts for differences in the bioavailability of a contaminant between 

the medium of exposure (soil) and the media associated with the toxicity value.  The 

factor is applied in the derivation of soil ingestion screening levels because the arsenic 

RfD and CSF are derived from drinking water studies (US EPA, 2016a).  The 

bioavailability factor does not apply to dermal exposures to soil, where a dermal 

absorption fraction of 0.03 is used.  

Cadmium.  IRIS provides an oral reference dose (RfD) for both water and food.  For 

deriving the tap water SSL, the RfD for water was applied and for the soil-based SSL, the 

RfD for food was applied. 

Vanadium.  The oral reference dose (RfD) for vanadium was calculated based on the 

RfDo for vanadium pentoxide and factoring out the molecular weight of the oxide ion. 

Lead.  An SSL was not calculated for lead using the equations within this guidance.  

Rather, the US EPA recommended levels for lead, based on blood-lead modeling were 

applied for the residential scenarios (Integrated Exposure Uptake Biokinetic Model, 

IEUBK) and industrial/construction workers (Adult Lead Methodology).  If a site-

specific screening level is needed, note that neither the IEUBK nor the ALM are 

appropriate for acute exposures.  For short-term exposure less than 90 days, periodic 

exposure, or acute exposure, alternative modeling approaches should be applied (USEPA 

2016). 

Total Chromium.  Toxicity data for total chromium were adjusted based on a ratio of 1:6 

(hexavalent chromium to trivalent chromium).  If there is reason to believe that this ratio 
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for total chromium is not representative of site conditions, then valence-specific site 

concentrations and SSLs for trivalent chromium (chromium (III)) and hexavalent 

chromium (chromium (VI)) should be applied.  See Section 5.1 for further information on 

the use of chromium screening levels. 

 

 

Chromium (VI).  The oral cancer slope factor selected for chromium (VI) is based on a 

publication by the New Jersey Department of Environmental Protection (NJDEP) entitled 

Derivation of Ingestion-Based Soil Remediation Criterion for Cr+6 Based on the NTP 

Chronic Bioassay Data for Sodium Dichromate Dihydrate (April 8, 2009).  This 

publication presents cancer potency values derived from a two-year dose-response study 

conducted by the National Toxicology Program (2008).  NJDEP derived an oral cancer 

potency value of 0.5 mg/kg-day for chromium (VI).  See Section 5.1 for further 

information on the use of chromium screening levels. 

 

The inhalation unit risk (IUR) factor for chromium (VI) was derived by multiplying the 

total chromium IUR by seven (7) to account for a chrome speciation ratio of 1:6 

(chromium (VI) to chromium (III)).  See Section 5.1 for further information on the use of 

chromium screening levels. 

 

Xylenes.  Toxicity criteria for xylenes (mixture) from US EPA’s IRIS were used as 

surrogate values for the three isomers of xylenes (o-xylene, m-xylene, and p-xylene) 

based on structural similarity. 

 

Essential Nutrients.  Toxicity for the essential nutrients (calcium, chloride, magnesium, 

phosphorus, potassium, and sodium) was based on dietary guidelines.  See Section 5.2 for 

further information on how the essential nutrient screening levels were developed and 

how to use these levels. 

 

Phenanthrene.  Based on structural similarity, toxicity data for pyrene were used as 

surrogate values for phenanthrene.  

 

Polycyclic aromatic hydrocarbons (PAHs).  Toxicity data for PAHs were calculated by 

applying TEFs relative to benzo(a)pyrene.  The selected TEFs presented in US EPA 

(1993) were applied in the calculation of NMED SSLs and are listed in Table 2-3. 

 

Table 2-3. Polycyclic Aromatic Hydrocarbon Toxicity Equivalency Factors 

 

Polycyclic Aromatic 

Hydrocarbon 

TEF 

Benzo(a)pyrene 1.0 

Benzo(a)anthracene 0.1 

Benzo(b)fluoranthene 0.1 

Benzo(k)fluoranthene 0.01 

Chrysene 0.001 

Dibenz(a,h)anthracene 1.0 

Indeno(1,2,3-cd)pyrene 0.1 
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Perfluorinated Compounds.  Perfluorinated compounds are considered an emerging 

contaminant.  These include perfluorohexane sulfonic acid (PFHxS), perfluorooctane 

sulfonate (PFOS), and perfluorooctanoic acid (PFOA).  Additional discussion of 

perfluorinated compounds and recommendations on assessing them in risk assessments is 

provided in Section 5.3. 

 

2.1.1 Additive Risk 

 

It is important to note that no consideration is provided in the calculation of individual NMED 

SSLs for additive risk when exposures to multiple chemicals occur.  The SSG addresses this 

issue in Section 5.  Because the NMED SSLs for carcinogenic effects correspond to a 1E-05 risk 

level individually, exposure to multiple contaminants may result in a cumulative site risk that is 

above the anticipated risk management range.  While carcinogenic risks of multiple chemicals 

are simply added together, the issue of additive hazard is more complex for noncarcinogens 

because of the theory that a threshold exists for noncarcinogenic effects.  This threshold is 

defined as the level below which adverse effects are not expected to occur and represents the 

basis for the RfD and reference concentration (RfC).  Since adverse effects are not expected to 

occur at the RfD or RfC and the SSLs are derived by setting the potential exposure dose to the 

RfD or RfC, the SSLs do not address the risk of exposure to multiple chemicals at levels where 

the individual chemicals alone would not be expected to cause any adverse effects.  In such 

cases, the SSLs may not provide an accurate indicator for the likelihood of harmful effects.  As a 

first-tier screening approach, noncarcinogenic effects should be considered additive.  If the 

hazard index results in a value above the target level of 1.0, noncarcinogenic effects may be 

evaluated for those chemicals with the same toxic endpoint and/or mechanism of action.  The 

sources provided in Section 2.1 should be consulted to determine the endpoint and/or target 

organ system prior to attempting to evaluate the additive health effects resulting from 

simultaneous exposure to multiple noncarcinogenic contaminants. 

 

2.1.2 Acute Exposures 

 

The exposure assumptions used to develop the SSLs are based on a chronic exposure scenario 

and do not account for situations where high-level exposures may result in acute toxic effects.  

Such situations may arise when contaminant concentrations are very high or may result from 

specific site-related conditions and/or behavioral patterns (e.g., pica behavior in children).  Such 

exposures may be of concern for those contaminants that primarily exhibit acute health effects.  

For example, toxicological information regarding cyanide and phenol indicate that acute effects 

may be of concern for children exhibiting pica behavior.  Pica is typically described as a 

compulsive craving to ingest non-food items (such as clay or paint).  Although it can be 

exhibited by adults as well, it is typically of greatest concern in children because they often 

exhibit behavior (e.g., outdoor play activities and greater hand-to-mouth contact) that results in 

greater exposure to soil than for a typical adult.  In addition, children also have a lower overall 

body weight relative to the predicted intake. 

 

2.1.3 Early-Life Exposures to Carcinogens 
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US EPA’s (2005a) Supplemental Guidance states that early life exposures (i.e., neonatal and 

early life) to certain carcinogens can result in an increase in cancer risk later in life.  US EPA’s 

(2005a) suggests that age-specific factors be applied to the estimated cancer risks.  These factors 

should address four life stages: 1) children under 2 years of age; 2) children aged 2 to 6 years; 3) 

children 6 years to 16 years of age; and 4) children over 16 years of age.  Effects of mutagenicity 

have been incorporated into the SSLs for those contaminants which are considered carcinogenic 

by a mutagenic mode of action. 

 

2.1.4 Direct Ingestion 

 

Exposure to contaminants through incidental ingestion of soil can result from the inadvertent 

consumption of soils adhering to the hands, food items, or objects that are placed into the mouth.  

It can also result from swallowing dust particles that have been inhaled and deposited in the 

mouth.  Commercial/industrial, construction workers, and residential receptors may inadvertently 

ingest soil that adheres to their hands while involved in work- or recreation-related activities.  

Calculation of SSLs for direct ingestion are based on the methodology presented in US EPA’s 

Risk Assessment Guidance for Superfund (RAGS): Volume I - Human Health Evaluation Manual 

(Part B, Development of Risk-Based Preliminary Remediation Goals), Interim (US EPA 1991), 

Soil Screening Guidance: Technical Background Document (US EPA 1996a), and Supplemental 

Guidance for Developing Soil Screening Levels for Superfund Sites (US EPA 2002a).   

 

2.1.5 Dermal Absorption 

 

Exposure to soil contaminants may result from dermal contact with contaminated soil and the 

subsequent absorption of contaminants through the skin.  Contact with soil is most likely to 

occur as a result of digging, gardening, landscaping, or outdoor recreation activities.  Excavation 

activities may also be a potential source of exposure to contaminants, particularly for 

construction workers.  Calculation of the SSLs for dermal contact with soil under the residential 

exposure scenario is based on the methodology presented in US EPA’s Risk Assessment 

Guidance for Superfund: Volume I - Human Health Evaluation Manual (Part B, Development of 

Risk-Based Preliminary Remediation Goals), Interim (1991), and Soil Screening Guidance: 

Technical Background Document (US EPA 1996a).  The suggested default input values used to 

develop the NMED SSLs are consistent with US EPA’s interim RAGS, Part E, Supplemental 

Guidance for Dermal Risk Assessment (US EPA 2004a).    

 

2.1.6 Inhalation  

 

US EPA toxicity data indicate that risks from exposure to some chemicals via the inhalation 

pathway far outweigh the risk via ingestion or dermal contact; therefore, the NMED SSLs have 

been designed to address inhalation of volatiles and fugitive dusts.  To address the soil/sediment-

to-air pathways, the SSL calculations incorporate a volatilization factor (VF) for volatile 

contaminants (See Section 3.1) and a particulate emission factor (PEF) (See Section 3.3) for 

semi-volatile and inorganic contaminants.  The SSLs follow the procedures for evaluating 

inhalation soil, VOCs, and fugitive dust particles presented in US EPA’s Risk Assessment 

Guidance for Superfund: Volume I - Human Health Evaluation Manual (Part F, Supplemental 

Guidance for Inhalation Risk Assessment), Final (US EPA 2009), Risk Assessment Guidance for 

E23.25



Risk Assessment Guidance for Investigations and Remediation 

Volume I 

June 2022 

13 

Superfund: Volume I - Human Health Evaluation Manual (Part B, Development of Risk-Based 

Preliminary Remediation Goals), Interim (US EPA 1991), Soil Screening Guidance: Technical 

Background Document (US EPA 1996a), Human Health Risk Assessment Protocol for 

Hazardous Waste Combustion Facilities (US EPA 2005a), and Supplemental Guidance for 

Developing Soil Screening Levels for Superfund Sites (US EPA 2002a).   

 

VOCs may adhere to soil particles or be present in interstitial air spaces in soil and may 

volatilize into ambient air.  This pathway may be particularly significant if the VOC emissions 

are concentrated in indoor spaces of onsite buildings, or buildings that may be built in the future. 

If volatiles are present in subsurface media (e.g., soil-gas or groundwater), volatilization through 

the vadose zone and into indoor air could occur.  NMED VISLs were calculated to address this 

type of exposure using the methods outlined in Section 2.5.  VOCs are considered those 

chemicals having a Henry’s Law constant greater than 1E-05 atmospheres – cubic meter per 

mole (atm-m3/mole) and a molecular weight less than 200 grams per mole (g/mole). 

 

Inhalation of contaminants via inhalation of fugitive dusts is assessed using a PEF that relates the 

contaminant concentration in soil/sediment with the concentration of respirable particles in the 

air due to fugitive dust emissions.  It is important to note that the PEF used to address residential 

and commercial/industrial exposures evaluates only windborne dust emissions and does not 

consider emissions from traffic or other forms of mechanical disturbance which could lead to a 

greater level of exposure.  The PEF used to address construction worker exposures evaluates 

windborne dust emissions and emissions from vehicle traffic associated with construction 

activities.  Therefore, the fugitive dust pathway should be considered carefully when developing 

the CSM at sites where receptors may be exposed to fugitive dusts by other mechanisms.  The 

development of the PEF for both residential and non-residential land uses is discussed further in 

Section 3.3. 

 

2.1.7 Contaminants of Emerging Concern 

 

Contaminants of emerging concern are those contaminants possibly present in environmental 

media that are suspected to elicit adverse effects to human and ecological receptors, but may or 

may not have established health standards or established analytical methods.  As many agencies, 

including the US EPA, are working to understand the types of effects and levels of concern in 

environmental media, it is important to consider whether emerging contaminants may be present 

at facilities in New Mexico.   

 

For facilities where contaminants of emerging concern are detected in site media, and SSLs are 

available, a quantitative  analysis is required; if SSLs are not available, a qualitative discussion 

of potential exposure and impact on overall risk/hazard must be included in the risk assessment.   

 

2.2 Soil Screening Levels for Residential Land Uses 

 

Residential exposures are assessed based on child and adult receptors.  As discussed below, the 

child forms the basis for evaluation of noncarcinogenic effects incurred under residential 

exposures, while carcinogenic responses are modeled based upon age-adjusted values to account 

for exposures averaged over a lifetime.  Under most circumstances, onsite residential receptors 
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are expected to be the most conservative receptor basis for risk assessment purposes due to the 

assumption that exposure occurs 24 hours (hr) a day, 350 days per year (yr), extending over a 26-

year exposure duration.  Table 2-4 provides a summary of the exposure characteristics and 

parameters associated with a residential land use receptor (US EPA, 2014a and 2017). 

 

 

Table 2-4.  Summary of the Residential Land Use Receptors 

 

Exposure Characteristics • Substantial soil exposure (esp. 

children) 

• High soil ingestion rate (esp. 

children) 

• Significant time spent indoors 

• Long-term exposure 

• Surface and subsurface soil 

exposure [0-10 feet below 

ground surface (bgs)] 

Default Exposure Parameters 

Exposure frequency (days/yr) 350 

Exposure duration (yr) 6 (child) 

20 (adult) 

Soil ingestion rate (mg/day) 200 (child) 

100 (adult) 

Body Weight (kg) 15 (child) 

80 (adult) 

Skin surface area exposed (cm2) 2,690 (child) 

6,032(adult) 

Skin-soil adherence factor 

(mg/cm2) 

0.2 (child) 

0.07 (adult) 

cm2 – square centimeters 

kg - kilograms 

mg – milligrams 

 

2.2.1 Residential Receptors 

 

A residential receptor is assumed to be a long-term receptor occupying a dwelling within the site 

boundaries, and thus, is exposed to contaminants 24 hours per day, and is assumed to live at the 

site for 26 years [representing the 90th percentile of the length of time someone lives in a single 

location (US EPA, 2014a)], remaining onsite for 350 days per year.  Exposure to soil (to depths 

of zero to 10 feet bgs) is expected to occur during home maintenance activities, yard work and 

landscaping, and outdoor play activities.  The SSLs do not take into consideration ingestion of 

homegrown produce/meat/dairy or inhalation of volatiles migrating indoors via vapor intrusion.  

If these pathways are complete, analysis of risks resulting from these additional exposure 

pathways must be determined (refer to Sections 2.5 and 2.6) and added to the risks determined 

using the SSL screen (Equations 55, 56, and 57). 
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Contaminant intake is assumed to occur via three exposure pathways – direct ingestion, dermal 

absorption, and inhalation of volatiles and fugitive dusts.  For the residential scenario, both adult 

and child receptors were evaluated because children often exhibit behavior (e.g., greater hand-to-

mouth contact) that can result in greater exposure to soils than those associated with a typical 

adult.  In addition, children also have a lower overall body weight relative to the predicted 

intake.   

 

Equations 2 and 3 are used to calculate cumulative SSLs for a residential receptor exposed to 

noncarcinogenic and carcinogenic contaminants via all three exposure pathways (ingestion of 

soil, inhalation of soil, and dermal contact with soil).  Default exposure parameters are provided 

for use when site-specific data are not available.   

 

Noncarcinogenic contaminants are evaluated based solely on childhood exposures using 

Equation 2.  By combining the higher contaminant intake rates with the lower relative body 

weight, “childhood only” exposures lead to a lower, or more conservative, risk-based 

concentration compared to an adult-only exposure.  In addition, this approach is considered 

conservative because it combines the higher 6-year exposure for children with chronic toxicity 

criteria.   

 

Unlike noncarcinogens, the duration of exposure to carcinogens is averaged over the lifetime of 

the receptor because of the assumption that cancer may develop even after actual exposure has 

ceased.  As a result, the total dose received is averaged over a lifetime of 70 years.  In addition, 

to be protective of exposures in a residential setting, the carcinogenic exposure parameter values 

are age-adjusted to account for exposures incurred in children (1-6 years of age) and adults (26 

years, 90th percentile for current resident time, US EPA, 2014a).  Carcinogenic exposures are 

age-adjusted to account for the physiological differences between children and adults as well as 

behavioral differences that result in markedly different relative rates of exposure.  Equations 4 

and 5 are used to calculate age-adjusted ingestion, dermal and inhalation factors which account 

for the differences in soil ingestion rate, skin surface area, soil adherence factors, inhalation rate, 

and body weight for children versus adults.  The age-adjusted factors calculated using these 

equations are applied in Equation 3 to develop generic NMED SSLs for carcinogenic effects. 
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Equation 2 

Combined Exposures to Noncarcinogenic Contaminants in Soil,  

Residential Scenario 
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Combined Exposures: 

 

dermalinhoral

res

CCC

SSL
111

1

++

=  

 
Parameter Definition (units) Default 

Coral Contaminant concentration via oral ingestion (mg/kg) Chemical-specific 

Cdermal Contaminant concentration via dermal adsorption 

(mg/kg) 
Chemical-specific 

Cinh Contaminant concentration via inhalation (mg/kg) Chemical-specific 

SSLres Soil screening level, all pathways (mg/kg) Chemical-specific 

THQ Target hazard quotient 1 

BWc Body weight, child (kg) 15 

ATr Averaging time, noncarcinogens (days) EDc x 365 

EFr Exposure frequency, resident (day/yr) 350 

EDc Exposure duration, child (yr) 6 

ETrs Exposure time, resident (hr/day x day/hr) 1 

IRSc Soil ingestion rate, child (mg/day) 200 

RfDo Oral reference dose (mg/kg-day) Chemical-specific 

SAc Dermal surface area, child (cm2/day) 2,690 

AFc Soil adherence factor, child (mg/cm2) 0.2 

GIABS Fraction absorbed in gastrointestinal tract (unitless) Chemical-specific 

ABSd Skin absorption factor (unitless) Chemical-specific 

RfC Inhalation reference concentration (mg/m3) Chemical-specific 

10-6 Unit conversion factor (kg/mg) 10-6 

VFs Volatilization factor for soil (m3/kg) See Equation 46 

PEFw Particulate emission factor (m3/kg) See Equation 49 
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Equation 3 

Combined Exposures to Carcinogenic Contaminants in Soil, 

Residential Scenario 
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Combined Exposures: 

 

dermalinhoral

res

CCC

SSL
111

1

++

=  

 
Parameter Definition (units) Default 

Coral Contaminant concentration via oral ingestion (mg/kg) Chemical-specific 

Cdermal Contaminant concentration via dermal adsorption 

(mg/kg) 
Chemical-specific 

Cinh Contaminant concentration via inhalation (mg/kg) Chemical-specific 

SSLres Soil screening level, all pathways (mg/kg) Chemical-specific 

TR Target cancer risk 1E-05 

ATr Averaging time, carcinogens (days) 25,550 

EFr Exposure frequency, resident (day/yr) 350 

IFSadj Age-adjusted soil ingestion factor (mg/kg)  See Equation 4 

CSFo Oral cancer slope factor (mg/kg-day)-1 Chemical-specific 

DFSadj Age-adjusted dermal factor (mg/kg) See Equation 5 

ABSd Skin absorption factor (unitless) Chemical-specific 

1000 Unit conversion factor (µg/mg) 1000 

IUR Inhalation unit risk (µg/m3)-1 Chemical-specific 

EDr Exposure duration, resident (yr) 26 

ETrs Exposure time, resident (hr/day x day/hr) 1 

10-6 Unit conversion factor (kg/mg) 10-6 

GIABS Fraction absorbed in gastrointestinal tract (unitless) Chemical-specific 

VFs Volatilization factor for soil (m3/kg) See Equation 46 

PEF Particulate emission factor (m3/kg) See Equation 47 
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Equation 4 

Calculation of Age-Adjusted Soil Ingestion Factor 
 

 

𝐼𝐹𝑆𝑎𝑑𝑗 =
𝐸𝐹 × 𝐸𝐷𝑐 × 𝐼𝑅𝑆𝑐

𝐵𝑊𝑐
+

𝐸𝐹 × (𝐸𝐷𝑟 − 𝐸𝐷𝑐) × 𝐼𝑅𝑆𝑎

𝐵𝑊𝑎
 

 

Parameter Definition (units) Default 
IFSadj Age-adjusted soil ingestion factor for carcinogens (mg/kg) 36,750 

EF Exposure frequency (day/yr) 350 

EDc Exposure duration, child (yr) 6 

IRSc Soil ingestion rate, child (mg/day) 200 

BWc Body weight, child (kg) 15 

EDr Exposure duration, resident (yr) 26 

IRSa Soil ingestion rate, adult (mg/day) 100 

BWa Body weight, adult (kg) 80 

 

Equation 5  

Calculation of Age-Adjusted Soil Dermal Factor 
 

𝐷𝐹𝑆𝑎𝑑𝑗 =
𝐸𝐹 × 𝐸𝐷𝑐 × 𝑆𝐴𝑐 × 𝐴𝐹𝑐

𝐵𝑊𝑐
+

𝐸𝐹 × (𝐸𝐷𝑟 − 𝐸𝐷𝑐) × 𝑆𝐴𝑎 × 𝐴𝐹𝑎

𝐵𝑊𝑎
 

 

Parameter Definition (units) Default 
DFSadj Age-adjusted dermal factor for carcinogens (mg /kg) 112,266 

EF Exposure frequency (day/yr) 350 

EDc Exposure duration, child (yr) 6 

AFc Soil adherence factor, child (mg/cm2) 0.2 

SAc Dermal surface area, child (cm2/day) 2,690 

BWc Body weight, child (kg) 15 

EDr Exposure duration, resident (yr) 26 

AFa Soil adherence factor, adult (mg/cm2) 0.07 

SAa Dermal surface area, adult (cm2/day) 6,032 

BWa Body weight, adult (kg) 80 

 

Equations 2 and 3 are appropriate for all chemcials with the exception of vinyl chloride, 

trichloroethylene, and those carcinogens exhibiting mutegenic toxicity.  For vinyl chloride, the 

US EPA IRIS database provides cancer slope factors for both a child and an adult.  The child-

based cancer slope factor takes into consideration potential risks during the developmental stages 

of childhood, and thus, is more protective than the adult cancer slope factor.  The equations used 

to derive the SSLs for vinyl chloride incorporate age adjustments for exposure and are presented 

in Equation 6.  As vinyl chloride does not have an adsorption factor, dermal risks are not 

assessed. 
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Equation 6  

Combined SSL for Vinyl Chloride 

Residential Scenario 
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Combined Exposures: 
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Parameter Definition (units) Default 
Cvc-oral Contaminant concentration (mg/kg) Chemical-specific 

Cvc-inh Contaminant concentration (mg/kg) Chemical-specific 

Cres-vc Combined SSL for vinyl chloride (mg/kg) Chemical-specific 

TR Target cancer risk 1E-05 

BWc Body weight, child (kg) 15 

ATr Averaging time, carcinogens (days) 25,550 

EFr Exposure frequency, resident (day/yr) 350 

IFSadj Age-adjusted soil ingestion factor (mg/kg)  See Equation 4 

CSFo Oral cancer slope factor (mg/kg-day)-1 Chemical-specific 

IRSc Child soil ingestion factor (mg/day) 200 

10-6 Unit conversion factor (kg/mg) 10-6 

IUR Inhalation unit risk (µg/m3)-1 Chemical-specific 

EFr Exposure frequency, resident (day/yr) 350 

ED Exposure duration (yr) 26 

ETrs Exposure time (hr/day x day/hr) 1 

1000 Conversion factor (µg/mg) 1000 

VF Volatilization factor for soil (m3/kg) See Equation 44 

 

Equations 7 through 12 show the derivation of the SSLs for carcinogenic chemicals exhibiting 

mutagenic properties.  Mutagenicity is only assessed for the residential scenario. 
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Equation 7 

SSL for Ingestion of Soil- Mutagens 
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Parameter Definition (units) Default 
Cmu-oral Contaminant concentration (mg/kg) Chemical-specific 

TR Target cancer risk 1E-05 

ATr Averaging time, carcinogens (days) 25,550 

CSFo Oral cancer slope factor (mg/kg-day)-1 Chemical-specific 

IFSMadj Age-adjusted soil ingestion rate, mutagens (mg/kg) See Equation 8 

10-6 Conversion factor (kg/mg) 10-6 

 

 

Equation 8 

Calculation of Age-Adjusted Soil Ingestion Factor, Mutagens 
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Parameter Definition (units) Default 
IFSMadj Age-adjusted soil ingestion factor for mutagens (mg/kg) 166,833 

ED0-2 Exposure duration, child (yr) 2 

ED2-6 Exposure duration, child (yr) 4 

ED6-16 Exposure duration, adult (yr) 10 

ED16-26 Exposure duration, adult (yr) 10 

EFc Exposure frequency, child (days/yr) 350 

EFa Exposure frequency, adult (days/yr) 350 

IRSc Soil ingestion rate, child (mg/day) 200 

IRSa Soil ingestion rate, adult (mg/day) 100 

BWc Body weight, child (kg) 15 

BWa Body weight, adult (kg) 80 
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Equation 9 

SSL for Inhalation of Soil- Mutagens 
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Parameter Definition (units) Default 
Cmu-inh Contaminant concentration (mg/kg) Chemical-specific 

TR Target cancer risk 1E-05 

ATr Averaging time, carcinogens (days) 25,550 

IUR Inhalation Unit Risk (µg/m3)-1 Chemical-specific 

EF Exposure frequency, (day/yr) 350 

ED Exposure duration (yr) 

ED0-2 (yr)  

ED2-6 (yr)  
ED6-16 (yr)  
ED16-26 (yr)  

 

2 

4 

10 

10 

ETrs Exposure time (hr/day x day/hr) 1 

1000 Conversion factor (µg/mg) 1000 

VFs Volatilization factor for soil (m3/kg) See Equation 46 

PEF Particulate emission factor (m3/kg) See Equation 49 

 

Equation 10 

SSL for Dermal Contact with Soil- Mutagens 
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Parameter Definition (units) Default 
Cmu-dermal Contaminant concentration (mg/kg) Chemical-specific 

TR Target cancer risk 1E-05 

ATr Averaging time, carcinogens (days) 25,550 

CSFo Oral cancer slope factor (mg/kg-day)-1 Chemical-specific 

GIABS Fraction absorbed in gastrointestinal tract (unitless) Chemical-specific 

DFSMadj Age-adjusted soil contact factor, mutagens (mg/kg) See Equation 11 

ABSd Skin absorption factor (unitless) Chemical-specific 

10-6 Conversion factor (kg/mg) 10-6 
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Equation 11 

Calculation of Age-Adjusted Soil Contact Factor, Mutagens 
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Parameter Definition (units) Default 
DFSMadj Age-adjusted soil contact factor for mutagens (mg/kg) 475,599 

ED0-2 Exposure duration, child (yr) x EF (350 days/yr)) 700 

ED2-6 Exposure duration, child (yr) x EF (350 days/yr)) 1,400 

ED6-16 Exposure duration, adult (yr) x EF (350 days/yr)) 3,500 

ED16-26 Exposure duration, adult (yr) x EF (350 days/yr)) 3,500 

AFc Soil adherence factor, child (mg/cm2) 0.02 

AFa Soil adherence factor, adult (mg/ cm2) 0.07 

SAc Exposed skin area, child, (cm2/day) 2,690 

SAa Exposed skin area, adult, (cm2/day) 6,032 

BWc Body weight, child (kg) 15 

BWa Body weight, adult (kg) 80 

 

The overall SSL for the residential scenario for mutagens is determined following Equation 12.   

 

Equation 12 

Determination of the Combined SSL 

Mutagens 

 

dermalmuinhmuoralmu

mures

CCC

SSL

−−−

−

++

=
111

1
 

 

 

Parameter Definition (units) Default 
SSLres-mu Cumulative SSL for mutagens (mg/kg) Chemical-specific 

Cmu-oral Concentration from soil ingestion (mg/kg)  See Equation 7 

Cmu-inh Concentration from inhalation (mg/kg)  See Equation 9 

Cmu-dermal Concentration from dermal exposure (mg/kg See Equation 10 

 

For trichloroethylene (TCE), the US EPA IRIS (US EPA, 2016b) database provides data on both 

carcinogenity and mutagenicity.  Mutagenic effects assessed include Non-Hodgkin’s lymphoma 

(NHL), and impact to the liver and kidneys.  The SSL equations for TCE present in Equations 13 

through 18 allow assessment of both cancer and mutagenic effects.   
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Equation 13  

SSL for Ingestion of Soil - Trichloroethylene (TCE) 

Residential Scenario 
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Parameter Definition (units) Default 
CTCE-oral Contaminant concentration, ingestion soil (mg/kg) Chemical-specific 

TR Target cancer risk 1E-05 

AT Averaging time, carcinogens (days) 25,550 

CSFo Oral cancer slope factor (mg/kg-day)-1 Chemical-specific 

10-6 Unit conversion factor (kg/mg) 10-6 

CAFo Adjusted oral cancer slope factor (mg/kg-day)-1  See Equation 14 

IFSadj Age-adjusted soil ingestion factor for carcinogens 

(mg/kg) 

See Equation 7 

MAFo Adjusted oral mutagenic slope factor (mg/kg-day)-1  See Equation 14 

IFSMo Age-adjusted soil ingestion factor for mutagens (mg/kg) See Equation 8 

 

Equation 14  

Adjusted Oral Slope Factors - TCE 

Residential Scenario 

 

𝐶𝐴𝐹𝑜 =
𝐶𝑆𝐹𝑜−𝑁𝐻𝐿+𝐿𝑖𝑣𝑒𝑟

𝐶𝑆𝐹𝑎𝑑𝑢𝑙𝑡
 

 

𝑀𝐴𝐹𝑜 =
𝐶𝑆𝐹𝑜−𝑘𝑖𝑑𝑛𝑒𝑦

𝐶𝑆𝐹𝑎𝑑𝑢𝑙𝑡
 

 

Parameter Definition (units) Default 
CAFo Adjusted oral cancer slope factor  0.804 

CSFadult Oral cancer slope factor (mg/kg-day)-1  0.046 

CSFo-NHL+liver Oral cancer slope factor, NHL (2.16E-02) and Liver 

(1.55E-02), (mg/kg-day)-1  

0.0370 

MAFo Adjusted oral mutagenic slope factor  0.202 

CSFo-kidney Oral cancer slope factor, kidney (mg/kg-day)-1  0.00933 

 

  

E23.36



Risk Assessment Guidance for Investigations and Remediation 

Volume I 

June 2022 

24 

 

Equation 15 

SSL for Inhalation of Soil- TCE 
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Parameter Definition (units) Default 
CTCE-inh Contaminant concentration (mg/kg) Chemical-specific 

TR Target cancer risk 1E-05 

ATr Averaging time, carcinogens (days) 25,550 

IUR Inhalation Unit Risk (µg/m3)-1 Chemical-specific 

EF Exposure frequency, (day/yr) 350 

ED Exposure duration (day) 

ED0-2 (yr)  

ED2-6 (yr)  
ED6-16 (yr)) 

ED16-26 (yr)  

EDr (yr) 

 

2 

4 

10 

10 

26 

ETr Exposure time (hr/day) 1 

1000 Conversion factor (µg/mg) 1000 

1/24 Conversion factor (day/hr) 1/24 

CAFi Adjusted inhalation cancer unit risk (µg/m3)-1 See Equation 16 

MAFi Adjusted inhalation mutagenic unit risk 

(µg/m3)-1 

See Equation 16 

VFs Volatilization factor for soil (m3/kg) See Equation 46 

PEF Particulate emission factor (m3/kg) See Equation 49 
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Equation 16  

Adjusted Inhalation Unit Risks - TCE 

Residential Scenario 

 

𝐶𝐴𝐹𝑖 =
𝐼𝑈𝑅𝑁𝐻𝐿+𝐿𝑖𝑣𝑒𝑟

𝐼𝑈𝑅𝑎𝑑𝑢𝑙𝑡
 

 

𝑀𝐴𝐹𝑖 =
𝐼𝑈𝑅𝑘𝑖𝑑𝑛𝑒𝑦

𝐼𝑈𝑅𝑎𝑑𝑢𝑙𝑡
 

 

Parameter Definition (units) Default 
CAFi Adjusted carcinogenic inhalation unit risk (µg/m3)-1 0.756 

IURadult Inhalation unit risk, (µg/m3)-1  4.1E-06 

IURNHL+liver Inhalation unit risk, NHL (2E-06) and Liver (1E-06), 

(µg/m3)-1   

3.1E-06 

MAFi Adjusted mutagenic inhalation unit risk (µg/m3)-1 0.244 

IURkidney Inhalation unit risk, kidney, (µg/m3)-1  1E-06 

 

Equation 17  

SSL for Dermal Contact with Soil - Trichloroethylene (TCE) 

Residential Scenario 

 

𝐶𝑇𝐶𝐸−𝑑𝑒𝑟 =
𝑇𝑅 × 𝐴𝑇

𝐶𝑆𝐹𝑜
𝐺𝐼𝐴𝐵𝑆 × 10−6 × ((𝐶𝐴𝐹𝑜 × 𝐷𝐹𝑆𝑎𝑑𝑗 × 𝐴𝐵𝑆) + (𝑀𝐴𝐹𝑜 × 𝐷𝐹𝑆𝑀𝑎𝑑𝑗 × 𝐴𝐵𝑆))

 

 

Parameter Definition (units) Default 
CTCE-der Contaminant concentration (mg/kg) Chemical-specific 

TR Target cancer risk 1E-05 

AT Averaging time, carcinogens (days) 25,550 

CSFo Oral cancer slope factor (mg/kg-day)-1 Chemical-specific 

GIABS Fraction of contaminant absorbed in gastrointestinal tract 

(unitless) 
Chemical-specific 

10-6 Unit conversion factor (kg/mg) 1E-06 

CAFo Adjusted oral cancer slope factor (mg/kg-day)-1 See Equation 14 

DFSadj Resident soil dermal contact factor- age-adjusted 

(mg/kg)  

See Equation 5 

ABS Skin absorption factor (unitless) Chemical-specific 

MAFo Oral mutagenic slope factor (mg/kg-day)-1  See Equation 14 

DFSMadj Resident Mutagenic soil dermal contact factor- age-

adjusted (mg/kg)  

See Equation 11 
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Equation 18 

Determination of the Combined SSL 

TCE 
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Parameter Definition (units) Default 
SSLres-TCE Cumulative SSL for mutagens (mg/kg) Chemical-specific 

CTCE-oral Concentration from soil ingestion (mg/kg)  See Equation 13 

CTCE-inh Concentration from inhalation (mg/kg)  See Equation 15 

CTCE-der Concentration from dermal exposure (mg/kg) See Equation 17 

 

2.3 Soil Screening Levels for Non-residential Land Uses 

 

Non-residential land uses encompass all commercial and industrial land uses and focus on two 

very different receptors – a commercial/industrial worker and a construction worker.  Unlike 

those calculated for residential land-uses, NMED SSLs for non-residential land uses are based 

solely on exposures to adults.  Consequently, exposures to carcinogens are not age-adjusted.  

Due to the wide range of activities and exposure levels a non-residential receptor may be 

exposed to during various work-related activities, it is important to ensure that the default 

exposure parameters are representative of site-specific conditions.  Table 2-5 provides a 

summary of the exposure characteristics and parameters for non-residential land use receptors 

(US EPA, 2014a). 

 

Table 2-5.  Summary of Non-Residential Land Use Receptors 

 

Receptor Commercial/Industrial 

Worker 

Construction Worker 

Exposure Characteristics • Substantial soil exposures 

• High soil ingestion rate 

• Long-term exposure 

• Exposure to surface and 

shallow subsurface soils (0-1 

foot bgs) 

• Adult-only exposure 

• Exposed during construction 

activities only 

• Short-term exposure 

• Very high soil ingestion and 

dust inhalation rates 

• Exposure to surface and 

subsurface soils (0-10 feet bgs) 

Default Exposure Parameters 

Exposure frequency (days/yr) 225 250 

Exposure duration (yr) 25 1 

Soil ingestion rate (mg/day) 100 330 

Body Weight (kg) 80 80 

Skin surface area exposed (cm2) 3,470 3,470 

Skin-soil adherence factor (mg/ 

cm2) 

0.12 0.3 
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2.3.1 Commercial/Industrial Worker 

 

The commercial/industrial scenario is considered representative of on-site workers who spend all 

or most of their workday outdoors.  A commercial/industrial worker is assumed to be a long-term 

receptor exposed during the course of a workday as either (1) a full-time employee of a company 

operating on-site who spends most of the workday conducting maintenance or manual labor 

activities outdoors or (2) a worker who is assumed to regularly perform grounds-keeping 

activities as part of his/her daily responsibilities.  Exposure to surface and shallow subsurface 

soils (i.e., at depths of zero to 1 ft bgs) is expected to occur during moderate digging associated 

with routine maintenance and grounds-keeping activities.  A commercial/industrial receptor is 

expected to be the most highly exposed receptor in the outdoor environment under generic or 

day-to-day commercial/industrial conditions.  Thus, the screening levels for this receptor are 

expected to be protective of other reasonably anticipated indoor and outdoor workers at a 

commercial/industrial facility.  However, screening levels developed for the 

commercial/industrial worker may not be protective of a construction worker due to the latter’s 

increased soil contact rate during construction activities.  In addition, the SSLs for the 

commercial/industrial worker do not account for inhalation of volatiles indoors via vapor 

intrusion.   

 

Equations 19 and 20 were used to develop generic SSLs for cumulative exposure to carcinogenic 

and noncarcinogenic contaminants by all exposure pathways.  Default exposure parameters (US 

EPA 2002a and US EPA 2014a) are provided and were used in calculating the NMED SSLs. 
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Equation 19 

Combined Exposures to Carcinogenic Contaminants in Soil 

Commercial/Industrial Scenario 
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Combined Exposures: 
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Parameter Definition (units) Default 
CCI-oral Contaminant concentration via oral ingestion (mg/kg) Chemical-specific 

CCI-dermal Contaminant concentration via dermal adsorption (mg/kg) Chemical-specific 

CCI-inh Contaminant concentration via inhalation (mg/kg) Chemical-specific 

SSLCI Contaminant concentration, all pathways (mg/kg) Chemical-specific 

TR Target Risk 1E-05 

BWCI Body weight, adult (kg) 80 

ATCI Averaging time, carcinogens (days) 25,550 

EFCI Exposure frequency, commercial/industrial (day/yr) 225 

EDCI Exposure duration, commercial/industrial (yr) 25 

IRCI Soil ingestion rate, commercial/industrial (mg/day) 100 

CSFo Oral cancer slope factor (mg/kg-day)-1 Chemical-specific 

SACI Dermal surface area, commercial/industrial (cm2/day) 3,470 

AFCI Soil adherence factor, commercial/industrial (mg/cm2) 0.12 

ABSd Skin absorption factor (unitless) Chemical-specific 

ETCI Exposure time, commercial/industrial (8 hr/per 24 hr) 0.33 

IUR Inhalation unit risk (µg/m3)-1 Chemical-specific 

1000 Unit conversion (µg/mg) 1000 

VFs Volatilization factor for soil (m3/kg) See Equation 46 

PEF Particulate emission factor (m3/kg) See Equation 49 
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Equation 20 

Combined Exposures to Noncarcinogenic Contaminants in Soil 

Commercial/Industrial Scenario 
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Parameter Definition (units) Default 
CCI-oral Contaminant concentration via oral ingestion (mg/kg) Chemical-specific 

CCI-dermal Contaminant concentration via dermal adsorption (mg/kg) Chemical-specific 

CCI-inh Contaminant concentration via inhalation (mg/kg) Chemical-specific 

SSLCI Soil screening level, all pathways (mg/kg) Chemical-specific 

THQ Target hazard quotient 1 

BWa Body weight, adult (kg) 80 

ATCI Averaging time, noncarcinogens (days) ED x 365 

EFCI Exposure frequency, commercial/industrial (day/yr) 225 

EDCI Exposure duration, commercial/industrial (yr) 25 

IRCI Soil ingestion rate, commercial/industrial (mg/day) 100 

10-6 Unit conversion factor (kg/mg) 10-6 

RfDo Oral reference dose (mg/kg-day) Chemical-specific 

SACI Dermal surface area, commercial/industrial (cm2/day) 3,470 

AFCI Soil adherence factor, commercial/industrial (mg/cm2) 0.12 

GIABS Fraction absorbed in gastrointestinal tract (unitless) Chemical-specific 

ABSd Skin absorption factor (unitless) Chemical-specific 

ETCI Exposure time (8 hr/day per 1 day/24 hr) 0.33 

RfC Reference concentration (mg/m3) Chemical-specific 

VFs Volatilization factor for soil (m3/kg) See Equation 46 

PEF Particulate emission factor (m3/kg) See Equation 49 
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2.3.2 Construction Worker 

 

A construction worker is assumed to be a receptor that is exposed to contaminated soil during the 

workday for the duration of a single on-site construction project.  If multiple construction 

projects are anticipated, it is assumed that different workers will be employed for each project.  

The activities for this receptor typically involve substantial exposures to surface and subsurface 

soils (i.e., at depths of zero to 10 feet bgs) during excavation, maintenance, and building 

construction projects (intrusive operations).  A construction worker is assumed to be exposed to 

contaminants via the following pathways: incidental soil ingestion, dermal contact with soil, and 

inhalation of contaminated outdoor air (volatile and particulate emissions).  While a construction 

worker receptor is assumed to have a higher soil ingestion rate than a commercial/industrial 

worker due to the type of activities performed during construction projects, the exposure 

frequency and duration are assumed to be significantly shorter due to the short-term nature of 

construction projects.  However, chronic toxicity information was used when developing 

screening levels for a construction worker receptor.  This approach is significantly more 

conservative than using sub-chronic toxicity data because it combines the higher soil exposures 

for construction workers with chronic toxicity criteria.  Equations 21 and 22 were used to 

develop generic SSLs for cumulative exposure to carcinogenic and noncarcinogenic 

contaminants by all exposure pathways for a construction worker.  Default exposure parameters 

(US EPA 2002a and US EPA 2014a) are provided and were used in calculating the NMED 

SSLs.   
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Equation 21 

Combined Exposures to Carcinogenic Contaminants in Soil 

Construction Worker Scenarios 
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Parameter Definition (units) Default 

CCW-oral Contaminant concentration via oral ingestion (mg/kg) Chemical-specific 

CCW-dermal Contaminant concentration via dermal adsorption (mg/kg) Chemical-specific 

CCW-inh Contaminant concentration via inhalation (mg/kg) Chemical-specific 

SSLCW Contaminant concentration, all pathways (mg/kg) Chemical-specific 

TR Target Risk 1E-05 

BWCW Body weight, adult (kg) 80 

ATCW Averaging time, carcinogens (days) 25,550 

EFCW Exposure frequency, construction worker (day/yr) 250 

EDCW Exposure duration, construction worker (years) 1 

IRCW Soil ingestion rate, construction worker (mg/day) 330 

CSFo Oral cancer slope factor (mg/kg-day)-1 Chemical-specific 

SACW Dermal surface area, construction worker (cm2/day) 3,470 

AFCW Soil adherence factor, construction worker (mg/cm2) 0.3 

ABSd Skin absorption factor (unitless) Chemical-specific 

ETCW Exposure time, construction worker (8 hours/day per 1 

day/24 hours) 

0.33 

IUR Inhalation unit risk (µg/m3)-1 Chemical-specific 

1000 Unit conversion (µg/mg) 1000 

VFcw Volatilization factor for soil, construction worker (m3/kg) See Equation 47 

PEFcw Particulate emission factor, construction worker (m3/kg) See Equation 50 
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Equation 22 

Combined Exposures to Noncarcinogenic Contaminants in Soil 

Construction Worker Scenario 
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Parameter Definition (units) Default 

CCW-oral Contaminant concentration via oral ingestion (mg/kg) Chemical-specific 

CCW-dermal Contaminant concentration via dermal adsorption (mg/kg) Chemical-specific 

CCW-inh Contaminant concentration via inhalation (mg/kg) Chemical-specific 

SSLCW Soil screening level, all pathways (mg/kg) Chemical-specific 

THQ Target hazard quotient 1 

BWcw Body weight, adult (kg) 80 

ATCW Averaging time, noncarcinogens (days) ED x 365 

EFCW Exposure frequency, construction worker (day/yr) 250 

EDCW Exposure duration, construction worker (years) 1 

IRCW Soil ingestion rate, construction worker (mg/day) 330 

10-6 Unit conversion factor (kg/mg) 10-6 

RfDo Oral reference dose (mg/kg-day) Chemical-specific 

SACW Dermal surface area, construction worker (cm2/day) 3,470 

AFCW Soil adherence factor, construction worker (mg/cm2) 0.3 

GIABS Fraction absorbed in gastrointestinal tract (unitless) Chemical-specific 

ABSd Skin absorption factor (unitless) Chemical-specific 

ETCW Exposure time (8 hours/day per 1 day/24 hour) 0.33 

RfC Reference concentration (mg/m3) Chemical-specific 

VFcw Volatilization factor for soil, construction worker (m3/kg) See Equation 47 

PEFcw Particulate emission factor, construction worker (m3/kg) See Equation 50 
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2.4 Tap Water Screening Levels 

 

Exposure to contaminants can occur through the ingestion of and dermal contact with 

domestic/household water and inhalation of volatiles in domestic/household water.  NMED tap 

water screening levels were developed for residential land-use only.  If it is determined that 

commercial/industrial receptors are potentially exposed to contaminated water through ingestion, 

dermal contact, and/or inhalation, these pathways must be evaluated via the methods outlined in 

this document and utilizing appropriate exposure parameters.  The calculations of the NMED tap 

water screening levels for domestic water are based upon the methodology presented in RAGS, 

Part B (US EPA 1991), Part E (US EPA, 2004) and the revised default exposure factors (US 

EPA, 2014a).  The screening levels are based upon ingestion of and dermal contact with 

contaminants in water, and inhalation of volatile contaminants volatilized from water during 

domestic use.  To estimate the exposure dose from dermal contact with tap water, the skin 

permeability coefficient (Kp) and absorbed dose per event (DAevent) were considered, as outlined 

in US EPA’s (2004a) RAGS Part E.  While ingestion and dermal contact were considered for all 

chemicals, inhalation of volatiles from water was considered for those chemicals with a 

minimum Henry’s Law constant of approximately 1E-05 atm-m3/mole and with a maximum 

molecular weight of approximately 200 g/mole.  To address the groundwater-to-air pathways, the 

tap water screening levels incorporate a volatilization factor (K) of 0.5 liters per cubic meter 

(L/m3) for volatile contaminants (US EPA, 1991); this derived value defines the relationship 

between the concentration of a contaminant in household water and the average concentration of 

the volatilized contaminant in air as a result of all uses of household water (i.e., showering, 

laundering, dish washing).  

 

As ingestion, dermal contact, and inhalation rates may be different for children and adults, 

carcinogenic risks were calculated using age-adjusted factors, which were obtained from RAGS, 

Part B (US EPA 1991) and Part E (US EPA, 2004a).  Equations 23 through 29 show how SLs for 

carcinogenic and noncarcinogenic contaminants were developed.  Similar to soil, separate 

equations are used for vinyl chloride (Equations 30 and 31) and carcinogens exhibiting 

mutagenic toxicity (Equations 32-36) such as trichloroethylene. 
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Equation 23 

Combined Exposures to Carcinogenic Contaminants in Tap Water 

Residential Scenario 
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Parameter Definition (units) Default 
Coral Contaminant concentration, ingestion (μg/L) Chemical-specific 

Cderm Contaminant concentration, dermal (µg/L) 

(See Equations 25-27) 

Chemical-Specific 

Cinh Contaminant concentration, inhalation (μg/L) Chemical-specific 

SLtap Tap water screening level (μg/L) Chemical-specific 

TR Target risk 1E-05 

ATc Averaging time, carcinogens (days) 25,550 

EFr Exposure frequency, resident (day/yr) 350 

1000 Unit conversion (µg/mg) 1000 

IFWadj Age-adjusted water ingestion rate, resident (L /kg) (See 

Equation 24) 

328 

CSFo Oral cancer slope factor (mg/kg-day)-1 Chemical-specific 

EDr Exposure duration (yr) 26 

ETrw Exposure time, resident, tap water (24 hr/day per 1day/24 

hr) 

1 

IUR Inhalation unit risk (µg/m3)-1 Chemical-specific 

K Andelman volatilization factor (L/m3) 0.5 
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Equation 24 

Calculation of Age-Adjusted Tap Water Ingestion Factor 
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Parameter Definition (units) Default 
IFWadj Age-adjusted water ingestion factor for carcinogens (L/kg) 328 

EF Exposure frequency (day/yr) 350 

EDc Exposure duration, child (yr) 6 

IRWc Water ingestion rate, child (L/day) 0.78 

BWc Body weight, child (kg) 15 

EDr Exposure duration, resident adult (yr) 26 

EDc Exposure duration, resident child (yr) 6 

IRWa Water ingestion rate, adult (L/day) 2.5 

BWa Body weight, adult (kg) 80 
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Equation 25 

Dermal Exposure to Carcinogenic Contaminants in Tap Water 

Residential Scenario 

 

For inorganic constituents: 

𝐶𝑑𝑒𝑟𝑚 =
𝐷𝐴𝑒𝑣𝑒𝑛𝑡_𝑐𝑎𝑟𝑐 × 1000 (𝑐𝑚3 𝐿⁄ )

𝐾𝑝 × 𝑡𝑒𝑣𝑒𝑛𝑡_𝑎𝑑𝑗
 

For organic constituents: 

 
If tevent_adj  t*, then: 

𝐶𝑑𝑒𝑟𝑚 =
𝐷𝐴𝑒𝑣𝑒𝑛𝑡_𝑐𝑎𝑟𝑐 × 1000 (𝑐𝑚3 𝐿⁄ )

2 × 𝐹𝐴 × 𝐾𝑝 × √
6𝜏𝑒𝑣𝑒𝑛𝑡 × 𝑡𝑒𝑣𝑒𝑛𝑡_𝑎𝑑𝑗

𝜋

 

 

If tevent_adj > t*, then: 

𝐶𝑑𝑒𝑟𝑚 =
𝐷𝐴𝑒𝑣𝑒𝑛𝑡_𝑐𝑎𝑟𝑐 × 1000 (𝑐𝑚3 𝐿⁄ )

𝐹𝐴 × 𝐾𝑝 × [
𝑡𝑒𝑣𝑒𝑛𝑡_𝑎𝑑𝑗

1 + 𝐵
+ 2𝜏𝑒𝑣𝑒𝑛𝑡 (

1 + 3𝐵 + 3𝐵2

(1 + 𝐵)2 )]
 

Where: 

 

𝐷𝐴𝑒𝑣𝑒𝑛𝑡_𝑐𝑎𝑟𝑐 =
𝑇𝑅 × 𝐴𝑇𝑐 × 1000(𝜇𝑔 𝑚𝑔⁄ )

(
𝐶𝑆𝐹𝑜

𝐺𝐼𝐴𝐵𝑆
)   × 𝐷𝐹𝑊𝑎𝑑𝑗

 

 

 

Parameter Definition (units) Default 

Cderm Contaminant concentration, dermal (μg/L) Chemical-specific 

DAevent_carc Absorbed dose per event, carcinogens (mg/cm2-event) Chemical-specific 

Kp Dermal permeability coefficient of compound in water (cm/hr) Chemical-specific 

tevent-adj Age-adjusted dermal exposure time per event, resident (hr/event)  See Equation 26 

t* Time to reach steady state (hr) 2.4 x event 

FA Fraction absorbed water (unitless) Chemical-specific 

event Lag time per event (hr/event) Chemical-specific 

B Ratio of permeability coefficient through the stratum corneum to 

permeability coefficient across the viable epidermis (unitless) 

Chemical-specific 

TR Target risk 1E-05 

ATc Averaging time, resident, carcinogens (days) 25,550 

CSFo Oral cancer slope factor (mg/kg-day)-1 Chemical-specific 

GIABS Fraction absorbed in gastrointestinal tract (unitless) Chemical-specific 

EFr Exposure frequency, resident (day/yr) 350 

DFWadj Age-adjusted dermal exposure factor, water, resident (cm2-event 

/kg)  

See Equation 27 
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Equation 26 

Calculation of Age-adjusted Dermal Exposure Time per Event, Tap Water  

Residential Scenario 

 

𝑡𝑒𝑣𝑒𝑛𝑡_𝑎𝑑𝑗 =
(𝑡𝑒𝑣𝑒𝑛𝑡_𝑐 × 𝐸𝐷𝑐) + (𝑡𝑒𝑣𝑒𝑛𝑡_𝑎 × (𝐸𝐷𝑟 − 𝐸𝐷𝑐))

𝐸𝐷𝑟
  

 

Parameter Definition (units) Default 

tevent_adj Age-adjusted dermal exposure time per event, resident (hr/event) 0.6708 

tevent_c Dermal exposure time per event, child (hr/event) 0.54 

tevent_a Dermal exposure time per event, adult (hr/event) 0.71 

EDc Exposure duration, child (yr) 6 

EDr Exposure duration, resident (yr) 26 

 

 

 

Equation 27 

Calculation of Age-adjusted Dermal Exposure Factor, Tap Water  

Residential Scenario 

 

𝐷𝐹𝑊𝑎𝑑𝑗 = (
𝐸𝐹 × 𝐸𝑉𝑐 × 𝐸𝐷𝑐 × 𝑆𝐴𝑐

𝐵𝑊𝑐

)  + (
𝐸𝐹 × 𝐸𝑉𝑎 × 𝐸𝐷𝑎 × 𝑆𝐴𝑎

𝐵𝑊𝑎

) 

 

Parameter Definition (units) Default 

DFWadj Age-adjusted dermal exposure factor, tap water, resident (cm2-

event /kg) 

2,610,650 

EF Exposure frequency (day/yr) 350 

EVc Event frequency, child (events/day) 1 

EDc Exposure duration, child (yr) 6 

SAc Skin surface area available for water contact, child (cm2) 6,365 

BWc Body weight, child (kg) 15 

EVa Event frequency, adult (events/day) 1 

EDa Exposure duration, adult (yr) 20 

SAa Skin surface area available for water contact, adult (cm2) 19,652 

BWa Body weight, adult (kg) 80 
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Equation 28 

Combined Exposures to Noncarcinogenic Contaminants in Tap Water 

Residential Scenario 
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Parameter Definition (units) Default 
Coral Contaminant concentration, ingestion (μg/L) Chemical-specific 

Cderm Contaminant concentration, dermal (µg/L)  See Equation 29 

Cinh Contaminant concentration, inhalation (μg/L) Chemical-specific 

SLtap Tap water screening level (μg/L) Chemical-specific 

THQ Target hazard quotient 1 

BWc Body weight, child (kg) 15 

ATnc Averaging time, noncarcinogens (days) EDc x 365 

1000 Unit conversion (µg/mg) 1000 

EFr Exposure frequency, resident (day/yr) 350 

EDc Exposure duration, child resident (yr) 6 

IRWa Water ingestion rate, child resident (L/day) 0.78 

RfDo Oral reference dose(mg/kg-day) Chemical-specific 

ETrw Exposure time (24 hr/day per 1day/24 hr) 1 

RfC Reference concentration (mg/m3) Chemical-specific 

K Andelman volatilization factor (L/m3) 0.5 
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Equation 29 

Dermal Exposure to Noncarcinogenic Contaminants in Tap Water 

Residential Scenario 

 
For inorganic constituents: 

𝐶𝑑𝑒𝑟𝑚 =
𝐷𝐴𝑒𝑣𝑒𝑛𝑡_𝑛𝑐 × 1000 (𝑐𝑚3 𝐿⁄ )

𝐾𝑝 × 𝑡𝑒𝑣𝑒𝑛𝑡_𝑐
 

 

For organic constituents: 

 
If tevent_c  t*, then: 

𝐶𝑑𝑒𝑟𝑚 =
𝐷𝐴𝑒𝑣𝑒𝑛𝑡_𝑛𝑐 × 1000 (𝑐𝑚3 𝐿⁄ )

2 × 𝐹𝐴 × 𝐾𝑝 × √
6𝜏𝑒𝑣𝑒𝑛𝑡 × 𝑡𝑒𝑣𝑒𝑛𝑡_𝑐

𝜋

 

 

If tevent_c > t*, then: 

𝐶𝑑𝑒𝑟𝑚 =
𝐷𝐴𝑒𝑣𝑒𝑛𝑡_𝑛𝑐 × 1000 (𝑐𝑚3 𝐿⁄ )

𝐹𝐴 × 𝐾𝑝 × [
𝑡𝑒𝑣𝑒𝑛𝑡_𝑐

1 + 𝐵
+ 2𝜏𝑒𝑣𝑒𝑛𝑡 (

1 + 3𝐵 + 3𝐵2

(1 + 𝐵)2 )]
 

Where: 

 

𝐷𝐴𝑒𝑣𝑒𝑛𝑡_𝑛𝑐 =
𝑇𝐻𝑄 × 𝐴𝑇𝑛𝑐 × 1000(𝜇𝑔 𝑚𝑔⁄ ) × 𝐵𝑊𝑐

(
1

𝑅𝑓𝐷𝑜 × 𝐺𝐼𝐴𝐵𝑆
) × 𝐸𝑉𝑐 × 𝐸𝐷𝑐 × 𝐸𝐹𝑟 × 𝑆𝐴𝑐

 

 

 

Parameter Definition (units) Default 

Cderm Contaminant concentration, dermal (μg/L) Chemical-specific 

DAevent_nc Absorbed dose per event, noncarcinogens (µg/cm2-event) Chemical-specific 

Kp Dermal permeability coefficient of compound in water (cm/hr) Chemical-specific 
tevent_c Dermal exposure time per event, child (hr/event)  1 

t* Time to reach steady state (hr) 2.4 x event 

FA Fraction absorbed water (unitless) Chemical-specific 

event Lag time per event (hr/event) Chemical-specific 

B Ratio of permeability coefficient through the stratum corneum to 

permeability coefficient across the viable epidermis (unitless) 

Chemical-specific 

THQ Target hazard quotient 1 

ATnc Averaging time, resident, noncarcinogens (days) 365 x EDc 

BWc Body weight, child (kg) 15 

GIABS Fraction absorbed in gastrointestinal tract (unitless) Chemical-specific 

RfDo Oral reference dose (mg/kg-day) Chemical-specific 

EVc Event frequency, child (events/day) 1 

EDc Exposure duration, child (yr) 6 

EFr Exposure frequency, resident (day/yr) 350 

SAc Skin surface area available for contact, child (cm2) 6,365 
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Equation 30 

Combined Carcinogenic Exposures to Vinyl Chloride in Tap Water 

Residential Scenario 
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Parameter Definition (units) Default 
Coral Contaminant concentration, ingestion (μg/L) Chemical-specific 

Cderm Contaminant concentration, dermal (µg/L)  See Equation 31 

Cinh Contaminant concentration, inhalation (μg/L) Chemical-specific 

SLtap Tap water screening level (μg/L) Chemical-specific 

TR Target risk 1E-05 

AT Averaging time, carcinogens (days) 25,550 

EFr Exposure frequency, resident (day/yr) 350 

0.001 Unit conversion (mg/µg) 0.001 

IFWadj Age-adjusted water ingestion rate, resident (L/kg)  See Equation 24 

IRWc Child water ingestion rate, resident (L/day)  1 

CSFo Oral cancer slope factor (mg/kg-day)-1 Chemical-specific 

EDr Exposure duration (yr) 26 

ETrw Exposure time (24 hours/day per 1day/24 hr) 1 

IUR Inhalation unit risk (µg/m3)-1 Chemical-specific 

K Andelman volatilization factor (L/m3) 0.5 
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Equation 31 

Carcinogenic Dermal Exposure to Vinyl Chloride in Tap Water 

 Residential Scenario  

 

 
If tevent_adj  t*, then: 

𝐶𝑑𝑒𝑟𝑚 =
𝐷𝐴𝑒𝑣𝑒𝑛𝑡_𝑣𝑐 × 1000 (𝑐𝑚3 𝐿⁄ )

2 × 𝐹𝐴 × 𝐾𝑝 × √
6𝜏𝑒𝑣𝑒𝑛𝑡 × 𝑡𝑒𝑣𝑒𝑛𝑡_𝑎𝑑𝑗

𝜋

 

 

If tevent_adj > t*, then: 

𝐶𝑑𝑒𝑟𝑚 =
𝐷𝐴𝑒𝑣𝑒𝑛𝑡_𝑣𝑐 × 1000 (𝑐𝑚3 𝐿⁄ )

𝐹𝐴 × 𝐾𝑝 × [
𝑡𝑒𝑣𝑒𝑛𝑡_𝑎𝑑𝑗

1 + 𝐵
+ 2𝜏𝑒𝑣𝑒𝑛𝑡 (

1 + 3𝐵 + 3𝐵2

(1 + 𝐵)2 )]
 

 

Where: 

 

𝐷𝐴𝑒𝑣𝑒𝑛𝑡_𝑣𝑐 =
𝑇𝑅

[
(

𝐶𝑆𝐹𝑜

𝐺𝐼𝐴𝐵𝑆
) × 𝐷𝐹𝑊𝑎𝑑𝑗

𝐴𝑇𝑟 × 1000
𝜇𝑔
𝑚𝑔

] + [
(

𝐶𝑆𝐹𝑜

𝐺𝐼𝐴𝐵𝑆
) × 𝐸𝑉𝑐 × 𝑆𝐴𝑐

𝐵𝑊𝑐 × 1000
𝜇𝑔
𝑚𝑔

]

 

 

 

Parameter Definition (units) Default 

tevent_adj Age-adjusted dermal exposure time per event, resident (hr/event)  See Equation 26 

t* Time to reach steady state (hr) 2.4 x event 

event Lag time per event (hr/event) Chemical-specific 

Cderm Contaminant concentration, dermal (μg/L) Chemical-specific 

DAevent_vc Absorbed dose per event, vinyl chloride (µg/cm2-event) Chemical-specific 

FA Fraction absorbed water (unitless) Chemical-specific 

Kp Dermal permeability coefficient of compound in water (cm/hr) Chemical-specific 

B Ratio of permeability coefficient through the stratum corneum to 

permeability coefficient across the viable epidermis (unitless) 

Chemical-specific 

TR Target risk 1E-05 

ATr Averaging time, resident, carcinogens (days) 25,550 

EFr Exposure frequency, resident (day/yr) 350 

CSFo Oral cancer slope factor (mg/kg-day)-1 Chemical-specific 

GIABS Fraction absorbed in gastrointestinal tract (unitless) Chemical-specific 

DFWadj Age-adjusted dermal exposure factor, tap water, resident (cm2-

event /kg)  

See Equation 27 

EVc Event duration, child (events/day) 1 

SAc Skin surface area available for contact, child (cm2) 6,365 

BWc Body weight, child (kg) 15 
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Equation 32 

Combined Exposures to Mutagenic Contaminants in Tap Water  

Residential Exposure 

 

adjo

r
oralmu

IFWMCSF

ATTR
C




=−

1000
 

 

𝐶𝑚𝑢−𝑑𝑒𝑟𝑚 = 𝑆𝑒𝑒 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛𝑠 27 − 29 

 

( ) ( ) ( ) ( ) ( ) 13310 26161666220 +++


=

−−−−

−
IUREDIUREDIUREDIUREDKETEF

ATTR
C

rsr

r
inhmu

 

 

 

Combined Exposures: 

 

dermmuinhmuoralmu

mutap

CCC

SL

−−−

−

++

=
111

1
 

 

Parameter Definition (units) Default 
Cmu-oral Contaminant concentration, ingestion (μg/L) Chemical-specific 

Cmu-derm Contaminant concentration, dermal (µg/L) See Equations 34-36 

Cmu-inh Contaminant concentration, inhalation (μg/L) Chemical-specific 

SLtap-mu Tap water screening level (μg/L) Chemical-specific 

TR Target cancer risk 1E-05 

ATr Averaging time, carcinogens (days) 25,550 

CSFo Oral cancer slope factor (mg/kg-day)-1 Chemical-specific 

EFr Exposure frequency, resident (day/yr) 350 

ETrw Exposure time (24 hr/day per 1day/24 hr) 1 

K Andelman volatilization factor (L/m3) 0.5 

IFWMadj Age-adjusted water ingestion rate, mutagens (L/kg)  See Equation 33 

1000 Conversion factor (μg/mg) 1000 

ED0-2 Exposure duration, child (yr) 2 

ED2-6 Exposure duration, child (yr) 4 

ED6-16 Exposure duration, adult (yr) 10 

ED16-26 Exposure duration, adult (yr) 10 

IUR Inhalation unit risk (μg/m3)-1 Chemical-specific 
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Equation 33 

Calculation of Age-Adjusted Tap Water Ingestion Factor, Mutagens 

 

a

a

a

a

c

c

c

c
adj

BW

IRWEDEF

BW

IRWEDEF

BW

IRWEDEF

BW

IRWEDEF
IFWM

13310 26161666220 
+


+


+


= −−−−  

 

Parameter Definition (units) Default 
IFWMadj Age-adjusted water ingestion factor for mutagens (L/kg) 1,019.9 

ED0-2 Exposure duration, child (yr)  2 

ED2-6 Exposure duration, child (yr)  4 

ED6-16 Exposure duration, adult (yr)  10 

ED16-26 Exposure duration, adult (yr)  10 

EF Exposure frequency (days/yr) 350 

IRWc Water ingestion rate, child (L/day) 0.78 

IRWa Water ingestion rate, adult (L/day) 2.5 

BWc Body weight, child (kg) 15 

BWa Body weight, adult (kg) 80 
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Equation 34 

Dermal Exposure to Mutagenic Contaminants in Tap Water 

Residential Scenario 

 
For inorganic constituents: 

𝐶𝑚𝑢−𝑑𝑒𝑟𝑚 =
𝐷𝐴𝑒𝑣𝑒𝑛𝑡_𝑚𝑢 × 1000 (𝑐𝑚3 𝐿⁄ )

𝐾𝑝 × 𝑡𝑒𝑣𝑒𝑛𝑡_𝑚𝑢_𝑎𝑑𝑗
 

For organic constituents: 

 
If tevent_mu_adj  t*, then: 

𝐶𝑚𝑢−𝑑𝑒𝑟𝑚 =
𝐷𝐴𝑒𝑣𝑒𝑛𝑡_𝑚𝑢 × 1000 (𝑐𝑚3 𝐿⁄ )

2 × 𝐹𝐴 × 𝐾𝑝 × √
6𝜏𝑒𝑣𝑒𝑛𝑡 × 𝑡𝑒𝑣𝑒𝑛𝑡_𝑚𝑢_𝑎𝑑𝑗

𝜋

 

 

If tevent_mu_adj > t*, then: 

𝐶𝑚𝑢−𝑑𝑒𝑟𝑚 =
𝐷𝐴𝑒𝑣𝑒𝑛𝑡_𝑚𝑢 × 1000 (𝑐𝑚3 𝐿⁄ )

𝐹𝐴 × 𝐾𝑝 × [
𝑡𝑒𝑣𝑒𝑛𝑡_𝑚𝑢_𝑎𝑑𝑗

1 + 𝐵
+ 2𝜏𝑒𝑣𝑒𝑛𝑡 (

1 + 3𝐵 + 3𝐵2

(1 + 𝐵)2 )]
 

Where: 

 

𝐷𝐴𝑒𝑣𝑒𝑛𝑡_𝑚𝑢 =
𝑇𝑅 × 𝐴𝑇𝑟 × 1000(𝜇𝑔 𝑚𝑔⁄ )

(
𝐶𝑆𝐹𝑜

𝐺𝐼𝐴𝐵𝑆
)  × 𝐷𝐹𝑊𝑚𝑢_𝑎𝑑𝑗

 

 

 

Parameter Definition (units) Default 

Cmu-derm Contaminant concentration, mutagens, dermal (μg/L) Chemical-specific 

DAevent_mu Absorbed dose per event, mutagens (µg/cm2-event) Chemical-specific 

Kp Dermal permeability coefficient of compound in water (cm/hr) Chemical-specific 

tevent-mu_adj Age-adjusted dermal exposure time per event, mutagens, resident 

(hr/event)  

See Equation 35 

t* Time to reach steady state (hr) 2.4 x event 

FA Fraction absorbed water (unitless) Chemical-specific 

event Lag time per event (hr/event) Chemical-specific 

B Ratio of permeability coefficient through the stratum corneum to 

permeability coefficient across the viable epidermis (unitless) 

Chemical-specific 

TR Target risk 1E-05 

ATr Averaging time, resident, carcinogens (days) 25,550 

CSFo Oral cancer slope factor (mg/kg-day)-1 Chemical-specific 

GIABS Fraction absorbed in gastrointestinal tract (unitless) Chemical-specific 

EFr Exposure frequency, resident (day/yr) 350 

DFWmu_adj Age-adjusted dermal tap water exposure factor, mutagens, resident 

(cm2-event /kg)  

See Equation 36 
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Equation 35 

Calculation of Age-Adjusted Tap Water Dermal Exposure Time per Event, Mutagens 

Residential Scenario 

 

𝑡𝑒𝑣𝑒𝑛𝑡_𝑚𝑢_𝑎𝑑𝑗 =
 𝑡𝑒𝑣𝑒𝑛𝑡0−2

× 𝐸𝐷0−2 + 𝑡𝑒𝑣𝑒𝑛𝑡2−6
× 𝐸𝐷2−6 + 𝑡𝑒𝑣𝑒𝑛𝑡6−16

× 𝐸𝐷6−16 + 𝑡𝑒𝑣𝑒𝑛𝑡16−26
× 𝐸𝐷16−26

𝐸𝐷0−2 + 𝐸𝐷2−6 + 𝐸𝐷6−16 + 𝐸𝐷16−26

 

 

Parameter Definition (units) Default 
tevent_mu_adj Age-adjusted dermal exposure time per event, mutagens, tap 

water, resident (hr/event) 

0.671 

tevent_0-2 Dermal exposure time per event, tap water, resident 0-2 

years (hr/event) 

0.54 

ED0-2 Exposure duration, resident 0-2 years (yr) 2 

tevent_2-6 Dermal exposure time per event, tap water, resident 2-6 

years (hr/event) 

0.54 

ED2-6 Exposure duration, resident 2-6 years (yr) 4 

tevent_6-16 Dermal exposure time per event, tap water, resident 6-16 

years (hr/event) 

0.71 

ED6-16 Exposure duration, resident 6-16 years (yr) 10 

tevent_16-26 Dermal exposure time per event, tap water, resident 16-26 

years (hr/event) 

0.71 

ED16-26 Exposure duration, resident 16-26 years (yr) 10 

 

 

Equation 36 

Calculation of Age-Adjusted Tap Water Dermal Exposure Factor, Mutagens 

 

𝐷𝐹𝑊𝑚𝑢_𝑎𝑑𝑗 = [
𝐸𝐹×𝐸𝑉0−2×𝐸𝐷0−2×𝑆𝐴𝑐×10

𝐵𝑊𝑐
] + [

𝐸𝐹×𝐸𝑉2−6×𝐸𝐷2−6×𝑆𝐴𝑐×3

𝐵𝑊𝑐
] + [

𝐸𝐹×𝐸𝑉6−16×𝐸𝐷6−16×𝑆𝐴𝑎×3

𝐵𝑊𝑎
] +

[
𝐸𝐹×𝐸𝑉16−30×𝐸𝐷16−26×𝑆𝐴𝑎×1

𝐵𝑊𝑎
]  

 

Parameter Definition (units) Default 
DFWmu_adj Age-adjusted tap water dermal exposure factor, mutagens, 

resident (cm2-event /kg) 

8,191,633 

EV0-2 Event frequency, resident 0-2 years (events/day) 1 

ED0-2 Exposure duration, resident 0-2 years (yr) 2 

SAc Skin surface area available for contact, child (cm2) 6,365 

EV2-6 Event frequency, resident 2-6 years (events/day) 1 

ED2-6 Exposure duration, resident 2-6 years (yr) 4 

EV6-16 Event frequency, resident 6-16 years (events/day) 1 

ED6-16 Exposure duration, resident 6-16 years (yr) 10 

EF Event frequency (days/yr) 350 

SAa Skin surface area available for contact, adult (cm2) 19,652 

EV16-26 Event frequency, resident 16-26 yr (events/day) 1 

ED16-26 Exposure duration, resident 16-26 (yr) 10 

BWc Body weight, child (kg) 15 

BWa Body weight, adult (kg) 80 
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Equation 37 

Combined Exposures to TCE in Tap Water  

Residential Exposure 

 

( ) ( )( )adjoadjoo

r
oralTCE

IFWMMAFIFWCAFCSF

ATTR
C

+


=−

1000
 

 

𝐶𝑇𝐶𝐸−𝑑𝑒𝑟𝑚 = 𝑆𝑒𝑒 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 37 

 

( ) ( ) AgeTermsCAFEDEFIURKET

ATTR
C

irsrrs

r

inhTCE
+


=−

 

 

𝐴𝑔𝑒 𝑇𝑒𝑟𝑚𝑠

= (( ( ) ( ) ( ) ( ) 13310 26161666220 +++ −−−− iriririr MAFEFEDMAFEFEDMAFEFEDMAFEFED )) 

 

Combined Exposures: 

 

dermTCEinhTCEoralTCE

TCEtap

CCC

SL

−−−

−

++

=
111

1
 

 

Parameter Definition (units) Default 
CTCE-oral Contaminant concentration, ingestion (μg/L) Chemical-specific 

CTCE-derm Contaminant concentration, dermal (µg/L) (See 

Equations 38-40) 

Chemical-specific 

CTCE-inh Contaminant concentration, inhalation (μg/L) Chemical-specific 

SLtap-TCE Tap water screening level (μg/L) Chemical-specific 

TR Target cancer risk 1E-05 

ATr Averaging time, carcinogens (days) 25,550 

CSFo Oral cancer slope factor (mg/kg-day)-1 Chemical-specific 

CAFo Adjusted oral cancer slope factor (µg/m3)-1 See Equation 14 

IFWadj Age-adjusted ingestion oral ingestion factor (L/kg) See Equation 24 

MAFo Age-adjusted mutagenic slope factor (µg/m3)-1 See Equation 14 

IFWMadj Age-adjusted water ingestion rate, mutagens (L/kg)  See Equation 33 

EFr Exposure frequency, resident (day/yr) 350 

ETrw Exposure time (24 hr/day per 1day/24 hr) 1 

K Andelman volatilization factor (L/m3) 0.5 

IUR Inhalation unit risk (μg/m3)-1 Chemical-specific 

CAFi Adjusted inhalation cancer unit risk (µg/m3)-1 See Equation 16 

MAFi Adjusted inhalation mutagenic unit risk (µg/m3)-1 See Equation 16 

1000 Conversion factor (μg/mg) 1000 

ED0-2 Exposure duration, child (yr) 2 

ED2-6 Exposure duration, child (yr) 4 

ED6-16 Exposure duration, adult (yr) 10 

ED16-26 Exposure duration, adult (yr) 10 
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Equation 38 

Dermal Exposure to TCE in Tap Water 

Residential Scenario 

 
If tevent _adj  t*, then: 

𝐶𝑇𝐶𝐸−𝑑𝑒𝑟𝑚 =
𝐷𝐴𝑒𝑣𝑒𝑛𝑡_𝑇𝐶𝐸 × 1000 (𝑐𝑚3 𝐿⁄ )

2 × 𝐹𝐴 × 𝐾𝑝 × √
6𝜏𝑒𝑣𝑒𝑛𝑡 × 𝑡𝑒𝑣𝑒𝑛𝑡_𝑚𝑢_𝑎𝑑𝑗

𝜋

 

 

If tevent_adj > t*, then: 

𝐶𝑇𝐶𝐸−𝑑𝑒𝑟𝑚 =
𝐷𝐴𝑒𝑣𝑒𝑛𝑡_𝑇𝐶𝐸 × 1000 (𝑐𝑚3 𝐿⁄ )

𝐹𝐴 × 𝐾𝑝 × [
𝑡𝑒𝑣𝑒𝑛𝑡_𝑚𝑢_𝑎𝑑𝑗

1 + 𝐵
+ 2𝜏𝑒𝑣𝑒𝑛𝑡 (

1 + 3𝐵 + 3𝐵2

(1 + 𝐵)2 )]
 

Where: 

 

𝐷𝐴𝑒𝑣𝑒𝑛𝑡_𝑇𝐶𝐸 =
𝑇𝑅 × 𝐴𝑇𝑟 × 1000(𝜇𝑔 𝑚𝑔⁄ )

(
𝐶𝑆𝐹𝑜

𝐺𝐼𝐴𝐵𝑆
)  × ((𝐶𝐴𝐹𝑜 × 𝐷𝐹𝑊𝑎𝑑𝑗) + (𝑀𝐴𝐹𝑜 × 𝐷𝐹𝑊𝑀𝑎𝑑𝑗))

 

 

 

Parameter Definition (units) Default 

Cmu-derm Contaminant concentration, mutagens, dermal (μg/L) Chemical-specific 

DAevent_mu Absorbed dose per event, mutagens (µg/cm2-event) Chemical-specific 

Kp Dermal permeability coefficient of compound in water (cm/hr) Chemical-specific 

tevent _adj Age-adjusted dermal exposure time per event, resident (hr/event)  See Equation 26 

t* Time to reach steady state (hr) 2.4 x event 

tevent _mu_adj Age-adjusted dermal exposure time per event, mutagens, resident 

(hr/event)  

See Equation 35 

FA Fraction absorbed water (unitless) Chemical-specific 

event Lag time per event (hr/event) Chemical-specific 

B Ratio of permeability coefficient through the stratum corneum to 

permeability coefficient across the viable epidermis (unitless) 

Chemical-specific 

TR Target risk 1E-05 

ATr Averaging time, resident, carcinogens (days) 25,550 

CSFo Oral cancer slope factor (mg/kg-day)-1 Chemical-specific 

GIABS Fraction absorbed in gastrointestinal tract (unitless) Chemical-specific 

CAFo Adjusted oral cancer slope factor See Equation 14 

MAFo Adjusted oral mutagenic slope factor See Equation 14 

DFWadj Age-adjusted dermal tap water exposure factor, resident (cm2-event 

/kg)  

See Equation 27  

DFWMadj Age-adjusted dermal tap water exposure factor, mutagens, resident 

(cm2-event /kg)  

See Equation 36 

 

2.5 Vapor Intrusion Screening Levels 

 

Residential receptors and commercial/industrial workers could be exposed to volatile compounds 

vaporized from subsurface media (soil gas and/or groundwater) through pore spaces in the 

vadose zone and building foundations (or slabs) into indoor air.  Per US EPA guidance (US EPA, 

2002c), this pathway must be evaluated if: 1) there are vapor-forming compounds present in 
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subsurface media that are sufficiently volatile and toxic, and 2) there are existing or planned 

buildings where exposure could occur.  A chemical is considered to be sufficiently volatile if its 

Henry’s law constant is 1 x 10-5 atm-m3/mole or greater and its molecular weight is 

approximately 200 g/mole or less.  A chemical is considered to be sufficiently toxic if the vapor 

concentration of the pure component poses an incremental lifetime cancer risk greater than 1E-

05 or the noncancer hazard index is greater than 1.0.  VISLs were calculated for chemicals which 

are sufficiently volatile and toxic for evaluation of the vapor intrusion pathway following the 

guidance in the VISL User’s Guide (US EPA, 2014b), USEPA RSL Guidance (2022), and 

NMED-specific input parameters and are summarized in Table A-4.  The list of chemicals 

included in Table A-4 is not comprehensive of all potential volatile and toxic compounds that 

may be present in site media.  If volatile and toxic constituents are detected in site media and are 

not listed in Table A-4, VISLs should be calculated following the methodologies herein and risks 

addressed. 

  

The US EPA (2002c) vapor intrusion guidance does not support the use of bulk soil data for 

evaluation of the vapor intrusion pathway; active soil gas and/or groundwater data must be used 

as appropriate.  As such, VISLs are neither available nor recommended for soil.  It is noted; 

however, that bulk soil data can be used in a qualitative sense to determine delineation of a vapor 

source or in determining if soil has been impacted and additional evaluation (e.g., soil gas) is 

needed.  Conversely, it must not be assumed that non-detect results of volatile compounds in soil 

equates to an absence of a vapor source.  

 

The NMED VISLs should be used as a first-tier screening assessment.  However, if site 

concentrations exceed the VISLs, it is recommended that the assumptions underlying the NMED 

VISL calculations be reviewed and a determination made as to whether they are applicable at 

each site.  Site-specific factors may result in unattenuated or enhanced transport of vapors 

towards a receptor, and consequently are likely to render the VISLs target subsurface 

concentrations overly or underly conservative.   

 

Application of the VISLs is appropriate as a first-tier screening assessment for all sites except 

those where the following conditions apply.  If any of the below are applicable to a site, a site-

specific evaluation must be conducted:  

 

• Very shallow groundwater sources [e.g., depth to water is less than five (5) ft below 

foundation level];  

• Shallow soil contamination resulting in vapor sources (e.g., VOCs are found at 

significant levels within 10 ft of the base of the foundation); 

• Buildings with significant openings to the subsurface (e.g., sumps, unlined crawlspaces, 

earthen floors) or significant preferential pathways, either naturally occurring or 

anthropogenic (not including typical utility perforations present in most buildings); 

• Vapor sources originating in landfills where methane is generated in sufficient quantities 

to induce advective transport into the vadose zone; 

• Vapor sources originating in commercial or industrial settings where vapor-forming 

chemicals can be released within an enclosed space and the vapor density of a chemical 
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may result in significant advective transport of the vapors downward through cracks and 

openings in floors and into the vadose zone; and/or 

• Leaking vapors from gas transmission lines. 

 

It is emphasized that the NMED VISLs are not meant to be used as action standards or cleanup 

levels.  Rather, they should be used as a tool to estimate potential cumulative risks and/or 

hazards from exposure to volatile and toxic chemicals at a site where the underlying assumptions 

are deemed appropriate and if further evaluation is required (See Section 2.5.2, Evaluation of the 

Vapor Intrusion Pathway and Section 6.4, TPH VISLs).  

 

2.5.1 Calculation of Vapor Intrusion Screening Levels 

 

NMED VISLs were calculated per US EPA (2002c, 2009, 2015c, 2015d, and 2022) methods and 

guidance.  A risk-based target indoor air concentration was used as a basis for back-calculating 

an allowable amount of a contaminant in soil-gas and/or groundwater assuming a certain amount 

of attenuation and dilution through the vadose zone and into the building.   

 

Attenuation is the reduction in concentrations that occurs through migration in the subsurface 

combined with the dilution that occurs when vapor enters a building and mix with indoor air.  

The attenuation factor is expressed as the ratio of concentrations of chemicals in indoor air to the 

concentrations in subsurface vapor.  Although attenuation factors are site specific and can vary 

depending on several variables (e.g., soil type, depth of contamination, building characteristics 

and indoor air exchange rates), NMED VISLs were calculated utilizing US EPA default 

attenuation factors which are based on conservative assumptions and empirical data.  As 

recommended by US EPA (2015a), a default attenuation factor of 0.03 was applied to establish 

soil-gas VISLs, and a default attenuation factor of 0.001 was applied in establishing groundwater 

VISLs.  The Johnson and Ettinger model is not an appropriate tool to use to derive site-specific 

attenuation factors. 

 

Soil-gas VISLs were calculated by dividing the risk-based target indoor air concentration by the 

default attenuation factor, as shown in Equation 39.  Equation 40 also shows that groundwater 

VISLs were calculated by dividing the risk-based target indoor air concentration by the default 

attenuation factor and converting the vapor phase concentration to a groundwater concentration 

utilizing a conversion factor and Henry’s Law Constants to estimate partitioning between the 

aqueous phase and vapor phase, assuming equilibrium between the two phases.   
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Equation 39 

Calculation of Vapor Intrusion Screening Levels 

 

𝑉𝐼𝑆𝐿𝑠𝑔 =
𝐶𝑖𝑛𝑑𝑜𝑜𝑟

𝛼
  

 

 

𝑉𝐼𝑆𝐿𝑔𝑤 =
𝐶𝑖𝑛𝑑𝑜𝑜𝑟

𝐻𝐿𝐶 × 𝛼 × 1000𝐿 𝑚3⁄
 

 

 

Parameter Definition (units) Default 
VISLsg Vapor intrusion screening level for soil-gas (µg/m3) Chemical and receptor-

specific 

VISLgw Vapor intrusion screening level for groundwater (µg/L) Chemical and receptor-

specific 

Cindoor Target indoor air concentration (µg/m3) Chemical and receptor-

specific 

α Attenuation coefficient (unitless) 0.03 (soil-gas) 

0.001 (groundwater) 

HLC Henry’s Law Constant at standard temperature of 25 C 

(unitless) 

Chemical-specific 

 

The NMED groundwater VISLs were calculated based on a default standard temperature of 25 

degrees Celsius (C).  Although groundwater temperatures at many sites in New Mexico would 

likely be lower than 25 degrees C, this default value was selected to be protective of all sites in 

New Mexico.  

 

The risk-based target indoor air concentrations were calculated using US EPA (2009, 2015c, 

2014a, and 2022) algorithms, current toxicity data, and exposure factors used in the evaluation of 

other exposure pathways outlined in this document.  Equations 40 through 43 present the 

formulas and exposure parameters used for calculating risk-based target indoor air 

concentrations for residential receptors.  Separate indoor air concentrations were calculated for 

carcinogenic and noncarcinogenic contaminants, and alternate methods were utilized for vinyl 

chloride and other compounds that are carcinogenic via a mutagenic mode of action.  Equations 

44 through 56 present the formulas and exposure parameters used for calculating carcinogenic 

and noncarcinogenic target indoor air concentrations for the commercial/industrial scenario.   

 

Target indoor air concentrations for ecological receptors and the construction worker scenario 

were not calculated as the vapor intrusion exposure pathway is typically incomplete for receptors 

that spend their time outdoors.  Under unique circumstances, such as work being conducted in a 

trench or other low-lying areas where vapors could accumulate, special assessment of the vapor 

intrusion pathway may be required for the construction worker.  The need for evaluation of the 

construction worker will be made on a case-by-case basis. 
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Equation 40 

Calculation of Target Indoor Air Concentrations – Carcinogens 

Residential Scenario 

 

𝐶𝑖𝑛𝑑𝑜𝑜𝑟 =
𝑇𝑅 ×𝐴𝑇𝑐

𝐸𝐹×𝐸𝐷×𝐸𝑇×𝐼𝑈𝑅
  

 

 

Parameter Definition (units) Default 
Cindoor Target indoor air concentration (µg/m3) Chemical-specific 

TR Target risk level 1E-05 

ATc Averaging time for carcinogens (days) 25,550 

EF Exposure frequency (days) 350 

ED Exposure duration (yr) 26 

ET Exposure time (24 hr/day x 1 day/24 hr) 1 

IUR Inhalation unit risk (µg/m3)-1 Chemical-specific 

 

Equation 41 

Calculation of Target Indoor Air Concentrations – Noncarcinogens 

Residential Scenario 

 

𝐶𝑖𝑛𝑑𝑜𝑜𝑟 =
𝑇𝐻𝑄×𝐴𝑇𝑛𝑐×1000𝜇𝑔 𝑚𝑔⁄

𝐸𝐹×𝐸𝐷×𝐸𝑇×(
1

𝑅𝑓𝐶
)

  

 

Parameter Definition (units) Default 
Cindoor Target indoor air concentration (µg/m3) Chemical-specific 

THQ Target hazard quotient 1 

ATnc Averaging time for noncarcinogens (days) ED x 365 

EF Exposure frequency (days) 350 

ED Exposure duration (yr) 26 

ET Exposure time (24 hr/day x 1 day/24 hr) 1 

RfC Inhalation reference concentration (mg/m3) Chemical-specific 

 

Equation 42 

Calculation of Target Indoor Air Concentrations – Vinyl Chloride 

Residential Scenario 

 

𝐶𝑖𝑛𝑑𝑜𝑜𝑟 =
𝑇𝑅

𝐼𝑈𝑅+(
𝐸𝐹×𝐸𝐷×𝐸𝑇×𝐼𝑈𝑅

𝐴𝑇𝑐
)
  

 

Parameter Definition (units) Default 
Cindoor Target indoor air concentration (µg/m3) Chemical-specific 

TR Target risk level 1E-05 

ATc Averaging time for carcinogens (days) 25,550 

EF Exposure frequency (days) 350 

ED Exposure duration (yr) 26 

ET Exposure time (24 hr/day x 1 day/24 hr) 1 

IUR Inhalation unit risk (µg/m3)-1 Chemical-specific 
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Equation 43 

Calculation of Target Indoor Air Concentrations – Mutagens 

Residential Scenario 

 

𝐶𝑖𝑛𝑑𝑜𝑜𝑟 =
𝑇𝑅×𝐴𝑇𝑐

𝐸𝐹×𝐸𝑇×[(𝐸𝐷0−2×𝐼𝑈𝑅×10)+(𝐸𝐷2−6×𝐼𝑈𝑅×3)+(𝐸𝐷6−16×𝐼𝑈𝑅×3)+(𝐸𝐷16−26×𝐼𝑈𝑅×1)]
  

 

Parameter Definition (units) Default 
Cindoor Target indoor air concentration (µg/m3) Chemical-specific 

TR Target risk level 1E-05 

ATc Averaging time for carcinogens (days) 25,550 

EF Exposure frequency (days) 350 

ED0-2 Exposure duration (0-2 yr) 2 

ED2-6 Exposure duration (2-6 yr) 4 

ED6-16 Exposure duration (6-16 yr) 10 

ED16-26 Exposure duration (16-26 yr) 10 

ET Exposure time (24 hr/day x 1 day/24 hr) 1 

IUR Inhalation unit risk (µg/m3)-1 Chemical-specific 

 

 

Equation 44 

Calculation of Target Indoor Air Concentrations – Carcinogens 

Commercial/Industrial Scenario 

 

𝐶𝑖𝑛𝑑𝑜𝑜𝑟 =
𝑇𝑅×𝐴𝑇𝑐

𝐸𝐹×𝐸𝐷×𝐸𝑇×𝐼𝑈𝑅
  

 

Parameter Definition (units) Default 
Cindoor Target indoor air concentration (µg/m3) Chemical-specific 

TR Target risk level 1E-05 

ATc Averaging time for carcinogens (days) 25,550 

EF Exposure frequency (days) 225 

ED Exposure duration (yr) 25 

ET Exposure time (8 hr/day x 1 day/24 hr) 0.33 

IUR Inhalation unit risk (µg/m3)-1 Chemical-specific 
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Equation 45 

Calculation of Target Indoor Air Concentrations – Noncarcinogens 

Commercial/Industrial Scenario 

 

𝐶𝑖𝑛𝑑𝑜𝑜𝑟 =
𝑇𝐻𝑄×𝐴𝑇×1000𝜇𝑔 𝑚𝑔⁄

𝐸𝐹×𝐸𝐷×𝐸𝑇×(
1

𝑅𝑓𝐶
)

  

 

Parameter Definition (units) Default 
Cindoor Target indoor air concentration (µg/m3) Chemical-specific 

THQ Target hazard quotient 1 

AT Averaging time for noncarcinogens (days) ED x 365 

EF Exposure frequency (days) 225 

ED Exposure duration (yr) 25 

ET Exposure time (8 hr/day x 1 day/24 hr) 0.33 

RfC Inhalation reference concentration (mg/m3) Chemical-specific 

 

2.5.2 Evaluation of the Vapor Intrusion Pathway 

 

During the investigation phase, if VOCs are detected in soil and/or site history indicates the 

potential for VOCs in site media, soil gas samples and groundwater sampling are likely to be 

required.  The need for collection of soil gas data will be made on a case-by-case basis with input 

from NMED.   

 

The assessment of the soil gas and groundwater data should include evaluation of the vapor 

intrusion pathway.  Two types of soil gas data are collected: passive and active.  Passive soil gas 

results are used for nature and extent purposes only; to determine the absence or presence of 

VOCs.  Active soil gas data are required for quantitative risk assessments. 

 

Chemicals that should be considered for the vapor intrusion pathway include those with a 

Henry’s law constant of approximately 1 x 10-5 atm-m3/mole or greater, a molecular weight of 

approximately 200 g/mole or less and known to pose a potential cancer risk or noncancer hazard 

through the inhalation pathway.  If all three of these criteria are met, the constituent is considered 

volatile and toxic.  Table A-4 contains the VISLs for chemicals which met these three criteria.  

However, this list in Table A-4 is not comprehensive and any additional compounds meeting the 

above three criteria not listed in Table A-4 and present in site media will require additional 

analyses following the methods contained herein. 

 

The US EPA no longer recommends use of bulk soil (as opposed to soil gas) data for a 

qualitative estimate of the potential for vapor intrusion to pose unacceptable human health risk in 

indoor air, as was done using the Johnson and Ettinger (J&E) model (US EPA 2015).  This is due 

to the potential for vapor loss due to volatilization during soil sampling, preservation, and 

chemical analysis.  In addition, there are uncertainties associated with soil partitioning 

calculations.  As such, use of bulk soil J&E results is not recommended or preferred as a line of 

evidence to support an evaluation of the vapor intrusion pathway.  In lieu of using results from 

the J&E bulk soil model, the lines of evidence approach outlined in Sections 2.5.2.1 through 

2.5.2.3 should be followed. 
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For each site investigation conducted in New Mexico, one of the following three designations 

shall be made for the vapor intrusion pathway: 1) incomplete pathway and no action required; 2) 

potentially complete pathway and a qualitative evaluation required; or 3) complete pathway and 

quantitative evaluation required. 

 

2.5.2.1 Incomplete Pathway; No Action Required 

 

The vapor-intrusion pathway is designated as “incomplete” and will not be evaluated further if 

one of the following conditions is met: 

 

(1) There are no buildings located near the site and buildings are reasonably expected to be 

absent in the future (US EPA, 2015a and 2015d). 

 

(2) Volatile and toxic compounds are not detected, there is no source of vapor-forming 

chemicals, meaning all the results were 100% nondetects. 

 

(3) The site has no history of containing volatile and toxic compounds and VOC sampling was 

not conducted during the investigation.   

 

US EPA recommends that any determination that the vapor intrusion pathway is incomplete be 

supported by site-specific evidence to demonstrate that the nature and extent of vapor-forming 

chemical contamination in the subsurface has been well characterized and the types of vapor 

sources and the conditions of the vadose zone and surrounding infrastructure do not present 

opportunities for unattenuated or enhanced transport of vapors toward and into any building.  

This site-specific evidence must be provided in the risk assessment. 

 

2.5.2.2 Potentially Complete Pathway; Qualitative Discussion 

 

If all the following criteria are met during investigation sampling, the pathway is considered 

potentially complete, and a qualitative discussion of the vapor intrusion pathway will be 

required:  

 

• Detections of volatile and toxic compounds are minimally detected (e.g., once or twice) in 

site media (soil, soil gas, and/or groundwater);  

• Concentrations are below screening levels (i.e., VISLs for soil-gas and/or groundwater 

Table A-4); 

• There is no suspected source(s) for volatile and toxic compounds; and 

• Concentrations are decreasing with depth (for soil).   

 

In addition, if volatile and toxic compounds were present at a site but the source(s) and 

associated contaminated soil have been removed and the following criteria have been met, only a 

qualitative assessment of the vapor intrusion pathway will be required: 
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• Confirmation sampling indicates removal of the source with minimal volatile and toxic 

compounds detected in soil/soil gas or groundwater data,  

• Concentrations are below screening levels (i.e., VISLs for soil-gas and/or groundwater; 

Table A-4),  

• No evidence to suggest dense/sinking vapors, and  

• Concentrations decrease with depth. 

 

2.5.2.3 Complete Pathway; Quantitative Assessment 

 

A quantitative assessment of the vapor intrusion pathway is required if there is a complete 

pathway and an opportunity for human exposure in a building (USEPA, 2015d).  If the following 

conditions are met, a quantitative assessment is required: 

 

• A subsurface source of vapor-forming chemicals has been defined (e.g., in the soil or in 

groundwater) underneath or near the building; 

 

• Vapors have been detected and there is a route along which vapors could migrate toward 

the building; 

 

• The building has openings for the vapors to enter the building and driving ‘forces’ exist 

to draw the vapors from the subsurface through the openings into the building; 

 

• The building is (or may be) occupied by one or more individuals when the vapor-forming 

chemical(s) is (or are) present indoors.  Both current and future exposure must be 

considered. 

 

The vapor intrusion assessment shall follow a tiered approach, until the conditions of a given 

step are met. 

 

Step 1. Compare the maximum detected concentration for soil gas or groundwater against the 

NMED VISLs.  If active soil gas data are collected from soils located outside of a 

structure or below a slab, the VISL target sub slab and exterior soil gas concentrations for 

a target cancer risk of 1E-05 and a target hazard quotient of 1.0 should be applied.  The 

VISL target groundwater concentrations for a target cancer risk of 1E-05 and a target 

hazard quotient of 1.0 should be applied for groundwater data.  It is important to note that 

cumulative risk and hazard estimates from the vapor intrusion pathway must be added to 

the cumulative risk and hazard from other exposures at the site (e.g., soil and tap water 

exposure pathways) per Equations 58 and 59.  The NMED VISLs may be modified using 

additional site-specific data and as approved by NMED.  If the risks/hazards are 

acceptable, no additional evaluation is needed; otherwise, proceed to Step 2. 

 

However, the comparison of sample concentrations to the VISLs is only one line of 

evidence to assess risk at a site.  The single-chemical VISLs do not account for the 

cumulative effect of all vapor-forming chemicals that may be present.  Thus, if multiple 
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chemicals are present, a health threat may exist at a specific building or site even if none 

of the individual substances exceeds its VISL.  The resulting cancer/noncancer risks 

calculated using the VISLs must be added to other site risks, per Equations 58 and 59 in 

Section 5.0. 

 

Step 2. Per the US EPA vapor intrusion guidance (US EPA, 2015), if initial screening using 

VISLs results in excess risk, US EPA recommends considering whether the assumptions 

underlying the generic conceptual model are attained at a given site.  If they are not 

attained, then the medium-specific VISLs should not be relied upon as a line of evidence 

for identifying sites or buildings unlikely to pose a health concern through the vapor 

intrusion pathway.  If the screening analyses following the approach in Step 1 results in 

excess risk/hazard, the following should be conducted. 

 

Evaluation of the vapor intrusion pathway should be based on multiple lines of evidence 

developed to support a refined and technically defensible CSM and a thorough 

characterization of potential subsurface vapor sources.  This can be accomplished by 

gathering and interpreting information on: 

 

• Subsurface vapor sources.  This should include a thorough review of the site 

history and identification of potential subsurface vapor sources.  This information 

should be accompanied by media specific data to confirm the presence of a vapor 

source at the site.  The media-specific data should reflect spatial and temporal 

variations.  Groundwater and soil gas concentrations should be compared to 

NMED VISLs to evaluate source strength and the potential for impacts to human 

health, if the vapor intrusion pathway is complete. 

• Vapor migration and attenuation in the vadose zone.  This should include soil gas 

data that represents spatial and vertical variations in soil gas concentrations, 

information on site geology and hydrogeology, and identification of any 

preferential pathways (e.g., utility conduits in the subsurface) for chemical vapors 

between the source and building.  

• The building foundation.  This should include information on construction 

materials, preferential pathways (i.e., openings) in the foundation, 

heating/cooling/ventilation system characteristics, photoionization detector 

readings at potential openings to the subsurface, grab samples of indoor air close 

to potential vapor entry points, and information on building pressure gradients.  

• The building interior.  This should include coinciding subslab soil gas and indoor 

air measurements, results of site-specific transport modeling, and comparisons of 

subslab soil gas and indoor air sampling results to determine site-specific 

attenuation factors. 

• Sources of VOCs within the building and in ambient air.  Information is needed to 

identify sources of VOCs inside and outside of the building that could potentially 

impact indoor air concentrations of VOCs.  Note that outdoor air samples should 

be taken in conjunction with coinciding subslab soil gas and indoor air samples 

are collected. 
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• Additional lines of evidence, such as statistical analysis of the gathered data. 

 

The collected lines of evidence should be assessed for concordance.  If concordance can 

be reached, decisions regarding the vapor intrusion pathway can be made with 

confidence.  However, some lines of evidence may not be definitive.  Indoor air and 

subsurface soil gas concentrations can vary greatly both temporally and spatially.  Some 

individual lines of evidence may be inconsistent with other lines of evidence and lead to 

the need for additional evaluation.  If concordance among the lines of evidence cannot be 

determined, the evaluation of the vapor intrusion pathway should move to Step 3. 

 

Step 3: When lines of evidence are not concordant, and the weight of evidence does not support a 

confident decision, additional sampling or collecting additional lines of evidence may be 

appropriate, depending upon the CSM.   

 

Step 4: If it is determined that vapor intrusion can potentially impact human health, NMED 

generally recommends that a human health risk assessment be conducted to determine 

whether the potential for human health risks posed to building occupants is within or 

exceeds acceptable NMED levels.  The risk posed to building occupants by vapor 

intrusion depends upon chemical toxicity, vapor concentration in indoor air, the amount 

of time the occupants spend in the building, and other variables.  NMED recommends 

that risk assessment guidance be used to identify, develop, and combine information 

about these variables to characterize health risks stemming from vapor intrusion from 

subsurface vapor sources.    

 

2.6 Beef Ingestion Soil Screening Levels 

 

For those sites greater than two acres in size, grazing of cattle must be evaluated to determine if 

beef ingestion is a plausible and complete exposure pathway.  If grazing is not permitted (or 

could not be permitted due to land use restrictions), or the land does not support grazing (e.g., 

insufficient forage and/or water availability, terrain, or highly industrialized area), lines of 

evidence must be provided to demonstrate this as an incomplete pathway.   

 

If grazing is viable or if a facility may potentially allow grazing on lands at some time in the 

future, a qualitative assessment of ingestion of beef from cattle grazing on potentially 

contaminated sites is required.  While preliminary remediation goals (PRGs) are available from 

the Risk Assessment Information System (RAIS) on-line tool, the model has not been updated to 

reflect current risk assessment input parameters or methodology.  As such, the beef ingestion 

pathway can be addressed in a qualitative assessment in the Uncertainties Section of the risk 

assessment, providing multiple lines of evidence to characterize potential risks.  Acceptable lines 

of evidence may include the following: 

 

• Percent of acreage impacted by site contamination is less than two acres in size resulting 

in only a fraction of the cow’s diet (grass only, forage, silage, grain) being potentially 

contaminated;  

• Levels of contamination are below residential screening levels;  

• No significant ecological risks for the larger game receptors; and 
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• Beef ingestion rates (or percentage of beef in diets) for the potential receptors for the 

region/area. 

 

2.7 Site Characterization  

 

The site characterization phase is intended to provide l spatial and contextual information about 

the site, which may be used to determine if there is any reason to believe that receptors and/or 

complete exposure pathways may exist at or in the locality of the site where a release of 

hazardous waste/constituents has occurred.  During site characterization, the data quality 

objectives are defined, and site sampling is conducted to define nature and extent of 

contamination.  During the development of the site characterization work plan (e.g., RCRA 

Facility Investigation work plan), site history should be reviewed to determine preliminary 

COPCs that should be included in sampling, determine background threshold values (BTVs) and 

define a preliminary site conceptual exposure model (SCEM) to ensure all appropriate media are 

sampled. 

 

Risk assessments are conducted once the nature and extent of contamination has been defined.   

 

2.7.1 Development of Data Quality Objectives 

 

Before any environmental samples are collected, data quality objectives (DQOs) should be 

developed.  The DQOs should address the qualitative and quantitative nature of the sampling 

data, in terms of relative quality and intent for use, to ensure that any data collected will be 

appropriate for the intended purpose.  Development of the DQOs should consider not only 

precision, accuracy, representativeness, completeness, and comparability of the data, but also the 

sampling locations, methods of sample collection, types of laboratory analyses used, sensitivity 

of detection limits of the analytical techniques, the resulting data quality, and the employment of 

adequate quality assurance/quality control measures. 

 

2.7.2 Determination of Background Threshold Values 

 

Site-specific BTVs should be established during a site-specific soil background study, using a 

methodology reviewed and approved by NMED.  Sample size, locations, as well as other site-

specific parameters for background data sets should be outlined during the DQO process 

presented in the associated study work plan.  Guidance on the process of conducting a 

background soil study is beyond the scope of this document.  However, the following criteria are 

representative of a defensible background data set: 

 

• Includes enough data for statistical analyses; 

• Free of statistically-determined outliers; 

• Reliably representative of the variations in background media (e.g., soil types or 

groundwater horizons); 

• Collected from areas where there is no potential for site contamination based on site 

history; 

• Areas not impacted by neighboring areas of contamination (off-site migration);  
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• Collected from areas that are upwind of contaminated soil;  

• Collected from areas that are upgradient of site contamination;  

• Collected from soil types that are lithologically comparable to the samples that will be 

collected from contaminated areas; and 

• Collected from depths that correspond to the exposure intervals that will be evaluated 

during human and ecological risk assessments. 

 

An adequate sample size will likely capture a reliable representation of the background 

population while meeting the minimum sample size requirements for calculating BTVs and 

conducting hypothesis testing.  US EPA (2015b) recommends 10 to 15 samples for each 

background data set, but more are preferable.  While it is possible to calculate BTVs with small 

data sets containing as few as three samples, these results are not considered representative and 

reliable enough to make cleanup or remediation decisions.  Therefore, a minimum sample size of 

10 is required to calculate BTVs and conduct hypothesis testing.  The size of the background 

area and size of the site or facility under study should also be considered in determining sample 

size.  That is, if the background and site areas are relatively large, then a larger background data 

set (e.g., > 10 samples) should be considered (US EPA, 2015b).  Background soil data are often 

grouped according to depth (e.g., surface vs. subsurface) or soil type.  It is important to note that 

the minimum sample size of 10 should be met for each grouping of data to compute BTVs for 

each soil horizon or soil type. 

 

Determination of BTVs should be conducted using current ProUCL software and guidance.  In 

general, BTVs should be based on 95% upper tolerance limits (UTLs) with 95% coverage.  

Exceptions can occur on a case-by-case basis when the estimated 95% UTL is significantly 

greater (more than 1.5 times) than the maximum detected concentration.  This may be an 

indication that the 95% UTL is based on the accommodation of low-probability outliers (which 

may or may not be attributable to the background population) or highly skewed data sets and/or 

possibly inadequate sample size.  In these cases, the project team may choose to evaluate the 

possibility of additional potential outliers or collection of more data.  In lieu of collection of 

additional data to resolve the elevated UTL issue, the maximum detected concentration should be 

used as the BTV. 

 

2.8 Site Assessment 

 

Once nature and extent of contamination has been defined, the site assessment phase serves to 

determine potential exposures.  The SCEM is refined to develop a CSM, providing a list of the 

exposed receptors and complete exposure pathways for further assessment (i.e., a screening level 

assessment).  The data may also be used to assess whether interim measures are required or 

whether the site poses minimal threat to human and ecological receptors at or near the site. 

 

The ultimate purpose of the site assessment phase is to address the question: Are exposure 

pathways complete regarding contaminant contact by receptors?  A complete site assessment will 

consist of several steps: 

 

• Develop a refined CSM; 
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• Determine exposure intervals;  

• Identify preliminary COPCs; and 

• Compare maximum COPC concentrations for consideration of complete exposure 

pathways with SSLs. 

 

If the site maximums are above the SSLs, a Tier 2 approach may be deemed appropriate by 

NMED using the 95% UCL value for contaminant concentrations (or detection/quantitation 

limits for non-detect results). 

 

2.8.1 Development of a Refined Conceptual Site Model 

 

A CSM is a three-dimensional graphical representation of site conditions that conveys what is 

known or suspected, at a discrete point in time, about the site-specific sources, releases, release 

mechanisms, contaminant fate and transport, exposure routes, and potential receptors.  The CSM 

is generally documented by written descriptions and supported by maps, geological cross-

sections, tables, diagrams and other illustrations to communicate site conditions.  When 

preparing a CSM, the facility should decide the scope, quantity, and relevance of the information 

to be included, balancing the need to present as complete a picture as possible to document 

current site conditions and justify risk management actions, with the need to keep the 

information focused and exclude extraneous data. 

 

As a final check, the CSM should answer the following questions: 

 

• Are there potential land uses present (now or in the foreseeable future) other than those 

covered by the SSLs (refer to US EPA 1989)? 

• Are there other likely human exposure pathways (e.g., vapor intrusion, direct exposure to 

groundwater, local fish consumption, raising homegrown produce, beef, dairy, or other 

livestock) that were not considered in development of the SSLs (refer to US EPA 1989)? 

• Are there potential ecological concerns (refer to Volume II of the SSG)? 

 

If any conditions such as these exist, the SSLs may need to be adjusted to reflect this new 

information. 

 

2.8.2 Determine Exposure Intervals 

 

Based on current and potential land-use scenarios, receptors for completed exposure pathways 

can be exposed to varying depths of soil, or soil exposure intervals.  Per US EPA (US EPA 

1989), depth of samples should be considered, and surface soils should be evaluated separately 

from subsurface soils due to possible differences in exposure levels that would be encountered 

by different receptors.  Exposure intervals for each receptor are based on the types of activities in 

which each receptor is likely to be involved.  Default exposure intervals are summarized in Table 

2-6. 
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It is assumed that commercial/industrial workers would only be exposed to surface soils (0-1 feet 

bgs).  As stated in Section 2.3.1, this receptor may be involved in moderate digging associated 

with routine maintenance and grounds keeping activities.  Therefore, COPC concentrations in 

soil in the surface soil interval (0-1 feet bgs) should be considered when evaluating exposure by 

a commercial/industrial worker receptor. 

 

As stated in Section 2.3.2, a construction worker is assumed to be exposed to surface and 

subsurface soils up to depths of 0-10 ft bgs.  Construction workers are involved in digging, 

excavation, maintenance and building construction projects and could be exposed to surface as 

well as subsurface soil.  Therefore, a soil exposure interval of 0-10 feet bgs should be considered 

when evaluating exposure to soil by a construction worker. 

 

Residents could be exposed to surface and subsurface soils during home maintenance activities, 

yard work, landscaping, and outdoor play activities.  Therefore, an exposure soil interval of 0-10 

feet bgs should be assumed when evaluating soil exposure by a residential receptor. 

 

Exposure to COPCs in soil by ecological receptors should be addressed separately in a tiered 

approach as outlined in Volume II of this document and by NMED (2014).  However, a 

discussion of soil exposure intervals for ecological receptors is warranted here because 

ecological receptors are considered in the CSM and depending on the types of ecological 

receptors, there could be a differential in exposure levels due to soil exposure intervals.  

Burrowing animals would be exposed to deeper soils, whereas all other animals would only be 

exposed to surface and shallow subsurface soils.  Therefore, maximum concentrations of COPCs 

in soil 0-6 feet bgs should be assessed for burrowing animals.  Maximum COPC concentrations 

in soil 0-1 ft bgs should be assessed for all other animals.   
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Table 2-6.  Soil Exposure Intervals 

 

Receptor Exposure Intervals (Soil) 

Resident (adult and child) 0 – 10 ft bgs 

Commercial/Industrial Worker 0 – 1 ft bgs 

Construction Worker 0 – 10 ft bgs 

Vapor Intrusion  Depth of maximum detection 

Soil-to-Groundwater Migration Depth of maximum detection 

Ecological Receptors (non-burrowing) 0 – 1 ft bgs 

Ecological Receptors (burrowing) 0 – 6 ft bgs 

 

2.8.3 Identification of COPCs 

 

COPCs are those substances (including transformation or breakdown compounds and companion 

products) likely to be present in environmental media affected by a release.  Identification of 

COPCs should begin with existing knowledge of the process, product, or waste from which the 

release originated.  For example, if facility operations deal primarily with pesticide 

manufacturing then pesticides should be considered COPCs.  Contaminants identified during 

current or previous site investigation activities should also be evaluated as COPCs.  A site-

specific COPC list for soil may be generated based on maximum detected (or, if deemed 

appropriate by NMED, the 95% UCL value) concentrations (US EPA 2002b) and a comparison 

of detection/quantitation limits for non-detect results to the NMED SSLs.  This list may be 

refined through a site-specific risk assessment.   

 

For the initial screening assessment, duplicates should be handled using the higher concentration 

as the EPC; averaging of the data is not appropriate for the initial screening assessment.  If a 

refined EPC is needed, the original sample result should be applied. 

 

2.8.3.1 Organics and Chemicals without Background Data 

 

Per US EPA guidance (US EPA 1989), if there is site history to indicate a chemical was 

potentially used/present at a site or if there is insufficient site history to demonstrate that a 

chemical could not be present, and the chemical was detected in at least one sample, this 

chemical must be included as a COPC and evaluated in the screening assessment.  Frequency of 

detection or other lines of evidence may not be used to eliminate a chemical as a COPC if there 

is history to indicate it is potentially present due to site activities; although these lines of 

evidence may be addressed in the uncertainty analysis for the risk assessment. 

 

It is possible a site may have been impacted by other anthropogenic sources.  As one line of 

evidence to help assess site impact to certain organics, development of baseline levels for 

organics may be appropriate.  For example, PAHs may be present due to runoff from nearby 

paved/industrial structures, and dioxins/furans may be ubiquitous due to natural fires.  If there 

are other potential sources of organics, the site characterization work plan should include 

sampling to determine baseline organic levels.  In lieu of baseline sampling, additional lines of 

evidence may be required to justify the organics as not being site related.  Factors to consider are 

proximity to other source areas for contamination (e.g., paved roads), magnitude of detection, 
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spatial variability. 

 

2.8.3.2 Organics and Chemicals with Background Data 

 

For organics and inorganics where background data are available, a comparison of site 

concentrations to appropriate background concentrations may be conducted prior to evaluation 

against SSLs.  Those organics and inorganics that are present at levels indicative of natural 

background may be eliminated as COPCs and not carried forward to the screening assessment 

calculations.  Comparison to background must be conducted following current US EPA 

Guidance and as outlined herein.  The general process is a tiered approach. 

 

2.8.3.2.1 Discrete Samples 

 

For discrete data, the following tiered approach should be applied for determining if site data are 

reflective of background conditions. 

 

Step 1.  Compare the maximum detected site concentration to the site-specific background 

reference values (upper tolerance limit or upper threshold value) determined for each 

soil type and soil depth at the site.  If the site maximum is less than the background 

reference value, it is assumed that the site concentrations are representative of 

background and the metal/inorganic/organic is not retained as a COPC.  If there is no 

background value for a constituent, then the constituent must be retained as a COPC. 

 

Step 2:  If the maximum site concentration is greater than the background reference value, 

then a two-sample hypothesis test should be used to compare the distributions of the 

site data to the distributions of background data to determine if site concentrations are 

elevated compared with background.  A simple comparison to the range of 

background is not acceptable.  Background can vary across a site (especially larger 

sites) and not allow for soil type to be taken into consideration.  Further, a range can 

mask low level contamination.  Comparisons of site data to the range of 

background values or comparison to the maximum detected concentration in the 

background data set cannot be used as a line of evidence to eliminate site 

constituents as COPCs. 

 

The most recent version of US EPA’s ProUCL statistical software will be used for 

hypothesis testing.  ProUCL will also be used to determine the most appropriate test 

(parametric or nonparametric) based on the distribution of the data.  Appropriate 

methods in ProUCL will also be used to compute site-to-background comparisons 

based on censored data sets containing non-detect values.  A review of graphical 

displays (e.g., box plots and Q-Q plots) may also be provided in addition to the results 

of the statistical tests to provide further justification in determining whether site 

concentrations are elevated compared with background.  These graphical plots can 

also be generated by ProUCL software. 

 

Note that the above two-sample test can only be used for site data sets that have 

sufficient samples (i.e., n ≥ 8) and number of detections (greater than 5 detected 
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observations is preferred).  While a minimum of 10 background data samples are now 

required, there may be sites where background has been previously determined from 

a data set that contains fewer than 10 samples.  As stated in the current version of 

ProUCL User’s Guide (US EPA, 2015b), hypothesis testing is only considered to be 

reliable with sufficient sample size (n ≥ 8) and frequency of detection.   

 

If there are not at least eight samples in the site data set and at least five detections, 

then the site maximum detected concentrations will be compared to the corresponding 

background value (i.e., 95% upper tolerance limit) as noted in Step 1 or additional 

data must be collected to conduct a two-tailed test. 

 

Step 3:  Additional lines of evidence may be used to justify exclusion of a constituent as 

being site related, such as site history, high percentage of non-detects, etc.  However, 

these lines of evidence must be based on a sufficient number of samples to adequately 

define nature and extent and to clearly delineate potential hotspots.  For areas where a 

hotspot may be present, additional actions are required (such as sampling and/or 

corrective actions) and the constituent(s) must be retained as a COPC.  Comparison of 

site data to regional data [such as US Geological Survey (USGS) databases not 

specific to the site] and simple comparison to a range of data or quartiles are not 

acceptable lines of evidence. 

 

2.8.3.2.2 Incremental Site Methodology (ISM) Data 

 

If ISM data are to be collected, a similar process as above comparing site data to background 

may be conducted.  However, the ISM BTVs must also be derived using the ISM approach.  

ISM data may not be compared to BTVs based on discrete sampling.  ProUCL is being 

updated to include hypothesis testing and calculation of statistically derived upper thresholds for 

ISM data.  However, until such statistical evaluations are available in ProUCL, the following 

approach should be conducted for comparing site ISM to background ISM data: 

 

• If the site ISM maximum detected concentration is less than the background minimum 

ISM, the constituent may be considered present at ambient concentrations and does not 

require retention as a COPC. 

• If the site ISM maximum falls within the range of background ISM, a qualitative 

discussion and lines of evidence must be provided to justify exclusion of the constituent 

as a COPC.  Evaluation of triplicate data should be included. 

• If the site ISM maximum is greater than the background ISM minimum, the constituent 

must be retained as a COPC. 

 

2.8.4 Initial and Refined Exposure Point Concentrations  

 

For the initial evaluation, the maximum detected concentration shall be used as the EPC.  If it is 

determined that further assessment is warranted (see Section 5), refinement of EPCs should be 

conducted.  US EPA (1989) recommends using a concentration to represent "a reasonable 

estimate of the concentration likely to be contacted over time".  US EPA’s (1992b) Supplemental 

Guidance to RAGS: Calculating the Concentration Term states that, “because of the uncertainty 
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associated with estimating the true average concentration at a site, the 95 percent upper 

confidence limit (UCL) of the arithmetic mean should be used for this variable.”   

 

2.8.4.1 Discrete Data 

 

Upper confidence limits should only be calculated for data sets that meet the US EPA (2015b) 

minimum requirements for calculating UCLs.  The minimum requirements for calculating UCLs 

are: 1) each data set must contain at least eight samples (i.e., n ≥ 8) for the analyte being 

evaluated; and 2) there must be a minimum of five detections (i.e., ≥ 5 detected observations) for 

the analyte being evaluated.  Although it is possible to calculate UCLs with small datasets (i.e., n 

≤ 8) and low frequencies of detection (i.e., < 5 detected observations), these estimates are not 

considered reliable and representative enough to make defensible and correct cleanup and 

remediation decisions (US EPA, 2015b).  Therefore, UCLs should only be calculated for data 

sets that meet the minimum requirements for calculation UCLs.  For datasets with less than four 

detects or datasets with less than 10 samples and a low level of detection (less than 10%), the 

median concentration may be used as the EPC. 

 

UCLs should be calculated using the most current version of US EPA’s ProUCL statistical 

software package.  Statistical methods for calculating UCLs are dependent on the distribution of 

the data.  Therefore, when calculating UCLs, ProUCL should be used to perform statistical tests 

in order to determine the distribution of the site data.  If assumptions about the distribution 

cannot be made, then nonparametric methods can be utilized.  ProUCL recommends a 

computational method for calculation of the 95% UCL based on the assumed distribution.   

 

Using parametric and nonparametric methods, ProUCL will typically return several possible 

values for the UCL.  Professional judgment should be used in selecting the most appropriate 

UCL; however, the UCL recommended by ProUCL is based on the data distribution and is 

typically the most appropriate value to be adopted as the EPC for use in risk assessments. It is 

important to note that the UCL should not be greater than the maximum detected concentration. 

 

Non-detects (censored datasets) should be evaluated following the appropriate methodology 

outlined in the most recent version of US EPA’s ProUCL Technical Guide.  Currently, the 

ProUCL Technical Guide indicates that the Kaplan-Meier (KM) method yields more precise and 

accurate estimate of decision characteristics than those based upon substitution and regression on 

order statistics.  Use of one-half the minimum detection limit (MDL) or sample quantitation limit 

(SQL), or other simple substitution methods, are not considered appropriate methods for 

handling non-detects. 

 

2.8.4.2 ISM Data 

 

The Interstate Technology & Regulatory Council (ITRC) 2012 guidance states that “In theory, 

all of the UCL methods that are applied to discrete sampling results can also be applied to ISM.  

In practice, however, because fewer than eight replicate ISM samples are likely to be collected 

for a decision unit (DU), fewer options are typically available to calculate a UCL compared with 

discrete sampling data.”  For those DUs where there are eight or more sample units (SUs), the 

current version of US EPA’s ProUCL should be used to calculate a UCL and the recommended 

E23.78



Risk Assessment Guidance for Investigations and Remediation 

Volume I 

June 2022 

66 

UCL (if less than the maximum) used in the risk assessment.  Triplicates should be 

conservatively represented in the calculation of the UCL as the maximum of the detected results, 

which will bias the UCL high.  

 

For those DUs where there are three (3) to eight (8) SUs, ITRC (2012) and US EPA (2015b) 

guidance indicate that not all of the UCL calculation methods provided in ProUCL are reliable.  

Instead, ITRC (2012) guidance indicates that either the Student’s-t UCL or the Chebyshev UCL 

be used for DUs with 3-8 SUs.  For these DUs (with 3-8 SUs), ProUCL should be run and the 

Student’s t UCL used as the EPC if the data are determined to be normally distributed.  If the 

data are determined to not be normally distributed, the 95% Chebyshev UCL should be used as 

the UCL.  Triplicate data should be represented by the maximum of the detected values.  

 

For DUs with 1-2 SUs, a UCL should not be calculated; the EPC should be the maximum 

detected concentration. 

 

For chemicals with both non-detected results and detected results, the Kaplan-Meier based UCLs 

(using Student’s-t or Chebyshev) should be used, as recommended by US EPA (2015b) 

guidance.  

 

3.0 CHEMICAL-SPECIFIC AND PHYSICAL-CHEMICAL PARAMETERS 

 

Chemical-specific parameters required for calculating SSLs include the organic carbon 

normalized soil-water partition coefficient for organic compounds (Koc), the soil-water partition 

coefficient (Kd), water solubility (S), octanol-water partition coefficient (Kow), Henry’s Law 

constant (H), diffusivity in air (Da), and diffusivity in water (Dw).  The following sections 

describe these values and present methodologies for calculating additional values necessary for 

calculating the NMED SSLs. 

 

3.1 Volatilization Factor for Soil 

 

Volatile chemicals, defined as those chemicals having a Henry’s Law constant greater than 1E-

05 atm-m3/mole and a molecular weight less than 200 g/mole, were screened for inhalation 

exposures using a volatilization factor (VF) for soils.  The soil-to-air VFs is used to define the 

relationship between the concentration of the contaminant in soil and the flux of the volatilized 

contaminant to ambient air.  The emission terms used in the VF are chemical-specific and were 

calculated from physical-chemical information obtained from several sources including: US 

EPA’s Soil Screening Guidance: Technical Background Document (US EPA, 1996a), 

Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites (US EPA 

2002a), US EPA Master Physical and Chemical Parameter table for development of US EPA 

Regional Screening Levels (refer to US EPA 2016a), US EPA’s Basics of Pump and Treat 

Groundwater Remediation Technology (US EPA 1990), US EPA’s Dermal Exposure Assessment 

(US EPA 1992a), Superfund Public Health Evaluation Manual (US EPA 1986), US EPA’s 

Additional Environmental Fate Constants (US EPA 1995), Hazardous Substance Release/Health 

Effects Database (ATSDR 2003), the RAIS database (DOE 2005), and the CHEMFACTS 

database (US EPA 2000).  The VFs for the residential and commercial/industrial scenarios is 

calculated using Equation 46 while the VFs-cw for the construction worker is calculated using 
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Equation 47. 

 

Equation 46 

Derivation of the Volatilization Factor for Residential and 

Commercial/Industrial Scenarios 
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Parameter Definition (units) Default 

VFs Volatilization factor for soil (m3/kg) Chemical-specific 

DA Apparent diffusivity (cm2/s) Chemical-specific 

Q/Cvol Inverse of the mean concentration at the center of a 

0.5- acre-square source (g/m2-s per kg/m3) 

68.18 

T Exposure interval (s) 9.5E+08 

b Dry soil bulk density (g/cm3) 1.5 

n Total soil porosity 1 - (b/s) 0.43 

a Air-filled soil porosity (n - w) 0.17  

w Water-filled soil porosity 0.26 

s Soil particle density (g/cm3) 2.65 

Da Diffusivity in air (cm2/s) Chemical-specific 

H’ Dimensionless Henry’s Law constant Chemical-specific 

Dw Diffusivity in water (cm2/s) Chemical-specific 

Kd Soil-water partition coefficient (cm3/g) = Koc x foc 

(organics) 

Chemical-specific 

Koc Soil organic carbon partition coefficient (cm3/g) Chemical-specific 

foc Fraction organic carbon in soil (g/g) 0.0015 
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Equation 47 

Derivation of the Volatilization Factor for Construction Worker Scenario 
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Parameter Definition (units) Default 

VFs-cw Volatilization factor for soil, construction worker 

(m3/kg) 

Chemical-specific 

DA Apparent diffusivity (cm2/s) Chemical-specific 

Q/C Inverse of the mean concentration at the center of a 

0.5- acre-square source (g/m2-s per kg/m3) 

14.31 

T Exposure interval (s) 3.15E+07 

10-4 Conversion factor (m2/cm2) 1E-04 

FD Dispersion correction factor (unitless) 0.185 

b Dry soil bulk density (g/cm3) 1.5 

n Total soil porosity 1 - (b/s) 0.43 

a Air-filled soil porosity (n - w) 0.17  

w Water-filled soil porosity 0.26 

s Soil particle density (g/cm3) 2.65 

Da Diffusivity in air (cm2/s) Chemical-specific 

H’ Dimensionless Henry’s Law constant Chemical-specific 

Dw Diffusivity in water (cm2/s) Chemical-specific 

Kd Soil-water partition coefficient (cm3/g) = Koc x foc 

(organics) 

Chemical-specific 

Koc Soil organic carbon partition coefficient (cm3/g) Chemical-specific 

foc Fraction organic carbon in soil (g/g) 0.0015 

 

While most of the parameters used to calculate apparent diffusivity (DA) are either chemical-

specific or default values, several state-specific values were used which are more representative 

of soil conditions found in New Mexico.  The default values for θw, θa, and ρb in Equations 46 

and 47 are 0.26, 0.17 and 1.5 g/cm3, respectively.  These values represent mean values from a 

National Resources Conservation Service (NRCS) soil survey database for New Mexico that 

includes over 1200 sample points (U.S. Department of Agriculture 2000).  US EPA guidance 

(US EPA 2001a) provides additional methodologies for estimating site-specific air-filled soil 

porosities and water-filled soil porosities.  

 

It should be noted that the basic principle of the VF model (i.e., Henry’s Law) is applicable only 

if the soil contaminant concentration is at or below soil saturation, Csat.  Above the soil saturation 
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limit, the model cannot predict an accurate VF-based SSL. 

 

3.2 Soil Saturation Limit 

 

Csat describes a chemical-physical soil condition that integrates certain chemical-specific 

properties with physical attributes of the soil to estimate the contaminant concentration at which 

the soil pore water, pore air, and surface sorption sites are saturated with contaminants.  Above 

this concentration, the contaminants may be present in free phase within the soil matrix – as non-

aqueous phase liquids (NAPLs) for substances that are liquid at ambient soil temperatures, and 

pure solid phases for compounds that are solids at ambient soil temperatures (US EPA 1996a).  

Generic Csat concentrations should not be interpreted as confirmation of a saturated soil 

condition, but as estimates of when this condition may occur.  It should be noted that Csat 

concentrations are not risk-based values.  Instead, they correspond to a theoretical threshold 

above which free phase contaminant may exist.  Csat concentrations, therefore, serve to identify 

an upper limit to the applicability of generic risk-based soil criteria, because certain default 

assumptions and models used in the generic algorithms are not applicable when free phase 

contaminant is present in soil.  The basic principle of the volatilization model is not applicable 

when free-phase contaminants are present.  How these cases are handled depends on whether the 

contaminant is liquid or solid at ambient temperatures.  Liquid contaminants that have VF-based 

screening levels that exceed the “sat” concentration are set equal to “Csat” whereas for solids 

(e.g., PAHs), soil screening decisions are based on appropriate other pathways of concern at the 

site (e.g., ingestion and dermal contact).  Equation 48, given below is used to calculate Csat for 

each volatile contaminant considered within the SSLs. 

 

Equation 48 

Derivation of the Soil Saturation Limit 
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S
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b
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Parameter Definition (units) Default 
Csat Soil saturation concentration (mg/kg) Chemical-specific 

S Solubility in water (mg/L-water) Chemical-specific 

b Dry soil bulk density (kg/L) 1.5 

Kd Soil-water partition coefficient (L/kg; Koc × foc) Chemical-specific 

Koc Soil organic carbon/water partition coefficient (L/kg) Chemical-specific 

foc Fraction organic carbon in soil (g/g) 0.0015 

w Water-filled soil porosity (Lwater/Lsoil) 0.26 

H´ Dimensionless Henry’s Law constant Chemical-specific 

a Air-filled soil porosity (n- θw),(Lair/Lsoil) 0.17 

n Total soil porosity (1 – (b/s)), (Lpore/Lsoil) 0.43 

s Soil particle density (kg/L) 2.65 

 

Chemical-specific parameters used in Equation 48 were obtained from physical-chemical 

information presented in several sources including: US EPA’s Soil Screening Guidance: 

Technical Background Document (US EPA 1996a and US EPA 2002a), the US EPA Regional 
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Screening Levels (US EPA 2016a), US EPA’s Basics of Pump and Treat Groundwater 

remediation Technology (US EPA 1990), US EPA’s Dermal Exposure Assessment (US EPA 

1992a), Superfund Public Health Evaluation Manual (US EPA 1986), US EPA’s Additional 

Environmental Fate Constants (US EPA 1995), Hazardous Substance Release/Health Effects 

Database (ATSDR 2003), the RAIS, CHEMFACTS, WATER9, and PHYSPROP databases, and 

EPISUITE.  

 

3.3 Particulate Emission Factor  

 

Inhalation of chemicals adsorbed to suspended respirable particles is assessed using a chemical-

specific PEF, which relates the contaminant concentration in soil to the concentration of 

respirable particles in the air due to fugitive dust emissions from contaminated soils.  This 

guidance addresses dust generated from open sources, which is termed “fugitive” because it is 

not discharged into the atmosphere in a confined flow stream.  For further details on the 

methodology associated with the PEF model, the reader is referred to US EPA’s Soil Screening 

Guidance: Technical Background Document (US EPA 1996a), Supplemental Guidance for 

Developing Soil Screening Levels for Superfund Sites (US EPA 2002a) and Human Health Risk 

Assessment Protocol for Hazardous Waste Combustion Facilities (US EPA 2005b). 

 

It is important to note that the PEF for use in evaluating exposure of residential and 

commercial/industrial receptors addresses only windborne dust emissions and does not consider 

emissions from traffic or other forms of mechanical disturbance, which could lead to a greater 

level of exposure.  The PEF for use in evaluating construction worker exposures considers 

windborne dust emissions and emissions from vehicle traffic associated with construction 

activities.  Therefore, the fugitive dust pathway should be considered carefully when developing 

the CSM at sites where receptors may be exposed to fugitive dusts by other mechanisms.  

Equation 49 is used to calculate a New Mexico region-specific PEF value, used for both the 

residential and commercial/industrial exposure scenarios.  A scenario-specific PEF value was 

calculated for a construction worker receptor (PEFcw) using Equation 50. 
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Equation 49  

Derivation of the Particulate Emission Factor 

Residential and Commercial/Industrial Scenarios 
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Parameter Definition (units) Default 
PEF Particulate emission factor (m3/kg) 6.61E+09 

Q/Cwind Inverse of a mean concentration at center of a 0.5-acre-

square source (g/m2-s per kg/m3) 
81.85 

V Fraction of vegetative cover (unitless) 0.5 

Um Mean annual windspeed (m/s) 4.02 

Ut Equivalent threshold value of windspeed at 7 m (m/s) 11.32 

F(x) Function dependent on Um/Ut derived using Cowherd et al.  

(1985) (unitless) 
0.0553 

 

Equation 50 

Derivation of the Particulate Emission Factor 

Construction Worker Scenario 
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Parameter Definition (units) Default 
PEFCW Particulate emission factor for a construction worker (m3/kg) 2.1E+06 

Q/CCW Inverse of a mean concentration at center of a 0.5-acre-

square source (g/m2-s per kg/m3) 
23.02 

FD Dispersion correction factor (unitless) 0.185 

T Total time over which construction occurs (s) 7.2E+06 

AR Surface area of road segment (m2) 274.2 

W Mean vehicle weight (tons) 8 

P Number of days with at least 0.01 inches of precipitation 

(days/yr) 
60 

VKT sum of fleet vehicle kilometers traveled during the exposure 

duration (km) 
168.75 

 

3.4 Physical-Chemical Parameters 

 

Several chemical-specific parameters are required for calculating SSLs including the organic 

carbon normalized soil-organic carbon/water partition coefficients for organic compounds (Koc), 

the soil-water partition coefficient for organic and inorganic constituents (Kd), the solubility of a 

compound in water (S), Henry’s Law constant (H), air diffusivity (Da), water diffusivity (Dw), 
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molecular weight, the octanol-water partition coefficient (Kow), and the dermal permeability 

coefficient in water (Kp).  Prior to calculating site-specific SSLs, each relevant chemical specific 

parameter value presented in Appendix B should be checked against the most recent version of 

its source to determine if updated data are available.  Tables B-1, B-2, and B-3 in Appendix B 

provide the chemical-specific parameters used in calculating the NMED SSLs. Chemical-

specific parameters were selected from the following sources in the order listed: 

 

• Organic carbon partition coefficient (Koc; L/kg). US EPA (2012b) Estimation Program 

Interface (EPI) Suite software, v4.11. 

• Soil-water partition coefficient (Kd; cm3/g). For organics, Kd = Koc x fraction of organic 

carbon in soil, (foc NMED default value of 0.15%).  For inorganics, 1) US EPA (2002a); 

2) Baes (1984) Figure 2.31. 

• Water solubility (S; mg/L at 25 °C). US EPA (2012b) EPI Suite software, v4.11. 

• Henry’s Law constant (H; atm-m3/mole at 25 °C). 1) US EPA (2012b) EPI Suite 

software, v4.11: a) experimental values; b) estimated values via the bond method; c) 

estimated values via the group method; and 2) US EPA (2002a). 

• Diffusivity in air (Da; cm2/s). 1) US EPA (2006) Water 9 v3.0; 2) US EPA (2002a). 

• Diffusivity in water (Dw; cm2/s). 1) US EPA (2006) Water 9 v3.0; 2) US EPA (2002a). 

• Molecular weight (MW). US EPA (2012b) EPI Suite software, v4.11. 

• Dermal permeability coefficient in water (Kp; cm/hr). US EPA (2012a) EPI Suite 

software, v.4.11. 

 

3.4.1 Solubility, Kow, and Henry’s Law Constant 

 

The solubility of a contaminant refers to the maximum amount that can be dissolved in a fixed 

volume of solvent, usually pure water, at a specific temperature and pH.  A chemical with a high 

solubility readily dissolves in water, while a low solubility indicates an inability to dissolve.  

Water solubility is generally predicted based on correlations with the octanol-water partition 

coefficient (Kow).  Solubility is used to calculate soil saturation limits for the NMED SSLs. 

 

The octanol-water partition coefficient (Kow) of a chemical is the ratio of a chemical’s solubility 

in octanol versus its solubility in water at equilibrium.  Essentially, this chemical-specific 

property is used as an indication of a contaminant’s propensity to migrate from soil to water.  It 

is an important parameter and is used in the assessment of environmental fate and transport for 

organic chemicals.   

 

The Henry’s Law constant (H) is used when evaluating air exposure pathways.  For all chemicals 

that are capable of exchanging across the air-water interface, there is a point at which the rate of 

volatilization into the air and dissolution to the water or soil will be equal.  The ratio of gas- and 

liquid-phase concentrations of the chemical at this equilibrium point is represented by H, which 

is used to determine the rate at which a contaminant will volatilize from soil to air.  Values for H 

may be calculated using the following equation and the values for S, vapor pressure (VP), and 

MW. 
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S

 MWx VP
 H =   Equation 51 

 

The dimensionless form of Henry’s Law constant (H´) used in calculating soil saturation limits 

and volatilization factors for the NMED SSLs was calculated by multiplying H by a factor of 41 

to convert the Henry’s Law constant to a unitless value. 

 

3.4.2 Soil Organic Carbon/Water Partition Coefficients (Koc) 

 

The soil organic carbon-water partition coefficient (Koc) is a measure of a chemical’s tendency to 

adsorb to organic carbon present in soil.  High Koc values indicate a tendency for the chemical to 

adsorb to soil particles rather than remain dissolved in the soil solution.  Strongly adsorbed 

molecules will not migrate unless the soil particle to which they are adsorbed moves (as in 

erosion).  Koc values of less than 500 indicate weak adsorption and a potential for leaching.  Koc 

is calculated using the following equation: 

 

soilin carbon  organic %

dissolvedion concentratadsorbedion concentrat
 Koc =  Equation 52 

 

Koc can also be calculated by dividing the Kd value by the fraction of organic carbon (foc) present 

in the soil or sediment.  It should be noted that a strong linear relationship exists between Koc and 

Kow and that this relationship can be used to predict Koc. 

 

3.4.3 Soil/Water Partition Coefficients (Kd)  

 

The soil-water partition coefficient (Kd) for organic chemicals is the ratio of a contaminant’s 

distribution between soil and water particles.  The soil-water partitioning behavior of 

nonionizing and ionizing organic compounds differs because the partitioning of ionizing 

organics can be influenced by soil pH.  Kd values were used in calculating soil saturation limits 

and VFs used in developing the NMED SSLs. 

 

For organic compounds, Kd represents the tendency of a chemical to adsorb to the organic carbon 

fraction in soils, and is represented by:  

 

ococd f  x K  K =  Equation 53 

Where: 

 

Koc = organic carbon partition coefficient (L/kg or cm3/g); and 

foc = fraction of organic carbon in soil (mg/mg). 

 

This relationship is generally valid for volatile halogenated hydrocarbons as long as the fraction 

of organic carbon in soil is above approximately 0.001 (0.1 percent) (Piwoni and Banaerjee, 

1989 Schwarzenbach and Westall 1981).  For low organic carbon soils (foc < 0.001), Piwoni and 

Banerjee (1989) developed the following empirical correlation for organic chemicals: 
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log Kd = 1.01 log Kow – 0.36 Equation 54 

 

The use of a fixed Koc value in the soil-water partition equation for the migration to groundwater 

pathway is only valid for hydrophobic non-ionizing organic chemicals.  For organic chemicals 

that ionize in the soil environment, existing in both neutral and ionized forms within the normal 

soil pH range, Koc values must consider the relative proportions and differences in sorptive 

properties of these forms.  For the equations and applications of developing Koc values for 

ionizing organic acids as a function of pH, the reader is referred to US EPA 1996.  The default 

value used for foc in development of NMED SSLs is 0.0015 (0.15%).  This value represents the 

median value of 212 data points included in the NRCS soil survey database for New Mexico 

(U.S. Department of Agriculture 2000).  Only samples collected from a depth of greater than 5 

feet were included in the calculation of the mean foc value.  Shallow soil samples tend to have 

higher foc values as shown in Figure 3-1.  There is a steady decline in foc value with depth until 

approximately 5 feet bgs.  Below 5 feet, there is little variability in the foc value.  Because a 

lower foc value provides a more conservative calculation of SSL, a value representative of deeper 

soil conditions is used as the default value.   

 

Figure 3-1  Mean Value - Fraction Organic Carbon (foc) 

All Counties in New Mexico 

 

 
As with organic chemicals, development of the NMED SSLs for inorganic constituents (i.e., 

metals) requires a soil-water partition coefficient (Kd) for each contaminant.  Kd values for 

metals are affected by a variety of soil conditions, most notably pH, oxidation-reduction 

conditions, iron oxide content, soil organic matter content, cation exchange capacity and major 

ion chemistry.  US EPA developed default Kd values for metals using either an equilibrium 

geochemical speciation model (MINTEQ2) or from empirical pH-dependent adsorption 

relationships developed by US EPA’s Office of Research and Development (EPA/ORD) (US 

EPA 1996a).   
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4.0 MIGRATION OF CONTAMINANTS TO GROUNDWATER 

 

Generic SSLs were developed that address the potential for migration of contaminants from soil 

to groundwater.  The methodology used to calculate generic SSLs addresses the potential 

leaching of contaminants from the vadose zone to groundwater.  This method does not consider 

any additional attenuation associated with contaminant transport in groundwater.  The SSLs 

developed from this analysis are risk-based values incorporating NMED-specific tap water SSLs 

or SSLs based on protection of groundwater.  This methodology is modeled after US EPA’s Soil 

Screening Guidance: Technical Background Document (US EPA 1996a) and the Supplemental 

Guidance for Developing Soil Screening Levels for Superfund Sites (US EPA 2002a).  

 

4.1  Overview of the SSL Model Approach 

 

Two approaches to developing soil leachate-based SSLs (SL-SSLs) are presented, the generic 

model and the site-specific model.  Both models use the same set of equations to calculate SL-

SSLs and are based on leaching to groundwater scenarios that NMED believes are protective of 

groundwater.  The generic model calculates SL-SSLs using default parameter values generally 

representative of conditions in New Mexico.  These values are presented in Tables B-1 and B-2 

of Appendix B.  The site-specific model provides the flexibility of using site-specific 

meteorological, soil and hydrological data to calculate SSLs, while retaining the simplicity and 

ease of use associated with the generic model. 

 

The development of SL-SSLs is based upon a two-step process. The first step is the development 

of a Dilution Attenuation Factor (DAF).  The DAF accounts for leachate mixing in the aquifer.  

A leachate concentration that is protective of groundwater is back calculated by multiplying the 

groundwater standard for a given constituent by the DAF.  That leachate concentration is then 

used to back calculate a SL-SSL that is protective of groundwater using a simple linear 

equilibrium soil/water partition equation.  For the generic SL-SSL approach, default parameter 

values are used for all non-chemical specific parameters.  At sites that are not adequately 

represented by the default values and where more site-specific data are available, it may be more 

appropriate to use the site-specific SL-SSL model.  The site-specific model uses the same 

spreadsheet equations to calculate SL-SSLs as those in the generic look-up table; however, site-

specific data are used in the site-specific model.   

 

The following sections of this document provide a general description of the leaching to 

groundwater pathway SSL model (generic and site-specific) including the assumptions, 

equations, and input parameters.  Justification for the default parameters used in the generic 

model is also provided.  Additionally, a sensitivity analysis was performed on each of the input 

parameters to provide guidance on when use of the site-specific model may be warranted.  

Applicability and limitations of the generic and site-specific models are also presented. 

 

4.2 Model Assumptions 

 

Conservative assumptions regarding the release and distribution of contaminants in the 

subsurface that are incorporated into the SSL methodology include the following: 
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• The source is infinite (a constant concentration is maintained for the duration of the 

exposure period). 

 

• Contamination is uniformly distributed from the surface to the water table. 

 

• Soil/water partitioning is instantaneous and follows a linear equilibrium isotherm. 

 

• There is no attenuation of the contaminant in soil or the aquifer (i.e., no irreversible 

adsorption, chemical transformation or biological degradation). 

 

• The potentially impacted aquifer is unconfined and unconsolidated with homogenous and 

isotropic hydrologic properties.   

 

• The receptor well (point of exposure) is at the downgradient edge of the source and is 

screened within the potentially impacted aquifer. 

 

• NAPLs are not present. 

 

4.3 Soil Water Partition Equation 

 

US EPA’s Supplemental Soil Screening Guidance: Technical Background Document (US EPA 

1996a) and Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites 

(US EPA 2002a) developed an equation to estimate contaminant release in soil leachate based on 

the Freundlich adsorption isotherm.  The Freundlich equation was modified to relate the sorbed 

concentration to the total concentration measured in a soil sample (which includes contaminants 

associated with solid soil, soil-water and soil-air components) (Feenstra 1991).  Equation 55, 

given below, is used to calculate SSLs corresponding to target soil leachate concentrations (Cw). 
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Equation 55 

Soil Screening Level for Leaching to Groundwater Pathway 
 

SL-  
Hθ  θ

  K x C  SSL
b

aw

dw






















 +
+=


 

 

Parameter Definition (units) Default 

SL-SSL Soil Screening Level for migration to 

groundwater pathway (mg/kg) 
Chemical-Specific 

Cw Target soil leachate concentration (mg/L) Chemical-Specific 

Kd Soil /water partition coefficient (L/kg) Chemical-Specific 

w Water-filled soil porosity (Lwater/Lsoil) 0.26 

a Air-filled soil porosity (Lair/Lsoil), n - w 0.17 

n Total soil porosity (Lpore/Lsoil), 1 - (b/s) 0.43 

s Soil particle density (kg/L) 2.65 

b Dry soil bulk density (kg/L) 1.5 

H´ Dimensionless Henry’s Law constant Chemical-Specific 

 

Target soil leachate concentrations (Cw) are equivalent to the NMED-specific tap water SSLs 

multiplied by a DAF.  SL-SSLs were calculated using the tap water SSL, the NM groundwater 

protection criterion (20.6.2 New Mexico Administrative Code, NMAC), and the Federal 

Maximum Contaminant Level (MCL) as follows: 

 

Cw = Tap Water SSL x DAF  Equation 56 

or 

Cw = WQCC x DAF 

or 

Cw = MCL x DAF 

 

For screening purposes, the least conservative SL-SSL may be applied.  Table A-3 summarizes 

all SL-SSLs while Table A-1 contains the least conservative SL-SSL for use in screening 

assessments. 

 

The derivation of the DAF is discussed in subsequent sections of this document.   

 

4.4 Dilution Attenuation Factor  

 

Contaminants transported as a leachate through soil to groundwater are affected by physical, 

chemical, and biological processes that can significantly reduce their concentration.  These 

processes include adsorption, biological degradation, chemical transformation, and dilution from 

mixing of the leachate with groundwater.  The total reduction in concentration between the 

source of the contaminant (vadose zone soil) and the point of groundwater withdrawal is defined 

as the ratio of contaminant concentration in soil leachate to the concentration in groundwater at 

the point of withdrawal.  This ratio is termed a dilution/attenuation factor (DAF; US EPA 1996a 
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and 1996b).  The higher the DAF value the greater the degree of dilution and attenuation of 

contaminants along the migration flow path.  A DAF of 1 implies no reduction in contaminant 

concentration occurs. 

 

Development of New Mexico SL-SSLs considers only the dilution of contaminant concentration 

through mixing with groundwater in the aquifer directly beneath the source.  This is consistent 

with the conservative assumptions used in the SSL methodology including an infinite source, soil 

contamination extending from surface to groundwater and the point of exposure occurring at the 

downgradient edge of the source.  The ratio of contaminant concentration in soil leachate to the 

concentration in groundwater at the point of withdrawal that considers only dilution processes is 

calculated using the simple water balance equation (Equation 57), described below. 

 

Equation 57 

Dilution/Attenuation Factor (DAF) 

 

DAF = 1+
K i D

I L

 











  

 

Where: 

( )
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a

5.02

D  i  K

I L -
exp - 1D  L  0.0112  D  

 

Parameter Definition (units) Default 

DAF Dilution/attenuation factor (unitless) Site-Specific 

K Aquifer hydraulic conductivity (m/yr) Site-Specific  

i Hydraulic gradient (m/m) Site-Specific 

D Mixing zone depth (m) Site-Specific 

I Infiltration rate (m/yr) Site-Specific 

L Source length parallel to groundwater flow (m) Site-Specific 

Da Aquifer thickness (m) Site-Specific 

 

Most of these parameters are available from routine environmental site investigations.  The 

mixing zone depth incorporates one additional parameter, the aquifer thickness (Da).   

 

For the calculation of SL-SSLs, the DAF is used to back calculate the target soil leachate 

concentration (Cw in Equation 56) from an appropriate groundwater concentration, such as the 

tap water SSL, a Water Quality Control Commission (WQCC) standard, or an MCL.  For 

example, if the WQCC standard for a constituent is 0.1 mg/L and the DAF is 20, the target soil 

leachate concentration would be 2 mg/L.   

 

The US EPA conducted an extensive evaluation of the range and distribution of DAFs to select a 

default value to be used for developing generic SSLs that would be reasonably protective of 

groundwater quality (US EPA 1996a, 1996b, and 2002a).  The evaluation included a 

probabilistic modeling exercise using US EPA’s Composite Model for Leachate Migration with 

Transformation Products (CMTP).  A cumulative frequency distribution of DAF values was 
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developed from the model output.  Results of the Monte Carlo modeling analysis indicate that for 

a 0.5-acre source area a DAF of approximately 170 is protective of groundwater at 90 percent of 

the sites.  Groundwater is protected at 95 percent of the sites with a DAF of 7. 

 

US EPA applied the simple SL-SSL water balance dilution model (Equation 56) to 300 sites 

included in surveys of hydrogeologic investigations to further evaluate the range and distribution 

of DAF values.  Results of this analysis indicated that a DAF of 10 was protective of 

groundwater for a 30-acre source and that a DAF of 20 was protective of groundwater for a 0.5 

acre-source (US EPA 1996a, 1996b, and 2002a). 

 

An assessment was performed of US EPA’s methodology to determine whether a default DAF 

value of 20 for a 0.5-acre source, and a DAF of 10 for a 30-acre source, would be appropriate for 

use as default values for sites in New Mexico.  Typical New Mexico conditions may be notably 

different than conditions represented by areas included in the US EPA analysis of DAFs.  For 

example, infiltration rates across much of New Mexico are substantially less than the average 

range of 0.15 to 0.24 m/yr reported for many of the hydrogeologic regions used in the US EPA 

analysis.  In addition, effective porosity was assumed to be 0.35, presumably because this value 

is representative of the most prevalent aquifer type in the databases used (US EPA 1996a).  

However, the regions included in the US EPA analysis also contain extensive glacial, regolith, 

lacustrine, swamp, and marsh deposits which have high percentages of fine-grained sediments 

and thus, are not representative of typical New Mexico sandy soils.  Sandy soils typically have 

higher hydraulic conductivities than more fine-grained soils and subsequently higher Darcian 

velocities, under equal hydraulic gradient.  According to the DAF equation (Equation 57), soils 

with relatively greater hydraulic conductivities will tend to result in a higher calculated DAF.  

 

An assessment was made of input parameters to the DAF equation.  In order to support a DAF 

that is protective of the most vulnerable groundwater environments in New Mexico (i.e., areas 

close to perennial streams or where groundwater is very shallow), environmental parameters 

typical of those areas in New Mexico were used to assess the DAF.  This assessment indicated 

that the DAF is most sensitive to variations in hydraulic conductivity.  This is because this 

parameter exhibits such large variations in the natural environment.  If a hydraulic conductivity 

value representative of a fine-grained sand is used in the DAF equation, along with an infiltration 

rate representative of New Mexico’s arid to semi-arid environments, then the result is a DAF of 

approximately 20.  NMED believes that a DAF of 20 for a 0.5-acre source area is protective of 

groundwater in New Mexico.  If the default DAF is not representative of conditions at a specific 

site, then it is appropriate to calculate a site-specific DAF based upon available site data. 

 

4.5 Limitations on the Use of the Dilution Attenuation Factor 

 

Because of assumptions used in SL-SSL model approach, use of the DAF model may be 

inappropriate for certain conditions, including sites where: 

 

• Adsorption or degradation processes are expected to significantly attenuate contaminant 

concentrations in the soil or aquifer media; 

• Saturated thickness is significantly less than 12 meters (m) thick;  
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• Fractured rock or karst aquifer types exist (violates the unconfined, unconsolidated, 

homogeneous, isotropic assumptions); 

• Facilitated transport is significant (colloidal transport, transport via dissolved organic 

matter, or transport via solvents other than water); and/or 

• NAPLs are present. 

 

For sites that have these types of conditions, consideration should be given to application of a 

more detailed site-specific analysis than either the generic or site-specific models described 

herein. 

 

4.6 Generic SL-SSLs for Protection of Groundwater 

 

The migration to groundwater pathway model, incorporating the assumptions previously stated, 

the soil-water partition equation, and the DAF, was used to develop NMED SSLs.  Default 

values based on conditions predominant in New Mexico were used for the input parameters in 

the soil-water partition equation.  The NMED SL-SSLs are presented for both default DAF 

values of 1 and 20. 

 

Target soil leachate concentrations (Cw) are equivalent to the appropriate groundwater standards 

multiplied by a DAF.  To maintain an approach that is protective of groundwater quality in the 

development of generic SL-SSLs, a DAF of 20 is selected as reasonably protective.  However, 

SL-SSLs are provided for two DAFs in Appendix A.  The use of the SL-SSL listed for a DAF of 

20 is advised unless site-specific data on hydrologic conditions are available, and these indicate 

that the generic DAF is not representative of site conditions.  As will be demonstrated in the 

sensitivity analysis section of this document, calculation of a SL-SSL using the migration to 

groundwater pathway model is most sensitive to the DAF.  SL-SSLs for a DAF of 1 are provided 

for convenience to the user.  If data on hydrologic conditions are readily available, a site-specific 

DAF can be calculated and multiplied by the generic SL-SSL for a DAF of 1 to provide a site-

specific target soil leachate concentration.   

 

The generic approach may be inappropriate for use at sites where conditions are substantially 

different from the default values used to develop the generic soil leachate concentrations.  

 

4.7 Development of Site-Specific SL-SSLs for Protection of Groundwater 

 

New Mexico, as with any other state, offers a variety of geologic and hydrologic conditions that 

may not be readily represented by a single default parameter value. 

 

Site specific conditions may differ considerably from the typical or average conditions 

represented by the default values used to calculate generic SL-SSLs.  The site-specific model can 

be used to address the variability inherent in environmental conditions across and within the 

state. 

 

Application of the site-specific model to develop target soil leachate concentrations is the same 

as the generic approach except that site-specific values are used.  Use of the site-specific model 
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approach may incorporate replacement of all default values used for the generic SL-SSLs with 

site-specific values or may only include substitution of a single key parameter, such as hydraulic 

conductivity.  The decision to use the site-specific model approach instead of the generic 

approach should be based on consideration of the sensitivity of the calculated SL-SSL to specific 

parameters and the availability of those parameters as site-specific data.  Sufficient site-specific 

data may be available such that each of the default values used for developing generic SL-SSLs 

can be readily substituted with a more representative site-derived value.  Conversely, limited 

site-specific data may restrict the number of default values that can be replaced. 

 

The NMED SL-SSLs are generally more sensitive to the DAF than to other parameters in the 

soil-water partition equation.  Fortunately, information needed to derive the DAF is usually 

available for sites that have undergone even the most basic levels of environmental investigation.  

Apart from the DAF, target soil leachate concentrations are most sensitive to the soil-water 

partition coefficient (Kd) as the values for this parameter can range over several orders of 

magnitude, particularly for metals.  Although the Kd term may be critical in developing 

protective target soil leachate concentrations, information required to evaluate this parameter is 

more difficult to obtain and less likely to be available.  Porosity and bulk density are not 

particularly sensitive because of the relatively small range of values encountered in subsurface 

conditions. 

 

Using benzene as a representative contaminant, a sensitivity analysis was performed to compare 

a generic soil leachate SSL to site-specific model results simulating a range of model input 

parameters that might be representative of different conditions in New Mexico.  The generic soil 

leachate concentration calculated using the New Mexico default values and a DAF of 1 is 2.8 

μg/kg.  These results are summarized in Table 4-1.  As shown, the resulting SL-SSLs for 

benzene range from 1.3 to 6.1 μg/kg for the various sensitivity simulations compared to the 

generic SSL of 2.8 μg/kg.  These results indicate that the calculation of SSLs using the site-

specific approach is not overly sensitive to the reasonable range of porosity (air and water filled), 

bulk density and fraction of organic carbon (foc) expected for New Mexico or even for a range of 

values for chemical-specific properties.  The generic SL-SSL for benzene of 2.8 μg/kg is 

representative of values that could be calculated using a spectrum of input parameters, exclusive 

of the DAF term.  Unless there are sufficient data to calculate a site-specific DAF, there is little 

benefit derived from using the site-specific model approach instead of the generic SL-SSL.   
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Table 4-1.  Input Parameters and Resulting SL-SSLs for the Sensitivity Analysis of 

the Soil-Water Partition Equation - Migration to Groundwater Pathway Model 

 

Input parameter 

(NMED default value) 

Sensitivity Analysis 

Values 

Resulting SL-

SSL 

Bulk density   

 (default value = 1.55 gm/cm) 

Lower Limit = 1.20 

Upper Limit =  1.90 

3.4 

2.5 

Air filled porosity  

 (default value = 0.18) 

Lower Limit = 0.04a 

Upper Limit = 0.25b 

1.3 

3.5 

Fraction organic carbon  

 (default value = 0.0015) 

Lower Limit = 0.0005 

Upper Limit = 0.007 

2.2 

6.1 

Volume water content 

 (default value = 0.26)   

Lower Limit = 0.05c 

Upper Limit = 0.40c 

1.8 

3.5 

Koc   

 (default value = 58.9 ml/g) 

Lower Limit = 30 

Upper Limit =  120 

2.4 

3.7 

Dimensionless Henry’s Law constant  

 (default value = 0.228) 

Lower Limit =  0.1 

Upper Limit =  0.4 

2.7 

3.0 
a total porosity was reduced from 0.44 to 0.10 for this simulation 
b total porosity was increased from 0.44 to 0.6 for this simulation 
c total porosity remained at 0.44 for this simulation. 

 

As previously stated, calculation of SL-SSLs is most sensitive to the DAF term.  The input 

parameter values and resulting DAFs for the sensitivity analysis are included in Table 4-2.  

Effects on the DAFs are, from greatest to least, the Darcian velocity (hydraulic conductivity 

multiplied by the hydraulic gradient), infiltration rates, size of the contaminated area, and the 

aquifer thickness.  Corresponding effects on DAFs for each of these parameters and discussion 

of the relevance of the use of default values versus site-specific conditions are summarized 

below. 
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Table 4-2.  Input Parameters and Resulting DAFs for the Sensitivity Analysis of the 

Dilution Attenuation Factor-Migration to Groundwater Pathway Model 

 

Parameter 
Groundwater 

Velocity (m/yr) 

Infiltration 

Rate 

(m/yr) 

Source 

Length  

(m) 

Aquifer 

thickness 

(m) 

Mixing 

Zone Depth 

(m) 

Dilution 

Attenuation 

Factor 

(DAF) 

Groundwater 

Velocity 4.7.1 2.2 0.13 45 12 7.15 3.7 

Groundwater 

Velocity 22 0.13 45 12 5.03 19.9 

Groundwater 

Velocity 220 0.13 45 12 4.79 181.1 

 

Infiltration Rate 22 0.065 45 12 4.89 37.8 

Infiltration Rate 22 0.13 45 12 5.03 19.9 

Infiltration Rate 22 0.26 45 12 5.28 10.9 

 

Source Length 22 0.13 22.5 12 2.51 19.9 

Source Length 22 0.13 45 12 5.03 19.9 

Source Length 22 0.13 348.4 12 38.76* 6.8 

 

Aquifer 

Thickness 22 0.13 45 3 5.02* 12.3 

Aquifer 

Thickness 22 0.13 45 12 5.03 19.9 

Aquifer 

Thickness 22 0.13 45 48 5.03 19.9 

Note: If mixing zone depth calculation is greater than aquifer thickness, then aquifer thickness is 

used to calculate the DAF. 

 

Higher Darcian velocity results in higher DAFs.  Slower mixing of groundwater with soil 

leachate occurs at lower groundwater velocity.  Thus, using a lower velocity constitutes a more 

conservative approach.  Sandy soils typically have higher hydraulic conductivities than more 

fine-grained soils and subsequently higher Darcian velocity (under equal hydraulic gradient).  

Use of a sandy soil type will generally be less conservative (result in higher DAFs) with respect 

to protection of groundwater quality. 

 

Lower infiltration rates result in higher DAFs.  Therefore, using a higher infiltration rate is a 

more conservative approach (results in a lower DAF). 

 

Larger source sizes result in lower DAFs.  The default DAF used to develop SL-SSLs for a 0.5-

acre source may not be protective of groundwater at sites larger than 0.5 acre.  However, the 

selection of a second source size is arbitrary.  If generic SL-SSLs are developed for a 30-acre 
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source, then those values are considered overly conservative for a 12-acre source.  Conversely, 

SL-SSLs developed for a 30-acre source will be less protective of a 40-acre source.  Rather than 

develop a separate set of generic SSLs for a second (or third or fourth) source size, the following 

two approaches are proposed.   

 

• As the size of the source area increases, the assumptions underlying the generic model 

are less applicable.  One of the conservative assumptions in the generic SSL approach is 

the uniform distribution of contaminants throughout the vadose zone.  There are few sites 

that have relatively uniform soil contamination (both laterally and vertically) of a single 

constituent in an area of greater than 0.5 acres (22,000 ft2).  Soil contamination at large 

facilities (such as federal facilities) are usually concentrated in discrete portions of the 

site.  Contamination at large sites is commonly the result of multiple sources.  It is 

advisable to attempt to subdivide the facility by source and contaminant type and then 

apply generic SSLs to those smaller source areas.   

• If this approach is impractical, calculation of site-specific DAFs is recommended.  Most 

of the parameters required for these calculations are available from routine environmental 

site investigations or can be reasonably estimated from general geologic and hydrologic 

studies. 

 

Thin aquifers will result in lower DAFs.  The nominal aquifer thickness used in the sensitivity 

analysis was 12 m.  Reducing the aquifer thickness to 3 m results in a 40 percent reduction in the 

DAF.  Increasing the aquifer thickness beyond the nominal value has very little impact. 

 

The significant effects of the DAF on the calculation of SL-SSLs, coupled with the common 

availability of site-specific data used to calculate the DAF, suggest that use of the site-specific 

modeling approach should at least incorporate recalculation of the DAF term.  If data are 

available that indicate soil properties significantly different than the default values (such as high 

or low foc for organic contaminants, or highly acidic or basic conditions for metal contaminants) 

the Kd term should also be evaluated and recalculated. 

 

4.8 Detailed Model Analysis for SL-SSLs Development 

 

Sites that have complex or heterogeneous subsurface conditions may require more detailed 

evaluation for development of SL-SSLs that are reasonably, but not overly, protective of 

groundwater and surface water resources.  These types of sites may require more complex 

models that can address a wide range of variability in environmental site conditions including 

soil properties, contaminant mass concentration and distribution, contaminant degradation and 

transformation, recharge rates and recharge concentration, and depth to the water table.  Model 

codes suitable for these types of more detailed analyses range from simple one-dimensional 

analytical models to complex three-dimensional numerical models.  Note that resource 

requirements (data, time, and cost) increase for the more complex codes.  The selection of an 

appropriate code needs to balance the required accuracy of the output with the level of effort 

necessary to develop the model.   
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4.9 Summary of the Migration to Groundwater Pathway SL-SSLs  

 

SL-SSLs for New Mexico have been developed for the migration to groundwater pathway, and 

are provided in Table A-3 of Appendix A.  SL-SSLs were derived using two criteria: tap water 

screening levels and the NMED groundwater and surface water protection levels (20.6.2 

NMAC), and/or Federal MCLs.  The highest SL-SSL for a chemical based on a DAF of 20 is 

listed in Table A-1 and should be applied for initial screening.  This approach maintains the 

conservative approach of the SL-SSL methodology, is protective of groundwater quality under a 

wide range of site conditions and complies with the groundwater protection requirements in 

20.6.2 NMAC.   

 

Soil contaminant concentrations are compared directly to the generic target soil leachate 

concentrations to determine if additional investigation is necessary to evaluate potential leaching 

and migration of contaminants from the vadose zone to groundwater in excess of NMED 

groundwater protection criteria, as shown in Equation 58. 

 
Is Site Concentration ≤  SL − SSL ?   Equation 58 

 

All soil data, regardless of depth of detection, should be used in the evaluation of the migration 

to groundwater pathway.  For the initial screen, the maximum detected concentration in soil 

should be applied. 

 

As it is noted that the underlying assumptions (Section 4.2) used to develop the generic SL-SSL 

may result in overly conservative values not representative of actual site conditions, site-specific 

SL-SSLs can be developed by substituting site-related data for the default values in the leaching 

to groundwater pathway model.  SL-SSLs developed from this model are most sensitive to the 

DAF.  SL-SSLs are also provided in the lookup table for a DAF of 1.  If data on hydrologic 

conditions are readily available, a site-specific DAF can be calculated.   

 

In addition to use of migration to groundwater SL-SSLs, additional lines of evidence may be 

used to address the potential for contaminant migration.  These factors may include: removal 

actions (i.e., removal of source material), vertical profile of contamination in soil (defined 

vertical extent) combined with depth to groundwater, physical-chemical parameters (e.g., low Kd 

for metals), lack of presence of liquids to push contaminant downward, and geology/hydrology.  

Please note that depth to groundwater alone is not a sufficient line of evidence to justify the 

migration to groundwater pathway as incomplete.  If the depth and area of contamination along 

with site-specific infiltration rates are known, mass-limit soil screening levels for migration to 

groundwater may also be calculated.  US EPA 2002a (or most current) guidance should be 

followed for determining site-specific mass-limit SL-SSLs. 

 

5.0 USE OF THE SSLs 

 

For screening sites with multiple contaminants, the following procedure should be followed: take 

the site-specific concentration (first step screening assessments should use the maximum 

reported concentration) and divide by the SSL concentration for each analyte.  For multiple 

contaminants, simply add the ratio for each chemical.  For carcinogens, multiply the sum by the 
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NMED target risk level of 1E-05 as shown in Equation 59.  Equation 60 shows the sum of the 

ratios is multiplied by the NMED target hazard of 1.0 for noncarcinogens.  Note that a chemical 

may exhibit both carcinogenic and noncarcinogenic toxicity (e.g., arsenic).  For these chemicals, 

impact of SSLs based on both forms of toxicity must be evaluated (i.e., both site cancer risk and 

a site HI would be required for arsenic and other chemicals with both forms of toxicity).   
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Site risks and hazard indices for any additional completed exposure pathways not included in the 

SSLs (e.g., vapor intrusion or ingestion of potentially contaminated produce/meat/dairy) should 

be added to the results of Equations 59 and 60.  For noncarcinogenic effects, constituents can be 

grouped according to the same toxic endpoint and/or mechanism of action.  The sources 

provided in Section 2.1 should be consulted to determine the endpoint and/or target organ 

system. Note: lead should be evaluated separately and not included in the HI.  Similarly, risks 

from TPH should be evaluated separately if the indicator compounds have been included in the 

site risk and/or HI, to prevent over counting exposure. 

 

Equations 59 and 60 do not apply to the soil-to-groundwater pathway.  As discussed in 

Section 4.9, evaluation of the soil-to-groundwater pathway is a simple comparison of site 

data to SL-SSLs (see Equation 58) and does not represent an estimate of potential risk or 

hazard. 

 

It is important to remember that site concentrations should be developed for each receptor and 

corresponding soil horizons, or exposure intervals.  As discussed in Section 2.7.5 and 

summarized in Table 2-6, it is assumed that residential and construction worker receptors are 

exposed to soil from 0-10 ft bgs, while commercial/industrial receptors are exposed to soil 0-1 ft 

bgs.  For the vapor intrusion and soil-to-groundwater migration pathways, maximum 

concentrations regardless of sampling depth should be considered for all receptors. 

 

Site risks less than the NMED target level of 1E-05 and hazard indices less than the NMED 

target level of one (1) indicate that concentrations at the site are unlikely to result in adverse 

health impacts.  If the total cancer risk is greater than the target risk level of 1E-5 or if the hazard 

index is greater than one, concentrations at the site warrant further, site-specific evaluation.  

Further site-specific evaluation may include refinement of receptor-specific exposure point 

concentrations via calculation of UCLs (Section 2.5).  The calculated UCLs may then be used as 

the input concentrations for Equations 59 and 60.  As stated in Section 1.2, further evaluation 

may also include additional sampling to better characterize the nature and extent of 

contamination, consideration of background levels, reevaluation of COPCs or associated risk and 

hazard using site-specific parameters, and/or a reassessment of the assumptions associated with 

the generic NMED SSLs.  
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As with any risk-based tool, the potential exists for misapplication.  In most cases the root cause 

will be a lack of understanding of the intended use of NMED SSLs.  In order to prevent misuse 

of SSLs, the following should be avoided: 

 

• Applying SSLs to a site without adequately developing a CSM that identifies relevant 

exposure pathways and exposure scenarios, 

• Failing to consider additional exposure pathways not included in the SSLs, 

• Using the SSLs as cleanup levels without verifying numbers with a toxicologist or risk 

assessor, and 

• Failing to consider the effects of additivity when screening multiple chemicals.  

 

When generic NMED SSLs are used for screening level evaluations at a facility, site-specific 

conditions must be evaluated for each receptor to determine if the exposure assumptions 

associated with the generic NMED SSLs are appropriate for comparison with the available site 

data.  The exposure assumptions for each receptor on which the generic NMED SSLs are based 

are shown in Table A-2.  Therefore, Table A-2 should be consulted when the generic NMED 

SSLs are being applied at a facility.  If the exposure assumptions presented in Table A-2 are not 

protective of the exposure and types of receptors found at a facility, NMED should be consulted 

to determine if refinement of the generic SSLs based on site-specific exposure parameters is 

appropriate.  
 

5.1 Alternative Evaluation for Lead 

 

Exposure to lead can result in neurotoxic and developmental effects.  The primary receptors of 

concern are children, whose nervous systems are still undergoing development and who also 

exhibit behavioral tendencies that increase their likelihood of exposure (e.g., pica).  These effects 

may occur at exposures so low that they may be considered to have no threshold and are 

evaluated based on a blood lead level (rather than an external dose as reflected in the RfD/RfC 

methodology).  Therefore, US EPA views it to be inappropriate to develop noncarcinogenic 

“safe” exposure levels (i.e., RfDs) for lead.  Instead, US EPA’s lead assessment workgroup has 

recommended the use of the IEUBK model that relates measured lead concentrations in 

environmental media with an estimated blood-lead level for assessing risks to residential 

receptors (US EPA 2016h).  The model is used to calculate a blood lead level in children when 

evaluating residential land use and in adults (based on a pregnant mother’s capacity to contribute 

to fetal blood lead levels).  However, US EPA recommends the use of the Adult Lead 

Methodology (ALM) for adults in evaluating occupational scenarios at sites where access by 

children is reliably restricted (US EPA 2016h).  The NMED SSLs presented in Appendix A 

include default values for lead that were calculated by using the US EPA methodologies to back-

calculate a soil concentration for each receptor that would not result in an estimated blood-lead 

concentration of 10 micrograms per deciliter (g/dL) or greater (residential adult of 400 mg/kg 

and industrial and construction worker of 800 mg/kg).  If the screening levels for lead are 

exceeded, it is recommended that site-specific bioavailability of lead using the US EPA’s in-vitro 

bioaccessibility assay for lead be used to refine the screening levels.  Note that if site-specific 
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screening levels are defined, the exposure to a typical/hypothetical child resident must not have 

an estimated risk exceeding 5%, or a resulting blood lead level of more than 10 µg/dL (US EPA 

2016h). 
 
 

5.2 Use of Chromium Screening Levels  

 

Elemental chromium (Cr) is naturally present and considered stable in the ambient environment 

in one of two valence states:  chromium (III) and chromium (VI).  Chromium (III) occurs in 

chromite compounds or minerals and concentrations in soil/groundwater result from the 

weathering of minerals.  Chromium (III) is the most stable state of environmental chromium; 

chromium (VI) in the environment is man-made, present in chromate and dichromate 

compounds, and is the more toxic of the oxidation states. 

(http://rais.ornl.gov/tox/profiles/chromium.html#t21).   

 

The oxidation state of Cr has a significant effect on its transport and fate in the environment.  

The equilibrium distribution of the Cr between the two oxidation states is controlled by the redox 

environment.  Oxidation depends on a variety of factors and is a function of pH and the rate of 

electron exchange, or standard reduction potential (Eh).  Chromium (VI) is converted to the less 

toxic and much less mobile form of chromium (III) by reduction reactions.  The corresponding 

oxidation of chromium (III) to chromium (VI) can also occur under oxidizing conditions.   

 

The degree to which chromium (III) can interact with other soil constituents is limited by the fact 

that most chromium (III) is present in the form of insoluble chromium oxide precipitates 

rendering chromium (III) relatively stable in most soils.  Oxidation of chromium (III) to 

chromium (VI) can occur under specific environmental conditions with influencing factors 

including the soil pH, chromium (III) concentration, presence of competing metal ions, 

availability of manganese oxides, presence of chelating agents (i.e., low molecular weight 

organic compounds), and soil water activity.  Chromium (III) oxidation is favored under acidic 

conditions, where the increased solubility of chromium (III) at lower pH enables increased 

contact with oxidizing agents.  Aside from decreasing soil pH, chromium (III) solubility is 

enhanced by chelation to low molecular weight compounds such as citric or fulvic acids.  

Conversely, factors influencing the reduction of chromium (VI) to chromium (III) in soil include 

soil pH, the presence of electron donors such as organic matter or ferrous ions, and soil oxygen 

levels (CEQG, 1999).  Chromium reducing action of organic matter increases with decreasing 

pH. 

 

Figure 5-1 (TCEQ, 2002) shows a generalized Eh-pH diagram for the chromium-water system.  

Chromium (III) exists over a wide range of Eh and pH conditions [e.g., Cr3+, Cr(OH)3, and CrO2
-

] while chromium (VI) exists only in strongly oxidizing conditions (e.g., HCrO-
4 and CrO2

4). 
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Figure 5-1. Eh-pH Diagram for Chromium 

 

Generally, groundwater containing high concentrations of chromium is more likely to be 

comprised of chromium (VI) than chromium (III) because chromium (III) is more likely to have 

precipitated as Cr2O3 x H2O and, to a lesser extent, adsorbed.  Chromium (VI) is highly mobile in 

groundwaters with neutral to basic pH.  In acidic groundwaters chromium (VI) can be 

moderately adsorbed by pH-dependent minerals such as iron and aluminum oxides.  Under 

favorable conditions, chromium (VI) reduces to chromium (III) rapidly via ferrous iron, organic 

matter, and microbes.  The oxidation of chromium (III) to chromium (VI) by dissolved oxygen 

and monoxides is kinetically slower (TCEQ, 2002).  Redox conditions and pH dominate Cr 

speciation and thus are important parameters required for assessment of groundwater data.   

 

The RSL tables no longer contain risk-based screening levels for total chromium (with the 

exception of air).  The US EPA deleted the total chromium values due to uncertainty associated 

with the previously applied ratio of trivalent to hexavalent chromium.  The concern was that an 

assumed ratio (1:6) had the potential to both under- and over-estimate risk.   

 

For sites where chromium is to be included for analysis, a tiered process should be applied.  If a 

review of site-specific geology and geochemistry indicates conditions are not favorable for the 

possible presence of chromium (VI), additional sampling may be conducted to demonstrate that 

total chromium is representative of only chromium (III).  If site-specific speciated data 

demonstrate the absence of chromium (VI) in background and/or site soil, the use of the 

chromium (III) SSLs may be warranted.  However, if there is site history sufficient to identify 
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chromium (VI) as a potential site contaminant, such as the site previously housed a plating 

operation or soil/water chemistry may allow for speciation, analyses of media (soil and/or 

groundwater) should include hexavalent and total chromium in the analytical suite along with 

determination of pH (water samples) and Eh to assess chemical state.  Comparison of the 

species-specific data can be compared to representative background concentrations. 

 

If site history does not indicate a known source for chromium (VI), the data (soil and/or 

groundwater) should be analyzed for total chromium.  If the site levels of total chromium are 

within background, no additional analyses would be required (chromium would drop from the 

risk assessment as a constituent of concern).  However, if the total chromium concentrations are 

statistically different (using a 95% confidence level) from background for soil or if chromium 

appears to be a site contaminant in groundwater, a two-tiered approach should be applied: 

  

1. A more detailed review of the site history should be conducted to see if there were any 

potential sources for chromium (VI) or any processes that could have resulted in an 

alteration of speciation (such as introduction of acids).  If there is no potential source, or 

it does not appear that any other chemicals or contaminants are present that may have 

altered the speciation of Cr, and this can be documented, no additional analyses will be 

required, and the data may be evaluated as total chromium.  Table A-1 includes derived 

screening levels for total chromium, using the methodology outlined in this document 

and assuming a ratio of chromium (VI) to chromium (III) of 1:6. 

 

 

2. If there is a potential source for chromium (VI) or the data are statistically different 

(using a 95% confidence level) from background, additional sampling should be 

conducted to determine speciation.  The species-specific data will then be compared to 

the trivalent and hexavalent chromium NMED screening levels presented in Table A-1. 

 

5.3 Essential Nutrients 

 

Essential nutrients are naturally occurring inorganic constituents that are essential for human 

health in trace amounts but may be toxic in high doses.  Inorganics classified as essential 

nutrients that do not have published toxicity data [from the US EPA (2003) recommended 

hierarchy of sources] may be eliminated from further consideration in the risk assessments if 

they are detected in soil at concentrations that would not cause adverse effects to human health 

or the environment.  Inorganics classified as essential nutrients that could be naturally occurring 

and do not have published toxicity data include: calcium, chloride, magnesium, phosphorous, 

potassium, and sodium.  

 

Soil screening levels were calculated based upon dietary guidelines.  The Institute of Medicine of 

the National Academy of Sciences has developed dietary guidelines for essential nutrients which 

include tolerable upper intake levels (ULs), recommended daily allowances (RDAs), and 

adequate intakes (AIs) (NAP, 2011 and 2006).  A UL is the highest average daily intake level 

likely to pose no risk of adverse health effects to most individuals within the general population.  

As intake increases above the UL, the potential risk of adverse effects may increase.  RDAs and 

AIs are the daily dietary intake levels of a nutrient considered to be sufficient within an age 
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group.  Screening levels for essential nutrients were calculated for three different types of 

receptors (industrial worker, resident, and construction worker).  The UL/RDA/AI was selected 

for industrial and construction workers based on an adult age group; for residents, levels were 

selected for a child age group. 

 

The SSLs were derived using ULs and if an UL was not available, the more conservative of the 

available RDAs or AIs was utilized.  Screening levels were calculated using Equation 61 and the 

toxicity data provided in Table 5-1 for ingestion of soil only.  Screening levels are provided in 

Table A-1.  Risk to essential nutrients may be tabulated separately from other chemicals, as 

toxicity is based on intake recommendations.  Like noncarcinogens, a HQ or HI above 1.0 

indicates excess risk may be present and additional evaluation may be required. 

 

Table 5-1.  Soil Screening Levels for Essential Nutrients 

 

Essential Nutrient  

Upper Level (UL) 

or Adequate 

Intake (AI), Child 

(mg/day) 

Upper Level (UL) or 

Adequate Intake (AI), 

Adult 

(mg/day) 

Calcium 2500 UL 2000 UL 

Chloride 2300 UL 3600 UL 

Magnesium 65 UL 350 UL 

Phosphorus 3000 UL 4000 UL 

Potassium 3000 AI 4700 AI 

Sodium 1500 UL 2300 UL 

ULs and AIs taken from The National Academies Press (2011 and 2006, and United States  

Tolerable Upper Intake Levels (2014). 
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Equation 61 

Calculation of SSLs for Essential Nutrients 

 

𝑆𝑆𝐿𝑒𝑛 =
𝐷𝐼 × 𝐴𝑇

𝐼𝑅 × 𝐶𝐹 × 𝐸𝐹 × 𝐸𝐷
 

 

Parameter Definition (units) Default 

SSLen Soil screening level for essential nutrients 

(mg/kg) 

Chemical-specific 

DI Daily intake (UL, RDA or AI) (mg/day) Chemical-specific 

AT Averaging time (365 day/yr x ED) Receptor-specific 

IR Ingestion rate (mg/day) 

Industrial worker 

Resident (child) 

Construction worker 

 

100 

200 

330 

CF Conversion factor (1E-06 kg/mg) 1E-06 

EF Exposure frequency (day/yr) 

Industrial worker 

Resident (child) 

Construction worker 

 

225 

350 

250 

ED Exposure duration (yr) 

Industrial worker 

Resident (child) 

Construction worker 

 

25 

6 

1 

 

The maximum concentration (concen) of the essential nutrient should be compared via Equation 

62 to the SSL provided in Table 5-1.  

 

1







=  

SSL

conc
  HQ

en

en
en

 Equation 62 

 

If concen for the site is below the soil SSL, resulting in an HQ of less than one, then exposure is 

not likely to cause adverse effects to receptors, and the inorganic constituent may be eliminated 

from further evaluation in the risk assessments.  The risks from essential nutrients may be 

discussed separately from the overall HI for noncarcinogens. 

 

5.4 Polyfluoroalkyl and Perfluoroalkyl Compounds (PFAS) 

 

PFAS refers to polyfluoroalkyl and perfluoroalkyl compounds, which are synthetic chemicals 

that do not occur naturally. However, once released, they are persistent and mobile in the 

environment.  These compounds (and other PFAS) repel oil, grease, and water and have been 

used in many consumer, commercial and industrial products (Gaines, 2022). 

 

PFAS may be divided into two primary categories: polymer (or potential precursors) and non-

polymer PFAS.  Table 5-2 lists the most common PFAS that should be include in analytical 
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suites.  In addition, to the listed PFAS, four replacement chemicals, GenX, Adona, and F53b 

major and minor should be included in the analytical suite as appropriate based upon site history. 

 

Table 5-2.  PFAS Analyte List 

 

Analytical Name Acronym CAS Number 

Perfluorotetradecanoic acid PFTeA 376-06-7 

Perfluorotridecanoic acid PFTriA 72629-94-8 

Perfluorododecanoic acid PFDoA 307-55-1 

Perfluoroundecanoic acid PFUnA 2058-94-8 

Perfluorodecanoic acid PFDA 335-76-2 

Perfluorononanoic acid PFNA 375-95-1 

Perfluorooctanoic acid PFOA 335-67-1 

Perfluoroheptanoic acid PFHpA 375-85-9 

Perfluorohexanoic acid PFHxA 307-24-4 

Perfluoropentanoic acid PFPeA 2706-90-3 

Perfluorobutanoic acid PFBA 375-22-4 

Perfluorodecanesulfonic acid PFDS 335-77-3 

Perfluorononanesulfonic acid PFNS 68259-12-1 

Perfluorooctanesulfonic acid PFOS 1763-23-1 

Perfluoroheptanesulfonic acid PFHpS 375-82-8 

Perfluorohexanesulfonic acid PFHxS 355-46-4 

Perfluoropentanesulfonic acid PFPeS 2706-91-4 

Perfluorobutanesulfonic acid PFBS 375-73-5 

Perfluoroictabesylfonamide PFOSA 754-91-6 

Fluorotelomer sulphonic acid 8:2 FtS 8:2 39108-34-4 

Fluorotelomer sulphonic acid 6:2 FtS 6:2 27619-97-2 

Fluorotelomer sulphonic acid 4:2 FtS 4:2 757124-72-4 

2-(N-Ethylperfluoroactanesulfonamido) acetic acid N-EtFOSAA 2991-50-6 

2-(N-Methylperfluoroactanesulfonamido) acetic acid N-MeFOSAA 2355-31-9 

 

Despite the large number of potentially present substances, toxicity studies have only been 

conducted on a few PFAS.  While PFAS are a class of emerging compounds, there is much focus 

on these substances by State and Federal regulatory communities.  It is anticipated that there will 

be changes and updates to preliminary screening levels as more data become available.  

 

. 

 

6.0 TOTAL PETROLEUM HYDROCABONS (TPH) 

 

6.1 TPH Fraction and Indicator Approach 

 

Accurate characterization of TPH releases consisting of complex mixtures of organic compounds 

represents a major issue in evaluating the impact of these releases on human health.  One 

approach that has been used calls for sampling of indicator compounds, such as benzene, 

toluene, ethylbenzene, and xylenes (BTEX) and a few PAHs, and ignoring the overall TPH level.  
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This approach assumes that impacts to human health are largely due to exposure to the indicator 

compounds and as long as no risk is posed by the indicator chemicals, exposure to the other 

harmful components in the TPH Mixture does not pose a risk to human receptors.  However, 

BTEX compounds are the most readily degraded components of petroleum products and may 

disappear well before the rest of the components comprising the TPH Mixture.  In fact, the 

amount, and types of compounds in a petroleum hydrocarbon release differ widely depending on 

the type of product released and how the release is weathered.  For example, low levels of BTEX 

are associated with diesel and fuel oils and the low percentages of BTEX components in diesel 

and fuel oils can make them difficult to measure accurately.  Thus, addressing a diesel and/or 

fuel oil release using only indicator compounds (i.e., BTEX and some PAHs) will not reliably 

account for the presence of heavier compounds in the released TPH Mixture (Ohio EPA, 2004).   

 

The Total Petroleum Hydrocarbon Criteria Work Group (TPHCWG) has separated TPH 

fractions into groups based on carbon number and aliphatic versus aromatic nature.  TPHCWG 

has also developed data tables of the physico-chemical property values and toxicity values for 

these TPH.  Similarly, physico-chemical property values have been tabulated by the state of 

Texas [Figure: 30 TAC §350.73(e) of the Texas Risk Reduction Program (TRRP) rule].  This 

information allows for the calculation of leaching standards for TPH fractions.  Thus, a class of 

chemicals, such as aromatics with carbon number equivalents between 8 and 10 (C8 to C10 

aromatics) can be simulated using a single set of physico-chemical and toxicity values.  

 

NMED assesses the potential impact to soil and groundwater from petroleum-based releases 

using an approach that combines the evaluation of indicator chemicals and the evaluation of TPH 

Fractions.  This approach is similar to that described by the TPHCWG (TPGCWG, 1997c) and 

used in states like Ohio and Louisiana.  The TPH fraction and indicator approach is based on the 

assessment of:  

 

• Individual petroleum-related constituents (indicators) using constituent-specific toxicity 

criteria and physical/chemical properties, and 

• TPH fractions using fraction-specific toxicity criteria and physical/chemical properties.  

 

NMED has developed generic/default screening levels for the indicator chemicals and TPH 

hydrocarbon fractions associated with the petroleum products listed in Table 6-1 to screen 

releases of TPH hydrocarbon mixtures for protection of human health.   

 

Table 6-1.  TPH Compositional Assumptionsa Used in Deriving Screening Levels 

 

Petroleum Product C11-C22 

Aromatics 

C9-C12 

Aromatics 

C5-C8 

Aliphatics 

C9-C18 

Aliphatics 

C19-C36 

Aliphatics 

Diesel #2/ new crankcase oil 60%   40% 0% 

#3 and #6 Fuel Oil 70%   30% 0% 

Kerosene and jet fuel 30%   70% 0% 

Mineral oil dielectric fluid 20%   40% 40% 

Unknown oil 100%   0% 0% 

Waste Oilb 0%   0% 100% 
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Gasoline  43% 45% 12% <1% 
a MADEP, 2002  
b Compositional assumption for waste oil developed by NMED is based on review of 

chromatographs of several types of waste oil.  

 

6.2 Total Petroleum Hydrocarbons in Soil 

 

In some instances, it may be practical to assess areas of soil contamination that are the result of 

releases of petroleum products using TPH analyses.  TPH results may be used to delineate the 

extent of petroleum-related contamination at these sites and ascertain if the residual level of 

petroleum products in soil represents an unacceptable risk to future users of the site.  Petroleum 

hydrocarbons consist of complex mixtures of compounds, some of which are regulated 

constituents while others are not.  In addition, the amount, and types of the constituent 

compounds in a petroleum hydrocarbon release differ widely depending on what type of product 

was spilled and how the spill has weathered.  This variability makes it difficult to determine the 

toxicity of weathered petroleum products in soil solely from TPH results; however, these results 

can be used to approximate risk in some cases, depending upon the nature of the petroleum 

product, the release scenario, how well the site has been characterized, and the anticipated 

potential future land uses.  

 

Site cleanup decisions cannot be based solely on the results of TPH sampling.  Rather, the 

soil screening levels for TPH in Table 6-2 must be used in conjunction with the screening 

levels for individual petroleum-related contaminants listed in Table A-1 for soil exposure 

and threat to ground water.  The TPH screening levels are not designed to be protective of 

exposure to these individual contaminants.  Sites with petroleum product releases must be 

tested for VOCs, SVOCs, and if warranted, metals and PCBs, to determine if other 

potentially toxic constituents are present.  Sites with unknown oil or waste oil releases must 

be tested for VOCs, SVOCs, metals, and PCBs.  

 

The toxicity of petroleum hydrocarbons depends on their classification as aliphatic or aromatic 

and on their carbon number/molecular weight.  Because TPH is essentially a summation of the 

three fractions, C11-C22 Aromatics, C9-C18 Aliphatics and C19-C36 Aliphatics, NMED 

derived TPH soil-screening values are based on reasonable assumptions about the composition of 

petroleum products commonly found at contaminated sites, as shown in Table 6-1. 

 

TPH soil screening levels were calculated based on the noncarcinogenic toxicity of the 

hydrocarbon fractions as applicable to the ingestion and dermal exposure pathways, weighted 

according to the assumed composition of the petroleum product.  Ceiling values that account for 

exposure pathways and factors that were not considered in the toxicity calculations, including 

public welfare concerns related to odors, were used where more conservative (MADEP 2014). 

 

Table 6-2.  TPH Soil Screening Levels 
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Petroleum Product  

Residential 

Exposure  

(mg/kg) 

Industrial/ 

Construction 

Worker Exposure 

(mg/kg) 

Diesel #2/crankcase oil  1000 3000 

#3 and #6 Fuel Oil  1000 3000 

Kerosene and jet fuel  1000 3000 

Mineral oil dielectric fluid  1800 3800 

Unknown oil  1000 3800 

Waste Oil  3000 5000 

Gasoline  100 500 

 

Mineral oil based hydraulic fluids can be evaluated for petroleum fraction toxicity using the 

screening guidelines from Table 6-3 specified for waste oil, because this type of hydraulic fluid 

is composed of approximately the same range of carbon fractions as waste oil.  However, these 

hydraulic fluids often contain proprietary additives that may be significantly more toxic than the 

oil itself; these additives must be considered on a site- and product-specific basis (see ATSDR, 

1997).  Note that use of alternate screening levels requires prior written approval from the 

NMED.  

 

The TPH soil screening levels are based solely on human health considerations related to direct 

soil exposure, not ecological risk considerations, protection of surface or ground water, or 

potential indoor air impacts from soil vapor.  When evaluating TPH contaminated soils, the soil-

to-groundwater pathway should be evaluated to determine the potential for hazardous 

constituents in the TPH Mixture to leach/migrate and impact groundwater.   

 

Potential soil vapor impacts shall be evaluated for individual petroleum-related contaminants 

listed in Table A-1 and following the methodology in Section 6.4 of this guidance. 

 

Note that facilities may be required to remediate to petroleum hydrocarbon concentrations that 

are lower than the concentrations specified by this approach if compliance with risk-based levels 

results in a visual or odor nuisance that compromises the aesthetic value and/or land use of the 

impacted site.  For example, for a release of diesel fuel in an industrial area, where all the 

indicator constituents for petroleum-impacted soils are met and the TPH-diesel range organics 

(DRO) hydrocarbon concentration is less than or equal to the applicable screening levels, but a 

constant, objectionable odor is evident, excavation of the affected soils to aesthetically 

acceptable concentrations may be required.  This new clean up goal would be governed by the 

aesthetic appearance and odor of the soil only, not a revised risk-based level. 

 

6.3 Determination of Groundwater and Soil-to-Groundwater Screening Criteria for Petroleum 

Hydrocarbon Releases 

 

The groundwater and soil-to-groundwater SL-SSLs addressed herein are based solely on human 

health considerations related to protection of ground water.  Table 6-3 lists individual petroleum 

contaminants such as BTEX, PAH’s, and methyl tertiary butyl ether (MTBE) associated with 

petroleum hydrocarbon releases.  These individual compounds should be included in the 
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evaluation of releases of TPHs to groundwater.  Note that these individual contaminants and the 

associated TPH hydrocarbon fractions were identified as components of petroleum hydrocarbon 

releases in New Mexico and other states in US EPA Region 6 that could potentially serve as a 

source to groundwater.   
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Table 6-3.  Indicator Compounds Associated with TPH Mixtures in New Mexico  

 

Indicator Compounds 

Benzene 

Toluene 

Ethylbenzene 

Xylene 

Acenaphthene 

Anthracene 

Benzo(a)pyrene 

Chrysene 

Dibenz(a,h)anthracene 

Indeno(1,2,3-cd)pyrene 

Benzo(k)fluoranthene 

Benzo(b)fluoranthene 

Benzo(a)anthracene 

Fluoranthene 

Fluorene 

Naphthalene 

Pyrene 

Lead (inorganic) 

Metals 

Methyl tert butyl ether 

Methyl ethyl ketone 

Methyl isobutyl ketone 

 

While the evaluation of individual petroleum contaminants is important, it does not evaluate the 

total potential impact on groundwater from a TPH release.  BTEX compounds are the most 

readily degraded components of petroleum products and may disappear well before the rest of 

the TPH associated with a petroleum hydrocarbon source.  Data on compositions of petroleum 

products taken from Volumes 2 and 3 of the TPHCWG report indicate that approximately 15 to 

20 percent of most fuels is comprised of high weight aromatics (exclusive of BTEX or PAH).  

Evaluating the risk associated with diesel and fuel oil releases based solely on these low BTEX 

levels does not provide a reliable representation of the contribution of the heavier chemicals in 

TPH to groundwater risk.  In addition, the components of BTEX are present at very low 

percentages in diesel and heating fuels making them difficult to measure accurately.  A more 

detailed characterization of the TPH contamination is preferred over a characterization based 

solely on indicator chemicals or TPH fractions and the overly conservative risk assumptions 

needed to account for the uncertainties associated with the composition of a complex TPH 

Mixture released in the environment. 

 

Due to their mobility and toxicity, C8 - C12 aromatics are the most likely fractions to impact 

ground water while aliphatics of equivalent carbon number are generally less mobile and less 

toxic and heavier weight aromatics tend to be less mobile (Ohio EPA, 2004).  Thus, NMED has 
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calculated groundwater and SL-SSLs for the aliphatic and aromatic carbon fractions associated 

with TPH releases in New Mexico.    

 

The evaluation of indicator chemicals is combined with the evaluation of aliphatic and aromatic 

hydrocarbon fractions to determine if a TPH release constitutes a threat to groundwater.   

 

• Groundwater screening values for the TPH hydrocarbon fractions were calculated using a 

methodology similar to the Tier 1 methodology employed by MADEP and the TRRP 

Rule.  Groundwater screening values for the TPH Mixtures identified in Table 6-1 are 

listed in Table 6-4. 

 

• For the soil-to-groundwater target soil leachate concentrations for the petroleum 

hydrocarbon fractions (SSLTPH), a single surrogate was conservatively assumed for each 

of the mixtures.  For diesel, #3 and #6 fuels oils, and unknown oils, the SL-SSLTPH values 

are based on C11-C22 aromatics.  Kerosene and jet fuel levels were derived using C9-

C18 aliphatics.  Waste oil levels are based on C19-C36 aliphatics and gasoline levels 

were derived using C9-C12 aromatics. 

 

• If the concentrations in groundwater exceed the groundwater screening levels for 

indicator chemicals (Table A-1) and/or TPH Mixtures presented in Table 6-4, the facility 

must evaluate the potential for risk to human health using the methodologies 

recommended by the New Mexico Ground Water Quality Bureau.  Similarly, if the 

applicable values of SL-SSLTPH calculated by NMED are exceeded by measured soil 

concentrations, the methodologies recommended by the New Mexico Ground Water 

Quality Bureau must be used to further evaluate the risk associated with the release of the 

TPH Mixture.  

 

Table 6-4.  Groundwater and SL-SSLs for TPH Mixtures 

 

Petroleum Product 

Groundwater 

Screening Level 

(µg/L) 

SL-SSLTPH  

DAF=1 

(mg/kg) 

SL-SSLTPH  

DAF=20 

(mg/kg) 

Diesel #2/crankcase oil  1.67E+01 6.59E-01 1.32E+01 

#3 and #6 Fuel Oil  2.09E+01 6.59E-01 1.32E+01 

Kerosene and jet fuel  1.04E+01 1.23E-01 2.45E+02 

Mineral oil dielectric fluid  1.81E+01 1.23E+01 2.45E+02 

Unknown oil  8.58E+01 6.59E-01 1.32E+01 

Waste Oil  6.02E+04 7.60E+02 1.52E+04 

Gasoline 1.01E+01 2.47E-01 4.94E+00 

 

6.4 TPH Vapor Intrusion Screening Levels 

 

Calculation of VISLs for TPH mixtures was conducted using the methodologies outlined in 

Section 2.5.1.  Weighted toxicity values were calculated based on the compositional assumptions 

if the carbon ranges listed in Table 6-1.  The VISLs provided in Table 6-5 are conservative in 

that variability in specific composition of the mixtures, biodegradation, and attenuation will vary 
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site to site.  If contamination of groundwater is present, collection of sub-slab soil vapor samples 

should be collected, which will minimize the uncertainty in fate and transport of petroleum 

vapors, over derivation of a groundwater based VISL (Brewer, et al., 2013). 

 

Table 6-5.  TPH VISLs 

 

Petroleum Product 

Residential, 

Indoor Air 

(µg/m3) 

Residential, 

Soil Gas 

(µg/m3) 

Industrial, 

Indoor Air 

(µg/m3) 

Industrial, 

Soil Gas 

(µg/m3) 

Diesel #2/crankcase oil  2.61E+02 8.69E+03 1.23E+03 4.10E+04 

#3 and #6 fuel oil  3.48E+02 1.16E+04 1.64E+03 5.46E+04 

Kerosene and jet fuel  1.49E+02 4.97E+03 7.02E+02 2.34E+04 

Mineral oil dielectric fluid  2.61E+02 8.69E+03 1.23E+03 4.10E+04 

Unknown oil  NA NA NA NA 

Waste Oil  NA NA NA NA 

Gasoline 6.53E+03 2.17E+05 3.1E+04 1.02E+06 

NA – not applicable 

 

6.5 Application of the Groundwater and SL-SSLs at Facilities Potentially Impacted by 

Petroleum Hydrocarbon Releases 

 

• Individual Petroleum-Related Contaminants.  The individual petroleum-related 

contaminants associated with the release of a TPH Mixture should be identified and 

quantified as individual constituents using appropriate analytical methods.  Note that 

acenaphthylene, benzo[j]fluorene, benzo[ghi]perylene, dibenz[ah]acridine, 

dibenz[aj]acridine, dibenzo[cg]carbazole, dibenz[ae] pyrene, dibenzo[ah]pyrene, 

dibenzo[ai]pyrene, 3-methylchloanthrene, and phenanthrene are included as analytes for 

some US EPA methods.  However, it is not required that these constituents be evaluated 

as indicator chemicals as they are evaluated as components of the aromatic TPH 

fractions.  For initial screening, the maximum concentration for each indicator chemical 

from the data set should be compared to the appropriate screening level.  

 

• Hydrocarbon Fractions (or Hydrocarbon Mixtures).  The TPH hydrocarbon fractions 

should be identified and quantified using an analytical method that has been proposed, 

reviewed, and approved by NMED in a project work plan.  Based on the results, the 

weight percents (or mass fraction) of the TPH hydrocarbon fractions in the TPH Mixture 

should be determined and the screening values for the TPH Mixture most representative 

of the actual released mixture used to evaluate the potential for impacts to human health.  

The weight percent for each hydrocarbon fraction of the TPH Mixture should be 

determined by dividing the concentration of each fraction by the total concentration of 

the TPH Mixture.   

 

• Select and analyze the sample with the highest TPH Mixture concentration from the 

source area(s) to compare to the identified screening level(s).  The sample with the 

highest TPH concentration is needed to allow adequate quality assurance recovery 

results.  The maximum TPH Mixture groundwater concentration should be compared to 
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the groundwater screening level for TPH Mixtures while the maximum soil concentration 

should be compared to the SL-SSLTPH values for the mixture.  

 

Typically, a single sample can be analyzed from each source area.  However, for sites where 

different TPH Mixtures have been released, multiple TPH samples may need to be analyzed to 

identify appropriate screening values for each of the TPH source areas and ensure a 

comprehensive evaluation of potential impacts to human health.  The concentration and weight 

percent of each boiling point range in each fraction should be determined and reported.  

 

Any exceedance of a groundwater screening level or SL-SSLTPH value for a TPH Mixture should 

be subjected to further evaluation, to include evaluation using the 95UCL.  As noted above, that 

evaluation should be performed in accordance with the methodologies and recommendations of 

the NMED Ground Water Quality Bureau.   

 

7.0 REFERENCES 

 

Agency for Toxic Substances and Disease Registry (ATSDR). 1997. Toxicological Profile for 

Hydraulic fluids. 

 

Ahlborg UG, Becking GC, Birnbaum LS, Brouwer A, Derks HJGM, Feeley M, Color G, 

Hanberg A, Larsen JC, Liem AKD, Safe SH, Schlatter C, Wvern F, Younes M, Yrjinheikki E. 

1993.  Toxic Equivalency Factors for Dioxin-Like PCBs Report on a WHO-ECEH and IPCS 

Consultation.  December 1993 http://epa-

prgs.ornl.gov/chemicals/help/documents/TEF_PCB170_PCB180.pdf 

 

Baes, C.F. 1984. Oak Ridge National Laboratory. A Review and Analysis of Parameters for 

Assessing Transport of Environmentally Released Radionuclides through Agriculture. 

 

Brewer, Roger, J. Nagashima, M. Kelley, M. Heskett, and M. Rigby, 2013.  Risk-Based 

Evaluation of Total Petroleum Hydrocarbons in Vapor Intrusion Studies.  International Journal 

of Environmental Research and Public Health, vol. 10, pp. 2441-2467. 

 

Canadian Environmental Quality Guidelines (CEQG), 1999.  Canadian Soil Quality Guidelines 

for the Protection of Environmental and Human Health.  

http://enviroreporter.com/files/1997_Canadian_Chromium_soil_guidelines.pdf 

 

Center for Disease Control, Agency for Toxic Substances and Disease Registry. 2003. 

Hazardous Substances Database. http://www.atsdr.cdc.gov/hazdat.html 

 

Enfield, C. G., R.F. Carsel, S.E. Cohen, T. Phan, and D.M. Walters. 1982. Approximating 

Pollutant Transport to Ground Water.  Groundwater, vol. 20, no. 6, pp. 711-722. 

 

Feenstra, S., D.M. Mackay and J.D. Cherry, 1991. A method for assessing residual NAPL based 

on organic chemical concentrations in soil samples. Groundwater Monitoring Review, vol. 11, 

no. 2, pp 128-136. 

 

E23.114



Risk Assessment Guidance for Investigations and Remediation 

Volume I 

June 2022 

102 

Gaines, G.T.. 2022.  Historical and Current Usage of Per- and Polyfluoroalkyl substances 

(PFAS): A literature Review.  American Journal of Industrial Medicine.  SOI: 

10.1002/ajim.23362.  April. 

 

ITRC (Interstate Technology & Regulatory Council).  2012. Incremental Sampling 

Methodology, Technical and Regulatory Guidance. 

 

Massachusetts Department of Environmental Protection Bureau of Waste Site Cleanup and Office 

of Research and Standards (MADEP). 1994. “Background Documentation for the Development 

of the MCP Numerical Standards.”  

 

MADEP, 2002. “Characterizing Risks Posed by Petroleum Contaminated Sites: Implementation 

of the MADEP VPH/EPH Approach,” Policy, October 31, 2002. 

 

MADEP, 2003.  “Updated Petroleum Hydrocarbon Fraction Toxicity Values for the 

VPH/EPH/APH Methodology.”  November 2003. 

 

MADEP.  2014.  MCP GW.xlxs: Development of MCP Risk-Based Levels for Soil and 

Groundwater. Extracted from mcpsprds.zip.  April. 

 

MADEP.   2014. MCP Toxicity.xlxs: Development of MCP Risk-Based Levels for Soil and 

Groundwater. Extracted from mcpsprds.zip. April. 

 

The National Academies Press (NAP), 2006. Dietary Reference Intakes: The Essential Guide to 

Nutrient Requirements. Institute of Medicine of the National Academies. Washington, DC. 

The National Academies Press, 2011. Dietary Reference Intakes for Calcium and Vitamin D. 

Institute of Medicine of the National Academies. Washington, DC. 

 

New Jersey Department of Environmental Protection, 2009. Derivation of Ingestion-Based Soil 

Remediation Criterion for Cr+6 Based on the NTP Chronic Bioassay Data for Sodium 

Dichromate Dihydrate.  

 

New Mexico Environment Department, Hazardous and Radioactive Materials Bureau (NMED). 

2000. Assessing Human Health Risks Posed by Chemicals: Screening-level risk Assessment.  

Santa Fe, New Mexico.  

 

New Mexico Environment Department (NMED), 2014.  Guidance for Assessing Ecological 

Risks Posed by Chemicals: Screening-Level Ecological Risk Assessment. 

 

New Mexico Administrative Code (NMAC) 20.6.2, New Mexico Water Quality Control 

Commission Regulations, September 15, 2002. 

 

Ohio Environmental Protection Agency (Ohio EPA).  2004.  Soil Leaching to Ground Water 

Evaluation For Total Petroleum Hydrocarbons (TPH) Guidance, DERR-00-RR-036, Leaching 

and Volatilization Assessment Group of the Waste Management Cleanup Program 

Subcommittee.  January. 

E23.115



Risk Assessment Guidance for Investigations and Remediation 

Volume I 

June 2022 

103 

 

Piwoni, M.D., and P. Banaerjee. 1989. Sorption of organic solvents from aqueous solution onto 

subsurface solids. Journal of Contaminant Hydrology, vol. 4, no. 2, pp 163-179. 

 

Scharwzenbach, R.P. and J.C. Westall. 1981. Transport of non-polar organic compounds from 

surface water to groundwater. Environmental Science Technology, vol. 15, no.1, pp. 1360-1367. 

 

Texas Commission on Environmental Quality (TCEQ), 2002.  

http://www.tceq.texas.gov/assets/public/remediation/trrp/chromium.pdf 

 

Texas Commission on Environmental Quality (TCEQ), 2009.  Chapter 350 - Texas Risk 

Reduction Program, Subchapter D: Development of Protective Concentration Levels, §§350.71 - 

350.79, March 19. 

 

TCEQ, 2010. Development of Human Health PCLs for Total Petroleum Hydrocarbon Mixtures, 

TCEQ Regulatory Guidance, Remediation Division, RG-366/TRRP-27, January.   

 

United States Department of Agriculture, 2000. National Resources Conservation Service, Soil 

Survey Laboratory Database-New Mexico-All counties. 

 

United States Department of Energy, 2004.  RAIS, Risk Assessment Information System.  

http://risk.lsd.ornl.gov/index.shtml 

 

United States Environmental Protection Agency (US EPA). 1986. Superfund Public Health 

Evaluation Manual. Office of Emergency and Remedial Response and Office of Solid Waste and 

Emergency Response. Washington, D.C. 

 

US EPA. 1988. Superfund Exposure Assessment Manual (EPA/540/1-88/001).  Office of 

Emergency and Remedial Response, Washington, D.C. 

 

US EPA. 1989. Risk Assessment Guidance for Superfund, Volume I, Human Health Evaluation 

Manual, Interim Final (EPA/540/1-89/002).  Office of Emergency and Remedial Response, 

Washington, D.C. 

 

US EPA. 1990. Basics of Pump and Treat Groundwater Remediation Technology (EPA/600/8-

90/003) Office of Research and Development.  March. 

 

US EPA. 1991. Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation 

Manual (Part B, Development of Risk-Based Preliminary Remediation Goals), Interim Final 

(EPA 9285.6-03).  Office of Emergency and Remedial Response, Washington, D.C.  

 

US EPA. 1992a. Dermal Exposure Assessment: Principles and Applications (EPA600/8-

91/011B).  Office of Health and Environmental Assessment, Washington, D.C. 

 

US EPA. 1992b. Supplemental Guidance to RAGS: Calculating the Concentration Term 

(9285.7-081).  Office of Solid Waste and Emergency Response, Washington, D.C. 

E23.116



Risk Assessment Guidance for Investigations and Remediation 

Volume I 

June 2022 

104 

 

US EPA. 1993. Provisional Guidance for Quantitative Risk Assessment of Polycyclic Aromatic 

Hydrocarbons. (EPA/600/R-93/089). Office of Research and Development, Washington D.C. 

 

US EPA. 1994. Revised Interim Soil Lead Guidance for CERCLA Sites and RCRA Corrective 

Action Facilities (EPA/540/F-94/043).  Office of Solid Waste and Emergency Response.  

Washington, D.C. 

 

US EPA. 1995. Additional Environmental Fate Constants. Office of Emergency and Remedial 

Response, Washington D.C. 

 

US EPA. 1996a. Soil Screening Guidance. Technical Background Document 

(EPA/540/R95/128). Office of Emergency and Remedial Response, Washington D.C. 

 

US EPA. 1996b. Soil Screening Guidance. Users Guide, Second Edition (EPA 9355.4-23). 

Office of Emergency and Remedial Response, Washington D.C. 

 

US EPA.  1996c. Recommendations of the Technical Review Workgroup for Lead for an Interim 

Approach to Assessing Associated with Adult to Lead in Soil.  December. 

 

US EPA. 1997a. Health Effects Assessment Summary Tables: FY 1997 Update (HEAST).  

National Center for Environmental Assessment, Office of Research and Development and Office 

of Emergency and Remedial Response, Washington, D.C. 

 

US EPA. 1997b. Exposure Factors Handbook, (EPA/600/P-95/002Fa).  Office of Research and 

Development, Washington, D.C.  

 

US EPA. 1998. Clarification to the 1994 Revised Interim Soil Lead Guidance for CERCLA Sites 

and RCRA Corrective Action Facilities. OWSER Directive 9200.4-27, EPA/540/F-98/030. 

August. 

 

US EPA. 2000. CHEMFACT Database.  http://www.epa.gov/chemfact/.  Office of Pollution 

Prevention and Toxics.  Washington, D.C. 

 

US EPA. 2002a. Supplemental Guidance for Developing Soil Screening Levels for Superfund 

Sites.  Office of Emergency and Remedial Response, Washington, D.C. OSWER 9355.4-24. 

December.  http://www.epa.gov/superfund/health/conmedia/soil/pdfs/ssg_main.pdf 

 

US EPA. 2002b. Calculating Upper Confidence Limits for Exposure Point Concentrations at 

Hazardous Waste Sites. Office of Solid Waste and Emergency Response, OSWER 9285.6-10. 

December 2002. 

 

US EPA, 2002c. OSWER Draft Guidance for Evaluating the Vapor Intrusion of Indoor Air 

Pathway from Groundwater and Soils (Subsurface Vapor Intrusion Guidance). EPA530-D-02-

004. November 2002. 

 

E23.117



Risk Assessment Guidance for Investigations and Remediation 

Volume I 

June 2022 

105 

US EPA. 2003. Memorandum: Human Health Toxicity Values in Superfund Risk Assessments, 

OSWER Directive 9285.7-53. December 3. 

http://www.epa.gov/oswer/riskassessment/pdf/hhmemo.pdf 

 

US EPA. 2004a. Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation 

Manual (Part E, Supplemental Guidance for Dermal Risk Assessment), Interim Guidance.  

Office of Solid Waste and Emergency Response, Washington, D.C.  

http://www.epa.gov/oswer/riskassessment/ragse/index.htm 

 

US EPA, 2004b. User’s Guide for Evaluating Subsurface Vapor Intrusion into Buildings. 

February 2004. 

 

US EPA. 2005a. Human Health Risk Assessment Protocol for Hazardous Waste Combustion 

Facilities, Peer Review Draft (EPA/530/D-98/001a).  Office of Solid Waste and Emergency 

Response, Washington, D.C. 

 

US EPA. 2005b. Supplemental Guidance for Assessing Susceptibility from Early-life Exposure to 

Carcinogens. EPA/630/R-03/003F. Washington, D.C. 

 

US EPA. 2006. Water9, Version 3.0. Wastewater Treatment Model. 

 

US EPA. 2009. Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation 

Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment), Final. Office of Solid 

Waste and Emergency Response, Washington, D.C. 

http://www.epa.gov/oswer/riskassessment/ragsf/pdf/partf_200901_final.pdf 

 

US EPA. 2012. Estimation Programs Interface (EPI) Suite™ for Microsoft® Windows, v 4.11. 

Washington, DC, USA. 

 

US EPA. 2014a. Human Health Evaluation Manual, Supplemental Guidance: Update of Standard 

Default Exposure Factors.  OSWER Directive 9200.1-120. February. 

 

US EPA, 2014b. Vapor Intrusion Screening Level (VISL) Calculator User’s Guide.  May. 

http://www.epa.gov/oswer/vaporintrusion/documents/VISL-UsersGuide.pdf 

 

US EPA, 2014c. Provisional Peer-Reviewed Toxicity Values for Perfluorobutane Sulfonate 

(CASRN 375-73-5) and Related Compound Potassium Perfluorobutane Sulfonate (CASRN 

29420-49-3). Office of Research and Development, Cincinnati, OH, EPA/690/R-14/012F, July. 

https://cfpub.epa.gov/ncea/pprtv/documents/PotassiumPerfluorobutaneSulfonate.pdf 

 

US EPA, 2015a. OSWER Technical Guide for Assessing and Mitigating the Vapor Intrusion 

Pathway from Subsurface Vapor Sources to Indoor Air.  OSWER Publication 9200.2-154. June 

2015.   

 

US EPA, 2015b. ProUCL Version 5.1.00 Technical Guide (Draft). Statistical Software for 

Environmental Applications for Data Sets with and without Nondetect Observations. 

EPA/600/R-07/041. October 2015. 

E23.118

https://cfpub.epa.gov/ncea/pprtv/documents/PotassiumPerfluorobutaneSulfonate.pdf


Risk Assessment Guidance for Investigations and Remediation 

Volume I 

June 2022 

106 

 

US EPA, 2015c.  Vapor Intrusion Screening Levels. 

https://www.epa.gov/sites/production/files/2015-09/documents/visl-usersguide_1.pdf 

 

US EPA, 2015d.  OSWER Technical Guide for Assessment and Mitigating the Vapor Intrusion 

Pathway from Subsurface Vapor Sources to Indoor Air.  OSWER Publication 9200.2-154. June 

 

US EPA, 2016c.  Vapor Intrusion Screening Levels Calculator. 

https://www.epa.gov/vaporintrusion/vapor-intrusion-screening-levels-visls 

 

US EPA, 2016d. Current Drinking Water Standards. https://www.epa.gov/ground-water-and-

drinking-water/table-regulated-drinking-water-contaminants 

 

US EPA, 2016e.   Health Effects Support Document for Perfluorooctanoic Acid (PFOA).  Office 

of Water.  EPA 822-R-16-003.  May. 

 

US EPA, 2016f.   Health Effects Support Document for Perfluorooctane Sulfonate (PFOS).  

Office of Water.  EPA 822-R-16-004.  May. 

 

US EPA, 2016g.  Memorandum: Clarification about the Appropriate Application of the PFOA 

and PFOS Drinking Water Health Advisories.  Office of Water. November 15, 2016. 

 

US EPA, 2016h.  Memorandum” Updated Scientific Considerations for Lead in Soil Cleanups.  

December 22, 2016.Adult le 

 

US EPA, 2022a. Regional Screening Levels for Chemical Contaminants at Superfund Sites. 

May. https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables 

 

US EPA. 2022b. Integrated Risk Information System (IRIS). http://www.epa.gov/iris. 

 

Van den Berg, et.al, 2006.  The 2005 World Health Organization Re-evaluation of Human and 

Mammalian Toxic Equivalency factors for Dioxin and Dioxin-like Compounds.  ToxiSci 

Advance Access, July 7, 2006. 

E23.119

https://www.epa.gov/sites/production/files/2015-09/documents/visl-usersguide_1.pdf
https://www.epa.gov/ground-water-and-drinking-water/table-regulated-drinking-water-contaminants
https://www.epa.gov/ground-water-and-drinking-water/table-regulated-drinking-water-contaminants
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables


Risk Assessment Guidance for Investigations and Remediation 

Volume I 

June 2022 

 

APPENDIX A 

 

 

NMED SOIL SCREENING LEVELS (SSLs)

E23.120



Risk Assessment Guidance for Investigations and Remediation 

Volume I 

June 2022 

A-1 

Appendix A 

 

State of New Mexico Soil Screening Levels 

 

Table A-1 provides State of New Mexico Soil Screening Levels (SSLs), as developed by the 

New Mexico Environment Department (NMED) Hazardous Waste Bureau (HWB) and the 

Ground Water Quality Bureau Voluntary Remediation Program for chemicals most commonly 

associated with environmental releases within the state.  These NMED SSLs are derived using 

default exposure parameter values (refer to Equations in Volume I) and chemical- and State of 

New Mexico-specific physical parameters (as presented in Tables B-1, B-2, and B-3 of 

Appendix B).  These default values are assumed to be appropriately conservative in the face of 

uncertainty and are likely to be protective for the majority of site conditions relevant to soil 

exposures within New Mexico.  Note that SSLs are derived using the appropriate equations 

provided in Volume I for noncarcinogens, carcinogens, mutagens, and for vinyl chloride and 

trichloroethylene. 

 

However, the NMED SSLs are not necessarily protective of all known human exposure 

pathways, reasonable land uses or ecological threats.  Thus, before applying NMED SSLs at a 

site, it is extremely important to compare the conceptual site model (CSM) with the assumptions 

upon which the NMED SSLs are predicated to ensure that the site conditions and exposure 

pathways match those used to develop the NMED SSLs.  Table A-2 lists the exposure 

assumptions that were applied in the calculations of the NMED SSLs.  If this comparison 

indicates that the site at issue is more complex than the corresponding SSL scenarios, or that 

there are significant exposure pathways not accounted for by the NMED SSLs, then the NMED 

SSLs are insufficient for use in a defensible assessment of the site.  A more detailed site-specific 

approach will be necessary to evaluate the additional pathways or site conditions. 

 

For reference, Table A-3 shows the various target soil leachate concentrations based on the tap 

water SSL, the NM groundwater protection criterion (20.6.2 New Mexico Administrative Code, 

NMAC), and the Federal Maximum Contaminant Level (MCL) for dilution attenuation factors 

(DAFs) of 1 and 20.  The least conservative target leachate concentration to be used for the 

screening assessment is provided in Table A-1. 

 

As noted above, separate NMED SSLs are presented for use in evaluating three discrete potential 

receptor populations: Residential, Industrial/Occupational, and Construction.  Each NMED SSL 

considers incidental ingestion of soil, inhalation of volatiles from soil (limited to those chemicals 

noted as volatile organic compounds [VOCs] within Table B-2) and/or particulate emissions 

from impacted soil, and dermal contact with soil. 

Generally, if a contaminant is detected at a level in soil exceeding the most relevant NMED SSL, 

and the site-specific CSM is in general agreement with the underlying assumptions upon which 

the NMED SSLs are predicated, this result indicates the potential for adverse human health 

effects to occur.  Conversely, if no contaminants are detected above the most relevant NMED 

SSL, this tends to indicate to the user that environmental conditions may not necessitate remedial 

action of the surface soil or the vadose zone.   

 

A detection above a NMED SSL does not indicate that unacceptable exposures are, in fact, 

occurring.  The NMED SSLs are predicated on relatively conservative exposure assumptions and 
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an exceedance only tends to indicate the potential for adverse effects.  The NMED SSLs do not 

account for additive exposures, whether for carcinogenic or noncarcinogenic endpoints.  Section 

5 of Volume I addresses a methodology by which an environmental manager may determine 

whether further site-evaluation is warranted, however, this methodology does not replace the 

need for defensible risk assessment where indicated.  The SSLs also do not account for ingestion 

of homegrown produce/animals or the vapor intrusion pathway.  If these or other exposure 

pathways are complete, additional analyses may be warranted. 

 

The NMED SSLs address a basic subset of exposures fundamental to the widest array of 

environmentallyimpacted sites within the State of New Mexico.  The NMED SSLs cannot 

address all relevant exposure pathways associated with all sites.  The utility of the NMED SSLs 

depends heavily upon the understanding of site conditions as accurately reflected in the CSM and 

nature and extent of contamination determinations.  Consideration of the NMED SSLs does not 

preclude the need for site-specific risk assessment in all instances. 

 

Table A-4 provides State of New Mexico vapor intrusion screening levels (VISLs) for chemicals 

most commonly associated with environmental releases within the state and that are determined 

to be sufficiently volatile and toxic.  A chemical is considered to be sufficiently volatile if its 

Henry’s law constant is approximately 1 x 10-5 atm-m3/mole or greater and its molecular weight 

is approximately 200 g/mole or less.  A chemical is considered to be sufficiently toxic if the 

vapor concentration of the pure component poses an incremental lifetime cancer risk greater than 

1E-05 or the noncancer hazard index is greater than 1.0.  The NMED VISLs calculated for 

chemicals in Table A-4 are sufficiently volatile and toxic to be considered for the vapor intrusion 

pathway.  The list of chemicals included in Table A-4 is not comprehensive of all potential 

volatile and toxic compounds that may be present in site media.  If volatile and toxic constituents 

are detected in site media and are not listed in Table A-4, VISLs should be calculated following 

the methodologies herein and risks addressed.  The NMED VISLs are derived using default 

exposure parameter values (refer to Equations in Volume I) and chemical-specific physical 

parameters (as presented in Tables B-1 and B-2 of Appendix B).  These default values are 

assumed to be appropriately conservative in the face of uncertainty and are likely to be protective 

for the majority of site conditions relevant to vapor intrusion exposures within New Mexico. 
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Table A-1: NMED Soil Screening Levels 

 

 

Chemical 

CAS 

Residential 

Soil, Cancer 

(mg/kg) 

Residential 

Soil, 

Noncancer 

(mg/kg) 

Industrial/ 

Occupational 

Soil, Cancer 

(mg/kg) 

Industrial/ 

Occupational 

Soil, 

Noncancer 

(mg/kg) 

Construction 

Worker Soil, 

Cancer 

(mg/kg) 

Construction 

Worker Soil, 

Noncancer 

(mg/kg) 

Tap Water, 

Cancer 

(µg/L) 

Tap Water, 

Noncancer 

(µg/L) 

Cw, DAF 20 

(mg/kg) 

Acenaphthene 83-32-9   3.48E+03   5.05E+04   1.51E+04   5.35E+02 8.25E+01 

Acetaldehyde 75-07-0 3.38E+02 2.49E+02 1.64E+03 1.17E+03 7.61E+03 2.17E+02 2.55E+01 1.88E+01 6.58E-02 

Acetone 67-64-1   6.63E+04   9.60E+05   2.42E+05   1.41E+04 4.98E+01 

Acetophenone 98-86-2   7.82E+03   1.30E+05   3.54E+04   1.92E+03 9.64E+00 

Acrolein 107-02-8   4.54E-01   2.16E+00   4.01E-01   4.15E-02 1.46E-04 

Acrylonitrile 107-13-1 4.93E+00 3.99E+01 2.46E+01 1.90E+02 1.29E+02 3.52E+01 5.23E-01 4.15E+00 1.95E-03 

Alachlor 15972-60-8 9.51E+01 6.16E+02 4.58E+02 9.16E+03 3.36E+03 2.69E+03 1.37E-01 1.86E+02 2.57E-02 

Aldrin 309-00-2 3.11E-01 1.85E+00 1.50E+00 2.75E+01 1.09E+01 8.07E+00 1.98E-03 3.31E-02 4.88E-03 

Aluminum 7429-90-5   7.80E+04   1.29E+06   4.14E+04   1.99E+04 5.97E+05 

2-Amino-4,6-dinitrotoluene 35572-78-2   7.70E+00   1.27E+02   1.73E+01   1.93E+00 2.30E-02 

4-Amino-2,6-dinitrotoluene 19406-51-0   7.64E+00   1.25E+02   1.73E+01   1.93E+00 2.30E-02 

Ammonium Picrate 131-74-8   1.23E+02   1.83E+03   3.21E+01   3.95E+01 2.81E+00 

Anthracene 120-12-7   1.74E+04   2.53E+05   7.53E+04   1.72E+03 8.51E+02 

Antimony 7440-36-0   3.13E+01   5.19E+02   1.42E+02   7.26E+00 6.56E+00 

Arsenic 7440-38-2 7.07E+00 1.30E+01 3.59E+01 2.08E+02 2.16E+02 4.12E+01 8.55E-01 3.55E+00 5.83E+00 

Atrazine 1912-24-9 2.32E+01 2.16E+03 1.12E+02 3.21E+04 8.19E+02 9.42E+03 3.39E+00 7.02E+02 3.41E-02 

Barium 7440-39-3   1.56E+04   2.55E+05   4.39E+03   3.28E+03 2.70E+03 

Benzene 71-43-2 1.78E+01 1.14E+02 8.72E+01 7.29E+02 4.23E+02 1.42E+02 4.55E+00 3.32E+01 4.18E-02 

Benzidine 92-87-5 5.18E-03 1.85E+02 1.12E-01 2.75E+03 8.12E-01 8.07E+02 1.09E-03 5.89E+01 4.27E-05 

Benzo(a)anthracene 56-55-3 1.53E+00   3.23E+01   2.40E+02   1.20E-01   6.37E-01 

Benzo(a)pyrene 50-32-8 1.12E+00 1.74E+01 2.36E+01 2.51E+02 1.73E+02 1.50E+01 2.51E-01 6.02E+00 4.42E+00 

Benzo(b)fluoranthene 205-99-2 1.53E+00   3.23E+01   2.40E+02   3.43E-01   6.17E+00 

Benzo(k)fluoranthene 207-08-9 1.53E+01   3.23E+02   2.31E+03   3.43E+00   6.05E+01 

Beryllium 7440-41-7 6.44E+04 1.56E+02 3.13E+05 2.58E+03 2.71E+03 1.48E+02   1.24E+01 1.96E+02 

a-BHC (a-Hexachlorocyclohexane, a-HCH) 319-84-6 8.45E-01 4.93E+02 4.07E+00 7.33E+03 2.97E+01 2.15E+03 6.93E-02 9.18E+01 6.08E-03 
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Chemical 

CAS 

Residential 

Soil, Cancer 

(mg/kg) 

Residential 

Soil, 

Noncancer 

(mg/kg) 

Industrial/ 

Occupational 

Soil, Cancer 

(mg/kg) 

Industrial/ 

Occupational 

Soil, 

Noncancer 

(mg/kg) 

Construction 

Worker Soil, 

Cancer 

(mg/kg) 

Construction 

Worker Soil, 

Noncancer 

(mg/kg) 

Tap Water, 

Cancer 

(µg/L) 

Tap Water, 

Noncancer 

(µg/L) 

Cw, DAF 20 

(mg/kg) 

b-BHC (b-Hexachlorocyclohexane, b-HCH) 319-85-7 2.96E+00   1.43E+01   1.04E+02   2.43E-01   2.13E-02 

t-BHC (t-Hexachlorocyclohexane, Lindane) 58-89-9 5.63E+00 2.12E+01 2.83E+01 3.34E+02 1.98E+02 9.43E+01 4.15E-01 3.60E+00 3.64E-02 

1,1-Biphenyl 92-52-4 8.48E+02 3.91E+04 4.43E+03 6.49E+05 3.02E+04 1.77E+05 3.71E+01 8.34E-01 1.31E-01 

Bis(2-chloroethyl) ether 111-44-4 3.11E+00   1.57E+01   1.95E+00   1.37E-01   6.05E-04 

Bis(2-chloroisopropyl) ether 108-60-1 9.93E+01   5.19E+02   3.54E+03   9.81E+00   4.75E-02 

Bis(2-ethylhexyl)phthalate (di(2-ethylhexyl)phthalate, DEHP) 117-81-7 3.80E+02 1.23E+03 1.83E+03 1.83E+04 1.34E+04 5.38E+03 5.56E+01 4.01E+02 2.00E+02 

Bis(chloromethyl) ether 542-88-1 2.08E-03   1.02E-02   4.81E-02   7.20E-04   3.00E-06 

Boron 7440-42-8   1.56E+04   2.59E+05   5.14E+04   3.95E+03 2.51E+02 

Bromodichloromethane 75-27-4 6.19E+00 1.56E+03 3.02E+01 2.60E+04 1.43E+02 7.08E+03 1.34E+00 3.77E+02 6.21E-03 

Bromomethane 74-83-9   1.77E+01   9.45E+01   1.79E+01   7.54E+00 3.43E-02 

1,3-Butadiene 106-99-0 9.48E-01 2.30E+00 4.63E+00 1.08E+01 2.21E+01 2.02E+00 7.08E-01 4.17E+00 8.13E-03 

2-Butanone (Methyl ethyl ketone, MEK) 78-93-3   3.74E+04   4.11E+05   9.17E+04   5.56E+03 2.01E+01 

tert-Butyl methyl ether (MTBE) 1634-04-4 9.75E+02 3.78E+04 4.82E+03 1.78E+05 2.42E+04 3.31E+04 1.43E+02 6.26E+03 5.53E-01 

Cadmium 7440-43-9 8.59E+04 7.05E+01 4.17E+05 1.11E+03 3.61E+03 7.21E+01   6.24E+00 9.39E+00 

Carbofuran 1563-66-2   3.08E+02   4.58E+03   1.35E+03   9.36E+01 5.91E-01 

Carbon disulfide 75-15-0   1.55E+03   8.54E+03   1.62E+03   8.10E+02 4.42E+00 

Carbon tetrachloride (Tetrachloromethane) 56-23-5 1.07E+01 1.44E+02 5.25E+01 1.02E+03 2.52E+02 2.02E+02 4.55E+00 4.92E+01 3.67E-02 

Chlordane 12789-03-6 1.77E+01 3.53E+01 8.90E+01 5.56E+02 6.23E+02 1.53E+02 4.48E-01 1.27E+00 2.03E+00 

2-Chloroacetophenone 532-27-4   1.72E+05   8.12E+05   2.81E+02       

2-Chloro-1,3-butadiene 126-99-8 1.75E-01 3.80E+01 8.48E-01 1.82E+02 3.95E+00 3.40E+01 1.87E-01 3.70E+01 1.97E-03 

1-Chloro-1,1-difluoroethane 75-68-3   1.09E+05   5.15E+05   9.58E+04   1.04E+05 1.07E+03 

Chlorobenzene (Monochlorobenzene) 108-90-7   3.78E+02   2.16E+03   4.12E+02   7.76E+01 1.08E+00 

1-Chlorobutane 109-69-3   3.13E+03   5.19E+04   1.42E+04   6.31E+02 4.53E+00 

Chlorodifluoromethane 75-45-6   1.02E+05   4.83E+05   8.98E+04   1.04E+05 8.55E+02 

Chloroform (Trichloromethane) 67-66-3 5.90E+00 3.06E+02 2.87E+01 2.00E+03 1.34E+02 3.91E+02 2.29E+00 9.72E+01 1.09E-02 

Chloromethane 74-87-3 4.11E+01 2.68E+02 2.01E+02 1.26E+03 9.56E+02 2.35E+02 2.03E+01 1.88E+02 9.52E-02 

b-Chloronaphthalene  91-58-7   6.26E+03   1.04E+05   2.83E+04   7.33E+02 5.70E+01 

o-Chloronitrobenzene  88-73-3 1.78E+01 1.84E+02 8.55E+01 2.72E+03 6.28E+02 8.39E+01 2.36E+00 5.49E+01 3.44E-02 
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Chemical 

CAS 

Residential 

Soil, Cancer 

(mg/kg) 

Residential 

Soil, 

Noncancer 

(mg/kg) 

Industrial/ 

Occupational 

Soil, Cancer 

(mg/kg) 

Industrial/ 

Occupational 

Soil, 

Noncancer 

(mg/kg) 

Construction 

Worker Soil, 

Cancer 

(mg/kg) 

Construction 

Worker Soil, 

Noncancer 

(mg/kg) 

Tap Water, 

Cancer 

(µg/L) 

Tap Water, 

Noncancer 

(µg/L) 

Cw, DAF 20 

(mg/kg) 

p-Chloronitrobenzene  100-00-5 8.45E+02 6.16E+01 4.07E+03 9.16E+02 2.99E+04 2.57E+02 1.10E+02 1.79E+01 2.57E-01 

2-Chlorophenol 95-57-8   3.91E+02   6.49E+03   1.77E+03   9.10E+01 1.15E+00 

2-Chloropropane 75-29-6   2.86E+02   1.35E+03   2.51E+02   2.09E+02 1.26E+00 

o-Chlorotoluene  95-49-8   1.56E+03   2.60E+04   7.08E+03   2.33E+02 3.56E+00 

Chromium III 16065-83-1   1.17E+05   1.95E+06   5.31E+05   1.36E+04 4.91E+08 

Chromium VI 18540-29-9 3.05E+00 2.35E+02 7.21E+01 3.89E+03 6.69E+01 4.98E+02 5.01E-01 2.67E+01 1.92E-01 

Chromium (Total)   9.66E+01 4.52E+04 5.05E+02 3.14E+05 4.68E+02 1.34E+02 5.70E+00 1.17E+04 2.05E+05 

Chrysene 218-01-9 1.53E+02   3.23E+03   2.31E+04   3.43E+01   1.86E+02 

Cobalt 7440-48-4 1.72E+04 2.34E+01 8.34E+04 3.88E+02 7.22E+02 3.67E+01   5.98E+00 5.40E+00 

Copper 7440-50-8   3.13E+03   5.19E+04   1.42E+04   7.90E+02 9.15E+02 

Crotonaldehyde 123-73-9 3.66E+00 7.82E+01 1.91E+01 1.30E+03 1.30E+02 3.54E+02 4.04E-01 1.98E+01 1.42E-03 

Cumene (isopropylbenzene) 98-82-8   2.36E+03   1.42E+04   2.74E+03   4.47E+02 1.14E+01 

Cyanide 57-12-5   1.12E+01   6.33E+01   1.21E+01   1.46E+00 7.13E-01 

Cyanogen 460-19-5   7.82E+01   1.30E+03   3.54E+02   1.99E+01 8.01E-02 

Cyanogen bromide 506-68-3   7.04E+03   1.17E+05   3.19E+04   1.80E+03 1.06E+01 

Cyanogen chloride 506-77-4   3.91E+03   6.49E+04   1.77E+04   9.99E+02 5.88E+00 

Cyclohexane 110-83-8   3.91E+02   6.49E+03   1.77E+03   6.86E+01 1.49E+00 

DDD 72-54-8 2.22E+01   1.07E+02   7.78E+02   3.17E-01   1.12E+00 

DDE 72-55-9 1.57E+01   7.55E+01   5.49E+02   4.62E-01   1.63E+00 

DDT 50-29-3 1.87E+01 3.62E+01 9.50E+01 5.77E+02 6.59E+02 1.62E+02 2.29E+00 1.00E+01 1.16E+01 

Dibenz(a,h)anthracene 53-70-3 1.53E-01   3.23E+00   2.40E+01   3.43E-02   1.97E+00 

1,2-Dibromo-3-chloropropane 96-12-8 8.58E-02 5.88E+00 1.18E+00 4.11E+01 5.53E+00 8.29E+00 3.34E-03 3.72E-01 1.39E-03 

Dibromochloromethane 124-48-1 1.39E+01 1.23E+03 6.74E+01 1.83E+04 3.40E+02 5.38E+03 1.68E+00 3.78E+02 7.55E-03 

1,2-Dibromoethane (Ethylene dibromide, EDB) 106-93-4 6.72E-01 1.35E+02 3.31E+00 7.38E+02 1.63E+01 1.40E+02 7.47E-02 1.69E+01 3.52E-04 

1,4-Dichloro-2-butene 764-41-0 1.15E-01   5.58E-01   2.59E+00   1.34E-02   9.99E-05 

1,2-Dichlorobenzene (ortho-Dichlorobenzene) 95-50-1   2.15E+03   1.30E+04   2.50E+03   3.02E+02 9.08E+00 

1,4-Dichlorobenzene (para-Dichlorobenzene) 106-46-7 1.29E+03 5.48E+03 6.73E+03 9.08E+04 4.59E+04 2.48E+04 4.82E+00 5.63E+02 1.12E+00 

3,3-Dichlorobenzidine 91-94-1 1.18E+01   5.70E+01   4.10E+02   1.25E+00   1.24E-01 

E23.125



Risk Assessment Guidance for Investigations and Remediation 

Volume I 

June 2022 

A-6 

Chemical 

CAS 

Residential 

Soil, Cancer 

(mg/kg) 

Residential 

Soil, 

Noncancer 

(mg/kg) 

Industrial/ 

Occupational 

Soil, Cancer 

(mg/kg) 

Industrial/ 

Occupational 

Soil, 

Noncancer 

(mg/kg) 

Construction 

Worker Soil, 

Cancer 

(mg/kg) 

Construction 

Worker Soil, 

Noncancer 

(mg/kg) 

Tap Water, 

Cancer 

(µg/L) 

Tap Water, 

Noncancer 

(µg/L) 

Cw, DAF 20 

(mg/kg) 

Dichlorodifluoromethane (Fluorocarbon-12) 75-71-8   1.82E+02   8.65E+02   1.61E+02   1.97E+02 7.23E+00 

1,1-Dichloroethane (1,1-DCA) 75-34-3 7.86E+01 1.56E+04 3.83E+02 2.60E+05 1.82E+03 7.08E+04 2.75E+01 3.74E+03 1.36E-01 

1,2-Dichloroethane (Ethylene dichloride, EDC) 107-06-2 8.32E+00 5.56E+01 4.07E+01 2.86E+02 1.95E+02 5.38E+01 1.71E+00 1.30E+01 2.38E-02 

cis-1,2-Dichloroethene (cis-1,2-DCE) 156-59-2   1.56E+02   2.60E+03   7.08E+02   3.65E+01 3.52E-01 

trans-1,2-Dichloroethene (trans-1,2-DCE) 156-60-5   2.10E+02   1.10E+03   2.06E+02   6.79E+01 5.03E-01 

1,1-Dichloroethene (1,1-DCE) 75-35-4   4.40E+02   2.26E+03   4.24E+02   2.84E+02 1.95E+00 

2,4-Dichlorophenol 120-83-2   1.85E+02   2.75E+03   8.07E+02   4.53E+01 8.25E-01 

1,2-Dichloropropane (propylene dichloride, PDC) 78-87-5 1.78E+01 2.90E+01 8.68E+01 1.37E+02 4.15E+02 2.54E+01 4.38E+00 8.30E+00 2.77E-02 

1,3-Dichloropropene 542-75-6 2.93E+01 1.41E+02 1.46E+02 6.95E+02 7.81E+02 1.30E+02 4.71E+00 3.88E+01 2.81E-02 

Dicyclopentadiene 77-73-6   6.26E+03   1.04E+05   2.83E+04   6.25E-01 3.42E-02 

Dieldrin 60-57-1 3.33E-01 3.08E+00 1.60E+00 4.58E+01 1.17E+01 1.35E+01 1.75E-02 3.72E-01 1.06E-02 

Diethyl phthalate (DEP) 84-66-2   4.93E+04   7.33E+05   2.15E+05   1.48E+04 9.79E+01 

Di-n-butyl phthalate (Dibutyl phthalate) 84-74-2   6.16E+03   9.16E+04   2.69E+04   8.85E+02 3.38E+01 

2,4-Dimethylphenol 105-67-9   1.23E+03   1.83E+04   5.38E+03   3.54E+02 6.45E+00 

Dimethyl phthalate (DMP, Phthalic Acid) 100-21-0   6.16E+04   9.16E+05   2.69E+05   6.12E+02 3.57E+00 

4,6-Dinitro-o-cresol 534-52-1   4.93E+00   7.33E+01   2.15E+01   1.52E+00 3.98E-02 

2,4-Dinitrophenol 51-28-5   1.23E+02   1.83E+03   5.38E+02   3.87E+01 6.69E-01 

2,4-Dinitrotoluene (2,4-DNT) 121-14-2 1.71E+01 1.23E+02 8.23E+01 1.82E+03 6.00E+02 5.36E+02 2.37E+00 3.80E+01 4.92E-02 

2,6-Dintitrotoluene (2,6-DNT) 606-20-2 3.56E+00 1.85E+01 1.72E+01 2.76E+02 1.65E+02 8.09E+01 4.85E-01 5.64E+00 1.02E-02 

2,4/2,6-Dintrotoluene Mixture 25321-14-6 7.83E+00   3.77E+01   2.77E+02   1.06E+00   2.24E-02 

1,4-Dioxane 123-91-1 5.33E+01 1.85E+03 2.57E+02 2.75E+04 1.88E+03 7.85E+03 4.59E+00 5.67E+01 1.63E-02 

1,2-Diphenylhydrazine 122-66-7 6.66E+00   3.21E+01   2.34E+02   7.80E-01   3.79E-02 

Endosulfan 115-29-7   3.70E+02   5.50E+03   1.61E+03   9.87E+01 2.04E+01 

Endrin 72-20-8   1.85E+01   2.75E+02   8.07E+01   2.23E+00 1.35E+00 

Epichlorohydrin 106-89-8 4.22E+02 4.27E+01 2.14E+03 2.15E+02 1.22E+04 4.02E+01 2.92E+01 2.05E+00 7.72E-03 

Ethyl acetate 141-78-6   1.82E+03   8.75E+03   1.63E+03   1.45E+02 5.28E-01 

Ethyl acrylate 140-88-5 1.45E+02   7.57E+02   5.16E+03   1.57E+01   5.98E-02 

Ethyl chloride 75-00-3   1.90E+04   8.95E+04   1.66E+04   2.09E+04 1.07E+02 
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(mg/kg) 

Ethyl ether 60-29-7   1.56E+04   2.60E+05   7.08E+04   3.93E+03 1.52E+01 

Ethyl methacrylate 97-63-2   2.73E+03   1.78E+04   3.48E+03   4.55E+02 1.83E+00 

Ethylbenzene 100-41-4 7.51E+01 3.93E+03 3.68E+02 2.90E+04 1.77E+03 5.80E+03 1.50E+01 8.00E+02 1.23E+01 

Ethylene oxide 75-21-8 1.88E-01 6.35E+02 9.15E-01 2.99E+03 4.26E+00 5.55E+02 1.86E-02 6.26E+01 6.65E-05 

Fluoranthene 206-44-0   2.32E+03   3.37E+04   1.00E+04   8.02E+02 1.34E+03 

Fluorene 86-73-7   2.32E+03   3.37E+04   1.00E+04   2.88E+02 8.00E+01 

Fluoride 7782-41-4   4.69E+03   7.78E+04   1.81E+04   1.18E+03 1.20E+04 

Furan 110-00-9   7.24E+01   1.15E+03   3.54E+02   1.92E+01 1.22E-01 

Glyphosate 1071-83-6   6.16E+03   9.16E+04   2.69E+04   2.01E+03 1.33E+02 

Heptachlor 76-44-8 1.18E+00 3.08E+01 5.70E+00 4.58E+02 4.15E+01 1.35E+02 2.21E-02 2.72E+00 4.97E-01 

Hexachlorobenzene 118-74-1 3.33E+00 4.93E+01 1.60E+01 7.33E+02 1.17E+02 2.15E+02 9.76E-02 1.60E+01 1.89E-01 

Hexachloro-1,3-butadiene 87-68-3 6.83E+01 6.16E+01 5.21E+01 9.16E+02 2.40E+03 2.69E+02 1.39E+00 6.30E+00 4.13E-02 

Hexachlorocyclopentadiene 77-47-4   2.30E+00   5.49E+03   8.67E+02   4.11E-01 2.40E+00 

Hexachloroethane 67-72-1 1.33E+02 4.31E+01 6.41E+02 6.41E+02 4.67E+03 1.88E+02 3.28E+00 6.14E+00 3.20E-02 

n-Hexane 110-54-3   6.15E+02   3.20E+03   6.03E+02   3.19E+02 5.57E+01 

HMX (Octrahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine) 2691-41-0   3.85E+03   6.33E+04   1.74E+04   1.00E+03 1.94E+01 

Hydrazine anhydride 302-01-2 1.78E+00 1.81E+00 1.36E+00 8.54E+00 5.99E+01 2.81E+02 1.10E-02 6.26E-02 3.81E-05 

Hydrogen cyanide 74-90-8   1.02E+01   5.72E+01   1.09E+01   1.46E+00 5.22E-03 

Indeno(1,2,3-c,d)pyrene 193-39-5 1.53E+00   3.23E+01   2.40E+02   3.43E-01   2.01E+01 

Iron 7439-89-6   5.48E+04   9.08E+05   2.48E+05   1.38E+04 6.96E+03 

Isobutanol (Isobutyl alcohol) 78-83-1   1.85E+04   2.75E+05   8.07E+04   5.91E+03 2.10E+01 

Isophorone 78-59-1 5.61E+03 1.23E+04 2.70E+04 1.83E+05 1.98E+05 5.37E+04 7.81E+02 3.83E+03 4.23E+00 

Lead 7439-92-1                 2.70E+02 

Lead (tetraethyl-) 78-00-2   6.16E-03   9.16E-02   3.54E-02   1.24E-03 9.41E-05 

Maleic hydrazide 123-33-1   3.08E+04   4.58E+05   1.35E+05   1.00E+04 3.57E+01 

Manganese 7439-96-5   1.05E+04   1.60E+05   4.64E+02   2.02E+03 2.63E+03 

Mercury (elemental) 7439-97-6   2.38E+01   1.12E+02   2.07E+01   6.26E-01 2.09E+00 

Mercury (methyl) 22967-92-6   7.82E+00   1.30E+02   3.54E+01   1.96E+00 7.58E-03 
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Mercury (salts) 7487-94-7   2.35E+01   3.89E+02   7.71E+01   4.92E+00 5.13E+00 

Methacrylonitrile 126-98-7   7.70E+00   1.23E+02   3.28E+01   1.91E+00 7.43E-03 

Methomyl 16752-77-5   1.54E+03   2.29E+04   6.73E+03   4.98E+02 1.87E+00 

Methyl acetate 79-20-9   7.82E+04   1.30E+06   3.54E+05   1.99E+04 7.11E+01 

Methyl acrylate 96-33-3   3.50E+02   1.85E+03   3.48E+02   3.90E+01 1.43E-01 

Methyl isobutyl ketone 108-10-1   5.81E+03   8.16E+04   2.02E+04   1.24E+03 4.80E+00 

Methyl methacrylate 80-62-6   1.11E+04   5.65E+04   1.06E+04   1.39E+03 5.22E+00 

Methyl styrene (alpha) 98-83-9   5.48E+03   9.08E+04   2.48E+04   7.65E+02 1.89E+01 

Methyl styrene (mixture) 25013-15-4   2.73E+02   2.20E+03   4.49E+02   3.73E+01 9.40E-01 

Methylcyclohexane 108-87-2   5.50E+03   2.59E+04   4.82E+03   6.26E+03 3.16E+02 

Methylene bromide (Dibromomethane) 74-95-3   5.79E+01   2.88E+02   5.39E+01   8.00E+00 3.35E-02 

Methylene chloride (Dichloromethane) 75-09-2 7.66E+02 4.09E+02 1.44E+04 5.13E+03 8.96E+04 1.21E+03 1.18E+02 1.06E+02 4.71E-01 

1-Methylnaphthalene 90-12-0 1.72E+02 4.06E+03 8.13E+02 5.89E+04 6.06E+03 1.76E+04 1.14E+01 6.11E+02 8.93E-01 

2-Methylnaphthalene 91-57-6   2.32E+02   3.37E+03   1.00E+03   3.51E+01 2.76E+00 

Molybdenum 7439-98-7   3.91E+02   6.49E+03   1.62E+03   9.87E+01 3.98E+01 

Naphthalene 91-20-3 2.26E+01 1.62E+02 1.08E+02 8.43E+02 6.33E+02 1.59E+02 1.17E+00 6.11E+00 5.83E-02 

Nickel 7440-02-0 5.95E+05 1.56E+03 2.89E+06 2.57E+04 2.50E+04 7.53E+02   3.72E+02 4.85E+02 

Nitrate 14797-55-8   1.25E+05   2.08E+06   5.66E+05   3.16E+04 4.25E+02 

Nitrite 14797-65-0   7.82E+03   1.30E+05   3.54E+04   1.97E+03 2.66E+01 

Nitrobenzene 98-95-3 6.04E+01 1.31E+02 2.93E+02 1.54E+03 1.35E+03 3.53E+02 1.40E+00 1.25E+01 1.44E-02 

Nitroglycerin 55-63-0 3.13E+02 6.16E+00 1.51E+03 9.16E+01 1.11E+04 2.69E+01 4.47E+01 1.96E+00 1.36E-02 

p-Nitrophenol                     

2-Nitropropane 79-46-9 1.34E+00   6.52E+00   3.03E+01   9.68E-02   9.94E-06 

N-Nitrosodiethylamine 55-18-5 7.94E-03   1.71E-01   1.25E+00   1.67E-03   9.94E-06 

N-Nitrosodimethylamine 62-75-9 2.34E-02 4.93E-01 5.03E-01 7.33E+00 3.66E+00 2.14E+00 4.91E-03 1.60E-01 2.04E-05 

N-Nitrosodi-n-butylamine 924-16-3 7.81E-01   3.77E+00   2.46E+01   2.73E-02   8.42E-04 

N-Nitrosodiphenylamine 86-30-6 1.09E+03   5.24E+03   3.79E+04   1.22E+02   1.00E+01 

N-Nitrosopyrrolidine 930-55-2 2.54E+00   1.22E+01   8.89E+01   3.70E-01   2.30E-03 
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m-Nitrotoluene 99-08-1   6.16E+00   9.16E+01   2.69E+01   1.74E+00 2.50E-02 

o-Nitrotoluene 88-72-2 3.16E+01 7.04E+01 1.65E+02 1.17E+03 1.13E+03 3.19E+02 3.14E+00 1.61E+01 4.58E-02 

p-Nitrotoluene 99-99-0 3.33E+02 2.47E+02 1.60E+03 3.67E+03 1.18E+04 1.08E+03 4.27E+01 7.07E+01 6.13E-01 

Pentachlorobenzene 608-93-5   4.93E+01   7.33E+02   2.15E+02   3.07E+00 3.52E-01 

Pentachlorophenol (PCP) 87-86-5 9.85E+00 2.34E+02 4.45E+01 3.18E+03 3.46E+02 9.89E+02 4.13E-01 2.21E+01 1.52E-01 

Perchlorate 14797-73-0   5.48E+01   9.08E+02   2.48E+02   1.38E+01 1.17E-01 

Polyfluoroalkyl and Perfluoroalkyl Compounds  (PFAS) - Refer to Section 5.3 on use of these preliminary screening levels 

 Perfluorobutanesulfonate 45187-15-3   1.85E+01   3.74E+02   8.07E+01   6.02E+00 2.09E-02 

 Perfluorobutanesulfonic acid (PFBS) 375-73-5   1.85E+01   3.74E+02   8.07E+01   6.02E+00 2.09E-02 

 Perfluorohexanesulfonate 108427-53-8   1.23E+00   2.49E+01   5.38E+00   4.01E-01 1.39E-03 

 Perfluorohexanesulfonic acid (PFHxS) 355-46-4   1.23E+00   2.49E+01   5.38E+00   4.01E-01 1.39E-03 

 Perfluorononanoate 72007-68-2   1.85E-01   3.74E+00   8.07E-01   6.02E-02 5.02E-03 

 Perfluorononanoic acid (PFNA) 375-95-1   1.85E-01   3.74E+00   8.07E-01   6.02E-02 5.02E-03 

 Perfluorooctanesulfonate 45298-90-6   1.85E-01   3.74E+00   8.07E-01   6.02E-02 2.09E-04 

 Perfluorooctanesulfonic acid (PFOS) 1763-23-1   1.85E-01   3.74E+00   8.07E-01   6.02E-02 2.09E-04 

 Perfluorooctanoate 45285-51-6 7.61E+01 1.85E-01 4.98E+02 3.74E+00 2.69E+03 8.07E-01 1.11E+01 6.02E-02 1.83E-02 

 Perfluorooctanoic acid (PFOA) 335-67-1 7.61E+01 1.85E-01 4.98E+02 3.74E+00 2.69E+03 8.07E-01 1.11E+01 6.02E-02 1.83E-02 

 Potassium perfluorobutanesulfonate 29420-49-3   1.85E+01   3.74E+02   8.07E+01   6.02E+00 5.70E-02 

 Potassium perfluorooctanesulfonate 2795-39-3   1.85E-01   3.74E+00   8.07E-01   6.02E-02 2.09E-04 

Phenanthrene 85-01-8   1.85E+03   2.75E+04   8.07E+03   1.70E+02 8.59E+01 

Phenol 108-95-2   1.85E+04   2.75E+05   7.74E+04   5.76E+03 5.23E+01 

Picric Acid (2,4,6-Trinitrophenol) 88-89-1   1.23E+02   1.83E+03   5.38E+02   3.95E+01 2.81E+00 

Polychlorinatedbiphenyls (PCBs) 

Aroclor 1016 12674-11-2 6.96E+01 3.98E+00 3.04E+02 5.74E+01 2.44E+03 1.72E+01 2.24E+00 1.40E+00 2.01E+00 

Aroclor 1221 11104-28-2 1.81E+00   8.57E+00   5.53E+01   5.61E-02   1.43E-02 

Aroclor 1232 11141-16-5 1.86E+00   8.82E+00   5.76E+01   5.61E-02   1.43E-02 

Aroclor 1242 53469-21-9 2.43E+00   1.09E+01   8.53E+01   7.86E-02   1.84E-01 

Aroclor 1248 12672-29-6 2.43E+00   1.07E+01   8.53E+01   7.86E-02   1.81E-01 
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Aroclor 1254 11097-69-1 2.43E+00 1.14E+00 1.10E+01 1.64E+01 8.53E+01 4.91E+00 7.86E-02 4.01E-01 3.08E-01 

Aroclor 1260 11096-82-5 2.43E+00   1.11E+01   8.53E+01   7.86E-02   8.25E-01 

2,2',3,3',4,4',5-Heptachlorobiphenyl (PCB 170) 35065-30-6 3.75E-01 3.98E-01 1.77E+00 5.74E+00 1.31E+01 1.72E+00 5.99E-02 1.40E-01 6.42E-01 

2,2',3,4,4',5,5'-Heptachlorobiphenyl (PCB 180) 35065-29-3 3.75E+00 3.98E+00 1.77E+01 5.74E+01 1.31E+02 1.72E+01 5.99E-01 1.40E+00 6.29E+00 

2,3,3',4,4',5,5'-Heptachlorobiphenyl (PCB 189) 39635-31-9 1.25E+00 1.33E+00 5.81E+00 1.91E+01 4.37E+01 5.73E+00 3.95E-02 4.01E-01 4.15E-01 

2,3',4,4',5,5'-Hexachlorobiphenyl (PCB 167) 52663-72-6 1.25E+00 1.33E+00 5.78E+00 1.91E+01 4.37E+01 5.73E+00 3.95E-02 4.01E-01 2.48E-01 

2,3,3',4,4',5'-Hexachlorobiphenyl (PCB 157) 69782-90-7 1.25E+00 1.33E+00 5.78E+00 1.91E+01 4.37E+01 5.73E+00 3.95E-02 4.01E-01 2.53E-01 

2,3,3',4,4',5-Hexachlorobiphenyl (PCB 156) 38380-08-4 1.25E+00 1.33E+00 5.75E+00 1.91E+01 4.37E+01 5.73E+00 3.95E-02 4.01E-01 2.53E-01 

3,3',4,4',5,5'-Hexachlorobiphenyl (PCB 169) 32774-16-6 1.25E-03 1.33E-03 5.78E-03 1.91E-02 4.37E-02 5.73E-03 3.95E-05 4.01E-04 2.48E-04 

2',3,4,4',5-Pentachlorobiphenyl (PCB 123) 65510-44-3 1.25E+00 1.33E+00 5.73E+00 1.91E+01 4.37E+01 5.73E+00 3.95E-02 4.01E-01 1.55E-01 

2',3',4,4',5-Pentachlorobiphenyl (PCB 118) 31508-00-6 1.25E+00 1.32E+00 5.64E+00 1.91E+01 4.37E+01 5.73E+00 3.95E-02 4.01E-01 1.52E-01 

2',3,3',4,4'-Pentachlorobiphenyl (PCB 105) 32598-14-4 1.25E+00 1.32E+00 5.64E+00 1.91E+01 4.37E+01 5.73E+00 3.95E-02 4.01E-01 1.55E-01 

2,3,4,4',5-Pentachlorobiphenyl (PCB 114) 74472-37-0 1.25E+00 1.33E+00 5.73E+00 1.91E+01 4.37E+01 5.73E+00 3.95E-02 4.01E-01 1.55E-01 

3,3',4,4',5-Pentachlorobiphenyl (PCB 126) 57465-28-8 3.75E-04 3.98E-04 1.72E-03 5.74E-03 1.31E-02 1.72E-03 1.19E-05 1.20E-04 4.55E-05 

3,3',4,4'-Tetrachlorobiphenyl (PCB 77) 32598-13-3 3.75E-01 3.98E-01 1.77E+00 5.74E+00 1.31E+01 1.72E+00 5.99E-02 1.40E-01 1.41E-01 

3,4,4',5-Tetrachlorobiphenyl (PCB 81) 70362-50-4 1.25E-01 1.32E-01 5.66E-01 1.91E+00 4.37E+00 5.73E-01 3.95E-03 4.01E-02 9.27E-03 

Prometon 1610-18-0   9.25E+02   1.37E+04   4.04E+03   2.50E+02 1.92E+00 

Propylene oxide 75-56-9 2.56E+01 9.14E+02 1.33E+02 4.31E+03 8.55E+02 7.99E+02 2.66E+00 6.26E+01 9.65E-03 

Pyrene 129-00-0   1.74E+03   2.53E+04   7.53E+03   1.17E+02 1.92E+02 

RDX (Hexahydro-1,3,5-trinitro-1,3,5-triazine 121-82-4 8.31E+01 3.01E+02 4.28E+02 4.89E+03 2.96E+03 1.35E+03 9.66E+00 7.96E+01 5.93E-02 

Selenium 7782-49-2   3.91E+02   6.49E+03   1.75E+03   9.87E+01 1.02E+01 

Silver 7440-22-4   3.91E+02   6.49E+03   1.77E+03   8.12E+01 1.38E+01 

Simazine 122-34-9 4.44E+01 3.08E+02 2.14E+02 4.58E+03 1.57E+03 1.35E+03 6.07E+00 9.40E+01 4.83E-02 

Strontium 7440-24-6   4.69E+04   7.79E+05   2.12E+05   1.18E+04 8.33E+03 

Styrene (Ethenylbenzene) 100-42-5   7.26E+03   5.13E+04   1.02E+04   1.21E+03 2.06E+01 

Sulfolane (thiolane 1,1 dioxide) 126-33-0   6.16E+01   9.16E+02   2.65E+02   2.00E+01 7.49E-02 

2,3,7,8-TCDD 1746-01-6 4.90E-05 5.06E-05 2.38E-04 8.08E-04 1.72E-03 2.26E-04 1.19E-06 1.20E-05 2.24E-04 

2,3,7,8-TCDF 51207-31-9 4.90E-04   2.43E-03   1.72E-02   1.84E-06   7.69E-06 

E23.130



Risk Assessment Guidance for Investigations and Remediation 

Volume I 

June 2022 

A-11 

Chemical 

CAS 

Residential 

Soil, Cancer 

(mg/kg) 

Residential 

Soil, 

Noncancer 

(mg/kg) 

Industrial/ 

Occupational 

Soil, Cancer 

(mg/kg) 

Industrial/ 

Occupational 

Soil, 

Noncancer 

(mg/kg) 

Construction 

Worker Soil, 

Cancer 

(mg/kg) 

Construction 

Worker Soil, 

Noncancer 

(mg/kg) 

Tap Water, 

Cancer 

(µg/L) 

Tap Water, 

Noncancer 

(µg/L) 

Cw, DAF 20 

(mg/kg) 

1,2,4,5-Tetrachlorobenzene 95-94-3   1.85E+01   2.75E+02   8.07E+01   1.66E+00 1.17E-01 

1,1,1,2-Tetrachloroethane 630-20-6 2.81E+01 2.35E+03 1.37E+02 3.89E+04 6.59E+02 1.06E+04 5.74E+00 4.77E+02 3.60E-02 

1,1,2,2-Tetrachloroethane 79-34-5 7.98E+00 1.56E+03 3.94E+01 2.60E+04 1.97E+02 7.08E+03 7.57E-01 3.60E+02 4.81E-03 

Tetrachloroethene (Perchloroethylene, PCE) 127-18-4 3.37E+02 1.11E+02 1.65E+03 6.29E+02 7.91E+03 1.20E+02 1.13E+02 4.03E+01 3.21E-01 

N,N,N',N"-tetramethylphosphoramide (TMPA)  16853-36-4   6.16E+00   9.16E+01   2.69E+01   2.00E+00 6.95E-03 

Tetryl (Trinitrophenylmethylnitramine) 479-45-8   1.56E+02   2.59E+03   7.06E+02   3.94E+01 5.59E+00 

Thallium 7440-28-0   7.82E-01   1.30E+01   3.54E+00   1.97E-01 2.85E+00 

Toluene (Methylbenzene) 108-88-3   5.23E+03   6.13E+04   1.40E+04   1.09E+03 1.21E+01 

Toxaphene 8001-35-2 4.84E+00   2.33E+01   1.70E+02   1.58E-01   6.96E+00 

Tribromomethane (Bromoform) 75-25-2 6.74E+02 1.23E+03 1.76E+03 1.83E+04 2.37E+04 5.38E+03 3.29E+01 3.76E+02 1.47E-01 

1,1,2-Trichloro-1,2,2-trifluoroethane 76-13-1   5.08E+04   2.43E+05   4.53E+04   5.50E+04 3.20E+03 

1,2,4-Trichlorobenzene 120-82-1 2.40E+02 8.29E+01 1.25E+03 4.23E+02 8.54E+03 7.91E+01 1.15E+01 3.98E+00 3.10E+00 

1,1,1-Trichloroethane (TCA) 71-55-6   1.44E+04   7.25E+04   1.36E+04   8.00E+03 5.11E+01 

1,1,2-Trichloroethane (1,2,-TCA) 79-00-5 1.88E+01 2.61E+00 9.21E+01 1.24E+01 4.30E+03 2.30E+00 2.75E+00 4.15E-01 2.68E-02 

Trichloroethylene (trichloroethene, TCE) 79-01-6 1.55E+01 6.77E+00 1.12E+02 3.65E+01 5.37E+03 6.90E+00 2.59E+00 2.82E+00 3.10E-02 

Trichlorofluoromethane (Fluorocarbon-11) 75-69-4   1.23E+03   6.03E+03   1.13E+03   1.14E+03 1.57E+01 

2,4,5-Trichlorophenol 95-95-4   6.16E+03   9.16E+04   2.69E+04   1.17E+03 6.62E+01 

2,4,6-Trichlorophenol 88-06-2 4.84E+02 6.16E+01 2.33E+03 9.16E+02 1.70E+04 2.69E+02 4.11E+01 1.19E+01 6.74E-01 

1,1,2-Trichloropropane 598-77-6   3.91E+02   6.49E+03   1.77E+03   8.81E+01 5.59E-01 

1,2,3-Trichloropropane 96-18-4 5.10E-02 7.09E+00 1.21E+00 3.40E+01 8.26E+00 6.31E+00 8.35E-03 6.20E-01 5.82E-05 

Triethylamine 121-44-8   1.93E+02   9.09E+02   1.69E+02   1.46E+01 7.31E-02 

2,4,6-Trinitrotoluene (TNT) 118-96-7 2.11E+02 3.60E+01 1.07E+03 5.73E+02 7.50E+03 1.61E+02 2.53E+01 9.80E+00 8.61E-01 

Uranium (soluable salts) --   2.34E+02   3.88E+03   2.77E+02   5.92E+01 5.33E+02 

Vanadium 7440-62-2   3.94E+02   6.53E+03   6.14E+02   6.31E+01 1.26E+03 

Vinyl acetate 108-05-4   2.56E+03   1.24E+04   2.30E+03   4.09E+02 1.50E+00 

Vinyl bromide 593-60-2 5.78E+00 9.66E+00 2.80E+01 4.55E+01 1.30E+02 8.46E+00 3.74E+00 6.26E+00 1.97E-02 

Vinyl chloride (Chlorothene) 75-01-4 7.42E-01 1.13E+02 2.84E+01 8.16E+02 1.61E+02 1.62E+02 3.24E-01 4.43E+01 1.34E-02 

m-Xylene 108-38-3   7.64E+02   3.73E+03   6.96E+02   1.93E+02 2.97E+00 
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Chemical 

CAS 

Residential 

Soil, Cancer 

(mg/kg) 

Residential 

Soil, 

Noncancer 

(mg/kg) 

Industrial/ 

Occupational 

Soil, Cancer 

(mg/kg) 

Industrial/ 

Occupational 

Soil, 

Noncancer 

(mg/kg) 

Construction 

Worker Soil, 

Cancer 

(mg/kg) 

Construction 

Worker Soil, 

Noncancer 

(mg/kg) 

Tap Water, 

Cancer 

(µg/L) 

Tap Water, 

Noncancer 

(µg/L) 

Cw, DAF 20 

(mg/kg) 

o-Xylene 95-47-6   8.05E+02   3.94E+03   7.36E+02   1.93E+02 2.98E+00 

p-Xylene 106-42-3   7.92E+02   3.87E+03   7.23E+02   1.93E+02 2.99E+00 

Xylenes 1330-20-7   8.71E+02   4.28E+03   7.98E+02   1.93E+02 1.54E+02 

Zinc 7440-66-6   2.35E+04   3.89E+05   1.06E+05   5.96E+03 7.41E+03 

Essential Nutrients                     

Calcium     1.30E+07   3.24E+07   8.85E+06       

Chloride     1.20E+07   5.84E+07   1.59E+07       

Magnesium     1.56E+07   5.68E+06   1.55E+06       

Phosphorus     1.56E+07   6.49E+07   1.77E+07       

Potassium     1.56E+07   7.62E+07   2.08E+07       

Sodium     7.82E+06   3.73E+07   1.02E+07       
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Table A-2 

Default Exposure Factors 

Symbol Definition (units) Default Reference 

CSFo Cancer slope factor oral 

(mg/kg-day)-1 

Chem.-spec. See Appendix C 

IUR Inhalation Unit Risk (µg/m3)-1   Chem.-spec. See Appendix C 

RfDo Reference dose oral (mg/kg-

day) 

Chem.-spec. See Appendix C 

RfC Inhalation Reference 

Concentration (mg/m3) 

Chem.-spec. See Appendix C 

TR Target cancer risk 1E-05 NMED-specified 

value 

THQ Target hazard quotient 1 NMED-specified 

value 

BW Body weight (kg)   

 -- adult 80 US EPA, 2014 

 -- child 15 US EPA, 2014 

AT Averaging time (days)   

 -- carcinogens 25550 US EPA, 2014 

 -- noncarcinogens ED*365  

GIABS Fraction absorbed in 

gastrointestinal tract (unitless) 

Chem.-spec. See Appendix C 

SA Exposed surface area for 

soil/dust (cm2/day) 

  

 – adult resident 6,032 US EPA, 2014 

 – adult worker 3,470 US EPA, 2014 

 -- child 2,690 US EPA, 2014 

SA Exposed surface area for 

water exposure (cm2) 

  

 – adult resident 20,900 US EPA, 2014 

 – child resident 6,378 US EPA, 2014 

AF Adherence factor, soils 

(mg/cm2) 

  

 – adult resident 0.07 US EPA, 2014 

 – adult worker 0.12 US EPA, 2014 

 -- child resident 0.2 US EPA, 2014 
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 – construction worker 0.3 US EPA, 2014 

ABS Skin absorption defaults 

(unitless): 

  

 – semi-volatile organics Chem.-spec. See Appendix C 

 – volatile organics Chem.-spec. See Appendix C 

 – inorganics  Chem.-spec. See Appendix C 

IRW Drinking water ingestion rate 

(L/day) 

  

 -- adult 2.5 US EPA, 2014 

 -- child 0.78 US EPA, 2014 

IRS Soil ingestion (mg/day)   

 -- adult resident 100 US EPA, 2017 

 -- child resident 200 US EPA, 2017 

 -- commercial/industrial 

worker 

100 US EPA, 2002 

 construction worker 330 US EPA, 2002 

EF Exposure frequency (days/yr)   

 -- residential 350 US EPA, 2014 

 -- commercial/industrial 225 US EPA, 2002 

 –  construction worker 250 US EPA, 2002 

ED Exposure duration (years)   

 -- residential 20a US EPA, 2014 

 -- child 6 US EPA, 1991 

 -- commercial/industrial 25 US EPA, 2014 

 –  construction worker 1 US EPA, 2002 

ET Exposure time (unitless)   

 --residential 1 24 hours/day 

 --commercial/industrial 0.33 8 hours/day 

 --construction worker 0.33 8 hours/day 

tevent_a Dermal exposure time per 

event, water, adult resident 

(hours/event)  

0.71 US EPA, 2014 

tevent_c Dermal exposure time per 

event, water, child resident 

(hours/event)  

0.54 US EPA, 2014 

PEF Particulate emission factor 

(m3/kg) 

Chem.-spec. US EPA, 2002 

E23.134



Risk Assessment Guidance for Investigations and Remediation 

Volume I 

June 2022 

A-15 

VFs Volatilization factor for soil 

(m3/kg) 

Chem.-spec. US EPA, 2002 

K Andelman volatilization factor 

for water (L/m3) 

0.5 US EPA, 1991 

Csat Soil saturation concentration 

(mg/kg) 

Chem.-spec. US EPA, 2002 

 
aExposure duration for lifetime residents is assumed to be 26 years total.  For carcinogens, exposures are 

combined for children (6 years) and adults (20 years). 

Chem.-spec.- Chemical-specific value  
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Table A-3.  Summary of Soil-to-Groundwater Screening Levels 

 

Chemical 

Risk-based 

SSL, DAF 1 

(mg/kg) 

Risk-based 

SSL, DAF 20 

(mg/kg) 

NMGW/MCL-

based SSL, 

DAF 1 (mg/kg) 

NMGW/MCL-

based SSL, 

DAF 20 

(mg/kg) 

Screening 

Level Cw 

(mg/kg) 

Acenaphthene 4.12E+00 8.25E+01 1.54E-03 3.09E-02 8.25E+01 

Acetaldehyde 3.29E-03 6.58E-02     6.58E-02 

Acetone 2.49E+00 4.98E+01     4.98E+01 

Acetophenone 4.82E-01 9.64E+00     9.64E+00 

Acrolein 7.29E-06 1.46E-04     1.46E-04 

Acrylonitrile 9.77E-05 1.95E-03     1.95E-03 

Alachlor 8.78E-05 1.76E-03 1.28E-03 2.57E-02 2.57E-02 

Aldrin 2.44E-04 4.88E-03     4.88E-03 

Aluminum 2.99E+04 5.97E+05     5.97E+05 

2-Amino-4,6-dinitrotoluene 1.15E-03 2.30E-02     2.30E-02 

4-Amino-2,6-dinitrotoluene 1.15E-03 2.30E-02     2.30E-02 

Ammonium Picrate 1.40E-01 2.81E+00     2.81E+00 

Anthracene 4.25E+01 8.51E+02     8.51E+02 

Antimony 3.28E-01 6.56E+00 2.71E-01 5.42E+00 6.56E+00 

Arsenic 2.50E-02 4.99E-01 2.92E-01 5.83E+00 5.83E+00 

Atrazine 1.70E-03 3.41E-02 1.51E-03 3.02E-02 3.41E-02 

Barium 1.35E+02 2.70E+03 8.23E+01 1.65E+03 2.70E+03 

Benzene 1.90E-03 3.80E-02 2.09E-03 4.18E-02 4.18E-02 

Benzidine 2.13E-06 4.27E-05     4.27E-05 

Benzo(a)anthracene 3.18E-02 6.37E-01     6.37E-01 

Benzo(a)pyrene 2.21E-01 4.42E+00 1.76E-01 3.53E+00 4.42E+00 

Benzo(b)fluoranthene 3.09E-01 6.17E+00     6.17E+00 

Benzo(k)fluoranthene 3.02E+00 6.05E+01     6.05E+01 

Beryllium 9.79E+00 1.96E+02 3.16E+00 6.32E+01 1.96E+02 

a-BHC (a-Hexachlorocyclohexane, a-HCH) 3.04E-04 6.08E-03     6.08E-03 

b-BHC (b-Hexachlorocyclohexane, b-HCH) 1.06E-03 2.13E-02     2.13E-02 

t-BHC (t-Hexachlorocyclohexane, Lindane) 1.82E-03 3.64E-02     3.64E-02 

1,1-Biphenyl 6.56E-03 1.31E-01     1.31E-01 

Bis(2-chloroethyl) ether 3.03E-05 6.05E-04     6.05E-04 
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Chemical 

Risk-based 

SSL, DAF 1 

(mg/kg) 

Risk-based 

SSL, DAF 20 

(mg/kg) 

NMGW/MCL-

based SSL, 

DAF 1 (mg/kg) 

NMGW/MCL-

based SSL, 

DAF 20 

(mg/kg) 

Screening 

Level Cw 

(mg/kg) 

Bis(2-chloroisopropyl) ether 2.38E-03 4.75E-02     4.75E-02 

Bis(2-ethylhexyl) phthalate [Di(2-ethylhexyl)phthalate, DEHP] 9.99E+00 2.00E+02 1.08E+00 2.15E+01 2.00E+02 

Bis(chloromethyl) ether 1.50E-07 3.00E-06     3.00E-06 

Boron 1.25E+01 2.51E+02     2.51E+02 

Bromodichloromethane 3.10E-04 6.21E-03     6.21E-03 

Bromomethane 1.71E-03 3.43E-02     3.43E-02 

1,3-Butadiene 4.07E-04 8.13E-03     8.13E-03 

2-Butanone (Methyl ethyl ketone, MEK) 1.00E+00 2.01E+01     2.01E+01 

tert-Butyl methyl ether (MTBE) 2.77E-02 5.53E-01     5.53E-01 

Cadmium 4.69E-01 9.39E+00 3.76E-01 7.52E+00 9.39E+00 

Carbofuran 2.96E-02 5.91E-01 1.26E-02 2.53E-01 5.91E-01 

Carbon disulfide 2.21E-01 4.42E+00     4.42E+00 

Carbon tetrachloride 1.67E-03 3.34E-02 1.84E-03 3.67E-02 3.67E-02 

Chlordane 2.28E-02 4.56E-01 1.02E-01 2.03E+00 2.03E+00 

2-Chloroacetophenone           

2-Chloro-1,3-butadiene 9.83E-05 1.97E-03     1.97E-03 

1-Chloro-1,1-difluoroethane 5.34E+01 1.07E+03     1.07E+03 

Chlorobenzene (Monochlorobenzene) 4.18E-02 8.36E-01 5.39E-02 1.08E+00 1.08E+00 

1-Chlorobutane 2.27E-01 4.53E+00     4.53E+00 

Chlorodifluoromethane 4.27E+01 8.55E+02     8.55E+02 

Chloroform 5.46E-04 1.09E-02     1.09E-02 

Chloromethane 4.76E-03 9.52E-02     9.52E-02 

b-Chloronaphthalene  2.85E+00 5.70E+01     5.70E+01 

o-Chloronitrobenzene  1.72E-03 3.44E-02     3.44E-02 

p-Chloronitrobenzene  1.28E-02 2.57E-01     2.57E-01 

2-Chlorophenol 5.76E-02 1.15E+00     1.15E+00 

2-Chloropropane 6.31E-02 1.26E+00     1.26E+00 

o-Chlorotoluene  1.78E-01 3.56E+00     3.56E+00 

Chromium III 2.46E+07 4.91E+08     4.91E+08 

Chromium VI 9.61E-03 1.92E-01     1.92E-01 

Chromium (Total) 1.03E+04 2.05E+05 1.80E+05 3.60E+03 2.05E+05 
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Chemical 

Risk-based 

SSL, DAF 1 

(mg/kg) 

Risk-based 

SSL, DAF 20 

(mg/kg) 

NMGW/MCL-

based SSL, 

DAF 1 (mg/kg) 

NMGW/MCL-

based SSL, 

DAF 20 

(mg/kg) 

Screening 

Level Cw 

(mg/kg) 

Chrysene 9.30E+00 1.86E+02     1.86E+02 

Cobalt 2.70E-01 5.40E+00     5.40E+00 

Copper 2.78E+01 5.56E+02 4.57E+01 9.15E+02 9.15E+02 

Crotonaldehyde 7.11E-05 1.42E-03     1.42E-03 

Cumene (isopropylbenzene) 5.69E-01 1.14E+01     1.14E+01 

Cyanide 2.61E-04 5.22E-03 3.56E-02 7.13E-01 7.13E-01 

Cyanogen 4.01E-03 8.01E-02     8.01E-02 

Cyanogen bromide 5.29E-01 1.06E+01     1.06E+01 

Cyanogen chloride 2.94E-01 5.88E+00     5.88E+00 

Cyclohexane 7.46E-02 1.49E+00     1.49E+00 

DDD 5.60E-02 1.12E+00     1.12E+00 

DDE 8.15E-02 1.63E+00     1.63E+00 

DDT 5.80E-01 1.16E+01     1.16E+01 

Dibenz(a,h)anthracene 9.84E-02 1.97E+00     1.97E+00 

1,2-Dibromo-3-chloropropane 1.16E-06 2.33E-05 6.95E-05 1.39E-03 1.39E-03 

Dibromochloromethane 3.77E-04 7.55E-03     7.55E-03 

1,2-Dibromoethane (Ethylene dibromide) 1.76E-05 3.52E-04 1.18E-05 2.36E-04 3.52E-04 

1,4-Dichloro-2-butene 5.00E-06 9.99E-05     9.99E-05 

1,2-Dichlorobenzene 2.29E-01 4.58E+00 4.54E-01 9.08E+00 9.08E+00 

1,4-Dichlorobenzene 3.60E-03 7.20E-02 5.61E-02 1.12E+00 1.12E+00 

3,3-Dichlorobenzidine 6.21E-03 1.24E-01     1.24E-01 

Dichlorodifluoromethane 3.61E-01 7.23E+00     7.23E+00 

1,1-Dichloroethane 6.80E-03 1.36E-01     1.36E-01 

1,2-Dichloroethane 4.07E-04 8.14E-03 1.19E-03 2.38E-02 2.38E-02 

cis-1,2-Dichloroethene 9.18E-03 1.84E-01 1.76E-02 3.52E-01 3.52E-01 

trans-1,2-Dichloroethene 1.71E-02 3.42E-01 2.52E-02 5.03E-01 5.03E-01 

1,1-Dichloroethene 9.74E-02 1.95E+00 2.40E-03 4.79E-02 1.95E+00 

2,4-Dichlorophenol 4.13E-02 8.25E-01     8.25E-01 

1,2-Dichloropropane 1.21E-03 2.43E-02 1.39E-03 2.77E-02 2.77E-02 

1,3-Dichloropropene 1.40E-03 2.81E-02     2.81E-02 

Dicyclopentadiene 1.71E-03 3.42E-02     3.42E-02 
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Chemical 

Risk-based 

SSL, DAF 1 

(mg/kg) 

Risk-based 

SSL, DAF 20 

(mg/kg) 

NMGW/MCL-

based SSL, 

DAF 1 (mg/kg) 

NMGW/MCL-

based SSL, 

DAF 20 

(mg/kg) 

Screening 

Level Cw 

(mg/kg) 

Dieldrin 5.32E-04 1.06E-02     1.06E-02 

Diethyl phthalate 4.89E+00 9.79E+01     9.79E+01 

Di-n-butyl phthalate (Dibutyl phthalate) 1.69E+00 3.38E+01     3.38E+01 

2,4-Dimethylphenol 3.22E-01 6.45E+00     6.45E+00 

Dimethyl phthalate (DMP, Phthalic Acid) 1.78E-01 3.57E+00     3.57E+00 

4,6-Dinitro-o-cresol 1.99E-03 3.98E-02     3.98E-02 

2,4-Dinitrophenol 3.34E-02 6.69E-01     6.69E-01 

2,4-Dinitrotoluene 2.46E-03 4.92E-02     4.92E-02 

2,6-Dintitrotoluene 5.12E-04 1.02E-02     1.02E-02 

2,4/2,6-Dintrotoluene Mixture 1.12E-03 2.24E-02     2.24E-02 

1,4-Dioxane 8.14E-04 1.63E-02     1.63E-02 

1,2-Diphenylhydrazine 1.90E-03 3.79E-02     3.79E-02 

Endosulfan 1.02E+00 2.04E+01     2.04E+01 

Endrin 6.77E-02 1.35E+00 6.06E-02 1.21E+00 1.35E+00 

Epichlorohydrin 3.86E-04 7.72E-03     7.72E-03 

Ethyl acetate 2.64E-02 5.28E-01     5.28E-01 

Ethyl acrylate 2.99E-03 5.98E-02     5.98E-02 

Ethyl chloride 5.37E+00 1.07E+02     1.07E+02 

Ethyl ether 7.60E-01 1.52E+01     1.52E+01 

Ethyl methacrylate 9.15E-02 1.83E+00     1.83E+00 

Ethylbenzene 1.32E-02 2.64E-01 6.15E-01 1.23E+01 1.23E+01 

Ethylene oxide 3.32E-06 6.65E-05     6.65E-05 

Fluoranthene 6.69E+01 1.34E+03     1.34E+03 

Fluorene 4.00E+00 8.00E+01     8.00E+01 

Fluoride 1.78E+02 3.56E+03 6.01E+02 1.20E+04 1.20E+04 

Furan 6.12E-03 1.22E-01     1.22E-01 

Glyphosate 6.66E+00 1.33E+02 2.33E+00 4.65E+01 1.33E+02 

Heptachlor 1.37E-03 2.75E-02 2.48E-02 4.97E-01 4.97E-01 

Hexachlorobenzene 9.25E-04 1.85E-02 9.47E-03 1.89E-01 1.89E-01 

Hexachloro-1,3-butadiene 2.07E-03 4.13E-02     4.13E-02 

Hexachlorocyclopentadiene 9.88E-04 1.98E-02 1.20E-01 2.40E+00 2.40E+00 
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Chemical 

Risk-based 

SSL, DAF 1 

(mg/kg) 

Risk-based 

SSL, DAF 20 

(mg/kg) 

NMGW/MCL-

based SSL, 

DAF 1 (mg/kg) 

NMGW/MCL-

based SSL, 

DAF 20 

(mg/kg) 

Screening 

Level Cw 

(mg/kg) 

Hexachloroethane 1.60E-03 3.20E-02     3.20E-02 

n-Hexane 2.78E+00 5.57E+01     5.57E+01 

HMX 9.72E-01 1.94E+01     1.94E+01 

Hydrazine anhydride 1.90E-06 3.81E-05     3.81E-05 

Hydrogen cyanide 2.61E-04 5.22E-03     5.22E-03 

Indeno(1,2,3-c,d)pyrene 1.00E+00 2.01E+01     2.01E+01 

Iron 3.48E+02 6.96E+03     6.96E+03 

Isobutanol (Isobutyl alcohol) 1.05E+00 2.10E+01     2.10E+01 

Isophorone 2.12E-01 4.23E+00     4.23E+00 

Lead     1.35E+01 2.70E+02 2.70E+02 

Lead (tetraethyl-) 4.70E-06 9.41E-05     9.41E-05 

Maleic hydrazide 1.79E+00 3.57E+01     3.57E+01 

Manganese 1.31E+02 2.63E+03     2.63E+03 

Mercury (elemental) 3.27E-02 6.54E-01 1.04E-01 2.09E+00 2.09E+00 

Mercury (methyl) 3.79E-04 7.58E-03     7.58E-03 

Mercury (salts) 2.56E-01 5.13E+00 1.04E-01 2.09E+00 5.13E+00 

Methacrylonitrile 3.71E-04 7.43E-03     7.43E-03 

Methomyl 9.37E-02 1.87E+00     1.87E+00 

Methyl acetate 3.55E+00 7.11E+01     7.11E+01 

Methyl acrylate 7.13E-03 1.43E-01     1.43E-01 

Methyl isobutyl ketone 2.40E-01 4.80E+00     4.80E+00 

Methyl methacrylate 2.61E-01 5.22E+00     5.22E+00 

Methyl styrene (alpha) 9.43E-01 1.89E+01     1.89E+01 

Methyl styrene (mixture) 4.70E-02 9.40E-01     9.40E-01 

Methylcyclohexane 1.58E+01 3.16E+02     3.16E+02 

Methylene bromide (Dibromomethane) 1.68E-03 3.35E-02     3.35E-02 

Methylene chloride (Dichloromethane) 2.35E-02 4.71E-01 1.11E-03 2.21E-02 4.71E-01 

1-Methylnaphthalene 4.47E-02 8.93E-01     8.93E-01 

2-Methylnaphthalene 1.38E-01 2.76E+00     2.76E+00 

Molybdenum 1.99E+00 3.98E+01     3.98E+01 

Naphthalene 2.91E-03 5.83E-02     5.83E-02 
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NMGW/MCL-

based SSL, 

DAF 20 

(mg/kg) 

Screening 

Level Cw 

(mg/kg) 

Nickel 2.42E+01 4.85E+02     4.85E+02 

Nitrate 2.13E+01 4.25E+02 6.73E+00 1.35E+02 4.25E+02 

Nitrite 1.33E+00 2.66E+01 6.73E-01 1.35E+01 2.66E+01 

Nitrobenzene 7.20E-04 1.44E-02     1.44E-02 

Nitroglycerin 6.80E-04 1.36E-02     1.36E-02 

p-Nitrophenol           

2-Nitropropane 2.13E-05 4.26E-04     4.26E-04 

N-Nitrosodiethylamine 4.97E-07 9.94E-06     9.94E-06 

N-Nitrosodimethylamine 1.02E-06 2.04E-05     2.04E-05 

N-Nitrosodi-n-butylamine 4.21E-05 8.42E-04     8.42E-04 

N-Nitrosodiphenylamine 5.02E-01 1.00E+01     1.00E+01 

N-Nitrosopyrrolidine 1.15E-04 2.30E-03     2.30E-03 

m-Nitrotoluene 1.25E-03 2.50E-02     2.50E-02 

o-Nitrotoluene 2.29E-03 4.58E-02     4.58E-02 

p-Nitrotoluene 3.06E-02 6.13E-01     6.13E-01 

Pentachlorobenzene 1.76E-02 3.52E-01     3.52E-01 

Pentachlorophenol 3.14E-03 6.29E-02 7.61E-03 1.52E-01 1.52E-01 

Perchlorate 5.85E-03 1.17E-01 6.35E-04 1.27E-02 1.17E-01 

Per- and Polyfluoroalkyl Substances (PFAS) 

 Perfluorobutanesulfonate 1.04E-03 2.09E-02     2.09E-02 

 Perfluorobutanesulfonic acid (PFBS) 1.04E-03 2.09E-02     2.09E-02 

 Perfluorohexanesulfonate 6.95E-05 1.39E-03     1.39E-03 

 Perfluorohexanesulfonic acid (PFHxS) 6.95E-05 1.39E-03     1.39E-03 

 Perfluorononanoate 2.51E-04 5.02E-03     5.02E-03 

 Perfluorononanoic acid (PFNA) 2.51E-04 5.02E-03     5.02E-03 

 Perfluorooctanesulfonate 1.04E-05 2.09E-04     2.09E-04 

 Perfluorooctanesulfonic acid (PFOS) 1.04E-05 2.09E-04     2.09E-04 

 Perfluorooctanoate 9.13E-04 1.83E-02     1.83E-02 

 Perfluorooctanoic acid (PFOA) 9.13E-04 1.83E-02     1.83E-02 

 Potassium perfluorobutanesulfonate 2.85E-03 5.70E-02     5.70E-02 

 Potassium perfluorooctanesulfonate 1.04E-05 2.09E-04     2.09E-04 
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based SSL, 
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Level Cw 

(mg/kg) 

Phenanthrene 4.30E+00 8.59E+01     8.59E+01 

Phenol 2.62E+00 5.23E+01     5.23E+01 

Picric Acid (2,4,6-Trinitrophenol) 1.40E-01 2.81E+00     2.81E+00 

Polychlorinatedbiphenyls (PCBs) 

Aroclor 1016 1.01E-01 2.01E+00 3.59E-02 7.17E-01 2.01E+00 

Aroclor 1221 7.17E-04 1.43E-02     1.43E-02 

Aroclor 1232 7.17E-04 1.43E-02     1.43E-02 

Aroclor 1242 9.22E-03 1.84E-01     1.84E-01 

Aroclor 1248 9.04E-03 1.81E-01     1.81E-01 

Aroclor 1254 1.54E-02 3.08E-01     3.08E-01 

Aroclor 1260 4.13E-02 8.25E-01     8.25E-01 

2,2',3,3',4,4',5-Heptachlorobiphenyl (PCB 170) 3.21E-02 6.42E-01     6.42E-01 

2,2',3,4,4',5,5'-Heptachlorobiphenyl (PCB 180) 3.14E-01 6.29E+00     6.29E+00 

2,3,3',4,4',5,5'-Heptachlorobiphenyl (PCB 189) 2.07E-02 4.15E-01     4.15E-01 

2,3',4,4',5,5'-Hexachlorobiphenyl (PCB 167) 1.24E-02 2.48E-01     2.48E-01 

2,3,3',4,4',5'-Hexachlorobiphenyl (PCB 157) 1.27E-02 2.53E-01     2.53E-01 

2,3,3',4,4',5-Hexachlorobiphenyl (PCB 156) 1.27E-02 2.53E-01     2.53E-01 

3,3',4,4',5,5'-Hexachlorobiphenyl (PCB 169) 1.24E-05 2.48E-04     2.48E-04 

2',3,4,4',5-Pentachlorobiphenyl (PCB 123) 7.74E-03 1.55E-01     1.55E-01 

2',3',4,4',5-Pentachlorobiphenyl (PCB 118) 7.59E-03 1.52E-01     1.52E-01 

2',3,3',4,4'-Pentachlorobiphenyl (PCB 105) 7.74E-03 1.55E-01     1.55E-01 

2,3,4,4',5-Pentachlorobiphenyl (PCB 114) 7.74E-03 1.55E-01     1.55E-01 

3,3',4,4',5-Pentachlorobiphenyl (PCB 126) 2.28E-06 4.55E-05     4.55E-05 

3,3',4,4'-Tetrachlorobiphenyl (PCB 77) 7.03E-03 1.41E-01     1.41E-01 

3,4,4',5-Tetrachlorobiphenyl (PCB 81) 4.64E-04 9.27E-03     9.27E-03 

Prometon 9.58E-02 1.92E+00     1.92E+00 

Propylene oxide 4.82E-04 9.65E-03     9.65E-03 

Pyrene 9.59E+00 1.92E+02     1.92E+02 

RDX (Hexahydro-1,3,5-trinitro-1,3,5-triazine 2.96E-03 5.93E-02     5.93E-02 

Selenium 5.11E-01 1.02E+01 2.59E-01 5.17E+00 1.02E+01 

Silver 6.88E-01 1.38E+01     1.38E+01 
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NMGW/MCL-

based SSL, 

DAF 1 (mg/kg) 

NMGW/MCL-

based SSL, 

DAF 20 

(mg/kg) 
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Level Cw 
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Simazine 2.42E-03 4.83E-02 1.59E-03 3.19E-02 4.83E-02 

Strontium 4.17E+02 8.33E+03     8.33E+03 

Styrene 1.03E+00 2.06E+01 8.55E-02 1.71E+00 2.06E+01 

Sulfolane 3.75E-03 7.49E-02     7.49E-02 

2,3,7,8-TCDD 4.43E-07 8.86E-06 1.12E-05 2.24E-04 2.24E-04 

2,3,7,8-TCDF 3.85E-07 7.69E-06     7.69E-06 

1,2,4,5-Tetrachlorobenzene 5.83E-03 1.17E-01     1.17E-01 

1,1,1,2-Tetrachloroethane 1.80E-03 3.60E-02     3.60E-02 

1,1,2,2-Tetrachloroethane 2.40E-04 4.81E-03     4.81E-03 

Tetrachloroethene 1.60E-02 3.21E-01 1.99E-03 3.98E-02 3.21E-01 

N,N,N',N"-tetramethylphosphoramide (TMPA)  3.47E-04 6.95E-03     6.95E-03 

Tetryl (Trinitrophenylmethylnitramine) 2.79E-01 5.59E+00     5.59E+00 

Thallium 1.41E-02 2.81E-01 1.42E-01 2.85E+00 2.85E+00 

Toluene 6.07E-01 1.21E+01 5.55E-01 1.11E+01 1.21E+01 

Toxaphene 1.83E-02 3.66E-01 3.48E-01 6.96E+00 6.96E+00 

Tribromomethane (Bromoform) 7.34E-03 1.47E-01     1.47E-01 

1,1,2-Trichloro-1,2,2-trifluoroethane 1.60E+02 3.20E+03     3.20E+03 

1,2,4-Trichlorobenzene 8.82E-03 1.76E-01 1.55E-01 3.10E+00 3.10E+00 

1,1,1-Trichloroethane 2.55E+00 5.11E+01 6.38E-02 1.28E+00 5.11E+01 

1,1,2-Trichloroethane 1.11E-04 2.23E-03 1.34E-03 2.68E-02 2.68E-02 

Trichloroethylene 8.04E-04 1.61E-02 1.55E-03 3.10E-02 3.10E-02 

Trichlorofluoromethane 7.84E-01 1.57E+01     1.57E+01 

2,4,5-Trichlorophenol 3.31E+00 6.62E+01     6.62E+01 

2,4,6-Trichlorophenol 3.37E-02 6.74E-01     6.74E-01 

1,1,2-Trichloropropane 2.79E-02 5.59E-01     5.59E-01 

1,2,3-Trichloropropane 2.91E-06 5.82E-05     5.82E-05 

Triethylamine 3.65E-03 7.31E-02     7.31E-02 

2,4,6-Trinitrotoluene 4.30E-02 8.61E-01     8.61E-01 

Uranium (soluable salts) 2.67E+01 5.33E+02   2.70E+02 5.33E+02 

Vanadium 6.31E+01 1.26E+03     1.26E+03 

Vinyl acetate 7.52E-02 1.50E+00     1.50E+00 
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Level Cw 

(mg/kg) 

Vinyl bromide 9.85E-04 1.97E-02     1.97E-02 

Vinyl chloride 1.08E-04 2.17E-03 6.70E-04 1.34E-02 1.34E-02 

m-Xylene 1.48E-01 2.97E+00     2.97E+00 

o-Xylene 1.49E-01 2.98E+00     2.98E+00 

p-Xylene 1.50E-01 2.99E+00     2.99E+00 

Xylenes 1.49E-01 2.98E+00 7.72E+00 1.54E+02 1.54E+02 

Zinc 3.71E+02 7.41E+03     7.41E+03 

Essential Nutrients           

Calcium           

Chloride           

Magnesium           

Phosphorus           

Potassium           

Sodium           
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Table A-4. NMED Vapor Intrusion Screening Levels (VISLs) 

 

  

Residential 

Indoor Air, 

Noncancer 

(µg/m3) 

Residential 

Indoor Air, 

Cancer 

(µg/m3) 

Residential 

VISL_sg 

Noncancer 

(µg/m3) 

Residential 

VISL_sg 

Cancer 

(µg/m3) 

Residential 

VISL_gw 

Noncancer 

(µg/L) 

Residential 

VISL_gw 

Cancer 

(µg/L) 

Industrial 

Indoor Air 

Noncancer 

(µg/m3) 

Industrial 

Indoor Air 

Cancer 

(µg/m3) 

Industrial 

VISL_sg 

Noncancer 

(µg/m3) 

 Industrial 

VISL_sg 

Cancer 

(µg/m3) 

Industrial 

VISL_gw 

Noncancer 

(µg/L) 

Industrial 

VISL_gw 

Cancer 

(µg/L) 

Acenaphthene                         

Acetaldehyde 9.39E+00 1.28E+01 3.13E+02 4.25E+02 3.43E+03 4.67E+03 4.42E+01 6.26E+01 1.47E+03 2.09E+03 1.62E+04 2.29E+04 

Acetone 3.23E+04   1.08E+06 0.00E+00 2.25E+07 0.00E+00 1.52E+05   5.08E+06   1.06E+08   

Acetophenone                         

Acrolein 2.09E-02   6.95E-01 0.00E+00 4.17E+00 0.00E+00 9.83E-02   3.28E+00   1.97E+01   

Acrylonitrile 2.09E+00 4.13E-01 6.95E+01 1.38E+01 3.69E+02 7.30E+01 2.02E+00 2.02E+00 3.28E+02 6.75E+01 1.74E+03 3.58E+02 

Alachlor                         

Aldrin   5.73E-03   1.91E-01   3.18E+00 2.81E-02 2.81E-02   9.36E-01   1.56E+01 

Aluminum                         

Anthracene                         

Antimony                         

Arsenic                         

Atrazine                         

Barium 5.21E-01                       

Benzene 3.13E+01 3.60E+00 1.04E+03 1.20E+02 1.37E+02 1.58E+01 1.76E+01 1.76E+01 4.92E+03 5.88E+02 6.48E+02 7.76E+01 

Benzidine                         

Benzo(a)anthracene   9.22E-02   3.07E+00   1.87E+02 1.25E+00 1.25E+00   4.17E+01   2.54E+03 

Benzo(a)pyrene                         

Benzo(b)fluoranthene                         

Benzo(k)fluoranthene                         

Beryllium                         

a-BHC (HCH)                         

b-BHC (HCH)                         

g-BHC                         

1,1-Biphenyl 4.17E-01   1.39E+01   3.30E+01   1.97E+00   6.55E+01   1.56E+02   

Bis(2-chloroethyl) ether   8.51E-02   2.84E+00   1.22E+02 4.17E-01 4.17E-01   1.39E+01   5.98E+02 

Bis(2-chloroisopropyl) ether                         
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Residential 

Indoor Air, 

Noncancer 

(µg/m3) 

Residential 

Indoor Air, 

Cancer 

(µg/m3) 

Residential 

VISL_sg 

Noncancer 

(µg/m3) 

Residential 

VISL_sg 

Cancer 

(µg/m3) 

Residential 

VISL_gw 

Noncancer 

(µg/L) 

Residential 

VISL_gw 

Cancer 

(µg/L) 

Industrial 

Indoor Air 

Noncancer 

(µg/m3) 

Industrial 

Indoor Air 

Cancer 

(µg/m3) 

Industrial 

VISL_sg 

Noncancer 

(µg/m3) 

 Industrial 

VISL_sg 

Cancer 

(µg/m3) 

Industrial 

VISL_gw 

Noncancer 

(µg/L) 

Industrial 

VISL_gw 

Cancer 

(µg/L) 

Bis(2-ethylhexyl) phthalate                         

Bis(chloromethyl) ether   4.53E-04   1.51E-02   2.53E-03 2.22E-03 2.22E-03   7.40E-02   1.24E-02 

Boron                         

Bromodichloromethane   7.59E-01   2.53E+01   8.73E+00 3.72E+00 3.72E+00   1.24E+02   4.28E+01 

Bromomethane 5.21E+00   1.74E+02   1.73E+01   2.46E+01   8.19E+02   8.17E+01   

1,3-Butadiene 2.09E+00 9.36E-01 6.95E+01 3.12E+01 6.91E-01 3.10E-01 4.59E+00 4.59E+00 3.28E+02 1.53E+02 3.26E+00 1.52E+00 

2-Butanone (Methyl ethyl ketone, MEK) 5.21E+03   1.74E+05   2.24E+06   2.46E+04   8.19E+05   1.05E+07   

tert-Butyl methyl ether (MTBE) 3.13E+03 1.08E+02 1.04E+05 3.60E+03 1.30E+05 4.49E+03 5.29E+02 5.29E+02 4.92E+05 1.76E+04 6.13E+05 2.20E+04 

Cadmium                         

Carbofuran                         

Carbon disulfide 7.30E+02   2.43E+04   1.24E+03   3.44E+03   1.15E+05   5.83E+03   

Carbon tetrachloride 1.04E+02 4.68E+00 3.48E+03 1.56E+02 9.22E+01 4.14E+00 2.29E+01 2.29E+01 1.64E+04 7.65E+02 4.34E+02 2.03E+01 

Chlordane 7.30E-01 2.81E-01 2.43E+01 9.36E+00 3.66E+02 1.41E+02 1.38E+00 1.38E+00 1.15E+02 4.59E+01 1.73E+03 6.91E+02 

2-Chloroacetophenone                         

2-Chloro-1,3-butadiene 2.09E+01 9.36E-02 6.95E+02 3.12E+00 9.07E+00 4.07E-02 4.59E-01 4.59E-01 3.28E+03 1.53E+01 4.27E+01 1.99E-01 

1-Chloro-1,1-difluoroethane 5.21E+04   1.74E+06   2.16E+04   2.46E+05   8.19E+06   1.02E+05   

Chlorobenzene 5.21E+01   1.74E+03   4.09E+02   2.46E+02   8.19E+03   1.93E+03   

1-Chlorobutane                         

Chlorodifluoromethane 5.21E+04   1.74E+06   3.13E+04   2.46E+05   8.19E+06   1.48E+05   

Chloroform 1.02E+02 1.22E+00 3.41E+03 4.07E+01 6.79E+02 8.11E+00 5.98E+00 5.98E+00 1.61E+04 1.99E+02 3.20E+03 3.98E+01 

Chloromethane 9.39E+01 1.56E+01 3.13E+03 5.20E+02 2.60E+02 4.31E+01 7.65E+01 7.65E+01 1.47E+04 2.55E+03 1.22E+03 2.11E+02 

b-Chloronaphthalene                          

o-Chloronitrobenzene                          

p-Chloronitrobenzene                          

2-Chlorophenol                         

2-Chloropropane 1.04E+02   3.48E+03   1.45E+02   4.92E+02   1.64E+04   6.85E+02   

o-Chlorotoluene                          

Chromium III                         

Chromium VI                         

Chromium (Total)                         

Chrysene                         
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Residential 

Indoor Air, 

Noncancer 

(µg/m3) 

Residential 

Indoor Air, 

Cancer 

(µg/m3) 

Residential 

VISL_sg 

Noncancer 

(µg/m3) 

Residential 

VISL_sg 

Cancer 

(µg/m3) 

Residential 

VISL_gw 

Noncancer 

(µg/L) 

Residential 

VISL_gw 

Cancer 

(µg/L) 

Industrial 

Indoor Air 

Noncancer 

(µg/m3) 

Industrial 

Indoor Air 

Cancer 

(µg/m3) 

Industrial 

VISL_sg 

Noncancer 

(µg/m3) 

 Industrial 

VISL_sg 

Cancer 

(µg/m3) 

Industrial 

VISL_gw 

Noncancer 

(µg/L) 

Industrial 

VISL_gw 

Cancer 

(µg/L) 

Cobalt                         

Copper                         

Crotonaldehyde                         

Cumene (isopropylbenzene) 4.17E+02   1.39E+04   8.85E+02   1.97E+03   6.55E+04   4.17E+03   

Cyanide 8.34E-01   2.78E+01   1.53E+02   3.93E+00   1.31E+02   7.21E+02   

Cyanogen                         

Cyanogen bromide                         

Cyanogen chloride                         

Cyclohexane 1.04E+03   3.48E+04   1.70E+02   4.92E+03   1.64E+05   8.02E+02   

DDD                         

DDE   2.89E-01   9.65E+00   1.70E+02 1.42E+00 1.42E+00   4.73E+01   8.32E+02 

DDT                         

Dibenz(a,h)anthracene                         

1,2-Dibromo-3-chloropropane 2.09E-01 1.69E-03 6.95E+00 5.63E-02 3.46E+01 2.80E-01 2.29E-02 2.29E-02 3.28E+01 7.65E-01 1.63E+02 3.81E+00 

Dibromochloromethane   1.04E+00   3.47E+01   3.24E+01 5.10E+00 5.10E+00   1.70E+02   1.59E+02 

1,2-Dibromoethane   4.68E-02 3.13E+02 1.56E+00 3.52E+02 1.76E+00 2.29E-01 2.29E-01 1.47E+03 7.65E+00 1.66E+03 8.61E+00 

1,4-Dichloro-2-butene   6.68E-03   2.23E-01   2.46E-01 3.28E-02 3.28E-02   1.09E+00   1.20E+00 

1,2-Dichlorobenzene 2.09E+02   6.95E+03   2.65E+03   9.83E+02   3.28E+04   1.25E+04   

1,4-Dichlorobenzene 8.34E+02 2.55E+00 2.78E+04 8.51E+01 8.44E+03 2.58E+01 1.25E+01 1.25E+01 1.31E+05 4.17E+02 3.98E+04 1.27E+02 

3,3-Dichlorobenzidine                         

Dichlorodifluoromethane 1.04E+02   3.48E+03   7.42E+00   4.92E+02   1.64E+04   3.50E+01   

1,1-Dichloroethane   1.75E+01   5.85E+02   7.62E+01 8.60E+01 8.60E+01   2.87E+03   3.73E+02 

1,2-Dichloroethane 7.30E+00 1.08E+00 2.43E+02 3.60E+01 1.51E+02 2.23E+01 5.29E+00 5.29E+00 1.15E+03 1.76E+02 7.11E+02 1.09E+02 

cis-1,2-Dichloroethene                         

trans-1,2-Dichloroethene 4.17E+01   1.39E+03   2.49E+02   1.97E+02   6.55E+03   1.18E+03   

1,1-Dichloroethene 2.09E+02   6.95E+03   1.95E+02   9.83E+02   3.28E+04   9.19E+02   

2,4-Dichlorophenol                         

1,2-Dichloropropane 4.17E+00 2.81E+00 1.39E+02 9.36E+01 3.61E+01 2.43E+01 1.38E+01 1.38E+01 6.55E+02 4.59E+02 1.70E+02 1.19E+02 

1,3-Dichloropropene 2.09E+01 7.02E+00 6.95E+02 2.34E+02 1.43E+02 4.82E+01 3.44E+01 3.44E+01 3.28E+03 1.15E+03 6.75E+02 2.36E+02 

Dicyclopentadiene 3.13E-01   1.04E+01   1.22E-01   1.47E+00   4.92E+01   5.76E-01   

Dieldrin                         
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Cancer 

(µg/m3) 
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Noncancer 

(µg/L) 

Industrial 

VISL_gw 

Cancer 

(µg/L) 

Diethyl phthalate                         

Di-n-butyl phthalate (Dibutyl phthalate)                         

2,4-Dimethylphenol                         

Dimethyl phthalate                         

4,6-Dinitro-o-cresol                         

2,4-Dinitrophenol                         

2,4-Dinitrotoluene                         

2,6-Dintitrotoluene                         

2,4/2,6-Dintrotoluene Mixture                         

1,4-Dioxane 3.13E+01 5.62E+00 1.04E+03 1.87E+02 1.59E+05 2.85E+04   2.75E+01 4.92E+03 9.18E+02 7.49E+05 1.40E+05 

1,2-Diphenylhydrazine                         

Endosulfan                         

Endrin                         

Epichlorohydrin 1.04E+00 2.34E+01 3.48E+01 7.80E+02 8.37E+02 1.88E+04 4.92E+00 1.15E+02 1.64E+02 3.82E+03 3.94E+03 9.20E+04 

Ethyl acetate 7.30E+01   2.43E+03   1.33E+04   3.44E+02   1.15E+04   6.26E+04   

Ethyl acrylate                         

Ethyl chloride 1.04E+04   3.48E+05   2.29E+04   4.92E+04   1.64E+06   1.08E+05   

Ethyl ether                         

Ethyl methacrylate 3.13E+02   1.04E+04   1.33E+04   1.47E+03   4.92E+04   6.28E+04   

Ethylbenzene 1.04E+03 1.12E+01 3.48E+04 3.74E+02 3.23E+03 3.48E+01 5.51E+01 5.51E+01 1.64E+05 1.84E+03 1.52E+04 1.70E+02 

Ethylene oxide 3.13E+01 9.36E-03 1.04E+03 3.12E-01 5.16E+03 1.54E+00 4.59E-02 4.59E-02 4.92E+03 1.53E+00 2.43E+04 7.56E+00 

Fluoranthene   0.00E+00                     

Fluorene                         

Fluoride                         

Furan                         

Glyphosate                         

Heptachlor   2.16E-02   7.20E-01   1.79E+00 1.06E-01 1.06E-01   3.53E+00   8.78E+00 

Hexachlorobenzene   6.10E-02   2.03E+00   8.76E-01 2.99E-01 2.99E-01   9.97E+00   4.29E+00 

Hexachloro-1,3-butadiene   1.28E+00   4.25E+01   3.02E+00 6.26E+00 6.26E+00   2.09E+02   1.48E+01 

Hexachlorocyclopentadiene 2.09E-01   6.95E+00   1.88E-01       3.28E+01   8.88E-01   

Hexachloroethane 3.13E+01 2.55E+00 1.04E+03 8.51E+01 1.96E+02 1.60E+01 1.25E+01 1.25E+01 4.92E+03 4.17E+02 9.25E+02 7.85E+01 
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Cancer 
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Noncancer 

(µg/L) 

Industrial 

VISL_gw 

Cancer 

(µg/L) 

n-Hexane 7.30E+02   2.43E+04   9.89E+00   3.44E+03   1.15E+05   4.66E+01   

HMX                         

Hydrazine anhydride 3.13E-02 5.73E-03 1.04E+00 1.91E-01 1.25E+03 2.29E+02 2.81E-02 2.81E-02 4.92E+00 9.36E-01 5.90E+03 1.12E+03 

Hydrogen cyanide 8.34E-01   2.78E+01   1.53E+02   3.93E+00   1.31E+02   7.21E+02   

Indeno(1,2,3-c,d)pyrene                         

Iron                         

Isobutanol (Isobutyl alcohol)                         

Isophorone                         

Lead                         

Lead (tetraethyl-)                         

Maleic hydrazide                         

Manganese                         

Mercury (elemental) 3.13E-01   1.04E+01   6.69E-01   1.47E+00   4.92E+01   3.16E+00   

Mercury (methyl)                         

Mercuric Chloride (Mercury Salts)                         

Methacrylonitrile 3.13E+01   1.04E+03   3.09E+03   1.47E+02   4.92E+03   1.46E+04   

Methomyl                         

Methyl acetate                         

Methyl acrylate 2.09E+01   6.95E+02   2.56E+03   9.83E+01   3.28E+03   1.21E+04   

Methyl isobutyl ketone 3.13E+03   1.04E+05   5.53E+05   1.47E+04   4.92E+05   2.61E+06   

Methyl methacrylate 7.30E+02   2.43E+04   5.58E+04   3.44E+03   1.15E+05   2.63E+05   

Methyl styrene (alpha)                         

Methyl styrene (mixture) 4.17E+01   1.39E+03   3.34E+02   1.97E+02   6.55E+03   1.57E+03   

Methylcyclohexane 3.13E+03   1.04E+05   1.77E+02   1.47E+04   4.92E+05   8.36E+02   

Methylene bromide (Dibromomethane) 4.17E+00   1.39E+02   1.24E+02   1.97E+01   6.55E+02   5.83E+02   

Methylene chloride 6.26E+02 1.01E+03 2.09E+04 3.38E+04 4.70E+03 7.61E+03 2.95E+03 1.38E+04 9.83E+04 4.59E+05 2.21E+04 1.03E+05 

1-Methylnaphthalene                         

2-Methylnaphthalene                         

Molybdenum                         

Naphthalene 3.13E+00 8.26E-01 1.04E+02 2.75E+01 1.73E+02 4.58E+01 4.05E+00 4.05E+00 4.92E+02 1.35E+02 8.17E+02 2.24E+02 

Nickel (soluble salts)                         
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Nitrate                         

Nitrite                         

Nitrobenzene 9.39E+00 7.02E-01 3.13E+02 2.34E+01 9.54E+03 7.13E+02 3.44E+00 3.44E+00 1.47E+03 1.15E+02 4.50E+04 3.50E+03 

Nitroglycerin                         

Nitrophenol                         

2-Nitropropane   4.84E-02   1.61E+00   9.95E+00 2.37E-01 2.37E-01   7.91E+00   4.88E+01 

N-Nitrosodiethylamine                         

N-Nitrosodimethylamine                         

N-Nitrosodi-n-butylamine   1.75E-02   5.85E-01   3.24E+01 8.60E-02 8.60E-02   2.87E+00   1.59E+02 

N-Nitrosodiphenylamine                         

N-Nitrosopyrrolidine                         

m-Nitrotoluene                         

o-Nitrotoluene                         

p-Nitrotoluene                         

Pentachlorobenzene                         

Pentachlorophenol                         

Perchlorate                         

Per- and Polyfluoroalkyl Substances (PFAS)                         

     Perfluorobutanesulfonate                         

     Perfluorobutanesulfonic acid (PFBS)                         

     Perfluorohexanesulfonate                         

     Perfluorohexanesulfonic acid (PFHxS)                         

     Perfluorononanoate                         

     Perfluorononanoic acid (PFNA)                         

     Perfluorooctanesulfonate                         

     Perfluorooctanesulfonic acid (PFOS)                         

     Perfluorooctanoate                         

     Perfluorooctanoic acid (PFOA)                         

     Potassium perfluorobutanesulfonate                         

     Potassium perfluorooctanesulfonate                         

Phenanthrene                         
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Phenol                         

Polychlorinatedbiphenyls (PCBs)                         

   Aroclor 1016   1.40E+00   4.68E+01   1.71E+02 6.88E+00 6.88E+00   2.29E+02   8.39E+02 

   Aroclor 1221   4.93E-02   1.64E+00   1.63E+00 2.41E-01 2.41E-01   8.05E+00   8.00E+00 

   Aroclor 1232   4.93E-02   1.64E+00   1.63E+00 2.41E-01 2.41E-01   8.05E+00   8.00E+00 

   Aroclor 1242   4.93E-02   1.64E+00   6.32E+00 2.41E-01 2.41E-01   8.05E+00   3.10E+01 

   Aroclor 1248   4.93E-02   1.64E+00   2.73E+00 2.41E-01 2.41E-01   8.05E+00   1.34E+01 

   Aroclor 1254   4.93E-02   1.64E+00   4.25E+00 2.41E-01 2.41E-01   8.05E+00   2.08E+01 

   Aroclor 1260   4.93E-02   1.64E+00   3.58E+00 2.41E-01 2.41E-01   8.05E+00   1.75E+01 

   2,2',3,3',4,4',5-Heptachlorobiphenyl (PCB 170)                         

   2,2',3,4,4',5,5'-Heptachlorobiphenyl (PCB 180)                         

   2,3,3',4,4',5,5'-Heptachlorobiphenyl (PCB 189)   2.46E-02   8.21E-01   1.18E+01 1.21E-01 1.21E-01 2.18E+02 4.02E+00 3.15E+03 5.81E+01 

   2,3',4,4',5,5'-Hexachlorobiphenyl (PCB 167)   2.46E-02   8.21E-01   8.77E+00 1.21E-01 1.21E-01 2.18E+02 4.02E+00 2.33E+03 4.30E+01 

   2,3,3',4,4',5'-Hexachlorobiphenyl (PCB 157)   2.46E-02   8.21E-01   8.77E+00 1.21E-01 1.21E-01 2.18E+02 4.02E+00 2.33E+03 4.30E+01 

   2,3,3',4,4',5-Hexachlorobiphenyl (PCB 156)   2.46E-02   8.21E-01   4.20E+00 1.21E-01 1.21E-01 2.18E+02 4.02E+00 1.12E+03 2.06E+01 

   3,3',4,4',5,5'-Hexachlorobiphenyl (PCB 169)   2.46E-05   8.21E-04   8.77E-03 1.21E-04 1.21E-04 2.18E-01 4.02E-03 2.33E+00 4.30E-02 

   2',3,4,4',5-Pentachlorobiphenyl (PCB 123)   2.46E-02   8.21E-01   6.50E+00 1.21E-01 1.21E-01 2.18E+02 4.02E+00 1.73E+03 3.19E+01 

   2',3',4,4',5-Pentachlorobiphenyl (PCB 118)   2.46E-02   8.21E-01   2.09E+00 1.21E-01 1.21E-01 2.18E+02 4.02E+00 5.55E+02 1.02E+01 

   2',3,3',4,4'-Pentachlorobiphenyl (PCB 105)   2.46E-02   8.21E-01   2.12E+00 1.21E-01 1.21E-01 2.18E+02 4.02E+00 5.65E+02 1.04E+01 

   2,3,4,4',5-Pentachlorobiphenyl (PCB 114)   2.46E-02   8.21E-01   6.50E+00 1.21E-01 1.21E-01 2.18E+02 4.02E+00 1.73E+03 3.19E+01 

   3,3',4,4',5-Pentachlorobiphenyl (PCB 126)   7.39E-06   2.46E-04   1.95E-03 3.62E-05 3.62E-05 6.55E-02 1.21E-03 5.19E-01 9.56E-03 

   3,3',4,4'-Tetrachlorobiphenyl (PCB 77)                         

   3,4,4',5-Tetrachlorobiphenyl (PCB 81)   2.46E-03   8.21E-02   4.81E-01 1.21E-02 1.21E-02 2.18E+01 4.02E-01 1.28E+02 2.36E+00 

Prometon                         

Propylene oxide 3.13E+01 7.59E+00 1.04E+03 2.53E+02 1.10E+04 2.66E+03 3.72E+01 3.72E+01 4.92E+03 1.24E+03 5.17E+04 1.30E+04 

Pyrene                         

RDX                         

Selenium                         

Silver                         

Simazine                         

Strontium                         

E23.151



Risk Assessment Guidance for Investigations and Remediation 

Volume I 

June 2022 

A-32 

  

Residential 

Indoor Air, 

Noncancer 

(µg/m3) 

Residential 

Indoor Air, 

Cancer 

(µg/m3) 

Residential 

VISL_sg 

Noncancer 

(µg/m3) 

Residential 

VISL_sg 

Cancer 

(µg/m3) 

Residential 

VISL_gw 

Noncancer 

(µg/L) 

Residential 

VISL_gw 

Cancer 

(µg/L) 

Industrial 

Indoor Air 

Noncancer 

(µg/m3) 

Industrial 

Indoor Air 

Cancer 

(µg/m3) 

Industrial 

VISL_sg 

Noncancer 

(µg/m3) 

 Industrial 

VISL_sg 

Cancer 

(µg/m3) 

Industrial 

VISL_gw 

Noncancer 

(µg/L) 

Industrial 

VISL_gw 

Cancer 

(µg/L) 

Styrene 1.04E+03   3.48E+04   9.25E+03   4.92E+03   1.64E+05   4.36E+04   

Sulfolane                         

2,3,7,8-TCDD 4.17E-05 7.39E-07 1.39E-03 2.46E-05 2.03E-02 3.60E-04 3.62E-06 3.62E-06 6.55E-03 1.21E-04 9.59E-02 1.77E-03 

2,3,7,8-TCDF   7.39E-06   2.46E-04   1.08E-02 3.62E-05 3.62E-05   1.21E-03   5.29E-02 

1,2,4,5-Tetrachlorobenzene                         

1,1,1,2-Tetrachloroethane   3.79E+00   1.26E+02   3.70E+01 1.86E+01 1.86E+01   6.20E+02   1.81E+02 

1,1,2,2-Tetrachloroethane   4.84E-01   1.61E+01   3.22E+01 2.37E+00 2.37E+00   7.91E+01   1.58E+02 

Tetrachloroethene 4.17E+01 1.08E+02 1.39E+03 3.60E+03 5.75E+01 1.49E+02 1.97E+02 5.29E+02 6.55E+03 1.76E+04 2.71E+02 7.29E+02 

Tetryl (Trinitrophenylmethylnitramine)                         

Thallium                         

Toluene 5.21E+03   1.74E+05   1.92E+04   2.46E+04   8.19E+05   9.03E+04   

Toxaphene                         

Tribromomethane (Bromoform)   2.55E+01   8.51E+02   1.16E+03 1.25E+02 1.25E+02   4.17E+03   5.70E+03 

1,1,2-Trichloro-1,2,2-trifluoroethane (Freon-113) 3.13E+04   1.04E+06   1.45E+03   1.47E+05   4.92E+06   6.84E+03   

1,2,4-Trichlorobenzene 2.09E+00   6.95E+01   3.58E+01   9.83E+00   3.28E+02   1.69E+02   

1,1,1-Trichloroethane 5.21E+03   1.74E+05   7.39E+03   2.46E+04   8.19E+05   3.49E+04   

1,1,2-Trichloroethane 2.09E-01 1.75E+00 6.95E+00 5.85E+01 6.17E+00 5.19E+01 9.83E-01 8.60E+00 3.28E+01 2.87E+02 2.91E+01 2.55E+02 

Trichloroethylene 2.09E+00 4.42E+00 6.95E+01 1.47E+02 5.16E+00 1.10E+01 9.83E+00 3.36E+01 3.28E+02 1.12E+03 2.43E+01 8.31E+01 

Trichlorofluoromethane (Freon-11) 7.30E+02   2.43E+04       3.44E+03   1.15E+05   8.65E+02   

2,4,5-Trichlorophenol                         

2,4,6-Trichlorophenol                         

1,1,2-Trichloropropane                         

1,2,3-Trichloropropane 3.13E-01   1.04E+01   2.22E+01   1.47E+00   4.92E+01   1.05E+02   

Triethylamine 7.30E+00   2.43E+02   1.19E+03   3.44E+01   1.15E+03   5.63E+03   

2,4,6-Trinitrotoluene                         

Uranium (soluable salts)                         

Vanadium                         

Vinyl acetate 2.09E+02   6.95E+03   9.96E+03   9.83E+02   3.28E+04   4.69E+04   

Vinyl bromide 3.13E+00 1.87E+00 1.04E+02 6.24E+01 6.20E+00 3.71E+00 9.18E+00 9.18E+00 4.92E+02 3.06E+02 2.92E+01 1.82E+01 

Vinyl chloride 1.04E+02 1.68E+00 3.48E+03 5.59E+01 9.15E+01 1.47E+00 3.13E+01 3.13E+01 1.64E+04 1.04E+03 4.31E+02 2.74E+01 

m-Xylene 1.04E+02   3.48E+03   3.54E+02   4.92E+02   1.64E+04   1.67E+03   
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o-Xylene 1.04E+02   3.48E+03   4.91E+02   4.92E+02   1.64E+04   2.31E+03   

p-Xylene 1.04E+02   3.48E+03   3.69E+02   4.92E+02   1.64E+04   1.74E+03   

Xylenes 1.04E+02   3.48E+03   4.91E+02   4.92E+02   1.64E+04   2.31E+03   

Zinc                         

                          

Petroleum Hydrocarbons                         

Aliphatics          C5 to C8 6.26E+02   2.09E+04   1.16E+01   2.95E+03   9.83E+04   5.46E+01   

C9 to C12 1.04E+02   3.48E+03   1.60E+00   4.92E+02   1.64E+04   7.56E+00   

C9 to C18 1.04E+02   3.48E+03   1.51E+00   4.92E+02   1.64E+04   7.12E+00   

C19 to C36                         

Aromatics          C9 to C10 3.13E+00   1.04E+02   9.48E+00   1.47E+01   4.92E+02   4.47E+01   

C11 to C22                         
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Table B-1: Chemical CAS and Molecular Weight 

 

Chemical CAS. NO. MW (g/mole) Ref. 

Acenaphthene 83-32-9 154.21 EPI 
Acetaldehyde 75-07-0 44.05 EPI 
Acetone 67-64-1 58.08 EPI 
Acetophenone 98-86-2 120.15 EPI 
Acrolein 107-02-8 56.06 EPI 
Acrylonitrile 107-13-1 53.06 EPI 
Alachlor 15972-60-8 270 EPI 
Aldrin 309-00-2 364.92 EPI 
Aluminum 7429-90-5 26.98 P 
2-Amino-4,6-dinitrotoluene 35572-78-2 197.15 PHYS 
4-Amino-2,6-dinitrotoluene 19406-51-0 197.15 PHYS 
Ammonium Picrate 131-74-8 229.11 PHYS 
Anthracene 120-12-7 178.24 EPI 
Antimony 7440-36-0 121.76 P 
Arsenic 7440-38-2 74.92 P 
Atrazine 1912-24-9 2.20E+02 P 
Barium 7440-39-3 137.33 P 
Benzene 71-43-2 78.11 EPI 
Benzidine 92-87-5 184.24 EPI 
Benzo(a)anthracene 56-55-3 228.3 EPI 
Benzo(a)pyrene 50-32-8 252.32 EPI 
Benzo(b)fluoranthene 205-99-2 252.32 EPI 
Benzo(k)fluoranthene 207-08-9 252.32 EPI 
Beryllium 7440-41-7 9.01 P 
-BHC (HCH) 319-84-6 290.83 EPI 
-BHC (HCH) 319-85-7 290.83 EPI 
-BHC 58-89-9 290.83 EPI 
1,1-Biphenyl 92-52-4 154.21 EPI 
Bis(2-chloroethyl) ether 111-44-4 143.01 EPI 
Bis(2-chloroisopropyl) ether 108-60-1 171.07 EPI 
Bis(2-ethylhexyl) phthalate 117-81-7 390.57 EPI 
Bis(chloromethyl) ether 542-88-1 114.96 EPI 
Boron 7440-42-8 10.81 P 
Bromodichloromethane 75-27-4 163.83 EPI 
Bromomethane 74-83-9 94.94 EPI 
1,3-Butadiene 106-99-0 54.09 EPI 
2-Butanone (Methyl ethyl ketone, MEK) 78-93-3 72.11 EPI 
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tert-Butyl methyl ether (MTBE) 1634-04-4 88.15 EPI 
Cadmium 7440-43-9 112.41 P 
Calcium       
Carbofuran 1563-66-2 220 EPI 
Carbon disulfide 75-15-0 76.13 EPI 
Carbon tetrachloride 56-23-5 153.82 EPI 
Chlordane 12789-03-6 409.78 EPI 
2-Chloroacetophenone 532-27-4 154.6 EPI 
2-Chloro-1,3-butadiene 126-99-8 88.54 EPI 
1-Chloro-1,1-difluoroethane 75-68-3 100.5 EPI 
Chlorobenzene 108-90-7 112.56 EPI 
1-Chlorobutane 109-69-3 92.57 EPI 
Chlorodifluoromethane 75-45-6 86.47 EPI 
Chloroform 67-66-3 119.38 EPI 
Chloromethane 74-87-3 50.49 EPI 
-Chloronaphthalene  91-58-7 162.62 EPI 
o-Chloronitrobenzene  88-73-3 157.56 EPI 
p-Chloronitrobenzene  100-00-5 157.56 EPI 
2-Chlorophenol 95-57-8 128.56 EPI 
2-Chloropropane 75-29-6 78.54 EPI 
o-Chlorotoluene  95-49-8 126.59 EPI 
Chromium III 16065-83-1 52 P 
Chromium VI 18540-29-9 52 P 
Chromium (Total)   52 P 
Chrysene 218-01-9 228.3 EPI 
Cobalt 7440-48-4 58.93 EPI 
Copper 7440-50-8 63.55 P 
Crotonaldehyde 123-73-9 70.09 EPI 
Cumene (isopropylbenzene) 98-82-8 120.2 EPI 
Cyanide 57-12-5 27.03 EPI 
Cyanogen 460-19-5 52.04 EPI 
Cyanogen bromide 506-68-3 105.92 EPI 
Cyanogen chloride 506-77-4 61.47 EPI 
Cyclohexene 110-83-8 84.163 PHYS 
DDD 72-54-8 320.05 EPI 
DDE 72-55-9 318.03 EPI 
DDT 50-29-3 354.49 EPI 
Dibenz(a,h)anthracene 53-70-3 278.36 EPI 
1,2-Dibromo-3-chloropropane 96-12-8 236.33 EPI 
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Dibromochloromethane 124-48-1 208.28 EPI 
1,2-Dibromoethane 106-93-4 187.86 EPI 
1,4-Dichloro-2-butene 764-41-0 125 EPI 
1,2-Dichlorobenzene 95-50-1 147 EPI 
1,4-Dichlorobenzene 106-46-7 147 EPI 
3,3-Dichlorobenzidine 91-94-1 253.13 EPI 
Dichlorodifluoromethane 75-71-8 120.91 EPI 
1,1-Dichloroethane 75-34-3 98.96 EPI 
1,2-Dichloroethane 107-06-2 98.96 EPI 
cis-1,2-Dichloroethene 156-59-2 96.94 EPI 
trans-1,2-Dichloroethene 156-60-5 96.94 EPI 
1,1-Dichloroethene 75-35-4 96.94 EPI 
2,4-Dichlorophenol 120-83-2 163 EPI 
1,2-Dichloropropane 78-87-5 112.99 EPI 
1,3-Dichloropropene 542-75-6 110.97 EPI 
Dicyclopentadiene 77-73-6 132.21 EPI 
Dieldrin 60-57-1 380.91 EPI 
Diethyl phthalate 84-66-2 222.24 EPI 
Di-n-butyl phthalate (Dibutyl phthalate) 84-74-2 278.35 EPI 
2,4-Dimethylphenol 105-67-9 122.17 EPI 
Dimethyl phthalate 100-21-0 170 EPI 
4,6-Dinitro-o-cresol 534-52-1 198.14 EPI 
2,4-Dinitrophenol 51-28-5 184.11 EPI 
2,4-Dinitrotoluene 121-14-2 182.14 EPI 
2,6-Dintitrotoluene 606-20-2 182.14 EPI 
2,4/2,6-Dintrotoluene Mixture 25321-14-6 182.14 EPI 
1,4-Dioxane 123-91-1 88.11 EPI 
1,2-Diphenylhydrazine 122-66-7 184.24 EPI 
Endosulfan 115-29-7 406.92 EPI 
Endrin 72-20-8 380.91 EPI 
Epichlorohydrin 106-89-8 92.53 EPI 
Ethyl acetate 141-78-6 88.11 EPI 
Ethyl acrylate 140-88-5 100.12 EPI 
Ethyl chloride 75-00-3 64.52 EPI 
Ethyl ether 60-29-7 74.12 EPI 
Ethyl methacrylate 97-63-2 114.15 EPI 
Ethylbenzene 100-41-4 106.17 EPI 
Ethylene oxide 75-21-8 44.05 EPI 
Fluoranthene 206-44-0 202.26 EPI 
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Fluorene 86-73-7 166.22 EPI 
Fluoride 7782-41-4 19 P 
Furan 110-00-9 68.08 EPI 
Gylphosate 1071-83-6 170 EPI 
Heptachlor 76-44-8 373.32 EPI 
Hexachlorobenzene 118-74-1 284.78 EPI 
Hexachloro-1,3-butadiene 87-68-3 260.76 EPI 
Hexachlorocyclopentadiene 77-47-4 272.77 EPI 
Hexachloroethane 67-72-1 236.74 EPI 
n-Hexane 110-54-3 86.18 EPI 
HMX 2691-41-0 296.16 EPI 
Hydrazine anhydride 302-01-2 32.05 EPI 
Hydrogen cyanide 74-90-8 27.03 EPI 
Indeno(1,2,3-c,d)pyrene 193-39-5 276.34 EPI 
Iron 7439-89-6 55.85 P 
Isobutanol (Isobutyl alcohol) 78-83-1 74.12 EPI 
Isophorone 78-59-1 138.21 EPI 
Lead 7439-92-1 207.2 P 
Lead (tetraethyl-) 78-00-2 323.45 EPI 
Maleic hydrazide 123-33-1 112.09 EPI 
Manganese 7439-96-5 54.94 P 
Mercury (elemental) 7439-97-6 200.59 EPI 
Mercury (methyl) 22967-92-6 215.63 EPI 
Mercury Chloride (Mercury Salts) 7487-94-7 271.5 EPI 
Methacrylonitrile 126-98-7 67.09 EPI 
Methomyl 16752-77-5 162.21 EPI 
Methyl acetate 79-20-9 74.08 EPI 
Methyl acrylate 96-33-3 86.09 EPI 
Methyl isobutyl ketone 108-10-1 100.16 EPI 
Methyl methacrylate 80-62-6 100.12 EPI 
Methyl styrene (alpha) 98-83-9 118.18 EPI 
Methyl styrene (mixture) 25013-15-4 118.18 EPI 
Methylcyclohexane 108-87-2 98.19 EPI 
Methylene bromide (Dibromomethane) 74-95-3 173.84 EPI 
Methylene chloride 75-09-2 84.93 EPI 
1-Methylnaphthalene 90-12-0 140 EPI 
2-Methylnaphthalene 91-57-6 140 EPI 
Molybdenum 7439-98-7 95.96 P 
Naphthalene 91-20-3 128.18 EPI 
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Nickel 7440-02-0 58.69 EPI 
Nitrate 14797-55-8 62 EPI 
Nitrite 14797-65-0 47.01 EPI 
Nitrobenzene 98-95-3 123.11 EPI 
Nitroglycerin 55-63-0 227.09 EPI 
Nitrophenol 100-02-7     
2-Nitropropane 79-46-9 8.9E+01 PHYS 
N-Nitrosodiethylamine 55-18-5 102.14 EPI 
N-Nitrosodimethylamine 62-75-9 74.08 EPI 
N-Nitrosodi-n-butylamine 924-16-3 158.25 EPI 
N-Nitrosodiphenylamine 86-30-6 198.23 EPI 
N-Nitrosopyrrolidine 930-55-2 100.12 EPI 
m-Nitrotoluene 99-08-1 137.14 EPI 
o-Nitrotoluene 88-72-2 137.14 EPI 
p-Nitrotoluene 99-99-0 137.14 EPI 
Pentachlorobenzene 608-93-5 250.34 EPI 
Pentachlorophenol 87-86-5 266.34 EPI 
Perchlorate 14797-73-0 99.45 NIST 
Per- and Polyfluoroalkyl Substanaces (PFAS)       

     Perfluorobutanesulfonate 45187-15-3 299.1 
EPA 
SRS 

     Perfluorobutanesulfonic acid (PFBS) 375-73-5 300.1 3M 
     Perfluorohexanesulfonate 108427-53-8 399.1 3M 
     Perfluorohexanesulfonic acid (PFHxS) 355-46-4 400.1 3M 
     Perfluorononanoate 72007-68-2 463.07 3M 
     Perfluorononanoic acid (PFNA) 375-95-1 464.1 3M 

     Perfluorooctanesulfonate 45298-90-6 499.13 
EPA 
SRS 

     Perfluorooctanesulfonic acid (PFOS) 1763-23-1 500.1 3M 
     Perfluorooctanoate 45285-51-6 413.063 3M 
     Perfluorooctanoic acid (PFOA) 335-67-1 414.4 3M 
     Potassium perfluorobutanesulfonate 29420-49-3 338.2 3M 
     Potassium perfluorooctanesulfonate 2795-39-3 538.22 Sax's 
Phenanthrene 85-01-8 178.24 EPI 
Phenol 108-95-2 94.11 EPI 
Picric Acid (2,4,6-Trinitrophenol) 88-89-1 2.3E+02 PHYS 
Polychlorinatedbiphenyls       

Aroclor 1016 12674-11-2 257.55 EPI 
Aroclor 1221 11104-28-2 188.66 EPI 
Aroclor 1232 11141-16-5 188.66 EPI 
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Aroclor 1242 53469-21-9 291.99 EPI 
Aroclor 1248 12672-29-6 291.99 EPI 
Aroclor 1254 11097-69-1 326.44 EPI 
Aroclor 1260 11096-82-5 395.33 EPI 
2,2',3,3',4,4',5-Heptachlorobiphenyl (PCB 170) 35065-30-6 395.33 EPI 
2,2',3,4,4',5,5'-Heptachlorobiphenyl (PCB 180) 35065-29-3 395.33 EPI 
2,3,3',4,4',5,5'-Heptachlorobiphenyl (PCB 189) 39635-31-9 395.33 EPI 
2,3',4,4',5,5'-Hexachlorobiphenyl (PCB 167) 52663-72-6 360.88 EPI 
2,3,3',4,4',5'-Hexachlorobiphenyl (PCB 157) 69782-90-7 360.88 EPI 
2,3,3',4,4',5-Hexachlorobiphenyl (PCB 156) 38380-08-4 360.88 EPI 
3,3',4,4',5,5'-Hexachlorobiphenyl (PCB 169) 32774-16-6 360.88 EPI 
2',3,4,4',5-Pentachlorobiphenyl (PCB 123) 65510-44-3 326.44 EPI 
2',3',4,4',5-Pentachlorobiphenyl (PCB 118) 31508-00-6 326.44 EPI 
2',3,3',4,4'-Pentachlorobiphenyl (PCB 105) 32598-14-4 326.44 EPI 
2,3,4,4',5-Pentachlorobiphenyl (PCB 114) 74472-37-0 326.44 EPI 
3,3',4,4',5-Pentachlorobiphenyl (PCB 126) 57465-28-8 326.44 EPI 
3,3',4,4'-Tetrachlorobiphenyl (PCB 77) 32598-13-3 291.99 EPI 
3,4,4',5-Tetrachlorobiphenyl (PCB 81) 70362-50-4 291.99 EPI 

Prometon 1610-18-0 230 EPI 
Propylene oxide 75-56-9 58.08 EPI 
Pyrene 129-00-0 202.26 EPI 
RDX 121-82-4 222.12 EPI 
Selenium 7782-49-2 78.96 P 
Silver 7440-22-4 107.87 P 
Simazine 122-34-9 200 EPI 
Strontium 7440-24-6 87.62 P 
Styrene 100-42-5 104.15 EPI 
Sulfolane 126-33-0 120.17 EPI 
2,3,7,8-TCDD 1746-01-6 321.98 EPI 
2,3,7,8-TCDF 51207-31-9 305.98 EPI 
1,2,4,5-Tetrachlorobenzene 95-94-3 215.89 EPI 
1,1,1,2-Tetrachloroethane 630-20-6 167.85 EPI 
1,1,2,2-Tetrachloroethane 79-34-5 167.85 EPI 
Tetrachloroethene 127-18-4 165.83 EPI 
N,N,N',N"-tetramethylphosphoramide (TMPA)  16853-36-4 1.5E+02 EPA* 
Tetryl (Trinitrophenylmethylnitramine) 479-45-8 287.15 EPI 
Thallium 7440-28-0 204.38 P 
Toluene 108-88-3 92.14 EPI 
Toxaphene 8001-35-2 413.82 EPI 

E23.160



Risk Assessment Guidance for Investigations and Remediation 

Volume I 

June 2022 

B-7 

Chemical CAS. NO. MW (g/mole) Ref. 

Tribromomethane (Bromoform) 75-25-2 252.73 EPI 
1,1,2-Trichloro-1,2,2-trifluoroethane 76-13-1 187.38 EPI 
1,2,4-Trichlorobenzene 120-82-1 181.45 EPI 
1,1,1-Trichloroethane 71-55-6 133.41 EPI 
1,1,2-Trichloroethane 79-00-5 133.41 EPI 
Trichloroethylene 79-01-6 131.39 EPI 
Trichlorofluoromethane 75-69-4 137.37 EPI 
2,4,5-Trichlorophenol 95-95-4 197.45 EPI 
2,4,6-Trichlorophenol 88-06-2 197.45 EPI 
1,1,2-Trichloropropane 598-77-6 147.43 EPI 
1,2,3-Trichloropropane 96-18-4 147.43 EPI 
Triethylamine 121-44-8 101.19 EPI 
2,4,6-Trinitrotoluene 118-96-7 227.13 EPI 
Uranium (soluable salts) -- 238.03 P 
Vanadium 7440-62-2 50.94 EPI 
Vinyl acetate 108-05-4 86.09 P 
Vinyl bromide 593-60-2 106.95 EPI 
Vinyl chloride 75-01-4 62.5 EPI 
m-Xylene 108-38-3 106.17 EPI 
o-Xylene 95-47-6 106.17 EPI 
p-Xylene 106-42-3 110 EPI 
Xylenes 1330-20-7 106.17 EPI 
Zinc 7440-66-6 65.38 P 

 
 

EPI= US EPA. 2012. Estimation Programs Interface (EPI) Suite™ for Microsoft® Windows, v 4.11. Washington, DC, USA. 

g/mole – grams per mole  
P = periodic table of the elements 

Ref – reference 

ToxNet – Toxicological Data Network, US National Library of Medicine,  http://chem.sis.nlm.nih.gov/chemidplus/rn/14797-73-0 
aChemical constants consistent with the approach presented in "Updated Petroleum Hydrocarbon Fraction Toxicity Values for the VPH/EPH/APH Methodology" MassDEP  
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Table B-2: Physical and Chemical Properties 

 

Chemical 

H                                
(atm-

m3/mol
e) Ref. 

H' 
(unitles

s) 
Da                            

(cm2/s) Ref. 
Dw                  

(cm2/s) Ref. 
Koc                   

(cm3/g) Ref. 
Kd                     

(cm3/g) Ref. 

S                        
(mg/L-
water) Ref. 

DA                
(cm2/s) 

Res/In
d. VF                  

(m3/kg) 

Comm/ 
VF 

(m3/kg) Solid 

Soil 
SAT                 

(mg/kg
) VOC 

Acenaphthene 1.84E-04 EPI 7.54E-03 4.76E-02 W9 7.69E-06 W9 5.03E+03 EPI 7.54E+00 CALC 3.90E+00 EPI 4.91E-07     1   1 

Acetaldehyde 6.67E-05 EPI 2.73E-03 1.24E-01 W9 1.41E-05 W9 1.00E+00 EPI 1.50E-03 CALC 1.00E+06 EPI 2.20E-05 2.65E+04 5.47E+03   1.75E+05 1 

Acetone 3.50E-05 EPI 1.44E-03 1.24E-01 W9 1.14E-05 W9 2.36E+00 EPI 3.55E-03 CALC 1.00E+06 EPI 1.23E-05 3.54E+04 7.31E+03   1.77E+05 1 

Acetophenone 1.04E-05 EPI 4.26E-04 6.00E-02 W9 8.73E-06 W9 5.19E+01 EPI 7.78E-02 CALC 6.13E+03 EPI 2.37E-06 8.07E+04 1.67E+04   1.54E+03 1 

Acrolein 1.22E-04 EPI 5.00E-03 1.05E-01 W9 1.22E-05 W9 1.00E+00 EPI 1.50E-03 CALC 2.12E+05 EPI 3.18E-05 2.20E+04 4.55E+03   3.72E+04 1 

Acrylonitrile 1.38E-04 EPI 5.66E-03 1.28E-01 W9 1.66E-05 W9 8.51E+00 EPI 1.28E-02 CALC 7.45E+04 EPI 4.11E-05 1.94E+04 4.00E+03   1.39E+04 1 

Alachlor 8.30E-09 EPI 3.40E-07 2.30E-02 W9 5.70E-06 W9 3.12E+02 EPI 4.68E-01 CALC 2.40E+02 EPI 3.53E-07           

Aldrin 4.40E-05 EPI 1.80E-03 1.96E-02 W9 4.86E-06 W9 8.20E+04 EPI 1.23E+02 CALC 1.70E-02 EPI 4.35E-09     1   1 

Aluminum                   1.50E+03 Baes                 
2-Amino-4,6-dinitrotoluene 

3.3E-11 PHYS 1.3E-09 5.6E-02 W9* 6.6E-06 W9* 2.8E+02 EPI 4.25E-01 CALC 1.2E+03 PHYS 4.36E-07       7.29E+02   

4-Amino-2,6-dinitrotoluene 3.3E-11 PHYS 1.3E-09 5.6E-02 W9* 6.6E-06 W9* 2.8E+02 EPI 4.25E-01 CALC 1.2E+03 PHYS 4.36E-07       7.29E+02   

Ammonium Picrate 1.7E-11 EPI 7.0E-10 3.0E-02 W9* 8.2E-06 W9* 2.3E+03 EPI 3.38E+00 CALC 1.3E+04 PHYS 9.16E-08       4.51E+04   

Anthracene 5.56E-05 EPI 2.28E-03 3.85E-02 W9 7.74E-06 W9 1.64E+04 EPI 2.45E+01 CALC 4.34E-02 EPI 4.69E-08     1   1 

Antimony                   4.50E+01 SSG                 

Arsenic                   2.90E+01 SSG                 

Atrazine 2.40E-09 EPI 9.84E-08 2.60E-02 W9 6.80E-06 W9 2.20E+02 EPI 3.30E-01 CALC 3.50E+01 EPI 5.37E-07           

Barium                   4.10E+01 SSG                 

Benzene 5.55E-03 EPI 2.28E-01 8.80E-02 W9 1.02E-05 W9 1.46E+02 EPI 2.19E-01 CALC 1.79E+03 EPI 4.65E-04 5.75E+03 1.19E+03   7.48E+02 1 

Benzidine 5.17E-11 EPI 2.12E-09 3.26E-02 W9 1.50E-05 W9 1.19E+03 EPI 1.79E+00 CALC 3.22E+02 EPI 3.04E-07           

Benzo(a)anthracene 1.20E-05 EPI 4.92E-04 5.10E-02 W9 9.00E-06 W9 1.77E+05 EPI 2.65E+02 CALC 9.40E-03 EPI 2.26E-09     1   1 

Benzo(a)pyrene 4.57E-07 EPI 1.87E-05 4.30E-02 W9 9.00E-06 W9 5.87E+05 EPI 8.81E+02 CALC 1.62E-03 EPI 4.15E-10     1     

Benzo(b)fluoranthene 6.57E-07 EPI 2.69E-05 2.23E-02 W9 5.56E-06 W9 5.99E+05 EPI 8.99E+02 CALC 1.50E-03 EPI 2.52E-10     1     

Benzo(k)fluoranthene 5.84E-07 EPI 2.39E-05 2.23E-02 W9 5.56E-06 W9 5.87E+05 EPI 8.81E+02 CALC 8.00E-04 EPI 2.56E-10     1     

Beryllium                   7.90E+02 SSG                 

a-BHC (HCH) 5.14E-06 EPI 2.11E-04 2.21E-02 W9 5.57E-06 W9 2.81E+03 EPI 4.21E+00 CALC 8.00E+00 EPI 6.08E-08     1     

b-BHC (HCH) 5.14E-06 EPI 2.11E-04 2.21E-02 W9 5.57E-06 W9 2.81E+03 EPI 4.21E+00 CALC 8.00E+00 EPI 6.08E-08     1     

g-BHC 5.10E-06 EPI 2.09E-04 2.75E-02 W9 7.34E-06 W9 2.81E+03 EPI 4.21E+00 CALC 8.00E+00 EPI 7.92E-08     1     

1,1-Biphenyl 3.08E-04 EPI 1.26E-02 4.04E-02 W9 8.15E-06 W9 5.13E+03 EPI 7.69E+00 CALC 6.94E+00 EPI 6.70E-07     1   1 

Bis(2-chloroethyl) ether 1.70E-05 EPI 6.97E-04 4.13E-02 W9 9.49E-06 W9 3.22E+01 EPI 4.83E-02 CALC 1.72E+04 EPI 2.96E-06 7.22E+04 1.49E+04   3.81E+03 1 

Bis(2-chloroisopropyl) ether 7.42E-05 EPI 3.04E-03 6.02E-02 W9 6.41E-06 W9 4.58E+01 EPI 6.87E-02 CALC 1.70E+03 EPI 8.37E-06 4.29E+04 8.86E+03   4.12E+02 1 

Bis(2-ethylhexyl) phthalate 2.70E-07 EPI 1.11E-05 3.51E-02 W9 3.66E-06 W9 1.20E+05 EPI 1.79E+02 CALC 2.70E-01 EPI 8.31E-10           

Bis(chloromethyl) ether 4.36E-03 EPI 1.79E-01 7.62E-02 W9 9.38E-06 W9 9.70E+00 EPI 1.45E-02 CALC 2.20E+04 EPI 6.36E-04 4.92E+03 1.02E+03   4.58E+03 1 

Boron                   3.00E+00 Baes                 

Bromodichloromethane 2.12E-03 EPI 8.69E-02 5.61E-02 W9 1.06E-05 W9 3.18E+01 EPI 4.77E-02 CALC 3.03E+03 EPI 2.06E-04 8.64E+03 1.78E+03   7.00E+02 1 
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Chemical 

H                                
(atm-

m3/mol
e) Ref. 

H' 
(unitles

s) 
Da                            

(cm2/s) Ref. 
Dw                  

(cm2/s) Ref. 
Koc                   

(cm3/g) Ref. 
Kd                     

(cm3/g) Ref. 

S                        
(mg/L-
water) Ref. 

DA                
(cm2/s) 

Res/In
d. VF                  

(m3/kg) 

Comm/ 
VF 

(m3/kg) Solid 

Soil 
SAT                 

(mg/kg
) VOC 

Bromomethane 7.34E-03 EPI 3.01E-01 7.28E-02 W9 1.21E-05 W9 1.32E+01 EPI 1.98E-02 CALC 1.52E+04 EPI 9.36E-04 4.06E+03 8.38E+02   3.45E+03 1 

1,3-Butadiene 7.36E-02 EPI 3.02E+00 2.49E-01 W9 1.08E-05 W9 3.96E+01 EPI 5.94E-02 CALC 7.35E+02 EPI 1.27E-02 1.10E+03 2.28E+02   4.22E+02 1 

2-Butanone (Methyl ethyl ketone, MEK) 5.69E-05 EPI 2.33E-03 8.08E-02 W9 9.80E-06 W9 4.51E+00 EPI 6.77E-03 CALC 2.23E+05 EPI 1.23E-05 3.54E+04 7.31E+03   4.02E+04 1 

tert-Butyl methyl ether (MTBE) 5.87E-04 EPI 2.41E-02 8.59E-02 W9 1.01E-05 W9 1.16E+01 EPI 1.73E-02 CALC 5.10E+04 EPI 1.06E-04 1.21E+04 2.49E+03   9.86E+03 1 

Cadmium                   7.50E+01 SSG                 

Calcium                                       

Carbofuran 3.10E-09 EPI 1.27E-07 2.60E-02 W9 6.60E-06 W9 9.50E+01 EPI 1.43E-01 CALC 3.20E+02 EPI 8.30E-07           

Carbon disulfide 1.44E-02 EPI 5.90E-01 1.04E-01 W9 1.00E-05 W9 2.17E+01 EPI 3.26E-02 CALC 2.16E+03 EPI 2.18E-03 2.66E+03 5.49E+02   5.89E+02 1 

Carbon tetrachloride 2.76E-02 EPI 1.13E+00 7.80E-02 W9 8.80E-06 W9 4.39E+01 EPI 6.58E-02 CALC 7.93E+02 EPI 2.33E-03 2.57E+03 5.31E+02   2.91E+02 1 

Chlordane 4.86E-05 EPI 1.99E-03 1.79E-02 W9 4.37E-06 W9 3.38E+04 EPI 5.07E+01 CALC 5.60E-02 EPI 1.02E-08     1   1 

2-Chloroacetophenone 3.46E-06 EPI 1.42E-04 3.83E-02 W9 8.71E-06 W9 9.89E+01 EPI 1.48E-01 CALC 1.64E+03 EPI 1.24E-06           

2-Chloro-1,3-butadiene 5.61E-02 EPI 2.30E+00 1.04E-01 W9 1.00E-05 W9 6.07E+01 EPI 9.11E-02 CALC 8.75E+02 EPI 4.42E-03 1.87E+03 3.86E+02   4.59E+02 1 

1-Chloro-1,1-difluoroethane 5.88E-02 EPI 2.41E+00 7.69E-02 W9 9.54E-06 W9 4.39E+01 EPI 6.58E-02 CALC 1.40E+03 EPI 3.51E-03 2.10E+03 4.33E+02   7.17E+02 1 

Chlorobenzene 3.11E-03 EPI 1.28E-01 7.30E-02 W9 8.70E-06 W9 2.34E+02 EPI 3.51E-01 CALC 4.98E+02 EPI 1.68E-04 9.57E+03 1.98E+03   2.68E+02 1 

1-Chlorobutane 1.67E-02 EPI 6.85E-01 7.72E-02 W9 9.57E-06 W9 7.22E+01 EPI 1.08E-01 CALC 1.10E+03 EPI 1.43E-03 3.29E+03 6.79E+02   3.95E+02 1 

Chlorodifluoromethane 4.06E-02 EPI 1.66E+00 1.01E-01 W9 1.28E-05 W9 3.18E+01 EPI 4.77E-02 CALC 2.77E+03 EPI 3.99E-03 1.97E+03 4.06E+02   1.13E+03 1 

Chloroform 3.67E-03 EPI 1.50E-01 1.04E-01 W9 1.00E-05 W9 3.18E+01 EPI 4.77E-02 CALC 7.95E+03 EPI 6.39E-04 4.91E+03 1.01E+03   1.89E+03 1 

Chloromethane 8.82E-03 EPI 3.62E-01 1.26E-01 W9 6.50E-06 W9 1.32E+01 EPI 1.98E-02 CALC 5.32E+03 EPI 1.89E-03 2.86E+03 5.90E+02   1.25E+03 1 

b-Chloronaphthalene  3.20E-04 EPI 1.31E-02 4.92E-02 W9 8.79E-06 W9 2.48E+03 EPI 3.72E+00 CALC 1.17E+01 EPI 1.70E-06     1   1 

o-Chloronitrobenzene  9.30E-06 EPI 3.81E-04 5.37E-02 W9 9.37E-06 W9 3.71E+02 EPI 5.56E-01 CALC 4.41E+02 EPI 7.83E-07           

p-Chloronitrobenzene  4.89E-06 EPI 2.00E-04 5.01E-02 W9 8.52E-06 W9 3.63E+02 EPI 5.45E-01 CALC 2.25E+02 EPI 6.07E-07           

2-Chlorophenol 1.12E-05 EPI 4.59E-04 6.60E-02 W9 9.46E-06 W9 3.07E+02 EPI 4.60E-01 CALC 2.85E+04 EPI 1.06E-06 1.21E+05 2.49E+04   1.80E+04 1 

2-Chloropropane 1.75E-02 EPI 7.18E-01 8.88E-02 W9 1.01E-05 W9 3.18E+01 EPI 4.77E-02 CALC 3.10E+03 EPI 2.04E-03 2.75E+03 5.67E+02   9.37E+02 1 

o-Chlorotoluene  3.57E-03 EPI 1.46E-01 6.28E-02 W9 8.70E-06 W9 3.83E+02 EPI 5.74E-01 CALC 3.74E+02 EPI 1.17E-04 1.15E+04 2.37E+03   2.86E+02 1 

Chromium III                   1.80E+06 SSG                 

Chromium VI                   1.90E+01 SSG                 

Chromium (Total)                   1.80E+06 SSG                 

Chrysene 5.23E-06 EPI 2.14E-04 2.44E-02 W9 6.21E-06 W9 1.81E+05 EPI 2.71E+02 CALC 2.00E-03 EPI 1.10E-09     1     

Cobalt                   4.50E+01 Baes                 

Copper                   3.50E+01 Baes                 

Crotonaldehyde 1.94E-05 EPI 7.95E-04 1.02E-01 W9 1.18E-05 W9 1.79E+00 EPI 2.69E-03 CALC 1.81E+05 EPI 7.14E-06 4.64E+04 9.59E+03   3.19E+04 1 

Cumene (isopropylbenzene) 1.15E-02 EPI 4.72E-01 6.50E-02 W9 7.10E-06 W9 6.98E+02 EPI 1.05E+00 CALC 6.13E+01 EPI 2.33E-04 8.12E+03 1.68E+03   7.81E+01 1 

Cyanide 1.33E-04 EPI 5.45E-03 1.56E-01 W9 1.77E-05 W9 2.84E+00 EPI 4.26E-03 CALC 1.00E+06 EPI 5.01E-05 1.75E+04 3.62E+03   1.78E+05 1 

Cyanogen 5.40E-03 EPI 2.21E-01 1.23E-01 W9 1.37E-05 W9 1.83E+00 EPI 2.74E-03 CALC 1.19E+08 EPI 1.32E-03     1   1 

Cyanogen bromide 2.45E-02 EPI 1.00E+00 7.32E-02 W9 9.25E-06 W9 4.67E+00 EPI 7.01E-03 CALC 1.08E+05 EPI 2.42E-03     1   1 

Cyanogen chloride 2.45E-02 EPI 1.00E+00 1.29E-01 W9 1.57E-05 W9 4.67E+00 EPI 7.01E-03 CALC 1.58E+05 EPI 4.28E-03     1   1 

Cyclohexene 1.50E-01 PHYS 6.13E+00 8.00E-02 W9* 9.11E-06 W9* 1.46E+02 EPI 2.19E-01 CALC 5.50E+01 PHYS 4.37E-03 1.88E+03 3.88E+02   1.78E+05 1 
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DDD 6.60E-06 EPI 2.71E-04 2.27E-02 W9 5.79E-06 W9 1.18E+05 EPI 1.76E+02 CALC 9.00E-02 EPI 1.64E-09     1     

DDE 4.16E-05 EPI 1.71E-03 2.38E-02 W9 5.87E-06 W9 1.18E+05 EPI 1.76E+02 CALC 4.00E-02 EPI 3.55E-09     1   1 

DDT 8.32E-06 EPI 3.41E-04 1.99E-02 W9 4.95E-06 W9 1.69E+05 EPI 2.53E+02 CALC 5.50E-03 EPI 1.04E-09     1     

Dibenz(a,h)anthracene 1.41E-07 EPI 5.78E-06 2.11E-02 W9 5.24E-06 W9 1.91E+06 EPI 2.87E+03 CALC 1.03E-03 EPI 7.30E-11     1     

1,2-Dibromo-3-chloropropane 1.47E-04 EPI 6.03E-03 2.68E-02 W9 7.02E-06 W9 1.16E+02 EPI 1.74E-01 CALC 1.23E+03 EPI 5.30E-06 5.39E+04 1.11E+04   4.28E+02 1 

Dibromochloromethane 7.83E-04 EPI 3.21E-02 3.66E-02 W9 1.05E-05 W9 3.18E+01 EPI 4.77E-02 CALC 2.70E+03 EPI 5.25E-05 1.71E+04 3.54E+03   6.07E+02 1 

1,2-Dibromoethane 6.50E-04 EPI 2.67E-02 4.30E-02 W9 8.44E-06 W9 3.96E+01 EPI 5.94E-02 CALC 3.91E+03 EPI 4.85E-05 1.78E+04 3.68E+03   9.22E+02 1 

1,4-Dichloro-2-butene 6.64E-04 EPI 2.72E-02 7.25E-02 W9 8.12E-06 W9 1.32E+02 EPI 1.97E-01 CALC 5.80E+02 EPI 5.21E-05 1.72E+04 3.55E+03   2.17E+02 1 

1,2-Dichlorobenzene 1.92E-03 EPI 7.87E-02 6.90E-02 W9 7.90E-06 W9 3.83E+02 EPI 5.74E-01 CALC 8.00E+01 EPI 7.00E-05 1.48E+04 3.06E+03   6.05E+01 1 

1,4-Dichlorobenzene 2.41E-03 EPI 9.88E-02 6.90E-02 W9 7.90E-06 W9 3.75E+02 EPI 5.63E-01 CALC 8.13E+01 EPI 8.88E-05     1   1 

3,3-Dichlorobenzidine 2.84E-11 EPI 1.16E-09 2.59E-02 W9 6.74E-06 W9 3.19E+03 EPI 4.79E+00 CALC 3.10E+00 EPI 5.40E-08     1     

Dichlorodifluoromethane 3.43E-01 EPI 1.41E+01 6.65E-02 W9 9.92E-06 W9 4.39E+01 EPI 6.58E-02 CALC 2.80E+02 EPI 4.94E-03 1.77E+03 3.65E+02   5.13E+02 1 

1,1-Dichloroethane 5.62E-03 EPI 2.30E-01 7.42E-02 W9 1.05E-05 W9 3.18E+01 EPI 4.77E-02 CALC 5.04E+03 EPI 6.72E-04 4.79E+03 9.89E+02   1.25E+03 1 

1,2-Dichloroethane 1.18E-03 EPI 4.84E-02 1.04E-01 W9 9.90E-06 W9 3.96E+01 EPI 5.94E-02 CALC 5.10E+03 EPI 2.06E-04 8.64E+03 1.78E+03   1.21E+03 1 

cis-1,2-Dichloroethene 4.08E-03 EPI 1.67E-01 8.86E-02 W9 1.13E-05 W9 3.96E+01 EPI 5.94E-02 CALC 3.50E+03 EPI 5.72E-04 5.19E+03 1.07E+03   8.81E+02 1 

trans-1,2-Dichloroethene 4.08E-03 EPI 1.67E-01 7.03E-02 W9 1.19E-05 W9 3.96E+01 EPI 5.94E-02 CALC 3.50E+03 EPI 4.55E-04 5.82E+03 1.20E+03   8.81E+02 1 

1,1-Dichloroethene 2.61E-02 EPI 1.07E+00 9.00E-02 W9 1.04E-05 W9 3.18E+01 EPI 4.77E-02 CALC 2.42E+03 EPI 2.73E-03 2.38E+03 4.91E+02   8.28E+02 1 

2,4-Dichlorophenol 4.29E-06 EPI 1.76E-04 4.89E-02 W9 8.77E-06 W9 4.92E+02 EPI 7.38E-01 CALC 4.50E+03 EPI 4.74E-07           

1,2-Dichloropropane 2.82E-03 EPI 1.16E-01 7.82E-02 W9 8.73E-06 W9 6.07E+01 EPI 9.11E-02 CALC 2.80E+03 EPI 3.17E-04 6.97E+03 1.44E+03   7.77E+02 1 

1,3-Dichloropropene 3.55E-03 EPI 1.46E-01 6.26E-02 W9 1.00E-05 W9 7.22E+01 EPI 1.08E-01 CALC 2.80E+03 EPI 2.98E-04 7.20E+03 1.49E+03   8.35E+02 1 

Dicyclopentadiene 6.25E-02 EPI 2.56E+00 5.57E-02 W9 7.75E-06 W9 1.51E+03 EPI 2.27E+00 CALC 5.19E+01 EPI 5.06E-04     1   1 

Dieldrin 1.00E-05 EPI 4.10E-04 1.92E-02 W9 4.74E-06 W9 2.01E+04 EPI 3.01E+01 CALC 2.50E-01 EPI 8.73E-09     1     

Diethyl phthalate 6.10E-07 EPI 2.50E-05 2.49E-02 W9 6.35E-06 W9 1.05E+02 EPI 1.57E-01 CALC 1.08E+03 EPI 7.81E-07           

Di-n-butyl phthalate (Dibutyl phthalate) 1.81E-06 EPI 7.42E-05 4.38E-02 W9 7.86E-06 W9 1.16E+03 EPI 1.74E+00 CALC 1.12E+01 EPI 1.80E-07           

2,4-Dimethylphenol 9.51E-07 EPI 3.90E-05 6.43E-02 W9 8.69E-06 W9 4.92E+02 EPI 7.38E-01 CALC 7.87E+03 EPI 4.06E-07     1     

Dimethyl phthalate 3.19E-13 EPI 1.31E-11 4.90E-02 W9 9.00E-06 W9 7.90E+01 EPI 1.19E-01 CALC 1.50E+01 EPI 1.23E-06           

4,6-Dinitro-o-cresol 1.40E-06 EPI 5.74E-05 2.76E-02 W9 6.91E-06 W9 7.54E+02 EPI 1.13E+00 CALC 1.98E+02 EPI 2.22E-07           

2,4-Dinitrophenol 8.60E-08 EPI 3.53E-06 2.73E-02 W9 9.06E-06 W9 4.61E+02 EPI 6.91E-01 CALC 2.79E+03 EPI 4.17E-07     1     

2,4-Dinitrotoluene 5.40E-08 EPI 2.21E-06 2.03E-01 W9 7.06E-06 W9 5.76E+02 EPI 8.63E-01 CALC 2.00E+02 EPI 2.75E-07     1     

2,6-Dintitrotoluene 7.47E-07 EPI 3.06E-05 3.70E-02 W9 7.76E-06 W9 5.87E+02 EPI 8.81E-01 CALC 3.52E+02 EPI 3.03E-07     1     

2,4/2,6-Dintrotoluene Mixture 9.26E-08 EPI 3.80E-06 3.75E-02 W9 7.89E-06 W9 5.87E+02 EPI 8.81E-01 CALC 2.70E+02 EPI 2.99E-07           

1,4-Dioxane 4.80E-06 EPI 1.97E-04 2.29E-01 W9 1.02E-05 W9 2.63E+00 EPI 3.95E-03 CALC 1.00E+06 EPI 4.75E-06         1 

1,2-Diphenylhydrazine 4.78E-07 EPI 1.96E-05 3.47E-02 W9 7.36E-06 W9 1.51E+03 EPI 2.26E+00 CALC 2.21E+02 EPI 1.23E-07           

Endosulfan 6.50E-05 EPI 2.67E-03 1.85E-02 W9 4.55E-06 W9 6.76E+03 EPI 1.01E+01 CALC 4.50E-01 EPI 6.38E-08     1   1 

Endrin 1.00E-05 EPI 4.10E-04 1.92E-02 W9 4.74E-06 W9 2.01E+04 EPI 3.01E+01 CALC 2.50E-01 EPI 8.73E-09     1     

Epichlorohydrin 3.04E-05 EPI 1.25E-03 8.60E-02 W9 9.80E-06 W9 9.91E+00 EPI 1.49E-02 CALC 6.59E+04 EPI 7.58E-06 4.51E+04 9.31E+03   1.24E+04 1 

Ethyl acetate 1.34E-04 EPI 5.49E-03 7.32E-02 W9 9.70E-06 W9 5.58E+00 EPI 8.37E-03 CALC 8.00E+04 EPI 2.35E-05 2.56E+04 5.29E+03   1.46E+04 1 
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Ethyl acrylate 3.39E-04 EPI 1.39E-02 7.70E-02 W9 8.60E-06 W9 1.07E+01 EPI 1.60E-02 CALC 1.50E+04 EPI 5.61E-05 1.66E+04 3.42E+03   2.86E+03 1 

Ethyl chloride 1.11E-02 EPI 4.55E-01 2.71E-01 W9 1.15E-05 W9 2.17E+01 EPI 3.26E-02 CALC 6.71E+03 EPI 4.64E-03 1.82E+03 3.76E+02   1.73E+03 1 

Ethyl ether 1.23E-03 EPI 5.04E-02 7.82E-02 W9 8.61E-06 W9 9.70E+00 EPI 1.45E-02 CALC 6.04E+04 EPI 1.99E-04 8.79E+03 1.82E+03   1.17E+04 1 

Ethyl methacrylate 5.73E-04 EPI 2.35E-02 6.53E-02 W9 8.37E-06 W9 1.67E+01 EPI 2.50E-02 CALC 5.40E+03 EPI 7.56E-05 1.43E+04 2.95E+03   1.09E+03 1 

Ethylbenzene 7.88E-03 EPI 3.23E-01 7.50E-02 W9 7.80E-06 W9 4.46E+02 EPI 6.69E-01 CALC 1.69E+02 EPI 2.67E-04 7.59E+03 1.57E+03   1.49E+02 1 

Ethylene oxide 1.48E-04 EPI 6.07E-03 1.04E-01 W9 1.45E-05 W9 3.24E+00 EPI 4.86E-03 CALC 1.00E+06 EPI 3.74E-05 2.03E+04 4.19E+03   1.79E+05 1 

Fluoranthene 8.86E-06 EPI 3.63E-04 2.51E-02 W9 6.35E-06 W9 5.55E+04 EPI 8.32E+01 CALC 2.60E-01 EPI 4.09E-09     1     

Fluorene 9.62E-05 EPI 3.94E-03 4.40E-02 W9 7.88E-06 W9 9.16E+03 EPI 1.37E+01 CALC 1.69E+00 EPI 1.43E-07     1   1 

Fluoride                   1.50E+02 Baes                 

Furan 5.40E-03 EPI 2.21E-01 1.04E-01 W9 1.22E-05 W9 8.00E+01 EPI 1.20E-01 CALC 1.00E+04 EPI 7.02E-04 4.68E+03 9.68E+02   3.18E+03 1 

Gylphosate 2.10E-12 EPI 8.61E-11 6.20E-02 W9 7.30E-06 W9 2.10E+03 SSL 3.15E+00 CALC 1.10E+04 EPI 8.73E-08           

Heptachlor 2.94E-04 EPI 1.21E-02 2.23E-02 W9 5.69E-06 W9 4.13E+04 EPI 6.19E+01 CALC 1.80E-01 EPI 4.56E-08     1   1 

Hexachlorobenzene 1.70E-03 EPI 6.97E-02 5.42E-02 W9 5.91E-06 W9 6.20E+03 EPI 9.29E+00 CALC 6.20E-03 EPI 3.89E-06     1   1 

Hexachloro-1,3-butadiene 1.03E-02 EPI 4.22E-01 5.61E-02 W9 6.16E-06 W9 8.45E+02 EPI 1.27E+00 CALC 3.20E+00 EPI 1.54E-04 9.99E+03 2.06E+03   4.76E+00 1 

Hexachlorocyclopentadiene 2.70E-02 EPI 1.11E+00 2.79E-02 W9 7.21E-06 W9 1.40E+03 EPI 2.11E+00 CALC 1.80E+00 EPI 1.25E-04 1.11E+04 2.30E+03   4.33E+00 1 

Hexachloroethane 3.89E-03 EPI 1.59E-01 2.50E-03 W9 6.80E-06 W9 1.97E+02 EPI 2.95E-01 CALC 5.00E+01 EPI 8.50E-06     1   1 

n-Hexane 1.80E+00 EPI 7.38E+01 2.00E-01 W9 7.77E-06 W9 1.32E+02 EPI 1.97E-01 CALC 9.50E+00 EPI 1.64E-02 9.70E+02 2.00E+02   8.30E+01 1 

HMX 8.67E-10 EPI 3.55E-08 2.69E-02 W9 7.15E-06 W9 5.32E+02 EPI 7.97E-01 CALC 9.44E+03 EPI 2.93E-07           

Hydrazine anhydride 6.10E-07 SSG 2.50E-05 1.70E-01 W9 1.90E-05 W9 1.60E-02 EPI 2.39E-05 CALC 1.00E+06   4.59E-06 5.79E+04 1.20E+04   1.73E+05 1 

Hydrogen cyanide 1.33E-04 EPI 5.45E-03 1.97E-01 W9 1.82E-05 W9 2.84E+00 EPI 4.26E-03 CALC 1.00E+06 EPI 6.25E-05 1.57E+04 3.24E+03   1.78E+05 1 

Indeno(1,2,3-c,d)pyrene 3.48E-07 EPI 1.43E-05 2.25E-02 W9 5.66E-06 W9 1.95E+06 EPI 2.93E+03 CALC 1.90E-04 EPI 7.79E-11     1     

Iron                   2.50E+01 Baes                 

Isobutanol (Isobutyl alcohol) 9.78E-06 EPI 4.01E-04 8.60E-02 W9 9.30E-06 W9 2.92E+00 EPI 4.38E-03 CALC 8.50E+04 EPI 3.96E-06     1     

Isophorone 6.64E-06 EPI 2.72E-04 6.23E-02 W9 6.76E-06 W9 6.52E+01 EPI 9.77E-02 CALC 1.20E+04 EPI 1.60E-06           

Lead                   9.00E+02 Baes                 

Lead (tetraethyl-) 5.68E-01 EPI 2.33E+01 2.46E-02 W9 6.40E-06 W9 6.48E+02 EPI 9.72E-01 CALC 2.90E-01 EPI 1.47E-03 3.24E+03 6.69E+02   1.10E+00 1 

Maleic hydrazide 2.65E-11 EPI 1.09E-09 5.81E-02 W9 8.14E-06 W9 3.30E+00 EPI 4.95E-03 CALC 4.51E+03 EPI 1.81E-06           

Manganese                   6.50E+01 Baes                 

Mercury (elemental) 1.14E-02 SSG 4.67E-01 3.07E-02 SSG 6.30E-06 SSG     5.20E+01 SSG 6.00E-02 EPI 2.67E-06 7.60E+04 1.57E+04   3.13E+00 1 

Mercury (methyl)              1.32E+01 EPI 1.98E-02 CALC 3.13E+04 EPI             

Mercury Chloride (Mercury Salts)                   5.20E+01 Baes                 

Methacrylonitrile 2.47E-04 EPI 1.01E-02 1.12E-01 W9 1.32E-05 W9 1.31E+01 EPI 1.96E-02 CALC 2.54E+04 EPI 5.95E-05 1.61E+04 3.32E+03   4.93E+03 1 

Methomyl 1.97E-11 EPI 8.08E-10 2.84E-02 W9 6.47E-06 W9 1.00E+01 EPI 1.50E-02 CALC 5.80E+04 EPI 1.36E-06           

Methyl acetate 1.15E-04 EPI 4.72E-03 9.57E-02 W9 1.10E-05 W9 3.06E+00 EPI 4.60E-03 CALC 2.43E+05 EPI 2.70E-05 2.39E+04 4.94E+03   4.34E+04 1 

Methyl acrylate 1.99E-04 EPI 8.16E-03 8.66E-02 W9 1.02E-05 W9 5.84E+00 EPI 8.77E-03 CALC 4.94E+04 EPI 3.96E-05 1.97E+04 4.07E+03   9.04E+03 1 

Methyl isobutyl ketone 1.38E-04 EPI 5.66E-03 7.50E-02 W9 7.80E-06 W9 1.26E+01 EPI 1.89E-02 CALC 1.90E+04 EPI 2.29E-05 2.59E+04 5.35E+03   3.66E+03 1 

Methyl methacrylate 3.19E-04 EPI 1.31E-02 7.70E-02 W9 8.60E-06 W9 9.14E+00 EPI 1.37E-02 CALC 1.50E+04 EPI 5.36E-05 1.70E+04 3.50E+03   2.83E+03 1 
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Methyl styrene (alpha) 2.55E-03 EPI 1.05E-01 2.64E-01 W9 1.14E-05 W9 6.98E+02 EPI 1.05E+00 CALC 8.90E+01 EPI 2.18E-04 8.42E+03 1.74E+03   1.10E+02 1 

Methyl styrene (mixture) 3.05E-03 EPI 1.25E-01 6.55E-02 W9 8.66E-06 W9 7.16E+02 EPI 1.07E+00 CALC 8.90E+01 EPI 6.32E-05 1.56E+04 3.22E+03   1.12E+02 1 

Methylcyclohexane 4.30E-01 EPI 1.76E+01 7.35E-02 W9 8.52E-06 W9 2.34E+02 EPI 3.51E-01 CALC 1.40E+01 EPI 4.98E-03 1.76E+03 3.63E+02   3.53E+01 1 

Methylene bromide (Dibromomethane) 8.22E-04 EPI 3.37E-02 4.30E-02 W9 8.44E-06 W9 2.17E+01 EPI 3.26E-02 CALC 1.19E+04 EPI 6.86E-05 1.50E+04 3.10E+03   2.50E+03 1 

Methylene chloride 3.25E-03 EPI 1.33E-01 1.01E-01 W9 1.17E-05 W9 2.17E+01 EPI 3.26E-02 CALC 1.30E+04 EPI 5.92E-04 5.10E+03 1.05E+03   2.87E+03 1 

1-Methylnaphthalene 5.10E-04 EPI 2.09E-02 5.30E-02 W9 7.80E-06 W9 2.50E+03 EPI 3.75E+00 CALC 2.60E+01 EPI 2.81E-06 7.40E+04 1.53E+04   1.02E+02 1 

2-Methylnaphthalene 5.20E-04 EPI 2.13E-02 5.20E-02 W9 7.80E-06 W9 2.50E+03 EPI 3.75E+00 CALC 2.50E+01 EPI 2.82E-06 7.40E+04 1.53E+04   9.81E+01 1 

Molybdenum                   2.00E+01 Baes                 

Naphthalene 4.40E-04 EPI 1.80E-02 5.90E-02 W9 7.50E-06 W9 1.54E+03 EPI 2.32E+00 CALC 3.10E+01 EPI 4.26E-06 6.01E+04 1.24E+04 1   1 

Nickel                   6.50E+01 SSG                 

Nitrate                   5.00E-01 Baes                 

Nitrite                   5.00E-01 Baes                 

Nitrobenzene 2.40E-05 EPI 9.84E-04 7.60E-02 W9 8.60E-06 W9 2.26E+02 EPI 3.40E-01 CALC 2.09E+03 EPI 2.08E-06 8.61E+04 1.78E+04   1.07E+03 1 

Nitroglycerin 8.66E-08 EPI 3.55E-06 2.90E-02 W9 7.76E-06 W9 1.16E+02 EPI 1.74E-01 CALC 1.38E+03 EPI 8.91E-07           

Nitrophenol                                       

2-Nitropropane 1.2E-04 EPI 4.9E-03 8.5E-02 W9* 1.0E-05 W9* 3.1E+01 EPI 4.62E-02 CALC 1.7E+04 PHYS 2.00E-05 2.78E+04 5.74E+03 1   1 

N-Nitrosodiethylamine 3.63E-06 EPI 1.49E-04 7.65E-02 W9 9.51E-06 W9 8.29E+01 EPI 1.24E-01 CALC 1.06E+05 EPI 1.64E-06           

N-Nitrosodimethylamine 1.82E-06 EPI 7.46E-05 1.04E-01 W9 1.00E-05 W9 2.28E+01 EPI 3.42E-02 CALC 1.00E+06 EPI 2.28E-06           

N-Nitrosodi-n-butylamine 1.32E-05 EPI 5.41E-04 4.42E-02 W9 7.27E-06 W9 9.15E+02 EPI 1.37E+00 CALC 1.27E+03 EPI 3.37E-07 2.14E+05 4.42E+04 1   1 

N-Nitrosodiphenylamine 1.21E-06 EPI 4.96E-05 2.83E-02 W9 7.19E-06 W9 2.63E+03 EPI 3.95E+00 CALC 3.50E+01 EPI 7.26E-08     1     

N-Nitrosopyrrolidine 4.89E-08 EPI 2.00E-06 8.20E-02 W9 1.04E-05 W9 9.19E+01 EPI 1.38E-01 CALC 1.00E+06 EPI 1.33E-06           

m-Nitrotoluene 9.30E-06 EPI 3.81E-04 5.86E-02 W9 8.64E-06 W9 3.63E+02 EPI 5.45E-01 CALC 5.00E+02 EPI 7.79E-07           

o-Nitrotoluene 1.25E-05 EPI 5.13E-04 5.87E-02 W9 8.67E-06 W9 3.71E+02 EPI 5.56E-01 CALC 6.50E+02 EPI 8.72E-07 1.33E+05 2.75E+04   4.74E+02 1 

p-Nitrotoluene 5.63E-06 EPI 2.31E-04 5.85E-02 W9 8.61E-06 W9 3.63E+02 EPI 5.45E-01 CALC 4.42E+02 EPI 6.59E-07           

Pentachlorobenzene 7.03E-04 EPI 2.88E-02 5.70E-02 W9 6.30E-06 W9 3.71E+03 EPI 5.56E+00 CALC 8.31E-01 EPI 2.82E-06 7.39E+04 1.53E+04   4.77E+00 1 

Pentachlorophenol 2.45E-08 EPI 1.00E-06 5.60E-02 W9 6.10E-06 W9 4.96E+03 EPI 7.44E+00 CALC 1.40E+01 EPI 3.19E-08     1     

Perchlorate                   2.50E-01 Baes                 

Per- and Polyfluoroalkyl Substanaces (PFAS)                                       

     Perfluorobutanesulfonate               2.70E-02 W9 7.17E-06 W9 6.17E+01 

Guelfo 
and 

Higgins             5.66E+04 
Australian 

CHR             

     Perfluorobutanesulfonic acid (PFBS)               2.68E-02 W9 7.10E-06 W9 6.17E+01 

Guelfo 
and 

Higgins             2.57E+05 3M             

     Perfluorohexanesulfonate               2.33E-02 W9 6.02E-06 W9 1.12E+02 

Guelfo 
and 

Higgins                                     

     Perfluorohexanesulfonic acid (PFHxS)               2.33E-02 W9 6.01E-06 W9 1.12E+02 

Guelfo 
and 

Higgins                                     

     Perfluorononanoate               2.14E-02 W9 5.43E-06 W9 2.46E+02 
Higgins 

and Luthy 4.00E+00 3M             5.17E-08           
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     Perfluorononanoic acid (PFNA)               2.13E-02 W9 5.43E-06 W9 2.46E+02 
Higgins 

and Luthy 4.00E+00 3M             5.17E-08           

     Perfluorooctanesulfonate               2.08E-02 W9 5.26E-06 W9 3.72E+02 
Higgins 

and Luthy             6.80E+02 OECD             

     Perfluorooctanesulfonic acid (PFOS) 4.43E-07 3M 1.82E-05 2.07E-02 W9 5.25E-06 W9 3.72E+02 
Higgins 

and Luthy             6.80E+02 3M             

     Perfluorooctanoate 3.57E-06 
ATSDR 
Profile 1.46E-04 2.26E-02 W9 5.80E-06 W9 1.15E+02 

Higgins 
and Luthy 1.50E+01 3M 9.50E+03 3M 1.73E-08       1.44E+05   

     Perfluorooctanoic acid (PFOA) 3.57E-06 
ATSDR 
Profile 1.46E-04 2.26E-02 W9 5.79E-06 W9 1.15E+02 

Higgins 
and Luthy 1.50E+01 3M 9.50E+03 3M 1.73E-08       1.44E+05   

     Potassium perfluorobutanesulfonate 8.79E-13 3M 3.60E-11 1.84E-02 W9 4.47E-06 W9     3.00E-01 3M 4.62E+04 3M 3.76E-07       2.19E+04   

     Potassium perfluorooctanesulfonate 2.00E-06 
Beach  
(2005) 8.20E-05 2.87E-02 W9 3.36E-06 W9         6.80E+02 3M 9.01E-07       1.18E+02   

Phenanthrene 4.23E-05 EPI 1.73E-03 3.75E-02 W9 7.47E-06 W9 1.67E+04 EPI 2.50E+01 CALC 1.15E+00 EPI 3.68E-08 6.47E+05 1.34E+05 1   1 

Phenol 3.33E-07 EPI 1.37E-05 8.20E-02 W9 9.10E-06 W9 1.87E+02 EPI 2.81E-01 CALC 8.28E+04 EPI 8.20E-07     1     

Picric Acid (2,4,6-Trinitrophenol) 1.70E-11 EPI 7.0E-10 3.0E-02 W9* 8.2E-06 W9* 2.3E+03 EPI 3.38E+00 CALC 1.3E+04 PHYS 9.16E-08       4.51E+04   

Polychlorinatedbiphenyls                                       

Aroclor 1016 2.00E-04 EPI 8.20E-03 3.25E-02 W9 7.26E-06 W9 4.77E+04 EPI 7.16E+01 CALC 4.20E-01 EPI 4.00E-08 6.20E+05 1.28E+05   3.01E+01 1 

Aroclor 1221 7.36E-04 EPI 3.02E-02 3.25E-02 W9 7.26E-06 W9 8.40E+03 EPI 1.26E+01 CALC 1.45E+00 EPI 7.67E-07 1.42E+05 2.93E+04   1.85E+01 1 

Aroclor 1232 7.36E-04 EPI 3.02E-02 2.56E-02 W9 6.56E-06 W9 8.40E+03 EPI 1.26E+01 CALC 1.45E+00 EPI 6.07E-07 1.59E+05 3.29E+04   1.85E+01 1 

Aroclor 1242 1.90E-04 EPI 7.79E-03 2.37E-02 W9 6.02E-06 W9 7.81E+04 EPI 1.17E+02 CALC 2.77E-01 EPI 1.73E-08 9.43E+05 1.95E+05   3.25E+01 1 

Aroclor 1248 4.40E-04 EPI 1.80E-02 2.16E-02 W9 5.50E-06 W9 7.65E+04 EPI 1.15E+02 CALC 1.00E-01 EPI 3.48E-08 6.65E+05 1.37E+05   1.15E+01 1 

Aroclor 1254 2.83E-04 EPI 1.16E-02 2.02E-02 W9 5.00E-06 W9 1.31E+05 EPI 1.96E+02 CALC 3.40E-03 EPI 1.26E-08 1.11E+06 2.28E+05   6.66E-01 1 

Aroclor 1260 3.36E-04 EPI 1.38E-02 2.28E-02 W9 5.83E-06 W9 3.50E+05 EPI 5.25E+02 CALC 1.14E-02 EPI 6.24E-09 1.57E+06 3.25E+05   6.00E+00 1 

2,2',3,3',4,4',5-Heptachlorobiphenyl (PCB 170) 9.00E-06 EPI 3.69E-04 1.78E-02 W9 4.19E-06 W9 3.57E+05 EPI 5.35E+02 CALC 3.47E-03 EPI 4.30E-10           

2,2',3,4,4',5,5'-Heptachlorobiphenyl (PCB 180) 1.00E-05 EPI 4.10E-04 1.78E-02 W9 4.19E-06 W9 3.50E+05 EPI 5.25E+02 CALC 3.85E-03 EPI 4.52E-10           

2,3,3',4,4',5,5'-Heptachlorobiphenyl (PCB 189) 5.07E-05 EPI 2.08E-03 1.78E-02 W9 4.19E-06 W9 3.50E+05 EPI 5.25E+02 CALC 7.53E-04 EPI 9.99E-10 3.93E+06 8.11E+05   3.95E-01 1 

2,3',4,4',5,5'-Hexachlorobiphenyl (PCB 167) 6.85E-05 EPI 2.81E-03 1.82E-02 W9 4.43E-06 W9 2.09E+05 EPI 3.14E+02 CALC 2.23E-03 EPI 2.14E-09 2.68E+06 5.55E+05   7.00E-01 1 

2,3,3',4,4',5'-Hexachlorobiphenyl (PCB 157) 6.85E-05 EPI 2.81E-03 1.82E-02 W9 4.43E-06 W9 2.14E+05 EPI 3.20E+02 CALC 1.72E-03 EPI 2.09E-09 2.71E+06 5.60E+05   5.52E-01 1 

2,3,3',4,4',5-Hexachlorobiphenyl (PCB 156) 1.43E-04 EPI 5.86E-03 1.82E-02 W9 4.43E-06 W9 2.14E+05 EPI 3.20E+02 CALC 5.33E-03 EPI 3.78E-09 2.02E+06 4.17E+05   1.71E+00 1 

3,3',4,4',5,5'-Hexachlorobiphenyl (PCB 169) 6.85E-05 EPI 2.81E-03 1.82E-02 W9 4.43E-06 W9 2.09E+05 EPI 3.14E+02 CALC 5.10E-04 EPI 2.14E-09 2.68E+06 5.55E+05   1.60E-01 1 

2',3,4,4',5-Pentachlorobiphenyl (PCB 123) 9.24E-05 EPI 3.79E-03 1.92E-02 W9 4.70E-06 W9 1.31E+05 EPI 1.96E+02 CALC 1.60E-02 EPI 4.55E-09 1.84E+06 3.80E+05   3.13E+00 1 

2',3',4,4',5-Pentachlorobiphenyl (PCB 118) 2.88E-04 EPI 1.18E-02 1.92E-02 W9 4.70E-06 W9 1.28E+05 EPI 1.92E+02 CALC 1.34E-02 EPI 1.24E-08 1.11E+06 2.30E+05   2.57E+00 1 

2',3,3',4,4'-Pentachlorobiphenyl (PCB 105) 2.83E-04 EPI 1.16E-02 1.92E-02 W9 4.70E-06 W9 1.31E+05 EPI 1.96E+02 CALC 3.40E-03 EPI 1.20E-08 1.13E+06 2.34E+05   6.66E-01 1 

2,3,4,4',5-Pentachlorobiphenyl (PCB 114) 9.24E-05 EPI 3.79E-03 1.92E-02 W9 4.70E-06 W9 1.31E+05 EPI 1.96E+02 CALC 1.60E-02 EPI 4.55E-09 1.84E+06 3.80E+05   3.13E+00 1 

3,3',4,4',5-Pentachlorobiphenyl (PCB 126) 9.24E-05 EPI 3.79E-03 1.92E-02 W9 4.70E-06 W9 1.28E+05 EPI 1.92E+02 CALC 9.39E-03 EPI 4.64E-09 1.82E+06 3.76E+05   1.80E+00 1 

3,3',4,4'-Tetrachlorobiphenyl (PCB 77) 9.40E-06 EPI 3.85E-04 2.04E-02 W9 5.03E-06 W9 7.81E+04 EPI 1.17E+02 CALC 5.69E-04 EPI 2.35E-09           

3,4,4',5-Tetrachlorobiphenyl (PCB 81) 1.25E-04 EPI 5.13E-03 2.04E-02 W9 5.03E-06 W9 7.81E+04 EPI 1.17E+02 CALC 5.32E-02 EPI 1.03E-08 1.22E+06 2.52E+05   6.24E+00 1 

Prometon 9.10E-10 EPI 3.73E-08 5.10E-02 W9 6.00E-06 W9 1.40E+02 EPI 2.10E-01 CALC 7.50E+02 EPI 6.22E-07       2.88E+02   

Propylene oxide 6.96E-05 EPI 2.85E-03 1.04E-01 W9 1.00E-05 W9 5.19E+00 EPI 7.79E-03 CALC 5.90E+05 EPI 1.80E-05 2.92E+04 6.04E+03   1.07E+05 1 

Pyrene 1.19E-05 EPI 4.88E-04 2.77E-02 W9 7.24E-06 W9 5.43E+04 EPI 8.15E+01 CALC 1.35E-01 EPI 5.12E-09     1   1 

RDX 2.00E-11 EPI 8.20E-10 3.11E-02 W9 8.49E-06 W9 8.91E+01 EPI 1.34E-01 CALC 5.97E+01 EPI 1.10E-06           
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Selenium                   5.00E+00 SSG                 

Silver                   8.30E+00 SSG                 

Simazine 9.40E-10 EPI 3.85E-08 2.80E-02 W9 7.40E-06 W9 1.50E+02 EPI 2.25E-01 CALC 6.20E+00 EPI 7.38E-07           

Strontium                   3.50E+01 Baes                 

Styrene 2.75E-03 EPI 1.13E-01 7.10E-02 W9 8.00E-06 W9 4.46E+02 EPI 6.69E-01 CALC 3.10E+02 EPI 9.11E-05 1.30E+04 2.69E+03   2.65E+02 1 

Sulfolane 4.85E-06 EPI 1.99E-04 7.13E-02 W9 9.85E-06 W9 9.08E+00 EPI 1.36E-02 CALC 2.93E+05 EPI 2.83E-06           

2,3,7,8-TCDD 5.00E-05 EPI 2.05E-03 1.04E-01 W9 5.60E-06 W9 2.49E+05 EPI 3.74E+02 CALC 2.00E-04 EPI 6.12E-09 1.59E+06 3.28E+05   7.48E-02 1 

2,3,7,8-TCDF 1.67E-05 EPI 6.85E-04 2.35E-02 W9 6.10E-06 W9 1.40E+05 EPI 2.09E+02 CALC 6.92E-04 EPI 1.90E-09 2.85E+06 5.88E+05   1.45E-01 1 

1,2,4,5-Tetrachlorobenzene 1.00E-03 EPI 4.10E-02 3.19E-02 W9 8.75E-06 W9 2.22E+03 EPI 3.33E+00 CALC 5.95E-01 EPI 3.71E-06 6.44E+04 1.33E+04   2.09E+00 1 

1,1,1,2-Tetrachloroethane 2.50E-03 EPI 1.03E-01 7.10E-02 W9 7.90E-06 W9 8.60E+01 EPI 1.29E-01 CALC 1.07E+03 EPI 2.26E-04 8.26E+03 1.71E+03   3.36E+02 1 

1,1,2,2-Tetrachloroethane 3.67E-04 EPI 1.50E-02 7.10E-02 W9 7.90E-06 W9 9.49E+01 EPI 1.42E-01 CALC 2.83E+03 EPI 3.36E-05 2.14E+04 4.42E+03   8.98E+02 1 

Tetrachloroethene 1.77E-02 EPI 7.26E-01 7.20E-02 W9 8.20E-06 W9 9.49E+01 EPI 1.42E-01 CALC 2.06E+02 EPI 1.27E-03 3.48E+03 7.19E+02   8.20E+01 1 

N,N,N',N"-tetramethylphosphoramide (TMPA)  8.7E-08 EPA* 3.5E-06 5.0E-02 W9* 8.0E-06 W9*                         

Tetryl (Trinitrophenylmethylnitramine) 2.71E-09 EPI 1.11E-07 2.06E-02 W9 5.08E-06 W9 4.61E+03 EPI 6.91E+00 CALC 7.40E+01 EPI 2.85E-08           

Thallium                   7.10E+01 SSG                 

Toluene 6.64E-03 EPI 2.72E-01 8.70E-02 W9 8.60E-06 W9 2.34E+02 EPI 3.51E-01 CALC 5.26E+02 EPI 4.14E-04 6.10E+03 1.26E+03   2.92E+02 1 

Toxaphene 6.00E-06 EPI 2.46E-04 2.16E-02 W9 5.51E-06 W9 7.72E+04 EPI 1.16E+02 CALC 2.91E-02 EPI 2.33E-09     1     

Tribromomethane (Bromoform) 5.35E-04 EPI 2.19E-02 1.49E-02 W9 1.03E-05 W9 3.18E+01 EPI 4.77E-02 CALC 3.10E+03 EPI 1.60E-05 3.10E+04 6.41E+03   6.93E+02 1 

1,1,2-Trichloro-1,2,2-trifluoroethane 5.26E-01 EPI 2.16E+01 7.80E-02 W9 8.20E-06 W9 1.97E+02 EPI 2.95E-01 CALC 1.70E+02 EPI 5.60E-03 1.66E+03 3.43E+02   4.95E+02 1 

1,2,4-Trichlorobenzene 1.42E-03 EPI 5.82E-02 3.00E-02 W9 8.23E-06 W9 1.36E+03 EPI 2.03E+00 CALC 4.90E+01 EPI 7.79E-06 4.45E+04 9.18E+03   1.08E+02 1 

1,1,1-Trichloroethane 1.72E-02 EPI 7.05E-01 7.80E-02 W9 8.80E-06 W9 4.39E+01 EPI 6.58E-02 CALC 1.29E+03 EPI 1.67E-03 3.04E+03 6.27E+02   4.12E+02 1 

1,1,2-Trichloroethane 8.24E-04 EPI 3.38E-02 7.80E-02 W9 8.80E-06 W9 6.07E+01 EPI 9.11E-02 CALC 1.10E+03 EPI 9.65E-05 1.26E+04 2.61E+03   2.95E+02 1 

Trichloroethylene 9.85E-03 EPI 4.04E-01 7.90E-02 W9 9.10E-06 W9 6.07E+01 EPI 9.11E-02 CALC 1.28E+03 EPI 9.98E-04 3.93E+03 8.12E+02   3.97E+02 1 

Trichlorofluoromethane 9.70E-02 EPI 3.98E+00 8.70E-02 W9 9.70E-06 W9 4.39E+01 EPI 6.58E-02 CALC 1.10E+03 EPI 4.86E-03 1.78E+03 3.68E+02   7.59E+02 1 

2,4,5-Trichlorophenol 1.62E-06 EPI 6.64E-05 2.91E-02 W9 7.03E-06 W9 1.78E+03 EPI 2.67E+00 CALC 1.20E+03 EPI 1.05E-07     1     

2,4,6-Trichlorophenol 2.60E-06 EPI 1.07E-04 2.61E-02 W9 6.30E-06 W9 1.78E+03 EPI 2.67E+00 CALC 8.00E+02 EPI 9.77E-08     1     

1,1,2-Trichloropropane 3.17E-04 EPI 1.30E-02 5.78E-02 W9 9.32E-06 W9 9.49E+01 EPI 1.42E-01 CALC 1.90E+03 EPI 2.41E-05 2.53E+04 5.22E+03   6.03E+02 1 

1,2,3-Trichloropropane 3.43E-04 EPI 1.41E-02 7.10E-02 W9 7.90E-06 W9 1.16E+02 EPI 1.74E-01 CALC 1.75E+03 EPI 2.87E-05 2.32E+04 4.79E+03   6.10E+02 1 

Triethylamine 1.49E-04 EPI 6.11E-03 8.81E-02 W9 7.88E-06 W9 5.08E+01 EPI 7.62E-02 CALC 6.86E+04 EPI 2.21E-05 2.64E+04 5.45E+03   1.72E+04 1 

2,4,6-Trinitrotoluene 2.08E-08 EPI 8.53E-07 2.94E-02 W9 7.90E-06 W9 2.81E+03 EPI 4.22E+00 CALC 1.15E+02 EPI 7.15E-08           

Uranium (soluable salts)                   4.50E+02 Baes                 

Vanadium                   1.00E+03 SSG                 

Vinyl acetate 5.11E-04 EPI 2.10E-02 8.50E-02 W9 9.20E-06 W9 5.58E+00 EPI 8.37E-03 CALC 2.00E+04 EPI 9.57E-05 1.27E+04 2.62E+03   3.68E+03 1 

Vinyl bromide 1.23E-02 EPI 5.04E-01 8.69E-02 W9 1.17E-05 W9 2.17E+01 EPI 3.26E-02 CALC 5.08E+03 EPI 1.62E-03 3.09E+03 6.38E+02   1.34E+03 1 

Vinyl chloride 2.78E-02 EPI 1.14E+00 1.06E-01 W9 1.23E-05 W9 2.17E+01 EPI 3.26E-02 CALC 8.80E+03 EPI 3.50E-03 2.10E+03 4.34E+02   2.95E+03 1 

m-Xylene 7.18E-03 EPI 2.94E-01 7.00E-02 W9 7.80E-06 W9 3.75E+02 EPI 5.63E-01 CALC 1.61E+02 EPI 2.60E-04 7.70E+03 1.59E+03   1.24E+02 1 

o-Xylene 5.18E-03 EPI 2.12E-01 8.70E-02 W9 1.00E-05 W9 3.83E+02 EPI 5.74E-01 CALC 1.06E+02 EPI 2.33E-04 8.14E+03 1.68E+03   8.18E+01 1 
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Chemical 

H                                
(atm-

m3/mol
e) Ref. 

H' 
(unitles

s) 
Da                            

(cm2/s) Ref. 
Dw                  

(cm2/s) Ref. 
Koc                   

(cm3/g) Ref. 
Kd                     

(cm3/g) Ref. 

S                        
(mg/L-
water) Ref. 

DA                
(cm2/s) 

Res/In
d. VF                  

(m3/kg) 

Comm/ 
VF 

(m3/kg) Solid 

Soil 
SAT                 

(mg/kg
) VOC 

p-Xylene 6.90E-03 EPI 2.83E-01 6.80E-02 W9 8.40E-06 W9 3.80E+02 EPI 5.70E-01 CALC 1.60E+02 EPI 2.41E-04 8.00E+03 1.65E+03   1.24E+02 1 

Xylenes 5.18E-03 EPI 2.12E-01 7.37E-02 W9 9.34E-06 W9 3.83E+02 EPI 5.74E-01 CALC 1.06E+02 EPI 1.97E-04 8.84E+03 1.83E+03   8.18E+01 1 

Zinc                   6.20E+01 SSG                 

 
Notes: 

MW – Molecular weight                          H – Henry’s Law Constant 

H’ – Dimensionless Henry’s Law Constant                   Da – Diffusivity in air 

Dw – Diffusivity in water                          Koc – Soil organic carbon partition coefficient 

Kd – Soil-water partition coefficient                      S - Solubility in water 

DA – Apparent diffusivity (calculated for VOCs only)               VF – Volatilization factor (calculated for VOCs only) 

SAT – Soil saturation limit (calculated for VOCs not solid at soil temperature only)  VOC – Volatile organic compound 

 

EPI= US EPA. 2012. Estimation Programs Interface (EPI) Suite™ for Microsoft® Windows, v 4.11. Washington, DC, USA. 

W9= US EPA. 2006. Water9, Version 3.0. Wastewater Treatment Model 

CALC =Calculated;  

SSG=US EPA.  2002. Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites.  Office of Emergency and Remedial Response, Washington, D.C. OSWER 9355.4-24. December.  

http://www.epa.gov/superfund/health/conmedia/soil/pdfs/ssg_main.pdf 

Baes= Baes, C.F. 1984. Oak Ridge National Laboratory. A Review and Analysis of Parameters for Assessing Transport of Environmentally Released Radionuclides through Agriculture 

a -Hnery's Law Constants obtained from 1) EPI Suite Version 4.11 (a. experimental value; b. bond method, then c. group method) 2) US EPA Soil Screening Guidance (2002).  

d -H' values  = H*41 (US EPA Soil Screening Guidance, 2002) 

c- Da and Dw values obtained from 1) US EPA (2006) Water 9 Wastewater Treatment Model; 2) US EPA Soil Screening Guidance (2002) 

d- Koc values obtained from US EPA EPI Suite, Version 4.11 (a. MCI method; b. Kow method) 

b -foc = 1.5E-03: Soil Survey Laboratory Database for New Mexico, National Resources Conservation Service, U.S. Dept of Agriculture 

e- Kd for organics = Koc * foc. Kds for inorganics obtained from 1) US EPA Soil Screening Guidance (2002); 2) Baes, C.F. 1984. Oak Ridge National Laboratory. A Review and Analysis of Parameters for Assessing Transport of Environmentally 

Released Radionuclides through Agriculture. 

The Kd value for elemental mercury is based on the Kd for mercury 2+ 

The Kd value for methyl mercury Is based on the Kd for mercury 2+ 

The Kd value for mercury salts is based on the Kd for mercury 2+ 

The Kd values for nitrate and nitrite are based on the Kd for nitrogen 

The Kd value for perchlorate is based on the Kd for chlorine 
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Table B-3: Physical and Chemical Constants for the Dermal Tap-Water Pathway 
 

Chemical CAS. NO. 
MW  

(g/mole) Ref. 
Kp 

(cm/hr) Ref. 
FA 

(unitless) Ref. 

τevent 

(hr/event) B (unitless) b c t* (hr) 

DA_ 
event 
carc 

DA_ 
event 

noncarc 

DA_ 
event 

mutagen 

Acenaphthene 83-32-9 154.21 EPI 8.60E-02 EPI 1 E 7.67E-01 4.11E-01 6.20E-01 6.47E-01 1.84E+00   1.47E-01   

Acetaldehyde 75-07-0 44.05 EPI 5.27E-04 EPI 1 E 1.85E-01 1.35E-03 3.04E-01 3.34E-01 4.45E-01       

Acetone 67-64-1 58.08 EPI 5.12E-04 EPI 1 E 2.22E-01 1.50E-03 3.04E-01 3.34E-01 5.33E-01   2.13E+00   

Acetophenone 98-86-2 120.15 EPI 3.72E-03 EPI 1 E 4.94E-01 1.57E-02 3.13E-01 3.44E-01 1.19E+00   2.37E-01   

Acrylonitrile 107-02-8 56.06 EPI 1.16E-03 EPI 1 E 2.16E-01 3.34E-03 3.05E-01 3.36E-01 5.19E-01 1.81E-04 9.48E-02   

Acrolein 107-13-1 53.06 EPI 7.48E-04 EPI 1 E 2.08E-01 2.10E-03 3.05E-01 3.35E-01 5.00E-01   1.19E-03   

Alachlor 15972-60-8 270 EPI 1.10E-02 EPI 0.9 E 3.40E+00 6.95E-02 3.47E-01 3.81E-01 8.16E+00 5.71E-06 9.48E-02   

Aldrin 309-00-2 364.92 EPI 2.93E-01 EPI 1 E 1.16E+01 2.15E+00 4.07E+00 2.26E+00 4.77E+01 5.71E-06 7.11E-05   

Aluminum 7429-90-5 26.98 P 1.00E-03 E 1 E 1.49E-01 2.00E-03 3.04E-01 3.35E-01 3.57E-01   2.37E+00   
2-Amino-4,6-dinitrotoluene 

35572-78-2 197.15 PHYS 2.04E-03 EPI 1 E 1.33E+00 1.10E-02 3.10E-01 3.41E-01 3.20E+00   2.37E-04   

4-Amino-2,6-dinitrotoluene 19406-51-0 197.15 PHYS 2.04E-03 EPI 1 E 1.33E+00 1.10E-02 3.10E-01 3.41E-01 3.20E+00   2.37E-04   

Ammonium Picrate 131-74-8 229.11 PHYS 6.21E-04 EPI 1 E 2.01E+00 3.62E-03 3.05E-01 3.36E-01 4.84E+00   4.74E-03   

Anthracene 120-12-7 178.24 EPI 1.42E-01 EPI 1 E 1.05E+00 7.29E-01 9.82E-01 9.22E-01 4.04E+00   7.11E-01   

Antimony 7440-36-0 121.76 P 1.00E-03 E 1 E 5.05E-01 4.24E-03 3.06E-01 3.36E-01 1.21E+00   1.42E-04   

Arsenic 7440-38-2 74.92 P 1.00E-03 E 1 E 2.76E-01 3.33E-03 3.05E-01 3.36E-01 6.62E-01 1.09E-04 4.27E-04   

Atrazine 1912-24-9 220 P                         

Barium 7440-39-3 137.33 P 1.00E-03 E 1 E 6.17E-01 4.51E-03 3.06E-01 3.36E-01 1.48E+00   3.32E-02   

Benzene 71-43-2 78.11 EPI 1.49E-02 EPI 1 E 2.87E-01 5.06E-02 3.35E-01 3.68E-01 6.90E-01 1.78E-03 9.48E-03   

Benzidine 92-87-5 184.24 EPI 1.13E-03 EPI 1 E 1.13E+00 5.90E-03 3.07E-01 3.37E-01 2.71E+00   7.11E-03 1.36E-07 

Benzo(a)anthracene 56-55-3 228.3 EPI 5.52E-01 EPI 1 E 1.99E+00 3.21E+00 7.99E+00 3.29E+00 8.47E+00     4.27E-05 

Benzo(a)pyrene 50-32-8 252.32 EPI 7.13E-01 EPI 1 E 2.72E+00 4.36E+00 1.38E+01 4.42E+00 1.18E+01   7.11E-04 3.12E-05 

Benzo(b)fluoranthene 205-99-2 252.32 EPI 4.17E-01 EPI 1 E 2.72E+00 2.55E+00 5.37E+00 2.64E+00 1.13E+01     4.27E-05 

Benzo(k)fluoranthene 207-08-9 252.32 EPI 6.91E-01 EPI 1 E 2.72E+00 4.22E+00 1.31E+01 4.29E+00 1.18E+01     4.27E-04 

Beryllium 7440-41-7 9.01 P 1.00E-03 E 1 E 1.18E-01 1.15E-03 3.04E-01 3.34E-01 2.83E-01   3.32E-05   

-BHC (HCH) 319-84-6 290.83 EPI 2.06E-02 EPI 1 E 4.47E+00 1.35E-01 3.92E-01 4.29E-01 1.07E+01 1.55E-05 1.90E-02   

-BHC (HCH) 319-85-7 290.83 EPI 2.06E-02 EPI 1 E 4.47E+00 1.35E-01 3.92E-01 4.29E-01 1.07E+01 5.44E-05     

-BHC 58-89-9 290.83 EPI 2.06E-02 EPI 0.9 E 4.47E+00 1.35E-01 3.92E-01 4.29E-01 1.07E+01 8.90E-05 7.11E-04   

1,1-Biphenyl 92-52-4 154.21 EPI 9.87E-02 EPI 1 E 7.67E-01 4.71E-01 6.80E-01 6.98E-01 1.84E+00 1.19E-02 1.19E+00   

Bis(2-chloroethyl) ether 111-44-4 143.01 EPI 1.78E-03 EPI 1 E 6.64E-01 8.19E-03 3.08E-01 3.39E-01 1.59E+00 8.90E-05     

Bis(2-chloroisopropyl) ether 108-60-1 171.07 EPI 7.64E-03 EPI 1 E 9.53E-01 3.84E-02 3.27E-01 3.59E-01 2.29E+00 1.40E-03     

Bis(2-ethylhexyl) phthalate 117-81-7 390.57 EPI 1.13E+00 EPI 0.8 E 1.62E+01 8.59E+00 4.99E+01 8.62E+00 7.28E+01 6.99E-03 4.74E-02   

Bis(chloromethyl) ether 542-88-1 114.96 EPI 8.55E-04 EPI 1 E 4.62E-01 3.53E-03 3.05E-01 3.36E-01 1.11E+00 4.45E-07     
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Chemical CAS. NO. 
MW  

(g/mole) Ref. 
Kp 

(cm/hr) Ref. 
FA 

(unitless) Ref. 

τevent 

(hr/event) B (unitless) b c t* (hr) 

DA_ 
event 
carc 

DA_ 
event 

noncarc 

DA_ 
event 

mutagen 

Boron 7440-42-8 10.81 P 1.00E-03 E 1 E 1.21E-01 1.26E-03 3.04E-01 3.34E-01 2.90E-01   4.74E-01   

Bromodichloromethane 75-27-4 163.83 EPI 4.02E-03 EPI 1 E 8.68E-01 1.98E-02 3.15E-01 3.47E-01 2.08E+00 1.58E-03 4.74E-02   

Bromomethane 74-83-9 94.94 EPI 2.84E-03 EPI 1 E 3.57E-01 1.06E-02 3.10E-01 3.40E-01 8.57E-01   3.32E-03   

1,3-Butadiene 106-99-0 54.09 EPI 1.64E-02 EPI 1 E 2.11E-01 4.64E-02 3.32E-01 3.65E-01 5.06E-01 1.63E-04     

2-Butanone (Methyl ethyl ketone, MEK) 78-93-3 72.11 EPI 9.62E-04 EPI 1 E 2.66E-01 3.14E-03 3.05E-01 3.35E-01 6.39E-01   1.42E+00   

tert-Butyl methyl ether (MTBE) 1634-04-4 88.15 EPI 2.11E-03 EPI 1 E 3.27E-01 7.62E-03 3.08E-01 3.38E-01 7.85E-01 5.44E-02     

Cadmium 7440-43-9 112.41 P 1.00E-03 E 1 E 4.47E-01 4.08E-03 3.06E-01 3.36E-01 1.07E+00   3.07E-05   

Calcium 0 0 0                         

Carbofuran 1563-66-2 220 EPI 3.10E-03 EPI 1 E 1.80E+00 1.80E-02 3.14E-01 3.45E-01 4.32E+00   1.19E-02   

Carbon disulfide 75-15-0 76.13 EPI 1.14E-02 EPI 1 E 2.80E-01 3.83E-02 3.27E-01 3.59E-01 6.73E-01   2.37E-01   

Carbon tetrachloride 56-23-5 153.82 EPI 1.63E-02 EPI 1 E 7.63E-01 7.78E-02 3.52E-01 3.87E-01 1.83E+00 1.40E-03 9.48E-03   

Chlordane 12789-03-6 409.78 EPI 1.07E-01 EPI 0.7 E 2.07E+01 8.33E-01 1.12E+00 1.01E+00 7.96E+01 2.80E-04 1.19E-03   

2-Chloroacetophenone 532-27-4 154.6 EPI 4.06E-03 EPI 1 E 7.71E-01 1.94E-02 3.15E-01 3.46E-01 1.85E+00       

2-Chloro-1,3-butadiene 126-99-8 88.54 EPI 2.38E-02 EPI 1 E 3.29E-01 8.61E-02 3.58E-01 3.93E-01 7.89E-01   4.74E-02   

1-Chloro-1,1-difluoroethane 75-68-3 100.5 EPI 9.89E-03 EPI 1 E 3.84E-01 3.81E-02 3.27E-01 3.59E-01 9.21E-01       

Chlorobenzene 108-90-7 112.56 EPI 2.82E-02 EPI 1 E 4.48E-01 1.15E-01 3.78E-01 4.14E-01 1.08E+00   4.74E-02   

1-Chlorobutane 109-69-3 92.57 EPI 2.69E-02 EPI 1 E 3.46E-01 9.95E-02 3.67E-01 4.03E-01 8.31E-01   9.48E-02   

Chlorodifluoromethane 75-45-6 86.47 EPI 2.68E-03 EPI 1 E 3.20E-01 9.59E-03 3.09E-01 3.40E-01 7.68E-01       

Chloroform 67-66-3 119.38 EPI 6.83E-03 EPI 1 E 4.89E-01 2.87E-02 3.21E-01 3.53E-01 1.17E+00 5.15E-03 2.37E-02   

Chloromethane 74-87-3 50.49 EPI 3.28E-03 EPI 1 E 2.01E-01 8.96E-03 3.09E-01 3.39E-01 4.83E-01 7.53E-03     

-Chloronaphthalene  91-58-7 162.62 EPI 7.49E-02 EPI 1 E 8.55E-01 3.67E-01 5.79E-01 6.11E-01 2.05E+00   1.90E-01   

o-Chloronitrobenzene  88-73-3 157.56 EPI 6.30E-03 EPI 1 E 8.01E-01 3.04E-02 3.22E-01 3.54E-01 1.92E+00 3.26E-04 7.11E-03   

p-Chloronitrobenzene  100-00-5 157.56 EPI 7.93E-03 EPI 1 E 8.01E-01 3.83E-02 3.27E-01 3.59E-01 1.92E+00 1.55E-02 2.37E-03   

2-Chlorophenol 95-57-8 128.56 EPI 7.99E-03 EPI 1 E 5.51E-01 3.48E-02 3.25E-01 3.57E-01 1.32E+00   1.19E-02   

2-Chloropropane 75-29-6 78.54 EPI 1.04E-02 EPI 1 E 2.89E-01 3.54E-02 3.25E-01 3.57E-01 6.94E-01       

o-Chlorotoluene  95-49-8 126.59 EPI 5.72E-02 EPI 1 E 5.37E-01 2.48E-01 4.76E-01 5.15E-01 1.29E+00   4.74E-02   

Chromium III 16065-83-1 52 P 1.00E-03 E 1 E 2.05E-01 2.77E-03 3.05E-01 3.35E-01 4.93E-01   4.62E-02   

Chromium VI 18540-29-9 52 P 2.00E-03 E 1 E 2.05E-01 5.55E-03 3.07E-01 3.37E-01 4.93E-01   1.78E-04 1.56E-06 

Chromium (Total) 0 52 P 1.00E-03 E 1 E 2.05E-01 2.77E-03 3.05E-01 3.35E-01 4.93E-01 1.78E-05 3.96E-02   

Chrysene 218-01-9 228.3 EPI 5.96E-01 EPI 1 E 1.99E+00 3.46E+00 9.15E+00 3.54E+00 8.52E+00     4.27E-03 

Cobalt 7440-48-4 58.93 EPI 4.00E-04 EPI 1 E 2.20E-01 1.18E-03 3.04E-01 3.34E-01 5.40E-01   7.11E-04   

Copper 7440-50-8 63.55 P 1.00E-03 E 1 E 2.38E-01 3.07E-03 3.05E-01 3.35E-01 5.72E-01   9.48E-02   

Crotonaldehyde 123-73-9 70.09 EPI 1.59E-03 EPI 1 E 2.59E-01 5.12E-03 3.06E-01 3.37E-01 6.22E-01 5.15E-05 2.37E-03   
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Chemical CAS. NO. 
MW  

(g/mole) Ref. 
Kp 

(cm/hr) Ref. 
FA 

(unitless) Ref. 

τevent 

(hr/event) B (unitless) b c t* (hr) 

DA_ 
event 
carc 

DA_ 
event 

noncarc 

DA_ 
event 

mutagen 

Cumene (isopropylbenzene) 98-82-8 120.2 EPI 8.97E-02 EPI 1 E 4.95E-01 3.78E-01 5.89E-01 6.20E-01 1.19E+00   2.37E-01   

Cyanide 57-12-5 27.03 EPI 7.54E-04 EPI 1 E 1.49E-01 1.51E-03 3.04E-01 3.34E-01 3.57E-01   1.42E-03   

Cyanogen 460-19-5 52.04 EPI 8.90E-04 EPI 1 E 2.05E-01 2.47E-03 3.05E-01 3.35E-01 4.93E-01   2.37E-03   

Cyanogen bromide 506-68-3 105.92 EPI 2.55E-04 EPI 1 E 4.11E-01 1.01E-03 3.04E-01 3.34E-01 9.88E-01   2.13E-01   

Cyanogen chloride 506-77-4 61.47 EPI 3.94E-04 EPI 1 E 2.32E-01 1.19E-03 3.04E-01 3.34E-01 5.57E-01   1.19E-01   

Cyclohexene 110-83-8 84.163 PHYS 4.31E-02 EPI 1 E 3.11E-01 1.52E-01 4.04E-01 4.41E-01 7.46E-01   1.19E-02   

DDD 72-54-8 320.05 EPI 2.51E-01 EPI 0.8 E 6.51E+00 1.73E+00 2.89E+00 1.85E+00 2.62E+01 4.08E-04     

DDE 72-55-9 318.03 EPI 5.45E-01 EPI 0.8 E 6.34E+00 3.74E+00 1.05E+01 3.81E+00 2.73E+01 2.88E-04     

DDT 50-29-3 354.49 EPI 6.28E-01 EPI 0.7 E 1.01E+01 4.55E+00 1.50E+01 4.61E+00 4.42E+01 2.88E-04 1.19E-03   

Dibenz(a,h)anthracene 53-70-3 278.36 EPI 9.53E-01 EPI 0.6 E 3.80E+00 6.12E+00 2.61E+01 6.16E+00 1.69E+01     4.27E-06 

1,2-Dibromo-3-chloropropane 96-12-8 236.33 EPI 6.85E-03 EPI 1 E 2.21E+00 4.05E-02 3.28E-01 3.61E-01 5.31E+00   4.74E-04 3.90E-05 

Dibromochloromethane 124-48-1 208.28 EPI 2.89E-03 EPI 1 E 1.54E+00 1.60E-02 3.13E-01 3.44E-01 3.70E+00 1.17E-03 4.74E-02   

1,2-Dibromoethane 106-93-4 187.86 EPI 2.78E-03 EPI 1 E 1.18E+00 1.47E-02 3.12E-01 3.43E-01 2.84E+00 4.89E-05 2.13E-02   

1,4-Dichloro-2-butene 764-41-0 125 EPI 1.66E-02 EPI 1 E 5.26E-01 7.14E-02 3.48E-01 3.83E-01 1.26E+00       

1,2-Dichlorobenzene 95-50-1 147 EPI 4.46E-02 EPI 1 E 6.99E-01 2.08E-01 4.45E-01 4.84E-01 1.68E+00   2.13E-01   

1,4-Dichlorobenzene 106-46-7 147 EPI 4.53E-02 EPI 1 E 6.99E-01 2.11E-01 4.48E-01 4.86E-01 1.68E+00 1.81E-02 1.66E-01   

3,3-Dichlorobenzidine 91-94-1 253.13 EPI 1.28E-02 EPI 1 E 2.75E+00 7.83E-02 3.53E-01 3.87E-01 6.59E+00 2.17E-04     

Dichlorodifluoromethane 75-71-8 120.91 EPI 8.95E-03 EPI 1 E 4.99E-01 3.79E-02 3.27E-01 3.59E-01 1.20E+00   4.74E-01   

1,1-Dichloroethane 75-34-3 98.96 EPI 6.75E-03 EPI 1 E 3.76E-01 2.58E-02 3.19E-01 3.51E-01 9.03E-01 1.72E-02 4.74E-01   

1,2-Dichloroethane 107-06-2 98.96 EPI 4.20E-03 EPI 1 E 3.76E-01 1.61E-02 3.13E-01 3.44E-01 9.03E-01 1.08E-03 1.42E-02   

cis-1,2-Dichloroethene 156-59-2 96.94 EPI 9.55E-03 EPI 1 E 3.66E-01 3.62E-02 3.26E-01 3.58E-01 8.80E-01   4.74E-03   

trans-1,2-Dichloroethene 156-60-5 96.94 EPI 9.55E-03 EPI 1 E 3.66E-01 3.62E-02 3.26E-01 3.58E-01 8.80E-01   4.74E-02   

1,1-Dichloroethene 75-35-4 96.94 EPI 1.17E-02 EPI 1 E 3.66E-01 4.43E-02 3.31E-01 3.63E-01 8.80E-01   1.19E-01   

2,4-Dichlorophenol 120-83-2 163 EPI 2.06E-02 EPI 1 E 8.59E-01 1.01E-01 3.68E-01 4.04E-01 2.06E+00   7.11E-03   

1,2-Dichloropropane 78-87-5 112.99 EPI 7.53E-03 EPI 1 E 4.51E-01 3.08E-02 3.22E-01 3.54E-01 1.08E+00 2.72E-03 2.13E-01   

1,3-Dichloropropene 542-75-6 110.97 EPI 8.34E-03 EPI 1 E 4.39E-01 3.38E-02 3.24E-01 3.56E-01 1.05E+00 9.79E-04 7.11E-02   

Dicyclopentadiene 77-73-6 132.21 EPI 3.60E-02 EPI 1 E 5.78E-01 1.59E-01 4.09E-01 4.47E-01 1.39E+00   1.90E-01   

Dieldrin 60-57-1 380.91 EPI 3.26E-02 EPI 0.8 E 1.43E+01 2.45E-01 4.74E-01 5.13E-01 3.42E+01 6.12E-06 1.19E-04   

Diethyl phthalate 84-66-2 222.24 EPI 3.60E-03 EPI 1 E 1.84E+00 2.06E-02 3.16E-01 3.47E-01 4.43E+00   1.90E+00   

Di-n-butyl phthalate (Dibutyl phthalate) 84-74-2 278.35 EPI 4.20E-02 EPI 0.9 E 3.80E+00 2.70E-01 4.94E-01 5.32E-01 9.12E+00   2.37E-01   

2,4-Dimethylphenol 105-67-9 122.17 EPI 1.09E-02 EPI 1 E 5.07E-01 4.63E-02 3.32E-01 3.65E-01 1.22E+00   4.74E-02   

4,6-Dinitro-o-cresol 100-21-0 170 EPI 3.15E-03 EPI 1 E 9.40E-01 1.58E-02 3.13E-01 3.44E-01 2.26E+00   1.90E-04   

2,4-Dinitrophenol 534-52-1 198.14 EPI 1.87E-03 EPI 1 E 1.35E+00 1.01E-02 3.09E-01 3.40E-01 3.24E+00   4.74E-03   
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Dimethyl phthalate 51-28-5 184.11 EPI 3.90E-03 EPI 1 E 9.00E-01 2.04E-02 3.16E-01 3.47E-01 2.10E+00   4.74E-03   

2,4-Dinitrotoluene 121-14-2 182.14 EPI 3.08E-03 EPI 1 E 1.10E+00 1.60E-02 3.13E-01 3.44E-01 2.64E+00 3.16E-04 4.74E-03   

2,6-Dintitrotoluene 606-20-2 182.14 EPI 3.70E-03 EPI 1 E 1.10E+00 1.92E-02 3.15E-01 3.46E-01 2.64E+00 6.52E-05 7.11E-04   

2,4/2,6-Dintrotoluene Mixture 25321-14-6 182.14 EPI 4.16E-03 EPI 1 E 1.10E+00 2.16E-02 3.17E-01 3.48E-01 2.64E+00 1.44E-04     

1,4-Dioxane 123-91-1 88.11 EPI 3.32E-04 EPI 1 E 3.27E-01 1.20E-03 3.04E-01 3.34E-01 7.85E-01 9.79E-04 7.11E-02   

1,2-Diphenylhydrazine 122-66-7 184.24 EPI 1.30E-02 EPI 1 E 1.13E+00 6.79E-02 3.46E-01 3.80E-01 2.71E+00 1.22E-04     

Endosulfan 115-29-7 406.92 EPI 2.86E-03 EPI 1 E 1.99E+01 2.22E-02 3.17E-01 3.48E-01 4.79E+01   1.42E-02   

Endrin 72-20-8 380.91 EPI 3.26E-02 EPI 0.8 E 1.43E+01 2.45E-01 4.74E-01 5.13E-01 3.42E+01   7.11E-04   

Epichlorohydrin 106-89-8 92.53 EPI 9.44E-04 EPI 1 E 3.46E-01 3.49E-03 3.05E-01 3.36E-01 8.31E-01 9.89E-03 1.42E-02   

Ethyl acetate 141-78-6 88.11 EPI 1.53E-03 EPI 1 E 3.27E-01 5.52E-03 3.07E-01 3.37E-01 7.85E-01   2.13E+00   

Ethyl acrylate 140-88-5 100.12 EPI 3.24E-03 EPI 1 E 3.82E-01 1.25E-02 3.11E-01 3.42E-01 9.16E-01 2.04E-03     

Ethyl chloride 75-00-3 64.52 EPI 6.07E-03 EPI 1 E 2.41E-01 1.88E-02 3.15E-01 3.46E-01 5.79E-01       

Ethyl ether 60-29-7 74.12 EPI 2.35E-03 EPI 1 E 2.73E-01 7.78E-03 3.08E-01 3.39E-01 6.55E-01   4.74E-01   

Ethyl methacrylate 97-63-2 114.15 EPI 6.98E-03 EPI 1 E 4.58E-01 2.87E-02 3.21E-01 3.53E-01 1.10E+00   2.13E-01   

Ethylbenzene 100-41-4 106.17 EPI 4.93E-02 EPI 1 E 4.13E-01 1.95E-01 4.35E-01 4.74E-01 9.91E-01 8.90E-03 2.37E-01   

Ethylene oxide 75-21-8 44.05 EPI 5.60E-04 EPI 1 E 1.85E-01 1.43E-03 3.04E-01 3.34E-01 4.45E-01 3.16E-04     

Fluoranthene 206-44-0 202.26 EPI 3.08E-01 EPI 1 E 1.43E+00 1.68E+00 2.78E+00 1.81E+00 5.72E+00   9.48E-02   

Fluorene 86-73-7 166.22 EPI 1.10E-01 EPI 1 E 8.95E-01 5.45E-01 7.59E-01 7.61E-01 2.15E+00   9.48E-02   

Fluoride 7782-41-4 19 P 1.00E-03 E 1 E 1.34E-01 1.68E-03 3.04E-01 3.34E-01 3.22E-01   1.42E-01   

Furan 110-00-9 68.08 EPI 5.05E-03 EPI 1 E 2.53E-01 1.60E-02 3.13E-01 3.44E-01 6.06E-01   2.37E-03   

Glyphosate 1071-83-6 170 EPI 4.50E-08 EPI 1 E 9.30E-01 2.26E-07 3.03E-01 3.33E-01 2.20E+00   2.37E-01   

Heptachlor 76-44-8 373.32 EPI 5.44E-02 EPI 0.8 E 1.29E+01 4.04E-01 6.14E-01 6.42E-01 3.10E+01 2.17E-05 1.19E-03   

Hexachlorobenzene 118-74-1 284.78 EPI 2.54E-01 EPI 0.9 E 4.13E+00 1.65E+00 2.69E+00 1.77E+00 1.65E+01 6.12E-05 1.90E-03   

Hexachloro-1,3-butadiene 87-68-3 260.76 EPI 8.10E-02 EPI 0.9 E 3.03E+00 5.03E-01 7.13E-01 7.25E-01 7.27E+00 1.25E-03 2.37E-03   

Hexachlorocyclopentadiene 77-47-4 272.77 EPI 1.03E-01 EPI 1 E 3.54E+00 6.54E-01 8.86E-01 8.56E-01 1.39E+01   1.42E-02   

Hexachloroethane 67-72-1 236.74 EPI 4.15E-02 EPI 1 E 2.22E+00 2.46E-01 4.75E-01 5.13E-01 5.34E+00 2.45E-03 1.66E-03   

n-Hexane 110-54-3 86.18 EPI 2.01E-01 EPI 1 E 3.19E-01 7.18E-01 9.67E-01 9.12E-01 1.24E+00   1.42E-01   

HMX 2691-41-0 296.16 EPI 4.36E-05 EPI 1 E 4.78E+00 2.89E-04 3.03E-01 3.34E-01 1.15E+01   1.19E-01   

Hydrazine anhydride 302-01-2 32.05 EPI 4.36E-05 EPI 1 E 1.59E-01 9.49E-05 3.03E-01 3.33E-01 3.81E-01 3.26E-05     

Hydrogen cyanide 74-90-8 27.03 EPI 7.54E-04 EPI 1 E 1.49E-01 1.51E-03 3.04E-01 3.34E-01 3.57E-01   1.42E-03   

Indeno(1,2,3-c,d)pyrene 193-39-5 276.34 EPI 1.24E+00 EPI 0.6 E 3.70E+00 7.93E+00 4.28E+01 7.97E+00 1.66E+01     4.27E-05 

Iron 7439-89-6 55.85 P 1.00E-03 E 1 E 2.16E-01 2.87E-03 3.05E-01 3.35E-01 5.18E-01   1.66E+00   

Isobutanol (Isobutyl alcohol) 78-83-1 74.12 EPI 1.92E-03 EPI 1 E 2.73E-01 6.36E-03 3.07E-01 3.38E-01 6.55E-01   7.11E-01   
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Isophorone 78-59-1 138.21 EPI 3.54E-03 EPI 1 E 6.24E-01 1.60E-02 3.13E-01 3.44E-01 1.50E+00 1.03E-01 4.74E-01   

Lead 7439-92-1 207.2 P 1.00E-03 E 1 E 1.52E+00 5.54E-03 3.07E-01 3.37E-01 3.65E+00       

Lead (tetraethyl-) 78-00-2 323.45 EPI 1.37E-02 EPI 1 E 6.80E+00 9.48E-02 3.64E-01 3.99E-01 1.63E+01   2.37E-07   

Maleic hydrazide 123-33-1 112.09 EPI 1.02E-04 EPI 1 E 4.46E-01 4.15E-04 3.04E-01 3.34E-01 1.07E+00   1.19E+00   

Manganese 7439-96-5 54.94 P 1.00E-03 E 1 E 2.13E-01 2.85E-03 3.05E-01 3.35E-01 5.12E-01   1.33E-02   

Mercury (elemental) 7439-97-6 200.59 EPI 1.00E-03 E 1 E 1.39E+00 5.45E-03 3.07E-01 3.37E-01 3.35E+00       

Mercury (methyl) 22967-92-6 215.63 EPI 1.00E-03 E 1 E 1.69E+00 5.65E-03 3.07E-01 3.37E-01 4.06E+00   2.37E-04   

Mercury Chloride (Mercury Salts) 7487-94-7 271.5 EPI 1.00E-03 E 1 E 3.48E+00 6.34E-03 3.07E-01 3.38E-01 8.35E+00   4.98E-05   

Methacrylonitrile 126-98-7 67.09 EPI 1.86E-03 EPI 1 E 2.49E-01 5.86E-03 3.07E-01 3.37E-01 5.99E-01   2.37E-04   

Methomyl 16752-77-5 162.21 EPI 4.82E-04 EPI 1 E 8.50E-01 2.36E-03 3.05E-01 3.35E-01 2.04E+00   5.93E-02   

Methyl acetate 79-20-9 74.08 EPI 7.92E-04 EPI 1 E 2.73E-01 2.62E-03 3.05E-01 3.35E-01 6.55E-01   2.37E+00   

Methyl acrylate 96-33-3 86.09 EPI 1.75E-03 EPI 1 E 3.19E-01 6.25E-03 3.07E-01 3.38E-01 7.65E-01   7.11E-02   

Methyl isobutyl ketone 108-10-1 100.16 EPI 3.19E-03 EPI 1 E 3.82E-01 1.23E-02 3.11E-01 3.42E-01 9.17E-01   1.90E-01   

Methyl methacrylate 80-62-6 100.12 EPI 3.55E-03 EPI 1 E 3.82E-01 1.37E-02 3.12E-01 3.43E-01 9.16E-01   3.32E+00   

Methyl styrene (alpha) 98-83-9 118.18 EPI 6.99E-02 EPI 1 E 4.82E-01 2.92E-01 5.13E-01 5.50E-01 1.16E+00   1.66E-01   

Methyl styrene (mixture) 25013-15-4 118.18 EPI 6.60E-02 EPI 1 E 4.82E-01 2.76E-01 4.99E-01 5.37E-01 1.16E+00   1.42E-02   

Methylcyclohexane 108-87-2 98.19 EPI 1.10E-01 EPI 1 E 3.72E-01 4.19E-01 6.28E-01 6.54E-01 8.94E-01       

Methylene bromide (Dibromomethane) 74-95-3 173.84 EPI 2.23E-03 EPI 1 E 9.88E-01 1.13E-02 3.10E-01 3.41E-01 2.37E+00   2.37E-02   

Methylene chloride 75-09-2 84.93 EPI 3.54E-03 EPI 1 E 3.14E-01 1.25E-02 3.11E-01 3.42E-01 7.53E-01   1.42E-02 1.56E-02 

1-Methylnaphthalene 90-12-0 140 EPI 9.30E-02 EPI 1 E 6.60E-01 4.23E-01 6.32E-01 6.57E-01 1.60E+00 3.37E-03 1.66E-01   

2-Methylnaphthalene 91-57-6 140 EPI 9.20E-02 EPI 1 E 6.60E-01 4.19E-01 6.28E-01 6.54E-01 1.60E+00   9.48E-03   

Molybdenum 7439-98-7 95.96 P 1.00E-03 E 1 E 3.62E-01 3.77E-03 3.06E-01 3.36E-01 8.69E-01   1.19E-02   

Naphthalene 91-20-3 128.18 EPI 4.66E-02 EPI 1 E 5.48E-01 2.03E-01 4.41E-01 4.80E-01 1.32E+00 8.16E-04 4.74E-02   

Nickel 7440-02-0 58.69 EPI 2.00E-04 E 1 E 2.24E-01 5.89E-04 3.04E-01 3.34E-01 5.37E-01   1.90E-03   

Nitrate 14797-55-8 62 EPI 1.00E-03 E 1 E 2.34E-01 3.03E-03 3.05E-01 3.35E-01 5.61E-01   3.79E+00   

Nitrite 14797-65-0 47.01 EPI 1.00E-03 E 1 E 1.93E-01 2.64E-03 3.05E-01 3.35E-01 4.62E-01   2.37E-01   

Nitrobenzene 98-95-3 123.11 EPI 5.41E-03 EPI 1 E 5.14E-01 2.31E-02 3.17E-01 3.49E-01 1.23E+00   4.74E-03   

Nitroglycerin 55-63-0 227.09 EPI 9.94E-04 EPI 1 E 1.96E+00 5.76E-03 3.07E-01 3.37E-01 4.71E+00 5.76E-03 2.37E-04   

Nitrophenol 100-02-7 0 0                         

2-Nitropropane 79-46-9 89.095 PHYS 2.06E-03 EPI 1 E 3.31E-01 7.48E-03 3.08E-01 3.38E-01 7.95E-01       

N-Nitrosodiethylamine 55-18-5 102.14 EPI 8.72E-04 EPI 1 E 3.92E-01 3.39E-03 3.05E-01 3.36E-01 9.41E-01     2.08E-07 

N-Nitrosodimethylamine 62-75-9 74.08 EPI 2.51E-04 EPI 1 E 2.73E-01 8.31E-04 3.04E-01 3.34E-01 6.55E-01   1.90E-05 6.12E-07 

N-Nitrosodi-n-butylamine 924-16-3 158.25 EPI 1.13E-02 EPI 1 E 8.08E-01 5.47E-02 3.37E-01 3.71E-01 1.94E+00 1.81E-05     
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N-Nitrosodiphenylamine 86-30-6 198.23 EPI 1.45E-02 EPI 1 E 1.35E+00 7.85E-02 3.53E-01 3.88E-01 3.25E+00 2.00E-02     

N-Nitrosopyrrolidine 930-55-2 100.12 EPI 3.21E-04 EPI 1 E 3.82E-01 1.24E-03 3.04E-01 3.34E-01 9.16E-01 4.66E-05     

m-Nitrotoluene 99-08-1 137.14 EPI 1.13E-02 EPI 1 E 6.15E-01 5.09E-02 3.35E-01 3.68E-01 1.48E+00   2.37E-04   

o-Nitrotoluene 88-72-2 137.14 EPI 8.99E-03 EPI 1 E 6.15E-01 4.05E-02 3.28E-01 3.61E-01 1.48E+00 4.45E-04 2.13E-03   

p-Nitrotoluene 99-99-0 137.14 EPI 1.00E-02 EPI 1 E 6.15E-01 4.50E-02 3.31E-01 3.64E-01 1.48E+00 6.12E-03 9.48E-03   

Pentachlorobenzene 608-93-5 250.34 EPI 1.68E-01 EPI 0.9 E 2.65E+00 1.02E+00 1.42E+00 1.19E+00 1.02E+01   1.90E-03   

Pentachlorophenol 87-86-5 266.34 EPI 1.27E-01 EPI 0.9 E 3.26E+00 7.97E-01 1.07E+00 9.83E-01 1.25E+01 2.45E-04 1.19E-02   

Perchlorate 14797-73-0 99.45 NIST 1.00E-03 E 1 E 3.79E-01 3.84E-03 3.06E-01 3.36E-01 9.08E-01   1.66E-03   

Per- and Polyfluoroalkyl Substanaces (PFAS)                               

     Perfluorobutanesulfonate 45187-15-3 299.1 
EPA 
SRS                 4.98E+00           7.11E-04   

     Perfluorobutanesulfonic acid (PFBS) 375-73-5 300.1 3M 1.93E-05 RAGSE 1 E 5.04E+00 1.28E-04 3.03E-01 3.33E-01 1.21E+01   7.11E-04   

     Perfluorohexanesulfonate 108427-53-8 399.1 3M 2.58E-04 RAGSE 1 E 1.81E+01 1.98E-03 3.04E-01 3.35E-01 4.34E+01   4.74E-05   

     Perfluorohexanesulfonic acid (PFHxS) 355-46-4 400.1 3M 2.58E-04 RAGSE 1 E 1.83E+01 1.99E-03 3.04E-01 3.35E-01 4.39E+01   4.74E-05   

     Perfluorononanoate 72007-68-2 463.07 3M 1.99E-04 RAGSE 1 E 4.12E+01 1.65E-03 3.04E-01 3.34E-01 9.89E+01   7.11E-06   

     Perfluorononanoic acid (PFNA) 375-95-1 464.1 3M 1.99E-04 RAGSE 1 E 4.18E+01 1.65E-03 3.04E-01 3.34E-01 1.00E+02   7.11E-06   

     Perfluorooctanesulfonate 45298-90-6 499.13 
EPA 
SRS             1 E 6.56E+01           7.11E-06   

     Perfluorooctanesulfonic acid (PFOS) 1763-23-1 500.1 3M 4.69E-07 RAGSE 1 E 6.64E+01 4.03E-06 3.03E-01 3.33E-01 1.59E+02   7.11E-06   

     Perfluorooctanoate 45285-51-6 413.063 3M             1 E 2.16E+01         1.40E-03 7.11E-06   

     Perfluorooctanoic acid (PFOA) 335-67-1 414.4 3M             1 E 2.20E+01         1.40E-03 7.11E-06   

     Potassium perfluorobutanesulfonate 29420-49-3 338.2 3M 1.26E-06 RAGSE 1 E 8.24E+00 8.92E-06 3.03E-01 3.33E-01 1.98E+01   7.11E-04   

     Potassium perfluorooctanesulfonate 2795-39-3 538.22 Sax's 2.86E-07 RAGSE 1 E 1.09E+02 2.55E-06 3.03E-01 3.33E-01 2.61E+02   7.11E-06   

Phenanthrene 85-01-8 178.24 EPI 1.44E-01 EPI 1 E 1.05E+00 7.39E-01 9.95E-01 9.31E-01 4.04E+00   7.11E-02   

Phenol 108-95-2 94.11 EPI 4.34E-03 EPI 1 E 3.53E-01 1.62E-02 3.13E-01 3.44E-01 8.48E-01   7.11E-01   

Picric Acid (2,4,6-Trinitrophenol) 88-89-1 229.11 PHYS 6.21E-04 EPI 1 E 2.01E+00 3.62E-03 3.05E-01 3.36E-01 4.84E+00   4.74E-03   

Polychlorinatedbiphenyls   0 0                         

Aroclor 1016 12674-11-2 257.55 EPI 3.05E-01 EPI 0.6 E 2.91E+00 1.88E+00 3.29E+00 2.00E+00 1.18E+01 1.40E-03 1.66E-04   

Aroclor 1221 11104-28-2 188.66 EPI 1.68E-01 EPI 0.6 E 1.20E+00 8.88E-01 1.20E+00 1.06E+00 4.60E+00 4.89E-05     

Aroclor 1232 11141-16-5 188.66 EPI 1.68E-01 EPI 0.6 E 1.20E+00 8.88E-01 1.20E+00 1.06E+00 4.60E+00 4.89E-05     

Aroclor 1242 53469-21-9 291.99 EPI 5.45E-01 EPI 0.6 E 4.53E+00 3.58E+00 9.71E+00 3.65E+00 1.94E+01 4.89E-05     

Aroclor 1248 12672-29-6 291.99 EPI 4.75E-01 EPI 0.6 E 4.53E+00 3.12E+00 7.61E+00 3.20E+00 1.92E+01 4.89E-05     

Aroclor 1254 11097-69-1 326.44 EPI 7.51E-01 EPI 0.6 E 7.07E+00 5.22E+00 1.93E+01 5.27E+00 3.10E+01 4.89E-05 4.74E-05   

Aroclor 1260 11096-82-5 395.33 EPI 9.86E-01 EPI 0.6 E 1.72E+01 7.54E+00 3.89E+01 7.58E+00 7.69E+01 4.89E-05     

2,2',3,3',4,4',5-Heptachlorobiphenyl (PCB 170) 35065-30-6 395.33 EPI 2.96E+00 EPI 0.6 E 1.72E+01 2.26E+01 3.33E+02 2.27E+01 7.95E+01 7.53E-06 1.66E-05   
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Chemical CAS. NO. 
MW  

(g/mole) Ref. 
Kp 

(cm/hr) Ref. 
FA 

(unitless) Ref. 

τevent 

(hr/event) B (unitless) b c t* (hr) 

DA_ 
event 
carc 

DA_ 
event 

noncarc 

DA_ 
event 

mutagen 

2,2',3,4,4',5,5'-Heptachlorobiphenyl (PCB 180) 35065-29-3 395.33 EPI 2.96E+00 EPI 0.6 E 1.72E+01 2.26E+01 3.33E+02 2.27E+01 7.95E+01 7.53E-05 1.66E-04   

2,3,3',4,4',5,5'-Heptachlorobiphenyl (PCB 189) 39635-31-9 395.33 EPI 2.96E+00 EPI 0.6 E 1.72E+01 2.26E+01 3.33E+02 2.27E+01 7.95E+01 2.51E-05 5.53E-05   

2,3',4,4',5,5'-Hexachlorobiphenyl (PCB 167) 52663-72-6 360.88 EPI 1.43E+00 EPI 0.5 E 1.10E+01 1.04E+01 7.30E+01 1.05E+01 5.00E+01 2.51E-05 5.53E-05   

2,3,3',4,4',5'-Hexachlorobiphenyl (PCB 157) 69782-90-7 360.88 EPI 1.66E+00 EPI 0.5 E 1.10E+01 1.21E+01 9.76E+01 1.22E+01 5.02E+01 2.51E-05 5.53E-05   

2,3,3',4,4',5-Hexachlorobiphenyl (PCB 156) 38380-08-4 360.88 EPI 1.66E+00 EPI 0.5 E 1.10E+01 1.21E+01 9.76E+01 1.22E+01 5.02E+01 2.51E-05 5.53E-05   

3,3',4,4',5,5'-Hexachlorobiphenyl (PCB 169) 32774-16-6 360.88 EPI 1.24E+00 EPI 0.5 E 1.10E+01 9.06E+00 5.53E+01 9.09E+00 4.97E+01 2.51E-08 5.53E-08   

2',3,4,4',5-Pentachlorobiphenyl (PCB 123) 65510-44-3 326.44 EPI 1.00E+00 EPI 0.6 E 7.07E+00 6.95E+00 3.32E+01 6.99E+00 3.15E+01 2.51E-05 5.53E-05   

2',3',4,4',5-Pentachlorobiphenyl (PCB 118) 31508-00-6 326.44 EPI 1.24E+00 EPI 0.6 E 7.07E+00 8.62E+00 5.02E+01 8.65E+00 3.18E+01 2.51E-05 5.53E-05   

2',3,3',4,4'-Pentachlorobiphenyl (PCB 105) 32598-14-4 326.44 EPI 7.51E-01 EPI 0.6 E 7.07E+00 5.22E+00 1.93E+01 5.27E+00 3.10E+01 2.51E-05 5.53E-05   

2,3,4,4',5-Pentachlorobiphenyl (PCB 114) 74472-37-0 326.44 EPI 1.00E+00 EPI 0.6 E 7.07E+00 6.95E+00 3.32E+01 6.99E+00 3.15E+01 2.51E-05 5.53E-05   

3,3',4,4',5-Pentachlorobiphenyl (PCB 126) 57465-28-8 326.44 EPI 1.00E+00 EPI 0.6 E 7.07E+00 6.95E+00 3.32E+01 6.99E+00 3.15E+01 7.53E-09 1.66E-08   

3,3',4,4'-Tetrachlorobiphenyl (PCB 77) 32598-13-3 291.99 EPI 9.17E-01 EPI 0.6 E 4.53E+00 6.03E+00 2.54E+01 6.07E+00 2.01E+01 7.53E-06 1.66E-05   

3,4,4',5-Tetrachlorobiphenyl (PCB 81) 70362-50-4 291.99 EPI 5.84E-01 EPI 0.6 E 4.53E+00 3.84E+00 1.10E+01 3.91E+00 1.95E+01 2.51E-06 5.53E-06   

Prometon 1610-18-0 230 EPI 8.30E-03 EPI 1 E 2.04E+00 4.84E-02 3.33E-01 3.66E-01 4.89E+00   3.56E-02   

Propylene oxide 75-56-9 58.08 EPI 7.74E-04 EPI 1 E 2.22E-01 2.27E-03 3.05E-01 3.35E-01 5.33E-01 4.08E-04     

Pyrene 129-00-0 202.26 EPI 2.01E-01 EPI 1 E 1.43E+00 1.10E+00 1.55E+00 1.26E+00 5.53E+00   7.11E-02   

RDX 121-82-4 222.12 EPI 3.36E-04 EPI 1 E 1.84E+00 1.93E-03 3.04E-01 3.35E-01 4.42E+00 1.22E-03 9.48E-03   

Selenium 7782-49-2 78.96 P 1.00E-03 E 1 E 2.91E-01 3.42E-03 3.05E-01 3.36E-01 6.98E-01   1.19E-02   

Silver 7440-22-4 107.87 P 6.00E-04 E 1 E 4.22E-01 2.40E-03 3.05E-01 3.35E-01 1.01E+00   4.74E-04   

Simazine 122-34-9 200 EPI 3.30E-03 EPI 1 E 1.38E+00 1.79E-02 3.14E-01 3.45E-01 3.40E+00 8.16E-04 1.19E-02   

Strontium 7440-24-6 87.62 P 1.00E-03 E 1 E 3.25E-01 3.60E-03 3.05E-01 3.36E-01 7.80E-01   1.42E+00   

Styrene 100-42-5 104.15 EPI 3.72E-02 EPI 1 E 4.02E-01 1.46E-01 3.99E-01 4.37E-01 9.65E-01   4.74E-01   

Sulfolane 126-33-0 120.17 EPI 1.02E-04 EPI 1 EPI 4.94E-01 4.30E-04 3.04E-01 3.34E-01 1.19E+00   2.37E-03   

2,3,7,8-TCDD 1746-01-6 321.98 EPI 8.08E-01 EPI 0.5 E 6.67E+00 5.58E+00 2.19E+01 5.63E+00 2.94E+01 7.53E-10 1.66E-09   

2,3,7,8-TCDF 51207-31-9 305.98 EPI 6.57E-01 EPI 1 E 5.43E+00 4.42E+00 1.42E+01 4.48E+00 2.36E+01 7.53E-09     

1,2,4,5-Tetrachlorobenzene 95-94-3 215.89 EPI 1.17E-01 EPI 1 E 1.70E+00 6.61E-01 8.95E-01 8.62E-01 6.66E+00   7.11E-04   

1,1,1,2-Tetrachloroethane 630-20-6 167.85 EPI 1.59E-02 EPI 1 E 9.14E-01 7.92E-02 3.53E-01 3.88E-01 2.19E+00 3.76E-03 7.11E-02   

1,1,2,2-Tetrachloroethane 79-34-5 167.85 EPI 6.94E-03 EPI 1 E 9.14E-01 3.46E-02 3.25E-01 3.57E-01 2.19E+00 4.89E-04 4.74E-02   

Tetrachloroethene 127-18-4 165.83 EPI 3.34E-02 EPI 1 E 8.91E-01 1.65E-01 4.13E-01 4.51E-01 2.14E+00 4.66E-02 1.42E-02   

N,N,N',N"-tetramethylphosphoramide (TMPA)  16853-36-4 1.5E+02 EPA* 2.95E-05 E 1 E 7.37E-01 1.39E-04 3.03E-01 3.33E-01 1.77E+00   2.37E-04   

Tetryl (Trinitrophenylmethylnitramine) 479-45-8 287.15 EPI 4.74E-04 EPI 1 E 4.26E+00 3.09E-03 3.05E-01 3.35E-01 1.02E+01   4.74E-03   

Thallium 7440-28-0 204.38 P 1.00E-03 E 1 E 1.46E+00 5.50E-03 3.07E-01 3.37E-01 3.52E+00   2.37E-05   

Toluene 108-88-3 92.14 EPI 3.11E-02 EPI 1 E 3.44E-01 1.15E-01 3.77E-01 4.14E-01 8.27E-01   1.90E-01   
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Chemical CAS. NO. 
MW  

(g/mole) Ref. 
Kp 

(cm/hr) Ref. 
FA 

(unitless) Ref. 

τevent 

(hr/event) B (unitless) b c t* (hr) 

DA_ 
event 
carc 

DA_ 
event 

noncarc 

DA_ 
event 

mutagen 

Toxaphene 8001-35-2 413.82 EPI 5.18E-02 EPI 0.8 E 2.18E+01 4.05E-01 6.15E-01 6.42E-01 5.23E+01 8.90E-05     

Tribromomethane (Bromoform) 75-25-2 252.73 EPI 2.35E-03 EPI 1 E 2.73E+00 1.44E-02 3.12E-01 3.43E-01 6.56E+00 1.24E-02 4.74E-02   

1,1,2-Trichloro-1,2,2-trifluoroethane 76-13-1 187.38 EPI 1.75E-02 EPI 1 E 1.18E+00 9.21E-02 3.62E-01 3.97E-01 2.82E+00   7.11E+01   

1,2,4-Trichlorobenzene 120-82-1 181.45 EPI 7.05E-02 EPI 1 E 1.09E+00 3.65E-01 5.77E-01 6.09E-01 2.62E+00 3.37E-03 2.37E-02   

1,1,1-Trichloroethane 71-55-6 133.41 EPI 1.26E-02 EPI 1 E 5.87E-01 5.60E-02 3.38E-01 3.72E-01 1.41E+00   4.74E+00   

1,1,2-Trichloroethane 79-00-5 133.41 EPI 5.04E-03 EPI 1 E 5.87E-01 2.24E-02 3.17E-01 3.48E-01 1.41E+00 1.72E-03 9.48E-03   

Trichloroethylene 79-01-6 131.39 EPI 1.16E-02 EPI 1 E 5.71E-01 5.11E-02 3.35E-01 3.68E-01 1.37E+00   1.19E-03 6.78E-04 

Trichlorofluoromethane 75-69-4 137.37 EPI 1.27E-02 EPI 1 E 6.17E-01 5.73E-02 3.39E-01 3.73E-01 1.48E+00   7.11E-01   

2,4,5-Trichlorophenol 95-95-4 197.45 EPI 3.62E-02 EPI 1 E 1.34E+00 1.96E-01 4.36E-01 4.74E-01 3.21E+00   2.37E-01   

2,4,6-Trichlorophenol 88-06-2 197.45 EPI 3.46E-02 EPI 1 E 1.34E+00 1.87E-01 4.29E-01 4.68E-01 3.21E+00 8.90E-03 2.37E-03   

1,1,2-Trichloropropane 598-77-6 147.43 EPI 9.60E-03 EPI 1 E 7.03E-01 4.48E-02 3.31E-01 3.64E-01 1.69E+00   1.19E-02   

1,2,3-Trichloropropane 96-18-4 147.43 EPI 7.52E-03 EPI 1 E 7.03E-01 3.51E-02 3.25E-01 3.57E-01 1.69E+00   9.48E-03 1.04E-06 

Triethylamine 121-44-8 101.19 EPI 3.90E-03 EPI 1 E 3.87E-01 1.51E-02 3.13E-01 3.43E-01 9.29E-01       

2,4,6-Trinitrotoluene 118-96-7 227.13 EPI 9.63E-04 EPI 1 E 1.96E+00 5.58E-03 3.07E-01 3.37E-01 4.71E+00 3.26E-03 1.19E-03   

Uranium (soluable salts) -- 238.03 P 1.00E-03 E 1 E 2.26E+00 5.93E-03 3.07E-01 3.37E-01 5.42E+00   7.11E-03   

Vanadium 7440-62-2 50.94 EPI 1.00E-03 E 1 E 2.03E-01 2.75E-03 3.05E-01 3.35E-01 4.86E-01   3.11E-04   

Vinyl acetate 108-05-4 86.09 P 1.57E-03 EPI 1 E 3.19E-01 5.60E-03 3.07E-01 3.37E-01 7.65E-01   2.37E+00   

Vinyl bromide 593-60-2 106.95 EPI 4.35E-03 EPI 1 E 4.17E-01 1.73E-02 3.14E-01 3.45E-01 1.00E+00       

Vinyl chloride 75-01-4 62.5 EPI 8.38E-03 EPI 1 E 2.35E-01 2.55E-02 3.19E-01 3.51E-01 5.64E-01   7.11E-03 4.33E-05 

m-Xylene 108-38-3 106.17 EPI 5.32E-02 EPI 1 E 4.13E-01 2.11E-01 4.47E-01 4.86E-01 9.91E-01   4.74E-01   

o-Xylene 95-47-6 106.17 EPI 5.00E-02 EPI 1 E 4.13E-01 1.98E-01 4.38E-01 4.76E-01 9.91E-01   4.74E-01   

p-Xylene 106-42-3 110 EPI 4.90E-02 EPI 1 E 4.10E-01 1.98E-01 4.37E-01 4.76E-01 9.90E-01   4.74E-01   

Xylenes 1330-20-7 106.17 EPI 5.00E-02 EPI 1 E 4.13E-01 1.98E-01 4.38E-01 4.76E-01 9.91E-01   4.74E-01   

Zinc 7440-66-6 65.38 P 6.00E-04 E 1 E 2.44E-01 1.87E-03 3.04E-01 3.35E-01 5.86E-01   7.11E-01   
 
 
Kp – Dermal permeability coefficient in water 
FA – Fraction absorbed 

Τevent – Lag time per event  

B – Ratio of the permeability coefficient of chemical through the stratum corneum relative to its permeability coefficient across the viable epidermis 
b, c – Correlation coefficients (see RAGS Part E). 

t* - Time to reach steady state 

DA_event Carc. – Absorbed dose per event, carcinogens  
DA_event Noncarc – Absorbed dose per event, noncarcinogens 

DA_event Mutagens – Absorbed dose per event, mutagens 

 
E = US EPA. 2004. Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment), Interim Guidance.  Office of Solid Waste and Emergency Response, Washington, D.C.  

http://www.epa.gov/oswer/riskassessment/ragse/index.htm 
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EPI= US EPA. 2012. Estimation Programs Interface (EPI) Suite™ for Microsoft® Windows, v 4.11. Washington, DC, USA. 

aMCP toxicity.xlxs from Massachusetts Department of Environmental Protection 

bCalculated using log Kow data from Sediment Toxicity of Petroleum Hydrocarbon Fractions, MDEP but found to be outside usable range.  

  of empirical equation relating LogKp to LogKow and MW in EPA 2004. 
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Table C-1:  Human Health Benchmarks Used for Calculating SSLs 

 

Chemical 
SFo (mg/kg-

day-1 Reference 
IUR 

(ug/m3)-1 Reference 
RfDo 

(mg/kg-day) Reference 
RfCi 

(mg/m3) Reference Mutagen GIABS Reference 
Dermal 

ABS Reference 

Acenaphthene         6.00E-02 IRIS       1 E 0.13 E 
Acetaldehyde     2.20E-06 IRIS     9.00E-03 IRIS   1 E     
Acetone         9.00E-01 IRIS 3.10E+01 ATSDR   1 E     
Acetophenone         1.00E-01 IRIS       1 E     
Acrolein         5.00E-04 IRIS 2.00E-05 IRIS   1 E     
Acrylonitrile 5.40E-01 IRIS 6.80E-05 IRIS 4.00E-02 ATSDR 2.00E-03 IRIS   1 E     
Alachlor 5.60E-02 CalEPA     1.00E-02 IRIS       1 E 0.1 E 
Aldrin 1.72E+01 IRIS 4.90E-03 IRIS 3.00E-05 IRIS       1 E 0.1 E 
Aluminum         1.00E+00 PPRTV 5.00E-03 PPRTV   1 E     
2-Amino-4,6-dinitrotoluene         1.00E-04 PPRTV       1 RSL 0.006 RSL 
4-Amino-2,6-dinitrotoluene         1.00E-04 PPRTV       1 RSL 0.009 RSL 

Ammonium Picrate        2.00E-03 PPRTV       1 RSL 0.1 RSL 
Anthracene         3.00E-01 IRIS       1 E 0.13 E 
Antimony         4.00E-04 IRIS 3.00E-04 ATSDR   0.15 E     
Arsenica 9.00E-01 IRIS 4.30E-03 IRIS 1.80E-04 IRIS 1.50E-05 CalEPA   1 E 0.03 E 
Atrazine 2.30E-01 CalEPA     3.50E-02 IRIS       1 E 0.1 E 
Barium         2.00E-01 IRIS 5.00E-04 HEAST   0.07 E     
Benzene 5.50E-02 IRIS 7.80E-06 IRIS 4.00E-03 IRIS 3.00E-02 IRIS   1 E     
Benzidine 2.30E+02 IRIS 6.70E-02 IRIS 3.00E-03 IRIS     M 1 E 0.1 E 
Benzo(a)anthracene 7.30E-01 PPRTV 1.10E-04 CalEPA         M 1 E 0.13 E 
Benzo(a)pyrene 1.00E+00 IRIS 6.00E-04 IRIS 3.0E-04 IRIS 2.00E-06 IRIS M 1 E 0.13 E 
Benzo(b)fluoranthene 7.30E-01 EPA TEF 1.10E-04 CalEPA         M 1 E 0.13 E 
Benzo(k)fluoranthene 7.30E-02 EPA TEF 1.10E-04 CalEPA         M 1 E 0.13 E 
Beryllium     2.40E-03 IRIS 2.00E-03 IRIS 2.00E-05 IRIS   0.007 E     
-BHC (HCH) 6.30E+00 IRIS 1.80E-03 IRIS 8.00E-03 ATSDR       1 E 0.1 E 
-BHC (HCH) 1.80E+00 IRIS 5.30E-04 IRIS           1 E 0.1 E 
-BHC 1.10E+00 CalEPA 3.10E-04 CalEPA 3.00E-04 IRIS       1 E 0.04 E 
1,1-Biphenyl 8.20E-03 IRIS     5.00E-01 IRIS 4.00E-04 PPRTV   1 E     
Bis(2-chloroethyl) ether 1.10E+00 IRIS 3.30E-04 IRIS           1 E     
Bis(2-chloroisopropyl) ether 7.00E-02 HEAST               1 E     
Bis(2-ethylhexyl) phthalate 1.40E-02 IRIS 2.40E-06 CalEPA 2.00E-02 IRIS       1 E 0.1 E 
Bis(chloromethyl) ether 2.20E+02 IRIS 6.20E-02 IRIS           1 E     
Boron         2.00E-01 IRIS 2.00E-02 HEAST   1 E     
Bromodichloromethane 6.20E-02 IRIS 3.70E-05 CalEPA 2.00E-02 IRIS       1 E     
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Chemical 
SFo (mg/kg-

day-1 Reference 
IUR 

(ug/m3)-1 Reference 
RfDo 

(mg/kg-day) Reference 
RfCi 

(mg/m3) Reference Mutagen GIABS Reference 
Dermal 

ABS Reference 

Bromomethane         1.40E-03 IRIS 5.00E-03 IRIS   1 E     
1,3-Butadiene 6.00E-01 CalEPA 3.00E-05 IRIS     2.00E-03 IRIS   1 E     
2-Butanone (Methyl ethyl ketone, MEK)         6.00E-01 IRIS 5.00E+00 IRIS   1 E     
tert-Butyl methyl ether (MTBE) 1.80E-03 CalEPA 2.60E-07 CalEPA     3.00E+00 IRIS   1 E     
Cadmium     1.80E-03 IRIS 1.00E-03 IRIS 1.00E-05 ATSDR   0.025 E 0.001 E 
Carbofuran         5.00E-03 IRIS       1 E 0.100 E 
Carbon disulfide         1.00E-01 IRIS 7.00E-01 IRIS   1 E     
Carbon tetrachloride 7.00E-02 IRIS 6.00E-06 IRIS 4.00E-03 IRIS 1.00E-01 IRIS   1 E     
Chlordane 3.50E-01 IRIS 1.00E-04 IRIS 5.00E-04 IRIS 7.00E-04 IRIS   1 E 0.04 E 
2-Chloroacetophenone             3.00E-05 IRIS   1 E 0.1 E 
2-Chloro-1,3-butadiene     3.00E-04 IRIS 2.00E-02 HEAST 2.00E-02 IRIS   1 E     
1-Chloro-1,1-difluoroethane             5.00E+01 IRIS   1 E     
Chlorobenzene         2.00E-02 IRIS 5.00E-02 PPRTV   1 E     
1-Chlorobutane         4.00E-02 PPRTV       1 E     
Chlorodifluoromethane             5.00E+01 IRIS   1 E     
Chloroform 1.90E-02 CalEPA 2.30E-05 IRIS 1.00E-02 IRIS 9.80E-02 ATSDR   1 E     
Chloromethane 1.30E-02 HEAST 1.80E-06 HEAST     9.00E-02 IRIS   1 E     
-Chloronaphthalene          8.00E-02 IRIS       1 E     
o-Chloronitrobenzene  3.00E-01 PPRTV     3.00E-03 PPRTV 1.00E-05 PPRTV   1 E 0.1 E 
p-Chloronitrobenzene  6.30E-03 PPRTV     1.00E-03 PPRTV 6.00E-04 PPRTV   1 E 0.1 E 
2-Chlorophenol         5.00E-03 IRIS       1 E     
2-Chloropropane             1.00E-01 HEAST   1 E     
o-Chlorotoluene          2.00E-02 IRIS       1 E     
Chromium III         1.50E+00 IRIS       0.013 E     
Chromium VI 5.00E-01 NJ 8.40E-02 IRIS 3.00E-03 IRIS 1.00E-04 IRIS M 0.025 E     

Chromium (Total) 7.14E-02 
NJ, 

adjusted 1.20E-02 IRIS 1.29E+00 
IRIS, 

adjusted 1.43E-05 
IRIS, 

adjusted   0.013 E     
Chrysene 7.30E-03 EPA TEF 1.10E-05 CalEPA         M 1 E 0.13 E 
Cobalt     9.00E-03 PPRTV 3.0E-04 PPRTV 6.00E-06 PPRTV   1 E     
Copper         4.00E-02 HEAST       1 E     
Crotonaldehyde 1.90E+00 HEAST     1.00E-03 PPRTV       1 E     
Cumene (isopropylbenzene)         1.00E-01 IRIS 4.00E-01 IRIS   1 E     
Cyanide         6.00E-04 IRIS 8.00E-04 IRIS   1 E     
Cyanogen         1.00E-03 IRIS       1 E     
Cyanogen bromide         9.00E-02 IRIS       1 E     
Cyanogen chloride         5.00E-02 IRIS       1 E     

Cyclohexane         5.00E-03 PPRTV 1.00E+00 PPRTV   1 E     
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Chemical 
SFo (mg/kg-

day-1 Reference 
IUR 

(ug/m3)-1 Reference 
RfDo 

(mg/kg-day) Reference 
RfCi 

(mg/m3) Reference Mutagen GIABS Reference 
Dermal 

ABS Reference 

DDD 2.40E-01 IRIS 6.90E-05 CalEPA           1 E 0.1 E 
DDE 3.40E-01 IRIS 9.70E-05 CalEPA           1 E 0.1 E 
DDT 3.40E-01 IRIS 9.70E-05 IRIS 5.00E-04 IRIS       1 E 0.03 E 
Dibenz(a,h)anthracene 7.30E+00 EPA TEF 1.20E-03 CalEPA         M 1 E 0.13 E 
1,2-Dibromo-3-chloropropane 8.00E-01 PPRTV 6.00E-03 PPRTV 2.00E-04 PPRTV 2.00E-04 IRIS M 1 E 0.1 E 
Cyclohexane 8.40E-02 IRIS 2.70E-05  2.00E-02 IRIS       1 E 0.1 E 
Dibromochloromethane 2.00E+00 IRIS 6.00E-04 IRIS 9.00E-03 IRIS 9.00E-03 IRIS   1 E     
1,2-Dibromoethane     4.20E-03 PPRTV           1 E     
1,2-Dichlorobenzene       CalEPA 9.00E-02 IRIS 2.00E-01 HEAST   1 E     
1,4-Dichlorobenzene 5.40E-03 CalEPA 1.10E-05 CalEPA 7.00E-02 ATSDR 8.00E-01 IRIS   1 E     
3,3-Dichlorobenzidine 4.50E-01 IRIS 3.40E-04 CalEPA           1 E 0.1 E 
Dichlorodifluoromethane         2.00E-01 IRIS 1.00E-01 PPRTV   1 E     
1,1-Dichloroethane 5.70E-03 CalEPA 1.60E-06 CalEPA 2.00E-01 PPRTV       1 E     
1,2-Dichloroethane 9.10E-02 IRIS 2.60E-05 IRIS 6.00E-03 PPRTV 7.00E-03 PPRTV   1 E     
cis-1,2-Dichloroethene         2.00E-03 IRIS       1 E     
trans-1,2-Dichloroethene         2.00E-02 IRIS 4.00E-02 PPRTV   1 E     
1,1-Dichloroethene         5.00E-02 IRIS 2.00E-01 IRIS   1 E     
2,4-Dichlorophenol         3.00E-03 IRIS       1 E 0.1 E 
1,2-Dichloropropane 3.60E-02 CalEPA 1.00E-05 CalEPA 9.00E-02 ATSDR 4.00E-03 IRIS   1 E     
1,3-Dichloropropene 1.00E-01 IRIS 4.00E-06 IRIS 3.00E-02 IRIS 2.00E-02 IRIS   1 E     
Dicyclopentadiene         8.00E-02 PPRTV 3.00E-04 PPRTV   1 E     
Dieldrin 1.60E+01 IRIS 4.60E-03 IRIS 5.00E-05 IRIS       1 E 0.1 E 
Diethyl phthalate         8.00E-01 IRIS       1 E 0.1 E 
Di-n-butyl phthalate (Dibutyl phthalate)         1.00E-01 IRIS       1 E 0.1 E 
2,4-Dimethylphenol         2.00E-02 IRIS       1 E 0.1 E 
Dimethyl phthalate         1.00E+00 HEAST       1 E 0.1 E 
4,6-Dinitro-o-cresol         8.00E-05 PPRTV       1 E 0.1 E 
2,4-Dinitrophenol         2.00E-03 IRIS       1 E 0.1 E 
2,4-Dinitrotoluene 3.10E-01 CalEPA 8.90E-05 CalEPA 2.00E-03 IRIS       1 E 0.102 E 
2,6-Dintitrotoluene 1.50E+00 PPRTV     3.00E-04 PPRTV       1 E 0.099 E 
2,4/2,6-Dintrotoluene Mixture 6.80E-01 IRIS               1 E 0.1 E 
1,4-Dioxane 1.00E-01 IRIS 5.00E-06 IRIS 3.00E-02 IRIS 3.00E-02 IRIS   1 E 0.1 E 
1,2-Diphenylhydrazine 8.00E-01 IRIS 2.20E-04 IRIS           1 E 0.1 E 
Endosulfan         6.00E-03 IRIS       1 E 0.1 E 
Endrin         3.00E-04 IRIS       1 E 0.1 E 
Epichlorohydrin 9.90E-03 IRIS 1.20E-06 IRIS 6.00E-03 PPRTV 1.00E-03 IRIS   1 E     
Ethyl acetate         9.00E-01 IRIS 7.00E-02 PPRTV   1 E     
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Ethyl acrylate 4.80E-02 HEAST               1 E     
Ethyl chloride             1.00E+01 IRIS   1 E     
Ethyl ether         2.00E-01 IRIS       1 E     
Ethyl methacrylate         9.00E-02 HEAST 3.00E-01 PPRTV   1 E     
Ethylbenzene 1.10E-02 CalEPA 2.50E-06 CalEPA 1.00E-01 IRIS 1.00E+00 IRIS   1 E     
Ethylene oxide 3.10E-01 CalEPA 3.00E-03 IRIS     3.00E-02 CalEPA   1 E     
Fluoranthene         4.00E-02 IRIS       1 E 0.13 E 
Fluorene         4.00E-02 IRIS       1 E 0.13 E 
Fluoride         6.00E-02 IRIS 1.30E-02 CalEPA   1 E     
Furan         1.00E-03 IRIS       1 E 0.03   
Glyphosate         1.00E-01 IRIS       1 E 0.1 E 
Heptachlor 4.50E+00 IRIS 1.30E-03 IRIS 5.00E-04 IRIS       1 E 0.1 E 
Hexachlorobenzene 1.60E+00 IRIS 4.60E-04 IRIS 8.00E-04 IRIS       1 E 0.1 E 
Hexachloro-1,3-butadiene 7.80E-02 IRIS 2.20E-05 IRIS 1.00E-03 PPRTV       1 E 0.1 E 
Hexachlorocyclopentadiene         6.00E-03 IRIS 2.00E-04 IRIS   1 E 0.1 E 
Hexachloroethane 4.00E-02 IRIS 1.10E-05 CalEPA 7.00E-04 IRIS 3.00E-02 IRIS   1 E 0.1 E 
n-Hexane         6.00E-02 HEAST 7.00E-01 IRIS   1 E     
HMX         5.00E-02 IRIS       1 E 0.006 E 
Hydrazine anhydride 3.00E+00 IRIS 4.90E-03 IRIS     3.00E-05 PPRTV   1 E 0.1 E 
Hydrogen cyanide         6.00E-04 IRIS 8.00E-04 IRIS   1 E     
Indeno(1,2,3-c,d)pyrene 7.30E-01 EPA TEF 1.10E-04 CalEPA         M 1 E 0.13 E 
Iron         7.00E-01 PPRTV       1 E     
Isobutanol (Isobutyl alcohol)         3.00E-01 IRIS       1 E 0.1 E 
Isophorone 9.50E-04 IRIS     2.00E-01 IRIS 2.00E+00 CalEPA   1 E 0.1 E 
Lead                   1 E     
Lead (tetraethyl-)         1.00E-07 IRIS       1 E 0.1   
Maleic hydrazide         5.00E-01 IRIS       1 E 0.1 E 
Manganese         1.40E-01 IRIS 5.00E-05 IRIS   0.04 E     
Mercury (elemental)             3.00E-04 IRIS   1 E     
Mercury (methyl)         1.00E-04 IRIS       1 E     
Mercuric Chloride (Mercury Salts)         3.00E-04 IRIS 3.00E-05 CalEPA   0.07 E     
Methacrylonitrile         1.00E-04 IRIS 3.00E-02 PPRTV   1 E     
Methomyl         2.50E-02 IRIS       1 E 0.1 E 
Methyl acetate         1.00E+00 PPRTV       1 E     
Methyl acrylate         3.00E-02 HEAST 2.00E-02 PPRTV   1 E     
Methyl isobutyl ketone         8.00E-02 HEAST 3.00E+00 IRIS   1 E     
Methyl methacrylate         1.40E+00 IRIS 7.00E-01 IRIS   1 E     
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Methyl styrene (alpha)         7.00E-02 HEAST       1 E     
Methyl styrene (mixture)         6.00E-03 HEAST 4.00E-02 HEAST   1 E     
Methylcyclohexane             3.00E+00 HEAST   1 E     
Methylene bromide (Dibromomethane)         1.00E-02 HEAST 4.00E-03 PPRTV   1 E     
Methylene chloride 2.00E-03 IRIS 1.00E-08 IRIS 6.00E-03 IRIS 6.00E-01 IRIS M 1 E     
1-Methylnaphthalene 2.90E-02 PPRTV     7.00E-02 ATSDR       1 E 0.13 E 
2-Methylnaphthalene         4.00E-03 iRIS       1 E 0.13 E 
Molybdenum         5.00E-03 IRIS 2.00E-03 ATSDR   1 E     
Naphthalene 1.20E-01 CalEPA 3.40E-05 CalEPA 2.00E-02 IRIS 3.00E-03 IRIS   1 E 0.13 E 
Nickel (soluble salts)     2.60E-04 CalEPA 2.00E-02 IRIS 9.00E-05 ATSDR   0.04 E     
Nitrate         1.60E+00 IRIS       1 E     
Nitrite         1.00E-01 IRIS       1 E     
Nitrobenzene     4.00E-05 IRIS 2.00E-03 IRIS 9.00E-03 IRIS   1 E     
Nitroglycerin 1.70E-02 PPRTV     1.00E-04 PPRTV       1 E 0.1 E 
Nitrophenol                           
2-Nitropropane     5.80E-04 PPRTV           1 RSL     
N-Nitrosodiethylamine 1.50E+02 IRIS 4.30E-02 IRIS         M 1 E 0.1 E 
N-Nitrosodimethylamine 5.10E+01 IRIS 1.40E-02 IRIS 8.00E-06 PPRTV 4.00E-05 PPRTV M 1 E 0.1 E 
N-Nitrosodi-n-butylamine 5.40E+00 IRIS 1.60E-03 IRIS           1 E 0.1 E 
N-Nitrosodiphenylamine 4.90E-03 IRIS 2.60E-06 CalEPA           1 E 0.1 E 
N-Nitrosopyrrolidine 2.10E+00 IRIS 6.10E-04 IRIS           1 E 0.1 E 
m-Nitrotoluene         1.00E-04 PPRTV       1 E 0.1 E 
o-Nitrotoluene 2.20E-01 PPRTV     9.00E-04 PPRTV       1 E     
p-Nitrotoluene 1.60E-02 PPRTV     4.00E-03 PPRTV       1 E 0.1 E 
Pentachlorobenzene         8.00E-04 IRIS       1 E 0.1 E 
Pentachlorophenol 4.00E-01 IRIS 5.10E-06 CalEPA 5.00E-03 IRIS       1 E 0.25 E 
Perchlorate         7.00E-04 IRIS       1 E     
Per- and Polyfluoroalkyl Substanaces 
(PFAS)                           
     Perfluorobutanesulfonate         3.00E-04 PPRTV       1 RSL 0.1 RSL 
     Perfluorobutanesulfonic acid (PFBS)         3.00E-04 PPRTV       1 RSL 0.1 RSL 
     Perfluorohexanesulfonate         2.00E-05 ATSDR MRL       1 RSL 0.1 RSL 
     Perfluorohexanesulfonic acid (PFHxS)         2.00E-05 ATSDR MRL       1 RSL 0.1 RSL 
     Perfluorononanoate         3.00E-06 ATSDR MRL       1 RSL 0.1 RSL 
     Perfluorononanoic acid (PFNA)         3.00E-06 ATSDR MRL       1 RSL 0.1 RSL 
     Perfluorooctanesulfonate         3.00E-06 ATSDR MRL       1 RSL 0.1 RSL 
     Perfluorooctanesulfonic acid (PFOS)         3.00E-06 ATSDR MRL       1 RSL 0.1 RSL 
     Perfluorooctanoate 7.00E-02 Office DW     3.00E-06 ATSDR MRL       1 RSL 0.1 RSL 
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     Perfluorooctanoic acid (PFOA) 7.00E-02 Office DW     3.00E-06 ATSDR MRL       1 RSL 0.1 RSL 
     Potassium perfluorobutanesulfonate         3.00E-04 PPRTV       1 RSL 0.1 RSL 
     Potassium perfluorooctanesulfonate         3.00E-06 ATSDR MRL       1 RSL 0.1 RSL 
Phenanthrene         3.00E-02 IRIS       1 RSL 0.1 RSL 
Phenol         3.00E-01 IRIS 2.00E-01 CalEPA   1 RSL 0.1 RSL 

Picric Acid (2,4,6-Trinitrophenol)         2.00E-03 PPRTV       1 RSL 0.1 RSL 
Polychlorinatedbiphenyls                     E     

Aroclor 1016 7.00E-02 IRIS 2.00E-05 IRIS 7.00E-05 IRIS       1 E 0.14 E 
Aroclor 1221 2.00E+00 IRIS 5.70E-04 IRIS           1 E 0.14 E 
Aroclor 1232 2.00E+00 IRIS 5.70E-04 IRIS           1 E 0.14 E 
Aroclor 1242 2.00E+00 IRIS 5.70E-04 IRIS           1 E 0.14 E 
Aroclor 1248 2.00E+00 IRIS 5.70E-04 IRIS           1 E 0.14 E 
Aroclor 1254 2.00E+00 IRIS 5.70E-04 IRIS 2.00E-05 IRIS       1 E 0.14 E 
Aroclor 1260 2.00E+00 IRIS 5.70E-04 IRIS           1 E 0.14 E 
2,2',3,3',4,4',5-Heptachlorobiphenyl (PCB 

170) 1.30E+01 WHO TEF 3.80E-03 WHO TEF 7.00E-06 WHO TEF 4.00E-04 WHO TEF   1 E 0.14 E 
2,2',3,4,4',5,5'-Heptachlorobiphenyl (PCB 

180) 1.30E+00 WHO TEF 3.80E-04 WHO TEF 7.00E-05 WHO TEF 4.00E-03 WHO TEF   1 E 0.14 E 
2,3,3',4,4',5,5'-Heptachlorobiphenyl (PCB 

189) 3.90E+00 WHO TEF 1.14E-03 WHO TEF 2.33E-05 WHO TEF 1.33E-03 WHO TEF   1 E 0.14 E 
2,3',4,4',5,5'-Hexachlorobiphenyl (PCB 167) 3.90E+00 WHO TEF 1.14E-03 WHO TEF 2.33E-05 WHO TEF 1.33E-03 WHO TEF   1 E 0.14 E 
2,3,3',4,4',5'-Hexachlorobiphenyl (PCB 157) 3.90E+00 WHO TEF 1.14E-03 WHO TEF 2.33E-05 WHO TEF 1.33E-03 WHO TEF   1 E 0.14 E 
2,3,3',4,4',5-Hexachlorobiphenyl (PCB 156) 3.90E+00 WHO TEF 1.14E-03 WHO TEF 2.33E-05 WHO TEF 1.33E-03 WHO TEF   1 E 0.14 E 
3,3',4,4',5,5'-Hexachlorobiphenyl (PCB 169) 3.90E+03 WHO TEF 1.14E+00 WHO TEF 2.33E-08 WHO TEF 1.33E-06 WHO TEF   1 E 0.14 E 
2',3,4,4',5-Pentachlorobiphenyl (PCB 123) 3.90E+00 WHO TEF 1.14E-03 WHO TEF 2.33E-05 WHO TEF 1.33E-03 WHO TEF   1 E 0.14 E 
2',3',4,4',5-Pentachlorobiphenyl (PCB 118) 3.90E+00 WHO TEF 1.14E-03 WHO TEF 2.33E-05 WHO TEF 1.33E-03 WHO TEF   1 E 0.14 E 
2',3,3',4,4'-Pentachlorobiphenyl (PCB 105) 3.90E+00 WHO TEF 1.14E-03 WHO TEF 2.33E-05 WHO TEF 1.33E-03 WHO TEF   1 E 0.14 E 
2,3,4,4',5-Pentachlorobiphenyl (PCB 114) 3.90E+00 WHO TEF 1.14E-03 WHO TEF 2.33E-05 WHO TEF 1.33E-03 WHO TEF   1 E 0.14 E 
3,3',4,4',5-Pentachlorobiphenyl (PCB 126) 1.30E+04 WHO TEF 3.80E+00 WHO TEF 7.00E-09 WHO TEF 4.00E-07 WHO TEF   1 E 0.14 E 
3,3',4,4'-Tetrachlorobiphenyl (PCB 77) 1.30E+01 WHO TEF 3.80E-03 WHO TEF 7.00E-06 WHO TEF 4.00E-04 WHO TEF   1 E 0.14 E 
3,4,4',5-Tetrachlorobiphenyl (PCB 81) 3.90E+01 WHO TEF 1.14E-02 WHO TEF 2.33E-06 WHO TEF 1.33E-04 WHO TEF   1 E 0.14 E 

Prometon         1.50E-02 iRIS       1 E 0.1 E 
Propylene oxide 2.40E-01 IRIS 3.70E-06 IRIS     3.00E-02 IRIS   1 E     
Pyrene         3.00E-02 IRIS       1 E 0.13 E 
RDX 8.00E-02 IRIS     4.00E-03 IRIS       1 E 0.015 E 
Selenium         5.00E-03 IRIS 2.00E-02 CalEPA   1 E     
Silver         5.00E-03 IRIS       0.04 E     
Simazine 1.20E-01 HEAST     5.00E-03 IRIS       1 E 0.1 E 
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Strontium         6.00E-01 IRIS       1 E     
Styrene         2.00E-01 IRIS 1.00E+00 IRIS   1 E     
Sulfolane         1.00E-03 PPRTV 2.00E-03 PPRTV   1 E 0.1 E 
2,3,7,8-TCDD 1.30E+05 CalEPA 3.80E+01 CalEPA 7.00E-10 IRIS 4.00E-08 CalEPA   1 E 0.03 E 
2,3,7,8-TCDF 1.30E+04 WHO TEF 3.80E+00 WHO TEF           1 E 0.03 E 
1,2,4,5-Tetrachlorobenzene         3.00E-04 IRIS       1 E 0.1 E 
1,1,1,2-Tetrachloroethane 2.60E-02 IRIS 7.40E-06 IRIS 3.00E-02 IRIS       1 E     
1,1,2,2-Tetrachloroethane 2.00E-01 IRIS 5.80E-05 CalEPA 2.00E-02 IRIS       1 E     
Tetrachloroethene 2.10E-03 IRIS 2.60E-07 IRIS 6.00E-03 IRIS 4.00E-02 IRIS   1 E     

N,N,N',N"-tetramethylphosphoramide (TMPA)          1.00E-04 PPRTV       1 RSL 0.1 RSL 
Tetryl (Trinitrophenylmethylnitramine)         2.00E-03 PPRTV       1 E 0.00065 E 
Thallium         1.00E-05 PPRTV       1 E     
Toluene         8.00E-02 IRIS 5.00E+00 IRIS   1 E     
Toxaphene 1.10E+00 IRIS 3.20E-04 IRIS           1 E 0.1 E 
Tribromomethane (Bromoform) 7.90E-03 IRIS 1.10E-06 IRIS 2.00E-02 IRIS       1 E 0.1 E 
1,1,2-Trichloro-1,2,2-trifluoroethane         3.00E+01 IRIS 3.00E+01 HEAST   1 E     
1,2,4-Trichlorobenzene 2.90E-02 PPRTV     1.00E-02 IRIS 2.00E-03 PPRTV   1 E     
1,1,1-Trichloroethane         2.00E+00 IRIS 5.00E+00 IRIS   1 E     
1,1,2-Trichloroethane 5.70E-02 IRIS 1.60E-05 IRIS 4.00E-03 IRIS 2.00E-04 PPRTV   1 E     
Trichloroethylene 4.6E-02 IRIS 4.10E-06 IRIS 5.00E-04 IRIS 2.00E-03 IRIS M 1 E     
Trichlorofluoromethane         3.00E-01 IRIS 7.00E-01 HEAST   1 E     
2,4,5-Trichlorophenol         1.00E-01 IRIS       1 E 0.1 E 
2,4,6-Trichlorophenol 1.10E-02 IRIS 3.10E-06 IRIS 1.00E-03 PPRTV       1 E 0.1 E 
1,1,2-Trichloropropane         5.00E-03 IRIS       1 E     
1,2,3-Trichloropropane 3.00E+01 IRIS     4.00E-03 IRIS 3.00E-04 IRIS M 1 E     
Triethylamine             7.00E-03 IRIS   1 E     
2,4,6-Trinitrotoluene 3.00E-02 IRIS     5.00E-04 IRIS       1 E 0.032 E 
Uranium (soluable salts)         3.00E-03 IRIS 4.00E-05 ATSDR   1 E     
Vanadium         5.04E-03 IRIS 1.00E-04 ATSDR   0.026 E     
Vinyl acetate         1.00E+00 HEAST 2.00E-01 IRIS   1 E     
Vinyl bromide     1.50E-05 PPRTV     3.00E-03 IRIS   1 E     
Vinyl chloride 7.20E-01 IRIS 4.40E-06 IRIS 3.00E-03 IRIS 1.00E-01 IRIS M 1 E     
m-Xylene         2.00E-01 IRIS 1.00E-01 IRIS   1 E     
o-Xylene         2.00E-01 IRIS 1.00E-01 IRIS   1 E     
p-Xylene         2.00E-01 iRIS 1.00E-01 IRIS   1 E     
Xylenes         2.00E-01 IRIS 1.00E-01 IRIS   1 E     
Zinc         3.00E-01 IRIS       1 E     
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Notes:  

CSFo – Oral Cancer Slope Factor      

IUR– Inhalation Unit Risk      
RfDo – Oral Reference Dose      

RfC – Inhalation Reference Concentration    

Dermal ABS – Dermal absorption coefficient    
GIABS – Gastrointestinal absorption coefficient  adjusted – Toxicity data for total chromium has been adjusted based on a ratio of 6:1 (CrIII:CrVI) 

E = US EPA. 2004. Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment), Interim Guidance.  Office of Solid Waste and Emergency Response, Washington, D.C.  

http://www.epa.gov/oswer/riskassessment/ragse/index.htm 
EPA TEF – US EPA (1993) toxicity equivalency factors applied to polycyclic aromatic hydrocarbons 

ATSDR – Agency for Toxic Substances and Disease Registry 

Cal EPA – California Environmental Protection Agency 
HEAST – Health Effects Assessment Summary Tables  

IRIS – Integrated Risk Information System 

Office of Drinking Water Per- and Polyfluoroalkyl Substances (PFAS) | US EPA 
PPTRV – Provisional Peer Reviewed Toxicity Value 

NJ – New Jersey Department of Environmental Protection (2009) 

WHO TEF – World Health Organization Toxicity Equivalency Factor 
a - Final Updated Petroleum Hydrocarbon Fraction Toxicity Values for the VPH/EPH/APH Methodology. 

 

-Toxicity data for total chromium has been adjusted based on a ratio of 6:1 (CrIII:CrVI) 

-For GI absorption, a value of 1 was used for all organics as directed in RAGS Part E. A default value of 1 was used for inorganics not listed in RAGS Part E.  
-Pyrene toxicity data used as surrogate data for phenanthrene. 

-Aroclor 1016 is considered the lowest risk, so it was assigned a "lowest risk" value from IRIS. All other Aroclors were assigned a "highest risk" value from IRIS. 

-Toxicity data for total xylenes used as a surrogate for all other isomers of xylene (o-, m-, and p-xylene) 

-The RfDo value for vanadium is based on RfD for vanadium pentoxide and adjusted for molecular weight.  
-The RfDo value for cadmium is based on the RfDo for food. An RfDo of 0.0005 mg/kg-d was used for the tap water pathways as directed in IRIS (US EPA, 2014).  
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RCRA Corrective Action Sites1 
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ACRONYMNS AND ABBREVIATIONS 

 

µg/g   microgram per gram 

µg/L   microgram per liter 

AOC   Area of Concern 

AT    Averaging Time 

BMP   Best Management Practices 

BW    Body Weight 

CSF    Cancer Slope Factor 

CWA   Clean Water Act 

DD    Daily Dose 

ECD   Electron Capture Detector 

ED    Exposure Duration 

EF     Exposure Frequency 

ELCD  Electrolytic Conductivity Detector 

GC/MS Gas Chromatography/Mass Spectral Detector 

HR    High Resolution 

HRGC  High Resolution Gas Chromatography 

HRMS  High Resolution Mass Spectral Detector 

HWB   Hazardous Waste Bureau 

IR     Ingestion Rate 

IRIS   Integrated Risk Information System 

LADD  Lifetime Average Daily Dose 

mg/m3  milligram per cubic meter 

mg/kg  milligram per kilogram 

mg/L   milligram per liter 

ng/L   nanogram per liter 

NMED  New Mexico Environment Department 

PCB   Polychlorinated Biphenyl 

PCDD  Polychlorinated Dibenzo-dioxins 

PCDF  Polychlorinated Dibenzo-furans 

pg/L   picogram per liter 

ppb    parts per billion 

ppm    parts per million 

RCRA  Resource Conservation and Recovery Act 

RfD    Reference Dose 

SWMU Solid Waste Management Unit 

TCDD  2,3,7,8-tetrachloro-dibenzo-dioxin 

TCDF  2,3,7,8-tetrachloro-dibenzo-furan 

TEF    Toxicity Equivalency Factor 

TEQ   Toxicity Equivalency Quotient 

TRV   Toxicity Reference Value 
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TSS    Total Suspended Solids 

US EPA United States Environmental Protection Agency 
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Guidance for Risk-based Remediation of Polychlorinated Biphenyls at  

RCRA Corrective Action Sites 
 

1.0 SCOPE 

 

This document focuses on remedial activities at sites where polychlorinated biphenyls (PCBs) 

have been identified or are suspected of being present as one of the contaminants of potential 

concern.  The intent of this document is to expedite the remedial action process and provide a 

cost-effective and consistent method for the evaluation and reduction of the risk posed to human 

health and the environment by PCBs.   

 

This document does not discuss the complex regulations governing PCBs or the sampling 

methodologies for PCBs or other associated contaminants.  This document does assume that the 

nature and extent of PCB contamination have been defined using a site conceptual model and 

does discuss and recommend analytical methods applicable to evaluating the risk to human and 

ecological health for PCBs in environmental media.   

 

This paper does not discuss the risk posed to ground water quality by PCB contamination; state 

ground water standards and federal drinking water standards2 exist for the protection of ground 

water.  No state or federal soil/sediment standards exist to protect ground water from the 

transport of PCBs from contaminated soil/sediments; however, the risk associated with the 

transport of PCBs from contaminated soil/sediments to ground water should be evaluated to 

ensure that state and federal standards for ground water are not exceeded.  Methods for the 

evaluation of this threat to ground water are not, at this time, specifically addressed in this 

document.   

 

2.0 BACKGROUND INFORMATION 

 

PCBs are a class of chlorinated organic compounds which found widespread application since 

their introduction into commerce in 1923.  Their properties include thermal stability; resistance 

to acids, bases and oxidation; and resistance to direct electrical current.  They were commonly 

used in transformers and capacitors, hydraulic and heat transfer equipment, compressors and 

vacuum pumps, plasticizers (surface coatings and sealants), and some paints and inks.  Domestic 

production of commercial PCBs ceased in 1977; however, PCBs in existence at that time are still 

in use today. 

 

The general chemical structure of chlorinated biphenyls is as follows:  

 
2PCBs in ground water may not exceed the Safe Drinking Water Act’s maximum contaminant level of 0.5 micrograms per liter (µg/L) in drinking 

water (Title 40 Code of Federal Regulations Parts 141-147 and 149) or the State of New Mexico’s Water Quality Control Commission 

Regulations’ standard of 0.5 µg/L in ground water with 10,000 milligrams per liter (mg/L) or less total dissolved solids (Title 20 New 

Mexico Annotated Code Chapter 6.2).  
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The number and position of chlorines in the biphenyl molecule determine the physical and 

chemical properties of the PCB molecule.  There are a total of 209 possible congeners3 of PCBs, 

each one resulting from the chlorination of different substitution positions and varying degrees of 

chlorination.  In general, PCB molecules with higher degrees of chlorination are more resistant to 

biodegradation and are more persistent in the environment. 

 

PCB congeners may be found in commercial preparations or complex mixtures known by the 

names Askarel, Aroclor, Clophen, Phenoclor, Kanechlor, and Pyralène.  In the United States, 

PCB mixtures were marketed under the trade name of Aroclor.  Each Aroclor has a four-digit 

numeric designation: the first two digits are “12" (indicating the biphenyl parent molecule) 

followed by two more digits indicating the percent chlorine content by weight in the mixture.  

For example, Aroclor 1254 has 54% chlorine by weight.  Aroclor 1016 is the exception: it 

contains 41% chlorine by weight (ATSDR, 1995).  

 

PCBs are a group of environmentally persistent organic chemicals that possess the inherent 

properties of compounds that bioaccumulate (i.e., high octanol/water partition coefficient and 

low water solubility).  PCBs also have the following properties of environmental relevance: low 

vapor pressure and low flammability.   

 

PCBs are toxic to humans and other animals (Eisler, 1986; ATSDR, 1995; and US EPA, 1996 

and 1997a). PCBs adversely impact reproduction in wildlife and in experimental animals.  Other 

common toxic effects in mammals and birds include thymic atrophy (a wasting syndrome), 

microsomal enzyme induction, porphyria (manifestations include intermittent nervous system 

dysfunction and/or sensitivity of skin to sunlight) and related liver damage, chloracne, estrogenic 

activity, immunosuppression, and tumor promotion.  PCBs can be transferred to young mammals 

(including humans) transplacentally and in breast milk.   

 

The United States Environmental Protection Agency (US EPA) and International Agency for 

Research on Cancer classified PCBs as Group B2; probable human carcinogens, based on 

sufficient evidence of carcinogenicity (manifested as hepatocellular carcinomas) in experimental 

animals and inadequate (due to confounding exposures to other potential carcinogens or lack of 

exposure quantification), yet suggestive evidence of excess risk of liver cancer in humans (US 

EPA, 2010 and US EPA, 2016).  Recent studies have indicated that all PCB mixtures can cause 

cancer; however, different mixtures exhibit different carcinogenic potencies (Cogliano, 1998).  

 
3Congener means any single, unique, well-defined chemical compound in the PCB category.   
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In addition, environmental processes may alter the PCB mixtures affecting its carcinogenic 

potency (see Environmental Processes).   

 

The stability and lipophilicity of PCBs promote their biomagnification (i.e., the uptake of a 

chemical through ingestion resulting in the concentration of the chemical in tissue being greater 

than that of its food) once they enter the aquatic and terrestrial food chains.  Through the food 

chain, living organisms selectively bioaccumulate persistent congeners of PCBs.  

Environmentally aged PCB mixtures appear to be more toxic and persistent in the organism than 

commercial PCB mixtures.  Biomagnification through trophic transfer governs PCB levels in 

animals, especially those occupying the top of the food web.  Therefore, PCBs in food sources 

represent the most important exposure source to humans and wildlife.  

 

In certain situations, PCBs can become contaminated with the far more toxic polychlorinated 

dibenzofurans (PCDFs) and chlorinated dibenzo-dioxins (PCDDs).  Therefore, the presence of 

PCDFs and PCDDs should always be investigated if any of the following processes existed or 

are suspected of existing:  

 

• Combustion or incineration of PCB-contaminated waste or waste oils, or highly variable 

waste streams (such as municipal and commercial waste for which PCB contamination 

is suspected); 

• Manufacture of PCBs4; 

• Pyrolysis of PCBs; 

• Photolysis of PCBs; 

• Incidental fire of transformers and capacitors containing PCBs; or 

• Treatment with chlorinating compounds (e.g., hydrochloric acid, chlorine, etc.). 

 

3.0 ENVIRONMENTAL PROCESSES 

 

PCBs occur as mixtures of congeners in the environment.  Partitioning5, chemical and biological 

transformation, and preferential bioaccumulation may change the composition of the PCB 

mixture over time: the environmentally aged PCB mixture may vary considerably from the 

original congener composition (US EPA, 1996b and ATSDR, 1995).  Altered PCB mixtures 

have been known to persist in the environment for many years.  

 

PCBs adsorb to organic matter, sediments, and soil.  Their affinity to adsorb increases with the 

chlorine content of the PCBs and the amount of organic matter present.  PCBs can volatilize or 

disperse as aerosols providing an effective means of transport in the environment.  Congeners 

with low chlorine content tend to be more volatile and more water soluble. 

 

The highly chlorinated Aroclors (Aroclor 1248, 1254, and 1260) resist both chemical and 

biological transformation (i.e., degradation) in the environment.  Biological degradation of 

 
4The concentration of PCDFs in commercial PCB samples ranged from 0.2 micrograms per gram (μg/g) to 13.6 μg/g (ATSDR, 1993).  Eisler 

(1986) reported PCDFs impurities ranging from 0.8 to 33 milligrams per kilogram (mg/kg) in some domestic and foreign PCB mixtures. 

5Partitioning includes environmental processes by which different fractions of a mixture separate into air, water, sediment, and soil. 
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highly chlorinated Aroclors to lower chlorinated PCBs can occur under anaerobic conditions6.  

The extent of this dechlorination7 is limited by the PCB chlorine content and soil/sediment PCB 

concentrations.  Anaerobic bacteria in soil/sediments remove chlorines from low chlorinated 

PCBs (1 to 4 chlorines) and open the carbon rings through oxidation.  PCBs with higher chlorine 

content are extremely resistant to oxidation and hydrolysis.  Photolysis can also slowly break 

down highly chlorinated PCB congeners.  

 

PCBs bioaccumulate and biomagnify through the food chain because they are highly lipid 

soluble.  The mixture of congeners found in biotic tissue will differ dramatically from the 

mixture of congeners originally released to the environment because bioaccumulation and 

biomagnification concentrate PCB congeners of higher chlorine content up through the food 

chain.  This is because different congeners can exhibit different rates of metabolism and 

elimination in living organisms (Van den Berg, et al., 1998 and Cogliano, 1998).   

 

By altering the congener composition of PCB mixtures, these environmental processes can 

substantially increase or decrease the toxicity of environmental PCBs mixture (Cogliano, 1998).  

Therefore, information on these environmental processes along with the results of congener-

specific analyses of environmental and biota samples should be used to substantiate modeling of 

exposure to and health risks resulting from environmental PCBs.   

 

4.0 PCB CLEANUP LEVELS 

 

PCB-contaminated soil/sediments should be remediated to either 1) a default concentration of 1 

mg/kg or part per million (ppm) total PCBs (defined as the sum of congeners, Aroclors or 

homologues8), 2) a risk-based generic screening level (see media-specific screening levels in 

Appendix A of Volume 1) or 3) a site-specific risk-based PCB concentration level9 established 

through performing a health risk evaluation.  Site-specific risk-based PCB concentrations may be 

calculated from equations presented in Risk Evaluation.  Once the calculations have been 

completed for all receptors, the lowest computed risk-based PCB concentration in a medium 

would represent the PCB remediation goal for that medium.  These PCB remediation goals may 

be refined, if necessary, in the higher-level, site-specific risk assessment.   

 

Table D-1 presents the corrective action cleanup options for the remediation of PCB-

contaminated soil/sediments and data quality recommendations regarding the PCB analyses of 

environmental media samples.   

  

 
6However, certain fungi have been demonstrated to degrade PCBs under aerobic conditions.  

7Note that dechlorination is not synonymous with detoxification because it may result in the formation of carcinogenic congeners. 

8A homologue is a subcategory of PCBs having an equal number of chlorine substituents.  Substituent means an atom or group that replaces 
another atom or group in a molecule.  PCB homologues can be quantified using EPA Method 680 or estimated using regression equations 

such as those found in NOAA, 1993.   

9A risk-based PCB concentration level means the PCB concentration above which some adverse health effects may be produced in human and/or 

ecological receptors, and below which adverse health effects are unlikely to occur.   
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Table D-1. PCB Cleanup Options in Soil/Sediment and Data Quality Recommendations10 

 

Cleanup Option Corrective Action Steps Data Quality 

Recommendations 

Default Option 1 

1 

Delineate the nature and 

horizontal and vertical extent of 

contamination 

Estimate total PCBs as the sum 

of Aroclors or homologues 

(using a quantitation limit of 50 

parts per billion [ppb] or 1 ppb, 

respectively) in environmental 

media 

2 Remediate to 1 ppm 

3 
Conduct post-remediation 

monitoring, as necessary 

Default Option 2 

1 

Delineate the nature and 

horizontal and vertical extent of 

contamination 

Estimate total PCBs as the sum 

of Aroclors or homologues 

(using a quantitation limit of 50 

parts per billion [ppb] or 1 ppb, 

respectively) in environmental 

media 
2 

Remediate to generic risk-based 

screening level (See Appendix A 

of Volume 1)) 

3 
Conduct post-remediation 

monitoring, as necessary 

Site-Specific, 

Risk-Based 

1 

Delineate the nature and 

horizontal and vertical extent of 

contamination 

Estimate total PCBs as the sum 

of Aroclors or homologues 

(using a quantitation limit of 50 

ppb or 1 ppb, respectively) 

and/or congener-specific 

environmental and biota 

concentrations (using a 

quantitation limit in the low 

parts per trillion) 

2 Perform health risk evaluation 

3 

Establish risk-based 

concentrations for all human and 

environmental receptors 

4 
Remediate to the lowest risk-based 

concentration 

5 
Conduct post-remediation 

monitoring, as necessary 

 

The following is a listing of potential PCB target analytes11.  The 12 PCB congeners indicated in 

boldface italics are those which are recommended for quantitation as potential target analytes 

when performing a risk-based cleanup.  The 16 additional congeners listed in plain text may 

provide valuable information but are not required for the evaluation of risk.  The analyses of all 

209 congeners would greatly improve the estimate of total PCB concentrations.   

 

 

 

  

 
10Modified from Valoppi, et al., 1999.   

11The number in parentheses refers to the identification system used to specify a particular congener.  
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Table D-2.  Potential PCB Target Analytes 

 

2,4-Dichlorobiphenyl (8) 

2,2,5-Trichlorobiphenyl (18) 

2,4,4-Trichlorobiphenyl (28) 

2,2,3,5-Tetrachlorobiphenyl (44) 

2,2,5,5-Tetrachlorobiphenyl (52) 

2,3,4,4-Tetrachlorobiphenyl (66) 

3,3,4,4-Tetrachlorobiphenyl (77) 

3,4,4,5-Tetrachlorobiphenyl (81) 

2,24,5,5-Pentachlorobiphenyl (101) 

2,3,3,4,4-Pentachlorobiphenyl (105) 

2,3,4,4,5-Pentachlorobiphenyl (114) 

2,3,4,4,5-Pentachlorobiphenyl (118) 

2,3,4,4,5-Pentachlorobiphenyl (123) 

3,3,4,4,5-Pentachlorobiphenyl(126) 

2,2,3,3,4,4-Hexachlorobiphenyl (128) 

 

2,2,3,4,4,5-Hexachlorobiphenyl (138) 

2,2,4,4,5,5-Hexachlorobiphenyl (153) 

2,3,3,4,4,5-Hexachlorobiphenyl (156) 

2,3,3,4,4,5-Hexachlorobiphenyl (157) 

2,3,4,4,5,5-Hexachlorobiphenyl (167) 

3,3,4,4,5,5-Hexachlorobiphenyl (169) 

2,2,3,3,4,4,5-Heptachlorobiphenyl (170) 

2,2,3,4,4,5,5-Heptachlorobiphenyl (180) 

2,2,3,4,5,5,6-Heptachlorobiphenyl (187) 

2,3,3,4,4,5,5-Heptachlorobiphenyl (189) 

2,2,3,3,4,4,5,6-Octachlorobiphenyl (195) 

2,2,3,3,4,4,5,5,6-Nonachlorobiphenyl (206) 

2,2,3,3,4,4,5,5,6,6-Decachlorobiphenyl (209) 

 

The 16 PCB congeners in plain text have been indicated as target analytes by the National 

Oceanic and Atmospheric Administration based on their toxicity, ubiquitousness in the marine 

environment, presence in commercial Aroclor mixtures, etc. (NOAA, 1993).   

 

5.0 ANALYTICAL METHODS 

 

Aroclors are often used to characterize PCB exposures; however, the use of Aroclors in 

estimating the human health or ecological risk can be both imprecise and inappropriate because 

the PCB mixtures to which humans and other biota may be exposed may be considerably 

different from the original Aroclor mixtures released to the environment. In addition, traditional 

analytical methods for Aroclor analyses produce estimates that are prone to errors.  Both 

qualitative and quantitative errors may arise from interpreting gas chromatography (GC) data.   

 

GCs configured with electron capture detectors (ECD) or electrolytic conductivity detectors 

(ELCD) are particularly prone to error.  The GC/ECD and GC/ELCD produce a chromatogram 

that is compared with the characteristic chromatographic patterns of the different Aroclors (US 

EPA, 1996a).  For environmentally weathered and altered mixtures, an absence of these 

characteristic patterns can suggest the absence of Aroclors even if some congeners are present in 

high concentrations.  Additionally, and commonly, the presence of interferents may also mask 

the characteristic response pattern of the Aroclors.  The “pattern recognition” technique is 

inherently subjective, and different analysts may reach different conclusions regarding the 

presence or absence of Aroclors. 

 

GCs configured with mass spectral detectors (GC/MS) allow identification of individual 

chemical compounds.  GC/MS also produces a chromatogram, and additionally includes mass 

spectral information about the chemical identity of each peak in the chromatogram.  Therefore, 

GC/MS adds a qualitative line of evidence above that included in GC/ECD or GC/ELCD 

techniques.  GC/MS may be subject to interference, misinterpretation, or other problems.   
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High resolution (HR) isotope dilution GC/high resolution MS (HRGC/HRMS), while not as 

common technique as GC-ECD or GC-MS, is a specific GC/MS technique that has proven 

reliable for PCB analysis.  In HRGC/HRMS exhaustive sample clean-up techniques are 

employed, and isotopic tracers are used to support identification. 

 

Therefore, the HWB recommends the use of HRGC/HRMS analyses in evaluating health risks to 

humans and the environment.  If HRGC/HRMS methods are not employed, then site specific 

data must be used to demonstrate that the methods employed are appropriate to the site, or 

HRGC/HRMS confirmation must be integrated into the analytical plan, for instance on a one in 

20 sample basis, or a for a minimum number of samples, or as otherwise agreed.  Both detections 

and non-detections should be confirmed. 

 

Results of GC techniques may be expressed as Aroclors, congeners, homologues, or as total 

PCBs in units of weight/weight [mg/kg, μg/kg, nanogram per kilogram (ng/kg)] or 

weight/volume [μg/L or pictogram per liter (pg/L)].  It is necessary to specify the reporting 

requirements prior to analysis and negotiate the analytical list and reporting limits.  Results must 

be reported on a dry weight basis for soil, sediment and waste samples (excluding liquids).  

 

In addition to the traditional GC analysis, a number of biological and immunological assays are 

now available, as well as field GC. These may be suited for use as screening methods to guide 

day-to-day remediation efforts but are not suited to evaluating health risks to humans and the 

environment as stand-alone methodologies.  

 

Table D-3.  Analytical Methods for PCBs 

 

Method Technology Report As1 Approximate 

Detection Limits 

Comments 

SW-846 8082A GC/ECD or 

GC/ELCD 

Aroclors 

Congeners 

>0.5μg/kg Must supply site-specific 

performance data or use 

HRGC/HRMS confirmation 

SW-8270D GC/MS Aroclors >1000 μg/kg2 Detection limits may not 

support project data quality 

objectives 

SW-846 8275A GC/MS Congeners 200 μg/kg  

Method 1668B HRGC/HRMS Congeners <1μg/kg, often in 

the ng/kg range2 

Use this method for 

confirmation 

NOTES: 
1Reporting types have been limited to those mentioned in the subject methods. Laboratories may offer additional 

reporting modalities, such as homologues and total PCBs. 
2Detection Limits not specified in the method.  Various sample preparation options and matrix effects may affect 

results 

 

6.0 STORM WATER RUNOFF MONITORING RECOMMENDATIONS 

 

The potential for transport to human or ecological receptors (including ground and surface water) 

should be evaluated for all corrective action sites impacted or suspected of being impacted by 

PCBs.  PCB concentrations in storm water runoff resulting from contaminated soil/sediments 

should be monitored and the soils remediated to ensure that there is no release or runoff from the 
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Solid Waste Management Unit (SWMU) or Area of Concern (AOC) which results in a total 

PCB concentration in excess of the Clean Water Act (CWA)-recommended freshwater aquatic 

life chronic criterion of 0.014 µg/L12 (unfiltered water) to a water of the State.13  Likewise, 

concentrations of PCB-contaminated stream bottom, lake or reservoir deposits should not result 

in total PCB concentrations in unfiltered water which exceeds the CWA-recommended 

freshwater aquatic life chronic criterion of 0.014 µg/L.  

 

The evaluation of a site’s PCB concentrations and erosion potential will aid in determining and 

prioritizing the corrective actions and best management practices (BMPs) necessary to protect 

surface water quality. Each facility should develop a method for evaluating the erosion 

potential14 and present the methodology to the NMED HWB for approval prior to 

implementation.  This evaluation should be conducted on all known or suspected PCB sites.  All 

PCB sites with elevated erosion potentials should implement BMPs to reduce transport of PCB-

contaminated sediments and soils. BMP effectiveness should be evaluated and monitored 

regularly through a formalized inspection and maintenance program.  BMPs should be 

implemented as interim actions or stabilization measures which are consistent with a final 

remedy and should not be misconstrued as a final remedy.   

 

NMED’s HWB believes that controlling the total suspended solids (TSS) load of storm water 

runoff may effectively control PCB migration in surface water because PCBs are hydrophobic, 

tend to adsorb to soil and organic particles, and are transported in suspended sediments during 

storm runoff events.  Therefore, the TSS should be monitored to aid in predicting and, therefore, 

potentially controlling the transport of PCBs into watercourses15.  

 

Storm water samples should be collected from storm water events which are greater than 0.1 

inches in magnitude (US EPA, 1992).  Grab samples should be collected within the first 30 

minutes or as soon as practical, but not more than 1 hour after runoff discharge begins.  A 

sufficient quantity of runoff should be collected (i.e., 5 liters) because additional analyses for 

PCBs may be required based upon the TSS analytical results.  The runoff samples should be 

analyzed for TSS using Method 2540D of the most recent edition of the Standard Methods for 

the Examination of Water and Wastewater.  

 

Grab samples should be used for monitoring. Composite samples may not be used for 

monitoring; however, flow-weighted composite samples may be used in the development and 

validation of storm water contaminant transport modeling.   

 

The following bullets describe recommended trigger levels and actions based on the analytical 

results of TSS analyses:  

 

 
12This concentration is the Clean Water Act §304(a) recommended chronic criterion for aquatic life (https://www.epa.gov/wqc/national-

recommended-water-quality-criteria-aquatic-life-criteria-table).  

13Water(s) of the State means all interstate and intrastate water including, natural ponds and lakes, playa lakes, reservoirs, perennial streams and 

their tributaries, intermittent streams, sloughs, prairie potholes and wetlands (Title 20 New Mexico Annotated Code Chapter 6.1).  

14NMED HWB recommends the approach to evaluating erosion potential presented in the Matrix Approach to Contaminant Transport Potential 

(Mays and Veenis, 1998).   

15Watercourse means any river, creek, arroyo, canyon, draw, or wash, or any other channel having definite banks and beds with visible evidence 

of the occasional flow of water (Title 20 New Mexico Annotated Code Chapter 6.1).  
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• If TSS is less than 100 mg/L, no action is required.  

• If TSS is greater than 100 mg/L, but less than 1,000 mg/L, then the effectiveness of 

existing BMPs should be evaluated and repaired as necessary, and additional BMPs may 

need to be implemented to reduce TSS loading. 

• If the TSS is greater than 1,000 mg/L, then the remaining portion of the sample should be 

centrifuged and the solids analyzed for PCBs using EPA SW-846 Method 8082 (US 

EPA, 2007), EPA Method 680, or draft EPA Method 1668 (Alford-Stevens, et al., 1985 

and US EPA, 1996a). 

 

7.0 RISK EVALUATION 

 

The risk to human health and the environment must be evaluated for all corrective action solid 

waste management units/areas of concern16 (SWMU/AOCs) impacted or suspected of being 

impacted by PCBs and having a potential for transport to a human or ecological receptor.  The 

risk posed by PCBs at these SWMU/AOCs may be modeled (based on adequate available data) 

and should be monitored to ensure an acceptable level of risk17 (see Storm Water Runoff 

Monitoring Recommendations).  

 

As discussed in Environmental Processes, the congener composition of environmentally aged 

PCBs can dramatically differ from the original Aroclor mixture released to the environment.  

Consequently, environmental processes can affect both exposure to, and toxicity of, 

environmental PCBs.  Therefore, the approach to evaluating health risks from environmental 

PCBs differs depending upon whether the PCB congener- or Aroclor-specific (or homologue-

specific) data are available for the environmental media (see also PCB Cleanup Levels). 

 

PCB congeners with chlorine atoms in positions 2 and 6 (ortho) are generally more readily 

metabolized, while those with chlorines in positions 4 and 4' (para) or positions 3, 4 or 3, 4, 5 on 

one or both rings tend to be more toxic and are retained mainly in fatty tissues (Eisler, 1986).  

Persistent congeners may retain biological activity long after the exposure.  The most toxic PCB 

congeners can assume a conformation, generally similar to that of 2, 3, 7, 8-tetrachloro-dibenzo-

dioxin (TCDD) and are approximate stereo analogs of this compound (Hoffman, et al., 1996).   

 

These dioxin-like congeners share a common mechanism of toxicity involving binding to the 

aryl hydrocarbon receptor; the same mechanism of action is believed to induce the toxicity of 

PCDDs and PCDFs.  These congeners were assigned toxicity equivalency factors (TEFs) 

expressed as a fraction of the toxicity of 2,3,7,8-TCDD.  Therefore, when PCB congener-specific 

analytical data are available, risk evaluation of human and ecological health should consider both 

dioxin-like and other adverse health effects.  Two sections within this document (Human Health, 

Carcinogenic Effects, Dioxin-like Toxicity Approach and Ecological Health, Dioxin-like PCBs) 

provide guidance for applying these TEFs where congener-specific analyses are available.  If 

only Aroclor/homologue concentrations are available for a site, total PCB concentrations 

 
16SWMU means “any discernable unit at which solid wastes have been placed at any time, irrespective of whether the unit was intended for the 

management of solid or hazardous waste.  Such units include any area at a facility at which solid wastes have been routinely and 

systematically released.”  AOC “...refers to releases which warrant investigation or remediation under the authorities discussed above, 

regardless of whether they are associated with a specific SWMU...” 

17A risk or hazard is considered acceptable if an estimated risk/hazard is below pre-established target risk and/or hazard levels.  
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reported as the sum of Aroclor/homologue concentrations should be used to estimate the risk to 

human health and the environment.  

 

If a health risk evaluation is based on total PCB concentrations (estimated as the sum of Aroclors 

or PCB homologues) and the individual congeners comprising the PCB mixtures cannot be 

identified, the uncertainty and potential bias in the resulting risk estimates should be described in 

the risk assessment report.  For example, if total PCB concentrations have been estimated based 

on Aroclor analyses, conservative assumptions should be made about the mixture composition 

and toxicity: the assumption that congeners with greater than four chlorines per PCB molecule 

comprise greater than 0.5% of total PCBs present in a given abiotic medium at the site triggers 

the selection of the highest cancer slope factor from Table D-3.  Whereas total PCB 

concentrations estimated based on the results of PCB homologue analyses may allow for a 

refinement of these conservative assumptions.  More detailed information on an approach to 

evaluating the health risk from environmental PCBs and PCB data requirements can be found in 

US EPA (1996b); Van den Berg, et al. (1998); Cogliano (1998); Giesy and Kannan (1998) and 

Valoppi, et al. (1999).   

 

7.1 Human Health 

 

Since PCBs may cause both carcinogenic and noncarcinogenic adverse human health effects, 

separate risk assessments must be performed for each of these health effects.  

 

7.1.1 7.1.1 Carcinogenic Effects  

 

The evaluation of carcinogenic risk from exposure to PCB mixtures (i.e., represented by total 

PCBs or PCB congeners) should follow the slope factor approach described in PCBs: Cancer 

Dose-Response Assessment and Application to Environmental Mixtures (US EPA, 1996b) and as 

outlined below.  This approach distinguishes among toxic potencies of different PCB mixtures 

by utilizing information regarding environmental processes.  In the absence of PCB congener- or 

homologue-specific analyses (i.e., if total PCB concentrations were estimated based on Aroclor 

analyses), this approach requires conservative assumptions about the risk and persistence of PCB 

mixtures at the site. 

 

If congener-specific concentrations are available and congener analyses indicate that congeners 

with more than 4 (four) chlorines comprise greater that 0.5 percent of total PCBs in a given 

medium, the slope factor approach should be supplemented by the analysis of dioxin toxicity 

equivalency quotient (TEQ).  Risk from dioxin-like congeners18 should be added to the risk 

estimated for the rest of the PCB mixture which does not exhibit dioxin-like toxicity.  

 

If other dioxin-like compounds (i.e., PCDDs and/or PCDFs) are present at a site in addition to 

PCBs, TEQs for dioxin-like PCBs should be added to TEQs calculated for those other dioxin-

like compounds to yield a total TEQ.  A slope factor for 2,3,7,8-TCDD should be applied to this 

total TEQ.  Under these circumstances, the concentrations of dioxin-like PCBs should be 

subtracted from the total PCB concentration to avoid overestimating risks from dioxin-like PCBs 

by evaluating them twice. 

 
18Dioxin-like congeners of PCBs are those with dioxin-like health effects and are evaluated using dioxin TEQs (Van den Berg, et al., 1998).  A 

complete listing of PCB congeners can be found at http:\\www.epa.gov/grtlakes/toxteam/pcbid/table.htm (US EPA’s Great Lakes website).  
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7.1.1.1 Slope Factor Approach 

 

Site-specific carcinogenic risk evaluations should be performed using PCB cancer potency or 

slope factors specific to the exposure scenarios and pathways at a particular site.  Table D-4 

provides the criteria for using these slope factors (categorized into high, medium, and low levels 

of risk and PCB persistence) that address a variety of exposure scenarios and the toxicity of PCB 

mixtures in the environment.  A review of recent research on PCB toxicity that formed the basis 

for the derivation of these slope factors and a discussion of uncertainties surrounding toxicity 

information can be found in US EPA (1996b, 2016) and Cogliano (1998).   

 

The slope factors in Table D-4 represent the upper-bound slopes that are recommended for 

evaluating human health risk from carcinogenic effects of PCBs.  Both the upper-bound and 

central-estimate slopes are available from the US EPA’s Integrated Risk Information System 

(IRIS).  The central-estimate slopes can be used to support the analysis of uncertainties inherent 

in available toxicity information on PCBs.   
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Table D-4.  PCB Cancer Slope Factor Values by Level of Risk and Persistence19 

 

 

CRITERIA FOR USE 

 

LEVEL OF 

RISK AND 

PERSISTENCE 

 

PCB CANCER 

SLOPE FACTOR 

VALUES20 

[risk per mg/kg-day] 

Food chain exposure 

High 2.0E+00 

Sediment/soil ingestion 

Dust/aerosol inhalation 

Dermal exposure (if an absorption factor has been 

applied) 

Presence of dioxin-like, tumor-promoting, or 

persistent congeners 

Early-life (less than 6 years old) exposure by all 

pathways and to all mixtures 

Congeners with greater than four chlorines per PCB 

molecule comprise greater than 0.5% of the total 

PCBs present 

Congeners with greater than four chlorines per PCB 

molecule comprise less than 0.5% of the total PCBs 

present (all pathways except soil ingestion by 

adults) 

Ingestion of water-soluble (less chlorinated) 

congeners 

Medium 4.0E-01 
Inhalation of evaporated (less chlorinated) 

congeners 

Dermal exposure (if no absorption factor has been 

applied) 

Congeners with greater than four chlorines per PCB 

molecule comprise less than 0.5% of the total PCBs 

present (soil ingestion by adults only) 

Low 7.0E-02 

 

 

The cancer slope factors in Table D-4 characterize the toxic potency of different environmental 

mixtures of PCBs.  Information on potential exposure pathways and PCB mixture composition at 

a given site guides in the selection of the appropriate cancer slope factors for risk assessment.  

 

The highest slope factor in Table D-4 (2.0E+00 per mg/kg-day) corresponds to the high risk and 

persistence of environmental PCB mixtures and, as such, should be selected for pathways 

(including food chain exposures, ingestion of soil and sediment, inhalation of dust or aerosol, 

exposure to dioxin-like, tumor-promoting or persistent congeners, and early-life exposure) where 

environmental processes act to increase risk.   

 
19Modified from Cogliano, 1998 and US EPA, 1996b and 1998c.  

20See IRIS (US EPA, 2016). 
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A lower slope factor (4.0E-01 per mg/kg-day) corresponds to the low risk and persistence of 

environmental PCB mixtures and is appropriate for exposure pathways (such as ingestion of 

water-soluble congeners and inhalation of evaporated congeners) where environmental processes 

act to decrease risk.  

 

Finally, the lowest slope factor in Table D-4 (7.0E-02 per mg/kg-day) corresponds to the lowest 

risk and persistence of environmental PCB mixtures and should be selected for soil ingestion by 

adults when congener or homologue analyses confirm that congeners with greater than four 

chlorine atoms per PCB molecule comprise less than 0.5% of the total PCBs present at the site. 

 

Once the appropriate slope factor has been selected, it is multiplied by a lifetime average daily 

dose (LADD) to estimate the risk of cancer (see US EPA, 1996b for sample risk calculations).  

Because the use of Aroclors to characterize PCB exposures can be both imprecise and 

inappropriate, total PCBs or congener analyses should be used in the following LADD 

calculation:  

 

LADD = (CT x IR x ED x EF) / (BW x AT) Equation D-1 

 

Where:  

LADD =     Lifetime average daily dose (mg/kg-day) 

CT =  Total PCBs or total non-dioxin-like congener concentration in a medium 

(mg/L [water], mg/kg [soil], or milligram per cubic meter (mg/m3) [air]) 

IR =        Intake rate (L/day [water], mg/day [soil], or mg/m3 [air]) 

ED =       Exposure duration (years) 

EF =        Exposure frequency (days/year) 

BW =       Average body weight of the receptor over the exposure period (kg) 

AT=  Averaging time - the period over which exposure is averaged (days)21 

 

The cancer slope factors and recommended Aroclor fate and transport properties (Table D-5), 

should be used to evaluate the carcinogenic risk posed by PCB mixtures or PCB congeners 

which do not exhibit a dioxin-like toxicity.   

  

 
21For carcinogens, the averaging time is 25,550 days based on a lifetime exposure of 70 years.   
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Table D-5.  Cancer Slope Factors and Fate & Transport Properties for PCBs 

 

 

 

 

 

CRITERIA: Congeners 

with equal to or greater 

than four (4) chlorines 

comprise . . .  

 

CARCINOGENIC EFFECTS 

Dioxin-like 

PCBs 

Other PCB 

Congeners22 

CANCER 

SLOPE 

FACTORS23 

(mg/kg-day)-1 

 . . . greater than 0.5% of 

the total PCBs present 
1.3E+0524 2.0E+00 

. . . less than 0.5% of the 

total PCBs present 
NA25 7.0E-02 

FATE & 

TRANSPORT 

PROPERTIES 

 . . . greater than 0.5% of 

the total PCBs present 
Aroclor 1254 Aroclor 1254 

. . . less than 0.5% of the 

total PCBs present 
Aroclor 1016 Aroclor 1016 

 

For example, if a PCB mixture contains 45% congeners with greater than four chlorines, the 

cancer slope factor for 2,3,7,8-TCDD and the fate and transport properties of Aroclor 1254 

would be used.  

 

If the following special exposure conditions exist, a slope factor of 4.0E-01 may be applied to 

PCBs which do not exhibit dioxin-like toxicity: ingestion of water-soluble congeners, inhalation 

of evaporated congeners or dermal exposure (with no applied absorption factor).   

 

7.1.1.2 Dioxin-like Toxicity Approach  

 

Dioxin-like PCBs are some of the moderately chlorinated PCB congeners (see Table D-5) which 

have been demonstrated to produce dioxin-like effects26 in humans.  The dioxin-like toxicity 

approach should be implemented only when congener-specific concentrations are available for 

environmental media at a site. In this approach, individual dioxin-like PCB congener 

concentrations are multiplied by TEFs that represent the potency of a given congener relative to 

2,3,7 8-TCDD (see Table 2-2 in Volume I). 

 

Table 2-2 of Volume I lists the TEF values derived for dioxin-like PCB congeners.  Using TEF 

values in the risk evaluation allows for the estimation of a combined risk resulting from an 

exposure to a mixture of dioxin-like PCB congeners (assuming that the risks are additive).  

 

 
22Other PCB congeners mean those congeners which do not exhibit dioxin-like toxicity.  

23PCB cancer slope factors can be found in IRIS (US EPA, 2016). 

24US EPA, 2016 

25NA means not applicable.  Do not evaluate dioxin-like PCBs if they comprise less than 0.5% of the total PCBs present; evaluate the other PCB 

congeners.  

26Dioxin-like congeners can react with the aryl hydrocarbon receptor, the toxicity mechanism that is believed to initiate the adverse effects of 

PCDDs and PCDFs.  
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The carcinogenic risk resulting from exposure to dioxin-like PCBs should be estimated by 

calculating the TEQ.  The TEQ is the sum of each congener-specific concentration in the 

medium multiplied by its corresponding congener-specific TEF value.  Multiplying the 

congener-specific medium concentration by the corresponding congener-specific TEF value 

provides a relative (i.e., “toxicity-weighted”) measure of the dioxin concentration within a 

medium.  

 

The TEQ for dioxin-like PCBs should be calculated as indicated in the following equation:  

 

TEQ =  (Cmi x TEFi) Equation D-2 

 

Where: 

 

TEQ = Toxicity equivalency quotient (mg/L [water] or mg/kg [soil or sediment]) 

Cmi = Concentration of ith congener in medium (mg/L [water] or mg/kg [soil or 

sediment]) 

TEFi = Toxicity equivalency factor for ith congener (unitless)  

 

 

Once the dioxin TEQ has been determined, the LADD should be calculated using the following 

equation:  

 

LADD = (TEQ x IR x ED x EF) / (BW x AT) Equation D-3 

 

Where:  

 

LADD = Lifetime average daily dose (mg/kg-day) 

TEQ  = Toxicity equivalency quotient (mg/L [water], mg/kg [soil], or mg/m3 [air]) 

IR = Intake rate (L/day [water], mg/day [soil], or mg/m3 [air]) 

ED = Exposure duration (years) 

EF = Exposure frequency (days/year) 

BW = Average body weight of the receptor over the exposure period (kg) 

AT = Averaging time - the period over which exposure is averaged (days) 

 

The following equation can be used to estimate carcinogenic risk from dioxin-like PCBs: 

 

Cancer Risk = LADD x CSFTCDD Equation D-4 

 

Where:  

 

LADD  = Lifetime average daily dose (mg/kg-day) 

CSFTCDD  = Cancer slope factor for 2,3,7,8-TCDD27  

 

 
27The cancer slope factor for 2,3,7,8-TCDD should be obtained from the most recent IRIS (US EPA, 2016).  The current oral cancer slope factor 

for 2,3,7,8-TCDD of 1.3E+05 (mg/kg-day)-1 is based on the administered dose from a 105-week dietary rat study and was adopted for 

inhalation exposure (US EPA, 2016).  
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7.1.2 7.1.2 Noncarcinogenic Effects  

 

For Aroclors having reference doses (RfDs) specified in IRIS (e.g., Aroclor 1254, 1016, etc.), 

the noncarcinogenic risk should also be evaluated.  The evaluation of noncarcinogenic risk 

should follow the approach typical for other non-PCB chemicals.  However, fate and transport 

properties of the recommended Aroclor (see Table D-6) should be used to evaluate the risk 

posed.  

 

Table D-6.  Toxicological and Fate & Transport Properties for PCBs 

With Human Health Noncarcinogenic Effects and Ecological Health Non-

Dioxin-Like Effects 

 

CRITERIA: Congeners with equal to or 

greater than four (4) chlorines comprise 

. . .  

 

NONCARCINOGENIC 

EFFECTS AND FATE AND 

TRANSPORT PROPERTIES 

 

. . . greater than 0.5% of the total PCBs 

present 

Aroclor 1254 

 

. . . less than 0.5% of the total PCBs 

present 

Aroclor 1016 

 

The RfD derived for Aroclor 1254 should typically be used when conducting a risk assessment.  

The RfD derived for Aroclor 1016 can be used when at least 99.5% of the mass of the PCB 

mixture has fewer than four (4) chlorine atoms per molecule as determined by a 

chromatography/spectroscopy analytical method.  Using Table D-6, determine which Aroclor 

most accurately represents the PCB mixture of concern.  Use the RfD and fate and transport 

properties of this Aroclor as a surrogate to evaluate the noncarcinogenic effects of the PCB 

mixture.  

 

7.2 Ecological Health 

 

Since PCBs adversely impact both community- and class-specific guild measurement receptors, 

risks must be estimated for each receptor within both groups. Plants and invertebrates should be 

evaluated as community measurement receptors (see Volume II).   

 

When congener-specific concentrations are available, risk from exposure to dioxin-like PCBs 

should be estimated separately and added to the risk estimated for the remainder of the PCB 

mixture which does not exhibit dioxin-like toxicity.  The resulting risk is likely to be 

overestimated if toxicity data from total PCBs is applied to those congeners which do not exhibit 

dioxin-like toxicity.  This overestimation of risk should be addressed within the uncertainty 

analysis of the risk assessment report.   

 

In the absence of PCB congener-specific data, total PCB concentrations, reported as the sum of 

Aroclor or homologue concentrations, should be used to estimate receptor exposure to PCBs and 

the toxicity value of the most toxic Aroclor present should be used in the site-specific ecological 

risk assessment.  
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7.2.1 7.2.1 Dioxin-like PCBs 

 

Ecological risks to community- and class-specific guild measurement receptors from dioxin-like 

PCBs should be estimated by calculating a TEQ and then dividing it by the toxicity value for 

2,3,7,8-TCDD (which is assumed to be the most toxic dioxin).  

 

If in addition to PCBs, other dioxin-like compounds (i.e., PCDDs and/or PCDFs) are present at a 

site, TEQs for dioxin-like PCBs should be added to the TEQs calculated for those other dioxin-

like compounds to yield a total TEQ.  The 2,3,7,8-TCDD toxicity value should be applied to this 

total TEQ.  For this evaluation, the concentrations of dioxin-like PCBs should be subtracted from 

the total PCB concentrations to avoid overestimating risks from dioxin-like PCBs by evaluating 

them twice.  

 

The TEF values listed in Table 2-1 of Volume I and in Table D-7 (Van de Berg, et al., 1998) 

below should be used in the TEQ calculation to convert the exposure media concentration of 

individual congeners to a relative measure of concentration within a medium.  
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Table D-7.  Fish Toxicity Equivalency Factor Values for Dioxin-Like 

PCBs28 

 

CONGENER 

 

FISH TOXICITY 

EQUIVALENCY 

FACTOR VALUES29 

3,3,4,4-Tetrachlorobiphenyl (77)11 0.0001 

 3,4,4,5-Tetrachlorobiphenyl (81) 0.0005 

2,3,3,4,4-Pentachlorobiphenyl (105) <0.00000530 

2,3,4,4,5-Pentachlorobiphenyl (114) <0.000005 

2,3,4,4,5-Pentachlorobiphenyl (118) <0.000005 

2,3,4,4,5-Pentachlorobiphenyl (123) <0.000005 

3,3,4,4,5-Pentachlorobiphenyl (126) 0.005 

2,3,3,4,4,5-Hexachlorobiphenyl (156) <0.000005 

2,3,3,4,4,5-Hexachlorobiphenyl (157) <0.000005 

2,3,4,4,5,5-Hexachlorobiphenyl (167) <0.000005 

3,3,4,4,5,5-Hexachlorobiphenyl (169) <0.000005 

2,3,3,4,4,5,5-Heptachlorobiphenyl (189) <0.000005 

 

Because congener-specific fate and transport data are not available for each of the dioxin-like 

PCBs listed in Table 2-1 of Volume I and Table D-7, the fate and transport properties of Aroclor 

1254 should be used in exposure modeling.  

 

7.2.1.1 Exposure Assessment for Community Measurement Receptors 

 

To evaluate the exposure of water, sediment and soil communities to dioxin-like PCBs, a media-

specific TEQ should be calculated.  The TEQ is the sum of each congener-specific concentration 

(in the respective media to which the community is exposed) multiplied by its corresponding 

congener-specific TEF value derived for fish (Table D-7).   

 

The TEQ for community measurement receptors exposed to dioxin-like PCBs should be 

calculated as indicated in the following equation:  

 

TEQ =  (Cmi x TEFi) Equation D-5 

 

Where: 

 

TEQ = Toxicity equivalency quotient (µg/L [water] or µg/kg [dry weight soil or 

sediment]) 

 
28Modified from the Report from the Workshop on the Application of 2,3,7,8-TCDD Toxicity Equivalency Factors to Fish and Wildlife (US EPA, 

1998b).  

29The surrogate TEF values for fish are presented because invertebrate-specific TEF values have not yet been developed.  

30For all fish TEFs of “<0.000005,” use the value of 0.000005 as a conservative estimate. 
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Cmi = Concentration of ith congener in abiotic media (µg/L [water] or µg/kg [dry 

weight soil or sediment]) 

TEFi = Toxicity equivalency factor (fish) for ith congener (unitless) (Table D-7) 

 

Risk to the water, sediment or soil community is subsequently evaluated by comparing the 

media-specific TEQ to the media-specific toxicity value for 2,3,7,8-TCDD:  

 

Risk = TEQ / TRVTCDD Equation D-6 

 

where:  

TEQ = Toxicity equivalency quotient (µg/L [water] or µg/kg [dry weight soil or 

sediment]) 

TRVTCDD = Toxicity reference value for 2,3,7,8-TCDD (µg/L [water] or µg/kg [dry 

weight soil or sediment]) 

 

7.2.1.2 Exposure Assessment for Class-Specific Guild Measurement Receptors  

 

To evaluate the exposure of class-specific guild measurement receptors to dioxin-like PCBs, 

congener-specific daily doses of food items (i.e., abiotic media, plants, animals, etc.) ingested by 

a measurement receptor (DDi) should be converted to a TEQ-based daily dose (DDTEQ).  This 

DDTEQ can subsequently be compared to the 2,3,7,8-TCDD toxicity values for an evaluation of 

the risk posed to class-specific guild measurement receptors.  

 

The DDTEQ for each measurement receptor should be calculated as shown in the following 

equation:  

 

DDTEQ =  DDi x TEFMR Equation D-7 

 

Where:  

DDTEQ = Daily dose of PCB TEQ (µg/kg fresh body weight-day) 

DDi  = Daily dose of ith congener (µg/kg fresh body weight-day) 

TEFMR = Toxicity equivalency factor (specific to measurement receptor) (unitless) 

(Table D-8) 

 

Risk to the class-specific guild being evaluated can be estimated by dividing the DDTEQ by the 

toxicity reference value for 2,3,7,8-TCDD:  

 

Risk = TEQ / TRVTCDD Equation D-8 

 

Where:  

 

DDTEQ  = Daily dose of PCB TEQ (µg/kg fresh body weight-day) 

TRVTCDD = Toxicity reference value for 2,3,7,8-TCDD (µg/kg fresh body weight-day) 

 

 
31The congener-specific daily doses of food items ingested by a measurement receptor should be calculated in accordance with the most current 

EPA and/or State guidance.  
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7.2.2 7.2.2 Other PCB Congeners 

 

In addition to the dioxin-like PCB congeners, the remaining PCBs should be evaluated like 

other bioaccumulating organic contaminants by assessing ecological risks to community- and 

class-specific guild measurement receptors.  The fate and transport properties of Aroclor 

125432 should be used in the exposure modeling when evaluating the risk from PCB mixtures 

containing congeners with equal to or greater than 4 chlorines in quantities greater than 0.5% 

of the total PCBs.  And the fate and transport properties of Aroclor 101633 should be used in 

the exposure modeling when evaluating risks from PCB mixtures containing less than 0.5 % of 

PCB congeners with more than 4 chlorines (see Table D-6).  

 

8.0 CONCLUSION 

 

PCBs, which are a class of organic compounds that are persistent in the environment, are toxic to 

both humans and biota. PCBs may in certain instances become contaminated with more toxic 

PCDFs and PCDDs.  Therefore, the potential presence of these compounds should also be 

evaluated and possibly investigated.   

 

Based on federal and state regulations and standards, the NMED recommends that PCB-

contaminated sediment/soils be remediated to either 1 mg/kg total PCBs or the most stringent of 

the calculated health risk-based concentrations in order to adequately protect human health and 

the environment.   

 

Unless soil/sediments are remediated to 1 mg/kg total PCBs, the risk posed by PCBs to human 

health and the environment should be evaluated using a risk-based approach.  All corrective 

action SWMU/AOCs impacted or suspected of being impacted by PCBs and having a potential 

for transport to a human or ecological receptor should be evaluated and monitored, as necessary, 

to protect human health and the environment.  

 

PCB concentrations in soil/sediments should also be protective of both surface water and ground 

water resources; PCB concentrations in surface water should not exceed 0.014 µg/L and PCB 

concentrations in ground water cannot exceed 0.5 µg/L (drinking water) or 0.5 µg/L in ground 

water with 10,000 mg/L or less total dissolved solids).   
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Executive Summary

W hen Pamela Davis was pregnant with her 
daughter Meaghan, she started to worry 
about contamination from lead paint in her

Hoboken, New Jersey home. She read stories about chemicals in baby dolls, 
pots, shower curtains and carpets. An article on the Internet warned that sip-
py cups were dangerous. A friend told her that the bright pink baby pajamas 
she had gotten as a gift were treated with toxic flame-retardants. Soon her en-
tire nursery seemed to pose mysterious threats to her unborn baby. Pamela 
felt trapped. 

If news stories and the Internet are to be believed, the dangers from 
chemicals are increasing, cancer stalks us at every turn and our children are 
vulnerable. Synthetic chemicals are essential for modern life, but our views of 
them are conflicted. We rely on chemicals to improve human health. Pharma-
ceuticals keep us healthy. Plastics are found in everything from toys to cars to 
medical supplies. Pesticides and herbicides boost food production and qual-
ity. It’s impossible to conceive of life in the 21st century without the materi-
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als and fuels that synthetic chemicals have made possible. But from soap to 
sunscreens, drugs to DDT, we are faced with an endless stream of confusing 
messages about the safety of chemicals we come in contact with every day. 
The synthetic ingredients that make up many products suggest the unknown, 
and like many of us, Pamela Davis processes that as fear. “Once you’re aware of 
one thing it just spreads and you start questioning everything,” she said. “You 
can drive yourself absolutely crazy trying to keep your baby healthy.”

Considering the conflicting narratives, the public has difficulty distin-
guishing between useful and benign substances in products and those that 
could pose dangers when misused. Highly publicized reports of environmen-
tal, chemical and pharmaceutical catastrophes—from the Exxon Valdez and 
BP oil spills to Bhopal to thalidomide—are mixed interchangeably with exag-
gerations and scare stories about chemicals found in common plastics or in 
our homes. Belief in the relative benefits of chemicals, trust in the industries 
that produce them and confidence in government regulators have never been 
lower. Corporations that produce chemicals are often portrayed as greedy and 
indifferent. Questions persist about the government’s ability to exercise its 
oversight responsibilities. 

The perceived risk posed by common chemicals has grown even as re-
search has raised doubts about the assumed links of many chemicals to can-
cer. Lifestyle factors like a lack of exercise, smoking, alcohol consumption and 
eating habits that lead to obesity contribute far more to the overwhelming 
majority of cancers, while the misuse of chemicals is believed to trigger only a 
few percent of the cases at most. Yet, the chemophobia epidemic keeps gain-
ing momentum. 

How does the public adjudge hazard, safety and risk? How safe is safe? 
Media perceptions and government regulations are often shaped by a fervor 
fed by misconceptions about the widespread dangers of common chemicals. 
An illusion has developed that chemicals can be divided into categories of 
“safe” versus “unsafe.” But any substance, even food and vitamins, can be 
harmful if we consume too much of it. Safety is relative, depending on the 
frequency, duration and magnitude of exposure. This obsession with chemi-
cals is unhealthy. Serious health challenges need to be forcefully confronted, 
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but the resources devoted to challenging and removing relatively innocuous 
chemicals and developing substitutes—substances that have often not been 
scrutinized as much as the chemicals they would replace and thus confer an 
illusion of safety—divert us from addressing known health risks. This chemo-
phobia can result in the opposite of what was intended: a decrease rather than 
an increase in public health. 
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Introduction

T he public misunderstanding of chemicals and 
risk has arisen due to variety of factors: advances 
in analytical chemistry allowing the detection of

 ever smaller amounts of substances; evolution of the Internet and social me-
dia; emergence of environmental advocacy organizations staffed with com-
mitted activists but often few scientists; uncritical or outright biased reporting 
about claims that synthetic chemicals are inherently risky; industry capitula-
tion to campaigns against their products; government inclination to respond 
to exaggerated claims in politically safe but scientifically unsound ways; and 
the erosion of public trust in authority, including of government, industry and 
the scientific community.

Chemical manufacturing is estimated to be a $3 trillion global enterprise. 
The U.S. Environmental Protection Agency (EPA) estimates that there are 
84,000 synthetic substances in use in the world today. Chemicals are used to 
make a wide variety of consumer goods, as well as products for the medical, 
agricultural, manufacturing, construction and service industries. The boom 
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5Introduction

started in the early 20th century and accelerated in the 1920s and ’30s with 
advances in technology leading to the creation of new forms of plastics, in-
cluding nylon and synthetic rubber, made from petrochemicals. The use of 
newly developed chemicals played an important role in the Allied victory in 
World War II. 

In the postwar years, a country on the cusp of sustained prosperity em-
braced scientists and industry as architects of innovation. The 1950s brought 
affluence to more Americans, leading to an increased demand for consumer 
goods, from energy and detergents to plastic, rubber and fibers. A sophisti-
cated pharmaceutical industry arose. Agribusiness grew rapidly in response 
to both public concern about feeding the world—the Green Revolution was 
made possible by the advent of pesticides and synthetic fertilizers—and the 
desire for fruits and vegetables year-round. It was an era of growing abun-
dance and chemicals were viewed as essential components of this consump-
tion revolution. 

But the complexity of modern life gradually intervened. Dramatic growth 
laid bare the inadequacy of certain public protections. Corporations, the 
engines of progress, were also the main source of industrial pollutants that 
fouled our air, water and soil. Legitimate concerns emerged over the use of 
chemicals on farm products and in the making of consumer goods and drugs. 
Highly sophisticated detection techniques that measure minute levels of toxic 
chemicals in blood and urine helped fan anxiety. Fifty years ago, science could 
isolate a trace chemical from a capful dumped into a swimming pool; now we 
have instruments that can identify that same chemical in the parts per trillion 
in Lake Erie. 

In response to the growing impact of chemicals, numerous federal agen-
cies, most notably the EPA, which regulates chemicals in the environment, 
and the Food and Drug Administration (FDA), which regulates foods and 
drugs, were founded or expanded. The Centers for Disease Control (CDC) 
and the Occupational Health and Safety Administration (OSHA) also evalu-
ate potentially hazardous chemicals, particularly those that cause, or might 
cause, cancer. These agencies have evolved in a climate of increasing public 
mistrust to address the growing complexity of modern production and con-
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sumerism. Most industrial countries have comparable oversight bodies. To-
day, there are 170 synthetic chemicals or exposure circumstances that have 
been classified by one such agency, the International Agency for Research on 
Cancer (IARC), as known or probable human carcinogens. 

Numerous chemicals—natural and synthetic—have been indentified in 
the environment as dangerous at elevated levels of exposure and for which 
genuine caution is warranted. For example, lead exposure can lead to neu-
rological problems, including seizures, coma or death, which is why its use 
is tightly regulated. Many workers exposed to asbestos, another natural sub-
stance, developed lung disease and cancer because its toxic effects were not 
known, regulations were lax, ventilation systems were inadequate, and they 
did not wear protective clothing. Workers who handle almost any chemical in 
high enough concentrations need special protections. But even a highly toxic 
chemical should not necessarily be banned outright; that decision should be 
based on where and how a chemical is used and at what concentrations. Its 
potential risks must be balanced against its demonstrated benefits.

The public controversy, however, exists over relatively common chemi-
cals found at minute levels supposedly lurking in our foods and in everyday 
consumer products. Lurid headlines, such as “Alarming Body Burden Results: 
Tests Reveal 300 Chemical Compounds in Newborn Babies” (Lance 2008) 
or “89 of 116 Chemicals Detected in Americans’ Blood and Urine” (Brown 
2009), used alarmist language. Although advocacy groups play an important 
role in focusing public attention on potential environmental hazards, some 
NGOs (non-governmental organizations) consistently exaggerate the threats, 
going so far as to portray our houses, schools, hospitals and workplaces as 
toxic cauldrons. By their measure, questionable substances can be found in 
meats and fish, on fruits and vegetables. The bottled water industry, created 
because people feared contaminants endanger our tap water, now finds itself 
under scrutiny for selling water in plastic containers made with chemicals that 
modify our hormones. Cookware and plastic wrap, sippy cups and the cans 
used to package long-shelf life foods are portrayed as serious hazards. Danger 
looms in cosmetics, toothpaste and cleansers. Carpets, drapes and cabinetry 
are sources of alarm. The list goes on and on. 
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While scientists may scoff at this caricature of risk and the implication 
that chemicals are inherently dangerous, such stories are the calling card of 
many advocacy campaigns and are given credence in the media. Even as you 
read this, people are snapping up the latest scare treatise, No More Dirty Looks, 
which, according to Time magazine, “unmasks the toxic ingredients in main-
stream chemicals.” (Walsh 2010) 

Even as the hard evidence suggest Americans have never been safer when 
it comes to exposure to chemicals and drugs, many people mistakenly believe 
we face more environmental hazards now than at any point in history. That’s 
understandable. Over the years, the public has been traumatized by oil spills; 
the thousands of deaths and injuries associated with the methylmercury con-
tamination of Minamata Bay in Japan by the Chisso Corporation from 1932 
to 1968; the explosion at a Union Carbide pesticide plant in Bhopal in 1984; 
and occupational exposures to vinyl chloride, benzene and aniline dyes. The 
problems caused by the drug thalidomide, which was withdrawn in 1961, left 
deep scars. Numerous drugs have been withdrawn in recent years because of 
health concerns such as cardiovascular toxicity (e.g. Vioxx/Rofecoxib; fenflu-
ramine, with fentermine called Fen-phen), liver damage (e.g. Trovan/Trova-
floxacin) or other ill effects, some not sufficiently identified during trials.

Less clear-cut are controversies over exposure to environmental chemi-
cals such as Agent Orange (a Vietnam-era defoliant that contained a dioxin 
compound), PCBs (polychlorinated biphenyls, found in industrial fluids) or 
the pesticide DDT (dichlorodiphenyltrichloroethane), in which scientists 
have modified or even reversed their assessments of toxicity. Equally prob-
lematic are reports about the purported dangers of chemicals that we encoun-
ter regularly in common products, such as BPA (bisphenol A) and phthalates 
used in plastics; the industrial surfactant PFOA (perfluorooctanoic acid also 
known as C8), PBDE (fire retardant compounds polybrominated diphenyl 
ethers) and atrazine, an herbicide.

Unfortunately, scientific literacy in the United States is abysmal. On the 
200th anniversary of Charles Darwin’s birthday, a Gallup poll found that only 
4 in 10 Americans believed in the science of evolution (Gallup 2009). Many 
journalists do not have the training or sophistication to put complex science 
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issues in context. Media stories and Web posts often demonize commonly 
used chemicals that scientists and regulators have found to be perfectly harm-
less. Unwarranted fears are intensified by the myth that “nontoxic” and “green” 
chemicals exist that can replace the allegedly risky ones. These narratives are 
bolstered by the mistaken belief that the presence of a synthetic chemical at 
any concentration is dangerous. The trace of a chemical in the air, water or 
even in our urine or blood is in itself not necessarily something to be con-
cerned about. The Renaissance physician Paracelsus crystallized the central 
tenet of toxicology, loosely translated as, “The dose makes the poison.”1 Our 
bodies and the environment are made up of thousands of chemicals, natural 
and synthetic, that theoretically could harm or kill us. Every chemical can be 
dangerous if the level of exposure is high enough. We need to weigh the ben-
efits that a chemical might bring against its potential toxicity—and at what 
dose or level of exposure. 

There are toxic threats in our environment and it’s important to identify 
them and take appropriate action, but the picture painted in some quarters 
far overstates the actual dangers. Regulation of chemicals is stricter and more 
effective than it’s ever been. There have been significant advances in technol-
ogy and ways of handling chemicals by industry. Only a trickle of new drugs 
makes it to market each year. In the case of pesticides, for example, the crop 
chemical industry estimates that only one in 139,000 new compounds sur-
vive the gauntlet from the chemist’s laboratory to the farmers’ fields. Each 
potential product that makes it into production undergoes some 120 sepa-
rate tests taking 8 to 10 years at a cost of as much as $184 million (CropLife 
America 2010).

The politics of contested science can be a messy business for everyone. 
The motivations of industry and self-proclaimed environmental white knights 
are not always transparent. Intentions are difficult to deconstruct when ide-
ology, financial incentives, academic reputations and public attention are in 
play. While scientists who accept private funding, even for a study of a sub-

1 The German axiom, Alle Ding’ sind Gift, und nichts ohn’ Gift; allein die Dosis macht, 
daß ein Ding kein Gift ist, translates more directly as, “All things are poison and nothing is 
without poison, only the dose permits something not to be poisonous.”
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stance that’s not at issue, risk being labeled by advocacy groups and academic 
scientists as “corrupt,” NGOs and university scientists who endorse exagger-
ated assessments of chemical risk are sometimes positioning themselves for 
government grants or publicity. 

Chemophobia is rising even while the actual danger of chemical contami-
nation or harm from everyday exposures, particularly in the workplace, has 
decreased sharply over the years. The very word “chemical” has become a hot 
button. A recent national poll by the University of Michigan found that the 
public rates “chemicals in the environment” almost as big a concern as teen 
pregnancy, alcohol abuse and child neglect, and far more dangerous than de-
pression or school violence (University of Michigan Child Health Evaluation 
and Research Unit 2010). Yet, researchers have found that more than 70 per-
cent of cancer cases can be linked to smoking and poor eating habits that lead 
to obesity, while exposure to chemicals causes only a few percent of the cases 
at most (Doll and Peto 1981). Perceptions about chemicals have become so 
distorted that many people are willing to forgo the unquestioned benefits of 
their use, such as in vaccines, because they believe that they could poison their 
children. The result is a society that is increasingly wary of chemicals and sci-
ence in general, and supportive of the removal from the market of many useful 
and in some cases irreplaceable chemicals—even when there is no evidence 
that they pose serious risks and the substances that replace them are often un-
tested. Moreover, out of political expediency, the government is often forced 
to respond to public scares by spending millions of dollars on amelioration, 
research and mitigation––money that often goes to organizations that have a 
financial incentive to maintain there are problems. If it’s later perceived that 
this money was ill used, the credibility of both scientists and the government 
are compromised––and the public interest was not served.
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The Rise of the  
Environmental  

Movement

I n the early years after WWII, the benefits of 
industrial chemicals and the positive role of industry 
in general, especially in improving the quality of life,

overshadowed environmental concerns. The agricultural revolution was 
transforming the world, bringing unanticipated levels of self-sufficiency and 
prosperity. Synthetic pesticides were hailed as modern miracles in the battle 
against pests, weeds and hunger. 

However, public attitudes toward what were then called conservation issues 
began to change. Pollution emerged as a serious problem. A noxious mix of sulfur 
dioxide, carbon monoxide and metal and coal dust descended on the Pennsylva-
nia town of Donora in 1948 and London in 1952, killed more than ten thousand 
and sickened more than 100,000. Los Angeles was regularly in the grip of a smog-
gy shroud. Fear of cancer—from pollution, radiation, agricultural chemicals, mys-
terious microbes in our food, water, whatever—escalated. It was the beginning of 
a long, gradual decline in the confidence of Americans in industry and the ability 
of government to protect them (American National Election Studies 2009).
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11The Rise of the Environmental Movement  

Evolution of the FDA

Growing concerns in the 1950s spurred legislative action to amend the 
quarter-century-old Federal Food, Drug and Cosmetic Act (FDCA) from 
which the FDA had emerged. Congress had passed the FDCA in 1938 after 
the poisoning deaths of more than 100 patients who ingested sulfanilamide 
medication in which diethylene glycol was mistakenly used to dissolve the 
drug and make a liquid form. “Safe tolerances” had been established for “un-
avoidable poisonous substances” but the rules were vague because of the ru-
dimentary science of the times. It became clear that the old laws did not ade-
quately address the consequences of the surge in the use of complex chemicals 
on farms and in foods and their possible implications for human health.

In 1954, Congress passed the Miller Pesticide Amendment, which set safe 
tolerances for pesticide residue on raw fruits and vegetables. The Food Ad-
ditives Amendment, passed four years later, in 1958, required premarketing 
clearances for substances intended to be added to food. Prior to that legis-
lation, the FDA had to prove an additive was potentially harmful before it 
could obtain a court order banning its use. This law shifted the responsibil-
ity to prove safety to the manufacturer, even though “safety”—the absence of 
risk—cannot be “proven” by science.2 The amendment included the Delaney 
clause that effectively banned any food additive that was shown to cause can-
cer in any species: 

“No additive shall be deemed to be safe if it is found to induce can-
cer when ingested by man or laboratory animals or if it is found, 
after tests which are appropriate for the evaluation of the safety 
of food additives, to induce cancer in man or animals.” (Merill 
1997)

This law broke new ground as it invoked science as the way to assess risk, 
but it was problematic for other reasons. The language of the clause implies 
that the results of cancer studies in nonhuman species, such as rodents, could 

2 The limit of detection always determines the extent of what we mean by safety, and we 
cannot prove the absence of something only its presence.
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be assumed to apply to humans, thus resulting in bans when only minute 
levels are found. The Delaney clause also contradicts the central rule of toxi-
cology: “the dose makes the poison.” It established the scientifically suspect 
notion that dose doesn’t always matter. In effect, the government legitimized 
the use of very high-dose studies in which animals were fed hundreds or even 
thousands of times more of a chemical than humans could possibly consume, 
without clear evidence that the effect on rodents correspond to the effect of 
low dose exposure on humans. (The Delaney clause remains operative today, 
but is followed only in part because evolving analytical techniques enable 
chemists to detect chemicals of interest in food or water at levels a billion to 
a trillion times lower than was possible in 1958. For example, if it’s shown 
that a regulated food additive does not cause cancer but contains a trace level 
impurity added during processing that does induce cancer when tested sepa-
rately, the de minimis trace constituent would not result in the additive being 
banned.)

The new zero-tolerance legislation led to the country’s first national can-
cer panic. Only weeks before Thanksgiving 1959, miniscule traces of a syn-
thetic herbicide that had been found to cause cancer in rodents exposed to 
high doses were detected in cranberries grown in Oregon and Washington. 
That set off a media scare. In the hysteria, the Secretary of Health, Education 
and Welfare announced: 

“The Food and Drug Administration today urged that no 
further sales be made of cranberries and cranberry products 
produced in Washington and Oregon in 1958 and 1959 be-
cause of their possible contamination by a chemical weed 
killer, aminotriazole, which causes cancer in the thyroids of 
rats when it is contained in their diet....” 

The sale of cranberries crashed that holiday season, devastating the 
industry. It was pointed out that one would need to eat 15,000 pounds of 
cranberries every day of one’s life to match the dose the rodents were fed, 
but reason was lost in the hysteria of the moment. The fears subsided when 
presidential hopefuls John Kennedy and Richard Nixon made a point of 
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eating cranberries and respected scientists spoke out to reassure the public 
(Life 1959).

The cranberry scare of 1959 was followed two years later by a legitimate 
crisis involving thalidomide, a sedative. Responding to one of the biggest 
medical tragedies of modern times, the government ordered the drug with-
drawn from the market in 1961 after it was found to cause birth defects (Lenz 
1998). The incident led to much stricter testing on pharmaceuticals and pes-
ticides before they could be licensed and fed concerns that federal agencies 
might not be up to the task of overseeing potentially dangerous drugs and 
chemicals.

Silent Spring

The catalyzing event for the modern environmental movement was the 
publication of Rachel Carson’s Silent Spring in 1962 (Carson 1962). Carson 
had worked for years at the U.S. Fish and Wildlife Service, eventually becom-
ing the chief editor of that agency’s publications. She argued in her book that 
uncontrolled and unexamined pesticide use was harming and even killing not 
only animals and birds, but also humans. She indicted industry and the fed-
eral government. The book kicked off a public dialogue about the affects of 
chemicals on wildlife and the environment. 

Carson’s primary target was dichlorodiphenyltrichloroethane (DDT), 
an insecticide then in widespread use in areas of the world where malaria 
was endemic, because of its effectiveness in controlling disease-carrying 
mosquitoes. Testing by the U.S. Public Health Service and the FDA’s Di-
vision of Pharmacology had found no serious human toxicity from DDT, 
and the chemical’s inventor was awarded the Nobel Prize in 1948. At the 
time of the book’s publication, DDT had become an essential health weap-
on around the world, saving millions of lives each year. Carson alleged that 
DDT was harming eagle and falcon eggs by thinning shells, which could 
lead to fewer hatchlings. The title of her book was meant to evoke a spring 
season in which no bird songs could be heard because they had all vanished 
as a result of pesticide abuse.
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In 1955 the American Cancer Society had predicted, “Cancer will strike 
one in every four Americans rather than the present estimate of one in five.” 
Seven years later, Rachel Carson would cleverly call her chapter on DDT 
and human cancer “One in Four.” Even people who did not care much about 
wildlife cared a lot about their own health and the health of their children. 
The greatest cancer threat, of course, is not from environmental chemicals 
but from cigarettes. One of Carson’s primary sources was Wilhelm Hueper, 
chief of environmental cancer research at the National Cancer Institute 
(NCI) and one of the leading researchers in this area. Hueper was so con-
vinced that trace exposures to industrial chemicals were the major cause 
of cancer in humans that he focused far less attention on tobacco usage, 
which is now recognized as a far greater threat. The dangers of tobacco were 
addressed comprehensively in the 1964 report by the U.S. Surgeon Gen-
eral causally linking smoking to lung cancer (Public Health Service 1964). 
The tobacco industry responded defensively with a powerful disinforma-
tion campaign, further undermining the public’s trust in corporations. That 
helped give credence to one of the central arguments of the environmental 
movement: industry was putting profits ahead of the health of people and 
the planet. 

Silent Spring may have been thin on the science of chemicals and cancer 
but it was a powerful and emotional tour de force for those who believed that 
environmental issues were being overlooked. The 1960s were marked by a 
growing sense that the government and “Corporate America” were aligned 
and indifferent to environmental challenges. A perception took hold that 
man himself as well as trees and wildlife were an endangered species. The 
cognoscenti began using an arcane term—ecology—in reference to a sci-
ence of the environment, then still in its infancy.

As the decade drew to a close the Nixon Administration, already on the 
defensive because of Vietnam and a budding recession, found itself deal-
ing with a number of high profile environmental challenges. When people 
witnessed on television the defoliation chemicals used in the jungles of In-
dochina, they became even more receptive to the environmental concerns 
advanced by Carson, consumer advocate Ralph Nader and others. Legiti-
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mate concern over air and water pollution began spreading in widening ed-
dies. Federal regulators faced increasing pressure from a skittish public to 
respond to concerns over the environment and public health even in cases 
where the science did not justify intervention.

What’s now often referred to as the “cyclamate scare” is a case in point. 
The popular artificial sweetener cyclamate, which had been designated as 
GRAS (Generally Recognized as Safe) since the 1950s, came under scru-
tiny in 1969, when a study found that eight out of 240 rats fed a mixture of 
saccharin and cyclamates developed bladder tumors. The rats had been fed 
high-dose levels comparable to humans ingesting 350 cans of diet soda per 
day for months. No other labs could reproduce these findings, which are in 
themselves of questionable significance. But modest concerns erupted into 
a national scare when an FDA scientist went on network television display-
ing pictures of chick embryos that suffered from severe birth defects after 
being injected with cyclamates (Henahan 1977).

With the Delaney clause in effect, government regulators believed they 
had little wiggle room. “We recommend the cyclamate ban because of the 
law, not because there is any reason to believe that it causes cancer in man,” 
said one of the reviewers (Science News 1969). Spurred by a public outcry 
orchestrated by consumer activists, including Nader’s Public Interest Re-
search Group, the FDA banned cyclamates (Price 1970). The success of the 
anti-cyclamate campaign led to the publication of the Nader-inspired book, 
The Chemical Feast (Turner 1970), which raked the FDA for not regulating 
“dangerous” food additives.

The alarmism served to reinforce the unscientific standard that high-
dose studies on animals are automatically applicable to humans. It also le-
gitimized the use of scientists to endorse politicized policy judgments, a 
disturbing but persistent pattern that undermines the confidence of the 
public in supposedly independent scientific experts. Cyclamates remain 
banned from food products in the United States, although the FDA has 
since publicly stated that a review of all available evidence does not implicate 
the sweetener as a carcinogen in mice or rats.

E24.24



16 Scared to Death: How Chemophobia Threatens Public Health

Birth of the EPA

Among the burning issues of the day were the alleged threats of DDT and 
the emerging concern that population growth posed a catastrophic threat to 
the future of the planet. One of the first of the new wave of environmental 
advocacy groups, the Environmental Defense Fund (now known as EDF or 
Environmental Defense), was founded in 1968 to specifically target DDT, and 
it helped launch legal actions against the use of the pesticide. 

The bestselling 1968 book The Population Bomb, by entomologist Paul 
Ehrlich, blamed uncontrollable growth in what was then called “The Third 
World” as the seed of all environmental problems. He also railed against DDT. 
The issue of restricting population growth played into the debate over DDT 
in a disconcerting way. The public was confronted with Ehrlich’s (erroneous) 
conviction that hundreds of millions of people would starve to death in com-
ing decades because of overpopulation. The issue of withdrawing anti-malar-
ial programs as a means of population control was broadly discussed and de-
bated. In his book, Ehrlich himself appeared to “blame” DDT for saving lives, 
exacerbating the overpopulation problem: 

“The introduction of DDT in 1946 brought rapid control 
over the mosquitoes which carry malaria. As a result, the 
death rate on the island [of Ceylon] was halved in less than a 
decade. … Death control [DDT use] did not reach Colombia 
until after World War II. … Each child adds to the impossible 
burden of a family and to the despair of a mother.” (Ehrlich 
1968)

However unintended, the exaggerated fears about population growth 
and environmental degradation led many conservationists to propose the un-
thinkable. They actively began debating Ehrlich over what he called a “death 
rate solution” to these combined problems. A debate erupted over banning 
DDT as a way to cull the world population through denying life-saving spray-
ing of agricultural chemicals (Roberts 2010).

In response to growing public concern about a variety of environmental 
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challenges, the White House set up a Citizens’ Advisory Committee on En-
vironmental Quality in 1969. That was followed by the signing on January 1, 
1970 of the National Environmental Policy Act, which led to the formation 
of the EPA. The agency assumed regulatory control of pesticides from the 
U.S.D.A. Not surprisingly, deciding the fate of DDT was the first task of the 
newly created EPA. 

Scientists urged caution. The National Academy of Sciences reviewed the 
evidence in 1970, declaring, “In little more than two decades, DDT has pre-
vented 500 million human deaths due to malaria, that would otherwise have 
been inevitable.” The EPA hearing examiner, Judge Edmund Sweeney, who 
listened to eight months of scientific testimony about the risks of DDT, came 
to a similar conclusion about its benefits, found little scientific evidence of its 
potential harm and recommended against a ban. “DDT is not a carcinogenic 
hazard to man,” he wrote:

“… DDT is not a mutagenic or teratogenic hazard to man. The 
uses of DDT under the registration involved here do not have 
a deleterious effect on freshwater fish, estuarine organisms, 
wild birds or other wildlife. The adverse effect on beneficial 
animals from the use of DDT under the registrations involved 
here is not unreasonable on balance with its benefit. The use 
of DDT in the United States has declined rapidly since 1959. 
The Petitioners have met fully their burden of proof. There is 
a present need for the continued use of DDT for the essential 
uses defined in this case. … [N]ecessary replacements would 
in many cases have more deleterious effects than the harm 
allegedly caused by DDT.” (EPA 1972b) 

Two months after the Judge’s hearings, EPA Administrator William Ruck-
elshaus, facing tremendous pressure from the media and NGOs, set aside the 
Judge’s findings and announced a broad ban on DDT. He cited the results of 
high-dose studies in rodents and invoked the principles outlined in the Del-
aney clause, which until that time had only been used in assessing the carci-
nogenicity of food additives. The likelihood that a ban would cost lives, which 
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could have been assessed by cost-benefit or risk-risk analysis, was not consid-
ered. When it came to chemicals, perceptions and not scientific evidence was 
now driving the regulatory system. Today, 40 years after DDT was phased out, 
there is still no persuasive evidence that it is a human carcinogen or can be 
held responsible for widespread harm to wildlife. 
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Environmental Risk

T he first Earth Day was held in 1970 shortly 
before the founding of the EPA. With pollution 
and the environment front and center in the 

public’s mind, Congress responded by passing laws and launching new reg-
ulatory agencies. Key was the passage of the Toxic Substance Control Act 
(TSCA) of 1976. TSCA set up guidelines giving the government authority 
to determine if industrial chemicals present “an unreasonable risk of injury to 
health or the environment, and to take action with respect to chemical sub-
stances and mixtures which are imminent hazards” (EPA 2010). It specifically 
targeted polychlorinated biphenyls (PCBs). Over the years, the core statute 
has never been reauthorized or amended, but new oversight responsibilities 
have been added to regulate four additional chemicals: chlorofluorocarbons, 
dioxin, asbestos and hexavalent chromium. TSCA included a cost-benefit 
clause requiring that the government’s authority should be exercised “in such 
a manner as not to impede unduly or create unnecessary economic barriers to 
technological innovation.” 
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In the late 1970s and early 1980s, two dramatic incidents—at Love Ca-
nal, New York, and at Times Beach, Missouri—focused the attention of the 
U.S. public on industrial chemicals in the environment. In 1978 the area 
around Love Canal, a neighborhood near Niagara Falls, was found to be con-
taminated by a variety of chemicals—21,000 tons of toxic waste buried by the 
Hooker Chemical Company. The public was soon inundated with stories that 
children born in the community had high rates of birth defects and cancer 
(Heath, et al. 1984). A subsequent state-of-the-art study by the CDC and two 
other national laboratories rejected the publicly accepted claim that the tox-
ins caused serious genetic abnormalities or any marked rise in disease. “This 
[study] suggests that no specific relationship existed between exposure to 
chemical agents in the Love Canal area and increased frequency of chromo-
some damage,” the study asserted (Boffey 1983).

In 1982, the news was filled with reports that concentrated levels of di-
oxin had been discovered throughout the town of Times Beach. Later, PCBs 
were also found in the soil. Panic spread through the town, with every illness, 
miscarriage and death of an animal attributed to the chemicals. The EPA or-
dered an evacuation in 1983 and eventually declared it uninhabitable (Sun 
1983). As concerns mounted, President Ronald Reagan formed a dioxin task 
force. At the time, dioxin, which was being blamed for a variety of illnesses 
in Vietnam veterans, was labeled as “the most toxic chemical synthesized by 
man,” based on high-dose studies in guinea pigs. 

Subsequent research on the effects of dioxin on humans and other mam-
mals led to a revised belief that its toxic effects are limited. No illnesses in 
Times Beach were ever linked to the presence of chemicals. Many experts 
question whether the razing of the town was necessary, citing the example 
of Seveso, Italy, the site of a disaster in 1976 that exposed residents to far 
higher levels of dioxin than those found in Times Beach and whose subse-
quent cleanup allowed the city to continue to exist. The Love Canal incident 
led directly to the 1980 passage of the Comprehensive Environmental Re-
sponse, Compensation, and Liability Act (CERCLA), commonly known as 
Superfund (U.S. Congress 1980). Superfund not only sensitized people to 
the widespread nature of chemical contamination of soil and groundwater 
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but also led them to recognize that hazardous wastes were not only produced 
by industrial facilities but also by individuals in their homes, as a number of 
Superfund sites were local landfills. Battles over what to do with landfills have 
lasted years and in some cases decades. The designation of Superfund sites 
underscored a belief in the ineptness of government and inflamed the percep-
tion that the public was not being adequately protected. 

Responding to growing concern about chemical contamination, some 
states and localities, convinced that the federal government was not acting 
proactively enough, took their own legislative actions. In the most striking 
example, in 1986 Californians voted for Proposition 65, the Safe Drinking 
Water and Toxic Enforcement Act, which ushered in a sweeping regulatory 
process for identifying and publicizing “toxic chemicals” (California Office 
of Environmental Health Hazard Assessment 2010). Proposition 65 requires 
the governor to publish a list of potentially dangerous chemicals. This list, 
which now includes hundreds of chemicals, many of which are not harmful 
at typical exposure levels, must be updated at least once a year. It has led to 
almost ubiquitous signs in gasoline filing stations, tire stores, workplaces, re-
tail establishments (e.g. Macys, Home Depot) and even at airport boarding 
ramps warning that everyday products or chemicals are “known to the state of 
California to cause cancer, birth defects or reproductive harm.” The net effect 
initially was to stir anxiety among Californians and open up opportunities for 
class action suits, without any measurable benefits to public health. 

Carcinogenic Risk

Until the 1960s, the standards used by the government to determine 
safety levels and manage risk were hopelessly imprecise and subjective. To 
establish safe levels for substances in the air, water or soil, regulators needed 
to move from the black/white qualitative approach of either allowing or ban-
ning a substance to a quantitative approach of determining how much of each 
substance might be allowable in each environmental situation. As the health 
focus on cancer and the fears associated with chemicals escalated, noted 
University of California at Berkeley chemist Bruce Ames invented a quick, 
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inexpensive test (now known as the Ames test) to evaluate toxicity. His test 
determines if any chemical of interest might cause mutations in the DNA of 
bacteria in vitro (in a controlled environment, such as in a test tube or Petri 
dish). If mutations were observed then that particular chemical was consid-
ered likely to be a carcinogen in lab animals. 

The Ames test and the development of rodents modified to be cancer-
prone led to an ultra-cautious toxicological evaluation system and chemical 
regulatory process. Over the years, what many scientists believe is a convolut-
ed multi-stage model has been developed to extrapolate animal risk to people:

(1) Scientists do a biological assay (the Ames test) on some pesticide, 
food additive, preservative or other chemical to find out if it is mutagenic. It 
shows whether the DNA of the bacteria is altered in a significant way. 

(2) If the chemical is confirmed as mutagenic, studies are then under-
taken to determine what is called the “maximum tolerated dose” (MTD) of 
this chemical in rats or mice. The MTD is the amount of the chemical that 
almost kills a rodent (or almost achieves another parameter, such as suppress-
ing body weight.) It is a dose that, depending on the particular chemical, can 
be thousands to millions of times higher than a human could ever ingest in a 
lifetime. 

(3) Next, the rodents are fed just 10 percent less than the maximum toler-
ated dose daily for their entire one- to two-year lifetime. 

(4) However, many chemicals cannot be fed to rodents because the sub-
stances are so noxious at the dosages given. So scientists often use gavage 
(forced feeding into the animal’s gut every day, often by injection), which is 
not how humans are exposed to the chemical, compromising the meaningful-
ness of the test.

(5) After a year or two, the rodents are sacrificed and scientists count up 
the tumors the animals accumulated in various organs. Most of the rodents in 
the control group, fed a normal diet, will have tumors anyway because they 
have been bred to be cancer prone. So, if the test group of rodents fed—or 
more likely injected with—some chemical at the highest dose has an average 
of, say, four tumors per animal in a particular organ, and the control group 
has an average of only one tumor per animal, then the chemical being tested 
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is said to increase cancer incidence by 300 percent (statistical significance is 
factored in). This does not mean that such a study proves a chemical will cause 
adverse effects in rats, let alone in humans exposed under more realistic con-
ditions. Yet, this finding, designed as a first step in testing a hypothesis, often 
ends up in a headline or in a media release from one advocacy group or an-
other attempting to use preliminary research to support a cause or movement.

(6) Next, and often under pressure from the energized media and envi-
ronmental NGOs, a political body, such as the European Parliament or the 
U.S. Congress, or a regulatory body, such as the EPA, will classify and/or con-
firm this chemical as a likely human carcinogen, as if rodents were nothing 
more than miniature humans. 

(7) These agencies then establish an “acceptable” level of the chemical— 
the EPA calls it “an upper estimate of the risk”––using what’s known as the 
“dose-response curve,” which includes a large margin-of-safety factor based 
on mathematical models. In moving to this new quantitative approach, gov-
ernment scientists began employing high-dose rodent studies and the same 
basic assumptions implicit in the Delaney clause: equating these studies to 
estimates of what might happen to humans exposed to the same chemicals 
at low doses. But there are no validated biological models that quantify the 
relationship between the high-dose animal results and low exposure levels ex-
perienced by humans. 

Underscoring the relative arbitrariness of this process, the cutoff level is 
set differently by different agencies from country to country and even some-
times within a country. As in the case of the pesticide atrazine, these levels can 
vary by as much as 100 times. (The European safety cutoff level is 1 part per 
billion, while the World Health Organization sets it at 100 ppb.)

The result is that the scientific convention of setting one number to rep-
resent risk exaggerates the media and public perception of risk. Because only 
one number results from the assessment process, it is not surprising that, ig-
noring cautionary guidance by regulators, NGOs and the media select the 
country or agency with the tightest cutoff and then portrays this number as 
exact, as the best estimate of risk and as predictive of cancer incidence. But 
that misstates what a cutoff number means. As the EPA notes, “The actual 
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risk [from exposure to a chemical] may be significantly lower and may indeed 
actually be zero. It is important to recognize that the use of this model results 
in risk estimates that are protective, but not predictive of cancer incidence.” 
(EPA 1994) 

Employing this model, a range of chemicals, including aminotriazole, 
DDT, cyclamates and Alar, at one time or another, have been in the crosshairs 
of environmental groups because of supposed cancer-causing effects on hu-
mans. Toxicology studies are important in public health because epidemiolo-
gy is not very sensitive, as you cannot conduct experiments on humans. They 
serve as a basis for potency estimates and offer the opportunity to compare 
risks. However, the advantages of these studies must be balanced with their 
potential to exaggerate risk. High-dose effects do not necessarily occur at low 
doses and effects that occur in test species do not necessarily occur in humans 
exposed to the same agents. 

Non-Carcinogenic Risk

In recent decades, there have been numerous claims linking chemical 
exposures to a wide variety of illnesses besides cancer: asthma, autism, at-
tention deficit disorder, congenital malformations, sperm quality and quan-
tity decline, diabetes, heart disease, Parkinson’s and dementia, among others 
(Safer Chemicals, Healthy Families 2010). To evaluate risks from chemicals 
that might cause effects other than cancer, the EPA has developed an evalua-
tion model based on the general approach established by the Ames test. It as-
sumes the direct applicability of high-dose laboratory animal tests to humans 
with subjective additional safety factors built in. The EPA then determines at 
what level a chemical causes an adverse reaction in the animal most sensitive 
to that chemical when it is fed the chemical over the course of set period of 
time. The “safe” human exposure limit is set 100 times (or more; California’s 
Proposition 65 uses 1,000 times) below the highest dose that is not expected 
to cause an adverse reaction if continuously exposed to a certain chemical. 
When the data are incomplete, regulators factor in the additional uncertain-
ty by multiplying the safety factor, usually by 10 or even more, bringing the 
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safety margin, or margin of exposure, to 1,000 or more (10,000 times in the 
case of Proposition 65 listed chemicals; European regulators discuss a margin 
of exposure of 10,000 as sufficient for protection against “severe effects”, even 
carcinogenicity). So, for example, the safe level for adults would be set at 100 
times lower than what has shown to adversely impact the most sensitive labo-
ratory animal affected by that substance, while for children or pregnant wom-
en the safe dose level would be set 1,000 times or even 10,000 times lower to 
account for individual differences in humans. 

The EPA calls this the Reference Dose (Rf D). The term was originally 
known as the Acceptable Daily Intake (ADI), but it was criticized as poten-
tially misleading as it wasn’t clear who was judging acceptability. Today, the 
meanings of Rf D and ADI are synonymous. The Rf D is the amount of a 
substance that a person at a specific weight can take orally every day over a 
lifetime without any appreciable health risk (with the exaggerated margin-of-
error built in) (Barnes and Dourson 1988). Clearly, neither the Rf D nor the 
ADI identifies the amount of exposure that is known to cause adverse effects. 
It’s an outer limit that assumes a lifetime of high-level exposure and is calcu-
lated by dividing no-effect doses from animal studies by 100, 1,000, 10,000 or 
more. These levels are protective in the extreme. But as with cancer exposure 
levels, advocacy groups and the media often use these safe dose figures as if 
they are precise levels that when exceeded by even the tiniest amount present 
a health danger. 

Endocrine Disruptors

As toxicological research has become more refined, there has been an in-
creasing focus on the effects of chemicals and drugs on human reproduction, 
pregnant women, infants and children. Our hormonal systems are acutely 
sensitive to change. This heightened concern traces back to the thalidomide 
tragedy in 1961, which was followed a decade later by the diethylstilbestrol 
(DES) debacle. From about 1940 to 1970, the synthetic nonsteroidal estro-
gen DES was given to pregnant women under the belief it could treat preg-
nancy complications and losses. The FDA subsequently withdrew DES from 
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use in pregnant women when it was shown to cause malformed uteruses and 
rare vaginal tumors in females who had been exposed to this drug in utero 
(Herbst, Ulfelder and Poskanzer 1971).

Although these were only two drugs among many thousands on the mar-
ket, the seriousness of these problems fed a belief that the pharmaceutical 
industry could not be trusted, and the government was lax in its screening 
of drugs and chemicals and was not adequately exercising its regulatory au-
thority. Unrealistic expectations that drugs (and all chemicals) should be risk-
free have occasionally led to beneficial drugs being hastily removed from the 
marketplace. When reports circulate that someone, somewhere, has had an 
adverse reaction, there are reflexive calls for a ban and class action attorneys 
join the fray. 

That’s what happened in the case of Bendectin, a popular drug prescribed 
to treat nausea and vomiting during pregnancy. In 1983, an Australian re-
searcher linked it to a variety of disorders, including fetal malformation. The 
release of the initial study touched off a media frenzy and demands by NGOs 
that the government withdraw the drug. Lawsuits mounted. Throughout the 
crisis the drug remained legal under the trade name Diclectin in Canada and 
Europe, which stood by studies that had found the drug safe. But the belea-
guered manufacturer believed it had no choice but to pull it off the U.S. mar-
ket. Soon after it discovered that William McBride, the scientist who claimed 
to have found teratogenic effects (which could alter the development of the 
embryo or fetus) from using the drug, had falsified his research. The FDA 
subsequently found no links to birth defects and no cause for alarm (Kutcher, 
et al. 2003) (Willhite and Mirkes 2005). Because of the negative publicity, 
however, the drug was not reintroduced in the United States.

During the 1990s, based on studies of fish and rodents, some university 
researchers began focusing on the potential impact of chemicals that appeared 
in laboratory tests to mimic or impede the effects of endogenous hormones 
such as estrogen. That’s not in itself a cause for concern. Clover, some fruits, 
wheat and other flour and soy products (including fungal products at trace 
levels in wheat and other grains that are processed into bread, cereal pizza and 
even beer) can also potentially alter the way the hormones in our endocrine 
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system work. The natural chemicals that caused this effect were known objec-
tively and innocuously as endocrine mediators. 

By the early 1990s, some environmental activists and scientists began pro-
moting a novel hypothesis: Low doses of certain chemicals might have a more 
severe impact than high doses. They argued that the reproductive system of 
animals, including humans, might not be subject to the classic dose response 
curve; there could be a non-monotonic response (Richter 2007). Looking to 
distinguish the similar hormonal effects caused by synthetic chemicals, they 
coined the term “endocrine disruptors,” and the label stuck. The term was 
chosen as a branding slogan, not unlike campaigners on abortion issues label-
ing themselves “prochoice” or “prolife.” Who would want to risk “disrupting” 
the development of a newborn? The novel notion was promoted in the best-
selling book, Our Stolen Future: Are We Threatening Our Fertility, Intelligence 
and Survival? (Colburn, Dumanoski and Meyers 1996). The media and some 
scientists now use “endocrine disruption” interchangeably with the objective 
description “reproductive hazard,” even though it carries strong normative as-
sociations.

While some scientists believe there is persuasive evidence that certain 
common chemicals, such as the plastic additive BPA, can adversely affect hu-
man development, after more than fifteen years of research (Sharpe 2010) 
others believe endocrine disruption remains a hypothesis in search of data. 
The use of this novel paradigm has opened a new front against chemicals. Sub-
stances that have not been proven to be carcinogenic in humans at common 
levels of exposure—the pesticides DDT/DDE and dieldrin, dioxin, PCB, 
PBDE, and PFOA, for example—are now labeled potential endocrine disrup-
tors even though the hypothesis itself remains in question (Kamrin, The Low-
Dose Hypothesis: Validity and Implications for Human Risk 2007) (Kamrin, 
Bisphenol A: A Scientific Evaluation 2004).

The media and certain NGOs now carelessly link various substances to 
everything from human breast cancer to early puberty based on animal tests 
or trace levels found in the environment or in human blood and urine. No 
longer is it necessary for critics of chemicals to find evidence of actual harm; it 
is now sufficient to identify metabolic changes in laboratory animals in small-
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scale hypothesis-driven studies to justify extensive and expensive new tests, 
which sometimes lead to onerous regulations. The federal government and 
chemical manufacturers are often portrayed as colluding to protect industry 
profits at the cost of human health.

Green Chemicals—Natural v . Synthetic 

Many people who express concern about chemicals hold the mistaken 
belief that there are equivalent naturally occurring substitutes that are safer 
and as effective. Environmental groups have incorporated this argument in 
campaigns to ban various chemicals, proposing organic or “natural” substi-
tutes. But little publicity is given to the limited effectiveness of many natural 
substances or the fact that many natural chemicals can also cause “endocrine 
disruption” or cancer in farm and laboratory animals. 

Organic farming advocates maintain that so-called natural farming tech-
niques result in more nutritious crops. There is no scientific research sup-
porting that belief. The Agriculture Department pointedly “makes no claims 
that organically produced food is safer or more nutritious than convention-
ally produced food.” Scientists who systematically reviewed research over 
50 years conclude that organically produced foods, including crops and live-
stock, are not more nutritious than those produced conventionally (Dangour, 
et al. 2010) (Rosen 2010). Not using herbicides or pesticides can, in some 
situations, result in increased stress on plants. If threatened by weeds, insects 
or poor weather, a plant’s inborn response is to generate protective natural 
chemicals, including mycotoxins, which can be quite toxic, and potent car-
cinogens.

Scientists have vigorously attempted to develop effective green chemi-
cals—natural alternatives to synthetics known as biopesticides that can main-
tain the high yields and low prices upon so critical for mass food production. 
They have spent years researching the insecticidal properties of rosemary, 
thyme, clove and mint. According to Murray Isman, a leading researcher in 
this area from the University of British Columbia, herb-based pesticides have 
a broad range of action against bugs or weeds, in some cases killing them out-
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right. But Isman says that claims that natural pesticides can replace synthetic 
chemicals are wildly exaggerated. Because the essential oils made from these 
herbs tend to evaporate quickly and degrade rapidly in sunlight, farmers need 
to apply them to crops more frequently than conventional pesticides—some 
persist for only a few hours, compared to days or even months—making the 
process labor intensive and expensive. As they are generally less potent than 
conventional pesticides, they must be applied in higher concentrations to 
achieve acceptable levels of pest control.

For example, environmental scientists looking at compounds used to 
combat soybean aphids, a major destroyer of that crop, discovered that “the 
organic products were much less effective than … conventional pesticides at 
killing the aphids and they have a potentially higher environmental impact” 
(Bahlai, et al. 2010). Some biopesticides, such as the fungicide sulfur, may be 
more toxic or harmful than their synthetic counterparts. Natural pesticides 
also may be less selective in what they can kill while synthetic pesticides are 
developed to destroy only targeted pests. In sum, conventional pesticides re-
main the most effective and efficient way to control caterpillars, grasshoppers, 
beetles and other insects that feast on food crops (BBC 2009).

Because plants (unlike synthetic pesticides) don’t need to be lab-tested in 
order to be sold, there’s never been much economic incentive to analyze plants 
for carcinogenicity. It’s almost understandable that a romantic view has devel-
oped that plants and organic production are naturally safer. Unfortunately, it’s 
not true. So great is humanity’s ability to shield itself from most natural threats 
and so powerful is the spiritual call of nature that we tend to forget that nature 
can be dangerous. The poisonous plants used as herbicides in organic farming 
didn’t evolve that way out of perversity. By the logic of Darwinian evolution, 
repelling something that can kill is a good way to live longer and pass on your 
seeds—especially if you’re a plant and can’t flee your enemies. Plants have been 
producing their own pesticides for hundreds of millions of years. Some biopes-
ticides can present unique hazards. They are known as “microbial pesticides,” 
meaning that the pesticidal material is a fungus, or a virus or a bacterium, often 
with potential ill effects on humans (Muhawi 2004). As a result of attempts to 
promote the belief that any trace of a chemical that can cause cancer in animals 
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should be prohibited for human consumption, people cringe at the thought that 
produce might have some residues or that chemicals can be found in our blood 
and urine. Ironically, one of the original proponents of those scary characteriza-
tions was Bruce Ames, when he was a young scientist in the 1960s. After the 
development of his test in the 1960s, Ames became a favorite of environmental 
groups, who recruited him to help in campaigns to ban pesticides and herbi-
cides. In later years, in part because of the discovery that many natural substanc-
es thought to be harmless were also mutagenic, he reversed his original position 
and now campaigns against chemophobia. Today Ames is known for his efforts 
to educate those who reflexively believe that anything natural must automati-
cally be safer than anything synthetic. 

As bioanalysis grew in sophistication, Ames turned his sights toward the 
natural world. He identified 52 natural pesticides, and evaluated them the 
same way artificial pesticides are tested, using high-dose rodent studies. Of 
the 52 natural pesticides, 27 caused cancer. The 52 pesticides Ames studied 
are only a fraction of all natural pesticides, and most plants contain a variety 
of pesticides. As Ames wrote in a letter to Science after the Alar apple incident, 
“[I]t is probable that almost every fruit and vegetable in the supermarket 
contains natural plant pesticides that are rodent carcinogens”—and could be 
subject to a ban under the Delaney clause.3 He developed a relative index of 
toxicity that expresses the human potency of a carcinogen as a percentage of 
its potency to laboratory rats and mice. Using this index, the hazard from Alar 
in a daily lifetime glass of apple juice came to 0.0017%. In comparison, the 
possible hazard from natural hydrazines of consuming one mushroom a day 
was 0.1%, and that from aflatoxin in a daily peanut butter sandwich was 0.03% 
(Ames and Gold 1989). 

The public’s top concerns around eating are typically food poison-
ing, BPA, BSE (bovine spongiform encephalopathy or “mad cow” disease), 
growth hormones used in animals, animal feed, genetically modified (GM) 
food—and pesticides. But in today’s typical American diet, 99.99 percent of 

3  Alar was used in apple production as a growth regulator. The Natural Resources Defense 
Council, an environmental group, helped stir public concern in 1989 that led to the withdraw 
of the chemical. See p. 44.
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ingested chemicals (by weight) are natural. The average American eats 1 1/2 
grams of natural pesticides a day—about 10,000 times more than the amount 
of artificial pesticides consumed. For example, roasted coffee contains 826 
volatile chemicals. (Roasting causes the formation of new chemical com-
pounds.) Twenty-one of those coffee chemicals have been tested on rodents, 
and 16 cause cancer. A cup of coffee includes 10 milligrams of carcinogens. 
Among the foods highest in natural pesticides are cabbage, broccoli, collard 
greens, Brussels sprouts, brown mustard (extremely high), black pepper (very 
high), nutmeg, jasmine tea, rosemary and apples (without Alar) (www.pnas.
org/content/87/19/7777.full.pdf).

Some natural crops contain more pesticides than ones treated with syn-
thetics. All potatoes naturally contain solanine to protect them against blight. 
Solanine is a fat-soluble toxin that in high concentrations can cause halluci-
nations, paralysis, jaundice and death. Conventional supermarket celery con-
tains 800 parts per billion of the natural chemical psoralen. Created naturally 
when the celery is stressed, in high doses it’s a poison that can damage DNA 
and tissue as well as cause extreme sensitivity to sunlight in humans. Organic 
celery, grown without the aid of artificial pesticides, can contain as much as 
6,200 ppb psoralens—nearly eight times as much as celery harvested conven-
tionally (Moalem and Prince 2007). Farm workers who handle large quanti-
ties of the organic celery develop skin rashes and burns. By any rational stan-
dard of risk assessment, supermarket celery is safer to harvest and eat than the 
organic alternative. 

Does all this mean that we should give up organic celery or convention-
al apples or abandon a vegetarian diet altogether because we are exposed to 
high doses of natural pesticides? Not at all. The chemopreventive effects of 
the chemicals found in foods outweigh the carcinogenic impact of the natural 
pesticides. But it’s also true that, as Ames has written, “the carcinogenic haz-
ards from current levels of pesticide residue or water pollution are likely to be 
minimal relative to the background levels of natural substances. … My own 
estimate for the number of cases of cancer or birth defects caused by man-
made pesticide residues in food or water pollution—usually at levels hun-
dreds of thousands or millions of times below that given to rats or mice—is 
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close to zero” (Ames and Gold 1989). 
The cancer and chemical concerns ignited by Rachel Carson and Paul Eh-

rlich and perpetuated by some NGOs were definitively addressed in a 1996 
report from the National Academy of Sciences, Carcinogens and Anticarcino-
gens in the Human Diet (National Academies Press 1996). The NAS conclud-
ed that levels of both synthetic and natural carcinogens are “so low that they 
are unlikely to pose an appreciable cancer risk.” Anticipating the debate over 
the relative merits of green chemicals, the NAS found more danger in organ-
ics: “Natural components of the diet may prove to be of greater concern than 
synthetic components with respect to cancer risk,” the scientists wrote.

If pesticides are banned after being said to be dangerous using high-dose 
rodent exposure studies, we are almost certainly trading a miniscule risk (can-
cer from artificial pesticide residues) for a more certain one. As well-tested 
artificial pesticides are phased out, there will be greater crop losses caused by 
insects, healthy fruit and vegetables will become more expensive, and some 
people will not be able to afford to eat them as often and will substitute carbo-
hydrates. Overall health will suffer and some people in fact will develop seri-
ous complications from obesity, including diabetes. There is no such thing as 
a risk-free world. Every choice is a trade-off of one risk for another. Assessing 
environmental risk, particularly in our food supply, will remain a major chal-
lenge going forward (Krewski, et al. 2009). Toxicity testing and risk extrapo-
lation remain matters of art as well as science. 
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Politics of the  
Precautionary  

Principle

G rowing out of the environmental and Green 
movements in Sweden and Germany in the 
1960s and ’70s, the precautionary principle 

has become a key environmental regulatory standard in Europe and Cana-
da. Although scientific advisory panels often resist applying the principle, 
its influence is growing year by year. It has flourished in international policy 
statements, conventions dealing with high-stakes environmental concerns in 
which the science is uncertain, and national strategies for sustainable devel-
opment. Instead of acting against environmental risks after they have been 
assessed, it suggests that it is more appropriate to take regulatory action when 
there is only the hint of danger. It’s a hazard standard, one that is gradually 
replacing the risk standard still used (but under assault) in the United States 
and in most of the rest of the world when it comes to chemical regulation.

The primary foundation of the precautionary principle and the basis for 
many globally accepted definitions emerged out of the work of the Rio Confer-
ence, or “Earth Summit,” in 1992. Principle No. 15 of the Rio Declaration notes:
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“In order to protect the environment, the precautionary ap-
proach shall be widely applied by States according to their 
capabilities. Where there are threats of serious or irreversible 
damage, lack of full scientific certainty shall not be used as 
a reason for postponing cost-effective measures to prevent 
environmental degradation” (United Nations Environment 
Programme 1992). 

Subsequently, a group of activists, the Science and Environmental Health 
Network (SEHN), met in 1998 at what was known as the Wingspread Con-
ference to further lower the threshold from “threats of serious or irreversible 
damage” to “threats of harm.” As in the UNEP definition, and subsequently as 
it’s used today, lack of scientific evidence or certainty cannot be cited to block 
its invocation:

When an activity raises threats of harm to human health or 
the environment, precautionary measures should be taken 
even if some cause and effect relationships are not fully es-
tablished scientifically (Science and Environmental Health 
Network 1998).

In its crudest application the precautionary principle has been invoked as a 
means of deciding whether to allow corporate activity and technological inno-
vation that might have undesirable side effects on human health or the environ-
ment. In practice, the principle is strongly biased against the process of trial-and-
error so vital to progress and the continued survival and well-being of humanity. 

The notion is difficult to define, which presents challenges to regulators. 
It loosely suggests that if any human activity raises a perceived threat of harm, 
sanctions can be imposed even if no cause-effect relationship can be estab-
lished scientifically. Some substances are held to be intrinsically dangerous at 
any level, even absent definitive risk data. It assumes as its formulative basis 
that concern over worst-case scenarios should drive regulation. Simply the 
possibility of a problem could be enough to justify its use. In its most extreme 
application, no trade-offs can be considered, such as whether the economic 
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costs of regulation outweigh the potential benefits of reducing far-fetched risk 
or marginal health or safety improvements.

Supporters of the principle view it as a necessary tool of risk management. 
While well-intended by many of its proponents, it inherently biases decision-
making institutions toward the status quo. Critics also see it as an amorphous 
concept that lends itself to a reactive, excessively pessimistic view of techno-
logical progress and empirically based risk analysis. Applied cynically, it can 
be used as a thinly veiled tool to legitimize trade barriers under the cover of 
public policy. Indeed, over the past 10 years, the European Union has increas-
ingly used the standard to support a variety of import bans—ranging from 
hormones in beef and milk, to aflatoxin in peanuts, to genetically engineered 
crops—leading to accusations of protectionism from the U.S. and other trade 
partners. While it can be applied in areas as different as climate change and 
anti-trust policy, a primary focus has been consumer products and food and 
the modern technologies used to produce them. 

The move towards precautionary regulation accelerated in Europe in the 
1990s because of a series of health scares, which contributed to the belief 
that traditional risk analysis methods and environmental policies had failed 
to adequately protect the public. Institutions, governments, politicians and 
scientists in Europe were eager to regain the public trust lost after outbreaks 
of BES in the United Kingdom and elsewhere, dioxins in Belgium and HIV-
contaminated blood transfusions in France.

The precautionary principle has been the basis for that continent’s ban on 
GM foods and many agricultural chemicals—in many cases without support-
ing data suggesting adverse health consequences in humans. Various shades of 
it have been integrated into the EU’s regulatory system, REACH, which deals 
with the Registration, Evaluation, Authorization and Restriction of Chemical 
substances. The new law, entered into force in June 2007, justifies Europe’s 
move away from risk-based calculations in all areas of science. 

The EU uses the precautionary principle as a proactive tool of both risk 
assessment and risk management to be used in situations where science can-
not provide definitive answers. In its February 2000 communiqué, the Euro-
pean Commission distinguished a “prudential approach,” declaring: 
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“… [A]pplication of the Precautionary Principle is part of risk 
management, when scientific uncertainty precludes a full as-
sessment of the risk and when decision-makers consider that 
the chosen level of environmental protection or of human, 
animal and plant health may be in jeopardy” (EU Commis-
sion of the European Communities 2000).

By definition, risk assessment now includes a political dimension based 
on a chosen level of a perceived threat. Although the precautionary principle 
was not originally established to complement a scientific approach to risk, it 
has increasingly evolved to become a tool for the advancement of the views of 
more radical environment and health advocates.

The U.S. system for regulating chemicals relies primarily on peer-reviewed 
science and risk assessment using hazard and exposure data and a weight of 
evidence standard. But precautionary standards are reflected in the FDCA of 
1938 and subsequent revisions, including the Delaney clause, as they required 
some measure of pre-market proof of safety. On an absolute basis, of course, 
this is scientifically impossible because everything, natural and synthetic, can 
be shown to be toxic. 

As a consequence of this developing worldwide precautionary ethic, cau-
tion is now throttling the regulatory engine around the world. Lawmakers 
often respond to mere suggestions of potential harm with reckless proposals 
for bans or restrictions without any cost-benefit analysis or assessment of the 
unintended risks that such actions might impose on our health and economy. 
When scientists push back, the gridlock emboldens critics and heightens con-
sumer anxiety both about the exaggerated dangers of what are often relatively 
harmless substances and the government’s apparent lack of ability to regulate 
these “harmful” chemicals. This standoff has become even more pronounced 
in recent years with the high-profile campaigns against phthalates, BPA and 
atrazine.

Even consumer labels and “green guides,” when misused, can undermine 
confidence in government oversight and demonize chemicals that have been 
tested and approved as safe. Advocacy groups promote these guides as a way 
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to help the consumer through the thicket of dangerous chemicals, when in 
truth they often inflame an irrational fear that synthetic substances are more 
harmful than natural ones. “A rose may be a rose. But that rose-like fragrance 
in your perfume may be something else entirely, concocted from any num-
ber of the fragrance industry’s 3,100 stock chemical ingredients, the blend of 
which is almost always kept hidden from the consumer,” asserts the Environ-
mental Working Group in an online diatribe against the cosmetic industry 
(Environmental Working Group 2010). It writes that perfumes often contain 
what it calls “secret chemicals” not listed on labels that can trigger severe al-
lergic reactions, cause cancer, impair neurological development or disrupt 
hormones, even at the minute levels these mystery chemicals are supposedly 
found in cosmetics. EWG provides no documentation for such exaggerated 
claims.

EWG, EDF and other NGOs propose labeling approved ingredients 
based on how rodents are affected when exposed at dosage levels a thousand 
or more times higher than what might be experienced by humans. So, for ex-
ample, harmless perfumes made by Calvin Klein, Jennifer Lopez, Victoria’s 
Secret and other brands would be labeled as carcinogens or endocrine disrup-
tors or neurotoxins (Environmental Working Group 2010). Such an addition, 
of course, would be equivalent to adding a skull-and-crossbones to the label, 
dooming a perfectly safe product and throwing a cloud over an entire indus-
try. Yet this EWG report was approvingly disseminated through cyberspace 
and credulously featured by the mainstream media. 

Environmental NGOs and the Media 

The rise of the environmental movement and the fragmentation of the 
media in the age of the Web have led to a growing influence of advocacy or-
ganizations with the power to amplify almost any argument. Google has be-
come the ultimate megaphone. Even the most discredited narrative can get a 
toehold in cyberspace, winding its way back into mainstream discourse and 
assuming a legitimacy that would have long-since disappeared in a more criti-
cal, linear age.
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Many advocacy NGOs have become masters at this kind of information 
manipulation. They’ve capitalized on the erosion of trust in authority, raising 
their profile to play an outsized role in the national debate over our environ-
mental future. Among the most adept and well funded are EDF, the NRDC, 
Greenpeace, National Wildlife Federation (NWF), Center for Science in the 
Public Interest (CSPI), Union of Concerned Scientists (UCS) and, more re-
cently, EWG. They’ve also exploited advanced analytical techniques that mea-
sure very small levels of a chemical not only in the environment, but also in 
human tissues and fluids. NGOs now regularly provide their own interpreta-
tions of government studies, publicizing what they claim are understatements 
of danger (Environmental Working Group 2005) (Environmental Working 
Group 2010).

When chemical traces are found in our blood or urine, at whatever level, 
the narrative presented by interest groups is often one-sided. For example, 
advanced technological analyses of water samples have been used to show 
the presence of miniscule amounts of drugs or agricultural chemicals at lev-
els far below what scientists believe can cause an effect on the most sensitive 
animals—with an additional 100-fold or 1,000-fold level of safety built in. 
That’s why scientists conclude that these chemicals as normally encountered 
in the environment are not harmful—the exposure levels are just too low to 
be meaningful (Centers for Disease Control and Prevention 2010). Unfortu-
nately, articles that demonize chemicals often prompt citizens and politicians 
to act hastily on the belief that the presence of a chemical at any level leads 
inexorably to an adverse health effect.

The NRDC campaign against Alar in 1989 is the paradigmatic example 
of how a NGO helped rewrite the narrative on a chemical once considered 
relatively innocuous. The NRDC worked with CBS’s 60 Minutes to promote 
its report on the dangers of Alar (the trade name for daminozide), a chemical 
sprayed on apples to regulate their growth and enhance their color. The Feb-
ruary 1989 broadcast, largely based on the NRDC report “Intolerable Risk: 
Pesticides in Our Children’s Food” told an audience of some 40 million peo-
ple that Alar was a dangerous carcinogen. Then NRDC’s public relations firm, 
Fenton Communications, which has since become a giant in the PR industry 
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by working with environmental campaigners, lobbied other major news orga-
nizations to feature the story. 

David Fenton, the PR company’s founder, struck gold when he got Mer-
yl Streep, then one of Hollywood’s hottest actresses, to front the story, even 
though she had no special knowledge of apples or Alar. Fenton teamed up 
with a long-time friend, David Gelber, a producer at 60 Minutes, which aired 
a hysterical feature. Streep subsequently testified before Congress and toured 
TV talk shows. Not surprisingly, CBS’s blockbuster report sent the public into 
a panic. School systems removed apples from their cafeterias, supermarkets 
took them off their shelves and orchard owners lost millions of dollars (Rosen 
1990).

Backed into a corner by the controversy, the manufacturer pulled Alar 
from the market after the EPA wrote in a release, “[L]ong-term exposure to 
Alar poses unacceptable risks to public health,” although the government 
cited no specific study. The high-dose research on which the EPA apparently 
based its hasty comments indicated that the only chance of human poisoning 
would come if a person ate thousands of apples a day for years. Since the infa-
mous scare, virtually every reputable scientific body and leading scientist, in-
cluding the National Cancer Institute, the American Medical Association, the 
World Health Organization (WHO), and the U.S. surgeon general have gone 
on record as saying that the use of Alar on apples never posed any serious risk.

The manufacturer’s decision to withdraw Alar validated what is now the 
standard NGO campaign model: create scares (often working hand-in-glove 
with activist public relations agencies, such as Fenton, and compliant journal-
ists, such as those at 60 Minutes) to put industry on the defensive and embar-
rass government officials into making rash decisions based on public opinion 
rather than science. That cynical cycle has only exacerbated public mistrust of 
both industry and government.

Reforming the Toxic Substances Control Act

Considering the tenor of the public discourse about chemicals, it is un-
derstandable why there is increasing public concern about potential risks in 
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our food, air, water, soil and consumer products. The major anxiety within in-
dustry—and indeed of many scientists around the world—is that the weight 
of evidence deliberations that are the basis for most U.S. regulations will be 
usurped by politics. Environmental NGOs are targeting the 1976 Toxic Sub-
stances Control Act (EPA 2010), which they hope to evolve into the coun-
try’s central chemical oversight legislation.

Concern that developing embryos, infants and children are more sensi-
tive to chemicals than adults led to the passage of the Food Quality Protection 
Act (FQPA) of 1996 (U.S. Congress 1996). Under the statute, the EPA was 
required to evaluate chemicals at a stricter level than TSCA, defining safety 
as a “reasonable certainty that no harm will result from aggregate exposure to 
the pesticide chemical residue.” Costs and benefits could be a consideration 
for nonfood pesticide uses, but for food use only public health could be con-
sidered. In 1998, the EPA aggressively revised its approach to include an ad-
ditional 10-fold safety factor for children (EPA 1998).

The latest battle over TSCA revolves around whether the U.S. will con-
tinue to embrace a risk-based view of chemicals (but modernized to reflect 
scientific data on non-carcinogenic effects) or a precautionary model ground-
ed in fear of unknown or suspected hazards. Under the act, manufacturers 
must inform the EPA of their intent to manufacture a new chemical and pres-
ent evidence about its risks and potential benefits. Regulators must weigh the 
costs of restrictions against the economic benefits of keeping the chemical 
in commerce. The act does not require assessment of the safety of thousands 
of chemicals previously evaluated and “grandfathered in” when the law was 
passed; nor does it apply to substances regulated under other legal frame-
works, such as the FDCA or the Federal Insecticide, Fungicide and Roden-
ticide Act.

Other than screening new chemicals and regulating the five designated 
ones, the execution of TSCA’s mandate is vague, partially because Congress 
failed to define what constitutes a reasonable risk of injury and how to evaluate 
that risk. One prominent critic, Andy Igrejas, environmental-health campaign 
director for the Pew Charitable Trusts, maintains that the U.S. “has no real 
program to regulate industrial chemicals,” as a result of TSCA’s “deep flaws” 
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(Case, The Real Story Behind Bisphenol A 2009). There is pressure from envi-
ronmental advocates to extend to TSCA provisions of the Delaney clause that 
now exist for synthetic food additives to other chemicals, such as bisphenol A 
(even though BPA is not believed to be carcinogenic in humans). According 
to the Delaney clause, if a synthetic food additive causes cancer in test animals 
at any dose it must be prohibited. If more widely adopted that would amount 
to a problematic precautionary test; people are not typically exposed to the 
high doses given to laboratory rodents and if the animals get cancer that does 
not guarantee that humans exposed to lower doses will suffer the same fate. 

EPA administrator Lisa Jackson announced that reform of TSCA was 
high on her list of priorities when she assumed her position in January 2009. 
Senator Frank Lautenberg, Democrat of New Jersey, has proposed overhaul-
ing the whole system of regulating chemicals with the introduction of the 
Kid-Safe Chemical Act, which would require manufacturers to demonstrate 
their safety in order to introduce new chemicals or keep current ones on the 
market (U.S. Congress 2009). A House draft version of the bill would require 
the EPA to maintain a list of 300 priority chemicals to investigate “based on 
available scientific evidence, consideration of their risk relative to other chem-
ical substances and mixtures, presence in biological and environmental me-
dia, use, production volume, toxicity, persistence, bioaccumulation, or other 
properties indicating risk.”

It’s unclear from the draft bill what criteria would be used to designate a 
chemical as “dangerous.” The recommendations are a hodge-podge, a mix of 
politics and precautionary-based notions. For example, in the proposed leg-
islation, the non-carcinogenic BPA, found safe by all pertinent U.S. agencies 
and foreign scientific advisory boards, is grouped in the same category as lead, 
asbestos, cadmium and other known carcinogens (Willhite, Ball and McLel-
lan 2008). The major concern is that the public bias against “all things chemi-
cal” will be incorporated in ill-conceived legislation that could undermine the 
long-standing regulatory commitment that relies on “best available data.”
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President’s Cancer Panel Annual Report 
for 2008-2009

These contradictions were borne out in the 2008-2009 report by the Pres-
ident’s Cancer Panel, a three-person committee that advises the White House 
each year on national cancer strategy (National Cancer Institute 2010). It of-
fers a jarring insight into just how endemic this new iteration of chemophobia 
has become in our society. 

Nearly 1.5 million new cases of cancer are expected to be diagnosed in the 
U.S. each year; 562,000 Americans will die from the disease. Approximately 
41 percent of people in the U.S. will be diagnosed with cancer at some point 
in their lives. The societal costs are staggering: an estimated $243 billion each 
year. The Executive Summary reads as if exposure to exogenous chemicals 
were the primary cause of these cancers. The report is entirely devoted to en-
vironmental factors. It claims that the proportion of cancer cases triggered by 
chemicals in the environment has been “grossly underestimated,” warning of 
“grievous harm” from chemicals and other hazards and “a growing body of 
evidence linking environmental exposures to cancer.” 

The report was scathingly and bewilderingly received by many cancer and 
chemical experts. The panel failed to invite scientists from the FDA, EPA, 
NAS, NIOSH, OSHA or the National Toxicology Program (NTP) to com-
ment on environmental chemical risk, which raised doubts about the report’s 
independence and scientific credibility. In an analysis entitled “Cancer Re-
port Energizes Activists, Not Policy,” Reuters’ Health and Science editor not-
ed, “[T]he report from the President’s Cancer Panel … has underwhelmed 
most mainstream cancer experts and drawn only a puzzled response from the 
White House. Even members of Congress who usually are eager to show they 
are fighting to protect the public have been mostly silent. Cancer experts say 
for the most part that we already know what causes most cases of cancer and 
it’s not pollution or chemicals lurking in our water bottles” (Fox 2010).

Michael Thun, an epidemiologist from the American Cancer Society, 
wrote in an online response that the report was “unbalanced by its implica-
tion” and had presented an unproven theory on environmentally induced 
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cancers as if it were a fact. Suggesting that the risk is much higher when there 
is no proof diverts attention from things that are much bigger causes of cancer, 
like smoking, Dr. Thun said.

The consensus among cancer experts is that tobacco and diet (obesity) 
are the leading preventable causes of cancer, together making up half to two 
thirds of all cases. Infections are believed to cause 15-20 percent of the cancers 
with radiation, stress, lack of physical activity and environmental pollutants 
causing the rest. “Maybe up to 4 percent of cancer in the Western world is 
caused by contaminants and pollution and yet we are chasing new, unknown 
causes rather than focusing on acting on what we know,” said Graham Cold-
itz, an epidemiologist at the Washington University School of Medicine in 
St. Louis and an adjunct professor at the Harvard School of Public Health. 
“Things like this report are making it harder to move the nation to a healthier 
lifestyle.”

The report does acknowledge that there is no hard evidence that envi-
ronmental factors play a significant role in causing cancer––200 pages in. Af-
ter sensational speculation about the potential dangers of certain chemicals 
the report concedes, “At this time we do not know how much environmental 
exposures influence cancer risk.” The dearth of evidence did not stop the au-
thors from proposing that the government actively restrict chemicals based 
on consumer concerns, even absent evidence of actual harm and despite the 
costs of such regulation.
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Case Study:  
Bisphenol A— 
Precautionary  

Regulation

T he President’s Cancer Panel report contains 
numerous overstatements and inaccuracies, 
which reflect the panel’s reliance on the

 perspective of advocates and select scientists rather than a broad represen-
tation of scientists most familiar with studies on the chemicals commented 
upon. One primary target about which the panel gets considerable informa-
tion wrong is bisphenol A, an industrial chemical used to add strength and 
flexibility to many plastics and to make the epoxy resins that are used to line 
canned goods to prevent contamination. In the opening letter to the presi-
dent, the panel notes, “bisphenol A (BPA) is still found in many consumer 
products and remains unregulated in the United States, despite the growing 
link between BPA and several diseases, including various cancers.” The panel-
ists urge the government to take precautionary measures to restrict its usage.

The controversy surrounding bisphenol A dramatically illustrates the 
virulence of chemophobia and the new forms it is taking. BPA is one of the 
most ubiquitous chemicals in the world. It has been in use for more than 50 

E24.53



45Case Study: Bisphenol A—Precautionary Regulation   

years in the manufacture of polycarbonate plastics and epoxy resins in den-
tistry; in thermal paper production; and as a polymerization inhibitor in 
the formation of some polyvinyl chloride plastics. It is found in electronics, 
DVDs, car dashboards, eyeglass lenses, and microwavable plastic contain-
ers. Approximately 6 billion pounds are produced globally each year. When 
used as a building block in polycarbonate plastic products, BPA makes them 
stronger—hard enough to replace steel and transparent enough to substitute 
for glass. Polycarbonate can withstand high heat and has high electrical resis-
tance. At present, alternatives for many of its uses—such as in the protective 
coating of metal can liners, where it does not affect taste, helps prevent bacte-
rial contamination and extends shelf life at a relatively low cost—do not exist 
for most foods (Layton 2010).

Campaigns Against BPA

BPA is also one of the world’s most studied chemicals—it has been sub-
ject to literally thousands of studies. In 1982, the National Cancer Institute 
and the National Toxicology Program cleared it as a potential carcinogen 
(National Toxicology Program 1982), and a review by the EPA endorsed its 
safety in 1988 (EPA 1988). Twenty years later, in 2008, the FDA reviewed 
the studies to date and declared BPA safe at estimated levels of human expo-
sure (U.S. Food and Drug Administration 2008). A year later, in 2009, under 
pressure from advocacy groups that had sharply criticized the findings as an 
example of the Bush administration’s alleged anti-science bias, the Obama 
Administration announced the FDA would reassess the 2008 review. 

For the past four years, BPA has been under constant attack by select en-
vironmental groups, journalists and some social scientists campaigning to ban 
the chemical outright or restrict its use in products handled by infants and 
children (Case, The Real Story Behind Bisphenol A 2009) (Vogel 2009). The 
point organization for much of this criticism is EWG, which has been actively 
lobbying for a ban since 2007. EWG is most noted for its work lobbying for a 
ban of phthalates. EWG does not have any scientists with targeted expertise 
in plastics. That does not deter it from regularly seeding the Web with sen-
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sational, simplistic and often-misleading interpretations of complex studies. 
For example, in November 2009, as the environmental community anxiously 
awaited the FDA’s decision regarding BPA, EWG posted a report on the Huff-
ington Post with the headline, “BPA Wrecks Sex, Fouls Food—and Probably 
Worse” (Shannon 2009).

The public campaign conducted by EWG and other advocacy organiza-
tions has led to thousands of stories by mainstream news organizations and 
on the web. The Milwaukee Journal Sentinel alone has published no fewer than 
50 stories—for which it has won a bushel of journalism awards—excoriating 
the government for not restricting or banning the use of BPA. It consistently 
frames the issue using what can only be characterized as sensational tactics. 
In what it calls a “Watchdog Report,” the Journal Sentinel warned that BPA 
could cause, in humans, “cancers of the breast, brain and testicles; lowered 
sperm counts, early puberty and other reproductive system defects; diabetes; 
attention deficit disorder, asthma and autism” (Milwaukee Journal Sentinel 
2010)—none of which is supported by scientific studies or international reg-
ulatory agencies.

A feedback loop has developed among news organizations and select en-
vironmental groups and consumer advocates promoting the view that BPA is 
unsafe. In its December 2009 issue, Consumer Reports repeated unfounded al-
legations that “BPA has been linked to a wide array of health effects including 
reproductive abnormalities, heightened risk of breast and prostate cancers, 
diabetes, and heart disease” in humans—erroneous claims that subsequently 
turned up in the President’s Cancer report but which have been rejected by 
the NTP, risk assessments by the FDA and the European Union. Rejecting 
the findings of research authorities, the magazine urged the FDA to revise its 
“inadequate and out of date” standards. (Consumer Reports 2009) The Con-
sumer Reports article inspired panic-inducing reaction stories at ABC News, 
the Los Angeles Times, Fox News and The New York Times, as well as hundreds 
of other articles in smaller publications and on the web. The Susan G. Ko-
men Foundation was so overwhelmed and alarmed by calls from frightened 
women, it consulted with a top expert in the field, Melissa Bondy, an epidemi-
ologist at the University of Texas MD Anderson Cancer Center. “[T]here is 
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no evidence to suggest a link between BPA and risk of breast cancer,” Bondy 
concluded in a summary alert still posted on the foundation’s website (Susan 
G. Komen for the Cure 2010).

Considering the change in ideological complexion at the head of the FDA, 
ban proponents were taken aback in January 2010 when the agency announced 
it was standing by its 2008 conclusion that BPA is safe as used. It declared the 
chemical posed “negligible” or “minimal” concern for most adults and “is not 
proven to harm children or adults,” concluding, “[s]tudies employing standard-
ized toxicity tests used globally for regulatory decision making thus far have sup-
ported the safety of current low levels of human exposure to BPA.” (Food and 
Drug Administration 2010) When asked directly if adults or children faced any 
real health dangers, Joshua Sharfstein, M.D., the FDA’s principal deputy com-
missioner, minced no words: “If we thought it was unsafe, we would be taking 
strong regulatory action” (National Institutes of Health 2010). While reaffirm-
ing there were no dangers, the FDA report recommended ways to limit expo-
sure to BPA and said it is funding more studies.

In its study, released four months after the FDA report, the White House 
Cancer Panel ignored the FDA’s conclusion that BPA was safe for adults and 
infants and that families should not change their use of infant formula or 
food. Instead, the report cited selective and out of context elements of the 
FDA statement to reinforce the belief that BPA is unsafe. The panelists also 
claimed—erroneously—that the NTP had said “there is cause for concern” 
about the chemical’s link with reproductive abnormalities, when the NTP in 
fact concluded there was “negligible concern” for reproductive effects. 

If the FDA had taken action and supported restrictions, it would have 
come as a shock to regulators worldwide. BPA has undergone comprehensive 
reviews by 10 other regulatory bodies in Europe, North America, Asia, Aus-
tralia and New Zealand (Butterworth 2009). In what is considered the most 
comprehensive and definitive review to date, in 2006, the European Union’s 
European Food Safety Authority (EFSA) certified that BPA is safe for use in 
products handled by adults and infants (EFSA 2006).

The EFSA took up the issue once again in 2010 after the French and Dan-
ish government decided to ban BPA in food-contact products for infants and 

E24.56



48 Scared to Death: How Chemophobia Threatens Public Health

toddlers based on what they saw as uncertainties raised by a recent report of 
BPA’s neurotoxic effects on rodents, known as the Stump study (Stump, et al. 
2010). The EFSA panel of 21 scientists consulted with international risk as-
sessment authorities, including the FDA, Health Canada and the WHO, and 
conducted a comprehensive review of the Stump study and all research on 
BPA toxicity through July 2010. On September 30, the EFSA reasserted there 
is no “convincing evidence” of neurobehavioral toxicity of BPA, concluding, 
“[T]hese studies have many shortcomings” and are not relevant to human 
health (EFSA 2010).

Once again, what is most notable is that even though obligated to assess 
chemical exposures on precautionary grounds, EFSA has continued to find 
that the low-dose rodent studies are not methodologically or statistically con-
vincing. Its conclusion: BPA is safe as used by adults, infants and pregnant 
women.

How does it happen that a White House panel of supposed experts glibly 
endorses regulating BPA in the U.S. as Europe regulates it in the belief that the 
EU would restrict its use under the precautionary principle—but is so sloppy 
in its work that it does not know that European regulators have consistently 
come to the same conclusion as U.S. regulators, that BPA is harmless? How 
does it happen that a substance consistently deemed safe by reviewing bod-
ies and scientific studies remains in the crosshairs of campaigning journalists, 
politicians and environmentalists? What does this controversy suggest about 
how scientific decisions are made in a highly charged political environment? 

Low Dose Theory

Researchers generally agree BPA is neither mutagenic nor a likely human 
carcinogen (Haighton, et al. 2002). There is disagreement, however, about 
whether the chemical presents any other danger to children or infants. The 
controversy results from the newer ways scientists are attempting to evaluate 
chemical risk. Some scientists and NGOs have zeroed in on evidence that 
trace levels of BPA can leach from the plastic, that this produces a laboratory 
response on estrogen-responsive cancer cells (Krishnan, et al. 1993). It’s been 
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labeled an “endocrine disruptor.” Such a finding is not necessarily, or even 
likely, a cause for concern. As previously noted, many natural substances that 
alter the way the hormones in our endocrine system work are potent and pres-
ent at levels comparable to or higher than BPA. 

The studies on BPA do indicate serious hormonal effects on rodents when 
BPA is injected or consumed at levels at least 500,000 times greater than hu-
mans consume (Dekant and Völkel 2008). How meaningful are these find-
ings for humans, who are exposed to only the tiniest fraction of the chemical 
injected into rats? 

Chemicals tested on animals rarely have identical effects on humans at 
comparable dosages, and sometimes have no discernible effect because of in-
herent flaws in studies and significant differences between the species in bio-
chemistry, physiology and other metabolic systems. Other doubts have been 
raised because of what scientists call non-reproducibility—estrogenic effects 
and reproductive impacts shown in one laboratory cannot be confirmed in 
others (Kamrin, Bisphenol A: A Scientific Evaluation 2004). 

It’s also important to distinguish whether an experiment on BPA was 
carried out using oral studies or by injections. The reproducible studies have 
been have almost all been experiments in which BPA has been administered 
by injection. But humans are not exposed to BPA through injections. In hu-
mans, BPA is ingested; 99 percent of exposure is through our diet. Conse-
quently, regulatory agencies do not put much stock in tests in which a sub-
stance is introduced to subjects in a different way from that to which humans 
are exposed. The European Food Safety Authority, Health Canada, WHO, the 
FDA, the NTP and every regulatory body that has systematically assessed the 
risks of BPA either reject studies of injected BPA outright or gives strong pref-
erence to those in which animals receive BPA orally. While studies in which 
rodents were injected with BPA have shown some (but often contradictory) 
effects, the results from experiments in which rats receive the chemical orally 
have proved biologically implausible and not reproducible (Howdeshell, et 
al. 2008). 

Why would that be the case? BPA taken orally is rapidly detoxified, first in 
the gastrointestinal tract and then in the liver (Doerge, et al. 2010). Enzymes 
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transform BPA into a water-soluble chemical known as BPA-glucuronide, 
which repeated studies have shown is harmless. Within a few hours of being 
ingested, it’s not chemically active and does not accumulate in tissues. Rapid-
ly excreted in urine, this substance has a half-life of just six hours (Völkel, et al. 
2002). Even when used in dental sealants, BPA exits the system in fewer than 
24 hours ( Joskow, et al. 2006). Regulators are thus faced with a dilemma. The 
injection studies on BPA are contradictory and often were not carried out us-
ing Good Laboratory Practices (GLP); ingestion studies, when positive, have 
generally been of questionable quality and not reproducible; and studies on 
oral ingestion of BPA make it clear that BPA, taken orally, is soon rendered 
innocuous and excreted.

There is a common, and seemingly damning, allegation against BPA, that 
turns up repeatedly in media reports and even some academic studies: BPA 
has been found in the urine of more than 93 percent of people over six years 
old (Calafat, et al. 2007). That assertion even appears in the President’s Can-
cer report. 

That makes for a sensational headline, but what does it mean? Not much. 
Advanced bioanalysis ensures we can find many chemicals in nanogram lev-
els even in pure water used for high-performance liquid chromatography. To 
put these findings in perspective, tests by the CDC have also found dietary 
estrogens (called phytoestrogens)—known hormone “disruptors” that occur 
naturally in a vast array of products such as nuts, seeds, soy, tofu, wheat, ber-
ries, bourbon and beer—in the urine of more than 90 percent of people, with 
some at levels 100 times higher than traces of BPA. Moreover, the miniscule 
amount of BPA or dietary estrogens that might somehow be found in urine 
are considered harmless, as it is pharmacologically inactive and doesn’t bioac-
cumulate. The White House report got it wrong when it stated that the CDC 
had found biologically active BPA in 93 percent of Americans, when the CDC 
had actually found that 98 percent was biologically inactive (Centers for Dis-
ease Control and Prevention 2010).

Time and again, the CDC has weighed in on this point, only to be ignored 
by the media. “In animal and human studies, bisphenol A is well absorbed 
orally,” the CDC notes (citing numerous studies) in its latest report on BPA, 
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released in July 2010. “Finding a measurable amount of bisphenol A in the 
urine does not mean that the levels of bisphenol A cause an adverse health 
effect. … In humans, little free bisphenol A circulates after oral absorption 
due to the high degree of glucuronidation by the liver. The glucuronidated 
bisphenol A is excreted in the urine within 24 hours with no evidence of ac-
cumulation.” 

The only significant science-based question is whether a particular sub-
stance is harmful at the trace levels to which humans are exposed. The debate 
over BPA has been riddled with distortions over what levels might be toxic. 
NGOs jumped on a study from China suggesting that Chinese workers who 
handled BPA in bulk in unsafe conditions had lower sperm counts (Kaiser 
Permanente Division of Research 2009). The EWG disseminated the story 
and the Los Angeles Times, Milwaukee Journal Sentinel and other organizations 
played it up with outrageous, out-of-context headlines. But the study was 
extremely preliminary. Only a fraction of the workers at the plant agreed to 
participate in that study, which did not correct for other confounders, such as 
whether the workers with low sperm counts smoked (more than 68 percent 
of the workers at the plant smoked, and smoking is a proximate cause of low 
sperm count). 

Incidents of occupational exposure to BPA are incredibly rare and prior 
research suggests that workers handling it at high concentrations and without 
protective equipment may not be in harm’s way (Guobing, et al. 2005). More-
over, research on workers exposed to level hundreds or thousands of times 
higher than consumers might face (even in extreme circumstances) provides 
no insight as to its potential to harm as the chemical is normally encountered. 
The NTP has reported “negligible concern” that men exposed at non-occu-
pational capacities—in other words, men who are exposed to BPA from us-
ing plastic containers or consuming canned foods—would experience repro-
ductive effects (Center for the Evaluation of Risks to Human Reproduction 
2008). 
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Ideological Regulation

The scientific community appears divided into two conflicting camps 
when it comes to assessing BPA’s risks. Regulatory authorities and scientists, 
who rely on long-established study protocols, including GLP, are on one side, 
and they have concluded, almost unanimously, that BPA presents no serious 
harm. They represent the majority, but their views are often downplayed or 
even ridiculed by advocacy groups and a small faction of university-based sci-
entists who embrace precautionary notions and the low dose, endocrine dis-
ruptor paradigm. These disputes have turned acrimonious on occasion at aca-
demic conferences, where shouting matches have broken out, and in premier 
journals, where the shouting is in ink. Over the summer, Nature published 
a long “Letter to the Editor” by two distinguished FDA toxicologists taking 
the journal to task for what they claimed was “biased” reporting for trying to 
explain away why low-dose BPA studies are yielding contradictory results that 
regulators consistently find wanting (Lorentzen and Hattan 2010).

One of the major differences between the two approaches is that the stud-
ies by university scientists are hypothesis-driven: they are usually small stud-
ies asking targeted questions, designed to challenge existing paradigms. Free 
of regulatory responsibilities, they often trumpet their findings to a general 
press that is ideologically sympathetic. The majority of the state-of-the-art 
larger studies—that follow GLP and upon which the FDA and other regu-
lators rely—have shown few consistent effects from BPA. The government 
sometimes mandates these larger GLP studies, and industry is required to 
fund them. That presents an easy target for critics, including activist academ-
ics, NGOs and journalists, although there is no evidence that any “industry-
funded” data has been manipulated or compromised. In essence, there is a 
clash of cultures between academic research scientists, who are testing new 
hypotheses and have serious concerns about the hormonal and epigenetic (i.e. 
non-genetic factors that cause an organism’s genes to behave or express them-
selves differently) effects of BPA and regulatory scientists, who must weigh 
a range of risks and unintended consequences before enacting or changing 
regulations.
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These differences reappear every time a new study comes out. In 2001, the 
NTP released an independent study of the evidence for and against the novel 
hypothesis. In its conclusion, the report says, “The Subpanel is not persuaded 
that a low dose effect of BPA has been conclusively established as a general or 
reproducible finding,” although it did recommend further review (National 
Toxicology Program 2001). Numerous studies followed, including one by the 
Harvard Center for Risk Analysis (Gray, et al. 2004) (Goodman, et al. 2006). 
All of them raised doubts about the validity of the low-dose hypothesis and 
the reproducibility of findings based on tests performed on animals injected 
with BPA. Nevertheless, after each of these studies, the authors were attacked. 
Frederick S. vom Saal, an expert in animal neurobiology at the University of 
Missouri who has emerged as the most vocal critic of BPA, argued that these 
reports all failed to take into account the “latest knowledge” in endocrinol-
ogy, developmental biology, and estrogen-receptor research (vom Saal and 
Hughes 2005).

To respond to the consensus of BPA’s comparative safety, in 2006, vom 
Saal coordinated a conference that brought together dozens of skeptical sci-
entists, 38 of whom signed a statement endorsing the low-dose endocrine-
disruptor hypothesis. These committed signees are the scientists noted by the 
President’s Cancer Panel and many media reports as “independent.” Consid-
ering the lack of dissenting viewpoints, their summary conclusion, known as 
the Chapel Hill Consensus Statement, was hardly surprising. It found BPA as-
sociated with “organizational changes in the prostate, breast, testis, mammary 
glands, body size, brain structure and chemistry, and behavior of laboratory 
animals” (vom Saal, et al. 2007). Using inflammatory language uncharacter-
istic of science, vom Saal summed up their conclusion: “The science is clear 
and the findings are not just scary, they are horrific. When you feed a baby 
out of a clear, hard plastic bottle, it’s like giving the baby a birth control pill” 
(University of Missouri College of Arts and Sciences 2005).

The “consensus” statement was widely disseminated in the worldwide 
media and led to hearings in many countries, where the debate took on a de-
cidedly ideological edge. Public concerns sparked a review by Health Canada. 
When Mark Richardson, the chief scientist and head of the study, unofficially 
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concluded the evidence showed that the dangers of BPA were “so low as to be 
totally inconsequential” and compared its estrogenic effects to tofu, activists 
and the media, led by The Globe and Mail of Toronto, mounted an attack on 
his credibility that led to his reassignment (Mittelstaedt 2007). Months later, 
when the official report was finally issued, Health Canada echoed Richard-
son’s findings and rejected claims that BPA was unsafe. “The current research 
tells us the general public need not be concerned,” Health Canada declared 
after reviewing hundreds of studies. “Bisphenol A does not pose a risk to the 
general population, including adults, teenagers and children” (Goverment of 
Canada 2008).

Nonetheless, the precautionary principle is embodied in the law in Can-
ada (and in the EU, where it is applied differently, but not yet in the U.S.). 
Considering the anxiety generated and absent convincing scientific evidence, 
Canadian officials felt compelled to ban polycarbonate baby bottles (although 
other infant products containing BPA were deemed safe). “Even though sci-
entific information may be inconclusive,” Health Canada wrote, “decisions 
have to be made to meet society’s expectations that risks be addressed and 
living standards maintained.” Activists now regularly and disingenuously (or 
out of ignorance) cite the Canadian ban, arrived at through fear rather than 
based on scientific evidence, as “proof ” that regulatory bodies are now finding 
BPA harmful.

The stage then shifted to Europe, which has slightly different precaution-
ary standards. In a stunning turn of events, health authorities in France re-
jected the opportunity to follow in Canada’s footsteps. “Canadian authorities 
banned BPA under public pressure and without any serious scientific study,” 
Minister of Health Roselyne Bachelot said during an inquiry at the National 
Assembly in March 2009. “The precautionary principle is a principle of reason 
and under no circumstances a principle of emotion,” she concluded, noting, 
“It applies when there are no reliable studies. Here, there are reliable studies, 
which conclude, with current scientific data, that baby bottles containing this 
chemical compound are innocuous” (Rimondi 2009). 

In late spring 2010, after a renewed campaign by activists using the now 
discredited Stump study, the French Senate and Assembly put aside the scien-
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tific findings and the recommendations of its health minister and approved a 
ban on infant bottles containing BPA. A precautionary ban also went into ef-
fect in Denmark in July 2010. Both the French and Danish bans remain in ef-
fect even though the study that fed the concerns was dismissed as inadequate 
and unpersuasive in the latest EFSA review.

FDA and EPA Weigh In

In recent years, the U.S. government has committed tens of millions of 
dollars, and promises to spend an additional $30 million under the stimulus 
bill, in an attempt to resolve remaining questions about the potential danger of 
BPA. In the government’s first major review after the “consensus” statement, 
the FDA’s National Toxicology Program released an extensive peer-reviewed 
analysis in 2008 of the various studies of BPA and again concluded there was 
no reason for serious concern about its effects on human reproduction or de-
velopment in adults or children (NTP, HHS, and NIEHS). The NTP used 
the term “some concern” to characterize the possible effects of BPA on fe-
tuses. The term has never been defined, but in practice it’s been used when the 
agency did not consider a chemical harmful or worthy of restrictions or health 
warnings; in effect, scientists say, it’s been used as a code phrase to suggest 
further study. The NTP pointedly reached that qualified conclusion because 
the rodent studies were not “experimentally consistent”—some showed no 
problems and test results could not be replicated in many instances. 

The EPA subsequently funded two additional multigenerational analy-
ses. Both studies failed to support the low-dose hypothesis. The most recent 
analysis, which appeared in November 2009 in Toxicological Sciences, a leading 
scientific journal, was particularly definitive. Carried out at the EPA’s Office 
of Research and Development in Research Triangle, North Carolina, it was 
specifically designed to cover a wide range of BPA doses. L. Earl Gray Jr. and 
his colleagues concluded that BPA is an extremely weak estrogen not worthy 
of being called an “endocrine disruptor.” BPA was found to be so weak that 
even at levels of exposure 4,000 times higher than the maximum exposure 
of humans in the general population there were no discernible effects (Ryan 
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2010). Gray’s research mirrored findings by regulatory agencies around the 
world. The hodgepodge of low-dose endocrine disruptor studies is “inade-
quate,” “not replicable,” and “extremely limited” in value, Gray’s team wrote, 
concluding, “BPA did not display any estrogenicity” (Gray Jr. 2010).

The first comprehensive FDA-sponsored study of pharmacokinetics 
of BPA in primates, which are biologically closer to humans than rodents, 
reached much the same conclusion. Among the findings of the University of 
Georgia and FDA researchers, published in the October 2010 issue of Toxicol-
ogy and Applied Pharmacology (Doerge, et al. 2010):

• BPA does not accumulate in the body;

• BPA is efficiently metabolized by adult monkeys after 
oral exposure;

• The capability of neonatal monkeys to metabolize BPA 
is equivalent to adult monkeys, which suggests that neo-
nates may not be more sensitive to the potential effects 
of BPA; and

• Primate results suggest that studies in rodents may over-
predict health risks associated with BPA ingestion.

The head researcher, Daniel Doerge, a chemist at the EPA’s National Cen-
ter for Toxicological Research in Arkansas and a staff member on the EPA 
Science Advisory Board, supports no known horse in this race. In three pa-
pers released this year, he and his colleagues have found that newborns and 
infants can metabolize BPA much like adults do, that rats injected with BPA 
(as opposed to being fed it) overestimate human exposure and that current 
estimates of human exposures to BPA, which are exceedingly low, are likely to 
be accurate. His findings are a direct rebuke of the key assumptions underpin-
ning the endocrine disruptor hypothesis.

In a reasonable world, the stream of comprehensive EPA and FDA re-
views and studies, backed by consistent evaluations of BPA’s relative safety by 
European health authorities, should quell concern over the low-dose, endo-
crine-disruptor, precautionary principle-fed hypothesis. But we don’t live in 
a reasonable world. The renewed focus is now political. Both the House and 
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Senate are entertaining bills banning the use of BPA in products handled by 
infants, and numerous states and localities have passed restrictions, including 
Minnesota, Maryland, Wisconsin, Connecticut, Washington, Vermont, New 
York, Albany County and the cities of Schenectady and Chicago.
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Case Study:  
Atrazine —Weighing 

Risks and Benefits

F armers have been known to say that the most 
important invention in the history of agriculture 
besides the plow is the herbicide atrazine. 

The odorless white powder is applied on farms to control a wide range of 
broadleaf and yield-robbing grassy weeds. Manufactured by the Swiss-based 
agrichemical company Syngenta and licensed in the United States since 1958, 
atrazine is part of the chemical family of triazine herbicides used on many fruits 
and vegetables, including nuts, citrus and grapes. It was among the first of what 
are called “selective herbicides,” which destroy weeds that would otherwise 
choke a crop and starve it of nutrients, but do not harm the crop itself. In com-
bination with other products, it can help boost the efficacy of other weed killers. 
Yet it is considered so comparatively gentle by farmers that it can be applied 
even after a crop’s first shoots appear above the ground.

Almost half of the atrazine in use is applied in the U.S., where it is used on 
dozens of crops, including more than half of the country’s corn crop, 90 percent 
of its sugar cane and two-thirds of its sorghum. More than 160 million pounds 
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of atrazine is produced annually. Although regulatory agencies have consistent-
ly determined that atrazine is safe as used, it has come under relentless attack by 
anti-pesticide groups and some university scientists, who are convinced that it 
poses potential health threats for aquatic animals such as frogs and, by exten-
sion, to humans. They are concerned that it might affect human reproduction 
and hormonal activity—that it’s an “endocrine disruptor”—making it equiva-
lent to a ticking chemical time bomb.

Atrazine fits a variety of farming systems. It is credited as being a key fac-
tor in the transformation of farming from the relatively low-yield, massively 
labor-intensive activity that prevailed into the first half of the 20th century and 
through the dust-bowl Thirties into the advanced, high-technology industry it 
has become today. It is the most widely used herbicide in conservation tillage 
systems, which are designed to prevent soil erosion. It has become a critical tool 
in the no-plow revolution that is helping to cut carbon pollution.

Atrazine conserves water because the stalks, husks and other crop residue 
from previous harvests are left on the ground and the soil is not plowed up. 
Less plowing means less use of oil-hungry farm machinery. Not turning over 
the earth to kill weeds also keeps huge amounts of carbon dioxide trapped in 
the ground, limiting CO2 emissions. According to the U.S. Department of En-
ergy, the adoption of no-till and other conservation methods around the world 
could result in the recovery 40-50 billion tons of carbon—about two-thirds of 
the carbon lost over time as a result of conventional agricultural practices, which 
is remarkable. As a reference, it’s estimated that approximately six billion tons of 
carbon are released from fossil fuels each year in the United States alone (U.S. 
Energy News).4

Some analysts estimate that 10 to 40 percent of sugar cane yield could be 
lost without atrazine. An EPA study concluded that atrazine boosts yields by 6 
percent or more, saving corn farmers as much as $28 per acre—more than $2 

4  According to the DOE, “Researchers estimate that the extensive adoption of 
no-till agriculture, diversified rotations, cover crops, fertility management, erosion 
control and irrigation management can lead to the recovery of two thirds of the car-
bon that has been lost from the soil due to conversion of native ecosystems to agri-
culture and the use of conventional management practices.” 
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billion in direct economic benefits, which could be the difference between 
solvency and bankruptcy for many (EPA 2002). Another study looking at 
combined data from 236 university cornfield trials from 1986 to 2005 found 
that crops treated with atrazine yielded an average of 5.7 bushels more per 
acre than those treated with alternative herbicides (Fawcett 2008).

Not everyone agrees with those estimates, however. Tufts University econ-
omist Frank Ackerman, who has campaigned for tighter restrictions on atrazine 
and other chemicals and works closely with atrazine critics, wrote a contro-
versial analysis in 2007 challenging the EPA study, claiming atrazine increases 
yields by as little as one percent (Ackerman 2007). In contrast, a recent analy-
sis conducted for Syngenta by University of Chicago economist Don Coursey 
concluded that a ban on atrazine could cost corn farmers between $26 and $58 
per acre. He estimated that as many as 21,000 to 48,000 farm and farm-related 
jobs could be lost, and the negative economic impact to the U.S. economy could 
reach as high as five billion dollars a year (Coursey 2010).

Studies and Regulation

Atrazine is one of the most assessed and regulated agricultural chemicals 
in history. There have been more than 6,000 studies on the herbicide, com-
pared to the 100 to 200 safety studies generally required by the EPA before 
registering a product. It has long been considered safe because it has a short 
half-life, does not bio-accumulate in organisms, and reportedly induces ab-
normalities and deformities only at very high doses (UK Rapporteur Mono-
graph 1996) (Solomon, et al. 1996).

Atrazine has been approved as safe in regulatory reviews throughout 
the world. No country has ever discontinued the use of atrazine based on 
evidence of health dangers—including the member states of the European 
Union. In 1996, when the EU first formally evaluated atrazine, its scientific 
reviews were positive: “It is expected that the use of atrazine, consistent with 
good plant protection practice, will not have any harmful effects on human or 
animal health or any unacceptable effects on the environment,” the regulators 
concluded (UK Rapporteur Monograph 1996). However, in 2003, faced with 
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arguments that there were lingering uncertainties about the hidden dangers 
of chemicals, EU officials reexamined the evidence under the precaution-
ary principle. Although they could find no evidence that atrazine caused any 
harm, EU officials eventually concluded that water-monitoring data were in-
sufficient to guarantee that trace levels of atrazine in water would not surpass 
the agreed-upon level that had been set by EU member states for all pesticides 
based on precautionary arguments, not proof of harm. Atrazine is not on any 
list of banned chemicals and could be re-registered if the necessary monitor-
ing data could be provided to show that it was found in drinking water at the 
levels deemed safe by the EU (Brussels: Health and Consumer Protection 
Directorate-General 2003).

Other regulatory bodies, even those that incorporate precautionary stan-
dards, have not recommended that it be banned. In 2004 Canada, which has 
restricted BPA under a narrow interpretation of the precautionary principle, 
found atrazine safe (Health Canada 2004). The World Health Organization 
concluded in 1999 that atrazine does not cause cancer in humans (Interna-
tional Agency for Research on Cancer Monographs 1999) and reaffirmed 
the finding of its relative safety in 2010. Based on recent data reaffirming the 
relatively innocuous hazard profile of atrazine, the WHO dramatically revised 
the exposure threshold level, setting it 100 times higher than the obsessively 
cautious EU. (World Health Organization 2010). After an extensive review of 
the data in 2008, the Australian government concluded that it “continues to 
be satisfied that [atrazine] can be safely used … subject to those conditions 
outlined on product labels” (Australian Pesticides and Veterinary Medicines 
Authority 2010). In 2010, faced with another claim that atrazine may be as-
sociated with birth defects, the Australian government examined the latest 
research and reaffirmed its safety designation. It wrote on its Chemicals in the 
News website: 

“Every year, a number of epidemiological studies describing 
correlations between certain human health or environmental 
findings and pesticide use are published. Because of the rela-
tively low rate of occurrence of birth defects, epidemiological 
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studies of this type offer some useful information and hypoth-
eses. In the regulatory context, any causal link has to be estab-
lished by more extensive investigations and targeted follow-up 
studies” (Australian Pesticides and Veterinary Medicines Au-
thority 2010).

Atrazine has faced the most intense scrutiny in the U.S., where it has been 
almost continuously evaluated for decades. Although regulatory authorities 
that rely on long-established study protocols consistently had concluded that 
it presents no serious harm as utilized, aggressive campaigns by anti-chemical 
NGOs such as the NRDC, EWG, and the Pesticide Action Network (PAN) 
prompted another review in 2005. After one of the most intense analyses of 
any substance in history, the EPA formally relicensed it in 2006, declaring it 
safe when properly used. 

Ban proponents, emboldened by the EU action, did not give up, however. 
The NRDC had sued the EPA in 2004 under provisions of several federal laws 
that the group claimed should have long ago led to a ban, but it eventually 
lost. When the Obama administration took office in 2009, the NRDC saw 
an opening to again press its case. In August of that year, it issued a scathing, 
well-publicized critique, accusing the agency of ignoring the presence of atra-
zine in drinking water and in natural watersheds across the Midwest (Natural 
Resources Defense Council 2009). The media gave the report enormous at-
tention, reinvigorating advocacy blogs and stirring politicians. 

In October 2009—barely three years after the EPA had completed one of 
the most exhaustive scientific investigations of a commercial product ever un-
dertaken—the agency announced it would evaluate atrazine once again, cit-
ing the NRDC report as its reason. “Our examination of atrazine will be based 
on transparency and sound science, including independent scientific peer re-
view,” said the head of the Office of Prevention, Pesticides and Toxic Substances 
(EPA 2009). The EPA subsequently convened a series of “scientific advisory 
panels” (SAPs), composed of yet another team of independent scientists, to 
reexamine the chemical on an accelerated schedule. 
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Harm Versus Risk

Atrazine is one of many hundreds of compounds that can be detected in 
water. Every year an estimated 495,000 pounds of the herbicide become air-
borne and fall with rain, sometimes hundreds of miles from the source. Al-
though it breaks down quickly, it has nonetheless been detected at infinitesi-
mal levels—measured in parts per billion (ppb)—in lakes, streams and other 
waterways as well as in drinking-water systems in agricultural areas.

Does atrazine at the residue levels found in drinking water in the U.S., Eu-
rope and elsewhere pose genuine threats to human health, as is sometimes re-
ported? The controversy revolves around perceptions of chemicals and risk. The 
mere presence of a compound in water does not constitute a threat. Scientists 
have long used the “weight of evidence” approach to assess potential toxicity, 
which requires balancing complex and often conflicting evidence. They attempt 
to discover the exposure level at which a chemical does not harm an animal—
the “no effect” level—and then set human safe exposure standards that are tens, 
hundreds or thousands of times lower than this “no effect” amount. This built-in 
safety cushion ensures with a huge margin that no one is exposed to harmful 
levels of a regulated substance. This is the ultra-high threshold standard used by 
the EPA and regulatory bodies to assess chemicals, including atrazine. 

The gap between the public’s perception of harm and scientific determi-
nations of risk is often significant, as a 2008 “investigation” by the Associated 
Press that went awry illustrates. In a widely circulated article, the news orga-
nization found a vast array of pharmaceuticals in the drinking water of at least 
41 million Americans. That investigation touched off a panic of sorts in New 
York City, long proud of its pristine drinking water, and prompted a study by 
the city’s Department of Environmental Protection. Released in May 2010, 
the city report indeed noted that investigators found traces of chemicals—but 
the levels were harmless, measured mostly in the parts per trillion (New York 
City Department of Environmental Protection 2010). One part per trillion is 
equivalent to one drop of water in 26 Olympic-size swimming pools, officials 
noted. “Just because you detect something doesn’t mean that it’s a problem,” 
said Cas Holloway, commissioner of the DEP (Saul 2010).
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Each regulatory body sets its own exposure standard for the annual aver-
age concentration of a chemical. The standards are somewhat arbitrary. The 
EU sets the cut off for any agricultural at 1 ppb regardless of its chemical prop-
erties or hazardous potential. The U.S. EPA sets the atrazine standard at 3 ppb 
based its classification as a carcinogen, which scientists now believe it is not. 
Canada’s standard is 5 ppb, the United Kingdom’s is 15 ppb and Australia’s 
is 40 ppb. In October 2010, after an extensive review of the various interna-
tional standards and the latest scientific data on atrazine, WHO concluded 
its standard was far too restrictive, and revised it to 100 ppb (World Health 
Organization 2010).

On occasion, atrazine has been detected in drinking water in various com-
munities at very low concentrations. A 2006 U.S. Geological Survey reported 
that approximately 75 percent of untreated stream water and about 40 percent 
of all groundwater samples from selected agricultural areas from 1992-2001, 
mostly in the corn-growing Midwest, contained miniscule traces of atrazine 
that occasionally spiked for short time periods at over 3 ppb (Gilliom 2006). 
Some NGOs cited the report in sensational news releases as evidence of atra-
zine’s dangers. But that is not what the study showed, according to scientists. 
It concluded that “[C]oncentrations of pesticides detected in streams and 
wells were usually lower than human-health benchmarks, indicating that the 
potential for effects on drinking-water sources probably is limited to a small 
proportion of source waters.”

The EPA’s 3 ppb annual standard for treated drinking water was derived 
using a one thousand-fold safety factor that sets a level shown to have no 
health effects in laboratory animal studies. To put this in perspective, it is 
estimated that even if a person were to drink thousands of gallons of water 
containing 3 ppb of atrazine every day for a lifetime, he would still not be 
exposed to amounts shown to have effects in lab studies. Said in another way, 
the 2006 survey found miniscule erosion in the huge safety cushion. Using 
the standards in place in the U.S., Canada, Australia or under the new WHO 
guidelines, the concerns expressed by NGOs appear alarmist

Under an agreement with the EPA, Syngenta conducts weekly testing dur-
ing the growing season of any drinking-water system that has been found to 
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contain annual atrazine and metabolite levels above 2.6 ppb (which is equiva-
lent to an annual atrazine level of 1.6 ppb). In general, the already low levels 
of the herbicide found in water have been trending down over the course of 
the last 10 to 15 years. According to the EPA, concentrations in raw water de-
clined significantly between 1994 and 2006 at 103 frequently monitored sites 
(Sullivan, et al. 2009). However, in its 2009 report, the NRDC crunched the 
raw data and found that three local water systems—two in Illinois and one in 
Indiana—in previous years had, on occasion, temporarily exceeded the 3 ppb 
EPA limit by fractional amounts. In each of the three cited cases, the annual 
averages in these communities did not exceed the EPA’s 3 ppb annual limit.

Those findings, noted in press releases and widely disseminated, created 
the misleading belief that these drinking water systems were somehow un-
safe. That’s not the case. The EPA was aware of the occasional spikes. Based 
on decades of tests on atrazine, it did not consider these occasional spikes 
a safety threat for either sort-term (acute) or long-term (chronic) potential 
exposure. However, in its sensational report, the NRDC characterized the 
spikes as “particularly alarming,” claiming that “potential adverse effects [are] 
associated with even short exposures to atrazine” (Natural Resources Defense 
Council 2009)—an opinion, while sensational and widely circulated, has not 
been confirmed in any study or accepted by the EPA. And again, in the con-
text of the latest scientific data, as incorporated in the new WHO standard, 
the NRDC’s position comes across as alarmist.

Steve Bradbury, deputy director in the Office of Pesticide Programs at 
the EPA, said the monitoring program has never found atrazine levels ap-
proaching the 90-day or one-day maximums (Souder 2009). A cumulative 
risk assessment for triazine pesticides (the family of chemicals that includes 
atrazine) published by the EPA in 2006 concluded, “Risk assessments for cu-
mulative exposures to triazine residues via drinking water based on currently 
registered uses of atrazine and simazine are not of concern” (USEPA Office of 
Pesticide Programs, Health Effects Division 2006).
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The “Endocrine Disruptor” 
Hypothesis Controversy

As in the case of BPA, atrazine’s comparatively benign toxicological pro-
file has long posed a challenge for its critics. University of California herpe-
tologist (research focus on amphibians) Tyrone Hayes is the most ardent. The 
Berkeley professor began studying atrazine in the 1990s with research funded 
by Syngenta, as part of its due diligence. Hayes and the company parted ways 
in the late 1990s. He claims he came to suspect that atrazine was interfering 
with the natural production of hormones, and he decided to pursue his stud-
ies independently.

In 2002, Hayes published a study that ban proponents had been hoping 
for. His team focused on amphibian populations, which have been in world-
wide decline for decades, baffling scientists. In lab experiments that exposed 
clawed frogs to lower doses of atrazine, the researchers produced males with 
ambiguous genitalia and squeaky, soprano-like croaks—hermaphrodites. 
“We hypothesize that atrazine induces aromatase [a protein that spurs the 
production of the female hormone estrogen] and promotes the conversion of 
testosterone to estrogen,” the Hayes team wrote (Hayes, et al. 2002).

Hayes’s study set off an immediate firestorm. It was released at the same 
time as another team, in a much larger study funded by Syngenta but also 
operating independently, found no meaningful link between atrazine expo-
sure and abnormalities. Keith Solomon of the University of Guelph, Ontario, 
Canada, found that lower levels of atrazine did not induce aromatase, a result 
that, if true, would undermine Hayes’s conclusion (Renner 2002). The con-
troversy, which persists today, was fully engaged.

Whereas precautionary thinking is easy to grasp and plays into our in-
stinctual fear of the unknown, the concept of relative risk is very hard for most 
nonscientists, including many journalists, to get their minds around. Brand-
ing any chemical as a toxic “endocrine disruptor” is about as useful as describ-
ing a car as “fast.” Relative to what? Under what conditions? The question for 
regulators remains: how much of a substance causes a deleterious effect? To 
put this in perspective, vitamin D—an essential vitamin for life—has about 
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the same toxicity as arsenic. The 2005 Dietary Guidelines for Americans rec-
ommends that healthy older adults consume 1000 IU/day, whereas in adults, 
taking 50,000 IU/day for several months can produce toxicity. This 50:1 ratio 
would surely confound regulators, if the chemical were not essential to human 
life. 

Knowing the effect and the dose at which that effect can occur is the evi-
dence-based standard used by the EPA to regulate chemicals. The precaution-
ary principle, on the other hand, asks only for effect and then demands action 
without the context of exposure. The only significant science-based question 
is whether a particular substance is harmful at the trace level at which it is 
present in the human body. Many synthetic chemicals labeled endocrine dis-
ruptors are millions of times less potent than estrogen or testosterone and 
simply do not have the “punch” to affect the endocrine system very much. 
For atrazine, the relevant factor is potency relative to estrogen or testosterone. 
Studies that apply classic risk analysis have consistently shown that “a risk to 
human health [from atrazine is] essentially nonexistent” (Cooper, et al. 1996 
is one of numerous studies).

The case against atrazine rests largely on the integrity of the central body 
of research by its chief critic, Dr. Hayes. For example, a widely circulated 
joint polemic issued in January 2010 by the Land Stewardship Project and 
the Pesticide Action Network cites Hayes more than 50 times and includes 
a question-and-answer section with him in which he outlines his allegations 
(Land Stewardship Project and Pesticide Action Network 2010). Although 
his reports have been widely criticized, no mention is made of alternate per-
spective, conveying the false impression that Dr. Hayes’s views are widely em-
braced by mainstream scientists. 

Many independent scientists have raised doubts about the reliability of 
his data and his conclusions, viewing him more as an activist that an objec-
tive researcher. “Atrazine has been used widely in South Africa for the past 45 
years, and our studies showed that Xenopus [a genus of highly aquatic frogs 
native to Sub-Saharan Africa] are doing equally fine in agricultural and nonag-
ricultural areas,” zoologist Louis du Preez of North-West University in South 
Africa noted in response. African clawed frogs do not appear to be suffering 
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from the herbicide in their native habitats. “If atrazine had these adverse ef-
fects on Xenopus in the wild, surely we would have picked it up by now” (Bi-
ello 2010).

The EPA and scientists on the government’s independent SAPs have dog-
gedly tried to replicate Hayes’s findings, but to no avail. In 2005, the agency 
published a 95-page white paper, concluding that his work and many other 
studies drawing similar conclusions about atrazine’s impact on amphibians 
were “scientifically flawed.” Anne Lindsay, then the deputy director of the Of-
fice of Pesticides, testified that the EPA “has never seen either the results from 
any independent investigator published in peer-reviewed scientific journals or 
the raw data from Dr. Hayes’ additional experiments that confirm Dr. Hayes’ 
conclusions.” According to Lindsay, “The existing data are insufficient to dem-
onstrate that atrazine causes such effects [aromatase induction]” (Statement 
of EPA’s Anne E. Lindsay, Minnesota House of Representatives 2005).

The controversy did not fade, however, as advocacy groups continued to 
cite Hayes’s findings and press regulators to ban atrazine. Facing intense pub-
lic scrutiny stirred by the media, the EPA required Syngenta to fund extensive 
additional independent laboratory studies carried out in two separate labs in 
the United States and Germany—the most extensive reviews ever undertaken 
on atrazine. Both studies refuted Hayes’s conclusions. Biologist Werner Kloas 
of Humboldt University in Berlin found no impact on clawed frogs at concen-
trations comparable to those investigated by Hayes. He questioned the single 
exposure level used by Hayes in his study and the lack of measurement of 
female hormone levels in the affected frogs. Kloas’ findings are particularly 
noteworthy because he has publicly expressed his view that a chemical should 
be banned for precautionary reasons if there is evidence, however incomplete, 
questioning its safety (Biello 2010).

After a SAP review of all the data, in 2007, the EPA concluded, “There is 
no compelling reason to pursue additional testing” (EPA 2007). But that de-
finitive assessment did not deter critics. Although the two Syngenta-funded 
studies were conducted under the strictest application of EPA’s GLP Stan-
dards and were thoroughly audited and inspected data point by data point 
by the EPA, advocacy groups dismissed them as inherently not credible—as 
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they have all studies in which the industry participated or funded. 
That sweeping denunciation illustrates a lack of understanding of the pro-

cess of evaluating and approving chemicals, notes Amy Kaleita, an agricultural 
and biosystems engineer at Iowa State University. Chemical companies fund 
large-scale studies not to mollify the media but because they are necessary to 
meet federal guidelines. In the case of atrazine, the Federal Insecticide, Fun-
gicide, and Rodenticide Act places the burden of proving safety on pesticide 
companies. For a chemical such as atrazine to be approved, it must undergo 
a battery of tests designed by the EPA and often carried out by independent 
laboratories, which follow rigorous, internationally recognized Quality Assur-
ance Protocols. The data is available to EPA auditors, who often review the 
study methodology and conclusions in fine detail. If the EPA determines that 
the study protocol is in any way deficient, it requires companies to fund ad-
ditional tests.

By contrast, the peer review process is not very efficient in sorting out 
quality from bad peer-reviewed papers. Journal articles do not require edito-
rial oversight or government audit. A manuscript often contains only a few 
paragraphs explaining the methodology behind the study and little informa-
tion, if any, about quality assurance procedures. Reviewers rarely have access 
to the raw data summarized in the paper, and study authors decide for them-
selves whether to respond to reviewer comments and questions, let alone dia-
logue with them. Atrazine, Kaleita says, highlights “[t]he absurdity of dismiss-
ing industry funded studies in favor of peer review.” “(Kaleita, 2010)

Hayes’ work has been peer reviewed for journal articles, but the data re-
main in a black box to regulators and independent scientists. Because of the 
storm of controversy fanned by the NRDC and other advocacy groups, in 
2008 the Australian government’s Department of Environment, Water, Heri-
tage and the Arts reviewed all of Hayes’ studies. Its conclusion: “Atrazine is un-
likely to have an adverse impact on frogs at existing levels of exposure” (Aus-
tralian Pesticides and Veterinary Medicines Authority 2010). That same year, 
in experiments that closely replicated Hayes’s study outline, endocrinologist 
Taisen Iguchi at the Okazaki Institute for Integrative Bioscience ( Japan) and 
colleagues raised tadpoles in various concentrations of atrazine and found no 
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hermaphroditic frogs (Oka, et al. 2008). After reviewing the data, endocri-
nologist Robert Denver of the University of Michigan, well-recognized for 
his independence, commented that the experiments “appear to be carefully 
executed and the data thoughtfully interpreted. Overall, this appears to be a 
sound study that does not support the view that atrazine adversely affects am-
phibian gonadal development through an estrogenic action” (Renner 2008).

Keith Solomon, by then head of the Centre for Toxicology at the Univer-
sity of Guelph, reviewed more than 130 recent studies on atrazine for Critical 
Reviews in Toxicology, a well-regarded international journal. The team’s con-
clusion, published in 2008: Most studies found atrazine had no significant 
effects, and even in cases where effects were found, they were not substantial 
enough to warrant concern: 

“We have brought the results and conclusions of all of the rele-
vant laboratory and field studies together in this critical review. 
. . . Based on a weight of evidence analysis of all of the data, the 
central theory that environmentally relevant concentrations 
of atrazine affect reproduction and/or reproductive develop-
ment in fish, amphibians, and reptiles is not supported by the 
vast majority of observations. The same conclusions also hold 
for the supporting theories such as induction of aromatase, 
the enzyme that converts testosterone to estradiol. For other 
responses, such as immune function, stress endocrinology, 
parasitism, or population-level effects, there are no indications 
of effects or there is such a paucity of good data that definitive 
conclusions cannot be made” (K. Solomon 2008).

Although a massive meta-analysis published in fall 2009 raised some 
concerns about the effects of atrazine, it pointedly noted that Hayes and only 
Hayes has found that atrazine increased aromatase and that no study has 
found it affects vitellogenin levels, a protein that should be present if atrazine 
was seriously affecting the endocrine system. Its conclusion: “These data do 
not support the hypothesis that atrazine is strongly estrogenic to fish” (Rohr 
and McCoy 2010).
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Most recently, in March 2010, Hayes was the lead author on a paper pub-
lished by the National Academy of Sciences arguing that atrazine demascu-
linized frogs throughout all life stages, from tadpole to adult, when they were 
exposed to a single dose below 3 ppb. Hayes and his team speculated that the 
atrazine was absorbed through the frogs’ skin and turned on a gene that in male 
frogs should stay off—it converted testosterone into estrogen, flooding the frog’s 
body with the wrong chemical signal (Hayes, et al. 2010). No other research 
team, independent or industry funded, has found similar effects. Australian offi-
cials reviewed the new study, found it wanting, and said there was not sufficient 
evidence to reconsider its current conclusion that atrazine is safe as currently 
used (Australian Pesticides and Veterinary Medicines Authority 2010).

The EPA has been eager to review the data from Hayes’ studies, but the 
Berkeley scientist has steadfastly refused to cooperate with regulators. After 
years of frustration, in a May 2010 letter, the agency’s Donald Brady, direc-
tor of the EPA’s Environmental Fate and Effects Division, Office of Pesticide 
Programs, issued a highly unusual rebuke to Hayes in a response to an inquiry 
from Illinois state representative Dave Winters, who had contacted the EPA 
after the Berkeley scientist testified before the state legislature urging a ban on 
the pesticide:

“As with most reviews conducted by the EPA, the analysis of 
data and studies is not limited to a single individual [at EPA] 
but rather involves interdisciplinary scientific teams and mul-
tiple rounds of peer review. You [Winter] asked whether EPA 
was in agreement with Dr. Hayes’ findings. . . . I regret that the 
EPA science staff in the Office of Pesticide Programs’ EFED 
could not properly account for the sample sizes and study de-
sign reportedly used by the Berkeley researchers. As a result, 
we were unable to complete any independent analysis to sup-
port the study’s conclusions” (Letter from U.S. EPA’s Donald 
Brady to Illinois State Representative Dave Winters 2010).

One would think that questions raised about Hayes’ studies by inter-
nationally respected toxicology laboratories and regulatory agencies would 
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make headlines at least comparable to the scare stories that regularly appear 
after the publication of each of his controversial papers—but they didn’t. 
Why have journalists refused to provide a balanced perspective on atrazine in 
particular and chemicals in general? Simply stated, many reporters are poorly 
schooled in science. They often do not have the sophistication or inclination 
to apply weight of evidence criteria or critically parse science from ideology. 
While new claims that one product or another contains harmful chemicals 
often results in a sensational front-page story, because of the journalist’s de-
fault mindset, a study that shows a chemical is safe or has few effects is often 
ignored or relegated to the back pages. What is the news value in the headline 
“Atrazine Found Safe; Scientists Conclude Fears Overblown”? 

A Precautionary Future?

The scientific evidence strongly suggests that atrazine does not present a 
serious danger to aquatic wildlife, let alone humans. Unable to make headway 
on the science, atrazine opponents have turned to politics and litigation. Law-
suits have been filed against Syngenta and other corporations that market and 
manufacture products containing atrazine. Farmers face ongoing activist cam-
paigns intended to pressure U.S. regulators into adopting more precaution-
ary policies. If the EPA imports and implements this precautionary model, 
atrazine and other chemicals found safe by classic weight of evidence risk as-
sessment studies would be subject to what would amount to a political review 
of their acceptability. Such a seismic shift in regulatory standards could lead 
to restrictions based on suspicions and fears rather than scientific evidence. 
Trade-offs, such as the higher food costs and the damage to America’s farming 
economy and international competitiveness that a ban would inflict, could be 
downplayed or ignored. If the precautionary view prevails, the unintended 
consequences could include more soil erosion, less sustainable farming, more 
environmental degradation—and a hungrier world. 
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Implications  
for Public Health

P olicymakers use what is called risk-risk analysis 
to evaluate chemicals. They consider two key 
questions. At what levels could a substance 

cause harm? What would be the possible unintended consequences if a useful 
chemical were pulled off the market? The only justification for banning BPA 
or any chemical would be if it could be shown, based on empirical science, 
that current risks outweigh established benefits. 

Benefits of a Chemical Exceed Risks

When asked in January 2010 whether the low estrogenic impact of BPA 
warranted further restrictions, FDA Deputy Commissioner Sharfstein re-
sponded as a scientist, carefully balancing costs and benefits. “FDA does sup-
port the use of bottles with BPA because the benefit of nutrition outweighs 
the potential risk of BPA,” he said. (Strictly speaking, the FDA does not con-
sider benefits in its analyses of food packaging, like polycarbonate containers; 

E24.82



74 Scared to Death: How Chemophobia Threatens Public Health

packaging should be approved as long as it meets safety standards and regard-
less of the benefits of the product it contains.) As he noted, restricting BPA 
could have the opposite effect; its benefits would be lost while resources that 
could otherwise be devoted to addressing established health risks would be 
wasted on trying to eliminate low-potential risks. 

It is important to do risk-benefit and risk-risk analyses—balancing the ac-
tual and potential risks of various chemicals with their utility against potential 
harms. But reflexively responding to public or NGO fears by banning or oth-
erwise limiting the use of certain chemicals that have not been demonstrated 
to pose actual risks to humans will not improve public health. In some cases, 
an untested chemical may end up replacing a relatively innocuous substance, 
such as BPA. Undoubtedly some replacements could end up causing actual 
harm while the original chemical only posed theoretical harm based on exper-
iments using animals in high-dose studies. Some regulations do not address 
actual scientific and health risks, but have been put in place almost solely in 
response to advocacy campaigns. 

For example, the accumulation of oil in the Gulf of Mexico in the wake 
of the BP disaster has led to widespread concerns that fish are contaminated 
while tests indicate only limited areas have been seriously affected. People just 
can’t shake their fear of chemicals. The problem has been encouraged in part 
because of a history of government “consumption advisories,” which warn the 
public about eating fish containing low levels of chemicals, such as PCBs or 
mercury, for which little evidence exists that they cause harm to humans at low 
levels. In general, the health benefits of eating fish, particularly in preventing 
the nation’s biggest killer, heart disease, are demonstrated and significant, far 
outweighing the miniscule potential dangers (Mozaffarian and Rimm 2006).

The paradigmatic example of an overreaction is what happened to DDT, 
the insecticide targeted by Rachel Carson. DDT remains the totemic villain 
of the environmental movement, but it has saved more lives from malaria and 
other insect-borne diseases than any other chemical. In retrospect, the ban 
on DDT has proven to be a mistake of tragic proportion. In the early 1960s, 
several developing countries had nearly wiped out malaria. After they stopped 
using the insecticide, other control methods had only modest success and ma-
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laria came raging back. In one of many examples, in Sri Lanka (then Ceylon), 
DDT spraying had reduced malaria cases from 2.8 million in 1948 to 17 by 
1963. 

After spraying was stopped in the wake of the uproar after the publica-
tion of Silent Spring, the number of cases exploded to 2.5 million. Malaria still 
kills about one million people a year, mainly children, and primarily in Africa, 
despite the decades-long effort to eradicate it without DDT. Many scientists 
and some environmental groups, including the Sierra Club and the EDF, have 
recently urged that the use of pesticide be reconsidered, because its effective-
ness is unrivaled and it causes minimal collateral damage when properly ap-
plied. In 2006, after millions of preventable deaths, the World Health Organi-
zation reversed course and endorsed the use of the insecticide as one effective 
way to control malaria (Roberts 2010).

Given the state of the science at the time Carson wrote her book, one 
might generously make the case that her concerns about the potentially un-
known effects of synthetic chemicals on human health were not unwarranted. 
Some key facts were unclear. But after four decades chasing the potential risks 
of DDT and certain other chemicals without measurably improving world 
health, and is some cases degrading it, her followers in the environmental 
movement bear the responsibility of wasting billions of dollars and destroy-
ing millions of lives.

Risks of Replacement or Amelioration 
Exceed Benefits

There were also other unintended consequences of banning DDT. At the 
time of the ban, William Ruckelshaus noted that methyl parathion would be 
the primary replacement. That decision was a lethal mistake. After several 
deaths linked to the chemical, the EPA in 1999 acknowledged that parathion 
is “hazardous to workers,” even to those wearing protective clothing, and ac-
cepted voluntary cancellation of many of its registered uses. The EPA, when 
confronted by scientifically naïve if well-meaning activists, had put expedi-
ency over saving lives. 
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The effort to remove asbestos from the walls of schools has addressed 
dangers but created others. Asbestos had been shown to cause lung cancer 
and mesothelioma in workers who had installed it (National Cancer Insti-
tute 1995). When asbestos was found in many public buildings, widespread 
concern erupted (Mossman, et al. 1990). The EPA jettisoned traditional risk 
analysis based on quantitative levels of exposure. Under the Asbestos Hazard 
Emergency Response Act of 1986 (U.S. Congress 1986), the EPA required 
all public school districts and private schools to inspect school buildings for 
asbestos and develop amelioration plans in a timely fashion. Because school 
districts, fearing suits, took the directive as an order for removal, in effect the 
EPA took the expensive and potentially dangerous position that the presence 
of any asbestos in any part of a school constituted an unacceptable hazard. As 
the EPA now notes on its website, “intact, undisturbed asbestos-containing 
materials generally do not pose a health risk.” Although the EPA now says 
removing the asbestos could cause more harm to workers and the general 
public than leaving it in place, NGOs and tort lawyers continue to harangue 
public officials to remove all traces of asbestos, regardless of the financial or 
environmental costs.

The movement to replace chlorine with chloramine has also proved mis-
guided in some cases. Chlorination reduces microbial agents of disease. En-
vironmental activists in Washington, D.C., citing high-dose animal studies on 
rats and mice, claimed it was harmful and had it removed from the water sys-
tem (International Joint Commission 2003). There is no question that high 
dose chloroform can cause liver damage and is a precursor to liver cancer, but 
to suggest the trace levels cause cancer in humans is irresponsible and incites 
needless public fears. Moreover, chloramine causes the lead scale on pipes to 
dissolve into the water, creating a genuine neurotoxic hazard (Switzer, et al. 
2006). Thus, a hypothetical danger was replaced by a real risk. 

A campaign by consumer groups to remove diacetyl, a natural byproduct 
of fermentation found in butter, from artificially flavored buttered popcorn 
after it was found to cause a rare, serious lung disease in a small number of 
production workers who inhaled it in large quantities has led to unintended 
consequences. The European Food Safety Authority has evaluated its health 

E24.85



77Implications for Public Health 

effects on popcorn-eating consumers and found it safe (EFSA 2004). Instead 
of focusing on the actual threat, the occupational hazard, many activists warn 
consumers in overheated Web posts to be suspicious of scientific assertions 
that eating popcorn flavored with diacetyl is safe. Why? Because the FDA and 
even physicians use lax standards in evaluating chemical exposure, says the 
Environmental Working Group. “No one knows how many chemicals with 
potential dangers lurk in the everyday objects we use and foods we eat,” it 
writes in an ominous story on diacetyl (Environmental Working Group 
2010). Before its campaign against BPA, the Milwaukee Journal Sentinel fo-
cused its ire on diacetyl. “Snack could be toxic,” it sensationalized in a head-
line in one of numerous stories. In fact, the only consumer case known to 
date involves one Colorado man who reportedly ate at least two bags of but-
tery microwave popcorn almost daily for more than 10 years was diagnosed 
with the same disorder (Rutledge 2007). Facing the prospect of a consumer 
backlash, manufacturers began replacing diacetyl with an untested substitute, 
pentanedione. Now new studies show pentanedione is worse than diacetyl, 
which is actually harmless unless abused. (Hubbs, et al. 2010)

Psychology of Risk Perception

In the face of human irrationality and recklessness, can anything be done 
to restore balance to the discourse about chemicals? Why are so many people, 
who are educated and otherwise rational, so deathly afraid of chemicals? Re-
porters do not take to the cyberwaves to expound on the latest discovery that 
fruits and vegetables are nutritious and safe. It’s bad news, all the time, and it 
creates paranoia and chemophobia. As the New Jersey mother mentioned in 
the Introduction, Pamela Davis, remarked, “Once you’re aware of one thing it 
just spreads and you start questioning everything. You can drive yourself ab-
solutely crazy trying to keep your baby healthy.” But even the relentless noise 
of the 24/365 media machine cannot completely account for the persistent 
fear that even the tiniest concentration of a synthetic chemical poses serious 
dangers. Clearly, our minds have a difficult time weighing rational versus ir-
rational risks. 
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By now most people are familiar with the sadly comical DHMO scare. 
A controversy erupted in the 1990s when it was circulated on the Internet 
that the chemical dihydrogen monoxide had been linked to a range of medi-
cal and environmental problems, including excessive sweating and vomiting, 
with confirmed reports that it had been found in tumors of terminal can-
cer patients. A website, www.dhmo.org, documented its many dangers: It’s 
a ubiquitous chemical and a major component in acid rain that could cause 
severe burns in its gaseous state, prove fatal if accidentally inhaled, contribute 
to erosion, and decrease the effectiveness of automobile brakes. There were 
proposals to “ban this toxic substance” in Australia and in localities in the 
United States. For the scientifically literate, of course, DHMO is the chemical 
formula for water. The biggest driver of fear is the unknown and that’s what 
some activists prey upon, be they from NGOs, academic laboratories or social 
networking sites. 

There is also a gap between perceived and actual risk. Risks that are unfa-
miliar or under someone else’s control or are hidden—How much pesticide 
residue is on my child’s broccoli?—are considered far more dangerous and 
frightening than perceivable hazards, even when they are less threatening. 
Former professional football coach and broadcaster John Madden refuses to 
fly but regularly drives cross-country in his trailer home, which is a more dan-
gerous way to travel. As the science journalist David Ropeik has written, it’s 
helpful to acknowledge that the process of assessing risks is not logical. Peo-
ple make mental shortcuts to deal with information overload, the challenge of 
processing conflicting risks. For example, those whom he calls “pure food ob-
sessives” believe that “everything God (or Nature) designed is good for you.” 
They often default to irrational beliefs, even to their peril. He cites the case of 
people who drink raw milk despite evidence that the “all natural” version oc-
casionally contains deadly E. coli mixed with a daily dose of calcium (Ropeik 
2010). For whatever reason, many people are hard-wired to believe that risks 
in nature are somehow less threatening than the ones created by man. 

Trust in Scientists and Science

Public anxiety over perceived environmental risks threatens to over-
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whelm sound scientific analysis, leading to poor public policy decisions and 
creating a serious obstacle to innovation and the necessity to rapidly commer-
cialize scientific advances. How do we elevate the discussion so the public is 
best served when it comes to understanding the risks and benefits of chemi-
cals? There are no easy answers. Justified or not, confidence that government 
officials and corporations will serve the public interest is extremely low. From 
restrictions on stem cell research to “crackdowns” on agricultural chemicals, 
politicians have often put personal, religious and ideological views ahead of 
science. In that light, restoring a measure of balance in the discussion of the 
role of science and chemicals in our society is a daunting challenge. 

Although most of us regard science as an invaluable tool for protecting 
and enhancing life, those in the grip of chemophobia often consider it a tool of 
greedy corporations empowered by institutional indifference. The cynicism is 
not entirely unjustified. There have been numerous environmental catastro-
phes marked by corporate recklessness, with government asleep at the switch, 
from Minamata Bay to mines in West Virginia to oil exploration and safety 
problems. It’s no wonder, in this context, that conspiracy theories and misin-
formation about the alleged dangers of chemicals have found a fertile home in 
cyberspace, media reports and in the minds of so many people. 

As recently as the 1980s, the public relied on a limited stream of respected 
sources when it came to making sense of their health concerns: doctors and 
medical professionals; the mainstream media, including TV networks and lo-
cal stations, major newspapers and key magazines; and government agencies 
staffed by what we assumed were independent, career scientists. Today, there 
are tens of thousands of “news generators,” many of them eager to get atten-
tion by presenting alarmist views. 

Alternative medicine is flourishing and oversight agencies are often per-
ceived as incompetent, corrupted or corruptible. Scientists may retain a mea-
sure of the public’s trust, but there are concerns that many of them are captive 
to industry or are otherwise compromised. 

Another driver is the U.S. litigation system, in which tort lawyers troll for 
potentially lucrative class action suits. Lawyers comb the news trying to iden-
tify an industry or company that could pay for the consequences of contract-
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ing an alleged disease. These are tempting targets, especially in key jurisdic-
tions notoriously sympathetic to class action litigation.

Educators do a poor job of teaching biology, chemistry, math, physics, 
and risk analysis essential to an understanding of science and technology. 
Americans are bombarded by stories about pesticides, air pollutants and the 
like, but they are not educated to the risky hazards of daily life, from over-
eating to unsafe sex. We are not providing students with the skills to differ-
entiate between theoretical dangers, such as those embodied in cancer risk 
assessments from chemical exposures, and real (actuarial) risk, such as the 
odds of contracting cardiovascular disease from a fatty diet. Consequently, 
our educational system remains under constant attack by conservatives and 
liberals intent on shaping science to their personal ideologies.

Irrationality is an inherent part of the human condition. People believe 
what they want to believe. Even the well-educated embrace cherished dog-
mas, like “natural is always safer and better.” This extreme precautionary per-
spective fails to assess natural and human threats on the same basis. People 
tend to routinely ignore the potential benefits of technology, in effect favoring 
nature over humanity. Many people do not appreciate that the risks created 
by technological stagnation are often at least as real as those caused by tech-
nological advancement.

One way to at least start the process of better understanding may be for 
scientists and the organizations that represent them to aggressively engage 
in a vigorous and coordinated public dialogue about uncertainty and risk. 
To assess how scientists perceive the risks from exposure to commonly–en-
countered chemicals, the Society of Toxicology teamed with George Mason 
University’s Center for Health and Risk Communication and its affiliated 
Statistical Assessment Service (STATS) to survey more than 900 toxicolo-
gists. In contrast to public opinion, only 33 percent ascribed significant risks 
to food additives and just one-in-four to cosmetics. By and large, toxicologists 
challenged the alarmist views of some environmental activists about which 
chemicals or exposures are most dangerous. Phthalates were considered high 
risk by 11 percent; BPA by 9 percent; and Teflon by 3 percent. Smoking (89 
percent); second-hand smoke (44 percent); mercury (37 percent); aflatoxin, 
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a naturally occurring fungus found in peanut butter, (29 percent); and expo-
sure to sunlight (26 percent) were all considered far more dangerous. Fewer 
than one out of four believed that regulation should be guided by the precau-
tionary principle and three-quarters said that the U.S. system for evaluating 
chemicals is superior to the European system. (STATS 2009)

Scientists are most concerned by the politicization of research. Two-thirds 
believe the peer review process has become too politicized; three-fourths be-
lieve scientists should restrict public statements to their areas of expertise; 
and a solid majority fault both the media and regulators for not doing a bal-
anced job in explaining chemical risk to the public. The findings questioning 
media credibility were echoed by a recent poll of more than 2,500 members 
of the American Association for the Advancement of Science by the Pew Re-
search Center, 76 percent of whom believed that news reports fail to distin-
guish between scientific findings that are well founded and those that are not 
(Pew 2009). Some 48 percent say reporters regularly oversimplify science is-
sues. Few journalists seem to be able to distinguish between the concepts of 
actual dangers and potential risks. 

Most scientists are aware of the widespread misrepresentation of risk by 
the media and the policy problems that it causes, but do not speak out. Sci-
entists have largely remained silent when the public discussion turns to the 
trade-off of benefits and risks from chemicals. They are often unwilling to en-
gage controversial issues that could endanger their funding and research. The 
consequences of not challenging this misinformation are severe. The public in-
terprets the unwillingness of scientists to engage those who campaign against 
chemicals as an implicit validation of their dangers. Those who do speak out 
are often left isolated or branded as industry apologists. Maybe the best we 
can hope for is that brave scientists, scientifically literate journalists and gov-
ernment officials who are responsible for translating science into regulatory 
policy will take the public’s best interest into account. This perspective needs 
to be presented to legislators so they have information necessary to resist the 
irrational and often regressive impulses stirred by the scare tactics that are so 
common today.

Throughout history, scientific innovations and discoveries have been sub-
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ject to criticism and resistance. It is primarily the fear of the unknown that 
fuels this sentiment. This is not to say that reasonable concerns regarding 
scientific innovations should be ignored. Appropriate safeguards should be 
implemented while adopting the latest technology. But we have to recognize, 
and educate the public and public officials, that most activities involving tech-
nology will have undesired effects as well as desirable ones. Fear of the un-
known and exaggerated precautions shouldn’t be invoked to impede scientific 
progress. Had it not been for a stream of scientific innovations throughout 
history, the world today would not be able to support seven billion people 
living in dynamic and complex community systems. Science and technology 
have improved our lives in more ways than we can imagine, and chemicals 
have played a key role. Let’s hope that continues.
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Appendix:  
Common Myths and 
Facts About Chemicals
Myth #1: A chemical-free world would be safer 
and healthier . 

A chemical-free world is not possible. Everything—people, plants, ani-
mals, rocks, cars, air—is made up of chemicals. Some of these chemicals oc-
cur in their natural state and others are produced by combining naturally oc-
curring chemicals.

Chemicals are everywhere—in living things, in inanimate parts of the 
environment and in the products vital to our health and quality of life. The 
natural world operates through the interactions of a vast array of chemicals. 
For example, humans need the chemical oxygen to survive. Plants, on the oth-
er hand, need carbon dioxide to grow and flourish. Thus, the chemical waste 
product of one form of life is the raw material for another. Even beneficial 
chemicals are dangerous at high levels. We need some 20 percent oxygen in 
air, but humans exposed to 100 percent oxygen for more than 24 hours will 
suffer massive lung damage.

Humans depend on many other types of chemicals including proteins, 
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carbohydrates, fats, metals and vitamins. These are supplied by food. The 
chemicals in the food we eat are utilized as raw materials for our growth and 
functioning. However, because humans are so complex, some of the chemi-
cal processes needed for these activities can malfunction. As a result, humans 
are subject to a variety of diseases that reflect excesses or deficiencies in these 
essential chemicals. For example, diabetes can result from the lack of produc-
tion of the chemical insulin. Fortunately, it is now possible to make insulin 
synthetically and add this chemical to humans to counteract the effects of dia-
betes. 

Thus, we are dependent on synthetic, as well as natural, chemicals for 
treating disease and improving both longevity and the quality of life. Both 
natural and synthetic chemicals are integral to all aspects of modern life. For 
example, natural chemicals in petroleum power cars, trucks and other vehi-
cles, providing us with mobility and access to foods and goods from faraway 
places. Synthetic chemicals are critical to the functioning of the cornucopia of 
electronic devices, including computers and cell phones, giving us the ability 
to communicate around the globe instantaneously. There is no such thing as a 
chemical-free product and, indeed, chemicals are essential to human life and 
to our standard of living. Not only is a chemical-free world unachievable, it 
would be undesirable if it were possible.

Myth #2: Synthetic chemicals are dangerous; 
natural chemicals are safe .

All chemicals, whether synthetic or natural, have the potential to cause 
harm to people under the right circumstances. There are no nontoxic chemi-
cals. Chemicals differ only in the types of toxicity they can cause and the ex-
posure level at which these effects occur.

Many natural chemicals are toxic at high doses, including those in the 
food we eat and the water we drink. For example, a number of chemicals that 
occur naturally in our diet have been shown to be carcinogenic to rodents 
at high doses. Others, such as compounds found in soy products, can cause 
effects similar to those of human hormones. Thus, natural chemicals that are 
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critical for life may also cause harm if humans are exposed to them under cer-
tain conditions. Similarly, other natural chemicals, such as arsenic, have been 
shown to cause adverse effects in humans when found in high levels in drink-
ing water. The toxicology literature is rich with stories of “endemic diseases” 
caused by natural food ingredients.

The same types of effects that are produced by exposure to natural chemi-
cals, such as carcinogenicity and hormonal effects, also can occur from expo-
sure to synthetic chemicals. In almost all cases, these effects occur only at high 
doses and so, as a group, synthetic chemicals are no more toxic than natural 
ones. The potency of a chemical does not depend on whether it is natural or 
synthetic; some of the most toxic chemicals are natural and some of the least 
toxic are synthetic. Indeed, there are a number of natural chemicals that are 
very highly toxic; these include the toxins that cause botulism and tetanus.

Both synthetic and natural chemicals can be toxic and present risks. 
Whether a chemical should or should not be used should be based on its 
risks and benefits, and how or if it should be used. For example, a synthetic 
chemical used as a pesticide may be very important for destroying insects that 
carry dangerous diseases but may also cause toxicity at high doses. Chemicals 
naturally occurring in gasoline, a product critical for transportation, may also 
cause toxicity if exposures are high. In both cases, these chemicals are valuable 
because their benefits outweigh their risks. 

Myth #3: Synthetic chemicals are the cause for 
the rising incidence of many serious diseases, 
including cancer

First, over the past few decades there has been a decrease, not an increase, 
in the rate at which new cancers are diagnosed and the rate at which people 
die from cancer. Second, while there have been reported increases in the inci-
dence of other diseases, the causes for such increases are not known. 

Cancer is a disease that causes dread because of the toll it takes on victims 
and their families. Because cancer is a disease that becomes more common as 
we age, the number of cancers has been increasing as we live longer. This in-
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crease in number gives the perception that cancer is becoming more common 
at all ages. However, when the incidence and death rates for cancers are calcu-
lated for each age group, it can be seen that they are decreasing. For example, 
if we looked at the rate of cancer in 80 year olds today, we would find that it is 
lower than it was in 80 year olds 10 years ago.

Cancer is not the only health problem that is of serious concern. Diseases 
that affect children, such as autism and asthma, also have been in the public 
eye because of reported increases in the numbers of cases of these illnesses. 
Careful studies of the reasons for these increases suggest that in many cases 
they are apparent, not real. This can occur due to changes in diagnostic prac-
tices, greater availability of diagnostic and treatment services, earlier age at 
diagnosis, and greater public awareness. The scientific evidence does not sup-
port claims that these diseases are due to chemical exposures.

Further, when overall health indicators — rather than the incidence of 
individual diseases — are examined, it is clear that the health of the American 
population has been continually improving. Longevity has increased signifi-
cantly during the last 50 years, a period marked by a tremendous increase in 
the types and amounts of chemicals in everyday use. In addition, people are 
staying healthy longer, so that the quality of life as well as our average lifespan 
has improved in recent generations.

Thus, the myth that there has been a rising incidence of serious illnesses 
and that these are due to the increased use of synthetic chemicals does not 
stand up to scrutiny. It is very clear that public health has improved signifi-
cantly over the recent past, due in large part to the contributions of synthetic 
chemicals to the diagnosis and treatment of a wide variety of diseases. Careful 
analysis reveals that many claimed increases in diseases are not real. In addi-
tion, in-depth assessments of the causes of existing cases of these illnesses 
do not demonstrate a connection between the diseases and environmental 
chemicals.

E24.95



87Appendix: Common Myths and Facts About Chemicals 

Myth #4: Detection of a chemical in the 
environment or a sample of blood or urine means 
that people are in danger of adverse effects .

People are exposed to thousands of natural and synthetic chemicals each 
day without evidence of harm. Thus, the detection of a chemical in the envi-
ronment or in a sample of blood does not imply that toxic effects are occur-
ring. 

Because natural and synthetic chemicals occur in the environment around 
us, people are exposed to these agents each day in the air they breathe, the wa-
ter they drink and the food they eat. Therefore, it is not surprising that these 
chemicals can be found in samples of human blood and/or urine. Indeed, re-
ports about the variety of chemicals found in such samples are common in the 
media. In some cases, reporters have written stories on analyses of their own 
blood or urine to dramatize the findings. In other instances, reports feature 
the results of large-scale government studies on the blood and/or urine levels 
of environmental chemicals. 

What does the discovery of these chemicals in human fluids mean? First, 
human blood and urine normally contain a wide variety of natural chemicals. 
Blood contains nutrients that are carried throughout the body, but it also 
transports unwanted waste products resulting from normal body processing 
of these nutrients. These products go to the kidneys where they are excreted 
in urine. Many of these waste compounds can cause serious effects in people 
if they build up to high levels as can happen when the kidneys do not function 
properly. 

Similarly, a number of environmental chemicals, both natural and syn-
thetic, can be found in the blood and urine. The human body has the ability 
to excrete these just as it excretes its own unwanted waste products. The pres-
ence of such chemicals does not imply that any adverse effects are occurring, 
just as the presence of the body’s waste products does not mean that the hu-
mans carrying them are suffering toxicity. Only if these environmental chemi-
cals build up to high levels is there a likelihood of harm.

Careful analysis by government scientists of the levels of these environ-
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mental chemicals in blood and/or urine demonstrates that they are almost 
always present at very low levels, often called trace levels. These levels are not 
high enough to cause any harm; just because they are present does not mean 
that there is a risk involved. These analyses tell us only if people have been 
exposed to the chemicals studied — not if any effects are likely. Additional 
information, such as how often exposure has occurred, for how long and at 
what levels, is necessary to determine the possibility of toxic effects.

 

Myth #5: Chemicals used in food, consumer 
products and agriculture have not been shown to 
be safe .

Since all chemicals, natural or synthetic, can cause toxicity at some dose, 
none of them are absolutely safe. Indeed, there is no way to show that any 
chemical is absolutely safe at any dose since you can always imagine other 
tests that could be performed to look for more and more obscure and unlikely 
effects. 

Since absolute safety is not a possibility, the question is whether these 
food, consumer and agricultural chemicals have undergone enough testing so 
there is a reasonable likelihood that they will cause no harm when used prop-
erly. While it has been claimed that adequate testing and evaluation have not 
been performed—and thus that our food and consumer products are unsafe 
—a careful analysis shows that this is not the case.

The claims of insufficient testing are of two types. The first is based on 
the idea that the current toxicity tests are not appropriate in the light of new 
knowledge. A good example of this is the assertion that chemicals can show 
no effects at high doses but still produce significant toxicity at much lower 
doses. Those who espouse this view say it demonstrates that traditional test-
ing done at high doses may miss toxic effects. That’s a controversial hypoth-
esis that has, as yet, limited support among scientists.

The second type of claim is that not enough testing has been done or that 
it has been performed and/or evaluated in a biased way. Generally, the incom-
plete or biased testing results are linked to industry. While it is true that much 
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of the toxicity testing of products in commerce is performed by industry, this 
is because the federal regulatory system requires such evaluations. This ap-
proach has been very successful in almost all cases, as evidenced by the overall 
safety of the food supply and the very small number of chemicals in consumer 
products that have been shown to cause any toxicity, even in sensitive indi-
viduals, when used as intended. 

Hence, the belief that chemicals have not been adequately tested before 
the public is exposed to them does not hold up under careful scrutiny. It is 
based on two assertions, neither of which is supported by the evidence. The 
first, that current test methods are inadequate, is based on assertions of scien-
tists who do not represent the scientific consensus and the second, that indus-
try testing is insufficient and/or biased, is not supported by the safety records 
of foods and consumer products.

Myth #6: If there is any evidence that a chemical 
might cause harm, it should be taken off the 
market .

As stated previously, all chemicals, both natural and synthetic, are toxic 
at some exposure level so applying this principle would lead to the removal 
of all chemicals, whether beneficial or not. This approach would deny people 
the benefits of drugs that cure serious diseases, disinfectants that protect citi-
zens against microorganisms, pesticides that protect us against insect-borne 
diseases, and a host of life-saving medical devices.

Those who believe that chemicals should be removed from the market 
whenever there is the slightest evidence that they may cause harm base this 
view on the “better safe than sorry” precautionary principle. However reason-
able this principle may seem on the surface, this approach is unlikely to make 
you safer and, instead, could very well increase risk.

Why is this? For one, devoting resources to taking a chemical — and prod-
ucts containing it — off the market and replacing it means that these same re-
sources will not be available to assess other risks. If there is little evidence that 
this product causes serious harm, then it is unlikely there will be any reduc-

E24.98



90 Scared to Death: How Chemophobia Threatens Public Health

tion in risk from removing it. On the contrary, since this action would divert 
resources from known risks to public health, it is more likely that there would 
be a net decrease in safety.

In addition, the replacement of a product in common use has environ-
mental consequences since it would require the use of significant amounts of 
energy to collect and dispose of the banned substance, and to develop, pro-
duce, market and distribute a replacement. Generating the energy needed for 
these steps would be associated with pollution and the potential for adverse 
effects in people exposed to these pollutants. Thus, the replacement process 
itself entails risks that must be considered.

It is often the case that at least some of the benefits of the product be-
ing replaced are lost. This happens because many products, such as plastics 
in medical devices, are in use because of unique properties that cannot be 
exactly duplicated. So, in addition to a significant possibility of increased risk 
from banning a chemical of unproven harm, there is also the likelihood of a 
loss of benefits.

Because all chemicals are toxic, it is quite likely that there will be some 
toxicity associated with the replacement. It is often not clear until a product 
has been in use for a long time what this toxicity is and how many people it 
may affect. It is quite possible that the replacement chemical, and products 
containing it, will be associated with at least as much risk as the original chem-
ical. The application of the principle of “better safe than sorry” can result in 
the replacement of an unsubstantiated risk with an unknown one.

The seemingly prudent step of taking chemicals off the market when 
there is the slightest suggestion of toxicity is unlikely to accomplish what is 
intended. Because there is no solid evidence of harm, it is not clear that any 
reduction in risk will occur. It is much more likely that there will be an overall 
increase in risk, because the substitution process incurs other risks, as well as 
a loss of benefits if the chemical and products containing this chemical are 
taken off the market. The really prudent step is to make the best scientific 
evaluation of the risk from the product as compared to the risks and loss of 
benefits associated with removing it from the market before any actions are 
taken.
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Myth #7: Claims by advocacy groups are objective 
and based on the best science .

Although advocacy groups often assert that their claims of danger from 
chemicals are based on science, close examination reveals that these asser-
tions often do not reflect the best or most complete science. In some cases, 
they do not reflect any science at all; they rely on the belief that the presence 
of a chemical is equivalent to risk.

Advocacy groups, as their name implies, advocate for particular positions. 
In the process, they marshal the best arguments they can make to support 
their position. This often entails citing evidence that is most conducive to 
their case, no matter how valid, and ignoring evidence that is contrary to it. 
Further, they often try to portray scientists who have an opposing view as bi-
ased while asserting that they are objective. Relying on the tendency of many 
media sources to publicize dramatic findings, they are often able to dominate 
the headlines.

However, a close scientific examination of advocacy group claims reveals 
they are often based on studies by scientists who do not reflect the expert con-
sensus or a balanced treatment of the available evidence. Instead, they tend to 
emphasize the worst possible interpretation of the data. Yet, in the absence of 
solid evidence, such groups suggest that restricting or eliminating particular 
chemicals is necessary. This position is based on the conviction that it is pru-
dent to take chemicals off the market even if there is only the slightest support 
for the contention that they pose a risk to the public.

Unfortunately, a number of factors contribute to the public’s willing-
ness to accept blanket claims by advocacy groups. The media give excessive 
attention to the views of NGOs that are sensational and critical of industry. 
Industry responds to the barrage of negative publicity by removing the at-
tacked products. That often leads government officials to pass restrictive leg-
islation. This attack and withdraw cycle, repeated again and again, contributes 
to a public perception that the original allegations were scientifically valid. 
However, this is often not the case. These predictable reactions by the media, 
industry and government are shaped by the desire for publicity at any cost, or 
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by policy and economic considerations, not on an assessment of the scientific 
validity of the claims. 

Yes, environmental disasters have occurred due to corporate greed or in-
difference and government incompetence. There are examples in which cor-
porations have exercised their influence to bend policy to their needs, and the 
public has paid the price. But for the most part, the desires of corporations and 
the public coincide. Businesses that break the trust of their customers don’t 
prosper let alone survive. And in all but a very few instances, the regulatory 
machinery, however inefficient, does identify new drugs, improved ways to 
grow and preserve foods, and enhance the quality of our food and water. We 
can improve the system, in some cases significantly, but the evidence doesn’t 
support the cynical belief encouraged by many activists that corporations are 
out to fleece their customers and government is corrupt or hopelessly inef-
ficient.

Science needs to rest on a solid body of independently verified evidence. 
Any evidence is not equivalent to valid evidence. When scrutinized, many 
claims by advocacy groups are not scientifically sound. They reflect a selective 
use of facts and often rely on scientists with a demonstrable (and sometimes 
avowed) bias. These groups often rely on popular but mistaken beliefs to bol-
ster their positions: that it is possible to have chemical-free products; that syn-
thetic chemicals are more dangerous than natural ones; that some chemicals 
are nontoxic; that synthetic chemicals are responsible for increases in disease; 
that detection of a chemical is equivalent to a toxic effect; and that it is pru-
dent to take useful and desirable products off the market even in the absence 
of solid scientific evidence of harm. That’s not science.
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The SALT
Framework:

Includes an overview
of key risk
communication
principles,

Outlines some of the
science and research
behind those
principles, and

Provides clear,
practical guidance for
implementing a
consistent approach
to communicating risk
across all EPA
activities and
programs.

Risk Communication CONTACT US

The SALT Framework
A Process Framework to Guide Risk Communication
As the U.S. Environmental Protection Agency pursues its
mission to protect human health and the environment, EPA
sta� practice risk communication every day. E�ectively
communicating science and potential health risk is one of
the most important jobs we have. The SALT Framework is
based on a process of Strategy, Action, and Learning and is
supported by Tools that together provide a research-based
approach and best practices for communicating our work to
the American people.

What is risk
communication?
Risk communication is communication intended to provide
a general or specific audience with the information they
need to make informed, independent judgments about risks
to their health, safety and the environment. Risk
communication should be meaningful, understandable, and
actionable. Risk communication works best when it is a
two-way process where the Agency listens to, learns from,
and meets the needs of specific audiences. In practice, this
is not always possible in the short term or in all situations,
but improving our understanding of the needs of our audiences and responding to those needs
should remain an ongoing EPA goal.

An o�icial website of the United States government Here’s how you know

Search EPA.gov
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What is the di�erence between risk
communication and crisis communication?
EPA o�en needs to communicate about risk during an immediate threat to human health or the
environment during a crisis situation that we were unable to, or did not appropriately, plan for.
Crisis communication is a subset of risk communication in response to an event or a crisis. All the
elements of risk communication apply in crisis communication, but urgency is paramount, and
audience stress is typically elevated.

Who is the SALT Framework for?
This framework is for anyone who communicates risk on behalf of
EPA. Due to the nature of EPA’s mission to protect human health and
the environment, communicating risk is inherent to any mission-
relevant work at the Agency. Risk communicators at EPA include a
wide spectrum of employees, including sta� working on policy, in
public a�airs, and as scientists, in addition to those working directly
on community outreach and engagement, and in
emergencyoperations.

On this page: 
Strategy

Action 

Learning

Tools

Strategy
Moving Away from the De�cit Model

Many people start risk communication with the view that if they can just give their audience the
facts, it will change their beliefs, attitudes and behaviors related to a given risk and EPA’s work to
address it (this is known as the knowledge deficit model of communication). Decades of research
from the psychological and decision, risk, and management sciences has shown that this is not
true. People make decisions for many complex reasons, and not all of them have to do with what a
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scientist or EPA o�icial might see as a numerical, factual risk. The good news is that there is also
much research that points the way to what does work. One of the first steps to moving beyond the
deficit model is to broaden goals and objectives that go beyond providing information
strategically.

Strategic risk communication should include: taking stock and leveraging existing sources of
knowledge; setting big picture goals and corresponding objectives; and matching platforms and
tactics to those goals and objectives. This process should also focus on how success will be
measured and how the project will be refined as needed to achieve it. The strategic planning step
can end with a simple list or a more formal risk communication plan that includes many parts and
roles. The important thing is to use this planning process to design risk communication activities
to achieve EPA’s goals and objectives.

Strategy Steps and De�nitions

1. Take Stock: Leverage knowledge inside the Agency and with partners before undertakinga risk
communication project.
Example: Seek out information from colleagues in the Region, from the EJ o�ice, and from
other o�ices that have a history in the community, the contaminant, or other relevant issues.

2. Establish Goals: Goals are the big picture of what you hope to accomplish with a risk
communication e�ort. Goals will be connected to the Agency mission to protect human health
and the environment.
Example: Decrease a specific risk taking behavior in an audience.

3. Set Objectives: Objectives are measurable interim steps clearly linked to achieving the goal.
Objectives typically involve beliefs and feelings held by an audience and/or increasing their
knowledge.
Example: Increase self-reported trust in EPA as a messenger on issues of health in
the community.

4. Choose Platforms: Platforms are sometimes called vehicles or channels. They are the way the
message will reach your audience.

10/18/24, 12:09 PM The SALT Framework | US EPA
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Example: Website content, social media content or public meeting.

5. Match Tactics: Tactics are techniques used to build or convey content. Some tactics are shown
to be more e�ective than others at reaching specific audiences or achieving specific objectives.
Example: Narrative storytelling vs. standard Q and A, accessible interactive meeting design vs.
public forum style.

Action
Considering Risk Communication Factors to Help Ensure a
Positive Outcome

When it comes to taking action and implementing the plan developed in the strategy step, it is
important to consider a variety of factors that can a�ect the success of a given risk
communication. Research shows that these risk communication factors have a clear impact on
whether an audience can hear, understand, accept and act on a specific message. While some of
these factors cannot change, taking them into account and using appropriate tactics can improve
outcomes. A few examples of these factors are listed below, but this list is not
exhaustive. Considering these factors can help the communicator take steps to improve the
chances that an activity will achieve strategic risk communication goals and objectives.

Risk Communication Factors
A wide variety of factors can impact if an audience can hear, understand, accept and act on a given
risk communication message. While some of these factors cannot themselves be changed, taking
them into account and using appropriate tactics can improve outcomes.

Hazard Factors

There are certain factors inherent in a given hazard that can a�ect how an
audience feels about the risk. Many of these factors are defined as issues of
“risk perception” in the research. Risk perception issues are issues of
perspective. They are valid ways for an audience to assess risks, but they
may not strictly align with the data. For example, people generally are
more concerned with risks that are seen as uncontrolled or related to

children.
Helpful tactics: 1) to put the risk into context and 2) to provide meaningful and achievable action
steps that can help reduce stress and make risk-reducing behavior change more possible.

Relationship Factors
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These are variables that are based on the relationship between the
communicator and the audience. Trust is one example. Trust underlies
an audience’s ability to hear a message and willingness to act on it.
Trust can be hard to build, especially if it has eroded over time.
Helpful tactic: Establishing shared values early in a communication is
one tactic to build trust.

Audience Factors

These are variables that are related to the audience. Some examples
include language, literacy, numeracy, identity, cultural norms and
biases, community history, time and economic stressors.
Helpful tactic: One example of a tactic that can help with all audiences
but especially those with low numeracy is to include visual

representations of risk.

Communication Factors

These are variables that are connected directly to the communicator.
Several examples include identity, competence and expertise, stress
level, and comfort with engagement.
Helpful tactics: Tactics that can help include mock presentations,
selecting communicators who share identity characteristics with the
audience, or matching the right communicator to the task.

EPA and Science Factors

These are factors that connect directly either to EPA’s role or to the science
that drives our decision making. Sometimes, the regulations governing a
specific contaminant a�ect the messaging about it. As one example, during
risk reviews of the regulations governing air toxics, EPA determines an
“acceptable cancer risk” expressed as the number of cancer cases per
million people resulting from a lifetime exposure. At other times,
uncertainty in data must be addressed, such as in the results of a

monitoring study. These are inherently complicated concepts to explain, and, in many
communities, no cancer risk is going to be considered “acceptable.”
Helpful tactics: 1) to show empathy for the very real concerns of the audience regardless of
whether those concerns are seen as falling under EPA’s regulatory mandate, and 2) be transparent
about what we know and what we don’t know.

10/18/24, 12:09 PM The SALT Framework | US EPA
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What is
Re�ective
Practice?

Reflective practice is an
approach to continuous
learning and
improvement. In EPA’s risk
communication work it
includes the following
steps:

1. Lay out clear
expectations for what
you want to achieve
with your
communication in the
risk communication
strategy:

What are
my/ourexpectation
s?

Coordinating with Partners to Make Messages More
Meaningful
Sometimes a community partner can be a far better communicator of EPA risk communication
messages than EPA sta�. There are times when issuing communications jointly with other
trustworthy sources (for example, credible university scientists, physicians, or trusted local
o�icials) can lead to a more positive outcome than EPA communicating alone. It is important to
take time to coordinate communications both within EPA and across organizations in order to
make messaging from all partners more meaningful, understandable and actionable. With
credible and authoritative intermediaries, determine who is best able to answer questions about
risk. Audiences typically do not distinguish between di�erent governmental partners.
Coordinating in advance can improve perceptions of trust in all partners.

Learning
An integral component of implementing the risk
communication plan is using a process to evaluate and
learn from risk communication e�orts across the EPA.
Evaluating risk communication e�orts by soliciting feedback
from audiences and colleagues can produce valuable
insights to inform future e�orts. Through using a reflective
practice model (see box on the right), communicators can
identify new knowledge and lessons learned that will help
them continually improve their risk communication
practice.

How to Incorporate Re�ective Practice
into your Risk Communications

A reflective practice approach identifies lessons learned but
goes further by specifying how this learning will inform
future individual or group e�orts. It also helps risk
communicators apply the strategy in this framework to a
variety of situations by encouraging learning from past
outcomes. Following the steps of reflective practice have
been shown to improve future outcomes.

The practice can be implemented both internally on the
individual or team level and with external audiences. By
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What informs
those expectations
(identify potential
assumptions
andbiases)?

2. Collect individual
and/or group
reflections a�er
communication
occurs:

What happened?

Did it meet the
expectations laid
out in our strategy?
Why or why not?

What did I/we
learn? What
insights did I/we
gain? What would
I/we do di�erently
next time, and
why?

3. Incorporate insights
and lessons learned
into next
communication:

What changes will
I/we make based
on learnings
through reflective
practice?

using guided discussion, a short survey, or focus groups,
reflective practice can easily become a routine part of risk
communication. It will help identify how audiences are
responding to risk messages and point to key adjustments
that will help ensure improvement over time. Whether the
process is formal or informal, it is important to document
results, so they are available to inform future e�orts.

Examples of Reflective Practice: A�er-action
assessment, such as a debrief, “hot wash,” or other type of
assessment is a key part of a reflective practice approach.
When using this approach, it is important to incorporate
questions about your expectations and the reasons for them
in your strategy (the first step in the SALT framework), so you
can assess whether you met those expectations a�erwards.

Example: “I expect the stakeholders will have a lot of
questions about this message, because it is significantly
di�erent than our original communication with them. I
expect there will be gaps in their understanding, and they
will want an explanation to help them understand what has
changed.”

When you engage in a debrief, hot wash, or focus group to
assess the experience against your strategy’s expectations,
identify insights and surprises, and consider changes you
might make in your approach.

Example: “Stakeholders were more interested in our current
assessment than in how it has changed from the past, so I
overestimated the level of detailed explanation they would
want about that. Next time I might want to assess that at the
beginning of the meeting, so I don’t provide unnecessary
information.”

The cycle of reflective practice continues when the insights
gathered are applied to the next risk communication e�ort
to inform expectations and approaches.
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Tools
We are always adding to our list of tools, which include contaminant specific toolkits, case studies,
practical tools and templates, and more. Visit the Risk Communication Tools and Resources
webpage for more information.

The SALT Framework (pdf) (192.59 KB, March 2021)

Risk Communication Home

About Risk Communication

Tools and Resources

Contact Us to ask a question, provide feedback, or report a problem.

LAST UPDATED ON MARCH 26, 2024

Assistance Ayuda

مساعدة 帮助 (简体版)

幫助 (繁體版) Aide

Asistans 지원

Assistência Помощь

Tulong Trợ Giúp

Discover.
Accessibility
Statement

Budget &
Performance

Connect.
Data

Inspector General

Jobs

Ask.
Contact EPA

EPA Disclaimers

Hotlines

The SALT Framework
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Abstract: The purpose of this study was to qualitatively explore the per- and poly-fluoroalkyl
substances (PFAS) exposure experience and associated stressors, to inform public health efforts to
support psychosocial health and resilience in affected communities. Semi-structured interviews
(n = 9) were conducted from July–September 2019 with community members and state public health
department representatives from areas with PFAS-contaminated drinking water. Thematic analysis
was completed and themes were described and summarized. Reported stressors included health
concerns and uncertainty, institutional delegitimization and associated distrust, and financial burdens.
Interviewees provided several strategies to reduce stress and promote stress coping capacity and
resilience, including showing empathy and validating the normalcy of experiencing stress; building
trust through visible action and sustained community engagement; providing information and
actionable guidance; discussing stress carefully; fostering stress coping capacity and resilience with
opportunities to build social capital and restore agency; and building capacity among government
agencies and health care providers to address psychosocial stress. While communities affected by
PFAS contamination will face unavoidable stressors, positive interactions with government responders
and health care providers may help reduce negative stress. More research on how best to integrate
community psychosocial health and stress coping and resilience concepts into the public health
response to environmental contamination could be helpful in addressing these stressors.

Keywords: environmental contamination; mental health; psychosocial stress; stress coping capacity;
public health response; community engagement

1. Introduction

Experiences of chronic environmental contamination—such as learning that one’s drinking water
has been contaminated with chemicals from industrial activity—impact millions of U.S. residents [1,2].
In addition to posing exposure-related physiological health risks, environmental contamination
events can also affect psychosocial health, including stress, anxiety, and depression [2]. The National
Academies of Science recommended examining psychosocial stress (hereinafter referred to as “stress”)
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as a potential risk modifier when studying environmental health risks [3]. Elevated stress may interfere
with functioning of protective toxicokinetic processes, thus impairing an individual’s ability to recover
from toxic exposures [4–6]. Further, stress has been shown to contribute to and modify health effects
such as cardiovascular issues [7–9], inflammatory response [10–12], and immune response [13,14].
Therefore, stress may exacerbate health impacts that result from environmental contamination exposure.

Evidence suggests that psychosocial effects of environmental contamination vary across
communities and community members, with some, but not all, people experiencing stress, anxiety,
and/or depression, among other effects [15]. Those at increased risk for stress and worry related
to experiencing environmental contamination include racial/ethnic minorities, women, people from
low-income households, and people with disabilities [16–20]. A recent review [21] indicated that
experiencing chronic environmental contamination presents a modest but robust overall effect on
increasing general stress and anxiety, depression, and post-traumatic stress disorder symptoms.

Contamination-impacted community members may face many stressors. Examples of stressors
include pervasive uncertainty (e.g., related to health risks and/or the contamination clean-up process);
management of health problems and worry about future health; long duration impacts on day-to-day
activities (e.g., water sources and usage); and complex chronic social stressors (e.g., social fragmentation
and institutional delegitimization) involving community members and/or government agencies [22–27].
Additionally, psychosocial health implications and impacts (e.g., degrees of stress and relevant
sources of stress) can vary across different contaminants [28]. Further, contamination-induced stress
can aggravate existing socioeconomic and interpersonal stressors, as disadvantaged social groups
(e.g., racial/ethnic minority and lower income communities) are more likely to be impacted by
environmental contamination [4,25]. How an individual perceives and reacts to environmental
contamination can be conceptualized as their “exposure experience” [29]. Understanding how
community and/or governmental responses influence exposure experiences and stress can help inform
a more effective public health and community-centered response.

The specific type of contamination event may influence the stress profile of an exposure experience.
Environmental contamination can present very differently, such as natural versus technological,
acute or chronic, and accidental or deliberate. Per- and poly-fluoroalkyl substances (PFAS) are a
class of contaminants of concern in the United States and globally. PFAS include over 4000 chemicals
manufactured for various commercial purposes, such as use in non-stick food contact surfaces,
water-repellant fabrics, and in firefighting aqueous film-forming foams [30,31]. PFAS are persistent in
the environment [32]. Humans are exposed largely through contaminated drinking water, contaminated
food sources, and food contact surfaces [33]. Although PFAS are widely distributed across the
environment due to their persistent nature, particularly high levels of localized PFAS contamination
are associated with facilities that manufacture or use PFAS products such as manufacturing plants,
waste processing facilities, dumpsites for PFAS products, airfields, military installations, and fire
fighter training areas [33]. The direct health impacts of PFAS exposure is an emerging area of research,
but early evidence suggests some PFAS have a long serum half-life and exposure may be associated
with numerous adverse health impacts including reproductive issues, adverse immune responses,
dyslipidemia, endocrine disruption, increase risk of some cancers, and effects on growth, learning,
and behavior of infants and older children [33,34].

While there is a growing body of research on the health effects of PFAS, the exposure experience
and related psychosocial health implications have been less well documented. PFAS contamination
events are human-caused, pose uncertain health risks, often have long periods from first exposure
to discovery, and may last for decades or longer until remediated. Qualitative methods allow for
rich exploration of this understudied area [35]. This study qualitatively explored the PFAS exposure
experience and associated stressors to inform public health efforts to address psychosocial health in
affected communities.
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2. Materials and Methods

2.1. Overview

We conducted nine semi-structured interviews from July to September 2019 with community
members from PFAS-affected communities (n = 6) and state public health department representatives
(n = 3) with PFAS-contamination experience. This work was conducted as part of the Agency for
Toxic Substances and Disease Registry’s (ATSDR’s) Community Stress and Resilience Project [36].
The ultimate goal of these interviews was to inform development of materials, resources, and strategies
for addressing community stress as part of the public health response to contamination. Given the
lack of scholarship specific to this topic, these in-depth interviews offer rich initial findings and
recommendations for public health practice and future research. However, due to the small sample size
and limited perspectives of the interviewees, these findings are exploratory in nature. This study was
conducted in accordance with prevailing ethical standards and protocols were reviewed and approved
by the University of Nebraska Medical Center’s Institutional Review Board.

2.2. Sampling and Perspective

ATSDR identified prospective interviewees and invited them (through phone calls and/or email)
to participate in an interview. This purposeful sample was selected due to their perceived ability to
provide information relevant to experiencing PFAS contamination and related psychosocial health
implications (e.g., based on professional background, involvement in PFAS advocacy efforts and
conferences, and/or participation in stress-focused projects and activities) [37,38]. We limited the
sample to nine individuals. This was due to pragmatic and administrative constraints [39] related to
the timeline and information needs of ATSDR’s Community Stress and Resilience Project.

Community member interviewees lived in areas with recent PFAS drinking water contamination
and were involved in grassroots efforts focused on PFAS. Similarly, state public health department
representatives had been involved in community outreach efforts as part of the public health response
to localized PFAS contamination issues. We sought a diverse sample based on geography, source of
local PFAS pollution, professional background (e.g., health-related vs. not), and by ensuring people of
color were included. Once interviewees agreed, an ATSDR subcontractor scheduled and conducted
the interviewees.

2.3. Procedure

Semi-structured 60 min interviews were conducted by telephone. Telephone interviews, compared
to in-person interviews, are more feasible to conduct with a small sample spread out over a large
geographic space. Two of the non-ATSDR study authors were in attendance for each interview, with one
leading the interview and the other taking notes. The interviews were audio recorded and transcribed
with participants’ permission (one interviewee opted to only have detailed notes taken).

The authors drafted the interview guide collaboratively. Table 1 outlines the core interview questions
asked in the interviews of the community members and public health department representatives.

The qualitative approach incorporated thematic analysis utilizing Creswell’s “lean coding”
technique [40]. Themes were allowed to emerge inductively from all sections of the interviews.
Researchers met regularly to discuss preliminary findings and noted emerging themes, meanings,
and relationships among themes. A coding guide was created in three iterative steps.
First, two researchers both read and open-coded two randomly selected interviews to begin to
understand the data and develop categories [41]. During open coding, researchers read the transcripts
and made memos concerning meaningful aspects of the interviewees’ experiences, such as activities,
events, interactions, stressors, lessons learned, and recommendations. No predefined codes or
categories were used. Next, researchers met to discuss the open coding to build a list of codes for
themes and sub-themes. Finally, the research team began coding the transcripts using NVivo qualitative
analysis software, and met frequently to discuss the adequacy of the coding list, revising as necessary
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(e.g., combining codes when duplication/overlap became apparent, removing codes that were not used
frequently, and grouping/re-grouping codes and sub-codes when needed). Illustrative quotes from the
interviews are provided throughout the findings section. Quotes are coded as Community Member
(CM) or Health Department (HD) interviewee and numbered.

Table 1. Core interview questions asked during the 60 min semi-structured interviews for the community
member and public health department interviewees.

Community Members Public Health Department Representatives

When PFAS contamination became apparent,
would you describe your initial actions, thoughts,
and feelings during the first month or so?

From what you observed, how was the day-to-day
routine or lifestyle of the community
affected initially?

What were the initial actions, thoughts, and feelings
of those in your community that you know well
(e.g., friends, family, neighbors, co-workers, etc.)?

From your perspective, what were the initial feelings
and reactions of the community members to the PFAS
contamination, at least as far as you are aware?

Would you describe actions government agencies
took and how your community reacted?

Would you describe the initial actions or response of
your agency/organization?

Were there any people, institutions, or providers that
were especially helpful for the community, or from
whom you were expecting more help (for example
government agencies, scientists, or businesses)?

Would you describe the actions community groups
and other organizations took, initially, when they
learned about the PFAS contamination?

Would you describe how you feel your community is
coping with knowing there is PFAS contamination?

Would you describe any resources, services,
or support that has been especially crucial to the
community’s response to the PFAS contamination?

What, if anything, has been most helpful? What have
been the main barriers that have made it difficult?

Would you describe any resources, services,
or support utilized specifically to help affected
community members cope emotionally with
becoming aware of the PFAS contamination in
their community?

What do you wish was available, but wasn’t?
Could you describe how this would have helped?

What do you think about the overall response to the
contamination—including governmental agencies,
scientists and experts, utilities companies,
and relevant businesses? Have these institutions
successfully worked with the community?

Based on your experience, what recommendation(s)
would you give to government agencies and
organizations to better support community members
affected by PFAS contamination?

Do you have examples of situations where
institutional representatives performed especially
effectively, or where perhaps they struggled?

Based on your experience, what would be the main
recommendation(s) you would give to other public
health agencies to best support and assist community
members affected by PFAS contamination?

Given the focused nature of the interviews (e.g., actions, perceptions, stress and coping,
and recommendations) and similar perspectives of the interviewees, thematic saturation was reached
quickly. Additionally, comparison of emergent themes to findings from recent quantitative and
qualitative PFAS-related studies [35,42,43] added assurance that thematic saturation was reached.
While no new themes related to the study objectives emerged during the latter interviews, additional
sampling could have allowed us to more fully explore themes (e.g., add context, description,
and examples). However, due to external constraints mentioned earlier, further sampling was
not possible.

Member checking occurred following analysis. Interviewees were given the opportunity to
review an initial draft of the results and synthesis table to validate that the findings and conclusions
aligned with their own experiences with PFAS contamination. Three interviewees provided feedback,
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one community member and two health department interviewees. Interviewees agreed with the
findings and recommendations provided. They also noted opportunities to add detail and clarify their
quotes in the manuscript.

3. Results

3.1. Sample Characteristics

The six community member interviewees’ current or former professions and roles in their
community included education, healthcare/mental health, social work, politics/government, military,
non-profit organizations, and business. The three state public health department representative
interviewees all participated in site-specific PFAS responses and had experience in community
outreach/engagement, public communication, health education, and/or risk assessment. The nine
interviewees included seven women and two men, representing six states (Alabama, Arizona,
Colorado, Michigan, New Hampshire, and North Carolina). All six community members resided in
different states, and all three state public health department representatives worked in different states.
For general demographic characteristics, the six cities that community member interviewees lived in
included greater than national average percentages of African Americans (n = 1), Caucasians (n = 2),
Hispanics/Latinos/as (n = 1), and two cities whose racial/ethnic distribution was similar to national
averages. Additionally, two of the cities had poverty rates above 20%, two had poverty rates between
10–19%, and two had poverty rates below 10%.

3.2. PFAS Contamination and Discovery

The sources of PFAS as reported by community member interviewees included both industrial
activity (four communities) and military-base/non-military airport (two communities). All the
communities represented by the community member interviewees had multiple locations where
contamination had been detected in drinking water, with at least one in each community being greater
than the Environmental Protection Agency’s Health Advisory level for perfluorooctanoic acid (PFOA)
and perfluorooctanesulfonic acid (PFOS) in drinking water (i.e., ≥70 parts per trillion (ppt) (0.07 µg/L),
individually or combined). The Health Advisory does not represent a definitive cut-off between safe or
unsafe conditions, but rather provides a margin of protection for individuals throughout their life from
possible adverse health effects. Further, most communities had found other forms of PFAS (in addition
to PFOA and PFOS) in their drinking water. Community member interviewees reported first learning
about local PFAS contamination within the past two to six years (2013–2017). Although it is not known
exactly how long the communities had been contaminated with PFAS, the activities that likely caused
the contamination had been ongoing for many years prior to the community members’ discovery
of contamination. Community member interviewees became aware of the contamination from local
news stories, through word-of-mouth, and via mailed or in-person communication with governmental
officials (e.g., an agency was conducting door-to-door water tap testing).

3.3. Community Member Actions and Interactions with Government and Health Care Providers

Community member interviewees described that when they initially learned about PFAS
contamination there was little information immediately available, so many sought information on the
internet. Additionally, other early sources of PFAS information mentioned included paper and digital
materials provided by governmental agencies and water authorities. Nearly all community member
interviewees mentioned forming local community groups in response to learning about contamination.
Key functions of these groups included disseminating information, advocating for PFAS-focused public
health actions, and collaborating with experts and other organizations (i.e., researchers, toxicologists,
medical professionals, non-profits, universities, water companies).

Community member interviewees primarily interacted with governmental agencies about PFAS
contamination. Perceptions of government response to PFAS were mixed. Some community member
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interviewees described that their public health departments and environmental agencies were proactive
in testing water and establishing drinking water advisories, while others perceived that these agencies
were slow to respond and/or did not respond appropriately (e.g., setting relatively high drinking water
advisory levels for PFAS; and/or working with polluters to reduce the amount of PFAS released in the
environment, rather than stopping operations to prevent further releases). All community member
interviewees reported at least some initial suspicion and/or skepticism about their governments’
actions (primarily local-level government, although state-level government was also mentioned in
this context).

Several interviewees described interactions with their health care providers concerning PFAS.
They reported that many physicians were either unaware of the problem or lacked information on how
to address medical concerns related to PFAS exposure. Some interviewees indicated that they had
to educate their physicians about PFAS. Although interviewees viewed their physicians as trusted
sources of information, they believed physicians were largely ill-equipped to respond to patients’ PFAS
concerns. However, interviewees reported that some physicians took an active role in information
sharing by giving presentations during community forums. One interviewee (who interacted regularly
with several physicians as part of their community PFAS advocacy efforts) reported that once physicians
in their community learned PFAS was an endocrine disrupter, the physicians were motivated to take
PFAS and related health impacts more seriously. In another instance, a physician was the first to
definitively advise community members not to drink the PFAS-contaminated water. The interviewee
said they appreciated this clear advice and firm stance.

3.4. Sources of Stress Related to Experiencing Community PFAS Contamination

When asked about the stressors associated with community experience of PFAS contamination,
community member interviewees brought up several common concerns: health issues, loss of trust in
governmental institutions, and financial burdens incurred due to PFAS contamination. A fundamental
aspect of these stressors among community member interviewees was the pervasive sense of uncertainty,
frustration, and lack of control over the situation.

3.4.1. Health Concerns and Uncertainty

All interviewees discussed concerns about the prevalence of health issues in their communities,
especially various cancers, kidney issues, and fertility/reproductive issues. Stories about health
issues came up throughout the community member interviews, reflecting the important role of health
concerns in contributing to the stress experience of PFAS contamination. Community members’
concerns over health issues frequently extended to deaths, especially unexpected deaths (i.e., children
or seemingly healthy individuals). One community member described unexpected deaths witnessed
in their community, “We’re actually devastated because there’s so much death around us . . . All these deaths
are unexpected. We are just trying to cope with it . . . ” (CM5). Interviewees’ also expressed health
concerns and uncertainties about potential various PFAS exposure routes, including soil and water in
washing machines, showers, recreational swimming areas, and irrigation systems for food production.
In addition, community interviewees expressed consternation over the lack of access to blood tests
to determine how much PFAS they and their families had been exposed to. Health concerns appear
to result in a fundamental uncertainty about who would be affected, when they would be affected,
and how they would be affected.

While all interviewees mentioned health concerns as a major contributor to stress, interviewees
differed on the role of PFAS and appropriate next steps to take. Community member interviewees
conveyed more certainty that PFAS had caused health issues within their communities, but were
uncertain about how and when PFAS contamination would affect them and their family members.
Alternatively, health department interviewees expressed greater uncertainty about the science
linking PFAS exposure and health issues, and conveyed ambiguity around whether actions such
as biomonitoring (i.e., testing community members’ serum to assess levels of PFAS) would help
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the community in a meaningful way. One health department interviewee described the differing
perspectives: “(There needs to be) recognition that we don’t know what exposure means for someone’s
health . . . There was a general concern amongst people that their health conditions were connected to
PFAS . . . even if the science doesn’t support that assumption.” (HD3).

3.4.2. Institutional Delegitimization and Loss of Trust

Other major stressors discussed by interviewees in the context of PFAS contamination were
institutional delegitimization—feeling that one’s health concerns and other aspects of the contamination
experience were being delegitimized by relevant institutions—and the loss of trust in governmental
and health agencies previously seen as “protectors.” Instances where government or health officials
downplayed the severity of the issue of contamination were reported as sources of stress and frustration
for community member interviewees. An interviewee described the perception of governmental
officials minimizing community members’ concerns, “What we were hearing was ‘there is nothing to see here.
You guys are being hysterical. There’s nothing to worry about’.” (CM4). By failing to validate that feeling
concerned, anxious, stressed, and/or angry (all of which were emotions expressed by interviewees
related to these experiences) is a natural or understandable reaction to the situation, community member
interviewees reported that officials delegitimized their lived experience. For example, this reportedly
occurred when health officials used equivocal language about health effects in response to community
member concerns, citing the lack of a definitive scientific link between PFAS and health issues. Similarly,
perceived governmental inaction (e.g., failure to take punitive action or enact regulations on polluters)
and hesitancy to assign blame contributed to feelings of delegitimization and loss of trust. Further,
perceptions that government officials were collaborating with the industries responsible for PFAS
contamination, contributed to community member interviewees losing trust in government.

3.4.3. Financial Burdens

Interviewees discussed the financial burden resulting from PFAS contamination as another stressor.
After learning about PFAS drinking water contamination, many people sought ways to reduce exposure
by purchasing and installing water filtration systems or drinking bottled water. Both community
member and health department interviewees expressed concerns that community members may
take on financial burden to reduce exposure. Concerns about healthcare access and the high cost of
blood tests for PFAS levels were also significant financial stressors discussed by community member
interviewees. Interviewees expressed concern that the discovery of PFAS contamination has led to
declining property values, inability to sell houses, and lost income for rural farmers with contaminated
soil. One health department interviewee provided an example of the impact PFAS stigma can have
on property values: “I talked to a couple in [CITY NAME REDACTED] when they were trying to sell their
house. They lived across the road from the investigation area and they wanted to move where their kids lived.
They couldn’t sell their house because now it has the stigma that it’s in this contaminated zone and they end[ed]
up just leaving, they just left their house because they wanted to be with their kids.” (HD2).

3.5. Advice for Stress-Reducing Public Health Response

Community members and health department interviewees were asked to provide their advice
for governmental agencies responding to communities dealing with PFAS contamination, especially
advice for reducing stress and/or avoiding making a stressful situation worse. See summary in Table 2
(end of this section).
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Table 2. Interviewee recommendations for public health and other government agencies on addressing
psychosocial stress in communities impacted by PFAS contamination.

Recommendation Description Illustrative Quote

Show Empathy

Show empathy towards community members
experiencing PFAS contamination, listen and
understand their concerns, validate the legitimacy
and normalcy of being worried in such a situation,
and avoid condescension and victim blaming.

“That tends to be the comfortable spot that we speak
from as public health professionals and scientists.
We tend to speak from a standpoint of science.
Whereas what people in the community need is to be
listened to and empathized with; to feel like they’re
being heard and their concerns are being
addressed.” (HD3)

Re-establish and Build Trust

Take visible and transparent action to address the
PFAS contamination. Communicate to the
community about what is being done,
and proactively follow-up and maintain long-term
consistent bi-directional communication between
communities and government. One-on-one personal
interactions, if implemented effectively, can help
establish trust.

“Really the only way we can counter (lack of trust
with the government) is through actions and
continued communication . . . There are people in our
state who definitely still do not trust us. One of the
best things you can do as government agencies is just
to continue to be in contact with the community,
to continue to show them that we’re engaged,
and that we’re here and we’re doing everything we
can.” (HD1)

Provide Information and
Actionable Guidance

Utilize a broad and inclusive approach to provide
educational information about PFAS
(e.g., background information, health risks,
interpreting scientific information) and actionable
guidance (e.g., ways to reduce exposure) that is
straightforward and considers language barriers and
the needs of low-income and “hard-to-reach” groups.

“Government should be honest and realistic when
speaking with the community. Do not try to mitigate
fear, but instead be upfront about what you don’t
know and what you can’t officially say, but then offer
practical and realistic guidance that is based in
caution around chemical exposure, rather than
leaning on the fact that ‘health impacts aren’t yet
proven’.” (CM3)

Discuss Stress Carefully

Discussing psychosocial stress with community
members experiencing PFAS contamination can
easily be perceived as victim blaming or minimizing
their concerns. Establish trust first, and then bring up
psychosocial stress in the context of other health risks
related to PFAS.

“We have someone in public health who deals with
community stress and anxiety . . . We brought that
person early on to a community meeting and had her
try and speak directly to the stress and anxiety
people felt. The feedback we heard from that
engagement was negative. The community felt
talked down to and that their concerns were being
minimized.” (HD3)

Support Stress-Coping Activities

Help community members cope with stress by
helping them take health-protective action and
fostering social capital. Assist communities’
members to not only take personal action, but also be
truly involved in decision-making related to the
governmental PFAS response (e.g., a community
advisory board). Additionally, assist, as possible
(and as requested by the community), in the creation
of grassroots community groups responding to PFAS
contamination. Low/no cost counseling services may
also be of need to some community members.

“The stories you hear from people across the
country . . . who lost people, are struggling with
harm, and are worried about their children moving
forward are appalling. But then you look at that
person and see how strong they are, they decided to
take that energy and do something about it.
Those people are all over the country and they are
supporting people in their communities and people
are seeing them. In a weird way it’s giving people
hope . . . People are feeling validated that they’re
counted and that they are seen, and that validation is
very important to victims.” (CM2)

Build Capacity to Address Stress

Provide training/expertise and guidance for engaging
with concerned communities, risk communication,
integrating mental health counseling into public
health response (if desired by the community),
education/guidance for health care providers,
and federal guidance to coordinate PFAS response
across states.

“We had a training here called ‘emotions, outrage
and public participation.’ So it was about how to
work with communities that are angry. My biggest
takeaway from that was people are angry, it’s not
directed at you personally. It’s the situation that
they’re frustrated with. Be empathetic, listen.
So that’s my first piece of advice.” (HD2)

3.5.1. Empathy, Validation, and Trust

Interviewees emphasized the importance of governmental representatives practicing empathy as
a fundamental aspect of community interactions. One public health department representative with
extensive community engagement experience stated: “That doesn’t maybe get done enough—is just to sit
and listen and empathize with people and the situation that they’re going through” (HD1). Validating the
legitimacy of health concerns and fears (even if the science is not conclusive), rather than dismissing or
minimizing community concern, was discussed as a crucial component of empathetic interactions.
One community member described their experience interacting with local health department personnel
as an attempt to minimize community concern, “they start out (by saying) . . . ‘They measure parts per
trillion. That’s one drop in an Olympic-sized swimming pool. I mean how bad can that be?’ . . . I think
they think they’re being reassuring to people and I think what people feel like is that’s being dismissive of
their fears” (CM4). Related to validating concern, community member interviewees also conveyed a
sense that their observations of health impacts were being dismissed because they were not experts.
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One community member described how lay knowledge was dismissed in their experiences interacting
with governmental officials, “ . . . people know what they know. And they can connect the dots, but if you
don’t have the official folks behind you, and feel validated-then it’s considered anecdotal.” (CM2).

Health department interviewees described striking a delicate balance when interacting with the
community. They were concerned that their comments could be misconstrued as official statements
about health risks. One health department interviewee summed up this point as, “ . . . we’re a big
bureaucracy and there are people who can speak to certain issues and there are people who can’t speak to certain
issues” (HD2). Health department interviewees reported a hesitancy to stray far from well-established
scientific facts when interacting with the public. One health department interviewee described this
barrier to open communication as, “That tends to be the comfortable spot that we speak from . . . We tend
to speak from a standpoint of science. Whereas what people in the community need is to be listened to and
empathized with; to feel like they’re being heard, and their concerns are being addressed” (HD3).

Interviewees conveyed that while empathy and validation is crucial, it should also be followed by
governmental actions that would re-establish trust with affected communities. Interviewees explained
that governmental representatives need to demonstrate respect by being honest and humble in how they
interact with the community. This includes acknowledging that community members were wronged
and avoiding condescension in verbal interactions, as well as implausible or disingenuous claims.
Further, interviewees advised that governments should not only foster a two-way dialogue between
themselves and the community, but also facilitate communication between community members
through forums and meetings. One community member described their negative impressions of a
community PFAS forum they attended, “So they sat 11 people on the stage . . . which is a higher plane
than everybody else. It was perceived that they are sitting higher than us, looking down on us, giving us
information, and some of them literally had smirks on their faces. And when the community was upset,
they had a person managing the conversation say, ‘oh, well, just don’t be so angry’.” (CM1). Interviewees
reported preferring a straightforward, honest, and open approach to discussing PFAS and related
issues. On scientifically complex topics, interviewees advised assuming audience intelligence, but also
providing tools (e.g., cheat sheets or fact sheets) and explanation for those who might need additional
context. Additionally, interviewees welcomed the use of visuals and plain language text to help explain
complex topics (e.g., ensuring information is not only communicated verbally, but also visually when
giving presentations at community forums). One interviewee said, “ . . . a lot of folks are visual. They can
see what you’re talking about. A lot of folks can read what you’re talking about. And the comprehension piece
comes into place.” (CM6).

For health department interviewees, ongoing information provision and effective risk
communication were described as a key for building trust with their community. One interviewee
stated: “ . . . it goes back to that ‘be first, be right’ risk communication and establishing from the get-go that
relationship with the community so that when there is this misinformation, they trust you to correct it” (HD1).
Further, this interviewee went on to emphasize the importance of not only establishing a trusting
relationship with the community, but also nurturing that relationship through continued follow-up
and visible actions to address the PFAS situation: “Really the only way we can counter [lack of trust with
the government] is through actions and continued communication . . . There are people in our state who definitely
still do not trust us. One of the best things you can do as government agencies is just to continue to be in
contact with the community, to continue to show them that we’re engaged, and that we’re here and we’re doing
everything we can.” (HD1).

One community member illustrated the importance of frankness and providing actionable
guidance to re-establish trust, advising: “Government should be honest and realistic when speaking with the
community. Do not try to mitigate fear, but instead be up front about what you don’t know and what you can’t
officially say. But then offer practical and realistic guidance that is based in caution around chemical exposure,
rather than leaning on the fact that ‘health impacts aren’t yet proven’.” (CM3).
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3.5.2. Information Dissemination to the Public

Interviewees indicated that one of the main functions of public health departments is to inform
the public. As reported by community member interviewees, the uncertainty surrounding PFAS was a
major source of anxiety and fear. Community member interviewees reported wanting information on
PFAS facts, health risks, safe levels, interpreting testing results, actions to reduce exposure, and medical
treatments. Providing as much credible information and actionable guidance as possible shortly after
the discovery of PFAS contamination may help reduce stress related to uncertainty. One interviewee
said, “When you have knowledge, you become less fearful” (CM4). However, as noted by health department
interviewees, some of the information community members wanted was not available at the time
and/or was evolving (e.g., safe levels for drinking water).

Interviewees described many communication channels for disseminating information about
PFAS contamination to the public. All interviewees described a traditional town hall or community
forum approach being at least one aspect of the information dissemination strategy—sometimes
government-led and other times community-led. However, interviewees also emphasized the
importance of one-on-one connections. Large forums were described as the best approach to “push out”
information as they ensured that everyone attending receives the same information. One-on-one
interactions were recommended for showing empathy and establishing trust. Two interviewees
(one community member and one health department interviewee) discussed integrating the two
approaches, i.e., using a “health fair” configuration—that allows governmental agencies, health
care providers, and community groups to assemble tables to connect one-on-one with community
members for the first hour, followed by a group forum for presenting information in the second
hour. Interviewees that implemented this approach reported it was well received by the community.
Interviewees also suggested disseminating information through the local news, social media/websites,
signs/bulletin boards, mail, door-to-door, and through local organizations.

While such channels can reach a wide audience, they may not reach everyone. Interviewees
highlighted the importance of an inclusive and broad communication approach that considers the needs
of various “hard-to-reach” audiences, such as those that do not speak English, the home-bound elderly,
and low-income populations who may not have internet access, or access to reliable transportation or
schedule flexibility to attend meetings. Employing a communications planning taskforce that includes
diverse perspectives was proposed by interviewees as a promising strategy to help ensure a broad
reach. Further, interviewees emphasized understanding communication and information needs and
preferences among low-income groups when providing guidance. It was reported that low-income
populations may be last to get information or may not be able to act on advice due to economic
constraints. One community member recalled guidance given in their community to use in-home
certified PFOS/PFOA water filters. However, there was no financial support provided for obtaining
such filters so low-income families “ . . . often had to continue to use the water even though they know it is
bad” (CM3).

3.5.3. Communicating Stress Risk

While all interviewees acknowledged the significance of the stress induced by experiencing PFAS
contamination, few reported that the topic had been addressed directly in their communities, or, if it had,
efforts were limited. One community member explained, “There was nobody [at the community forum] that
had the mental health background, and that has not been discussed at all in our community even now—the whole
mental health piece of it. And we do have people that are really struggling—really struggling—with this” (CM4).

Health department interviewees reported that discussing stress in the context of PFAS
contamination was a potentially contentious topic for the public. Community member interviewees
conveyed that if trust was not established prior to discussing stress, there would likely be skepticism
from the community and the message may “fall flat.” Further, interviewees warned that discussing
stress could easily be interpreted as “victim blaming” or dismissive—that government agencies believe
community members are “just stressed” or “over-reacting.” One health department interviewee
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discussed a failed attempt by their department to broach the topic of stress with the community:
“We have someone in public health who deals with community stress and anxiety . . . We brought that person early
on to a community meeting and had her try and speak directly to the stress and anxiety people felt. The feedback
we heard from that engagement was negative. The community felt talked down to and that their concerns were
being minimized.” (HD3). To reduce the chance of this, interviewees advised government agencies to
discuss stress only after having empathized, established trust, and validated the community members’
physical health concerns. In short, first establish trust, and then frame stress within the context of other
health concerns.

3.5.4. Building Social Capital and Restoring Agency

While interviewees suggested that the experience of PFAS contamination in a community can
be stressful, there are some aspects of this experience that contribute to effective stress coping and
positive outcomes. In particular, opportunities to meet others that were similarly affected can help
build social capital. For example, community-led groups and forums allow community members to
meet each other, form bonds, share stories, and validate each other’s experiences with contamination.
These interactions can be helpful both within and between communities (e.g., the National PFAS
Contamination Coalition). Further, participating in and leading community action (e.g., advocating
for water treatment and remediation; helping those most affected; sharing information with the
community; and engaging with public health officials, researchers, and media) made community
member interviewees feel empowered—restoring a sense of agency (i.e., the sense of having the
power and capability to produce an effect or exert influence). One community member shared their
perspective on the influence of the social aspects of connecting with other affected community members:
“(Stories from) people across the country...who lost people, are struggling with harm, and are worried about their
children are appalling. But then you look at that person and see how strong they are, they decided to take that
energy and do something about it. Those people are all over the country and they are supporting people in their
communities and people are seeing them. In a weird way it’s giving people hope . . . People are feeling validated
that they’re counted and that they are seen, and that validation is very important to victims.” (CM2).

Along with community solidarity and collective action, interviewees also had suggestions
for what government officials, health care providers, and media, can do to validate and
empower affected community members. Positive interactions with government officials and health
agencies—such as inviting community members to voice their concerns, involving community members
in decision-making processes, and officials simply showing up to community meetings—were all
described as important experiences that validated and empowered the community. These interactions
also offer opportunities to form social bonds across community sectors (e.g., between community
members and governmental officials). Community member interviewees reported feeling validated
when researchers and media outlets took interest in investigating contamination and felt empowered
when they were involved in investigations. Finally, interviewees suggested that health officials can
support the community members in their personal empowerment by providing information and
making specific suggestions on how they can reduce exposure and get involved in efforts to address
PFAS contamination. This offers the person a way to reestablish a sense of agency. A health department
interviewee gave the following advice: “People feel like something has happened to them that they didn’t
have control over. Providing them with steps they can take to give some control back to them—whether that be
call your state representatives or switch to bottled water to reduce your exposure. I think those types of things
help people feel more empowered . . . ” (HD1).

In addition to building social capital and agency, some interviewees discussed helping community
members cope with stress by providing access to mental health services (e.g., counseling). This approach
was discussed primarily by the health department interviewees, although several community member
interviewees also mentioned it. Health department interviewees indicated that they were in the early
stages of widening access to mental health services by having clinical social workers available during
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community forums and/or working with local mental health counseling agencies to increase access to
sliding-scale-fee services for those affected by PFAS contamination.

3.5.5. Public Health Guidance and Training Needs

Interviewees discussed training and guidance needs for health professionals working directly
with affected community members-especially public health department personnel and health care
providers. For public health department personnel, interviewees felt training and guidance was
needed for engaging with outraged communities, communicating risk, and integrating mental health
counseling services into the public health response. One health department interviewee described a
training they attended, “We had a training here called ‘emotions, outrage and public participation’. So, it was
about how to work with communities that are angry. My biggest takeaway from that was ‘people are angry,
it’s not directed at you personally. It’s the situation that they’re frustrated with. Be empathetic, listen’.” (HD2).
Further, health department interviewees mentioned the need for more Federal guidance on responding
to PFAS, as each state handles its PFAS response differently. One interviewee said, “I think (it was)
important for the federal government, in this case ATSDR, to step in and take a lead role in coordinating a
response and providing guidance. Not only guidance around blood testing, but also guidance for health care
providers and public communication. This is a key role for organizations like the CDC, but early on in our
response there wasn’t a lot of coordination, and states were creating differing messaging and guidance.” (HD3).
Interviewees suggested reaching out to health care providers in and near PFAS contaminated areas with
information related to how PFAS affects health, treatment and prevention approaches, understanding
the stress implications of experiencing contamination, and how to screen for those that may be most
at risk for exposure and health effects. Interviewees recommended integrating health care provider
education into community outreach plans.

4. Discussion

While communities affected by PFAS contamination will face unavoidable stressors, positive
interactions between community members, government responders, and other parties (e.g., health
care providers) may help reduce stress. Public health professionals who are interacting with
community members can start by recognizing that public health actions can have secondary
impact on stress in communities [22,44,45]. When engaging community members, government
representatives and agencies may promote positive and stress-reducing interactions by showing
empathy; re-establishing and/or building trust; providing information and actionable guidance;
discussing stress carefully; supporting stress-coping activities; and building governmental capacity to
address stress. Further, environmental justice implications should be considered. This may include
ensuring socially marginalized groups receive clear information via culturally appropriate methods,
and ensuring recommended actions are feasible for low socioeconomic status groups. Integrating
these considerations into robust response efforts may help form more supportive and less stressful
community-government relationships.

Primary stressors among community members identified in these interviews included health
concerns and associated uncertainty, institutional delegitimization of concerns and associated distrust,
and financial burdens incurred—all contributing to feelings of frustration and powerlessness.
The presence of both social and material stressors in environmental contamination and disaster
contexts has been described elsewhere [44,46,47]. Further, community members in other studies of
PFAS-contaminated communities [35,42,43] and communities experiencing other chronic environmental
contamination [24,48–54] have noted a similar set of stressors and feelings of powerlessness.
This indicates the PFAS contamination experience may be similar to chronic environmental
contamination from other sources and substances (e.g., solvents in drinking water, lead in drinking
water and soil).

Both community member and public health department interviewees emphasized uncertainty
about health effects as a key characteristic related to how PFAS contributes to stress. PFAS contamination,
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as compared to a relatively more understood contaminant such as lead, was unfamiliar to those affected
and public health professionals, especially initially. Being knowledgeable about a contaminant is
associated with less worry [20]. The unsettled science on PFAS health risks added to public health
departments’ challenges in providing clear guidance on PFAS health effects, likely contributing to
stress in these communities [55,56].

Interviewees in the current study discussed division between community members and
government, particularly local government. This divide was evident in the differences in the threshold
for evidence needed by community members (who often relied on personal experience, as well as
scientific evidence) and health department interviewees (who needed strong scientific evidence, as well
as administrative authority/clearance in some cases) to make a link between PFAS and health risks.
Such a disconnect has been observed in other contamination contexts as well [16,54,57]. This disconnect
in the perception of the validity of PFAS risk likely contributed to governmental officials reportedly
attempting to calm the community members’ feelings, which contributed to the community perception
of having their concerns minimized. As noted in this study and others, community members experience
such actions as delegitimizing their concern, which can lead to perceptions of victim blaming [58,59].
Further, community members perceived that governmental officials had sometimes made unrealistic
claims, implying that PFAS was safe, though some evidence indicated otherwise (e.g., “They measure parts
per trillion. That’s one drop in an Olympic-sized swimming pool. I mean how bad can that be?”). Such claims
can erode credibility and lead to distrust [60]. Empathetic, honest, and practical communication,
with credible information, is noted in the literature as key to building trust [23,61] and interviewees in
this study echoed these sentiments.

Interviewees reported limited direct discussion about stress related to PFAS contamination, but it
was unclear from these data why that was. Environmental health-focused government staff may
view stress issues as outside their purview or area of expertise and/or community members may fear
stigmatization regarding mental health [62,63]. Research indicates that validating the experience of
negative stress as a normal reaction to the situation may help reduce stigmatization [64]. However, it is
also helpful for governmental agencies to first assess the community’s interest in broaching the topic of
stress [65]. If community members are resistant to addressing stress, doing so may be perceived as
victim blaming, which would be counterproductive. Interviewees in this study described prerequisites
for successful government stress intervention: establish trust and discuss stress in the context of
other health concerns to reinforce the validation of health concerns. Therefore, a viable strategy for
stress interventions may be (1) building trust, (2) assessing the openness of community members to
discuss stress; and (3) partner with community members to develop and implement practical stress
interventions without inadvertently minimizing other concerns.

Interviewees in this study largely discussed building and/or drawing on social capital and restoring
agency as primary means to help communities cope with negative stress. Aldrich (2012) [66] discussed
the importance of ‘bonding’ and ‘bridging’ social capital. Bonding social capital includes social ties
among community members, while bridging social capital includes ties between the community
and other sectors such as government and healthcare. Strategies for building social capital might
include informal outreach events and establishing support groups [64,65]. In this study, community
members prominently described the bonding social capital they built among community members
(e.g., establishing community groups) in response to experiencing PFAS contamination. Additionally,
although attempts at building bridging social capital sometimes included mixed results (e.g., community
member interviewees described both positive and negative interactions with governmental agencies
and health care providers), the community groups in this study were able to work with various sectors
(e.g., government agencies, researchers, policymakers, journalists, etc.) to advocate for action on PFAS.
However, it is not clear from these data the extent to which marginalized groups were included in
opportunities to build bonding and bridging social capital. Although interviewees did not provide
specific recommendations, an approach similar to the diverse communications planning taskforce
suggestion for information dissemination (discussed earlier in the results) may be useful in planning
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inclusive strategies for building social capital. Developing this bridging social capital by building trust
and nurturing personal relationships between community members and local government may be key
to implementing any inclusive and collaborative efforts to address PFAS contamination [23,67].

To counter the powerlessness felt by community members, interviewees in this study and
others [23,61,68] advise restoring agency. Restoring agency can not only help with recovery from
negative psychological effects [65,69,70], but can also help empower communities through collaborative
efforts to seek long-term solutions [71]. In the current study, interviewees suggested forming community
advisory groups to share civic power and decision-making. This approach may help restore agency
while also leveraging practical knowledge within the community and applying it in collaborative
decision-making [68,71,72]. Research has shown that local knowledge can be especially important
for gathering environmental and exposure information and understanding community needs and
resources [2,45,69,73].

Given the extended time-course of chronic environmental contamination and potential for
re-traumatization, affected communities and governments may benefit from sustaining stress
intervention efforts to foster long-term stress coping capacity and resilience [4,64,74–76]. A stress
intervention framework developed by Sullivan et al. [44] addresses stress in the context of chronic
environmental contamination and presents similar strategies to those described by interviewees in
this study. The Sullivan et al. [44] model advised those implementing stress interventions in affected
communities (e.g., public health professionals) to legitimize the stress experience, communicate risk
effectively, build lasting relationships, be sensitive to the chronic nature of the trauma, form community
groups, and facilitate informal outreach and support opportunities. Implicit in the Sullivan et al. [44],
model (and similar approaches; e.g., Sandifer and Walker, 2018 [76]; Abramson et al., 2015 [77]),
and discussed by interviewees in this study, is the need for training and capacity building among
public health department personnel that addresses stress and implementation of stress coping and
resilience strategies in communities affected by contamination.

Due to several study limitations, these findings should be interpreted with caution. First,
this exploratory study had a small sample size and relatively narrow perspective. For example,
the sample did not include the perspectives of those not active in community groups, those that opposed
PFAS advocacy efforts, and those representing other sectors and government jurisdictions/agencies.
Further, the unique stress experiences of marginalized demographic groups (e.g., racial/ethnic minority
groups, low-income households, those with disabilities, etc.), and related environmental justice
implications, were not well-explored in this study. Research shows these groups, due to a historical
backdrop of disenfranchisement, may be more likely to experience environmental contamination,
certain common stressors (e.g., loss of trust in the government), and unique stressors (e.g., racism)
than other groups [16–20]. Future studies should employ culturally appropriate outreach approaches
to reach marginalized communities and explore their unique experiences. Additionally, this study
presents a single snapshot in time. As the literature suggests [44], the long time-course of chronic
environmental contamination is a primary feature contributing to stress. Longitudinal studies may
prove well suited to explore stressors and subsequent development of intervention strategies for
addressing stress during different temporal phases of chronic environmental contamination.

5. Conclusions

Based on semi-structured in-depth interviews with a small sample of community members and
state health department representatives, this qualitative study explored the exposure experience
and related stressors among communities with PFAS drinking water contamination. Based on this
initial exploration, we present practical recommendations to address psychosocial health issues as
part of the public health response to PFAS contamination. The exposure experience and related
stressors were similar to those reported in other communities affected by chronic environmental
contamination. Therefore, stress intervention approaches that have proven effective in other situations
may be promising in the PFAS contamination context. Consistent with a larger body of literature
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on this topic, this study found that while experiencing environmental contamination is stressful,
community-based stress intervention approaches are not well-integrated in public health responses.
There is a need for more research on how best to integrate stress concepts and intervention strategies
into the public health response to environmental contamination.

Finally, this study raises questions that might prove useful avenues for future research.
These potential research areas include delving deeper into emotional experiences related to PFAS
contamination; examining the PFAS experience among those belonging to marginalized groups,
identify unique characteristics of their experiences, and related implications for stress intervention;
and investigating contextual factors and implications for stress intervention in the PFAS context, such as
the role of timing of intervention, historical experiences with environmental contamination, and level
of trust among the community for the responding agencies. Addressing these research questions will
provide those developing stress intervention approaches with better information to effectively tailor
solutions to populations’ needs.
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Preface

Risk assessment has become a dominant public-policy tool for informing risk manag-
ers and the public about the different policy options for protecting public health and the 
environment. Risk assessment has been instrumental in fulfilling the missions of the U.S. 
Environmental Protection Agency (EPA) and other federal and state agencies in evaluating 
public-health concerns, informing regulatory and technologic decisions, setting priorities for 
research and funding, and developing approaches for cost-benefit analyses. 

However, risk assessment is at a crossroads. Despite advances in the field, it faces a num-
ber of substantial challenges, including long delays in completing complex risk assessments, 
some of which take decades to complete; lack of data, which leads to important uncertainty 
in risk assessments; and the need for risk assessment of many unevaluated chemicals in the 
marketplace and emerging agents. To address those challenges, EPA asked the National Acad-
emies to develop recommendations for improving the agency’s risk-analysis approaches. 

In this report, the Committee on Improving Risk Analysis Approaches Used by the U.S. 
EPA conducts a scientific and technical review of EPA’s current risk-analysis concepts and 
practices and offers recommendations for practical improvements that EPA could make in 
the near term (2-5 y) and in the longer term (10-20 y). The committee focused on human 
health risk assessment but considered the implications of its conclusions and recommenda-
tions for ecologic risk assessment. 

This report has been reviewed in draft form by persons chosen for their diverse per-
spectives and technical expertise in accordance with procedures approved by the National 
Research Council’s Report Review Committee. The purpose of this independent review is to 
provide candid and critical comments that will assist the institution in making its published 
report as sound as possible and to ensure that the report meets institutional standards of 
objectivity, evidence, and responsiveness to the study charge. The review comments and 
draft manuscript remain confidential to protect the integrity of the deliberative process. We 
wish to thank the following for their review of this report: Lawrence W. Barnthouse, LWB 
Environmental Services, Inc.; Roger G. Bea, University of California, Berkeley; Allison C. 
Cullen, University of Washington; William H. Farland, Colorado State University; J. Paul 
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Gilman, Convanta Energy Corporation; Bernard D. Goldstein, University of Pittsburgh; 
Lynn R. Goldman, Johns Hopkins University; Dale B. Hattis, Clark University; Carol J. 
Henry, American Chemistry Council (retired); Daniel Krewski, University of Ottawa; Amy 
D. Kyle, University of California, Berkeley; Ronald L. Melnick, National Institute of En-
vironmental Health Sciences; Gilbert S. Omenn, University of Michigan Medical School; 
Louise Ryan, Harvard School of Public Health; and Detlof von Winterfeldt, University of 
Southern California. 

Although the reviewers listed above have provided many constructive comments and 
suggestions, they were not asked to endorse the conclusions or recommendations, nor did 
they see the final draft of the report before its release. The review of the report was overseen 
by the review coordinator, William Glaze, Georgetown, TX and the review monitor, John 
Ahearne, Sigma Xi. Appointed by the National Research Council, they were responsible 
for making certain that an independent examination of the report was carried out in accor-
dance with institutional procedures and that all review comments were carefully considered. 
Responsibility for the final content of the report rests entirely with the committee and the 
institution.

The committee gratefully acknowledges the following for making presentations to 
the committee: Nicholas Ashford, Massachusetts Institute of Technology; Robert Brenner, 
Michael Callahan, George Gray, Jim Jones, Tina Levine, Robert Kavlock, Al McGartland, 
Peter Preuss, Michael Shapiro, Glenn Suter, and Harold Zenick, EPA; Douglas Crawford-
Brown, University of North Carolina; Kenny Crump, ENVIRON International Corporation; 
Robert Donkers, Delegation of the European Commission to the United States; William 
Farland, Colorado State University; James A. Fava, Five Winds International; Penny Fenner-
Crisp, International Life Sciences Institute Research Foundation; Dale Hattis, Clark Univer-
sity; Amy D. Kyle, University of California, Berkeley; Rebecca Parkin, George Washington 
University; Chris Portier, National Institute of Environmental Health Sciences; Lorenz 
Rhomberg, Gradient Corporation; Jennifer Sass, Natural Resources Defense Council; Jay 
Silkworth, General Electric Company; and Thomas Sinks, Centers for Disease Control and 
Prevention. 
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staff in preparing this report. Staff members who contributed to this effort are Eileen Abt, 
project director; James Reisa, director of the Board on Environmental Studies and Toxicol-
ogy; Jennifer Saunders, associate program officer; Norman Grossblatt and Ruth Crossgrove, 
senior editors; Mirsada Karalic-Loncarevic, manager of the Technical Information Center; 
Radiah Rose, editorial projects manager; and Morgan Motto and Panola Golson, senior 
program assistants.

I would especially like to thank the committee members for their efforts throughout the 
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Thomas Burke, Chair
Committee on Improving Risk Analysis Approaches 
Used by the U.S. EPA
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3

Summary

Virtually every aspect of life involves risk. How we deal with risk depends largely on how 
well we understand it. The process of risk assessment has been used to help us understand 
and address a wide variety of hazards and has been instrumental to the U.S. Environmental 
Protection Agency (EPA), other federal and state agencies, industry, the academic community, 
and others in evaluating public-health and environmental concerns. From protecting air and 
water to ensuring the safety of food, drugs, and consumer products such as toys, risk assess-
ment is an important public-policy tool for informing regulatory and technologic decisions, 
setting priorities among research needs, and developing approaches for considering the costs 
and benefits of regulatory policies. 

Risk assessment, however, is at a crossroads, and its credibility is being challenged (Sil-
bergeld 1993; Montague 2004; Michaels 2008).1 Because it provides a primary scientific 
rationale for informing regulations that will have national and global impact, risk assessment 
is subject to considerable scientific, political, and public scrutiny. The science of risk assess-
ment is increasingly complex; improved analytic techniques have produced more data that 
lead to questions about how to address issues of, for example, multiple chemical exposures, 
multiple risks, and susceptibility in populations. In addition, risk assessment is now being 
extended to address broader environmental questions, such as life-cycle analysis and issues 
of costs, benefits, and risk-risk tradeoffs. 

The regulatory risk assessment process is bogged down; major risk assessments for some 
chemicals take more than 10 years. In the case of trichloroethylene, which has been linked to 
cancer, the assessment has been under development since the 1980s, has undergone multiple 
independent reviews, and is not expected to be final until 2010. Assessments of formalde-
hyde and dioxin have had similar timelines. EPA is struggling to keep up with demands for 

1 Silbergeld, E.K. 1993. Risk assessment: The perspective and experience of U.S. environmentalists. Environ. 
Health Perspect. 101(2):100-104; Montague, P. 2004. Reducing the harms associated with risk assessment. Environ. 
Impact Assess. Rev. 24:733-748; Michaels, D. 2008. Doubt Is Their Product: How Industry’s Assault on Science 
Threatens Your Health. New York: Oxford University Press. 
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hazard and dose-response information but is challenged by a lack of resources, including 
funding and trained staff. 

Decision-making based on risk assessment is also bogged down. Uncertainty, an inherent 
property of scientific data, continues to lead to multiple interpretations and contribute to 
decision-making gridlock. Stakeholders—including community groups, environmental orga-
nizations, industry, and consumers—are often disengaged from the risk-assessment process at 
a time when risk assessment is increasingly intertwined with societal concerns. Disconnects 
between the available scientific data and the information needs of decision-makers hinder 
the use of risk assessment as a decision-making tool.

Emerging scientific advances hold great promise for improving risk assessment. For 
example, new toxicity-testing methods are being developed that will probably be quicker, 
less expensive, and more directly relevant to human exposures, as described in the National 
Research Council’s Toxicity Testing in the 21st Century: A Vision and a Strategy (2007). 
However, the realization of the promise is at least a decade away.

To address current challenges, EPA asked the National Research Council to perform an 
independent study on improving risk-analysis approaches, one of a number of studies by 
the National Research Council that have examined risk assessment in EPA. Specifically, the 
committee selected by the National Research Council was charged to identify practical im-
provements that EPA could make in the near term (2-5 years) and in the longer term (10-20 
years). The committee focused primarily on human health risk assessment but also considered 
the implications of its conclusions and recommendations for ecologic risk assessment. The 
committee conducted its data gathering for this study between fall 2006 and winter 2008, 
so materials published after this were not considered in the committee’s evaluation.

COMMITTEE’S EvALUATION

The committee focused on two broad elements in its evaluation: (1) improving the tech-
nical analysis that supports risk assessment (addressed in Chapters 4-7) and (2) improving 
the utility of risk assessment (addressed in Chapters 3 and 8). Improving technical analysis 
entails the development and use of scientific knowledge and information to promote more 
accurate characterizations of risk. Improving utility entails making risk assessment more 
relevant to and useful for risk-management decisions. 

Regarding improvement in technical analysis, the committee considered such issues as 
how to improve uncertainty and variability analysis and dose-response assessment to ensure 
the best use of scientific data, and it concluded that technical improvements are necessary. 
The committee concluded that EPA’s overall concept of risk assessment, which is generally 
based on the National Research Council’s Risk Assessment in the Federal Go�ernment: Man-
aging the Process (1983), also known as the Red Book, should be retained. The four steps 
of risk assessment (hazard identification, dose-response assessment, exposure assessment, 
and risk characterization) have been adopted by numerous expert committees, regulatory 
agencies, public-health institutions, and others. 

With respect to improving utility, the committee considered such issues as how risk-
related problems are identified and formulated before the development of risk assessments 
and how a broad set of options might be considered to ensure that risk assessments are most 
relevant to the problems. 

CONCLUSIONS AND RECOMMENDATIONS

A number of improvements are needed to streamline EPA’s risk-assessment process to 
ensure that risk assessments make better use of appropriate available science and are more 
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relevant to decision-making. Implementing improvements will require building on EPA’s 
current practices and developing a long-term strategy that includes greater coordination 
and communication within the agency, training and building a workforce with the requisite 
expertise, and a commitment by EPA, the executive branch, and Congress to implement 
the framework for risk-based decision-making recommended in this report and to fund the 
needed improvements. 

The committee recommends an important extension of the Red Book model to meet 
today’s challenges better—that risk assessment should be viewed as a method for evaluating 
the relative merits of various options for managing risk rather than as an end in itself. Risk 
assessment should continue to capture and accurately describe what various research findings 
do and do not tell us about threats to human health and to the environment, but only after 
the risk-management questions that risk assessment should address have been clearly posed, 
through careful evaluation of the options available to manage the environmental problems 
at hand, similar to what is done in ecologic risk assessment. That alteration in the current 
approach to risk assessment has the potential to increase its influence on decisions because 
it requires greater up-front planning to ensure that it is relevant to the specific problems 
being addressed and that it will cast light on a wider range of decision options than has 
traditionally been the case. 

A second recommended shift in thinking is seen in the technical recommendations in 
this report that call for improvements in uncertainty and variability analysis and for a uni-
fied approach to dose-response assessment that will result in risk estimates for both cancer 
and noncancer end points. Just as a risk assessment itself should be more closely tied to the 
questions to be answered, so should the technical analyses supporting it. For example, de-
scriptions of the uncertainty and variability inherent in all risk assessments may be complex 
or relatively simple; the level of detail in the descriptions should align with what is needed 
to inform risk-management decisions. Similarly, the results of a dose-response assessment 
should be relevant to the problem being addressed, whether it is informing risk-risk tradeoffs 
or a cost-benefit analysis. Ensuring that the technical analyses supporting a risk assessment 
are supported by the science and are relevant to the problem being addressed will go a long 
way toward improving the value, timeliness, and credibility of the assessment. 

The committee’s most important conclusions and recommendations are summarized 
below. The committee believes that implementation of its recommendations will do much 
to enhance the credibility and usefulness of risk assessment. 

Design of Risk Assessment

The process of planning risk assessment and ensuring that its level and complexity are 
consistent with the needs to inform decision-making can be thought of as the “design” of 
risk assessment. The committee encourages EPA to focus greater attention on design in the 
formative stages of risk assessment, specifically on planning and scoping and problem for-
mulation, as articulated in EPA guidance for ecologic and cumulative risk assessment (EPA 
1998, 2003).2 Good design involves bringing risk managers, risk assessors, and various 
stakeholders together early in the process to determine the major factors to be considered, 

2 EPA (U.S. Environmental Protection Agency). 1998. Guidelines for Ecological Risk Assessment. EPA/630/R-
95/002F. Risk Assessment Forum, U.S. Environmental Protection Agency, Washington, DC; EPA (U.S. Environmen-
tal Protection Agency). 2003. Framework for Cumulative Risk Assessment. EPA/600/P-02/001F. National Center 
for Environmental Assessment, Risk Assessment Forum, U.S. Environmental Protection Agency, Washington, 
DC.
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the decision-making context, and the timeline and depth needed to ensure that the right 
questions are being asked in the context of the assessment. 

Increased emphasis on planning and scoping and on problem formulation has been 
shown to lead to risk assessments that are more useful and better accepted by decision-mak-
ers (EPA 2002, 2003, 2004);3 however, incorporation of these stages in risk assessment has 
been inconsistent, as noted by their absence from various EPA guidance documents (EPA 
2005a,b).4 An important element of planning and scoping is definition of a clear set of op-
tions for consideration in decision-making where appropriate. This should be reinforced by 
the up-front involvement of decision-makers, stakeholders, and risk assessors, who together 
can evaluate whether the design of the assessment will address the identified problems. 

Recommendation: Increased attention to the design of risk assessment in its formative 
stages is needed. The committee recommends that planning and scoping and problem 
formulation, as articulated in EPA guidance documents (EPA 1998, 2003),2 should be 
formalized and implemented in EPA risk assessments. 

Uncertainty and variability

Addressing uncertainty and variability is critical for the risk-assessment process. Un-
certainty stems from lack of knowledge, so it can be characterized and managed but not 
eliminated. Uncertainty can be reduced by the use of more or better data. Variability is an 
inherent characteristic of a population, inasmuch as people vary substantially in their ex-
posures and their susceptibility to potentially harmful effects of the exposures. Variability 
cannot be reduced, but it can be better characterized with improved information. 

There have been substantial differences among EPA’s approaches to and guidance for 
addressing uncertainty in exposure and dose-response assessment. EPA does not have a con-
sistent approach to determine the level of sophistication or the extent of uncertainty analysis 
needed to address a particular problem. The level of detail for characterizing uncertainty 
is appropriate only to the extent that it is needed to inform specific risk-management deci-
sions appropriately. It is important to address the required extent and nature of uncertainty 
analysis in the planning and scoping phases of a risk assessment. Inconsistency in the treat-
ment of uncertainty among components of a risk assessment can make the communication 
of overall uncertainty difficult and sometimes misleading.

Variability in human susceptibility has not received sufficient or consistent attention in 
many EPA health risk assessments although there are encouraging exceptions, such as those 
for lead, ozone, and sulfur oxides. For example, although EPA’s 2005 Guidelines for Car-
cinogen Risk Assessment acknowledges that susceptibility can depend on one’s stage in life, 

3 EPA (U.S. Environmental Protection Agency). 2002. A Review of the Reference Dose and Reference Concentra-
tion Processes. EPA/630/P-02/002F. Risk Assessment Forum, U.S. Environmental Protection Agency, Washington, 
DC; EPA (U.S. Environmental Protection Agency). 2003. Framework for Cumulative Risk Assessment. EPA/600/P-
02/001F. National Center for Environmental Assessment, Risk Assessment Forum, U.S. Environmental Protection 
Agency, Washington, DC; EPA (U.S. Environmental Protection Agency). 2004. Risk Assessment Principles and 
Practices. Staff Paper. EPA/100/B-04/001. Office of the Science Advisor, U.S. Environmental Protection Agency, 
Washington, DC. 

4 EPA (U.S. Environmental Protection Agency). 2005a. Guidelines for Carcinogen Risk Assessment. EPA/630/P-
03/001F. Risk Assessment Forum, U.S. Environmental Protection Agency, Washington, DC; EPA (U.S. Environ-
mental Protection Agency). 2005b. Supplemental Guidance for Assessing Susceptibility for Early-Life Exposures 
to Carcinogens. EPA/630/R-03/003F. Risk Assessment Forum, U.S. Environmental Protection Agency, Washington, 
DC. 
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greater attention to susceptibility in practice is needed, particularly for specific population 
groups that may have greater susceptibility because of their age, ethnicity, or socioeconomic 
status. The committee encourages EPA to move toward the long-term goal of quantifying 
population variability more explicitly in exposure assessment and dose-response relation-
ships. An example of progress that moves toward this goal is EPA’s draft risk assessment of 
trichloroethylene (EPA 2001; NRC 2006),5 which considers how differences in metabolism, 
disease, and other factors contribute to human variability in response to exposures.

Recommendation: EPA should encourage risk assessments to characterize and commu-
nicate uncertainty and variability in all key computational steps of risk assessment—for 
example, exposure assessment and dose-response assessment. Uncertainty and variability 
analysis should be planned and managed to reflect the needs for comparative evaluation 
of the risk management options. In the short term, EPA should adopt a “tiered” approach 
for selecting the level of detail to be used in the uncertainty and variability assessments, 
and this should be made explicit in the planning stage. To facilitate the characterization 
and interpretation of uncertainty and variability in risk assessments, EPA should develop 
guidance to determine the appropriate level of detail needed in uncertainty and variability 
analyses to support decision-making and should provide clear definitions and methods 
for identifying and addressing different sources of uncertainty and variability.

Selection and Use of Defaults

Uncertainty is inherent in all stages of risk assessment, and EPA typically relies on as-
sumptions when chemical-specific data are not available. The 1983 Red Book recommended 
the development of guidelines to justify and select from among the available inference op-
tions, the assumptions—now called defaults—to be used in agency risk assessments to ensure 
consistency and avoid manipulations in the risk-assessment process. The committee acknowl-
edges EPA’s efforts to examine scientific data related to defaults (EPA 1992, 2004, 2005a),6 
but recognizes that changes are needed to improve the agency’s use of them. Much of the 
scientific controversy and delay in completion of some risk assessments has stemmed from 
the long debates regarding the adequacy of the data to support a default or an alternative 
approach. The committee concludes that established defaults need to be maintained for the 
steps in risk assessment that require inferences and that clear criteria should be available for 
judging whether, in specific cases, data are adequate for direct use or to support an inference 
in place of a default. EPA, for the most part, has not yet published clear, general guidance 
on what level of evidence is needed to justify use of agent-specific data and not resort to a 
default. There are also a number of defaults (missing or implicit defaults) that are engrained 
in EPA risk-assessment practice but are absent from its risk-assessment guidelines. For ex-

5 EPA (U.S. Environmental Protection Agency). 2001. Trichloroethylene Health Risk Assessment: Synthesis and 
Characterization. External Review Draft. EPA/600/P-01/002A. Office of Research and Development, Washington, 
DC. August 2001 [online]. Available: http://rais.ornl.gov/tox/TCEAUG2001.PDF [accessed Aug. 2, 2008]; NRC 
(National Research Council). 2006. Assessing the Human Risks of Trichloroethylene. Washington, DC: The Na-
tional Academies Press.

6 EPA (U.S. Environmental Protection Agency). 1992. Guidelines for Exposure Assessment. EPA/600/Z-92/001. 
Risk Assessment Forum, Office of Research and Development, U.S. Environmental Protection Agency, Washington, 
DC; EPA (U.S. Environmental Protection Agency). 2004. Risk Assessment Principles and Practices. Staff Paper. 
EPA/100/B-04/001. Office of the Science Advisor, U.S. Environmental Protection Agency, Washington, DC; EPA 
(U.S. Environmental Protection Agency). 2005a. Guidelines for Carcinogen Risk Assessment. EPA/630/P-03/001F. 
Risk Assessment Forum, U.S. Environmental Protection Agency, Washington, DC.
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ample, chemicals that have not been examined sufficiently in epidemiologic or toxicologic 
studies are often insufficiently considered in or are even excluded from risk assessments; 
because no description of their risks is included in the risk characterization, they carry no 
weight in decision-making. That occurs in Superfund-site and other risk assessments, in 
which a relatively short list of chemicals on which there are epidemiologic and toxicologic 
data tends to drive the exposure and risk assessments.

Recommendation: EPA should continue and expand use of the best, most current science 
to support and revise default assumptions. EPA should work toward the development 
of explicitly stated defaults to take the place of implicit defaults. EPA should develop 
clear, general standards for the level of evidence needed to justify the use of alternative 
assumptions in place of defaults. In addition, EPA should describe specific criteria that 
need to be addressed for the use of alternatives to each particular default assumption. 
When EPA elects to depart from a default assumption, it should quantify the implications 
of using an alternative assumption, including how use of the default and the selected 
alternative influences the risk estimate for risk management options under consideration. 
EPA needs to more clearly elucidate a policy on defaults and provide guidance on its 
implementation and on evaluation of its impact on risk decisions and on efforts to protect 
the environment and public health. 

A Unified Approach to Dose-Response Assessment 

A challenge to risk assessment is to evaluate risks in ways that are consistent among 
chemicals, that account adequately for variability and uncertainty, and that provide informa-
tion that is timely, efficient, and maximally useful for risk characterization and risk manage-
ment. Historically, dose-response assessments at EPA have been conducted differently for 
cancer and noncancer effects, and the methods have been criticized for not providing the 
most useful results. Consequently, noncancer effects have been underemphasized, especially 
in benefit-cost analyses. A consistent approach to risk assessment for cancer and noncancer 
effects is scientifically feasible and needs to be implemented. 

For cancer, it has generally been assumed that there is no dose threshold of effect, and 
dose-response assessments have focused on quantifying risk at low doses and estimating a 
population risk for a given magnitude of exposure. For noncancer effects, a dose threshold 
(low-dose nonlinearity) has been assumed, below which effects are not expected to occur 
or are extremely unlikely in an exposed population; that dose is a reference dose (RfD) or 
a reference concentration (RfC)—it is thought “likely to be without an appreciable risk of 
deleterious effects” (EPA 2002).7

EPA’s treatment of noncancer and low-dose nonlinear cancer end points is a major step 
by the agency in an overall strategy to harmonize cancer and noncancer approaches to dose-
response assessment; however, the committee finds scientific and operational limitations in 
the current approaches. Noncancer effects do not necessarily have a threshold, or low-dose 
nonlinearity, and the mode of action of carcinogens varies. Background exposures and under-
lying disease processes contribute to population background risk and can lead to linearity at 
the population doses of concern. Because the RfD and RfC do not quantify risk for different 
magnitudes of exposure but rather provide a bright line between possible harm and safety, 

7 EPA (U.S. Environmental Protection Agency). 2002. A Review of the Reference Dose and Reference Concentra-
tion Processes. EPA/630/P-02/002F. Risk Assessment Forum, U.S. Environmental Protection Agency, Washington, 
DC.
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their use in risk-risk and risk-benefit comparisons and in risk-management decision-making 
is limited. Cancer risk assessments usually do not account for differences among humans in 
cancer susceptibility other than possible differences in early-life susceptibility. 

Scientific and risk-management considerations both support unification of cancer and 
noncancer dose-response assessment approaches. The committee therefore recommends a 
consistent, unified approach for dose-response modeling that includes formal, systematic 
assessment of background disease processes and exposures, possible vulnerable populations, 
and modes of action that may affect a chemical’s dose-response relationship in humans. That 
approach redefines the RfD or RfC as a risk-specific dose that provides information on the 
percentage of the population that can be expected to be above or below a defined accept-
able risk with a specific degree of confidence. The risk-specific dose will allow risk managers 
to weigh alternative risk options with respect to that percentage of the population. It will 
also permit a quantitative estimate of benefits for different risk-management options. For 
example, a risk manager could consider various population risks associated with exposures 
resulting from different control strategies for a pollution source and the benefits associated 
with each strategy. The committee acknowledges the widespread applications and public-
health utility of the RfD; the redefined RfD can still be used as the RfD has been to aid 
risk-management decisions.

Characteristics of the committee’s recommended unified dose-response approach include 
use of a spectrum of data from human, animal, mechanistic, and other relevant studies; a 
probabilistic characterization of risk; explicit consideration of human heterogeneity (includ-
ing age, sex, and health status) for both cancer and noncancer end points; characterization 
(through distributions to the extent possible) of the most important uncertainties for cancer 
and noncancer end points; evaluation of background exposure and susceptibility; use of 
probabilistic distributions instead of uncertainty factors when possible; and characterization 
of sensitive populations. 

The new unified approach will require implementation and development as new chemi-
cals are assessed or old chemicals are reassessed, including the development of test cases to 
demonstrate proof of concept. 

Recommendation: The committee recommends that EPA implement a phased-in ap-
proach to consider chemicals under a unified dose-response assessment framework that 
includes a systematic evaluation of background exposures and disease processes, possible 
vulnerable populations, and modes of action that may affect human dose-response rela-
tionships. The RfD and RfC should be redefined to take into account the probability of 
harm. In developing test cases, the committee recommends a flexible approach in which 
different conceptual models can be applied in the unified approach. 

Cumulative Risk Assessment

EPA is increasingly asked to address broader public-health and environmental-health 
questions involving multiple exposures, complex mixtures, and vulnerability of exposed 
populations—issues that stakeholder groups (such as communities affected by environmental 
exposures) often consider to be inadequately captured by current risk assessments. There is 
a need for cumulative risk assessments as defined by EPA (EPA 2003)8—assessments that 

8 EPA (U.S. Environmental Protection Agency). 2003. Framework for Cumulative Risk Assessment. EPA/600/P-
02/001F. National Center for Environmental Assessment, Risk Assessment Forum, U.S. Environmental Protection 
Agency, Washington, DC.
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include combined risks posed by aggregate exposure to multiple agents or stressors; aggre-
gate exposure includes all routes, pathways, and sources of exposure to a given agent or 
stressor. Chemical, biologic, radiologic, physical, and psychologic stressors are considered 
in this definition (Callahan and Sexton 2007).9 

The committee applauds the agency’s move toward the broader definition in making 
risk assessment more informative and relevant to decisions and stakeholders. However, in 
practice, EPA risk assessments often fall short of what is possible and is supported by agency 
guidelines in this regard. Although cumulative risk assessment has been used in various con-
texts, there has been little consideration of nonchemical stressors, vulnerability, and back-
ground risk factors. Because of the complexity of considering so many factors simultaneously, 
there is a need for simplified risk-assessment tools (such as databases, software packages, 
and other modeling resources) that would allow screening-level risk assessments and could 
allow communities and stakeholders to conduct assessments and thus increase stakeholder 
participation. Cumulative human health risk assessment should draw greater insights from 
ecologic risk assessment and social epidemiology, which have had to grapple with similar 
issues. A recent National Research Council report on phthalates addresses issues related to 
the framework within which dose-response assessment can be conducted in the context of 
simultaneous exposures to multiple stressors.

Recommendation: EPA should draw on other approaches, including those from ecologic 
risk assessment and social epidemiology, to incorporate interactions between chemical 
and nonchemical stressors in assessments; increase the role of biomonitoring, epide-
miologic, and surveillance data in cumulative risk assessments; and develop guidelines 
and methods for simpler analytical tools to support cumulative risk assessment and to 
provide for greater involvement of stakeholders. In the short-term, EPA should develop 
databases and default approaches to allow for incorporation of key nonchemical stress-
ors in cumulative risk assessments in the absence of population-specific data, considering 
exposure patterns, contributions to relevant background processes, and interactions with 
chemical stressors. In the long-term, EPA should invest in research programs related 
to interactions between chemical and nonchemical stressors, including epidemiologic 
investigations and physiologically based pharmacokinetic modeling. 

Improving the Utility of Risk Assessment

Given the complexities of the current problems and potential decisions faced by EPA, 
the committee grappled with designing a more coherent, consistent, and transparent pro-
cess that would provide risk assessments that are relevant to the problems and decisions at 
hand and that would be sufficiently comprehensive to ensure that the best available options 
for managing risks were considered. To that end, the committee proposes a framework for 
risk-based decision-making (see Figure S-1). The framework consists of three phases: I, 
enhanced problem formulation and scoping, in which the available risk-management op-
tions are identified; II, planning and assessment, in which risk-assessment tools are used to 
determine risks under existing conditions and under potential risk-management options; and 
III, risk management, in which risk and nonrisk information is integrated to inform choices 
among options. 

The framework has at its core the risk-assessment paradigm (stage 2 of phase II) estab-

9 Callahan, M.A., and K. Sexton. 2007. If ‘cumulative risk assessment’ is the answer, what is the question? En-
viron. Health Perspect. 115(5):799-806. 
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lished in the Red Book (NRC 1983).10 However, the framework differs from the Red Book 
paradigm, primarily in its initial and final steps. The framework begins with a “signal” of 
potential harm (for example, a positive bioassay or epidemiologic study, a suspicious disease 
cluster, or findings of industrial contamination). Under the traditional paradigm, the ques-
tion has been, What are the probability and consequence of an adverse health (or ecologic) 
effect posed by the signal? In contrast, the recommended framework asks, implicitly, What 
options are there to reduce the hazards or exposures that have been identified, and how can 
risk assessment be used to evaluate the merits of the various options? The latter question 
focuses on the risk-management options (or interventions) designed to provide adequate 
public-health and environmental protection and to ensure well-supported decision-mak-
ing. Under this framework, the questions posed arise from early and careful planning of 
the types of assessments (including risks, costs, and technical feasibility) and the required 
level of scientific depth that are needed to evaluate the relative merits of the options being 
considered.11 Risk management involves choosing among the options after the appropriate 
assessments have been undertaken and evaluated.

The framework begins with enhanced problem formulation and scoping (phase I), in 
which risk-management options and the types of technical analyses, including risk assess-
ments, needed to evaluate and discriminate among the options are identified. Phase II consists 
of three stages: planning, risk assessment, and confirmation of utility. Planning (stage 1) is 
done to ensure that the level and complexity of risk assessment (including uncertainty and 
variability analysis) are consistent with the goals of decision-making. After risk assessment 
(stage 2), stage 3 evaluates whether the assessment was appropriate and whether it allows 
discrimination among the risk-management options. If the assessment is determined not to 
be adequate, the framework calls for a return to planning (phase II, stage 1). Otherwise, 
phase III (risk management) is undertaken: the relative health or environmental benefits of the 
proposed risk-management options are evaluated for the purpose of reaching a decision. 

The framework systematically identifies problems and options that risk assessors should 
evaluate at the earliest stages of decision-making. It expands the array of impacts assessed 
beyond individual effects (for example, cancer, respiratory problems, and individual species) 
to include broader questions of health status and ecosystem protection. It provides a formal 
process for stakeholder involvement throughout all stages but has time constraints to en-
sure that decisions are made. It increases understanding of the strengths and limitations of 
risk assessment by decision-makers at all levels, for example, by making uncertainties and 
choices more transparent. 

The committee is mindful of concerns about political interference in the process, and 
the framework maintains the conceptual distinction between risk assessment and risk man-
agement articulated in the Red Book. It is imperative that risk assessments used to evalu-
ate risk-management options not be inappropriately influenced by the preferences of risk 
managers. 

With a focus on early and careful planning and problem formulation and on the options 
for managing the problem, implementation of the framework can improve the utility of risk 
assessment for decision-making. Although some aspects of the framework are achievable 
in the short term, its full implementation will require a substantial transition period. EPA 
should phase in the framework with a series of demonstration projects that apply it and 

10 NRC (National Research Council). 1983. Risk Assessment in the Federal Government: Managing the Process. 
Washington, DC: National Academy Press.

11 The committee notes that not all decisions require or are amenable to risk assessment and that in most cases 
one of the options explicitly considered is “no intervention.” 
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that determine the degree to which it meets the needs of the agency risk managers, how 
risk-management conclusions differ as a result of its application, and the effectiveness of 
measures to ensure that risk managers and policy-makers do not inappropriately influence 
the scientific conduct of risk assessments.

Recommendation: To make risk assessments most useful for risk-management decisions, 
the committee recommends that EPA adopt a framework for risk-based decision-mak-
ing (see Figure S-1) that embeds the Red book risk-assessment paradigm into a process 
with initial problem formulation and scoping, upfront identification of risk-management 
options, and use of risk assessment to discriminate among these options. 

Stakeholder Involvement 

Many stakeholders believe that the current process for developing and applying risk 
assessments lacks credibility and transparency. That may be partly because of failure to 
involve stakeholders adequately as active participants at appropriate points in the risk-
assessment and decision-making process rather than as passive recipients of the results. 
Previous National Research Council and other risk-assessment reports (for example, NRC 
1996; PCCRARM 1997)12 and comments received by the committee (Callahan 2007; Kyle 
2007)13 echo such concerns.

The committee agrees that greater stakeholder involvement is necessary to ensure that 
the process is transparent and that risk-based decision-making proceeds effectively, efficiently, 
and credibly. Stakeholder involvement needs to be an integral part of the risk-based deci-
sion-making framework, beginning with problem formulation and scoping. 

Although EPA has numerous programs and guidance documents related to stakeholder 
involvement, it is important that it adhere to its own guidance, particularly in the con-
text of cumulative risk assessment, in which communities often have not been adequately 
involved. 

Recommendation: EPA should establish a formal process for stakeholder involvement 
in the framework for risk-based decision-making with time limits to ensure that deci-
sion-making schedules are met and with incentives to allow for balanced participation 
of stakeholders, including impacted communities and less advantaged stakeholders.

Capacity-building

Improving risk-assessment practice and implementing the framework for risk-based deci-
sion-making will require a long-term plan and commitment to build the requisite capacity 
of information, skills, training, and other resources necessary to improve public-health and 
environmental decision-making. The committee’s recommendations call for considerable 
modification of EPA risk-assessment efforts (for example, implementation of the risk-based 
decision-making framework, emphasis on problem formulation and scoping as a discrete 

12 NRC (National Research Council). 1996. Understanding Risk: Informing Decisions in a Democratic Society. 
Washington, DC: National Academy Press; PCCRARM (Presidential/Congressional Commission on Risk Assessment 
and Risk Management). 1997. Framework for Environmental Health Risk Management - Final Report, Vol. 1. 

13 Callahan, M.A. 2007. Improving Risk Assessment: A Regional Perspective. Presentation at the Third Meeting 
of Improving Risk Analysis Approaches Used by EPA, February 26, 2007, Washington, DC; Kyle, A. 2007. Com-
munity Needs for Assessment of Environmental Problems. Presentation at the Fourth Meeting of Improving Risk 
Analysis Approaches Used by EPA, April 17, 2007, Washington, DC. 
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stage in risk assessment, and greater stakeholder participation) and of technical aspects of 
risk assessment (for example, unification of cancer and noncancer dose-response assessments, 
attention to quantitative uncertainty analysis, and development of methods for cumulative 
risk assessment). The recommendations are tantamount to “change-the-culture” transforma-
tions in risk assessment and decision-making in the agency.

EPA’s current institutional structure and resources may pose a challenge to implementa-
tion of the recommendations, and moving forward with them will require a commitment 
to leadership, cross-program coordination and communication, and training to ensure 
the requisite expertise. That will be possible only if leaders are determined to reverse the 
downward trend in budgeting, staffing, and training and to making high-quality, risk-based 
decision-making an agencywide goal.

Recommendation: EPA should initiate a senior-level strategic re-examination of its risk-
related structures and processes to ensure that it has the institutional capacity to imple-
ment the committee’s recommendations for improving the conduct and utility of risk 
assessment for meeting the 21st century environmental challenges. EPA should develop 
a capacity building plan that includes budget estimates required for implementing the 
committee’s recommendations, including transitioning to and effectively implementing 
the framework for risk-based decision-making.

CONCLUDINg REMARkS

Global impacts are combining with the high financial and political stakes of risk manage-
ment to place unprecedented pressure on risk assessors in EPA. But risk assessment remains 
essential to the agency’s mission to ensure protection of public health and the environment. 
Much work is needed to improve the scientific status, utility, and public credibility of risk 
assessment. The committee’s recommendations focus on designing risk assessments to en-
sure that they make the best possible use of available science, are technically accurate, and 
address the appropriate risk-management options effectively to inform risk-based decision-
making. The committee hopes that the recommendations and the proposed framework for 
risk-based decision-making will provide a template for the future of risk assessment in EPA 
and strengthen the scientific basis, credibility, and effectiveness of future risk-management 
decisions.
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Introduction

In response to a request from the Environmental Protection Agency (EPA) National 
Center for Environmental Assessment (NCEA), the National Research Council established 
the Committee on Improving Risk Analysis Approaches Used by the EPA. The committee 
was charged with developing recommendations that, if implemented, could assist the agency 
in developing risk assessments1 that are both consistent with current and evolving scientific 
understanding and relevant to the many risk-management missions of the agency. Recom-
mendations were to focus on both short- and long-term objectives.

The importance of risk assessment to the mission of EPA—indeed to the mission of 
many other federal agencies and to their state counterparts—is attested to by a long series 
of major efforts by the National Academies and other expert bodies to strengthen the tech-
nical content and utility of risk assessment and to ensure its scientific integrity. As EPA has 
attempted to respond to the recommendations that have resulted from the various efforts, 
both the science underlying risk assessment and the decision contexts in which risk assess-
ments are used have been increasingly complex. As will be revealed later in this report, the 
committee perceives that risk assessment is now at a crossroads and its value and relevance 
are increasingly questioned (Silbergeld 1993; Montague 2004). Nonetheless, the commit-
tee believes strongly that risk assessment remains the most appropriate available method 
for measuring the relative benefits of the many possible interventions available to improve 
human health and the environment and that its absence or its inappropriate application 
will result in seriously flawed decisions. The committee believes that implementation of the 
recommendations set forth in this report will do much to enhance the power and usefulness 
of risk assessment and will be the appropriate road forward.

1 EPA’s charge to the committee used the phrase risk analysis. The latter is sometimes used synonymously with 
risk assessment but sometimes used more broadly. The committee will use risk assessment to describe the process 
leading to a characterization of risk. Risk as defined by NRC (2007a) can be a hazard, a probability, a consequence, 
or a combination of probability and severity of consequence.
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bACkgROUND

Since the 1983 publication of the National Research Council’s report Risk Assessment 
in the Federal Go�ernment: Managing the Process (the so-called Red Book), EPA has made 
efforts to advance risk assessment with the generation of risk-assessment guidelines, the 
establishment of intra-agency and cross-agency science-policy panels, and improvements in 
peer-review standards for agency risk assessments. The Red Book committee demonstrated 
how risk assessment could fill the gap between results emerging from the research setting 
and their use in risk management. A framework for systematically carrying out the process 
of risk assessment was established, and the Red Book’s risk-assessment framework remains 
in place today. The Red Book also revealed how the development of what were called infer-
ence guidelines (see below) was necessary to ensure the scientific integrity of the process by 
which risk assessments were conducted and of the product of that process.

Various closely related forms of the risk-assessment framework have been widely used by 
international organizations and other federal agencies, including the Consumer Product Safe-
ty Commission, the Nuclear Regulatory Commission, the Food and Drug Administration, 
the Occupational Safety and Health Administration, the U.S. Department of Agriculture, the 
Department of Defense, and the Department of Energy. OSTP (50 Fed. Reg. 10371[1985]) 
adopted the Red Book framework for carcinogen analysis and provided agencies a basis for 
developing the guidelines recommended by NRC (1983). 

Publication of the Red Book was followed by an intensification of risk-assessment activ-
ity in EPA. EPA endorsed the Red Book in the publication, Risk Assessment and Manage-
ment: Framework for Decision Making (EPA 1984). The agency established in 1984 what 
is now called the Risk Assessment Forum and in 1993 added a Science Policy Council (see 
Appendix C for a timeline of selected risk-assessment activities)—evidence that the Red 
Book and EPA’s efforts to advance risk assessment fell on fertile ground (Goldman 2003). 
William Ruckelshaus, during his second tour as administrator of EPA (1983-1985), used the 
Red Book as the basis of a main theme of his tenure: strengthening risk assessment as a tool 
to inform decision-making. EPA initially focused on human health risk assessment with the 
Guidelines for Carcinogen Risk Assessment (EPA 1986) and the agency’s Unfinished Busi-
ness: A Comparati�e Assessment of En�ironmental Problems (EPA 1987), which compared 
the magnitude of environmental risks with EPA’s resource allocations to programs that ad-
dress them. The agency’s Science Advisory Board evaluated the latter document in another 
key report, Reducing Risk: Setting Priorities and Strategies for En�ironmental Protection 
(EPA SAB 1990), and EPA was involved in a 1992 conference that evaluated the risk-based 
model for setting national priorities against several alternatives that incorporated informa-
tion about solutions, environmental justice, and other factors (Finkel and Golding 1994).

In the 1990s, the four-step approach outlined in the Red Book was adapted to ecologic 
risk assessment to address evaluations in which human health is not the primary focus (EPA 
2004). Ecologic risk assessors pioneered new approaches to complex risk problems by delin-
eating the need for “planning and problem formulation” to address technically challenging 
assessments of ecosystems, chemical mixtures, and cumulative risk. In the planning step, 
the risk managers—in consultation with risk assessors and other interested parties—frame 
management goals, management options, and the scope and necessary level of complexity 
for the risk assessment. Problem formulation is the phase in which the risk managers’ charge 
to the assessors is converted into an actionable plan for performing the assessment (EPA 
1998; Suter 2007). 

Several National Research Council and other expert panels expanded on the risk-
assessment principles presented in the Red Book with the publication of reports that included 
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Pesticides in the Diets of Infants and Children (NRC 1993), Science and Judgment in Risk 
Assessment (NRC 1994), and Understanding Risk: Informing Decisions in a Democratic 
Society (NRC 1996). In 1997, another expert panel issued its report, Presidential/Congres-
sional Commission on Risk Assessment and Risk Management (PCCRARM 1997). 

EPA has also recently upgraded its standards for peer review of technical documents 
with the Science Policy Council’s Peer Re�iew Handbook (EPA 2000) and guidance (EPA 
2002) to conform with the Office of Management and Budget’s Final Information Quality 
Bulletin for Peer Re�iew (OMB 2004).

CHALLENgES

As risk assessment has come to be widely used in a fairly consistent framework, EPA 
practices have continued to draw scrutiny in that competing pressures are pushing the agency 
to improve the timeliness and quality of its risk assessments. It is now evident that many risk 
assessments are taking 10-20 years to complete including assessments on chemicals such as 
dioxin, formaldehyde, and trichloroethylene (GAO 2008). There are a myriad of reasons 
for delays in the completion of risk assessments including controversy surrounding the sci-
ence, uncertainties in the data, regulatory requirements, political priorities, and economic 
factors. In the absence of completed risk assessments, risk management decisions continue 
to be made by state and federal agencies; however it is not known whether the decisions 
being made are health protective. To the extent that this practice continues, the value of 
risk assessment will erode.

For example, trichloroethylene, the most common organic contaminant in groundwater, 
which has been linked to cancer, does not have a completed EPA toxicity assessment. The 
EPA assessment has been under development since the 1980s and subjected to multiple 
independent reviews including EPA’s Science Advisory Board. Key issues were evaluated 
by the National Research Council in 2006. NRC (2006) urged that the toxicity assessment 
be finalized with currently available data, but the assessment is not anticipated to be final-
ized until 2010 (GAO 2008). Another example is formaldehyde, which the World Health 
Organization classified as a known human carcinogen and whose assessment was begun 
by EPA in 1997 but is not expected to be completed until 2010 (IARC 2006). The lack of 
an updated toxicity assessment for formaldehyde has impacted EPA’s regulatory decisions 
(GAO 2008).2

In recent years, a number of federal agencies have raised concerns about EPA risk as-
sessments of contaminants and are now playing a more formal role in risk policy-making at 
the federal level. Some of the agencies are also potentially responsible parties facing cleanup 
responsibilities and are seeking more input as EPA moves toward final reviews. Those other 
agencies and other public and private stakeholders often assert that they are inadequately 
involved in EPA processes (for example, Risk Policy Report 2005, 2007).

The Integrated Risk Information System (IRIS) is an important compendium of chemical 
toxicity values in which new EPA science policies are often implemented for the first time. 
However, IRIS has been criticized because of limitations, including a lack of funding and 
delays in updating toxicity values. EPA is now seeking greater science-policy input on its 
chemical reviews earlier in the process so that critical issues can be identified and adjustments 
made in response to new scientific and science-policy information. 

2 GAO (2008) acknowledges that because there was no updated EPA cancer risk estimate, EPA’s Office of Air and 
Radiation used an alternative estimate in establishing a National Emissions Standard for Hazardous Air Pollutants 
covering facilities in the plywood and composite wood industries.
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Those types of problems are exacerbated by the fact that the scientific issues underly-
ing risk assessments and the decisions that risk assessments are developed to support are 
increasingly complex, as a result of a greater quantity and diversity of data stemming from 
advancements such as in genomics and biomarkers. This report is intended to assist EPA as 
it attempts to deal with those and other challenges. 

TRADITIONAL AND EMERgINg vIEWS OF THE ROLES OF RISk ASSESSMENT

A large community of public-health research scientists in many disciplines is involved 
in the development of knowledge about how agents in the environment—whether chemi-
cal, biologic, radiologic, or physical and whether of natural origin or resulting from human 
activity—can harm human health and about the conditions under which they may do so. 
As this type of knowledge emerges from research, policy-makers in government and many 
other institutions concerned with public health begin to focus on whether some type of 
action is needed to protect public health and, if so, whether some courses of action yield 
better results than others. Societal support for action is found in the many laws that guide 
regulatory and public-health agencies. This support is evident in the relationship between 
the research community concerned with understanding threats to ecosystems and people 
responsible for protecting them.

It is clear that research findings are rarely directly suitable for decision-making. Results 
of different studies of the same phenomena often conflict, uncertainties can be large, and 
the conditions under which health and ecosystem threats are studied (or can be studied) 
usually do not match the conditions of interest for public-health or ecosystem protection. 
Research findings need to be interpreted. In matters related to public and ecosystem health, 
the interpretive process is called risk assessment. Risk assessment has come to be seen as an 
essential component of regulatory and related types of decision-making, and its scientific 
underpinnings and its roles in decision-making are the central subjects of this report.

Much scholarly work that has appeared since the publication of the Red Book has 
been devoted to countering a tendency to view risk assessment, in its practical applications, 
both as the sole source of information on the problems to be managed and as providing 
the management choice. To the extent that that tendency exists, we urge that it be resisted. 
Risk assessment, we propose, should certainly continue to capture and accurately describe 
what various bodies of research findings do and do not tell us about various threats to hu-
man health and to the environment, but it should do so only after the questions that risk 
assessment is supposed to address have been posed, through careful evaluation of the options 
available to manage the environmental problem at hand, similar to what is done in ecologic 
risk assessment. In this context, risk assessment is seen as a method for evaluating the rela-
tive merits of various options (or interventions) for managing risk.

Risk assessment, in that decision-making context, is an essential tool for understanding 
what public-health and environmental goals can be achieved or have been achieved by the 
actions taken. As will be seen later in this report, early emphasis on identifying risk-man-
agement options and on seeking, through risk assessment, analyses that are most useful for 
evaluating the options is somewhat at variance with the risk-assessment–risk-management 
model first proposed in the Red Book in that the management options are no longer driven 
by whatever risk-assessment findings happen to emerge. The new model does not alter the 
technical content of risk assessment from that set out in the Red Book, and, if appropriate 
precautions are taken, it does not lead to inappropriate intrusions by risk managers into the 
risk-assessment process (an issue of much concern to the Red Book authors; see Chapter 2). 
But it has great potential to increase the influence of risk assessment on ultimate decisions 
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because it is asked to cast light on a wider range of decision options than has traditionally 
been the case. We see this as a necessary and worthwhile extension of the Red Book model, 
one better suited to today’s challenges. Its full scope is elucidated in Chapters 3 and 8, which 
focus on increasing the utility of risk assessments.

Regulatory decision-makers, including those in EPA, do not routinely approach public-
health and environmental problems by arraying a wide range of options for dealing with 
them and then setting into motion the various technical analyses (risk assessments, control-
technology analyses, analyses of resource costs, and so on) that are necessary to achieve 
the optimal outcome. The various laws administered by EPA and other regulatory agencies 
appear to constrain, or have traditionally been interpreted as constraining, the options to be 
considered for risk management. The broader decision context that we propose (discussed 
in Chapters 3 and 8) recommends the consideration of other tools now being used or under 
development (such as life-cycle analysis [LCA] and sustainability evaluation) that are directed 
at environment-related problems of broader scope than those traditionally considered by 
EPA and related institutions. The integration of the scientific power of risk assessment with 
the broader reach of LCA, for example, should enlarge the influence of risk assessment and 
increase its utility for managing the most urgent and far-reaching problems—those having 
both human and environmental health components.

Whether operating in a broad or more narrowly constrained decision context, risk as-
sessment is essential for the reasons described above. Whatever the decision context, the 
goal of risk assessment is to describe the probability that adverse health or ecosystem effects 
of specific types will occur under specified conditions of exposure to an activity or an agent 
(chemical, biologic, radiologic, or physical), to describe the uncertainty in the probability 
estimate, and to describe how risk varies among populations. To be most useful in decision-
making, risk assessment would consider the risks associated with existing conditions (that 
is, the probability of harm under the “take no action” alternative) and the risks that would 
remain if each of various possible actions were taken to alter the conditions. There would 
also be a need for some commonality in the uncertainty analysis goals and assumptions that 
are applied to each of the analyses so that the different policy options can be compared. The 
conduct of risk assessment in the broadest practicable risk-management context brings to 
light the fullest possible picture of net public-health and environmental benefits. That does 
not mean that other options cannot surface during the conduct of a risk assessment; in fact, 
improved stakeholder engagement in the process may make this possible. 

Achieving such results requires the use of the framework for the conduct of risk as-
sessment set forth in the 1983 Red Book, which has been adopted by numerous expert 
committees, regulatory agencies, and public-health institutions and which this committee 
sees no reason to alter. The framework includes three well-known analytic steps—hazard 
identification, dose-response assessment, and exposure assessment—and a fourth step, risk 
characterization, in which results of the first three steps are integrated to yield information on 
the probability that the adverse effects described in hazard identification will occur under the 
conditions described in exposure assessment. Uncertainty findings from the first three steps 
are also integrated into risk characterization. Many other types of review of human-health or 
ecologic data emerge from regulatory and public-health institutions, but only those which in 
some way incorporate all four of the above steps can properly be called risk assessments.

Although all risk assessments include the four steps, it is critical to recognize that risk 
assessments can be undertaken at various levels of technical detail. Given a sufficiently 
rich database, highly quantitative estimates of risk can be developed, sometimes involving 
probabilistic modeling and substantial biologic data. In other cases, risk assessments may be 
semiquantitative. Similarly, descriptions of the uncertainties inherent in all risk assessments 
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may be complex or relatively simple. Because risk assessments can vary in detail and com-
plexity, it is important to know how a risk assessment will be used before it is undertaken 
so that it can be designed and carried out at the level of technical detail appropriate to the 
problem at hand. Risk-assessment design is the subject of Chapter 3. 

Decisions regarding risks and risk changes expected under various risk-management 
options are informed by the availability of risk assessments. The goal of achieving accurate, 
highly quantitative estimates of risk, however, is hampered by limitations in scientific under-
standing and the availability of relevant data, which can be overcome only by the advance 
of relevant research. Decisions to protect public health and the environment cannot await 
“perfection” in scientific knowledge (an unachievable goal in any case); in the absence of the 
understanding that risk assessments, however imperfect, can bring, it will not be possible to 
know the public-health or environmental value of whatever decisions are ultimately made. It 
is therefore important that risk assessments incorporate the best available scientific informa-
tion in scientifically rigorous ways and that they capture and describe the uncertainties in the 
information in ways that are useful for decision-makers. Moreover, the goal of timeliness is 
as important as (sometimes more important than) the goal of a precise risk estimate. The 
need to seek improvements in EPA’s regulatory decision-making by improving the quality 
and utility of risk assessment is the impetus for the current study.

TECHNICAL IMPEDIMENTS TO RISk ASSESSMENT

It is useful to describe some of the types of obstacles that hamper the risk-assessment 
process and that limit the utility of its results. It should be kept in mind that risk assess-
ments should not be blamed for a lack of relevant scientific data and knowledge; such a lack 
reflects inadequate support for research. But inadequacies in the use of whatever data and 
knowledge are available clearly are a problem for risk assessment. The following questions 
will receive much attention in this report because they reflect identifiable impediments to 
risk assessment and its most important use—for informing decision-making.

1. Are the decision contexts in which risk assessments are to be developed well defined 
in advance? It is important to understand the context in which a risk assessment will be 
used, so that the appropriate options for addressing a problem can be considered. It seems 
that current regulatory thinking on this matter may be overconstrained and often fails even 
to begin to incorporate a full range of decision options, perhaps because of limitations, or 
perceived limitations, embodied in laws. In any event, the utility of risk assessments may 
be less than ideal because of a failure to achieve clarity regarding the options for decision-
making in advance of identifying the types of risk assessments that will be of value.

2. What is the right level of detail for a risk assessment? Early delineation of problems 
and options for managing them allows—through the necessary interactions among risk man-
agers, risk assessors and other technical analysts, and other stakeholders—the development 
of risk assessments whose level of detail and scientific completeness match the decision-mak-
ing requirements and so can maximize the efficiency of the process.

3. Are the criteria for selecting the “defaults” necessary to complete risk assessments 
and for departing3 from them fully specified and set forth in agency guidelines? Because of 
the need for a variety of inferences in risk assessment and because the rationales for draw-
ing the inferences are not always distinguishable on purely scientific grounds, the choice of 

3 The committee recognizes that the current EPA policy on defaults uses the term “invokes” rather than “de-
parts.” EPA’s current policy on defaults is presented in Chapter 6.
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default options to be used involves an element of policy (see the discussion of the Red Book 
in Chapter 2). The inferences selected, which are commonly referred to as defaults, can 
have substantial effects on the results of risk assessments. Their selection and the criteria 
for judging when, in a specific case, a default can be replaced with an alternative inference 
based on chemical-specific information are among the most contentious elements of the 
risk-assessment process and a cause of sometimes great delays in their completion. 

4. Are the best available scientific information and defaults used to deal with the prob-
lem of variability? Variability in exposures to hazardous agents and in biologic responses 
to them is a fact of nature. Scientific knowledge of variability is highly limited, and current 
risk-assessment approaches to the problem rely heavily on uncertainty factors and other as-
sumptions. It is important for the advance of risk assessment to consider the types of scientific 
knowledge now available and their use for improving the quantitative characterization of 
variability.

5. What methods should be used to describe and express the uncertainties that accom-
pany all risk assessments? Failure to deal adequately with this matter is a source of much 
contention and hampers the goals of decision-making. An issue of central concern is the rela-
tive utility for decision-makers of the various methods available to express uncertainties.

6. Is information about the hazardous properties of chemicals and other agents given 
adequate attention in risk assessment? The toxic or carcinogenic properties of substances 
under assessment are now typically described in qualitative terms (a weight-of-evidence 
evaluation), and without quantitative expressions of the probability that the adverse effect 
is relevant to the human population that is the subject of the risk assessment. The possible 
importance of this limitation in risk assessment has been little discussed.

7. Are current methods for dealing with substances thought to act through threshold 
mechanisms (for example, the development of toxicity reference doses) yielding the most 
useful information for decision-making? Current “bright-line” approaches, while valuable 
in certain public-health decision-making contexts, clearly lack utility in other contexts.

8. Do current methods for integrating and weighing evidence from different sources 
(for example, from epidemiology and experimental studies) ensure that subjective influences 
are minimized and transparency maximized?

9. What are the appropriate scientific and policy approaches for dealing with sub-
stances on which very little health-effects or exposure information is available so that the 
risks they pose are not ignored relative to those posed by better-studied substances?

10. What approaches should be pursued for defining the risk assessments necessary to 
address broad questions of communitywide and cumulative risks (which may involve many 
exposure sources and pathways)? Given an ability to formulate appropriate risk questions in 
such broad contexts, how can risk information best serve decisions needed to reduce burdens 
on public health and the environment?

IMPROvINg RISk ANALySIS

Based on the above questions, improvements in risk analysis can be considered at two 
broad levels. First, consideration can be given to improvements in the utility of risk assess-
ments for decision-making. Second, improvements in the technical analysis supporting one 
or more of the steps of risk assessment can also be feasible, as new scientific knowledge 
becomes available. The committee understands its charge to encompass both types of 
improvements.

Improved utility can be achieved in several ways. As has been noted, there are op-
portunities to improve the processes through which risk-related problems and options for 
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intervention are identified and formulated prior to the development of risk assessments. 
Similar opportunities arise for improvements in the interactions among risk managers and 
other stakeholders and risk assessors during the development of assessments. Utility might 
also be enhanced by improvements in the ways risks are characterized and uncertainties 
expressed, to ensure they are adequately understood by decision-makers. Can the public 
health be better served in certain circumstances, for example, by probabilistic expressions 
of risk and uncertainties, for toxicity information, than they are by “bright line” estimates 
such as toxicity reference doses and concentrations? Can assessments in which the results 
of applying different default options are presented, each with a description of its scientific 
strengths and weaknesses, better serve decision-makers than those that rely primarily upon 
pre-assigned defaults? These types of questions pertain to improvements that might increase 
the utility of risk assessments for decision-making.

Improving the technical analysis involved in each of the steps of risk assessment gener-
ally refers to the development and use of scientific knowledge and information that, for a 
number of reasons, might lead to more accurate characterizations of risk. Because there are 
generally no means empirically to verify the results of most risk assessments, it is difficult to 
assess whether “accuracy” has been improved. But there nevertheless seems to be a basis for 
believing that greater understanding of the biological processes underlying the production of 
toxicity or other types of adverse health effects can, if properly applied, increase confidence 
in risk-assessment results. Indeed, much of the current research in toxicology is directed at 
gaining that understanding, and with that understanding can come reduced reliance upon de-
faults. In addition, the development of databases of empirical observations relevant to specific 
uncertainty factors can be used to replace single-point uncertainty factors with distributions. 
Increased confidence in risk assessments might also arise from increased development and 
use of human data—both epidemiology and in vitro data (NRC 2007b).

It should be noted that, while improvements in the utility of risk analysis are always 
desirable, the quest for improvements in scientific accuracy may not always be necessary or 
desirable in the context of specific risk assessments. The latter usually requires investment 
in significant research, and so will necessarily be limited to substances of significant social 
or economic importance. Default-based risk assessments will continue to have significant 
roles because decisions must be efficiently made on large numbers of hazards for which 
resources will not be available to corroborate the validity of each default, or to explore 
specific alternatives, and because as experience accrues, many of the defaults are viewed as 
a culmination of scientific understanding about general phenomena (for which exceptions 
may apply in particular cases). It is, of course, possible that, as new scientific understanding 
becomes available, certain alternatives to established defaults may prove to be supportable 
on a general basis, and this would increase confidence in risk assessments based on them. But 
default-based risk assessments will remain necessary for many substances and situations.

Much of what follows in the remaining chapters of the report derives from the com-
mittee’s view of these two broad ways in which improvements in risk analysis might be 
achieved.

THE NATIONAL RESEARCH COUNCIL COMMITTEE

In response to the study request from EPA, the NRC established the Committee on Im-
proving Risk Analysis Approaches Used by EPA. Committee members were selected for their 
expertise in biostatistics, dose-response modeling, ecotoxicology, environmental transport 
and fate modeling, environmental health, environmental regulation, epidemiology, exposure 
assessment, risk assessment, toxicology, and uncertainty analysis. Members come from uni-
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versities and other organizations and serve pro bono. Committee members were asked to 
serve as individual experts, not as representatives of any organization. 

The committee was charged with developing scientific and technical recommendations 
for improving risk analysis approaches used by EPA, including providing practical improve-
ments that EPA could make in the near term (2-5 years) and in the longer term (10-20 
years). The committee focused primarily on human health risk assessment, but considered 
the implications of its findings and recommendations to ecological risk analysis. In reviewing 
EPA’s risk analysis concepts and practices, the committee considered past evaluations and 
ongoing studies by NRC and others, and risk analyses involving different exposure pathways 
and environmental media. In its evaluation, the committee was asked to consider a number 
of topics relating to uncertainty, variability, modeling, and mode of action4 (see Appendix 
B for complete statement of task). 

To address its task, the committee held five public sessions in which it heard presenta-
tions from officials from EPA’s Office of Research and Development, its policy, program 
and regional offices; the Centers for Disease Control and Prevention; representatives from 
industry and environmental organizations; consultants; and academia. 

In addressing its charge, the committee considered carefully the concerns expressed by 
the presenters regarding the challenges and limitations of risk assessment (Callahan 2007; 
Kyle 2007). Peter Preuss, the director of NCEA urged the committee to consider three 
specific questions (Preuss 2006): 1) What improvements can be made to risk assessment in 
the present? 2) What improvements can be made to risk assessment in the longer term? 3) 
What alternative risk paradigms should be considered? Although the charge is focused on 
risk assessment at EPA, it is the committee’s hope that the recommendations have influence 
over risk assessment wherever it is practiced and used.

ORgANIZATION OF THE REPORT

The body of this report is organized into nine chapters. Chapter 2 presents an evolution 
of risk assessment and its applications since the 1980s. Chapter 3 addresses the design of risk 
assessment, emphasizing the role of planning and scoping and problem formulation in the 
process. Chapter 4 considers uncertainty and variability in risk assessment, addressing both 
EPA’s methodologies and needs for improvement. Chapter 5 presents a unified approach for 
non-cancer and cancer dose-response modeling that explicitly incorporates uncertainty and 
variability into the process. Chapter 6 addresses an important area of uncertainty, selection 
and use of defaults. Chapter 7 discusses the need and methods for considering a broader 
range of factors in risk assessment, that is cumulative risk assessment, including chemical and 
non-chemical stressors, vulnerability of the exposed population, and the impact of actions 
on stakeholders, in particular communities. Chapter 8 presents a framework for risk-based 
decision-making that is intended to improve the utility of risk assessment. Chapter 9 presents 
the committee’s conclusions and recommendations along with a strategy for implementing 
them.

4 A description of observable key events or processes from interaction of an agent with a cell or tissue through 
operational and anatomical changes to the disease state (EPA 2005).
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2

Evolution and Use of Risk Assessment in the 
Environmental Protection Agency:  

Current Practice and Future Prospects

OvERvIEW

EPA risk-assessment concepts, principles, and practices are products of many diverse 
factors, and each agency program is based on a “unique mixture of statutes, precedents, 
and stakeholders” (EPA 2004a, p. 14). With respect to statutes, Congress established the 
basic plan through a series of environmental laws, most enacted during the 1970s and most 
authorizing science-based regulatory action to protect public health and the environment. 
Another factor is EPA’s case-by-case experience with implementing these laws and the result-
ing supplementary principles and practices. Equally important, advisory bodies have drawn 
on the expertise of scientists and other environmental professionals in universities, private 
organizations, and other government agencies to recommend corrections and improvements. 
The net result is that risk assessment in EPA is a continually evolving process that has a 
stable common core but takes several forms. 

This chapter traces the origins and evolution of risk assessment in EPA with an emphasis 
on current processes and procedures as a stepping-off point for the future improvements 
envisioned in later chapters. This chapter first describes the diverse statutory requirements 
that have led to a broad array of agency programs with correspondingly varied approaches to 
risk assessment; it then highlights current concepts and practices, outlines EPA’s multifaceted 
institutional arrangements for managing the process, and identifies extramural influences. 
The record shows that EPA continually updates the process with new scientific information 
and policies, often in response to new laws or advice from advisory bodies as to general 
principles or individual assessments. Not all external recommendations necessarily warrant 
agency action, but it is clear that implementation of some recommendations has been in-
complete. The chapter closes with process recommendations for implementing some of the 
substantive recommendations in the chapters that follow.
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STATUTORy PLAN AND REgULATORy STRUCTURE

The environmental laws enacted by Congress shape EPA’s regulatory structure, which, 
in turn, influence EPA risk-assessment practices and perspectives. The statutes give EPA 
authority to regulate many forms of pollution (for example, pesticides, solid wastes, and 
industrial chemicals) as they affect different aspects of the environment (for example, air 
quality, water quality, human health, and plant and animal wildlife). The premise central to 
EPA risk-assessment practices can be found in enabling legislation for its four major pro-
gram offices: air and radiation, water, solid waste and emergency response, and prevention, 
pesticides, and toxic substances. Selected provisions appear below.

• The Clean Water Act calls for standards “adequate to protect public health and the 
environment from any reasonably anticipated adverse effects” (CWA § 405 (d)(2)(D)).

• The Clean Air Act, when addressing criteria pollutants, directs the agency to de-
velop criteria “reflecting the latest scientific knowledge” and, on the basis of those criteria, 
to issue “national primary ambient air quality standards to . . . protect public health with 
an adequate margin of safety” (CAA §§ 108,109).

• The primary purpose of the Toxic Substances Control Act is “to assure [that tech-
nologic] innovation and commerce in such chemical substances and mixtures do not present 
an unreasonable risk of injury to health or the environment” (TSCA § 2 (b)(3)).

• Under the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA), one criterion 
for registering (licensing) a pesticide is that “it will perform its intended function without 
unreasonable adverse effects on human health and the environment” (FIFRA § 3).

• The Superfund National Contingency Plan specifies that “criteria and priorities [for 
responding to releases of hazardous substances] shall be based upon relative risk or danger 
to public health or welfare or the environment” (CERCLA § 105 (a)(8)(A)).

The term risk assessment does not appear often in the statutes, and it is important to 
note that these statues were enacted prior to the emergence of risk analysis as an integra-
tive discipline in the late 1970s and early 1980s. Rather, EPA risk-assessment principles and 
practices stem from statutory provisions calling for information on “adverse effects” (EPA 
2004a, p. 14), “relative risk” (p. 82), “unreasonable risk” (p. 14), and “the current scien-
tific knowledge” (p. 104) and for regulatory decisions on protecting human health and the 
environment. The statutes provide various standards and procedures related to the scientific 
analyses used to evaluate the risk potential of pollutants subject to the statutes.1,2 

1 Different emphases and terminology lead to different risk-assessment approaches, sometimes for the same pollut-
ant, in different agency programs. That can confuse and confound observers. For example, Clean Air Act provisions 
related to four air-pollution topics use different terms for what is essentially the same statutory finding: 

•	 Clean Air Act provisions related to pollutants regulated as national ambient air quality standards are de-
signed to “protect the public health with an adequate margin of safety” (CAA § 109, emphasis added).

•	 For welfare (environmental) effects, this provision directs the office to “protect the public welfare from any 
known or anticipated ad�erse effects” (CAA § 109, emphasis added).

•	 Standards for “hazardous” pollutants from stationary sources (for example, factories) are to “provide an 
ample margin of safety to protect public health or prevent an ad�erse en�ironmental effect” (CAA § 112, emphasis 
added).

•	 Regarding mobile sources (for example, cars), the statute calls for ensuring that these vehicles do not “cause 
or contribute to an unreasonable risk to public health, welfare or safety” (CAA § 202 (a)(4), emphasis added).

2 Some statutes call for technology-based standards that require, for example, specific control techniques or 
technology-forcing standards that specify emission limits to be achieved within given periods. Such standards are 
based on costs, engineering feasibility, and related technical considerations. Examples include Clean Air Act Sec-
tions 111 (new-source review) and 202 (mobile-source emissions). 
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The existence of several medium-oriented statutes explains why EPA has multiple risk-
assessment programs. This circumstance often draws criticism as “stovepiping” that leads to 
delay and inconsistency in both risk assessment and regulation. In the early 1990s, Congress 
considered but did not pass legislation to incorporate common risk-assessment terminology, 
concepts, and requirements into comprehensive risk-assessment legislation.3 Instead, recent 
enactments are notable for precise terms that amplify and clarify legislative objectives in 
individual statutes by specifying elements that assessments subject to particular statutes 
must include

• The 1996 Food Quality Protection Act specifies that “in the case of threshold ef-
fects . . . an additional ten-fold margin of safety for the pesticide chemical residues shall be 
applied for infants and children” (FFDCA § 408 (b)(2)(C)).

• 1996 amendments to the Safe Drinking Water Act are similarly explicit about the 
presentation of risk estimates and uncertainty: “The Administrator shall, in a document made 
available to the public in support of a regulation promulgated under this section, specify, to 
the extent practicable

 – Each population addressed by any estimate of public health effects
 – The expected risk or central estimate of risk for the specific populations
 – Each appropriate upper-bound or lower-bound estimate of risk” (SDWA § 300g-1 

(b)(3)).

Provisions like those that apply to individual programs (the examples above appear 
in pesticide and water legislation, respectively) account for some of the variation in risk-
assessment practices and results. However, although the new terms apply directly only to the 
program governed by the statute, other programs have adopted some of the changes.

Despite differences in statutory language, environmental media, and pollutants, several 
factors common to the major statutes continue to shape EPA’s regulatory structure and func-
tion and its perspectives on risk assessment:

• The emphasis in each statute on protecting human health and the environment pro-
vides the basis of EPA’s purported conservative approach to risk assessment. Examples range 
from generic “adequate margin of safety” language in the Clean Air Act (CAA) amendments 
of 1971 (§ 109) to the required additional safety factor of 10 for protection for infants and 
children in the 1996 Food Quality Protection Act (FQPA; FFDCA § 408 (b)(2)(C)). As ex-
plained recently, “consistent with its mission, EPA risk assessments tend towards protecting 
public and environmental health by preferring an approach that does not underestimate risk 
in the face of uncertainty and variability” (EPA 2004a, p. 11).

• Except as noted above (footnote 2) and later in this chapter (page 51), the statutory 
provisions related to EPA’s main standards for protecting human health and the environment 
treat scientific analysis as a central element in regulatory decision-making and call for collec-
tion and evaluation of scientific information related to the pollutant undergoing regulatory 
review. Statutes often detail the kinds of information, analyses, and formal documentation 
required in the rule-making record. 

3 A bipartisan coalition of senators sponsored the Thompson-Levin bill (S981), titled “Regulatory Improvement 
Bill,” which would have codified the Office of Management and Budget (OMB) role in review of agency regula-
tions; some provisions later appeared in the OMB Bulletin (70 Fed. Reg. 2664 [2005]). The Moynihan bill (S123) 
called for comparative risk assessment. 
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• Although some sections of statutes focus solely on health-effect considerations,4 
many also identify information and analyses from other fields—such as economic analysis, 
technical feasibility, and societal impacts—for use in making regulatory decisions. “It is 
generally recognized—by the science community, by the regulatory community, and by the 
courts—that it is important to consider other factors along with the science when making 
decisions about risk management” (EPA 2004a, p. 3).

The resulting decisions—whether or not to regulate and, if so, the nature and form of 
regulation—seek to protect human health and the environment where appropriate, in part 
on the basis of scientific analysis and in part on the basis of consideration of information 
on costs, societal values, legal requirements, and other factors. As the proponent of any new 
regulation, EPA generally5 has the burden of proving that the proposed regulation meets 
statutory standards. That is not a requirement for EPA to pro�e “cause and effect” in the 
customary scientific sense, but rather to demonstrate by way of science-based analysis that 
the proposed regulation meets statutory criteria related to adverse effects, unreasonable risks, 
and other statutory thresholds for regulation:

Although regulatory agencies do not have the technical burden of proving that a particular 
company’s products or activities have caused or will cause a particular person’s disease, they 
do have the practical burden of assembling a record containing sufficient scientific informa-
tion and analysis to survive a reviewing court’s “hard look” review under the “substantial 
evidence” or “arbitrary and capricious” tests for judicial review of administrative action 
[McGarity 2004].

The environmental statutes administered by EPA and general administrative law re-
quire documentation and review of relevant data and analyses. Some statutory provisions 
for pesticides facilitate gathering data for risk assessment by enabling the agency to impose 
data requirements on producers and others (for example, FIFRA § 3); the agency’s ability to 
impose data requirements has proved far more limited under the Toxic Substances Control 
Act (TSCA; GAO 2005) and other statutes. 

As the primary scientific rationale for many EPA regulations, risk assessment is subject 
to scientific, political, and public controversy. Building on the statutory foundation, the 1983 
Red Book introduced principles, terminology, and practices that have become mainstays of 
the process. That report, which provided for a common framework for reconciling, to some 
extent, the differing requirements of the statutes, led to changes in the 1980s and 1990s and 
continues to shape the process today. 

THE PIvOTAL ROLE OF THE RED bOOk 

The 1983 National Research Council Report

During the 1970s, the scientific assessment practices of EPA and other federal agencies 
faced with similar responsibilities—the Occupational Safety and Health Administration, 
the Food and Drug Administration (FDA), and the Consumer Products Safety Commis-

4 Section 109 of the CAA of 1970 is the most often cited example; note, however, that the statute expressly 

provides for consideration of costs, feasibility, and other factors in state implementation plans (§ 110). Such con-
siderations influence the time allowed for compliance with the standards.

5 The situation differs for pesticides. The pesticide statute, FIFRA, requires manufacturers to submit data show-
ing a “reasonable certainty of no harm” before pesticides can be registered and marketed and to maintain the 
registration.
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sion—came under close scrutiny as decisions resulting from those practices took on greater 
social importance. In 1981, Congress (PL-96528) directed that FDA support a National 
Research Council study of the “merits of an institutional separation of the scientific func-
tions of developing objective risk assessments from the regulatory process of making public 
and social policy decisions and the feasibility of unifying risk assessment functions.” The 
National Research Council organized the Committee on the Institutional Means for Assess-
ment of Risks to Public Health in October 1981, and the committee’s report, the Red Book, 
was issued on March 1, 1983. In his letter transmitting the report to the commissioner of 
FDA, the chairman of the National Research Council, Frank Press, stated,

The Congress made provision for this study to strengthen the reliability and objectivity of 
scientific assessment that forms the basis for federal regulatory policies applicable to car-
cinogens and other public health hazards. Federal agencies that perform risk assessments are 
often hard pressed to clearly and convincingly present the scientific basis for their regulatory 
decision. In the recent past, for example, decisions on saccharin, nitrites in food, formalde-
hyde use in home insulation, asbestos, air pollutants and a host of other substances have 
been called into question.

The report recommends no radical changes in the organizational arrangements for perform-
ing risk assessments. Rather, the committee finds that the basic problem in risk assessment is 
the incompleteness of data, a problem not remedied by changing the organizational arrange-
ment for performance of the assessments. Instead, the committee has suggested a course of 
action to improve the process within the practical constraints that exist.

As noted in Press’s letter, the “course of action” recommended by the committee focused 
primarily on the process through which complex and uncertain, and often contradictory, 
scientific information derived from laboratory and other types of research could be made 
useful for regulatory and public-health decision-making. The committee was also sensitive 
to the concern, expressed in the congressional language, that scientific assessments should be 
“objective” and free of policy (and political) influences. Because all assessments of scientific 
data are subject to uncertainties and because scientific knowledge is incomplete, it is possible 
for different analysts to arrive at different interpretations of the same set of data. If the as-
sessment involves risks to human health from chemical toxicity or other types of hazards, 
the differences in interpretation can be large. The committee therefore recognized that risk 
assessments could be easily manipulated to achieve some predetermined risk-management 
(policy) outcome. Much of the work of the committee was directed at finding ways to mini-
mize that potential problem while avoiding the undesirable step of institutional separation 
of scientific assessment from decision-making. 

The 1983 report was not directed at the technical analyses involved in risk assessment. 
Rather, it offered a coherent and generally applicable framework within which the process 
of risk assessment could be undertaken. That framework was shown to be necessary to fill 
the gap between the research setting within which general scientific knowledge and diverse 
types of information on specific threats to human health are developed and the various 
types of risk-management activities undertaken by regulatory and public-health agencies 
to minimize those threats. The committee’s recommendations gave order to the developing 
field of risk assessment by defining terms and elucidating the four (now well-known) steps of 
the risk-assessment process. The committee chose the term risk characterization to describe 
the fourth and final step of the risk-assessment process, in which there is an integration and 
synthesis of the information and analysis contained in the first three steps (see Figure 2-1). 
The committee stated that the term characterization was chosen to convey the idea that both 
quantitative and qualitative elements of the risk analysis, and of the scientific uncertainties 
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Figure 2-1.eps
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FIgURE 2-1 The National Research Council risk-assessment–risk-management paradigm. Source: 
NRC 1983.

in it, should be fully captured for the risk manager. Risks associated with chemical toxicity 
necessarily involve biologic data and uncertainties, many of which are not readily expressed 
in quantitative terms. Again, it was beyond the charge of the committee to offer specific 
technical guidance on the modes of scientific analysis appropriate for each of the steps of 
risk assessment.

The first recommendation of the Red Book is the following (NRC 1983, p. 7):

We recommend that regulatory agencies take steps to establish and maintain a clear concep-
tual distinction between assessment of risks and consideration of risk management alterna-
tives; that is, the scientific findings and policy judgments embodied in risk assessments should 
be explicitly distinguished from the political, economic, and technical considerations that 
influence the design and choice of regulatory strategies.

Two aspects of that critical recommendation are especially noteworthy. First, the com-
mittee emphasized that the distinction between risk assessment and risk management is a 
conceptual one; that is, it concerns the fact that the content and goals of the two activities 
are distinguishable on a conceptual level. The Red Book nowhere calls for any other type 
of “separation” of the two activities. 

Second, the phrase “policy judgments embodied in risk assessment” (which are said 
to be different in kind from those involved in risk management) points to one of the most 
important insights of the committee. In particular, the committee recognized that almost 
no risk assessment can be completed unless scientific information (data and knowledge) is 
supplemented with assumptions that have not been documented in relation to the particular 
risk assessment at hand, although they have probably been supported by substantial evidence 
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or theory for the general case.6 The clearest examples of such assumptions related to risks 
posed by chemical toxicity concern the shape of dose-response curves in the region of very 
low doses and the relevance to humans of various toxicity responses observed in high-dose 
animal experiments; assumptions regarding these and many other aspects of the data used 
for risk assessment are necessary to provide risk managers useful risk characterizations based 
on consistent approaches.

The Red Book committee recognized that for a given analytic component of any of the 
steps of a risk assessment for which an assumption is necessary, several scientifically plau-
sible assumptions might be available. The committee used the phrase “inference options” 
to describe the array of possibilities. To bring order and consistency to risk assessments 
conducted by the federal government and to minimize case-by-case manipulations of risk-
assessment outcomes, the committee recommended the development of specific “inference 
guidelines”; these were to contain “an explicit statement of a predetermined choice among 
alternative inference options” (NRC 1983, p. 4) (see Box 2-1). Thus, agencies should take 
steps to describe, in explicit guidelines, the technical approaches used to conduct risk as-
sessments, and these guidelines should include specification of the assumptions (including, 
in some cases, models) that would be consistently used to draw inferences in all the analytic 
components of the risk-assessment process where they are needed. Inference options have 
come to be called default options, and the inferences selected for risk assessments have come 
to be called defaults. The development and consistent use of technical guidelines for risk 
assessment, with the specification of all the necessary defaults, were seen by the Red Book 
committee as necessary to avoid the institutional separation of scientific assessment from 
policy development and implementation while minimizing inappropriate and sometimes 
invisible policy influences on the risk-assessment process. 

As noted later in this chapter, some critics of the Red Book have raised the concern that 
the committee’s commendable effort to avoid “inappropriate influences” can readily be taken 
to mean “no influence” from risk managers and other stakeholders.

One additional feature of the Red Book’s recommendations bears on the current commit-
tee’s task. Thus, as part of the statement of Recommendation 6, which concerns the criteria 
for useful risk-assessment guidelines, can be found the following (NRC 1983, p. 165):

Flexibility

The committee espouses flexible guidelines. Rigid guidelines, which permit no variation, 
might preclude the consideration of relevant scientific information peculiar to a particular 
chemical and thus force assessors to use inference options that are not appropriate in a given 
case. Also, rigid guidelines might mandate the continued use of concepts that become ob-
solete with new scientific developments. Large segments of the scientific community would 
undoubtedly object to such guidelines as incompatible with the use of the best scientific 
judgment for policy decisions.

Flexibility can be introduced by the incorporation of default options. The assessor would 
be instructed to use a designated (default) option unless specific scientific evidence suggested 
otherwise. The guidelines would thus permit exceptions to the general case, as long as each 
exception could be justified scientifically. Such justifications would be reviewed by the sci-

6 No scientific knowledge is without uncertainty, but it is generally subject to empirical verification; when the 
empirical evidence is supportive and no contrary evidence can be found, documentation is said to have been es-
tablished, at least tentatively. The assumptions needed to complete risk assessments are generally well supported 
for the relevant set of past assessments; however, in any specific case it will often be difficult, if not impossible, to 
verify empirically that a given assumption also holds for the substance at issue.
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BOX 2-1 Agencywidea Risk-Assessment Guidelines

1986  Guidelines for Carcinogen Risk Assessment (EPA 1986a)
   Guidelines for Health Assessment of Suspect Developmental Toxicants (51 Fed. Reg. 34028 

[1986]) 
  Guidelines for Mutagenicity Risk Assessment (EPA 1986b)
  Guidelines for Estimating Exposures (51 Fed. Reg. 34042 [1986])
  Guidelines for Health Assessment of Chemical Mixtures (EPA 1986c)
1991  Developmental Toxicity Risk Assessment (revised and updated) (EPA 1991)
1992  Guidelines for Exposure Assessment (EPA 1992a)
1996  Guidelines for Reproductive Toxicity Risk Assessment (EPA 1996a)
1998  Guidelines for Ecological Risk Assessment (EPA 1998a)
  Guidelines for Neurotoxicity Risk Assessment (EPA 1998b)
2000  Supplementary Guidance for Health Risk Assessment of Chemical Mixtures (EPA 2000a) 
2005   Guidelines for Carcinogen Risk Assessment and Supplemental Guidance for Assessing Sus-

ceptibility from Early-Life Exposure to Carcinogens (EPA 2005a,b)

 These guidelines, which are consistent with Red Book recommendations (NRC 1983, p. 7), 
“structure the interpretation of scientific and technical information relevant to the assessment” and 
“address all elements of risk assessment, but allow flexibility to consider unique scientific evidence in 
particular instances.” 

 Each guideline is a multiyear project developed by multioffice teams composed of scientists in 
EPA laboratories, centers, program offices, and regional offices. Draft guidelines are peer-reviewed in 
open public meetings and published for comment in the Federal Register. In general, each guideline 
follows the 1983 Red Book paradigm, providing guidance on the use and interpretation of information 
in each field of analysis, including the role of defaults and assumptions and approaches to uncertain-
ties and risk characterization. Some guidelines are accompanied by supplementary reports on special 
topics, for example, “Assessing Susceptibility from Early-life Exposure to Carcinogens” (EPA 2005b) 
and “Guiding Principles for Monte Carlo Analysis” (EPA 1997a).

aEPA’s guideline library includes many other guidance documents and policies, including those specific to individual 
programs (see, for example, Tables C-1 and D-1 and references).

entific review panels and by the public under procedures described above. Guidelines could 
profitably highlight subjects undergoing relatively rapid scientific development (for example, 
the use of metabolic data for interspecies comparisons) and any other components in which 
exceptions to particular default options were likely to arise. They should also attempt to 
present criteria for evaluating whether an exception is justified. 

As will be evident throughout this report, it has proved difficult to achieve scientific 
consensus on judgments regarding the adequacy of scientific evidence to justify, in specific 
cases, departures from one or more defaults. 

One of the objectives of the present committee’s work might be seen as determining 
whether 25 years of scientific research and of scholarly thinking about the conduct of risk 
assessments provides new insights into whether there might be better ways of approaching 
the uncertainties that give rise to the need for defaults.
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Later National Research Council Studies

NRC (1993a) advocated the integration of ecological risk assessment into the 1983 Red 
Book framework. The framework for risk assessment and its four-step analytic process were 
adopted and promoted in the National Research Council’s Science and Judgment in Risk As-
sessment (NRC 1994) and Understanding Risk: Informing Decisions in a Democratic Society 
(NRC 1996). Indeed, the framework has been widely adopted in other expert studies of risk 
assessment (see PCCRARM 1997 and references cited therein) and has been adopted outside 
the United States (in the European Union and the World Health Organization) (see Figure 
2-2). Moreover, as regulatory and public-health institutions have had to bring a greater 
degree of scientific analysis and consistency to health threats posed by microbial pathogens 
(Parkin 2007), excessive nutrient intakes (IOM 1997, 1998, 2003; WHO 2006), and other 
environmental stressors, they have found the Red Book framework both scientifically ap-
propriate and useful.

One additional theme regarding the risk-assessment process is given great attention by 
the National Research Council in Understanding Risk (NRC 1996, p. 6):

The analytic-deliberative process leading to a risk characterization should include early and 
explicit attention to problem formulation; representation of the spectrum of interested and 

FIgURE 2-2 The World Health Organization’s framework for integrated health and ecologic risk as-
sessment. NOTE: Figures 2-1 and 2-2 show different renditions and evolving emphases as to the basic 
elements of the Red Book paradigm. Source: Suter et al. 2001.
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affected parties at this early stage is imperative. The analytic-deliberative process should be 
mutual and recursi�e. Analysis and deliberation are complementary and must be integrated 
throughout the process leading to risk characterization: deliberation frames analysis, analysis 
informs deliberation, and the process benefits from feedback between the two. 

 That recommendation provides nuance to the Red Book’s call for “separation” of as-
sessment and management to facilitate the supreme goal of risk assessment: to provide the 
scientific basis for public-health and regulatory decisions. As long as “analysis and delibera-
tion” does not involve efforts by risk managers to shape risk-assessment outcomes to match 
their policy preferences, but rather involves efforts to ensure that assessments (whatever 
their outcomes) will be adequate for decision-making, interactive processes involving “the 
spectrum of interested and affected parties” are seen as imperative. 

The 1994 National Research Council report Science and Judgment in Risk Assessment 
evaluated EPA’s risk-assessment practices as they apply to hazardous air pollutants from 
sources subject to Section 112 of the CAA amendments of 1990. That report did not alter the 
principles for risk assessment set forth by the Red Book but rather examined EPA guidelines 
and practices and then recommended ways in which various technical improvements in the 
conduct of risk assessments and in the presentation of risk characterizations might be ac-
complished. Thus, the present committee’s efforts resemble in many ways those undertaken 
by the Science and Judgment committee. 

The issue of default options was given much consideration (see Box 2-2). Indeed, the 
1994 National Research Council committee found EPA’s existing technical guidelines for risk 
assessment to be deficient with respect to their justifications for defaults and with respect to 
evidentiary standards and scientific criteria to be met for case-specific departures from them.7 
The committee offered a long series of recommendations, each preceded by a discussion of 
the state of technical understanding, on issues of data needs for risk assessment, uncertainty, 
variability, aggregation of exposures and risk, and model development.

The 1994 committee’s recommendations extended beyond the technical content of risk 
assessment and included issues of process, institutional arrangements, and even problems of 
risk communication. Although there was much focus on air-pollutant risks, particularly the 
technical issues related to exposure assessment, most of that committee’s recommendations 
had broad applicability to risk assessment.

In Appendix D to the present report, the committee has selected representative rec-
ommendations contained in the three National Research Council reports cited above and 
attempted to provide a view of how EPA has responded to many of them. It can be seen 
that EPA has devoted considerable effort to ensuring that its guidelines conform to many 
National Research Council recommendations, although the record on accepting and imple-
menting recommendations is uneven and incomplete (see, for example, Boxes 2-4 and 2-5 
and Chapter 6).

The present committee has been asked to review current EPA “concepts and practices,” 
taking into account the previous National Research Council studies and studies in which 
new scientific approaches are being evaluated. The present committee is not specifically 
charged with modifying the fundamental concepts first elucidated in the Red Book unless the 
scientific understanding on environmental hazards and the research on the conduct of risk 
assessment that have developed over the past 25 years demand such a modification. Thus, as 

7 Appendix N to the 1994 report contains two views of the issue of defaults, one of committee member Adam 
Finkel and one of members Roger McClellan and D. Warner North; their papers represent a range of committee 
perspectives on the appropriate balance of science and policy considerations in a system for departure from default 
assumptions.

E27.54

http://www.nap.edu/12209


Science and Decisions: Advancing Risk Assessment

Copyright National Academy of Sciences. All rights reserved.

36 SCIENCE AND DECISIONS: ADVANCING RISK ASSESSMENT

BOX 2-2 Science Policy and Defaults
 
Science and Judgment (NRC 1994) describes defaults as the “science policy components of risk 

assessment” (p. 40) and points out that “if the choice of inference options is not governed by guidelines, 
the written assessment itself should make explicit the assumptions used to interpret data or support 
conclusions reached in the absence of data” (p. 15). The report recognizes “choice” as an aspect of 
science policy (p. 27):

The [1983 Red Book] committee pointed out that selection of a particular approach under such circumstances 
involves what it called a science-policy choice. Science-policy choices are distinct from the policy choices 
associated with ultimate decision-making. . . . The science-policy choices that regulatory agencies make in 
carrying out risk assessments have considerable influence on the results. 

Those principles are the basis of EPA’s call for “transparency,” “full disclosure,” and “scientific con-
clusions identified separately from default assumptions and policy calls” in the Risk Characterization 
Handbook (EPA 2000b). EPA’s recent Staff Paper (EPA 2004a, p. 12) embraces and expands on the 
principles: “Science policy positions and choices are by necessity utilized during the risk assessment 
process.”

The Superfund program’s supplemental guidance document Standard Default Exposure Factors 
was developed in response to requests to make Superfund assessments more transparent and their 
assumptions more consistent. The guidance states that defaults are used when “there is a lack of 
site-specific data or consensus on which parameters to choose, given a range of possibilities” (EPA 
2004a, p. 105).

as the committee undertook its technical evaluations, it remained sensitive to the question of 
whether the Red Book’s framework for risk assessment and its conceptual underpinnings are 
adequate to meet the challenges of understanding and managing the array of environmental 
threats to health and the environment that we are expected to face in the foreseeable future. 
These considerations have also shaped other approaches to thinking about risk assessment 
including PCCRARM (1997) and a recent publication by Krewski et al. (2007).

CURRENT CONCEPTS AND PRACTICES 

EPA’s statement of task for this committee (Appendix B) seeks a “scientific and technical 
review of EPA’s current risk analysis concepts and practices.” In addition, EPA invites the 
committee to develop “recommendations for improving” EPA’s risk-analysis approaches, 
“taking into consideration past evaluations.” At the outset, the committee approached its 
task in part by reviewing major National Research Council reports published since 1983. It 
also examined EPA risk-assessment activities in light of themes and trends in those reports. 
The discussion that follows highlights EPA’s progress in many spheres and shortfalls and 
committee uncertainty about the nature and extent of progress.

The National Research Council reports and EPA documents arrayed in the timeline 
diagram in Figure 2-3 and the timeline table in Appendix C are the primary sources for this 
analysis. The implementation table in Appendix D isolates and highlights National Research 
Council recommendations on selected risk-assessment topics with relevant EPA responses 
as documented in a recent EPA Staff Paper (EPA 2004a), guideline documents, and other 
EPA sources; it also draws on a Government Accountability Office (GAO) study requested 
by Congress (GAO 2005).
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Environmental Protection Agency Progress in Implementing  
National Research Council Recommendations

In general, as shown in Table D-1, National Research Council committees have rec-
ommended improvements related to a broad array of risk-assessment issues and activities. 
Most recommendations provide technical advice on scientific topics, such as cumulative risk, 
toxicity assessment, mode of action, and uncertainty analysis; but others address associated 
matters, such as peer review, guideline development, and principles like the conceptual 
distinction between risk assessment and risk management. EPA responses to the recommen-
dations take several forms, including internal guidance memoranda and formal guidelines, 
handbooks and manuals, new programs, and standing committees to study identified risk-
assessment topics.

Table D-1 shows that some recommendations have prompted complementary activities 
in various agency offices. For instance, the agency has both generic and program-specific 
guidance related to cumulative risk and aggregate exposure (Table D-1).8 Agencywide guid-
ance issued under the auspices of the Science Policy Council and Risk Assessment Forum 
includes a 1997 guidance memorandum and supplemental guidelines for chemical mixtures. 
Individual offices have undertaken separate projects to meet office-specific needs. Examples 
include, for the Office of Air and Radiation, the Integrated Air Toxics Strategy (64 Fed. 
Reg. 38705 [1991]), the TRIM model (EPA 2007a), and the Multiple Pathways of Exposure 
Model (EPA 2004b); for the Office of Pesticide Programs (OPP), the report Guidance on 
Cumulati�e Risk Assessment of Pesticide Chemicals That Ha�e a Common Mechanism of 
Toxicity (EPA 2002a); and for the Office of Research and Development (ORD), the cumula-
tive-risk components of the Human Health Research Strategy (EPA 2003a). 

Table D-1 shows a long-standing emphasis on “risk characterization” in both National 
Research Council recommendations and EPA guidance memoranda, formal guidelines, and 
other documents (see Box 2-3). The 1994 National Research Council committee described 
risk characterization as involving integration of information developed in the hazard-iden-
tification, dose-response, and exposure analyses and “a full discussion of uncertainties as-
sociated with the estimates of risk” (NRC 1994, p. 27). The agency’s risk-characterization 
guidance, including a handbook (EPA 2000b) devoted to the topic, was consistent with that 
recommendation in emphasizing “transparency” and “clarity” in explaining risk-assessment 
approaches and results, especially specifying strength and weaknesses of data and methods 
and identifying related uncertainties. 

Citing 1994 National Research Council recommendations for greater attention to the 
use of defaults, EPA applies this general risk-characterization guidance to the specific subject 
of defaults in the proposed (EPA 1996b)9 and final (EPA 2005a) cancer guidelines (Table D-
1). Those documents articulate the scientific basis of five major defaults used in cancer risk 
assessment in the absence of scientific data. The Staff Paper (EPA 2004a) explains that the 
agency “invokes defaults only after the data are determined to be not usable at that point 
in the assessment” (EPA 2004a, p. 51), emphasizing that this is a “different approach from 

8 National Research Council recommendations are not by themselves responsible for EPA activities on topics 
covered by them. EPA’s Science Advisory Board (SAB) and the International Life Sciences Institute (ILSI) Risk Sci-
ence Institute have also provided recommendations on these issues. The burst of activity on cumulative risk and 
aggregate exposure, for example, reflects a confluence of such factors as new statutory requirements in the 1996 
FQPA and advances in the state of the science. 

9 The 1996 proposal cited here and elsewhere (for example, Table D-1) represents an intermediate step in the 
evolution of EPA cancer principles from 1986 to 2005; also, although the guidelines were not completed for almost 
10 years, the 1996 proposal documented contemporaneous EPA work on the 1994 National Research Council 
recommendations related to cancer risk assessment.
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choosing defaults first and then using data to depart from them” (EPA 2004a, p. 51), as in 
the past. The committee found this framing of defaults problematic, as discussed at length 
in Chapter 6.

Table D-1 was instructive for the present committee’s review of EPA risk-assessment 
concepts and practices called for in the statement of task. For example, GAO’s survey reports 
broad-based approval in EPA of the program for developing risk-assessment guidelines in line 
with 1983 Red Book recommendations for inference guidelines (Table D-1). As new methods 
emerged, the agency revised and updated several of the original 1986 guidelines (on cancer, 
developmental toxicity, mixtures, and exposure assessment). The addition of new topics to 
the guideline library, such as neurotoxicity in 1998 and ecologic risk assessment in 1998, 
suggests that adding other new topics may be a useful way to implement recommendations 
in the present report. 

EPA’s response to recommendations from its Scientific Advisory Board (SAB) and the 
National Research Council for an enlarged peer-review program offers another model for 
the future. EPA’s 1992 and 1994 peer-review policy memorandums (EPA 1992c, 1994) 
expanded peer review beyond statutory mandates10 to “major scientifically and technically 
based work products related to Agency decisions” (EPA 2000b; Table D-1). The general 
objective of both the National Research Council recommendations and EPA’s new policy was 
to add scientific expertise to the overall risk-assessment process. The expanded policy was 
intended to move assessments not then subject to peer review into the ambit of peer review. 
The calls for more peer review, like the call for more stakeholder participation, demonstrate 
concern about both the increasing complexity of risk assessment and the credibility of EPA 
assessments. However, EPA (2000b) acknowledges the need for upfront planning of the peer 

10 Section 109 of the CAA requires peer review of the criteria documents setting forth the scientific analyses 
underlying national ambient air quality standards; Section 6 of FIFRA requires peer review of identified pesticide 
actions. See also 70 Fed. Reg. 2664 [2005] (federal peer-review guidelines).

BOX 2-3 Agency Guidance on Risk Characterization: Attention to Uncertainty

A 1992 guidance memorandum reinforces principles enunciated in the 1983 Red Book and in 
EPA’s 1986 risk-assessment guidelines and was a forerunner of later guidance documents.

Highly reliable data are available for many aspects of an assessment. However, scientific uncertainty is a 
fact of life for the risk assessment process as a whole. . . . Scientists call for fully characterizing risk not to 
question the validity of the assessment, but to fully inform others about critical information in the assessment. 
. . . Even though risk characterization details limitations in an assessment, a balanced discussion of reliable 
conclusions and related uncertainties enhances, rather than detracts, from the overall credibility of each as-
sessment [Reprinted in NRC 1994, Appendix B, pp. 352-353]. 

The Risk Characterization Handbook (EPA 2000b) instructs risk assessors to, among other things, 
“carry forward the key information from hazard identification, dose-response, and exposure assess-
ment, using a combination of qualitative information, quantitative information, and information about 
uncertainties” (p. 24) and “describe the uncertainties inherent in the risk assessment and the default 
positions used to address these uncertainties or gaps in the assessment” (p. 21).

After highlighting the emphasis on “transparency” in EPA’s 1995 risk-characterization policy (EPA 
1995), the Staff Paper (EPA 2004a) notes that “one of the major comments on EPA risk assessment 
practices is that they do not characterize uncertainty and variability transparently enough” (p. 33). The 
statement of task for EPA (2004a) confirms that “this is an issue EPA is attempting to address” (p. 33). 
(See Box 2-4 for related peer-review commentary on one assessment.)
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BOX 2-4 Commentary on Risk Characterization for the Dioxin Reassessment

In a recent report (NRC 2006) on EPA’s dioxin reassessment (EPA 2003b), the peer-review panel 
complimented some features of EPA’s approach to scientific uncertainties in the assessment and then 
recommended that the agency “substantially revise the risk characterization section of Part III of the 
Reassessment to include a more comprehensive risk characterization and discussion of the uncertain-
ties surrounding key assumptions and variables” (NRC 2006, p. 25). 

For more than 20 years, EPA guidance documents have stressed displaying “all relevant informa-
tion pertaining to the decision at hand” (EPA 1984, p. 14), fully informing others about “critical informa-
tion from each stage of a risk assessment” (EPA 2000b, p. A-2), and the importance of transparency and 
“describing uncertainties inherent in risk assessment and default positions” (p. 21), among other things. 
See Box 2-3 and Table D-1 (section on risk characterization) for fuller statements and references. In 
view of this long-standing internal guidance emphasizing complete and transparent characterization in 
agency risk assessments, the need for “substantial improvement” in EPA’s description of the scientific 
basis for key elements in this important assessment suggests inattention to principles enunciated in 
EPA guidance (NRC 2006, p. 9; emphasis in original):

The Committee identified three areas that require substantial improvement in describing the scientific basis 
for EPA’s dioxin risk assessment to support a scientifically robust risk characterization:

• Justification of approaches to dose-response modeling for cancer and noncancer end points.
• Transparency and clarity in selection of key data sets for analysis.
• Transparency, thoroughness, and clarity in quantitative uncertainty analysis.

The calls for improved risk characterization in dioxin risk assessment by NRC (2006) illustrate the 
need for greater clarity and transparency that are often voiced in reviews of EPA risk assessments. 
Consistent with the statement of task, this report develops information and approaches for addressing 
these issues. 

review to ensure it provides the appropriate insight and direction to the risk assessment. In 
that regard, the new framework proposed in this report may well require a different kind of 
peer review in which experience and expertise on decision theory, social sciences, and risk 
management may be required along with scientific expertise. 

The enormous variety and scope of EPA risk-assessment responsibilities and activities 
preclude a detailed and full assessment by the present committee of risk-assessment practices 
in all parts of the agency. For example, the GAO survey (see GAO [2006], Table D-1) implies 
extensive use of the guidelines by agency risk assessors but does not provide information on 
the extent to which individual risk assessments (assessments of particular hazardous air pol-
lutants, pesticides, or Superfund sites) follow some of or all of the principles enunciated in the 
guidelines. Similarly, even with the strong emphasis on identifying uncertainties, explaining 
defaults, and justifying science-policy choices as critical features of risk characterization in 
EPA guidance documents (see Table D-1 and Box 2-3), peer reviewers and other commenters 
recommend greater clarity and transparency in characterizing variability, uncertainty, and 
risk (GAO 2006; see Box 2-4 for one example). Those concerns raise questions about the 
extent to which guidance on risk characterization is fully used in practice, whether the guid-
ance is adequate, and how to guide characterization during periods when science, practice, 
and expectations are evolving.

The 1994 National Research Council report called for explanation of the scientific basis 
of default options and identification of “criteria” for departure from defaults. Guidelines for 
Carcinogen Risk Assessment (EPA 2005a) includes as an appendix an extended discussion 
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of the scientific basis of defaults and alternatives but does not provide criteria for invoking 
defaults (see Chapter 6). 

Chapter 6 of the present report analyzes EPA implementation of selected recommenda-
tions regarding defaults in greater depth than in Table D-1. For example, Table 6-3 charac-
terizes some EPA practices as implicit or “missing” defaults. As also shown in Table D-1, 
National Research Council committees have made various recommendations related to un-
certainty analysis. However, as noted in Chapter 4, uncertainty analysis and characterization 
pose difficult technical issues, and in general related best practices have not been established. 
In the absence of guidelines on the appropriate degrees of detail, rigor, and sophistication 
needed in an uncertainty analysis for a given risk assessment, it is not surprising that expert 
advisory committees recommend technical improvements in this regard.11 (See Box 2-5 on 
importance of implementation of guidelines.)

EPA and GAO comments on the Integrated Risk Information System (IRIS) (see Table 
D-1) may be instructive as to the outlook for the present committee’s recommendations to 
the agency. The GAO report details numerous improvements in the IRIS process over the 
past 10 years. It also indicates that in 2005 EPA completed only eight IRIS reviews, falling 
“considerably short” of the recommended (and highly optimistic) goal of 50 each year (GAO 
2006). GAO states that agency officials explained the shortfall in terms of such factors as 
risk-assessment complexity, resource limitations, and peer-review requirements.12 Those fac-
tors will also be at play as the agency applies recommendations in this report to the current 
IRIS backlog and to new risk assessments for individual chemicals or sites.13 Similarly, in 
reporting that 90% of its 2002 scientific and technical work products were peer-reviewed 
(Gilman 2003; Table D-1), the agency also tracks how the peer-review comments were ad-
dressed (EPA 2000c). In sum, Table D-1 identifies both EPA guidance responding to National 
Research Council recommendations and an impressive set of practices undertaken to improve 
agency risk assessments. However, the breadth and scope of EPA’s risk-assessment agenda 
limit the table to a selected subset of current concepts and practices. Although the record 
demonstrates the extent to which National Research Council recommendations have been 
implemented on paper through guidelines and other guidance statements, the committee 
does not have detailed information on the extent to which the guidelines have been fully and 
effectively incorporated in practice. As EPA explained to GAO (in relation to IRIS), many 
factors could lead to partial implementation, including data availability, staff expertise and 
experience, resource constraints, adequate peer review, and the impact of statutory deadlines 
and legal frameworks on the risk-assessment process.

The Role of Policy 

Each stage in the risk-assessment process calls for a series of choices, each with the 
potential to influence, and in some cases determine, the outcome of the risk assessment. As 

11 For example, one recent review “finds that EPA guidance concerning specific use of the Integrated Exposure 
Uptake Biokinetic (IEUBK) model and additional use of blood lead studies is incomplete. . . . The Office of Solid 
Waste and Emergency Response (OSWER) directive fails . . . to give adequate guidance about what to do when 
[data] and IEUBK model results disagree by a substantial margin” (NRC 2005a, p. 273). 

12 One published paper reports that in 2006 EPA added only two assessments to the IRIS database (Mills 
2006). 

13 The impact of these factors on the high-profile IRIS program, which is based in the scientist-rich ORD, raises 
questions about the capacity of the agency as a whole, where many risk assessors have less experience than 
those in ORD, to expand its risk-assessment activities in line with recommendations set forth in this report. See 
Chapter 9.
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BOX 2-5 Guideline Implementation and Risk-Assessment Impacts

As shown in Box 2-1, EPA’s library of risk assessment guidelines covers a broad array of topics. 
In 1994, the NRC committee concluded that “the guidelines were generally consistent with the Red 
Book recommendations. . . . They include default options which are essentially policy judgments of 
how to accommodate uncertainties. They include various assumptions that are needed for assessing 
exposure and risk” (NRC 1994, p. 5).

Despite conformity with the Red Book, approval of peer reviewers (see peer-review history at 
the front of individual guidelines), and staff appreciation of the guideline documents (GAO 2006), 
concerns identified in EPA’s Staff Paper (EPA 2004a) and the GAO report (GAO 2005) regarding EPA 
risk assessments (for example, overconservativism and underconservatism in risk estimates, use 
or nonuse of defaults, incomplete discussion of uncertainty, and delays in completing assessments) 
prompt questions about the extent to which the guidelines fulfill their intended function in individual 
assessments. That is, to what extent are problems associated with EPA risk assessments traceable to 
guideline content or use?

One question is related to the scientific adequacy and general utility of the guidelines themselves 
as a resource for assessors and managers; that is, do they provide information needed in a usable 
form? A second question is related to risk assessors’ use or nonuse of the guidelines in any particular 
case; that is, do assessors and managers have the technical experience, scientific data, funding, and 
time to use the guidelines as intended? (See Box 2-4 for an example of incomplete attention to existing 
guidance.) Factors contributing to ineffective guidelines or guideline use may include

•	 Nonavailability of relevant data, risk-assessment methodology (for example, established de-
faults), or both.

•	 Complexity, lack of clarity, or infeasibility in the recommendations by the National Research 
Council and other bodies that advise the agency.

•	 Complexity, lack of clarity, or infeasibility in the related EPA guidelines.
•	 Optional vs mandatory wording in the guidelines.
•	 Individual or ad hoc policy overriding guideline policy.
•	 Lack of experience on the part of risk assessors.
•	 Management issues, such as lack of experience or oversight on the part of supervisors and 

decision-makers.

In view of EPA’s pattern of developing guidelines to address previous National Research Council 
recommendations (Table D-1), understanding of factors that influence effective use of the guidelines 
by assessors and managers could be critical for effective implementation of recommendations in the 
present report. 

developed more fully in Chapters 4-7, the data gaps and uncertainties inherent in the process 
generate the need for defaults and assumptions; in addition, alternative approaches to each 
assumption introduce the element of choice (NRC 1994, p. 27):

Risk assessors might be faced with several scientifically plausible approaches (for example, 
choosing the most reliable dose-response model for extrapolation beyond the range of ob-
servable effects) with no definitive basis for distinguishing among them. The [Red Book] 
committee pointed out that selection of a particular approach under such circumstances 
involves what it called a science-policy choice. Science-policy choices are distinct from the 
policy choices associated with ultimate decision-making. . . . The science-policy choices that 
regulatory agencies make in carrying out risk assessments have considerable influence on 
the results. 
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However, it is critical that science-policy choices underlying risk-assessment guidelines 
be based on the need for consistency, reproducibility, and fairness.

Some choices are normal aspects of scientific endeavors, whether part of a regulatory pro-
cess or not. For example, each stage of the risk-assessment process involves an initial survey 
of the scientific literature and relevant databases to identify and isolate studies pertinent to 
the pollutant or situation under review. The array includes information from many sources: 
reports in peer-reviewed journals, reports in the gray literature, personal communications 
about recent results not yet published, and the like. Some studies have been replicated or oth-
erwise substantiated; others may have a questionable provenance. Judgments on those issues 
parallel judgments made in developing any scientific analysis. Continuing analysis involves 
reviewing each study for fundamental strengths and weaknesses, for example, quality-assur-
ance issues, replicability, consistency with comparable studies, and peer-review status.

Other considerations are specific to the regulatory process. They include the relevance 
of any particular piece of evidence in the decision context (see Chapters 3 and 8), informa-
tion submitted by stakeholders and other interested parties, applicability of relevant agency 
policies and guidelines, and factors that might compromise use of data for standard-setting 
purposes (for example, the presence of potential conflicts of interest in generating or censor-
ing data). 

It is easy to narrow the options by eliminating nonconforming studies. However, more 
than one study may meet basic scientific standards, and studies vary with respect to quality 
attributes. Benchmark dose (BMD) calculations for perchlorate offer an example, as de-
scribed in a recent National Research Council peer-review report (NRC 2005b, p. 170):

As part of its deliberations on the point of departure, the committee reviewed the BMD analy-
ses conducted by EPA (2003c), the California Environmental Protection Agency (CalEPA 
2004), and Crump and Goodman (2003) on the data from Greer et al. (2002). Overall these 
analyses used different models, approaches, parameters, response levels, and input data, so 
comparison of the results of the analyses is difficult. 

The task, then, was to identify the “critical” study or studies for use in continuing the 
risk assessment (see, for example, EPA 2002b, 2004a, 2005a,b), which may involve choosing 
among or combining varied results from different scientifically adequate studies. When dif-
ferent scientists make different judgments—that is, different choices—among the alternative 
studies, related risk-assessment results may differ substantially (Box 2-6). 

In addition to choosing one set of “hard” data over another where necessary, risk asses-
sors identify uncertainties and unknowns at each stage in the process. In the hazard-identifi-
cation stage, questions about the applicability to humans of findings in specific animal studies 
lead to uncertainty in the animal-to-human extrapolation, an assumption that data in those 
studies are predictive of adverse effects in humans under particular conditions of exposure. 
When relevant data are unavailable, other uncertainties lead to questions on other matters, 
such as the relevance of effects observed in studies on males to females, adults to children, 
and “healthy” workers to the general population. Similar uncertainties are important in all 
types of risk assessments.

The dose-response analysis almost invariably raises questions about the likelihood that 
effects observed at the generally higher doses used in animal studies (or under conditions of 
workplace exposures) would be observed at the generally lower doses expected in connection 
with environmental exposures. As shown for perchlorate, the number of choice points and 
the options at each point open the door to different reference dose (RfD) values, depending 
on the combination of choices made: 
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BOX 2-6 Choices and a Reference Dose Value for Perchlorate

In 2002, EPA issued a draft reference dose (RfD) for perchlorate, a contaminant found in public 
drinking-water supplies for more than 11 million people. After peer-review challenges to the scientific 
basis of EPA’s proposed RfD, the National Research Council produced an independent analysis at the 
request of several agencies.

 
• EPA based the RfD on adverse effects in rats; the National Research Council committee chose 

a key biochemical event seen in healthy humans that would precede adverse effects as the basis of 
the RfD (NRC 2005b, pp. 14, 166).

• EPA used changes in brain morphometry, thyroid histopathology, and serum thyroid-hormone 
concentrations in rats (oral exposure) as the basis of its point of departure for the RfD calculation; the 
National Research Council committee recommended using inhibition of iodine uptake by the thyroid in 
a small group of exposed healthy humans, a nonadverse effect, as the basis of the point of departure 
(p. 168).

• EPA selected a “composite” uncertainty factor of 300 to account for animal-human differ-
ences, use of a lowest-observed-adverse-effect level, lack of chronic data, and other database gaps 
(p. 172). The National Research Council committee used a total uncertainty factor of 10 to account 
for interindividual variability (p. 178). This was consistent with the use of human data, and assumed 
that the point of departure was a no-observed-effect level. 

EPA had proposed an RfD of 0.00003 mg/kg per day; committee recommendations would lead to 
an RfD of 0.0007 mg/kg per day (p. 178). In 2005, EPA responded to the National Research Council 
recommendation by issuing a new perchlorate RfD of 0.0007 mg/kg per day (EPA 2005c).

The analytic process for this chemical indicates that different scientific bodies can come to different 
risk conclusions, with a majority of the differences arising from different emphases placed on datasets 
and on how uncertainty and variability are viewed. Large-scale epidemiology studies can bring these 
variability and risk issues into sharper focus. For example, a recent large Centers for Disease Control 
and Prevention study found associations between relatively low perchlorate exposures and reduced 
thyroid function in sensitive populations of women (Blount et al. 2006). Further followup studies will 
provide insight as to whether the current RfD is adequate. Further analysis of CDC data suggest an 
interaction of perchlorate and tobacco smoking (perhaps via thiocyanate) to affect thyroid function 
(Steinmaus et al. 2007). 

• Use of BMD or low dose for RfD calculation.
• Use of the lowest-observed-adverse-effect level or the no-observed-adverse-effect 

level.
• Use of the ED01, ED05, or ED10 to define the benchmark response.14

• For noncancer end points, an uncertainty factor of 1, 10, 100, 1000, or other.
• For carcinogens, a threshold or nonthreshold approach.

Exposure assessment can involve an even broader range of uncertainties and related 
choice points. Some are related to the fate and transport of the pollutant in the environ-
ment, others to data on and uncertainties about the metabolism, distribution, and fate of the 
chemical in the target population. In each case, chemical-specific data are rarely available 
on all the parameters critical for estimating expected exposures. 

14 ED01, ED05, or ED10 is the dose associated with either a 1%, 5%, or 10% increase in an adverse effect relative 
to the control response (EPA 2008).
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As a result, exposure scenarios are just that—hypothetical situations based on combi-
nations of measured and, where data are unavailable, modeled estimates of the form and 
amount of a chemical in the environment or human tissue. They often combine data specific 
to the chemical at issue and, where such data are not available, data on similar chemicals 
or on the same chemical in different conditions. After examining the database for answers 
to these questions, EPA risk assessors turn to assumptions and extrapolation to develop 
information for completing an assessment: 

• In the absence of chemical-specific data, what data on what other chemicals best 
represent the chemical under study?

• In the absence of reliable measurements of exposure in the environment, which as-
sumptions and models can be expected to provide reasonably valid estimates?

• In the absence of reliable measurements of tissue exposure in humans, which as-
sumptions and models can be expected to provide reasonably valid estimates?

• Of several potentially vulnerable populations (for example, infants, children, the 
elderly, and pregnant women) with comparable exposure potential, which populations are 
the most sensitive and in need of protection under the standard?

• When and how should exposure assessment take account of cumulative or aggregate 
exposure?

Choices at those and other decision points shape predictions of risks to populations of 
interest and the credibility of the risk assessment itself.

Superimposed on those choices among candidate scientific studies, assumptions, mod-
els, and the like, policy choices are required as to which scientifically plausible assumptions 
and models to use in completing the assessment. The process is designed to accommodate 
discussion of the choices and the reasons for them. The Red Book paradigm and successor 
reports and EPA guidance documents stress the importance of characterizing risk by advis-
ing decision-makers and the public about uncertainties, assumptions, and choices made. A 
National Research Council report on EPA’s dioxin reassessment illustrates the point (NRC 
2006, p. 55):

The impact of the choices made in the risk assessment process can be characterized by quan-
tifying the impact of plausible alternative assumptions at critical steps. The risk estimates 
can be most fully characterized by performing probabilistic analyses when possible and 
by presenting the range of possible risk estimates rather than by reporting the single point 
estimates. Risk characterization should provide useful information to risk managers to help 
them understand the variability and uncertainty in the risk estimates.

Chapter 6 of the present report provides additional recommendations on developing 
alternative risk estimates in light of plausible alternatives to defaults. The Red Book points 
out that “risk characterization, the estimate of the magnitude of the public health problem, 
involves no additional scientific knowledge or concepts” (NRC 1983, p. 28). Rather, it calls 
for synthesizing information from the preceding analyses with special attention to identifying 
uncertainties and their impact on the assessment (see Chapter 4 of this report).

The Role of Time 

Time is a major and rarely acknowledged influence in the nature and quality of environ-
mental risk assessment in EPA. Some time factors are immediately obvious. The statutory 
deadlines for some regulatory decisions necessarily require completed risk assessments to 
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meet the deadlines. When EPA fails to meet a standard-setting deadline, as often happens, 
regulated entities, advocacy groups, and other interested parties exercise their statutory 
right to bring “deadline” suits, which result in court orders to issue standards by a specified 
date. The result may bring closure to an assessment that has been languishing or lead to an 
assessment that meets the deadline but falls short of some scientific standards.

Such statutory requirements constitute advance notice of the need for specific risk as-
sessments in specified timeframes and can lead to regular schedules for many assessments 
and related analyses. Examples of such requirements include the 5-year cycle for review and 
revision of the national ambient air quality standards (Section 109) and the 8-year deadline 
for maximum achievable control technology (MACT) standards for hazardous air pollutants 
(Section 112) under the CAA amendments of 1990. In 1996, Congress set new deadlines for 
pesticide actions under the FQPA, requiring the agency to reassess the risks of all existing 
pesticide food tolerances (standards) over a ten year period; that same year Congress enacted 
a new Safe Drinking Water Act requiring the agency to select five new contaminants each 
year for decisions on maximum contaminant levels (MCLs) for drinking water. 

Several predictable but highly variable factors can upset the best-laid plans. The most 
obvious is the unavailability of scientifically reliable and context-relevant data and methods. 
Other situations can be cited. Some involve new research or monitoring data that identify 
issues that affect the assessment or information on the imminent appearance of new studies 
expected to make a substantial difference in the analysis; others involve emergency environ-
mental problems or changes in political priorities that result in reassignment of resources 
and staff to other assessments.  Undue political influence in the process can also result in 
delays (GAO 2008). And initial planning may have been inadequate with regard to what 
could reasonably be achieved with available data and resources and the corresponding set-
ting of unreasonable expectations. 

In some circumstances, EPA is faced with an abundance of data, especially on high-profile 
chemicals. Specifically, where chemicals have been studied for many years, multiple studies 
of comparable quality on a single chemical may yield different results, in some cases large 
differences in RfDs or risk and in other cases slight but critical differences—a situation that 
invites debate and controversy and may take years to resolve. In these circumstances, new 
studies and new data, while at the same time shedding light on assessments, can complicate 
reviews (Box 2-7). However, it is important to recognize the value of analyses that synthesize 
data across a number of different studies and end points, which can result in a more precise 
and defensible analysis. 

In addition to recommending attention to previously unavailable new studies, almost ev-
ery peer review recommends research that would improve the assessment. Recommendations 
of both types hold the prospect of reducing uncertainty and contributing to a more reliable 
risk assessment. Such recommendations also invite delay, require additional resources, and 
contribute to ambiguity as to whether the assessment is scientifically sufficient. Such delay 
can have significant impact on communities who are awaiting risk assessment results to make 
decisions regarding the safety of their neighborhoods where hazards may be present.

Iteration is an important feature of an adequate risk-assessment process and should be 
built into the planning. Addressing late-arising problems uncovered in discussion between 
assessors and managers will improve the assessment but may also delay its completion. 
Similarly, stakeholder and peer-review involvement brings many benefits but may extend the 
process. Changing administrations may also add to the time required.15 

15 EPA’s recent dioxin reassessment and cancer guidelines are examples. Specifically, the dioxin report or parts 
of it were submitted for peer review on several occasions from 1992 to 2003, when a National Research Council 
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In some ways, problems with timeliness are inherent in a decision-making environment 
that places a premium on “sound science” or “credible science.” The nature of the conflict 
can be understood if it is recalled that the scientific process of seeking the truth, by design 
and to its credit, has no natural end point. In addition, the training of scientists, by design, 
and the embedded cultural traditions, such as requiring p values in tests of significance, instill 
values of prudence, replication, scientific debate, and peer review as prerequisites of a conclu-
sion characterized as “sound science.”  This issue is discussed in more detail in Chapter 3.

INSTITUTIONAL ARRANgEMENTS FOR MANAgINg THE PROCESS

Consideration of EPA’s risk-assessment accomplishments and shortfalls and of the effects 
of policy and time leads to questions about institutional arrangements for “managing the 
process,” the subtext of the Red Book. EPA has established an enormous array of programs 
for this purpose. The combination of people and programs reflects close attention to statutory 
requirements and advisory-body recommendations. That salutary orientation around diverse 
statutory requirements also leads to criticism of “apparent inconsistencies in risk assessment 

panel undertook the most recent review. EPA’s cancer guidelines were first published for comment and peer review 
in 1996; intermediate reviews took place before publication as final guidelines in 2005. Work began on both 
documents in the late 1980s. The development period included changes in the general approaches to risk assess-
ment and specific new data and theories regarding cancer risk assessment and the toxicity of dioxin. In addition, 
several changes at the White House during this period led, at different times, to EPA decision-makers with different 
constituencies. 

Box 2-7 Impact of New Studies

In 1997, concern about the effects of human exposure to mercury led Congress to request a 
National Research Council review of EPA’s RfD for methyl mercury (MeHg). At the time, scientists 
were awaiting results from studies of three populations because the existing RfD was based on a 
1987 study of 81 Iraqi children accidentally exposed in utero (NRC 2000a, p. 306). Noting that MeHg 
exposures in the Iraqi study population were not comparable with low-level chronic exposures expected 
in North American populations, the National Research Council committee recommended basing the 
RfD on new studies that were incomplete at the time of the 1997 Mercury Study Report to Congress 
(EPA 1997b). 

A National Research Council committee recommended that EPA retain the 0.1-μg/kg per day RfD 
but replace the study used to set the RfD with new studies: “Since the establishment of the current RfD, 
results from the prospective studies in the Faroe Islands (Grandjean et al. 1997, 1998, 1999) and the 
Seychelles (Davidson et al. 1995a,b, 1998), as well as a peer-reviewed re-analysis of the New Zealand 
study (Crump et al. 1998) have added substantially to the body of knowledge concerning the develop-
mental neurotoxic effects of chronic low-level exposure to MeHg” (NRC 2000a, p. 312).

Similarly, National Research Council recommendations on the long-running dioxin assessment 
expand the scope of the assessment: “EPA is encouraged to review newly available studies on the ef-
fects of TCDD on cardiovascular development in its risk assessment for noncancer end points” (NRC 
2006, p. 174).

Perchlorate (Box 2-6) provides an example of how emerging data may inform risk after an as-
sessment has been finalized.

The iterative nature of risk assessment and research ensures that new data will enter the process. 
The salutary effect of new data can also result in additional time for analysis and incorporation of data 
into the risk assessment.
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practices across EPA” (EPA 2004a, p. 14), which are traceable to statutory and managerial, 
as well as scientific, factors and to calls for greater coordination of agency programs. 

Environmental Protection Agency Risk-Assessment Programs and Activities 

EPA’s major program offices have scientific responsibilities on the one hand and regu-
latory responsibilities on the other. For scientific data development and risk assessment, 
the agency relies on environmental professionals trained in diverse technical disciplines, 
such as chemistry, geology, toxicology, epidemiology, statistics, and communication. For 
risk management and regulatory decision-making, professionals in economics, engineering, 
law, and other fields work with agency policy-makers to shape regulatory decisions. As 
indicated in agency guidelines and other documents, assessors and managers have different 
roles but interact regularly throughout the process (EPA 1984, 2003d, 2004b; Table D-1, 
sections on “distinguishing linking risk assessment and risk management” and “problem 
formulation”). 

In addition to different statutes and scientists with expertise in many fields, EPA’s risk-
assessment work takes place in a variety of organizational and geographic locations and 
includes collaborative activities with numerous public and private scientific organizations. 
The result is a complex set of interactions that strengthen the agency’s risk-assessment pro-
cesses in the main, but the diversity of inputs also introduces drawbacks. 

Each major program office manages several risk-assessment activities. For example, the 
Office of Water has programs for conducting health risk assessments under the Safe Drinking 
Water Act (SDWA) and ecologic risk assessments under the Clean Water Act. The Office of 
Air and Radiation conducts human health risk assessments for use in setting regulatory stan-
dards related to “criteria” pollutants (such as particulate matter [PM] and sulfur dioxide), in 
a different program “hazardous” pollutants (such as arsenic and mercury) from stationary 
sources, and in still another program pollutants from cars and other mobile sources. That 
office is also responsible for assessments related to stratospheric ozone depletion and acid 
rain. As evident in EPA’s Science Inventory (EPA 2005d), other agency offices have compa-
rably wide-ranging programs for a total set of activities that almost defies description. The 
diverse risk-assessment tasks impose demands for both breadth and quality in staffing and 
managing these activities. 

Several offices have overarching responsibilities to help meet the demands. ORD con-
ducts environmental research at more than 10 laboratories and centers around the country. 
The laboratories are organized around the basic units in the risk-assessment paradigm (for 
example, effects, exposure assessment, and risk characterization). ORD plans, conducts, and 
oversees most EPA risk assessments and risk-assessment-related research for the agency as 
a whole. In addition to its core program of fundamental research, a substantial portion is 
planned in collaboration with program and regional offices to address data needs for regu-
lation. In keeping with congressional and agency guidance priorities, ORD-led multioffice 
research-planning teams coordinate planning and budgeting in line with data needs identified 
by program and regional offices. However, it is important to note that because EPA relies 
heavily on data in the published literature and these are not the studies conducted by EPA, 
there is no mechanism for developing the data necessary to address emerging issues, and this 
contributes to a scarcity of data on particular agents.

ORD scientists coordinate generic risk-assessment activities, such as guideline develop-
ment and the reference-dose–reference-concentration (RfD-RfC) process, including manage-
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ment of the IRIS database. ORD also conducts individual chemical-specific assessments at 
the behest of program and regional offices and, variably, in collaboration with them.16

Some offices are staffed to meet particular needs. In keeping with its responsibilities to 
oversee the safety of pesticide products, OPP employs a highly specialized scientific staff to 
evaluate data related to testing and licensing requirements for new pesticides before they are 
marketed and to conduct risk assessments to set limits on the use of pesticides as appropriate. 
Because pesticides are toxic by definition, this office has special statutory authority to man-
date testing procedures and require specific scientific data from pesticide manufacturers.

The authority to mandate data generation in that way is not generally available to other 
offices, which depend on ORD, the scientific literature, and outside contractors. One of the 
paradoxes of the risk-assessment process is that the same scientific uncertainties that hamper 
and complicate risk assessment stimulate the development of new data and methods. For 
example, scientific uncertainties and controversy related to standards under development 
for PM led to special funding for new research to reduce the uncertainties (see NRC 1998, 
1999a, 2001a, 2004). 

EPA regularly incorporates the expertise of external scientists into its risk-assessment 
activities. The agency has extensive long-term and ad hoc collaborative relationships with 
numerous risk-assessing entities in the public and private sectors. Public-sector partners 
include other federal entities, such as the National Toxicology Program, which is admin-
istratively housed in NIEHS; Argonne and other Department of Energy national laborato-
ries; and the FDA National Center for Toxicological Research. Private-sector collaborators 
include the Health Effects Institute in Boston, ILSI, and the American Chemistry Council 
in Washington. EPA scientists also participate in numerous international programs, such as 
the UN International Programme on Chemical Safety (IPCS), of which the World Health 
Organization (WHO) is a partner. The IPCS Harmonization Project, which is designed to 
harmonize approaches to the assessment of risk, has been a particularly influential partner 
with EPA in advancing the practice of risk assessment.

EPA’s ten regional offices have risk-assessment and regulatory activities correspond-
ing to those in the major program offices but focused at the local level. They have diverse 
risk-assessment responsibilities. Scientists interact with EPA program offices in Washington, 
DC, and ORD risk-assessment centers and laboratories on the one hand and with nongov-
ernment organizations and state, local, and tribal entities on the other. In some cases, the 
regional offices apply risk assessments or toxicity values (for example, RfD, RfC, or potency 
estimates from IRIS) developed elsewhere to regional problems; in other cases, they develop 
region-specific assessments. Through those interactions, state, local, and tribal information 
and perspectives become part of the process. 

The diverse inputs to risk assessment in EPA are a natural outgrowth of the diverse 
environmental problems facing the nation and the agency and of the scientific complexities 
of the risk-assessment process. Several EPA activities, including risk-assessment guidelines 
and the RfD-RfC process, are designed to counteract the effects of compartmentalization 
by standardizing and unifying some of the diverse elements. In addition, the Office of the 
Science Advisor coordinates the work of two standing committees with agencywide, rather 
than program-specific, risk-assessing responsibilities. The Risk Assessment Forum was char-
tered in response to recommendations in the 1983 Red Book. Somewhat later, the agency 
set up a Risk Management Council composed of senior EPA risk managers with oversight 

16 In addition to the ORD laboratories, program and regional offices manage laboratories, such as that in Ann 
Arbor for the air program, that in Bay St. Louis for the pesticide program, and the National Enforcement Inves-
tigation Center in Colorado.
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responsibilities for forum activities. Later, renamed and rechartered as the Science Policy 
Council, that group has enlarged its membership and responsibilities to address a variety 
of science-policy issues. 

Risk Management: Regulations and Risk Assessment

EPA statutes lodge responsibility for regulatory decisions with the EPA administrator 
and the assistant administrators who head the program offices. All are political appointees 
who require Senate confirmation and generally change when the White House changes 
hands. In their roles as risk managers, those officials are responsible for using completed 
risk assessments with information from other disciplines to shape regulatory decisions. In 
addition, they and other risk managers provide oversight for the risk-assessment process 
from inception to conclusion. 

As indicated above, the 1983 Red Book stressed the importance of a “conceptual dis-
tinction” (p. 7) between risk assessment and risk management but rejected the concept of 
“institutional separation” between the processes. EPA adheres to those principles in the sense 
that, although assessors and managers are colocated and interact regularly, assessors do not 
set standards and decision-makers do not conduct risk assessments. 

Owing to the committee’s statement of task, this chapter has focused on the evolution 
of risk assessment and related practices. The committee considers that the same degree of 
concern about uncertainty, variability, and inferences that has been applied to the assessment 
of risks should also be applied to the assessment of costs, but this was beyond the scope 
of this report. For example, economists on the administrator’s planning, evaluation, and 
innovation staff provide information and analyses on costs and benefits for use in making 
regulatory decisions and for the regulatory impact analyses (RIAs) that accompany major 
regulatory actions. (The benefits are computed from the results of risk assessments.) In addi-
tion, many program and regional offices have units responsible for analysis of the economic 
benefits of proposed decisions and regulatory actions. ORD’s National Risk Management 
Research Laboratory in Cincinnati conducts engineering research for use in developing and 
evaluating the technical feasibility of pollution-control methods used in formulating regula-
tory options. In accord with statutory directives, EPA program and regional offices interact 
with state and local offices on implementation and compliance issues, such as schedules, 
costs, feasibility, impacts, and enforcement.

Regarding regulation development, as indicated earlier, the Red Book emphasis on the 
“conceptual distinction” between risk assessment and risk management reflects the statutory 
dichotomy between information used in assessing risk and other kinds of information—“the 
public health, economic, social, political consequences of regulatory options” (Figure 2-
1)—used with risk-assessment results to determine “agency decisions and actions.” For 
example, in evaluating whether a pesticide poses an “unreasonable risk” to health or the 
environment, the pesticide law (FIFRA) calls for consideration of the economic, social, and 
environmental costs of using the pesticide. EPA “interprets this broad statutory language to 
mean that any significant benefits to public health through disease control or prevention, 
or through vector control, need to be considered in the suspension, cancellation, or denial 
of an application for registration or a determination of ineligibility for deregistration of a 
public health use of any pesticide that offers such benefits” (EPA 2007b). In the same vein, 
the 1996 amendments to the SDWA explicitly direct EPA to evaluate incremental benefits, 
costs, and risks associated with compliance with alternatives—a more specific delineation 
of nonscience considerations than in the original enactment.

Differences between the information base for risk assessment, which has science at its 
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core, and that for the regulatory decision, which takes account of costs and other nonrisk 
factors, mean that regulatory decisions are not necessarily congruent with risk assessment. 
That is, concern about, for example, economic consequences or societal impacts may out-
weigh public-health or environmental concerns in such a way as to make a regulatory deci-
sion more or less protective than if the decision were based solely on the risk assessment. An 
additional asymmetry is that the uncertainties associated with cost and benefits are rarely 
considered although these uncertainties are often explicitly acknowledged in the risk assess-
ment. The distinction between the SDWA’s maximum contaminant level goal (MCLG) and 
the maximum contaminant le�el (MCL) illustrates the point: the MCLG for a carcinogenic 
contaminant may be zero, but costs and feasibility concerns may lead the agency to set a 
regulatory standard, the MCL, to allow a higher level of contamination (see Box 2-8).

Some statutes authorize a combination of risk assessment and “technology-based” 
processes in setting regulatory standards. Such standards as the SDWA’s MCL illustrate the 
special case of “technology-based” standards for which a decision does not depend only on 
risk assessment. Rosenthal et al. (1992) explain that the SDWA calls for MCLGs, “which are 
concentrations at which no adverse human health effects are believed to occur.” A health-
based MCLG is not an enforceable limit. For enforcement purposes, the statute directs EPA 
to establish a MCL as close to the MCLG as “feasible with the use of the best technology, 
treatment techniques, and other means which the Administrator finds after examination 
for efficiency under field conditions . . . are available (taking costs into consideration)” (42 
USC § 300g-1). 

Other examples appear in the CAA. The 1990 amendments introduced a two-part 
scheme—part technology-based, part risk assessment—for 189 toxic pollutants regulated 
under Section 112 of the CAA. The first step directs EPA to identify major emitters of the 

BOX 2-8 Arsenic in Drinking Water: Uncertainties and Standard-Setting 

On January 22, 2001, EPA issued a pending standard of 10 μg/L as the maximum contaminant 
level of arsenic in drinking water. Although the scientific analysis underlying the proposal and the pro-
posal itself had been peer-reviewed by both the EPA SAB (1995) and the National Research Council 
(1999b) and had gone through the public comment process, EPA on March 23, 2001, issued a notice 
delaying the effective date of the standard to address questions about the science supporting the rule 
and about the expected implementation costs for affected communities.

The National Research Council peer-review committee identified uncertainties and data gaps of 
several kinds (NRC 2001b):

More research is needed on the possible association between arsenic exposure and cancers other than skin, 
bladder, and lung, as well as noncancer effects. . . . In addition, more information is needed on the variability 
in metabolism of arsenic among individuals, and the effect of that variability on an arsenic risk assessment. 
Laboratory and clinical research is also needed to define the mechanisms by which arsenic induces cancer 
to clarify the risks at lower doses [p. 10].

Nonetheless, the committee made it clear that data gaps and uncertainties do not disqualify the 
risk assessment for decision-making. 

There is a sound database on the carcinogenic effects of arsenic in humans that is adequate for the purposes 
of risk assessment. The subcommittee concludes that arsenic-induced internal (lung and bladder) cancers 
should continue to be the principal focus of arsenic risk assessment for regulatory decision making, as dis-
cussed and recommended in the 1999 NRC report [p. 10].

A final 10-μg/L standard was issued in 2002; EPA and Congress continue to study costs and 
technical issues associated with implementing the standard (Tiemann 2005).
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pollutants among diverse source categories and requires that these sources use MACT within 
specified time limits. The second step takes risk into consideration: 8 years after promulgation 
of MACT standards to limit emissions of the 189 (later reduced to 187)17 pollutants; EPA 
was required to evaluate the residual risk to the population and promulgate more stringent 
standards if necessary “to provide an ample margin of safety to protect public health” 
(1990 Amendments to the Clean Air Act, Title III, § 301 (d)(9)). The law specifies that for 
known, probable, or possible human carcinogens, the administrator is to promulgate revised 
standards if the MACT standards do not reduce the risk incurred by “the individual most 
exposed to emissions” from the source of pollution to less than one in a million. With the 
focus on the “individual most exposed,” EPA models exposure with fine spatial resolution to 
characterize the maximum level of exposure associated with a toxic air pollutant. Chapter 4 
reviews the current state of the science on variability in susceptibility to cancer, and Chapter 
5 provides recommendations to EPA for considering this variability in risk assessments.

The CAA takes a different approach in setting national ambient air quality standards 
for criteria air pollutants (ozone, PM, carbon monoxide, sulfur dioxide, nitrogen oxides, 
and lead). Those standards are based solely on health criteria18 without consideration of 
the cost and feasibility of compliance, which are reserved for later evaluation in developing 
state implementation plans. In this decision context, risk assessment plays a role in setting 
the NAAQS and in the RIAs generally used to evaluate control strategies for criteria air 
pollutants. 

Strategic Planning, Priority-Setting, and Data Development

Scientifically informed strategic planning is critical. Reliable and relevant scientific data 
are major determinants of the quality of any risk assessment. As a result, the availability 
of such data strongly influences the agency’s ability to improve its assessments in line with 
new methods, statutory directives, or advisory-body recommendations. In turn, the scientific 
quality and timeliness of reliable data depend in part on factors common to scientific work 
in general, such as the availability of methods and data needed to complete the assessment 
of any particular chemical. Near-term examples include emerging data and methods to 
understand modes of action that contribute to clarifying and reducing uncertainty in risk 
assessments. Another example is related to current studies of the use of new genomics and 
nanotechnology data and methods for environmental risk assessment. 

In addition, and separate from state-of-the-science questions, data availability depends 
on congressional and White House subject-matter interests that determine budget priorities 
for annual and long-range data development. Examples include a 12-year congressional 
earmark for PM research and chemical-specific allocations or directives related to arsenic. 
At a different level, agencywide strategic planning, priority-setting, and budgeting processes 
determine how risk-assessment resources are allocated among EPA programs (for example, 
air vs water vs IRIS), entities (external grants vs EPA laboratories), practices (basic research 
vs routine monitoring), and prospective risk assessments (for example, dioxin vs arsenic vs 
a particular Superfund site). 

Decisions on those issues are part of the annual planning and budgeting process, which 
involves scientists and managers with risk-assessment responsibilities in ORD laboratories 

17 The original list of hazardous air pollutants (HAPs) contained 189 compounds; however, caprolactam (see 
61 Fed. Reg. 30816 [1996]) and methyl ethyl ketone (see 70 Fed. Reg. 75047 [2005]) were later delisted, reducing 
the number of HAPs to 187.

18 The statute also calls for “secondary,” or welfare standards to protect the environment and property.
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and program and regional offices. The resulting budget and subject-matter priorities are 
crucial in the availability or nonavailability of relevant data for risk-assessment purposes 
and thus in the quality of agency risk assessments. Although changes in budget allocations 
and priorities have resulted in more funding in such fields as computational toxicology and 
nanotechnology and less funding for postdoctoral research fellowships and intramural and 
extramural research, the fact remains that, in real dollar terms, EPA’s research and develop-
ment funding is nearly unchanged since at least 1990, and has been steadily declining since 
fiscal year 2004 (Coull 2007). The resulting budget and subject-matter priorities also influ-
ence the availability and workload of scientists who have the risk-assessment experience 
needed to study issues raised in the statement of task.19 

ExTRAMURAL INFLUENCES AND PARTICIPANTS

Executive Orders: Risk-Assessment Policy 

As indicated above, congressional legislation determines the broad outlines of risk-as-
sessment principles and practices. The White House influences the process through executive 
orders addressing diverse risk-assessment topics and activities. Executive orders directing 
EPA (and other agencies) to expand the scope of their risk-assessment programs to cover cu-
mulative risks20 and children’s risks,21 in combination with related congressional legislation, 
led to new emphases as to data collection and approaches to risk analysis.22 Furthermore, 
such provisions as Section 3-301(a) in Executive Order 12898 on environmental justice are 
highly specific as to the kind of data required:

Environmental health research, whenever practicable and appropriate, shall include diverse 
segments of the population in epidemiological and clinical studies, including segments at high 
risk from environmental hazards, low income populations, and workers who may be exposed 
to substantial environmental hazards. 

Historically, Office of Management and Budget (OMB) oversight of EPA regulatory 
activities has focused on planning and budget, congressional directives and priorities, cost-
benefit issues, and related administrative and accountability matters. In recent years, OMB 
has greatly expanded its involvement in risk-assessment practices to include governmentwide 
information-quality guidelines (67 Fed. Reg. 8452 [2002]), an “Information Quality Bul-
letin for Peer Review” (70 Fed. Reg. 2664 [2005]), a “Proposed Risk Assessment Bulletin” 
(OMB 2006), and a memorandum on “Updated Principles for Risk Analysis” (OMB/OSTP 
2007). The present committee did not assess the impact of OMB oversight on EPA risk 
assessment.23

19 Such advisory bodies as the National Research Council, the National Science Foundation, EPA’s SAB, and EPA’s 
Board of Scientific Counselors regularly review and comment on EPA’s research priorities, both annual and for 
long-term strategic planning. See, for example, NRC 1998, 1999a, 2000b, 2001a, 2004; and www.EPA.gov/SAB.

20 From Executive Order 12898 (February 11, 1994): “Environmental health analysis, whenever practicable and 
appropriate, shall identify multiple and cumulative exposures.”

21 From Executive Order 13045 (April 21, 1997): Federal agencies “shall make it a high priority to identify and 
assess environmental health risks and safety risks that may disproportionately affect children.”

22 Indeed, these executive orders led to the creation of the EPA Office of Environmental Justice and, later, the 
Office of Children’s Health Protection. 

23 OMB and several government agencies asked the National Research Council to review the “Proposed Risk 
Assessment Bulletin.” In its report (NRC 2007), the review committee lauds the goal of increasing the quality and 
objectivity of risk assessment in the federal government, but “concludes that the OMB bulletin is fundamentally 
flawed and recommends that it be withdrawn” (p. 6).
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In sum, many factors—statutory requirements, the diverse array of environmental prob-
lems and agency programs, executive orders, OMB directives, and the vagaries of the risk-
assessment process—give rise to risk-assessment practices and individual assessments that 
differ in form, information content, and analytic quality. Such diversity demands informed 
and experienced attention to managing the process.

Executive Orders: Regulatory Policy

Several executive orders illuminate the role of the White House in risk management 
and regulatory decision-making. Described as a “cornerstone of White House administra-
tive policy” (OMB Watch 2002), Executive Order 12866 (October 4, 1993)24 calls for each 
agency head to designate a regulatory-policy officer and outlines requirements related to risk 
assessment, cost-benefit analysis, performance-based regulatory standards, and other aspects 
of regulation development. A recent amendment, Executive Order 13422 (Jan. 18, 2007), 
requires the regulatory-policy officer to be a presidential appointee. The present committee 
did not assess the impact of those and other executive orders on EPA risk assessment. 

Public Participation

EPA relies on information from the public in developing both general principles and 
risk assessments of individual chemicals. By law, EPA, like other federal agencies, is required 
to publish proposed regulations (including any underlying scientific analysis) in the Federal 
Register, invite public comments, and consider the comments in its final decision. EPA often 
follows that process for guidance documents that apply only internally (for example, risk-
assessment guidelines) and for preliminary analyses used in rule-making. In addition, sepa-
rately from the peer-review activities discussed above, the agency often convenes scientific 
experts to discuss strategic planning and research priorities and to introduce and develop 
background documents. Notice is given in the Federal Register, and the public is invited to 
observe and comment during the session.

Public meetings, workshops, and the notice and comment process are avenues for 
stakeholders to present risk-assessment-relevant information and opinion. One example 
is the Pesticide Program Dialogue Group, a forum established in 1995 for a diverse group 
of stakeholders to provide feedback on issues from nonanimal testing to endangered spe-
cies to risk assessment. The group includes pesticide manufacturers, public-interest and 
advocacy groups, and trade associations. It is one of several groups on pesticide issues, 
with corresponding groups in other agency offices, such as those which involve air-program 
consultation with state and local air-pollution programs and waste-office consultation with 
responsible parties and community groups regarding Superfund sites. EPA regional offices 
work closely with the Indian tribes on selected issues. Thus, EPA expressly solicits informa-
tion from interested and knowledgeable parties, whether scientists or nonscientists.

EPA’s statement of task anticipates near-term and long-term improvements in risk as-
sessment as a result of the present report. New approaches can be expected to require ad-

24 Executive Order 12866 replaces and extends Executive Orders 12291 and 12498, issued during the Reagan 
administration. It directs federal regulatory agencies, including EPA, to “assess both the costs and the benefits of 
the intended regulation and, recognizing that some costs and benefits are difficult to quantify, propose or adopt a 
regulation only upon a reasoned determination that the benefits of the intended regulation justify its costs” [Sec. 
(b)(1)]. The order requires EPA to conduct a formal RIA for proposed regulations expected to impose economic 
costs in excess of $100 million per year. 
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justments of agency processes for allocating funds, scheduling research, expanding training, 
and other activities. New methods may also require enhanced peer review and expanded 
public participation to ensure that affected and interested parties in and outside the regu-
lated community have an opportunity to contribute to new approaches and are prepared 
for change (see Box 2-9). 

Peer Review, Quality Control, and Advisory Committees

Quality-control and peer-review procedures are particularly important when new ap-
proaches are introduced into the risk-assessment process. EPA uses several mechanisms to 
ensure the quality and relevance of laboratory and field data. In addition to general methods 
and guidelines, including uniform guidance applicable to all federal agencies, the major pro-
grams have program-specific methods related to, for example, air emissions, microbiologic 
contaminants, and underground storage tanks (EPA 2007c). 

Similarly, EPA’s peer-review program gives attention to new approaches and individual 
risk assessments. For example, a subcommittee of EPA’s SAB monitored the development 
of EPA’s first guidelines for ecologic risk assessment. Of course, assessments of individual 
chemicals based on new methods are subject to statutory requirements for peer review, such 
as the CAA requirement for review of the scientific basis of national ambient air quality 
standards and the FIFRA requirement for EPA’s Scientific Advisory Panel (SAP) review of 
the scientific basis of some pesticide decisions. Other statutes require SAB review of a wide 
variety of analyses (see Box 2-10).25 

Independent advisory committees that provide information and advice on special topics 
may contribute to new approaches. In addition to advisory committees required by statute, 

25 In response to recommendations from the EPA SAB and others (EPA 1992d), EPA peer-review policies issued 
in 1992 call for external review of scientific assessments not subject to statutory requirements. The processes were 
reinforced and augmented (and in some ways redefined) by OMB’s 2002 governmentwide directive on peer re-
view applicable to all federal agencies (67 Fed. Reg. 8452 [2002]). EPA risk assessments and underlying scientific 
analyses are also peer-reviewed when laboratory scientists, as well as those in program and regional offices, publish 
work developed for risk-assessment use in scholarly journals. That work includes individual laboratory or field 
studies on toxicology, epidemiology, and monitoring and subunits of risk assessment, such as hazard identification 
and exposure analysis. 

BOX 2-9 Risk-Assessment Planning: Multiple Participants 

The committee that produced Understanding Risk (NRC 1996) identified several criteria for judg-
ing success at the end of the process: getting the science right, getting the right science, getting the 
participation right, getting the right participation, and developing an accurate, balanced, and informative 
synthesis. As discussed below (Chapter 3), achieving those objectives depends in part on informed 
“planning and scoping” activities involving risk assessors, risk managers, and interested and affected 
parties. The emphasis on the “right” participants as well as the “right” science is important (McGarity 
2004):

There is little evidence that the scientific information that the agencies are currently using and disseminating 
is unreliable. Virtually all of the challenges that have been filed so far under the [2004 Information Quality 
Act] have involved disputes over interpretations, inferences, models and similar policy issues, and not the 
“soundness” of the underlying data. 
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BOX 2-10 After Peer Review

Peer review is not an end in itself. Ideally, peer review identifies deficiencies, suggests modifica-
tions, and otherwise leads the agency to improve a risk assessment to conform more fully with scientific 
standards and to guide decision-making and support regulatory standards. Two situations invite inquiry 
and attention because, while enhancing the assessment, they also cause delays and add costs to the 
risk-assessment process.

•	 Peer-review “spirals” involve repeated reviews that return assessments to the agency for further 
revision because the agency has not responded adequately to science-based recommendations in 
earlier reviews or because of science-policy debates or inadequacies in the peer-review process itself 
(GAO 2001). Recent examples include the reviews of dioxin and the cancer risk-assessment guidelines 
(see 68 Fed. Reg. 39086 [2003]; EPA 2005a; NRC 2006).

•	 Some assessments fail to reach closure or completion within a typical period after peer review. 
An example of such an unfinished assessment is that of dichloromethane (methylene chloride), which 
was peer-reviewed by the SAB in 1987; the health assessments remain in draft form (EPA 1987b,c), and 
the SAB comments have never been incorporated (EPA 2003e). The EPA assessment (EPA 1987b,c) 
at the time was regarded as a good example of the use of pharmacokinetic modeling. Specifically, the 
SAB review stated (EPA SAB 1988, p. 1) that “the Subcommittee concludes that the Addendum [EPA 
1987c] was one of the best documents it has reviewed in terms of its clarity, coverage of the data and 
analysis of scientific issues. This document clearly demonstrates the potential utility of pharmacokinetic 
data in risk assessment. EPA should continue to use this approach in future risk assessments, when-
ever scientifically possible.”

A confluence of factors may explain extended timeframes and unfinished assessments, including 
scientific complexity and controversy, a continually evolving database, and stakeholder and advocacy-
group demands. Contributing factors in the case of dichloromethane were the absence of strong 
regulatory pressure for the assessment; the increasing importance of other chemicals, including tri-
chloroethylene and tetrachloroethylene; and the replacement of dichloromethane with substitutes (L. 
Rhomberg, Gradient Corporation, Cambridge, MA, personal commun., May 31, 2007). 

EPA is scheduled to update the IRIS value for dichloromethane in the middle of 2009 (Risk Policy 
Report 2007; 40 CFR Part 63 [2007]). 

such as the SAB and SAP, EPA has chartered committees to provide advice on selected issues 
pertinent to risk assessment, such as research planning and priorities (the Board of Scientific 
Counselors), endocrine-disrupting chemicals (the National Committee on Endocrine Disrupt-
ing Chemicals and Toxic Substances), and children’s health (the Children’s Health Protection 
Advisory Committee) (www.EPA.gov). 

International Organizations

EPA consults and collaborates with programs associated with the risk-assessment arms 
of numerous international organizations. EPA scientists sit on numerous international com-
mittees including the IPCS, the International Agency for Research on Cancer (IARC)/WHO, 
the International Commission on Radiological Protection, and the Intergovernmental Forum 
on Chemical Safety; participate in the writing of scholarly papers; and conduct risk-assess-
ment training in conjunction with these international organizations. As with state and local 
regulatory bodies, EPA and these organizations share scientific data, exchange information 
on developments in risk assessment, and work to harmonize risk-assessment concepts and 
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guidelines. Those interactions provide opportunities for EPA scientists to be alert to advances 
made in the organizations that will contribute to new approaches under way in EPA.

In sum, several mechanisms are available to inform and upgrade EPA risk-assessment 
processes. Beyond the basic procedures outlined above, complementary planning and over-
sight activities make it clear that the risk-assessment enterprise involves more than its basic 
scientific elements. Numerous overarching factors—tangible and intangible, scientific and 
nonscientific—shape the process and influence the quality of agency assessments.

CONCLUSIONS AND RECOMMENDATIONS

Congressional mandates give EPA a diverse set of risk-assessment and regulatory re-
sponsibilities. The process is informed by many factors, including congressional legislation, 
generic guidance, and advice from scientific advisory bodies, peer-review recommendations 
specific to individual risk assessments and guidelines, information from stakeholders and 
other interested parties, and the principle of comity with other government entities (state, 
local, and international) on risk-assessment issues. The result is a complex set of risk-assess-
ment activities that have drawn high praise in many cases and sustained criticism in others. 
The process recommendations below identify institutional and management issues that 
require sustained attention by agency leadership. Except for the longer timeframe expected 
for new guidelines (see final recommendation), the committee contemplates implementation 
in the immediate and near future. 

Conclusions

• Some deficiencies in current EPA risk-assessment practices can be attributed in part 
to the unavailability of relevant data and methods. Those limitations head the list of EPA 
concerns about implementing future recommendations for improvement (Appendix E). 
Implementing several of the recommendations in the present report will require additional 
data and methods related to each of the three analytic fields in the Red Book paradigm. In 
addition, new kinds of data or methods will be required to enable EPA to undertake analyses 
that are given new emphasis or recommended for the first time here.

• Although EPA has a 20-year history of issuing guidelines and other reports designed 
to implement recommendations for improvement offered by the National Research Council 
and other advisory bodies, moving from policy to practice has in some cases been incomplete 
or only partially effective (as to provisions put into practice) and in others uneven (as to use 
for all assessments in all parts of the agency, where applicable).

• Effective use of new methods and attention to new policies require instruction and 
training for both experienced risk assessors and newcomers. And putting new policies and 
methods into practice—that is, moving beyond policy documents—requires understanding 
and appreciation on the part of agency managers and decision-makers.

• Historically, guideline development in EPA has taken from as little as 3 years to 
more than 15 years (for example, the cancer guidelines were issued in 2005 after a 15-year 
development period). Improvements in risk assessment will involve issuing new guidelines, 
revising existing guidelines or issuing supplemental guidance, and implementing existing 
guidelines more effectively. 
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Recommendations

• The committee seconds the Government Accountability Office recommendation that 
the administrator of the Environmental Protection Agency direct agency offices to “more 
proactively identify the data most relevant to the current risk assessment needs, including 
the specific studies required and how those studies should be designed, and communicate 
those needs to the research community” (GAO 2006, p. 69). The committee recommends 
that the Environmental Protection Agency consider recommendations in the present report 
as part of that process.

• Putting recommendations from this report into practice will require additional staff 
in fields that are now lightly staffed (for example, epidemiology and quantitative uncertainty 
analysis) and new staff in fields that are generally understaffed relative to this report’s em-
phasis on the social-science components of environmental decision-making (for example, 
psychology, sociology, economics, and decision theory). 

• Agency leaders should give high priority to establishing and maintaining risk-assess-
ment and decision-making training programs for scientists, managers responsible for risk-
assessment activities, and other participants in the process. This reinforces the Government 
Accountability Office recommendation that the Administrator of the Environmental Protec-
tion Agency “ensure that risk assessors and risk managers have the skills needed to produce 
quality risk assessments by developing and implementing in-depth training” (GAO 2006, p. 
69). A regular schedule of refresher courses is critical for such a program. This recommen-
dation calls for training to ensure that all relevant managers and decision-makers are fully 
informed on risk-assessment principles and principles related to the other disciplines (such 
as economics and engineering) that, with risk assessment, influence regulatory decisions. 

• To reduce the effects of the compartmentalization resulting from the Environmental 
Protection Agency’s organization around diverse statutory mandates, the administrator can 
buttress the scientific talent brought to bear on improvement activities by revitalizing and 
expanding interoffice and interagency collaboration through existing structures (for example, 
the Risk Assessment Forum, the Science Policy Council, and the National Science and Tech-
nology Council Committee on Environment and Natural Resources) and by joining scientists 
from other agencies (for example, the National Institute of Environmental Health Sciences 
and the Food and Drug Administration) in these activities. This reinforces the Government 
Accountability Office recommendation that the administrator of the Environmental Protec-
tion Agency “develop a strategy to ensure that offices engage in early planning to identify 
and seek the expertise needed, both within the EPA workforce and from external subject 
matter experts” (GAO 2006, p. 69).

• The administrator of the Environmental Protection Agency should give special at-
tention to expanding the scientific and decision-making core in the regional offices to ensure 
that they have the capacity to use improved risk-assessment methods and to meet their ob-
ligations for interaction with stakeholders, local agencies, and tribes.

• The Environmental Protection Agency should establish a tiered schedule for guide-
line implementation: (1) immediate and uniform use and oversight as to existing guidelines 
and risk-assessment policies (for example, 1-2 years), except where inapplicable; a shorter-
term schedule for revision or updating of existing guidelines where appropriate (for example, 
2-6 years); and a longer-term but definite schedule for development and issuance of new 
guidelines (for example, 6-15 years). 
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3

The Design of Risk Assessments

RISk ASSESSMENT AS A DESIgN CHALLENgE

Risk assessment is sometimes used to describe a process and sometimes to describe the 
product of a process. The dual use can create confusion, but it also serves as a reminder that 
the task of improving risk analysis necessarily requires attention both to desirable quali-
ties of the process and to desirable qualities of the product. Given that there are inevitable 
constraints on efforts to assess risk and multiple objectives to be met, the selection of ap-
propriate elements of process and the specification of required elements of the final product 
constitute a complex design challenge.

Well-designed risk-assessment processes create products that serve the needs of a com-
munity of consumers, including risk managers, community and industrial stakeholders, risk 
assessors themselves, and ultimately the public. Multiple interpretations of the word design 
apply to our presentation. One of the primary goals of design reflects the overall utility of 
a product to its end users. A second key aspect of design is the assurance of technical qual-
ity. Many of the technical aspects of quality may not be apparent to end users, but they are 
important prerequisites that provide the foundation for the quality of a decision-support 
product. Finding the appropriate mix of technical quality and utility, given constraints, is 
the essence of design of a decision-support product. 

The Decision-Making Environment and the Importance of Process

Many decision-making situations involving matters of public heath and environmental 
risk have five common elements: the desire to use the best scientific methods and evidence in 
informing decisions, uncertainty that limits the ability to characterize both the magnitude of 
the problem and the corresponding benefits of proposed interventions, a need for timeliness 
in decision-making that precludes resolving important uncertainties before decisions are re-
quired, the presence of some sort of tradeoff among disparate adverse outcomes (which may 
be health, ecologic, or economic outcomes, each affecting a different set of stakeholders), 
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and the reality that, because of the inherent complexity of the systems being managed and 
the long-term implications of many decisions (such as cancer latency, changes in the structure 
of ecosystems, or multiple simultaneous sources of exposure), there will be little or no short-
term feedback as to whether the desired outcome has been achieved by the decisions.

The combination of uncertainty in the scientific data and assumptions (the “inputs”) 
and inability to validate assessment results directly or to isolate and evaluate the impact of a 
resulting decision (the “outputs”) creates a situation in which decision-makers, the scientific 
community, the public, industry and other stakeholders have little choice but to rely on the 
overall quality of the many processes used in the conduct of risk assessment to provide some 
assurance that the assessment is aligned with societal goals. 

Those challenging properties of the decision-making environment may be considered 
particularly acute for many health and environmental decisions, but they are by no means 
new to decision-makers generally. The academic discipline of decision analysis under un-
certainty, among others, has a rich literature on which to draw for methods and findings 
(Morgan et al. 1990; Clemen 1996; Raiffa 1997). The importance of attention to process is 
entirely compatible with the theory of the management sciences that defines a good decision 
under uncertainty as one that uses the most appropriate processes and methods to assemble 
and interpret evidence, to apply the decision-maker’s values properly, and to make timely 
choices with available resources rather than defining a good decision only according to its 
(apparent) outcomes. This attention to process is also compatible with arguments for the 
inclusion of more deliberative approaches to assessment and decision-making. As such, the 
most appropriate processes and methods in a given situation may be an appropriate balance 
of deliberative and analytic methods, as advocated in NRC (1996).

Risk Assessment as a Decision-Support Product

The process of risk assessment involves generation of a number of individual products 
that are combined to form a final product (which is often referred to as “the risk assess-
ment”). The final product of a risk assessment process is most often understood to be a 
report. The present committee suggests that the product of a risk assessment should be 
considered to include not only the report but various subproducts, such as computational 
models and other information that is assembled during the process. The subproducts have 
different uses and serve a variety of audiences. For example, a computational model with a 
user-friendly interface may be at least as valuable in informing decision-making as the techni-
cal report most often associated with the term risk assessment. In addition, such subproducts 
as dose-response assessments typically have value that transcends a particular decision-sup-
port application and may be used in thousands of future decision-support situations. It is 
also useful to consider that risk assessments and individual subproducts experience a life 
cycle (consisting, for example, of conception, design, development, testing, use, maintenance, 
obsolescence, and replacement) that should be explicitly recognized.

The products of risk assessment may be thought of as, among other things, communica-
tion products. Their value lies in their contribution to the objectives of the decision-making 
function, including their effects on the primary decision-maker and other interested parties 
who participate in the decision or otherwise use the information that the products convey. 
Although the effort expended in the process is largely scientific, the critical final process in 
risk assessment is ultimately communication.
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The Quality of Risk Assessment Includes both Process and Product Attributes

The decision-making environment associated with health and environmental risk man-
agement compels the various users of risk assessment to value and scrutinize the assessment 
process. In addition, risk assessment is understood to result in a set of final products whose 
specific attributes are critical for meeting their objectives. In a sense, it may be neither pos-
sible nor appropriate to separate the process from the product. The situation is somewhat 
analogous to that of other products whose quality is more readily scrutinized with respect to 
the process that is used rather than through scrutiny of detectable qualities of the final prod-
uct. For example, the safety aspects of the quality of complex engineered systems, medical 
devices, and foods are increasingly scrutinized with respect to the quality of the process that 
generates and maintains them rather than judged solely on the basis of measurable quali-
ties of the final product. Similarly, the final products of a risk assessment have a mixture of 
detectable and undetectable qualities, and both the final product and the underlying process 
must be considered in judging the overall quality.

Given the demands of health and environmental decision-making, perhaps the most ap-
propriate element of quality in risk-assessment products is captured in their ability to improve 
the capacity of decision-makers to make informed decisions in the presence of substantial, 
inevitable and irreducible uncertainty. A secondary but surely important quality is the abil-
ity of the assessment products to improve other stakeholders’ understanding and to foster 
and support the broader public interests in the quality of the decision-making process (for 
example, fairness, transparency, and efficiency). Those attributes are difficult to measure, 
and some elements of quality often cannot be judged until some time after the completion 
of the risk assessment.

Formative and Iterative Design of Risk Assessments

For the committee’s purposes, the term design implies adopting a user-centered per-
spective to craft both an assessment process and a decision-support product that achieves 
the objectives of supporting high-quality decision-making while working within inevitable 
constraints. Accordingly, an important part of the early design process is the understanding 
and weighing of all the objectives, recognition of constraints, and explicit acknowledgment 
of the need for tradeoffs. 

Design will inevitably occur throughout the risk-assessment process, and flexibility and 
iteration will be important aspects of the overall process design. Like any complex product 
designed in a complex environment, the process and product may need to be redesigned 
as objectives and constraints inevitably change and in response to new knowledge. While 
recognizing the iterative nature of risk-assessment planning, the committee strongly encour-
ages increasing attention to design in the formative stages of a risk assessment. Such a shift 
in attention is recognized by the Environmental Protection Agency (EPA 2004a). It is also 
captured in guidance documents for ecologic risk assessment and cumulative risk assessment 
(EPA 1992, 1998, 2003). In those applications, EPA has adopted two tasks labeled planning 
and scoping and problem formulation. The two tasks are examples of early design activi-
ties, and the committee believes that they should be formalized, applied more consistently in 
risk-assessment activities, and, perhaps most important, result in concrete outputs detailing 
the rationale and findings of the early design process. The tasks are described in more detail 
later in this chapter.
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DESIgN CONSIDERATIONS: ObjECTIvES, CONSTRAINTS, AND TRADEOFFS

As in any complex design problem, the process of design is intended to find the best solu-
tion to achieve multiple simultaneous and competing objectives while satisfying constraints 
on the process or the end product. As decision-support and communication products for 
use in public decision-making, risk-assessment products inherit objectives from their parent 
domains of science and public policy. The objectives are not always compatible and, con-
sidered individually, would influence the design in different and sometimes opposing direc-
tions. In addition, general constraints on the process (such as resources and time) require 
that tradeoffs be made in pursuit of the objectives.

The candidate objectives of risk assessment can, for present purposes, be separated into 
three categories, which are related to the inputs to the process (including evidentiary and 
participatory aspects), the process that transforms the inputs into risk-assessment products, 
and the impact of the products on decision-making. The objectives described below are 
examples that might be considered by EPA in designing risk-assessment processes and prod-
ucts; clearly, it is the responsibility of EPA to interpret its mandate to choose and weigh the 
relative importance of different objectives.

Objectives Related to Inputs

Use of the best Scientific Evidence and Methods

A core aspect of health and environmental risk assessment is the universal desire to 
make use of the best scientific methods and the highest-quality evidence. Pursuit of that 
objective would lead EPA to acquire and interpret evidence by using established, trusted, 
and formal methods. The specifics underlying the notion of the “best science” are, not sur-
prisingly, highly contested. Many attributes might define “best,” and different parties will 
place considerably different weights on them. Even though the objective, simply stated, is 
superficially clear and uncontroversial, some aspects of the implementation are necessarily 
complex and controversial. In addition, pursuit of the best scientific understanding is inevi-
tably resource-intensive and time-intensive, and this leads to conflict with other objectives 
and with constraints on resources.

Inclusiveness of Scope

For various reasons, human health risk assessment has traditionally focused on single 
cause-effect pathways that involve a single chemical and single identified adverse effect. The 
narrowness of scope is frequently questioned with respect to both its scientific merits and 
its relevance to decision contexts of considerably greater scope. The scope of consideration 
in health and environmental risk management would ideally be as large as possible. It can 
be argued that any limitation in scope constitutes a simplification of reality that must be 
recognized and justified because important parts of the total cause-effect network may have 
been missed. A narrow scope has the potential to distort the external validity of the conclu-
sions and the associated decisions they support and thus to limit their applicability to the 
“real world.” 

From a decision-support perspective, limitations in scope might create what is seen as 
highly imbalanced information support, supporting a particular concern with voluminous 
technical analysis while other concerns of great relevance to stakeholders (which cannot be 
readily dismissed on purely scientific grounds) remain largely or completely unaddressed 
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and explained only by the chosen scope of the risk assessment. For example, in situations 
where stakeholders are concerned about exposure from both food and water pathways, the 
provision of an elaborate risk assessment for waterborne exposure while providing only a 
cursory review for foodborne exposure may appear to be imbalanced with respect to the 
information needs. A somewhat more simplified risk assessment that includes both pathways 
may be preferable, if the foodborne pathway cannot be dismissed on strong grounds. Here, 
the objective of broadening of scope may compete with the desire to perform the “best” risk 
assessment on a single pathway.

The desire to broaden the scope of human health risk assessment appears to be shared 
by EPA. Table 3-1 illustrates the expansion of the scope (in both risk assessment and deci-
sion-making) to which EPA aspires, at least as far as can be inferred from its guidance for 
cumulative risk assessment. Some of the “new” characteristics are current practice in ecologic 
risk assessment.

A critical dimension of scope (and a theme of Chapter 8 of this report) is the explicit 
inclusion of the various possible mitigation options that might be considered to reduce the 
risk that is being assessed. The scope would be expanded so that the assessment would 
provide not only estimates of existing risk but estimates of risk reduction associated with a 
variety of changes in the risk-generating system. To provide more complete information to 
the decision-maker, the decision-support products would ideally include (or be reasonably 
integrated with) estimates of the associated costs and any countervailing risks associated with 
the proposed mitigation options, as might be presented, for example, in a remedial action 
report under Superfund or in assessments that inform pesticide registration decisions.

Additional elements of scope derive from the desire to support decision-makers other 
than EPA’s internal risk managers. The often-advocated goal of supporting local decision-
makers, communities, and industrial stakeholders in a participatory decision-making model 
suggests the need for more customized decision-support tools on the basis of the nuanced 
information needs and value foci of other decision-makers. This implies either that the scope 
of the risk assessment increases to include those diverse needs and values or that separate 
assessments are conducted with different scopes and end points considered (with the associ-
ated problems of compatibility). 

The concept of extended decision support can be taken further to support the broad 
array of decisions that EPA may not be directly involved in but ultimately is interested in 
their being risk-based, particularly for preventive risk management. Product and process-

TAbLE 3-1 Transition in EPA Human Health Risk-Assessment Characteristics According 
to EPA (1997)

Old New

Single end point Multiple end points
Single source Multiple sources
Single pathway Multiple pathways
Single route of exposure Multiple routes of exposure
Central decision-making Community-based decision-making
Command and control Flexibility in achieving goals
One-size-fits-all response Case-specific responses
Single-medium-focused Multiple-media-focused
Single-stressor risk reduction Holistic reduction of risk

Source: EPA 1997. 
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development decisions that are made every day around the world and have short-term and 
long-term effects on human health and the environment may be the most important class of 
external decisions that would ideally be increasingly risk-informed. This class of decisions 
includes decisions based on life-cycle analysis and various related approaches with similar 
goals, in which risks are ideally reduced by design of energy and material flows in advance 
rather than by end-of-pipe mitigation strategies. Some of these preventative strategies may 
benefit from risk-assessment components (like dose-response information, or quantifica-
tion of common exposure scenarios) without the need for an entire risk assessment to be 
completed. This might suggest that risk-assessment products be designed, prepared, and 
disseminated in a modular fashion to allow for the individual components to be used and 
reused by third parties making different types of decisions.

Inclusiveness of Input

A process that considers a broader evidence base and uses diverse methods to reach 
conclusions is generally preferred to one that is limited to a narrower evidence base or a 
narrower selection of methods. Breadth can be achieved by considering input from different 
academic disciplines and by including traditional knowledge and a variety of deliberative 
methods of arriving at conclusions about what can be considered to be “known.” The ideal 
becomes problematic when disciplinary biases rightly or wrongly determine that input from 
some other sources of information lacks sufficient �alidity—according to criteria that are 
idiosyncratic in each discipline—to be included as reliable input into a given analysis. Breadth 
can be seen as a potential threat to the integrity of the evidence base and of the conclusions 
derived from it. Because there is no universal standard for inclusion and weighing of evidence 
among disciplines (and often even within a discipline), resolution of the competing ideals of 
breadth and integrity of evidence requires careful attention to process.

Integrity of Science-Policy Assumptions

As a primary theme of both the Red Book (NRC 1983) and Science and Judgment in 
Risk Assessment (NRC 1994) and continuing in the present report, the careful application 
of science-policy assumptions (or “defaults”) is critical for the integrity of the risk-assess-
ment process. The use of defaults is necessary to complete risk assessments in the presence 
of substantial uncertainties and the embedded policy choices can have profound impacts on 
the risk-assessment findings and the associated decision-making functions. 

In addition to the science-policy assumptions that are easily recognizable, the process 
should take account of the presence of key subjective elements in evidence-gathering and 
integration that can influence the results of risk assessment. They may include a number of 
standard practices or conventions that are not normally recognized as elements of science 
policy. 

Objectives Related to Process

Inclusiveness in Process

Decision-making processes ideally are inclusive with respect to the participation and 
deliberation of affected and interested parties. In pursuit of that objective, risk-assessment 
processes would be structured to accommodate the needs of diverse stakeholders, includ-
ing accepting their input at appropriate points, ensuring fairness in the influence of various 
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aspects of the design of the risk-assessment process and products (for example, input into 
its scope and access to information), fostering their desired level of understanding of the 
process, and meeting their specific information needs.

Transparency

It is both a scientific and a policy-making objective that the process of conducting a risk 
assessment and the risk-assessment products themselves be transparent. Transparency is a 
requirement that is always present, but it is rarely defined in operational terms. Some strict 
interpretations of transparency are akin to requirements for scientific reproducibility: that 
enough information is provided for a skilled analyst to be able to follow all the reasoning 
and independently reproduce the results. Transparency in risk-assessment models could be 
interpreted to mean that the computer code is entirely in the public domain (but may be 
executable only on specified computers) or to suggest that the models be publicly avail-
able to be downloaded, complete with a user guide, and to be able to be run by individual 
interested users who lack advanced computer skills. In other interpretations, transparency 
would require that simplified versions of documents be produced to increase the number and 
diversity of parties that could follow the main arguments and understand the overall process 
of analysis and its conclusions. Given the lack of specificity in the operational definition of 
transparency, some effort is required during the early design period to achieve agreement 
among risk assessors and those seeking or responsible for ensuring transparency on the at-
tributes that are sought and how they will be implemented.

Compliance with Statutes and Administrative Law Requirements

Some risk-assessment activities must comply with a variety of requirements imposed on 
federal policy-making activities, with the level of requirements depending on the risk as-
sessment and the statutes that govern them. The nature and impact of these requirements is 
reviewed by NRC (2007). For example, EPA and other federal agencies are required by law 
to provide opportunity for public comment on proposed regulations and to take comments 
into account in making decisions. Some statutes have requirements for stakeholder partici-
pation in various aspects of the risk-assessment and rule-making processes; others require 
peer review of particular categories of risk assessment. Other statutory provisions call for 
EPA Science Advisory Board meetings to be open to the public and for agency records to be 
made available to the public through the Freedom of Information Act.1 The administrative 
requirements regarding the risk-assessment process generally increase effort in the process, 
add costs, and affect the schedule. However, good practice would suggest that many of the 
required elements (such as peer review and stakeholder consultation) would often be included 
even if they were not required by statute or other administrative requirements. 

1 As outlined in Chapter 2, the organic statutes administered by EPA include substantive standards and criteria 
bearing on risk-assessment activities specific to different EPA programs (such as those involving air and water). In 
addition, program-specific and agencywide guidelines detail principles and practices related specifically to the risk 
assessment process (Table D-1). 
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Objectives Related to Impact on Decision-Making

Consideration of Uncertainty and Its Impacts

A shared ideal in science and decision-making is that uncertainties in evidence be fully 
exposed and described. The task of confronting the implications of uncertainty is ultimately 
the domain of the risk manager, so it is important that key sources of uncertainties be de-
scribed individually and in the context of their collective impact on the conclusions of the 
risk assessment. When the set of decision-maker options is known, an uncertainty analysis 
can be most profitably directed toward describing the impact of uncertainty on the consid-
eration of these options. 

A difficult challenge in risk assessment is determining the best way to communicate the 
nature and magnitude of uncertainties. Analysis and judgment are required for focusing the 
discussion of uncertainty on important sources and describing the impacts of uncertainty in 
a manner that is relevant to the decision-making process. There are many potential uses of 
information about uncertainty for risk managers, including choices to delay or to expedite 
decision-making or to invest in research to reduce uncertainties. Assessing and communi-
cating the utility of investing in additional information (such as conducting or considering 
more studies or gathering or formally eliciting expert input) are among the most challeng-
ing aspects of risk assessment. Formal and less formal methods for assessing the value of 
information are discussed below.

Control of ‘Iatrogenic Risk’ in the Decision-Making Process

There are a number of ways in which the process of assessing and managing risk can lead 
to an increase in risk—analogous to the notion of iatrogenic risk in medicine (risk “caused 
by the doctor”). In the same way that a delay in diagnosis by a physician can increase risk 
to the patient, delays in the process of assessing risks may increase overall exposure to risk 
when decisions are delayed. In the presence of low risk, the increased risk may also come 
from the prolonged stress of being in a state of uncertainty with regards to health. The 
design of a risk-assessment process should balance the pursuit of individual attributes of 
technical quality in the assessment and the competing attribute of timeliness of input into 
decision-making. 

The critical process of triage, like other resource-allocation decisions in health care, 
must balance the needs of individual patients with those of others seeking attention. An 
overburdensome process of assessing individual risks can result in a lack of attention to 
other risks that deserve the attention of both risk assessment and risk management. Design 
must consider not only the needs of the individual assessment but the institutional role in 
simultaneously assessing and managing many other risks. Thus, the design of risk assess-
ments should provide flexibility with respect to resource demands to foster balance in the 
management of multiple risks across the organization.

The health-care analogy is readily extended to the issue of risk-risk tradeoffs. Physicians 
routinely consider side effects of their treatment decisions. They also need to consider the 
impacts of decisions that patients themselves make in response to information about risks. 
In the same way, health and environmental risk-assessment and risk-management processes 
need to consider the complete impact of risk-assessment products and decisions given their 
inevitable potential to inadvertently contribute to increased risk. Ideally, the design of a risk 
assessment takes into account foreseeable consequences of decisions, including substitution 
risks (for example, replacement of one source of hazard with another of similar, greater, or 
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unknown risk or diversion of waste from one waste stream to another), side effects of risk 
controls (for example, increase in risks due to disinfection byproducts in an effort to con-
trol microbial hazards or development of resistance in pests, microorganisms, and invasive 
species), and other potential adverse outcomes associated with decisions taken by EPA or 
foreseeable decisions that might be taken by other stakeholders. It is also possible to extend 
the analogy to post-market surveillance for medicine to suggest that decisions based on risk 
assessments be monitored for the potential for unanticipated impacts (or the absence of 
anticipated impacts).

ENvIRONMENTAL PROTECTION AgENCy’S CURRENT gUIDANCE  
RELATED TO RISk-ASSESSMENT DESIgN

The 1983 Red Book described the four key stages in the risk-assessment process as 
hazard identification, exposure assessment, dose-response assessment, and risk characteriza-
tion (see Figure 3-1). In the intervening years, planning and scoping (a deliberative process 
that assists decision-makers in defining a risk-related problem) and problem formulation (a 
technically oriented process that assists assessors in operationally structuring the assessment) 
have emerged as additional distinct but related stages in both the human health and ecologic 
risk-assessment paradigms (EPA 1992, 1998, 2003, 2004a).

Not all decisions require or are amenable to the results of a risk assessment. Decision-
makers must first consciously identify risk assessment as an appropriate decision-support 

Figure 3-1.eps
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FIgURE 3-1 Schematic representation of the formative stages of risk-assessment design. Dotted line in 
figure denotes that decisions informed by risk assessment will be influenced by nonrisk considerations. 
Source: Adapted from EPA 1998, 2003.
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tool. If risk assessment is not selected as a tool, the decision-maker can be guided by a host 
of other, nonrisk-related considerations. Clearly, even decisions that are informed by the 
results of a risk assessment will be influenced by the same nonrisk-related considerations (as 
indicated by the dotted connection in Figure 3-1).

Here, planning and scoping is used as described by EPA (2003, 2004a), and problem 
formulation is used as described by EPA (1998, 2003, 2004a). Planning and scoping are 
considered to constitute primarily a discussion between decision-makers (risk managers) and 
stakeholders in which assessors have a supporting role, and problem formulation involves 
a discussion between decision-makers and assessors (and technically oriented stakeholders) 
to develop a detailed technical design for the assessment that reflects the broad conceptual 
design developed in the scoping stage.

As illustrated in Figure 3-1, planning and scoping determine which hazards and risk-
mitigation options are of concern for the assessment and set boundaries for the assessment 
(that is, its purpose, structure, content, and so on). Box 3-1 lists some of the specific issues 
related to scope that may be discussed during this stage. Once planning and scoping are 
under way, problem formulation begins and runs in parallel with them. Discussions during 
this stage focus primarily on methodologic issues of the desired assessment, as illustrated in 
Box 3-2. It is important to note that communication between the two, now parallel stages, 
needs to occur for the assessment to be useful. The overarching purpose of the two critical, 
but often underused, stages of the risk-assessment process is to provide a clearer and more 
explicit connection between the decision-making context and the risk assessment that will 
inform the decision-maker. It also makes more explicit the relative roles of the decision-
maker, stakeholders, and the risk assessor (EPA 2003, 2004a).

Planning and Scoping

In 1989, EPA’s guidance for Superfund provided several pages of guidance specific to 
the planning and scoping of a human health risk assessment (EPA 1989). Because assess-
ment of complex ecologic systems challenged both decision-makers and assessors, it was 

BOX 3-1 Selected Elements of Scope  
Considered During Planning and Scoping

• Spatial and temporal scope options
• Direct hazards and stressors
• Mitigation-related hazards and stressors
• Sources
• Source-mitigation options
• Environmental exposure pathways
• Exposure-mitigation options
• Individual intake pathways
• Individual intake mitigations
• At-risk populations
• Populations at mitigation-related risk
• Direct adverse health outcomes
• Mitigation-related adverse health outcomes
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the ecologic risk-assessment community that ultimately championed the need to define the 
scope of a risk assessment and the need for discussion between decision-makers, assessors, 
and interested parties from the outset of an assessment. The need to scope an assessment 
and the need for assessors and managers to interact were discussed briefly in EPA’s 1992 
framework for ecologic risk assessment (EPA 1992). NRC (1993) advocated for the integra-
tion of ecologic risks into the 1983 Red Book paradigm, and expressed a need to extend this 
paradigm to include the need for interaction between risk assessment and management at 
the early stages of a risk assessment, based on experience in ecologic assessment. In 1996, a 
National Research Council committee commented on the importance of planning from the 
beginning of a risk assessment (NRC 1996). In 1998, EPA released its guidance for ecologic 
risk assessment, which superseded the 1992 framework document and provided a greatly 
expanded discussion of scoping and of the roles of assessors and decision-makers; it also 
drew a clear distinction between the goals and content of the planning and scoping stage 
and the problem-formulation stage. More recently, EPA has further articulated how critical 
planning and scoping are for the conduct of a successful risk assessment and has provided 
detailed guidance for their conduct (EPA 2003, 2004a). During planning and scoping, a 
team of decision-makers, stakeholders, and risk assessors identifies the issue (or concern, 
problem, or objective) to be assessed and establishes the goals, breadth, depth, and focus 
of the assessment. Once the decision to use a risk assessment has been made, this stage be-
comes critical for developing a common understanding of why the risk assessment is being 
conducted, the boundaries of the assessment (for example, time, space, regulatory options, 
and impacts), the quantity and quality of data needed to answer the assessment questions, 
and how decision-makers will use and communicate the results. During this stage, deci-
sion-makers charged with protecting health and the environment, in the context of other 
competing interests, can identify the kinds of information they need to reach their decisions, 
risk assessors can ensure that science is used effectively to inform decision-makers’ concerns, 
and stakeholders can bring a sense of realism and purpose to the assessment. This stage is 
a focal point for stakeholder involvement in the risk-assessment process and the point at 
which risk communication should begin (EPA 2003). The relevance of risk-assessment results 
to decision-making can be enhanced by the up-front involvement of decision-makers and 
stakeholders in setting goals, defining options, and defining the scope and complexity of an 

BOX 3-2 Selected Methodologic Considerations in Problem Formulation

• Hazard-identification methods
• Stressor-characterization methods
• Source-characterization models and methods
• Environmental transport and fate models and methods
• Computational methods
• Uncertainty-characterization methods
• Intake and internal-dose models
• Dose-response models and methods
• Health-outcome measurement (risk measurement) methods
• Integrated cost-benefit methods
• Transparency, dissemination, and peer-review methods

E27.94

http://www.nap.edu/12209


Science and Decisions: Advancing Risk Assessment

Copyright National Academy of Sciences. All rights reserved.

�6 SCIENCE AND DECISIONS: ADVANCING RISK ASSESSMENT

assessment (Suter et al. 2003). Together, all can evaluate whether the assessment will help 
to address the identified problems (EPA 2004b). 

While a common plan for the risk assessment is one of the goals of these stages, reaching 
consensus on all aspects of the scope and conduct of a risk assessment among decision-makers 
and stakeholders representing diverse interests, will not always be feasible. In addition, it is 
not necessarily in the public interest to delay the risk assessment where consensus is difficult 
to achieve. The process requires a balance among the competing values of deliberative input 
into a risk assessment, timeliness in the risk assessment process, and the resource burden 
associated with these early stages. 

Early Identification of Decision-Making Options

As discussed later in this chapter and further in Chapter 8, the utility of a risk assessment 
is greatly enhanced when it is constructed and carried out in the context of a clear set of op-
tions under consideration by the decision-maker. Figure 3-1 explicitly includes identification 
of options as a critical element of planning and scoping. Although present EPA guidance 
(for example, on ecologic risk assessment, cumulative risk assessment, and air toxics) does 
not contain exact language calling for the explicit identification of decision-making options 
during the planning and scoping stage, it does allow preliminary consideration of regulatory 
or other management options. Existing EPA risk-assessment frameworks unquestionably 
contemplate consideration of options as they are related to decision-making, with plenty of 
interpretive room for arraying options if that is desired by or available to decision-makers 
and risk managers. For example (EPA 1998, p. 10), “risk assessors and risk managers both 
consider the potential value of conducting a risk assessment to address identified problems. 
Their discussion explores what is known about the degree of risk, what management options 
are a�ailable to mitigate or pre�ent it, and the value of conducting a risk assessment com-
pared with other ways of learning about and addressing environmental concerns” (emphasis 
added). Not every issue faced by a risk manager will necessarily lend itself to “arraying 
options.” Some complex problems may also best be addressed by completing a thorough 
assessment of health risks and vulnerable populations prior to considering necessary control 
options. The Clean Air Act has used this approach to reduce air pollution concentrations over 
the past four decades. In the management of contaminated sediment, for example, it may be 
possible to examine the tradeoffs between various options, such as removal vs monitored 
natural recovery or capping versus hot-spot removal; in the case of soil contaminants for 
which no practical treatment options exist, options may be limited to various degrees of soil 
removal; and there may be instances in which the regulatory environment is so prescriptive 
as to preclude all but a few stipulated options.

Although the planning and scoping stage is primarily deliberative, in that it involves 
extensive discussion between decision-makers and stakeholders and to a smaller extent with 
risk assessors, it is expected to produce tangible products that are critical for the performance 
of a credible and useful risk assessment (EPA 2003, 2004a). The primary product is a state-
ment, with explanation, of why the assessment is being performed and what it will include 
and exclude (that is, how comprehensive it will be). Other products may be descriptions of 
those involved and their roles (for example, technical, legal, or stakeholder advisers), key 
agreements made and understandings reached among those involved, the resources (such as 
budgets, staff, data, and models) required by or available to the assessment, and the sched-
ule to be followed (including provision for timely and adequate internal and independent 
external peer review). A statement (Box 3-3) often summarizes the end result of the planning 
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and scoping process, describing the specific concerns that the risk assessment will address 
and generally what will be included in its purview. The problem-formulation stage, whose 
specific products are a conceptual model and an analysis plan, develops the specific technical 
details for the assessment laid out during planning and scoping.

Problem Formulation

The extension of the concept of “problem formulation” to human health risk assess-
ment first emerged during a 1991 National Research Council–sponsored risk-assessment 
workshop where the absence of such an activity in health risk assessment and the criticality 
of its use for ecologic risk assessment were discussed (NRC 1993). In 1992, EPA published 
Framework for Ecological Risk Assessment as the first statement of principles for ecologic 
risk assessments, including a further articulation of the concept of problem formulation 
(EPA 1992). The concept reached fruition in the agency’s 1998 Guidelines for Ecological 
Risk Assessment, which superseded the 1992 framework document (EPA 1998). Those 
documents describe methods for conducting conventional single-species, chemical-based 
risk assessments and techniques for assessing risk to ecosystems from multiple exposures 
(or stressors) and multiple effects (or end points) (EPA 1991). For several reasons, ecologic 
risk assessments in the United States have generally placed a greater emphasis on problem 
formulation than have human-health risk assessments (Moore and Biddinger 1996). But by 
emphasizing completion of problem formulation early, the ecologic-risk framework provides 
a clear procedural advantage over the existing human health risk framework in achieving 
an assessment that can be used to inform a management decision. The advantage is derived 
from having decision-makers and stakeholders as active participants from the beginning of 
an assessment rather than passively awaiting receipt of the results.

The problem-formulation stage sketches out the technical implications and decisions that 
are implied by the discussions that occur among decision-makers and stakeholders during 
planning and scoping so that risk assessors can proceed with the technical aspects of the as-
sessment in a manner consistent with the decision context. This stage translates the results of 
the planning and scoping stage into two critical products: a conceptual model that explicitly 
identifies the stressors, sources, receptors, exposure pathways, and potential adverse human 
health effects that the risk assessment will evaluate and an analysis plan (or work plan) that 
outlines the analytic and interpretive approaches that will be used in the risk assessment. 
The general concern and approach articulated in the summary statement developed during 
scoping are given greater detail in a study-specific conceptual model. The model comprises 
both graphic illustrations (see Figure 3-2) and narrative descriptions that explicitly identify 

BOX 3-3 Planning and Scoping: An Example Summary Statement

“Air toxics emissions may be causing increased long-term inhalation health risk (both cancer and 
noncancer concerns) to people in the immediate vicinity of Acme Refining Company. A modeling risk 
assessment will be performed to evaluate potential long-term human health impacts of inhalation ex-
posures to all air toxics emitted by the facility. Inhalation risks for populations within 50 km of the Acme 
property boundary will be assessed under residential exposure conditions. Noninhalation pathways will 
not be assessed for either human or ecological receptors” (EPA 2004a, Chapter 5).
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sources, contaminants of concern (stressors), exposure pathways, potential receptors, and 
adverse human health effects that the risk assessment is going to evaluate.

The review of the conceptual model led to significant savings in the application of the model 
for calculating air dispersion, exposure and risk estimation. More than a third of the possible 
analyses were shown to be unnecessary to address the problem formulated in the planning 
and scoping discussion [EPA 2002, p. E-6].

For important risk assessments, particularly controversial or precedent-setting ones, 
it may be advisable that the scientific and technical credibility of the conceptual model be 
examined with a peer-review process. Although the conceptual model serves as a guide for 
determining what types, amount, and quality of data are needed for the assessment to ad-
dress the issues and concerns of interest to decision-makers, the analysis plan matches each 
element of the conceptual model with the analytic approach that the assessors initially intend 
to use to develop data or otherwise represent that element. Box 3-4 lists some of the major 
elements of an analysis plan (from EPA 2004a).

BOX 3-4 Major Elements of an Analysis Plan

Sources   How will information on the sources in the analysis (e.g., source location, 
important release parameters) be obtained and analyzed?

Pollutants  How will chemicals of potential concern (COPC) be confirmed and their 
emissions values be estimated?

Exposure pathways  How will the identified exposure pathways be assessed? How will ambient 
concentrations be estimated?

Exposed populations(s)  How will exposures to populations of interest be characterized? How will 
their exposure concentrations be estimated? What will be the temporal 
resolution? What sensitive subpopulations may be affected?

End points  How will information on the toxicity of the COPC be obtained (what 
are the data sources)? What risk metrics will be derived for the risk 
characterization?

In addressing the above aspects of the analysis, the plan should also clearly describe the following:

•	 How will quality be ensured in each step (e.g., what will be included in the quality assurance/
quality control plans)?

•	 How will uncertainty and variability in the results be assessed?
•	 How will all stages of the assessment be documented?
•	 Who are the participants and what are their roles and responsibilities in the various 

activities?
•	 What is the schedule for each step (including milestones)?
•	 What are the resources (e.g., time, money, personnel) being allocated for each step?

Source: EPA 2004a. 
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Recognition of the Need to Strengthen the Use of Formative Design Stages

The specific nature and needs of the decision environment are often neglected in risk 
assessment, if there is no systematic approach (Crawford-Brown 1999). It is increasingly 
clear that even “the highest-quality risk assessment is worthless if it does not address the 
needs of the decision-maker” (Suter 2006, p. 4). EPA guidance documents make it evident 
that the agency recognizes, at least in theory, that “[planning and scoping] may be the most 
important step in the risk assessment process” and that “without adequate [planning and 
scoping], most risk assessments will not succeed in providing the type of information that 
risk management needs to make a well founded decision” (EPA 2004a, p. 5-9). Similar ideas 
were also expressed in a report on EPA risk-assessment practices by GAO (2006). EPA has 
also observed that many of the shortcomings or failures of ecologic risk assessments can be 
traced to a weakness in or lack of problem formulation (CENR 1999).

Both the planning and scoping and problem-formulation stages are necessary to ensure 
that the form and content of a risk assessment are determined by the nature of the decision 
to be supported. Both stages offer opportunities to reach some level of consensus on how to 
proceed (for example, with respect to regulatory context and objectives, scientific objectives, 
data needs, or reasonably expected limitations) in an assessment so that its results will be 
useful and informative to decision-makers. Those stages also offer excellent opportunities 
to give risk communication an early and pivotal role in the overall risk-assessment process 
rather than allowing it to become an afterthought. Although both planning and scoping and 
problem formulation can be challenging and time-consuming, the time and effort are usually 
well spent and have been shown to result in risk assessments that are more useful to and 
better accepted by decision-makers (EPA 2002, 2003, 2004a).

The incorporation of those stages in the risk-assessment process is, however, still incon-
sistent. For example, both stages are missing from EPA’s new cancer guidelines and from the 
current Office of Solid Waste and Emergency Response risk-assessment protocol for combus-
tion facilities (EPA 2005a,b). Thus, although the stages are now widely acknowledged, at 
least conceptually, as critical for the success of a risk assessment (particularly for complex, 
controversial, or precedent-setting assessments) and guidance for their conduct is available, 
the question remains as to whether EPA or other public agencies, the regulated community, 
or their contractors are taking full advantage of them to focus, refine, and improve human 
health and ecologic risk-assessment efforts. The question warrants attention in that contin-
ued inattention to the importance of planning and scoping and of problem formulation can 
be expected to yield human health risk assessments (by EPA and others) that fail to reach 
their full potential in providing support to decision-makers and others seeking solutions to 
environmental and health concerns.

INCORPORATINg vALUE-OF-INFORMATION  
PRINCIPLES IN FORMATIvE AND ITERATIvE DESIgN

Scylla and Charybdis:2 Navigating the Twin Hazards of 
Uncertainty and Delay in Decision Support

The combination of the magnitude and the practical irreducibility of key uncertainties 
and their impact on decision-making constitute the core challenge in efforts to achieve a 

2 Scylla and Charybdis are two sea monsters of Greek mythology. They were located on opposite sides of a 
narrow strait such that they posed an inescapable choice in that avoiding Scylla (a six-headed monster) required 
passing too closely to Charybdis (presenting a whirlpool hazard) and vice versa.
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robust yet practical approach to public-health and environmental risk management. The 
combination of uncertainty and the prospect of delaying important decisions constitute a 
key hazard in navigating the difficult waters of health and environmental decision-making. 
To an extent, it can be argued that the conflict is inherent in a decision-making environment 
that, while valuing a timely decision, places a large premium on the often-repeated yet ill-
defined goal that the decision be “scientific,” “based on sound science,” or “based on the 
best available science.” The nature of the conflict can be understood by recalling that the 
scientific process of seeking the truth, by design and to its great credit, has no natural end 
point. Also by design, the training of scientists and such embedded traditions as applying 
tests of statistical significance instill the value of prudence and the “due-process” tasks of 
peer review, replication, and scientific debate before a conclusion can be said to be based 
in science. The idea that there are risks (for example, prolonged exposure to a hazard, or 
stress in the community awaiting an assessment of health risks) that may be associated with 
waiting for a particular study to be completed or for a scientific consensus to emerge is not 
readily incorporated into the standard scientific paradigm. 

The lack of established “stopping criteria” in science contributes to the conflict wherein 
any attempt to put an end to or otherwise constrain scientific inquiry and debate to meet 
regulatory or legal deadlines or, perhaps most problematically, to achieve an abstract notion 
of timeliness can lead to the accusation that the corresponding decision is “unscientific.” In 
pursuing the goal of timely decision-making, there is an inherent conflict between meeting 
the requirements associated with the goal of knowing and the requirements associated with 
the more pragmatic goal of deciding.

Protection of the public and protection of the scientific knowledge base from Type 1 
errors (that is, avoiding false positives) are not equivalent goals. That fact, somewhat obvi-
ous when considered carefully, is a fundamental source of tension that is not sufficiently 
acknowledged or confronted directly in risk assessment, risk communication, and risk man-
agement practices. Navigating (as opposed to resolving) the conflict between those goals is 
best addressed through its careful consideration by both risk managers and risk assessors 
in the formative and iterative design of risk assessment. To confront that challenge, risk 
managers must see themselves as managing uncertainty and delay as well as managing risk. 
Managing under uncertainty requires diverse strategies that address different aspects of the 
overall decision-making process, including investments to collect, store, and manage infor-
mation; investments to improve the knowledge base, that is, to generate new knowledge; 
formalization of the processes used to collect, use, and process information; formalization 
of processes to calculate and communicate uncertainty; adjustment of the risk-assessment 
process to mitigate the practical impact of the uncertainty on the analytic process; adjust-
ment of the decision-making process to accommodate the consideration of the uncertainty; 
and adjustment of the timing of decision-making in both directions—to delay or to expe-
dite—when uncertainty is acknowledged to be sufficiently great.

It is important to note that the day-to-day work of uncertainty management should not 
be considered the sole domain of analytic experts. It is primarily the responsibility of the risk 
manager to prescribe and implement appropriate accommodations in the overall decision-
making process if the analytic efforts aimed at supporting decisions under great uncertainty 
are to have the desired impact and to ensure that risks associated with delays in decision-
making are balanced by the likelihood and magnitude of any benefit that is believed to be 
associated with proposed enhancements of the knowledge base or with the process of risk 
assessment. Choosing a strategy involves important tradeoffs because any strategy to deal 
with uncertainty will be incomplete and imperfect. The committee believes that one of the 
dominant pathways to improving risk analysis involves correctly matching the uncertainty-
management strategy to the particular demands and resources of the decision-making envi-
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ronments in and outside EPA. This issue is discussed in greater detail in Chapter 4. Ideally, 
the matching process would be expanded to consider the many other decision-makers that 
make use of EPA’s analytic products. 

value of Information: What Makes Information valuable?

A fundamental aspect of decision-making under uncertainty involves the inevitable 
choice between making an immediate decision with the information and analysis available 
and delaying the decision while, for example, more raw information is collected, a more 
refined analytic product is prepared, or consultations with affected parties are conducted. 
Even if delay is not the primary concern, the direct and indirect costs of acquiring the infor-
mation will often need to be considered.

As the most generic analytic framework for valuing information in the context of deci-
sions, value-of-information (VOI) analysis provides a set of methods for optimizing efforts 
and resources to gather, to process, and to apply information to help decision-makers achieve 
their objectives. The application of VOI analysis is illustrated schematically in Figure 3-3.

The Process of Quantitative value-of-Information Analysis

The decision-theoretic process to quantitatively value information begins with analyzing 
the best option available to the decision-maker in a certain state of uncertainty. This serves as 
a baseline scenario with respect to information available to the decision-maker. The process 
then systematically considers when and how the decision-maker’s preferred option might 
be changed if the decision-maker was able to incorporate additional information into the 
decision that was not available in the baseline scenario. This new information is expected 
to either eliminate or reduce the extent of a source of uncertainty.

In VOI analysis, the decision-maker is assumed to change the preferred option only when 
there would be a change in the net expected benefits. Accordingly, in addition to consider-
ation of how likely it is that the preferred decision would change, the process measures how 
much of an increase in benefit would be expected given the additional information. The net 
(or expected) value of gathering information to resolve or reduce uncertainty is calculated by 
weighing the increase in benefits associated with each potential outcome of the information 
collected by the probability of each outcome. This weighing process includes assigning the 
value zero (that is, representing no increase in benefits) for situations where the information 
gathered does not change the decision-maker’s preferred option. 

A critical part of understanding the concept of VOI analysis is to differentiate scientific 
and decision-analytic perspectives on the value of information. In research proposals and in 
the literature, scientists often describe proposed studies as valuable with respect to enhancing 
the overall knowledge base, perhaps with a suggestion that it will inform important deci-
sions. Conversely, the decision-analytic notion of VOI is entirely decision-centric. In a VOI 
analysis, an information source is valued solely on the basis of the probability and magnitude 
of its potential impacts on a specific decision at a specific time with a specific state of prior 
knowledge. Therefore, it is a common and expected result of VOI analysis to estimate that 
an information source, which may otherwise be considered valuable as a general scientific 
matter, has little or no value in support of a particular decision. This happens when the spe-
cific decision is not sensitive to the resolution of the uncertainty that the information source 
addresses. Considering this situation in Figure 3-3, the arrow indicator, which denotes that 
option C is preferred given currently available information, would not be moved much by 
this source of new information. 
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Experience in the Application of value-of-Information Methods

The applications of VOI methods in environmental health decision-making might be 
characterized as sporadic and somewhat academic (Yokota and Thompson 2004). In the 
academic literature, there has been a considerable interest in the use of VOI techniques to 
evaluate various activities within toxicity testing (Lave and Omenn 1986; Lave et al. 1988; 
Taylor et al. 1993; Yokota et al. 2004). Recently Hattis and Lynch (2007) applied a VOI 
framework to assess the expected effect of improved human pharmacodynamic or pharma-
cokinetic variability information on doses deemed to be protective for noncancer effects. 
VOI methods have been employed to estimate value of sampling information in the context 
of environmental remediation (Dakins et al. 1996), and in an assessment of information 
value in the context of alternate control policies for source water protection in a watershed 
impacted by agricultural runoff (Borisova et al. 2005). Other applications can be found in 
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FIgURE 3-3 Schematic of the application of value-of-information analysis to assess the impacts of 
additional studies in a specific decision context. Information opportunities that address uncertainties in 
the baseline model are considered with respect to the changes they would have on the decision-maker’s 
preferred decision option and the associated change in net benefits. The analysis may also consider any 
direct costs (for example, financial) and indirect costs (for example, the health or economic impacts of 
delayed decision-making) associated with the information opportunity. The valuation of information 
is ultimately driven by the decision-maker’s values with respect to the distribution of risks and costs, 
including any costs associated with delayed decisions. 
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the value of improved exposure information in the case of drycleaning operations (Thomp-
son and Evans 1997), and the value of genetic screening options related to prevention of 
beryllium disease (Bartel et al. 2000). 

There is evidence of sporadic interest and research aimed at employing VOI methods at 
EPA. For example, Messner and Murphy (2005) present an analysis of VOI about the quality 
of source water in the context of decisions about investments in drinking water treatment 
plants. In other applications, EPA staff and contractors have applied VOI principles in as-
sessing the value of environmental information systems and human exposure information 
across a class of regulatory decisions (IEc 2000; Koines 2005). 

Prospects for Formal value-of-Information Analysis at EPA

VOI analysis has a number of benefits in support of decision-making compared with 
the more common scientific characterization of the potential value of a study. The intuitive 
and idiosyncratic views of individual scientists and decision-makers tend to place high value 
on information from their own discipline while diminishing the value of information from 
other disciplines. Scientists from all disciplines may devalue information that is not scien-
tifically interesting (for example, that would not be publishable in a scientific journal) even 
if it substantially reduces a critical uncertainty in a risk assessment and the knowledge has 
considerable potential to affect the decision-maker’s choice of the best option. In contrast, 
VOI analysis could provide both a more context-specific and a more objective assessment 
of the decision-centric value of a piece of information or, by extension, the value of an 
information system to a class of decisions that might use it. Despite the potential benefits, 
it is important to note that a VOI analysis is not considered to be generally superior to the 
use of expert scientific judgment about the importance of a scientific investigation; rather, 
it answers a much narrower question about the importance of a study for the outcome of 
a specific decision and is not appropriate as a general measure of the scientific merit and 
broader utility of a study. 

For example, in the context of some specific decision, a VOI analysis might place great 
value on a small survey to estimate the fraction of businesses using a near-obsolete technology 
and very little value on a large, well-designed, and broadly important scientific study when 
considering only the narrow purposes of the specific decision at hand. The decision-maker’s 
preferences for options (perhaps in choosing among options B, C, and D in Figure 3-3) may 
be very sensitive to the level of uncertainty in risk reductions and the costs that would be 
imposed on businesses by a decision that would, for example, forbid the continued use of 
the older technology. In both the risk estimation and the cost estimation, the number of such 
businesses may be an important consideration in this particular decision context. Conversely, 
a scientific study that would contribute to the understanding of the risk and may reduce 
the overall uncertainty in a broadly desirable and scientifically rigorous way may not be 
able to add information that changes the relative desirability of the specific options enough 
to change the decision-maker’s preferred choice. Clearly, there are many other scenarios in 
which scientific investigation is precisely what is required to differentiate adequately among 
available options.

Despite the intellectual appeal of the formal VOI analytic framework and the ever-pres-
ent need for a robust means of assessing information value, the formal VOI paradigm imposes 
a number of challenges that limit its practical and widespread use in the near term. The use 
of the formal VOI framework in environmental health applications has been extensively 
reviewed by Yokota and Thompson (2004). One of their findings relates to the somewhat 
academic status of VOI in this field:
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Rigorous VOI analyses provide opportunities to evaluate strategies to collect information 
to improve EHRM [environmental health risk-management] decisions. This review of the 
methodology and applications shows that advances in computing tools allow analysts to 
tackle problems with greater complexity, although the literature still lacks “real” applica-
tions, probably due to a number of barriers. These barriers include the lack of guidance 
from EPA and others on criteria for standardizing EHRM risk and decision analyses, the 
lack of consensus on values to use for health outcomes, the lack of default distributions for 
frequently used inputs, and inexperience of risk managers and communicators with using 
probabilistic risk results.

There are important considerations in addition to the barriers expressed above. 

• VOI computation can be technically challenging, particularly when one is trying to 
evaluate imperfect information, which is almost always the relevant case. 

• Its analytic formality does not lend itself to being combined with the more common 
deliberative approaches of determining the potential value of information.

• The approach presumes that the analyst can fully describe the change in a decision-
maker’s choices in response to new information. This condition is not very realistic (or at 
least is rarely the case) and is particularly problematic when the decision-making process is 
not rule-driven or whenever the VOI analyst is forced to speculate as to the behavior of the 
decision-maker in response to new information.

• The impact of the new information must be characterized with respect to the result-
ing change in a probability distribution that describes the current level of uncertainty, which 
may not be formally characterized as a probability distribution. 

• Very few technical or policy analysts or decision-makers have had any exposure to 
this type of analysis, suggesting a considerable burden of training. 

• The “value” assigned in a VOI analysis is itself, ultimately, an uncertain quantity. 

A key challenge for uncertainty management in EPA and elsewhere is the need to design 
the risk assessment to support decisions with respect to an explicit array of candidate op-
tions that the decision-maker is likely to consider. Without these options, it is not possible 
to assert a formal decision-centric valuation of information; indeed, in this case, a formal 
VOI analysis cannot even be attempted. A key potential side effect is the perpetuation of 
“incomplete” risk assessments. The perpetuation side effect is a natural result in the absence 
of a well-characterized decision-support context, including a concrete array of decision op-
tions, because there will always be a scientific rationale, as opposed to a decision-centric 
rationale, to continue to gather information, perform or review new studies, and to improve 
technical aspects of a risk assessment. 

The committee recognizes both the advantages of VOI analysis for risk assessment and 
risk management as well as the presence of continuing barriers to the use of formal and 
computational VOI analysis in EPA. As a result, there is likely to be only a small propor-
tion of risk assessments and decision contexts that meet the criteria where a formal VOI is 
possible (for example, having clear decision rules and prior estimates of uncertainty) and for 
which the stakes are high enough to make a VOI analysis cost-effective.

Alternative vOI Methods for Diverse Decision-Making Contexts

As an alternative that is applicable to a larger proportion of decision contexts, the com-
mittee believes that EPA would benefit from developing and applying a structured but less 
quantitative method for assessing the value of new information that captures the essential 
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reasoning embodied in VOI analysis. The essential reasoning in the formal VOI approach 
is based on the explicit characterization of a direct causal link between a specific source of 
new information, the predicted change in the behavior of a decision-maker given this new 
information, and the resulting impro�ement with respect to the decision-maker’s objecti�es 
that can be expected in the presence of the additional knowledge. Essentially, the process 
of valuation would involve the presentation of a qualitative or semiquantitative argument 
(as opposed to formal computation) that describes the causal relationship between the 
knowledge that might come from the considered source of information and the potential 
for improved decision outcomes. The process could also consider the potential for risk in 
delaying the decision until the information is available and is adequately incorporated into 
the decision-support products (either risk assessments or cost assessments). An example of 
the development and application of a structured semiquantitative VOI method, including 
a discussion of the complementary role of these methods, can be found in Hammitt and 
Cave (1991).

valuing Methodologic and Procedural Improvements in Risk-Assessment Design

Earlier in this chapter, the committee described the rationale for placing a great premium 
on aspects of process in risk assessment. When all the combinations of choices of scope and 
technical, consultative, and quality-control methods are considered with the variations in the 
intensity of their application, it could be argued that there are an uncountable number of 
ways in which a risk assessment could be constructed. Such flexibility is generally welcome 
and has the potential to make risk assessment relevant to the broadest possible array of ap-
plications, but it can be problematic. 

The essentially deliberative process of matching opportunities to enhance the risk-
assessment process with the objectives of achieving high-quality decision support may be 
facilitated by using a decision-centric evaluation model that characterizes the impact of 
any proposed enhancements to the risk assessment—and its manifestation in the form of 
a risk-assessment product with corresponding attributes—on the desired objectives of the 
decision-making function. The committee encourages the development of such an evalua-
tion framework for methodologic impro�ements in risk assessment that instills some of the 
concepts of decision-analytic value of information. A schematic of such an evaluation model 
is illustrated in Figure 3-4. 

The proposed evaluation framework would expand the consideration of the casual 
relationship between risk-assessment activity and the quality of decision-making in two 
respects. It would be structured to assist in the relative valuation of the many attributes of 
risk-assessment processes and products that need to be considered in the formative and itera-
tive design process. By relaxing the formality of the VOI approach, it could include a broader 
set of decision-making objectives—such as transparency, timeliness, integration with other 
decision inputs, and compatibility with stakeholder participation—that are less tangible and 
quantifiable but nonetheless critically important in determining the overall decision-support 
�alue of a given activity or effort.

An important aspect of instilling the benefits that are analogous to VOI analysis will be 
in drawing explicit causal linkages, even if expressed qualitatively, between risk-assessment 
design options and the ultimate impact on the decision-making environment. In this way, the 
potential for the “value-of-methods” approach is limited in an analogous way by one of the 
barriers in the formal VOI approach. In VOI analysis, the analyst must know the decision-
maker’s valuation of risk assessment or other quantitative outcomes in sufficient detail as to 
predict a change in the decision-maker’s behavior in response to new information (that is, 
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Figure 3-4.eps
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FIgURE 3-4 Schematic of an analysis of the value of various methodologic opportunities (or “value 
of methods” analysis) to enhance the risk-assessment process and products. The structure mimics the 
standard VOI approach, but focuses on different impacts. In contrast with VOI analysis, the valuation 
of these opportunities is derived from the value system that specifies the desirable attributes of the over-
all process of public-health and environmental decision-making. Whereas VOI analysis considers the 
impact of information on the decision outcome (the “ends”), this type of analysis would consider the 
impact of diverse risk-assessment methods on the overall quality of decision support (the “means”).

predicting their choice among available options, or their choice in setting a single number 
within a continuum). In the value-of-methods approach, the analyst who is contemplating the 
value of a particular risk-assessment method (for example, in choosing among a qualitative, 
quantitative scenario-based, or fully probabilistic characterization of uncertainty) requires 
some way to characterize the change in the decision-support environment that corresponds 
to each of these alternative methods. Further, the analyst would need to know how much 
the different changes in the decision support environment are valued based on the capacity 
of the decision-making process to take advantage of the method, and the institutional values 
of the desirable qualities of decision-making. In order to remove this potential barrier, this 
expression of the valued attributes of decision support would be made highly context spe-
cific (for example, having very different objectives for community-level decision support as 
compared to a national standard-setting process) and would be agreed to and documented 
in the formative stages of risk-assessment design. 
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Weight-of-Evidence and Hazard Classification:  
An Example of a value-of-Methods Question

The phrase weight of e�idence (WOE) is used by EPA and other scientific bodies to 
describe the strength of the scientific inferences that can be drawn from a given body of evi-
dence. In its most common applications in EPA, WOE is used to characterize the hazardous 
(toxic or carcinogenic) properties of chemicals on the basis of an integrated analysis of all 
relevant observational and experimental data. It is increasingly used to describe the strength 
of evidence supporting particular modes of (toxic) action (MOAs) and dose-response rela-
tionships. Because scientific evidence used in WOE evaluations varies greatly among chemi-
cals and other hazardous agents in type, quantity, and quality, it is not possible to describe 
the WOE evaluation in other than relatively general terms. It is thus not unexpected that 
WOE judgments in particular cases can vary among experts and that consensus is sometimes 
difficult to achieve.

Perhaps the most formal WOE activity undertaken in EPA concerns the classification of 
carcinogens. The weighing of evidence from epidemiology and experimental studies pertain-
ing to specific chemicals or chemical mixtures that may be carcinogenic involves substantial 
agency resources and can lead to controversy and extended debate. 

One distinction made in EPA carcinogen classification is whether the available evidence 
is sufficient to establish causality for humans (that is, whether a substance can be labeled as 
a “known” human carcinogen) or falls short and indicates that the agent is a “likely” hu-
man carcinogen. Causal relationships can be more straightforward to establish in well-done 
clinical and (in animals) experimental studies, but an individual observational (epidemiology) 
study typically can establish only a statistical association. A larger body of epidemiologic 
evidence can be sufficient to rule out bias and confounding with sufficient confidence to 
support a causal relationship; with experimental evidence, it may be sufficient to establish 
causality in humans. The weighing of such evidence can be controversial, so such institutions 
as EPA, the International Agency for Research on Cancer (IARC), the Institute of Medicine 
(IOM), and the National Toxicology Program (NTP) have developed practices and classifi-
cation schemes to aid the process of reaching conclusions about the overall evidence. NTP, 
IOM, and IARC convene expert bodies to undertake WOE analyses of carcinogenicity data; 
EPA relies on peer review by expert groups, such as its Science Advisory Board, to vet staff 
findings on carcinogenicity evidence. 

The committee notes that in some cases there does not appear to be substantial value in 
the agency’s making distinctions between certain carcinogenicity classifications. Whether a 
chemical is “carcinogenic in humans” or “likely to be carcinogenic in humans” generally has 
no important influence on the ultimate quantification of risk and the use of risk estimates in 
decision-making. In many regulatory contexts, known human carcinogens may be treated 
no differently from “likely” human carcinogens: risks are estimated for all substances for 
which there is sufficiently convincing evidence of carcinogenicity, irrespective of whether 
human causality has been established, and the risk estimates are not adjusted according to 
the WOE classification.

As a result, once the available evidence, either epidemiologic or experimental, is judged 
sufficient to establish that a given finding of toxicity or carcinogenicity is potentially relevant 
to humans, there may not be the need for further distinctions in classification, except in 
some circumstances as a communication tool. Unless clear reasons are brought forward at 
some stage, such as in the formative design stage of risk assessment, to support the need for 
such a definitive human causality assessment, the committee sees no reason for the agency to 
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spend time and resources to fine-tune the hazard classification in order to settle the question 
of whether the agent is a likely or known cause of the effect in humans.

However, the systematic consideration of evidence in WOE analyses remains important 
as a matter of good scientific practice. Thus, whether the accumulated evidence is sufficient 
to consider a substance potentially hazardous to humans or is sufficient to support a given 
MOA requires a weighing of individual studies and pieces of evidence, and this practice 
should continue. The committee recommends that the agency remain mindful of cases in 
which fine distinctions have little or no impact on the overall use of risk information.

WOE classification provides an example of distinctions between the formal VOI analysis 
and the less formal value-of-methods analysis. The fact that these finer distinctions in WOE 
classification are not used further in risk assessment or in any apparent decision rule used by 
EPA suggests placing no value on the exercise to seek these distinctions, when the potential 
benefit is viewed purely from a formal VOI analysis perspective (as illustrated in Figure 3-3). 
But a WOE classification that distinguishes known from likely carcinogens may be deemed 
by EPA to be required in support of other values associated with risk assessment practice 
(for example, using a “good scientific practices” argument, or as the basis for a simplified 
means of communication of the epistemic status of a claim of carcinogenicity). WOE is an 
example of how EPA may benefit from a structured characterization (as described above and 
illustrated in Figure 3-4) of the exact role of a resource-intensive method in supporting the 
broader goals of public-health and environmental decision-making, which would include, 
among many other aspects, the use of good scientific practices and consideration of good 
communication practices. The method would require a more explicit valuation of important 
attributes of quality in decision support.

CONCLUSIONS 

• The nature of health and environmental risk management places great demands on 
both the processes and the products of risk assessment. In reviewing the history and many 
objectives of risk assessment, the committee finds that a more aggressive formative design 
stage is critical for the future success of risk assessment. The design should reflect the many 
objectives of the decision-making function and maintain this focus throughout the life cycle 
of the assessment. 

• The key role of design in risk assessment is captured in current EPA guidance for 
ecologic risk assessment and cumulative human health risk assessment and embodied in the 
tasks of planning and scoping and problem formulation. 

• A key design consideration for risk assessment lies in the potential for a poorly 
designed risk-assessment process to contribute to increased risk by a number of pathways. 
These include the potential to contribute to excessive delays in decision-making, to divert 
assessment and management attention from competing hazardous concerns, to contribute 
to ill-informed substitution of one risk for another, and to create barriers to inclusion or 
acceptance of risk assessments by various stakeholders.

• Decisions to invest in additional information to support a risk assessment are stan-
dard and important in risk management. The investment can be in the form of direct costs, 
resource costs, or delay. Standard scientific rationales for asserting that a study is important 
may be misleading when considered from a purely decision-centric perspective. The commit-
tee acknowledges the potential for a key beneficial role of VOI analysis in providing an objec-
tive measure of the potential impact of new information on a particular decision. A number 
of barriers to application of formal VOI methods limit its general applicability. However, the 
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underlying structure of VOI analysis in expressing an explicit causal link between informa-
tion, decision-maker behavior, and decision-making objectives is broadly applicable. It can 
be extended to guiding a number of design decisions at the formative and later stages of risk-
assessment design. A value-of-methods analysis would provide an approach for considering 
the impact of opportunities, in the form of specific activities or methods, to enhance a risk 
assessment with respect to the overall quality of decision support and for considering any 
costs associated with the activity or methods. The approach could be applied to assess the 
value of current or proposed risk-assessment activities, for example, in weighing the value of 
advanced methods of uncertainty analysis, weight-of-evidence methods, or the development 
of complex computational models. The approach could also be applied to assess the benefit 
of procedural methods, such as stakeholder consultations, more intensive peer reviews, or 
methods to achieve greater transparency.

RECOMMENDATIONS

• The committee recommends that EPA strengthen its commitment to risk-assessment 
planning. That can be achieved by formally including the requirement for formative and 
iterative design of risk assessments that is user-centric and maintains focus on informing 
decisions.

• The committee recommends formalizing and implementing planning and scoping 
and problem formulation in human health risk assessment and ensuring their continued 
and intensive application in ecologic risk assessment. Important elements of formalization 
would include specification of concrete documentary and related communication products 
that would be expected as the outcomes of these formative design stages, and consideration 
of the feasibility and benefits of explicitly arraying decision-making options as early as pos-
sible in the process in order to focus the analytic tasks in the risk-assessment process.

• The committee recommends that EPA design risk assessments with due consideration 
of the potential for risk-assessment processes to contribute to unintended consequences, 
such as delays in risk-based decision-making that may prolong exposure to risk, diversion 
of attention away from other important risks within EPA’s mandate, and the potential for 
uninformed risk-risk substitutions. 

• The committee recommends that EPA consider the adoption of formal VOI methods 
for highly quantified and well-structured decision-making problems, particularly those with 
very high stakes, clear decision rules, and the possibility of substantial risks associated with 
delays in decision-making. For the great majority of decisions that are not readily amenable 
to formal VOI analysis, the committee recommends that EPA develop a structured evalua-
tion method that exploits, in a less quantitative fashion than formal VOI analysis, a causal 
understanding of the impact of new information in specific decision-making situations. The 
committee further recommends that EPA consider an extension of the structured evaluation 
method, conceptually related to VOI analysis, to assess the potential value of diverse meth-
odologic options in risk assessment with respect to improving the overall quality of decision 
support. 
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Uncertainty and Variability:  
The Recurring and Recalcitrant Elements  

of Risk Assessment 

INTRODUCTION TO THE ISSUES AND TERMINOLOgy

Characterizing uncertainty and variability is key to the human health risk-assessment 
process, which must engage the best available science in the presence of uncertainties and 
difficult-to-characterize variability to inform risk-management decisions. Many of the top-
ics in the committee’s statement of task (Appendix B) address in some way the treatment 
of uncertainty or variability in risk analysis. Some of those topics have existed since the 
early days of environmental risk assessment. For example, Risk Assessment in the Federal 
Go�ernment: Managing the Process (NRC 1983), referred to as the Red Book, addressed 
the use of inference guidelines or default assumptions. Science and Judgment in Risk Assess-
ment (NRC 1994) provided recommendations on defaults, use of quantitative methods for 
uncertainty propagation, and variability in exposure and susceptibility. The role of expert 
elicitation in uncertainty analysis has been considered in other fields for decades, although 
it has only been examined and used in select recent cases by the Environmental Protection 
Agency (EPA). Other topics identified in the committee’s charge whose improvement requires 
new consideration of the best approaches for addressing uncertainty and variability include 
the cumulative exposures to contaminant mixtures involving multiple sources, exposure 
pathways, and routes; biologically relevant modes of action for estimating dose-response 
relationships; models of environmental transport and fate, exposure, physiologically based 
pharmacokinetics, and dose-response relationships; and linking of ecologic risk-analysis 
methods to human health risk analysis. 

Much has been written that addresses the taxonomy of uncertainty and variability and 
the need and options for addressing them separately (Finkel 1990; Morgan et al. 1990; EPA 
1997a,b; Cullen and Frey 1999; Krupnick et al. 2006). There are also several useful guide-
lines on the mechanics of uncertainty analysis. However, there is an absence of guidelines 
on the appropriate degree of detail, rigor, and sophistication needed in an uncertainty or 
variability analysis for a given risk assessment. The committee finds this to be a critical is-

E27.112

http://www.nap.edu/12209


Science and Decisions: Advancing Risk Assessment

Copyright National Academy of Sciences. All rights reserved.

�4 SCIENCE AND DECISIONS: ADVANCING RISK ASSESSMENT

sue. In presentations to the committee (Kavlock 2006; Zenick 2006) and recent evaluations 
of emerging scientific advances (NRC 2006a, 2007a,b), there is the promise of improved 
capacity for assessing risks posed by new chemicals and risks to sensitive populations that 
are left unaddressed by current methods. The reach and depth of risk assessment are sure to 
improve with expanding computer tools, additional biomonitoring data, and new toxicology 
techniques. But such advances will bring new challenges and an increased need for wisdom 
and creativity in addressing uncertainty and variability. New guidelines on uncertainty 
analysis (NRC 2007c) can help enormously in the transition, facilitating the introduction 
of the new knowledge and techniques into agency assessments. 

Characterizing each stage in the risk assessment process—from environmental release 
to exposure to health effect (Figure 4-1)—poses analytic challenges and includes dimensions 
of uncertainty and variability. Consider trying to understand the possible dose received by 
individuals and, on the average, by a population from the application of a pesticide. The 
extent of release during pesticide application may not be well characterized. Once the pes-
ticide is released, the exposure pathways leading to an individual’s exposure are complex 
and difficult to understand and model. Some of the released substance may be transformed 
in the environment to a more or less toxic substance. The resulting overall exposure of the 
community near where the pesticide is released can vary substantially among individuals by 
age, geographic location, activity patterns, eating habits, and socioeconomic status. Thus, 
there can be considerable uncertainty and variability in how much pesticide is received. 
Those factors make it difficult to establish reliable exposure estimates for use in a risk as-
sessment, and they illustrate how the characterization of exposure with a single number can 
be misleading. Understanding the dose-response relationship—the relationship between the 
dose and risk boxes in Figure 4-1—is as complex and similarly involves issues of uncertainty 
and variability. Quantifying the relationship between chemical exposure and the probabil-
ity of an adverse health effect is often complicated by the need to extrapolate results from 
high doses to lower doses relevant to the population of interest and from animal studies to 
humans. Finally, there are interindividual differences in susceptibility that are often difficult 
to portray with confidence. Those issues can delay the completion of a risk assessment (for 
decades in the case of dioxin) or undermine confidence in the public and those who use risk 
assessments to inform and support their decisions.

Discussions of uncertainty and variability involve specific terminology. To avoid confu-
sion, the committee defines in Box 4-1 key terms as it has used them. 

The importance of evaluating uncertainty and variability in risk assessments has 
long been acknowledged in EPA documents (EPA 1989a, 1992, 1997a,b, 2002a, 2004a, 
2006a) and National Research Council reports (NRC 1983, 1994). From the Red Book 
framework and the committee’s emphasis on the need to consider risk management op-
tions in the design of risk assessments (Chapters 3 and 8), it is evident that risk assessors 
must establish procedures that build confidence in the risk assessment and its results. EPA 
builds confidence in its risk assessments by ensuring that the assessment process handles 
uncertainty and variability in ways that are predictable, scientifically defensible, consistent 
with the agency’s statutory mission, and responsive to the needs of decision-makers (NRC 
1994). For example, several environmental statutes speak directly to the issue of protecting 
susceptible and highly exposed people (EPA 2002a, 2005c, 2006a). EPA has accordingly 
developed risk-assessment practices for implementing these statutes, although, as noted 
below and in Chapter 5, the overall treatment of uncertainty and variability in risk assess-
ments can be insufficient. Box 4-2 provides examples of why uncertainty and variability 
are important to risk assessment. 
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FIGURE 4-1 Illustration	of	key	components	evaluated	in	human	health	risk	assessment,	tracking	pol-
lutants	from	environmental	release	to	health	effects.	

In	the	sections	below,	the	committee	first	reviews	approaches	to	address	uncertainty	and	
variability	and	comments	on	whether	and	how	the	approaches	have	been	applied	to	EPA	risk	
assessments.	The	committee	then	focuses	on	uncertainty	and	variability	as	applied	to	each	of	
the	stages	of	the	risk-assessment	process	(as	illustrated	in	Figure	4-1,	which	expands	beyond	
the	four	steps	from	the	Red	Book	to	consider	subcomponents	of	risk	assessment).	The	chapter	
concludes	by	articulating	principles	for	uncertainty	and	variability	analysis,	leaving	detailed	
recommendations	on	specific	aspects	of	the	risk-assessment	process	to	Chapters	5	through	
7.	The	committee	notes	that	elements	of	exposure	assessment	are	not	addressed	extensively	
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BOX 4-1  Terminology Related to Uncertainty and Variabilitya

Accuracy: Closeness of a measured or computed value to its “true” value, where the “true” value is 
obtained with perfect information. Owing to the natural heterogeneity and stochastic nature of many 
biologic and environmental systems, the “true” value may exist as a distribution rather than a discrete 
value. 

Analytic model: A mathematical model that can be solved in closed form. For example, some model 
algorithms that are based on relatively simple differential equations can be solved analytically to 
provide a single solution.

Bias: A systematic distortion of a model result or value due to measurement technique or model 
structure or assumption.

Computational model: A model that is expressed in formal mathematics with equations, statistical 
relationships, or a combination of the two and that may or may not have a closed-form representa-
tion. Values, judgment, and tacit knowledge are inevitably embedded in the structure, assumptions, 
and default parameters, but computational models are inherently quantitative, relating phenomena 
through mathematical relationships and producing numerical results. 

Deterministic model: A model that provides a single solution for the stated variables. This type of 
model does not explicitly simulate the effects of uncertainty or variability, as changes in model outputs 
are due solely to changes in model components.

Domain (spatial and temporal): The limits of space and time that are specified in a risk assessment 
or risk-assessment component.

Empirical model: A model that has a structure based on experience or experimentation and does 
not necessarily have a structure informed by a causal theory of the modeled process. This type of 
model can be used to develop relationships that are useful for forecasting and describing trends in 
behavior but may not necessarily be mechanistically relevant. Empirical dose-response models can 
be derived from experimental or epidemiologic observations.

Expert elicitation: A process for obtaining expert opinions about uncertain quantities and probabili-
ties. Typically, structured interviews and questionnaires are used in such elicitation. Expert elicitation 
may include “coaching” techniques to help the expert to conceptualize, visualize, and quantify the 
quantity or understanding being sought.

Model: A simplification of reality that is constructed to gain insights into select attributes of a particu-
lar physical, biologic, economic, or social system. Mathematical models express the simplification in 
quantitative terms.

Parameters: Terms in a model that determine the specific model form. For computational models, 
these terms are fixed during a model run or simulation, and they define the model output. They can 
be changed in different runs as a method of conducting sensitivity analysis or to achieve calibration 
goals. 

Precision: The quality of a measurement that is reproducible in amount or performance. Measure-
ments can be precise in that they are reproducible but can be inaccurate and differ from “true” values 
when biases exist. In risk-assessment outcomes and other forms of quantitative information, precision 
refers specifically to variation among a set of quantitative estimates of outcomes.

Reliability: The confidence that (potential) users should have in a quantitative assessment and in the 
information derived from it. Reliability is related to both precision and accuracy.

Sensitivity: The degree to which the outputs of a quantitative assessment are affected by changes 
in selected input parameters or assumptions.

Stochastic model: A model that involves random variables (see definition of variable below). 

Susceptibility: The capacity to be affected. Variation in risk reflects susceptibility. A person can 
be at greater or less risk relative to the person in the population who is at median risk because of 
such characteristics as age, sex, genetic attributes, socioeconomic status, prior exposure to harmful 
agents, and stress. 

Variable: In mathematics, a variable is used to represent a quantity that has the potential to change. 
In the physical sciences and engineering, a variable is a quantity whose value may vary over the 
course of an experiment (including simulations), across samples, or during the operation of a system. 
In statistics, a random variable is one whose observed outcomes may be considered outcomes of a 
stochastic or random experiment. Their probability distributions can be estimated from observations. 
Generally, when a variable is fixed to take on a particular value for a computation, it is referred to as 
a parameter. 

Variability: Variability refers to true differences in attributes due to heterogeneity or diversity. Variability 
is usually not reducible by further measurement or study, although it can be better characterized.

Vulnerability: The intrinsic predisposition of an exposed element (person, community, population, or 
ecologic entity) to suffer harm from external stresses and perturbations; it is based on variations in 
disease susceptibility, psychological and social factors, exposures, and adaptive measures to antici-
pate and reduce future harm, and to recover from an insult. 

Uncertainty: Lack or incompleteness of information. Quantitative uncertainty analysis attempts to 
analyze and describe the degree to which a calculated value may differ from the true value; it some-
times uses probability distributions. Uncertainty depends on the quality, quantity, and relevance of 
data and on the reliability and relevance of models and assumptions.

a Compiled or adapted from NRC (2007d) and IPCS (2004).

in further chapters, as compared with other steps in the risk-assessment process, given our 
judgment that previous reports had sufficiently addressed many key elements of exposure 
assessment and that the exposure-assessment methods that EPA has developed and used in 
recent risk assessments generally reflect good technical practice, other than the overarching 
issues related to uncertainty and variability analysis and decisions about the appropriate 
analytic scope for the decision context.
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BOX 4-1  Terminology Related to Uncertainty and Variabilitya

Accuracy: Closeness of a measured or computed value to its “true” value, where the “true” value is 
obtained with perfect information. Owing to the natural heterogeneity and stochastic nature of many 
biologic and environmental systems, the “true” value may exist as a distribution rather than a discrete 
value. 

Analytic model: A mathematical model that can be solved in closed form. For example, some model 
algorithms that are based on relatively simple differential equations can be solved analytically to 
provide a single solution.

Bias: A systematic distortion of a model result or value due to measurement technique or model 
structure or assumption.

Computational model: A model that is expressed in formal mathematics with equations, statistical 
relationships, or a combination of the two and that may or may not have a closed-form representa-
tion. Values, judgment, and tacit knowledge are inevitably embedded in the structure, assumptions, 
and default parameters, but computational models are inherently quantitative, relating phenomena 
through mathematical relationships and producing numerical results. 

Deterministic model: A model that provides a single solution for the stated variables. This type of 
model does not explicitly simulate the effects of uncertainty or variability, as changes in model outputs 
are due solely to changes in model components.

Domain (spatial and temporal): The limits of space and time that are specified in a risk assessment 
or risk-assessment component.

Empirical model: A model that has a structure based on experience or experimentation and does 
not necessarily have a structure informed by a causal theory of the modeled process. This type of 
model can be used to develop relationships that are useful for forecasting and describing trends in 
behavior but may not necessarily be mechanistically relevant. Empirical dose-response models can 
be derived from experimental or epidemiologic observations.

Expert elicitation: A process for obtaining expert opinions about uncertain quantities and probabili-
ties. Typically, structured interviews and questionnaires are used in such elicitation. Expert elicitation 
may include “coaching” techniques to help the expert to conceptualize, visualize, and quantify the 
quantity or understanding being sought.

Model: A simplification of reality that is constructed to gain insights into select attributes of a particu-
lar physical, biologic, economic, or social system. Mathematical models express the simplification in 
quantitative terms.

Parameters: Terms in a model that determine the specific model form. For computational models, 
these terms are fixed during a model run or simulation, and they define the model output. They can 
be changed in different runs as a method of conducting sensitivity analysis or to achieve calibration 
goals. 

Precision: The quality of a measurement that is reproducible in amount or performance. Measure-
ments can be precise in that they are reproducible but can be inaccurate and differ from “true” values 
when biases exist. In risk-assessment outcomes and other forms of quantitative information, precision 
refers specifically to variation among a set of quantitative estimates of outcomes.

Reliability: The confidence that (potential) users should have in a quantitative assessment and in the 
information derived from it. Reliability is related to both precision and accuracy.

Sensitivity: The degree to which the outputs of a quantitative assessment are affected by changes 
in selected input parameters or assumptions.

Stochastic model: A model that involves random variables (see definition of variable below). 

Susceptibility: The capacity to be affected. Variation in risk reflects susceptibility. A person can 
be at greater or less risk relative to the person in the population who is at median risk because of 
such characteristics as age, sex, genetic attributes, socioeconomic status, prior exposure to harmful 
agents, and stress. 

Variable: In mathematics, a variable is used to represent a quantity that has the potential to change. 
In the physical sciences and engineering, a variable is a quantity whose value may vary over the 
course of an experiment (including simulations), across samples, or during the operation of a system. 
In statistics, a random variable is one whose observed outcomes may be considered outcomes of a 
stochastic or random experiment. Their probability distributions can be estimated from observations. 
Generally, when a variable is fixed to take on a particular value for a computation, it is referred to as 
a parameter. 

Variability: Variability refers to true differences in attributes due to heterogeneity or diversity. Variability 
is usually not reducible by further measurement or study, although it can be better characterized.

Vulnerability: The intrinsic predisposition of an exposed element (person, community, population, or 
ecologic entity) to suffer harm from external stresses and perturbations; it is based on variations in 
disease susceptibility, psychological and social factors, exposures, and adaptive measures to antici-
pate and reduce future harm, and to recover from an insult. 

Uncertainty: Lack or incompleteness of information. Quantitative uncertainty analysis attempts to 
analyze and describe the degree to which a calculated value may differ from the true value; it some-
times uses probability distributions. Uncertainty depends on the quality, quantity, and relevance of 
data and on the reliability and relevance of models and assumptions.

a Compiled or adapted from NRC (2007d) and IPCS (2004).

UNCERTAINTy IN RISk ASSESSMENT

Uncertainty is foremost among the recurring themes in risk assessment. In quantitative 
assessments, uncertainty refers to lack of information, incomplete information, or incorrect 
information. Uncertainty in a risk assessment depends on the quantity, quality, and relevance 
of data and on the reliability and relevance of models and inferences used to fill data gaps. 
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BOX 4-2  Some Reasons Why It Is Important to  
Quantify Uncertainty and Variability

Uncertainty

•	 Characterizing uncertainty in risk informs the affected public about the range of possible risks 
from an exposure that they may be experiencing. Risk estimates sometimes diverge widely. 

•	 Characterizing the uncertainty in risk associated with a given decision informs the decision-
maker about the range of potential risks that result from the decision. That helps in evaluating any 
decision alternative on the basis of the possible risks, including the most likely and the worst ones; it 
also informs the public.

•	 Mathematically, it is often not possible to understand what may occur on average without 
understanding what the possibilities are and how probable they are. 

•	 The value of new research or alternative research strategies can be assessed by considering 
how much the research is expected to reduce the overall uncertainty in the risk estimate and how the 
reduction in uncertainty leads to different decision options. 

•	 Although the committee is not aware of any research to prove it, there is a strong sense among 
risk assessors that acknowledging uncertainty adds to the credibility and transparency of the decision-
making process. 

Variability

•	 Assessing variability in risk enables the development of risk-management options that focus on 
the people at greatest risk rather than on population averages. For example, the risk from exposures to 
particular vehicle emissions varies in a population and can be much higher in those close to roadways 
than the population average. That has implications for zoning and school-siting decisions.

•	 Understanding how the population may vary in risk can facilitate understanding of the shape 
of the dose-response curve (see Chapter 5). Greater use of genetic markers for factors contributing to 
variability can support this effort.

•	 It is often not possible to estimate an average population risk without knowing how risk varies 
among individuals in the population.

•	 On the basis of understanding how different exposures may affect risk, people might alter 
their own level of risk, for example, by filtering their drinking water or eating fewer helpings of swordfish 
(which is high in methyl mercury).

•	 The aims of environmental justice are furthered when it becomes clear that some community 
groups are at greater risk than the overall group and policy initiatives are undertaken to rectify the 
imbalance.

For example, the quantity, quality, and relevance of data on dietary habits and a pesticide’s 
fate and transport will affect the uncertainty of parameter values used to assess population 
variability in the consumption of the pesticide in food and drinking water. The assumptions 
and scenarios applied to address a lack of data on how frequently a person eats a particular 
food affect the mean and variance of the intake and the resulting risk distribution. It is the 
risk assessor’s job to communicate not only the nature and likelihood of possible harm but 
the uncertainty in the assessment. One of the more significant types of uncertainties in EPA 
risk assessments can be characterized as “unknown unknowns”—factors that the assessor is 
not aware of. These uncertainties cannot be captured by standard quantitative uncertainty 
analyses, but can only be addressed with an interactive approach that allows timely and 
effective detection, analysis, and correction.

EPA’s practices in uncertainty analysis are reviewed below. The discussion of practice 
begins by considering EPA’s use of defaults. An expanded treatment of uncertainty beyond 
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defaults requires additional techniques. Specific analytic techniques that EPA has used or 
could use in these contexts are discussed below, including Monte Carlo analysis for quantita-
tive uncertainty analysis, expert elicitation, methods for addressing model uncertainty, and 
addressing uncertainty in risk comparisons. In parallel, the conduct of assessments (including 
uncertainty analysis) that are appropriate in complexity for risk-management decisions is 
discussed with considerations for uncertainty analyses used to support risk-risk, risk-benefit, 
and cost-benefit comparisons and tradeoffs. 

The Environmental Protection Agency’s Use of  
Available Methods for Addressing Uncertainty

EPA’s treatment of uncertainty is evident both in its guidance documents and from a 
review of important risk assessments that it has conducted (EPA 1986, 1989a,b, 1997a,b,c, 
2001, 2004a, 2005b). The agency’s guidance follows in large part from recommendations 
in the Red Book (NRC 1983) and other National Research Council reports (for example, 
NRC 1994, 1996). 

Use of Defaults

As described in the Red Book, because of large inherent uncertainties, human health risk 
assessment “requires judgments to be made when the available information is incomplete” 
(NRC 1983, p. 48). To ensure that the judgments are consistent, explicit, and not unduly 
influenced by risk-management considerations, the Red Book recommended that so-called 
“inference guidelines,” commonly referred to as defaults, be developed independently of any 
particular risk assessment (p. 51). Science and Judgment in Risk Assessment (NRC 1994) 
reaffirmed the use of defaults as a means of facilitating the completion of risk assessments. 
EPA often relies on default assumptions when “the chemical- and/or site-specific data are 
unavailable (i.e., when there are data gaps) or insufficient to estimate parameters or resolve 
paradigms . . . to continue with the risk assessment” (EPA 2004a, p. 51). Defaults which 
are the focus of controversy and debate are often needed to complete cancer-hazard iden-
tification and dose-response assessment. Because of their importance and the need to ad-
dress some of the above concerns, the committee devotes Chapter 6 to default assumptions. 
Consideration is given to how risk assessments can use emerging methods to characterize 
uncertainties more explicitly while conveying the information needed to inform near-term 
risk-management decisions.

Some approaches based on defaults lead to confusion about levels of uncertainty. For 
example, EPA estimates cancer risk from the results of animal studies based on default as-
sumptions and then applies likelihood methods to fit models to tumor data and character-
izes the dose-response relationship with the lower 95% confidence bound typically on a 
dose that causes a 10% tumor response beyond background (see Chapter 5). In the past, it 
estimated the upper 95% confidence bound in the linear term in the multistage polynomial, 
that is, the “cancer potency.” It usually does not show the opposite bound or other points 
in the distribution. EPA’s approach is reasonable, but it can lead to misunderstanding when 
the bounds on the final risk calculations are overinterpreted, for example, when bounds 
are discussed as characterizing the full range of uncertainty in the assessment. When a new 
study shows a higher upper bound on the potency or a lower bound on the risk-specific 
dose, it may appear that uncertainty has increased with further study. From a strictly Bayes-
ian perspective, additional information can never increase uncertainty if the underlying 
distributional structure of uncertainty is correctly specified. However, when mischaracter-
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ized and misunderstood, the framework for defaults used by EPA can make it appear that 
uncertainty is increasing. For example, suppose that there was an epidemiologic study of the 
effects of an environmental contaminant, and suppose that the degree of overall uncertainty 
is incorrectly characterized by the parameter uncertainty in fitting a dose-response slope to 
the results of that single study. If a second study caused EPA to select an alternative value 
for the dose-response slope, the risk estimate would change. The uncertainty conditional on 
one or the other causal model may or may not change. Chapters 5 and 6 suggest approaches 
to establishment of defaults and uncertainty characterization that may encourage research 
that could reduce key uncertainties. 

Quantitative Uncertainty Analysis

In a quantitative uncertainty analysis (QUA), both uncertainty and variability in differ-
ent components of the assessment (emissions, transport, exposure, pharmacokinetics, and 
dose-response relationship) are combined by using an uncertainty-propagation method, 
such as Monte Carlo simulation, with two-stage Monte Carlo analysis utilized to separate 
uncertainty and variability to the extent possible. This approach has been referred to as 
probabilistic risk assessment, but the committee prefers to avoid this term because of its 
association with fault-tree analysis in engineering. The use of the term QUA to encompass 
variability as well as uncertainty is awkward, but we use this term going forward to be 
consistent with its usage elsewhere.

In the federal government, an early user of QUA was the Nuclear Regulatory Com-
mission. In the mid-1970s, the Nuclear Regulatory Commission used QUA that involved 
considerable use of expert judgment to characterize the likelihood of nuclear reactor failure 
(USNRC 1975). QUA became more commonly used in EPA in the late 1980s. EPA has 
since been encouraging the use of QUA in many programs, and the computational methods 
required have become more readily available and practicable. 

An example of the evolution of the use of QUA in EPA is its risk-assessment guidance 
for Superfund. The 1989 Risk Assessment Guidance for Superfund (RAGS), Volume 1 (EPA 
1989a) and supporting guidance describe a point-estimate (single-value) approach to risk as-
sessment. The output of the risk equation is a point estimate that could be a central-tendency 
exposure estimate of risk (for example, the mean or median risk) or reasonable-maximum-
exposure (RME) estimate of risk (for example, the risk expected if the RME occurred), 
depending on the input values used in the risk equation. But RAGS, Volume 3, Part A (EPA 
2001) describes a probabilistic approach that uses probability distributions for one or more 
variables in a risk equation to characterize variability and uncertainty quantitatively. 

The common practice of choosing high percentile values (ensuring one-sided confidence) 
for multiple uncertain variables provides results that are probably above the median but still 
at an unknown percentile of the risk distribution (EPA 2002a). QUA techniques, such as 
those in RAGS, Volume 3, can address this issue in part, but a few major concerns regard-
ing their use in EPA remain. First, they require training to be used appropriately. Second, 
even if they are used appropriately, their outputs may not be easily understood by deci-
sion-makers. So training is recommended not only for risk assessors but for risk managers 
(see recommendations in Chapter 2). Third and perhaps most important, in many contexts, 
the data may not be available to characterize all input distributions fully, in which case the 
assessment either involves subjective judgments or systematically omits key uncertainties. 
For formal QUA to be most informative, the treatment of uncertainty should, to the extent 
feasible, be homologous among components of the risk assessment (exposure, dose, and 
dose-response relationship). 
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The differential treatment of uncertainty among components of a risk assessment 
makes the communication of overall uncertainty difficult and sometimes misleading. For 
example, in EPA’s regulatory impact analysis for the Clean Air Interstate Rule (EPA 2005c), 
formal probabilistic uncertainty analysis was conducted with the Monte Carlo method, but 
this considered only sampling variability in epidemiologic studies used for dose-response 
functions and in valuation studies. EPA used expert elicitation for a more comprehensive 
characterization of dose-response relationship uncertainty, but this was not integrated into 
a single output distribution. Within the quantitative uncertainty analysis, emissions and fate 
and transport modeling outputs were assumed to be known with no uncertainty. Although 
EPA explicitly acknowledged the omitted uncertainty in a qualitative discussion, it was not 
addressed quantitatively. The 95% confidence intervals reported did not reflect the actual 
confidence level, because the important uncertainties in other components were not included. 
The training mentioned above therefore should not only be related to the mechanical aspects 
of software packages but address issues of interpretability and the goal of treating uncertainty 
consistently among all components of risk assessment. 

An earlier National Research Council committee (NRC 2002) and the EPA SAB (2004) 
also raised concerns about the inconsistent approach to uncertainty characterization. How-
ever, it is important to recognize that there are some uncertainties in environmental and 
health risk assessments that defy quantification (even by expert elicitation) (IPCS 2006; NRC 
2007d) and that inconsistency in approach will be an issue to grapple with in risk charac-
terization for some time to come. The call for homologous treatment of uncertainty should 
not be read as a call for “least-common-denominator” uncertainty analysis, in which the 
difficulty of characterizing uncertainty in one dimension of the analysis leads to the omission 
of formal uncertainty analysis in other components. 

Use of Expert judgment1

It often happens in practice that empirical evidence on some components of a risk as-
sessment is insufficient to establish uncertainty bounds and evidence on other components 
captures only a fraction of the total uncertainty. When large uncertainties result from a com-
bination of lack of data and lack of conceptual understanding (for example, a mechanism 
of action at low dose), some regulatory agencies have relied on expert judgment to fill the 
gaps or establish default assumptions. Expert judgment involves asking a set of carefully 
selected experts a series of questions related to a specific array of potential outcomes and 
usually providing them with extensive briefing material, training activities, and calibration 
exercises to help in the determination of confidence intervals. Formal expert judgment has 
been used in risk analysis since the 1975 Reactor Safety Study (USNRC 1975), and there 
are multiple examples in the academic literature (Spetzler and von Holstein 1975; Evans et 
al. 1994; Budnitz et al. 1998; IEc 2006). EPA applications have been more limited, perhaps 
in part because of institutional and statutory constraints, but interest is growing in the 
agency. The 2005 Guidelines for Carcinogen Risk Assessment (EPA 2005b, p. 3-32) state 
that “these cancer guidelines are flexible enough to accommodate the use of expert elicita-
tion to characterize cancer risks, as a complement to the methods presented in the cancer 
guidelines.” A recent study of health effects of particulate matter used expert elicitation to 
characterize uncertainties in the concentration-response function for mortality from fine 
particulate matter (IEc 2006). 

Expert elicitation can provide interesting and potentially valuable information, but some 

1 Expert judgment is analogous to the term expert elicitation.
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critical issues remain to be addressed. It is unclear precisely how EPA can use this informa-
tion in its risk assessments. For example, in its regulatory impact analysis of the National 
Ambient Air Quality Standard for PM2.5 (particulate matter no larger than 2.5 μm in aero-
dynamic diameter), EPA did not use the outputs of the expert elicitation to determine the 
confidence interval for the concentration-response function for uncertainty propagation but 
instead calculated alternative risk estimates corresponding to each individual expert’s judg-
ment with no weighting or combining of judgments (EPA 2006b). It is unclear how that type 
of information can be used productively by a risk manager, inasmuch as it does not convey 
any sense of the likelihood of various values, although seeing the range and commonality 
of judgments of individual experts may be enlightening. Formally combining the judgments 
can obscure the degree of their heterogeneity, and there are important methodologic debates 
on the merits of weighing expert opinions on the basis of their performance on calibration 
exercises (Evans et al. 1994; Budnitz et al. 1998). Two other problems are the need to com-
bine incompatible judgments or models and the technical issue of training and calibration 
when there is a fundamental lack of knowledge and no opportunity for direct observation 
of the phenomenon being estimated (for example, the risk of a particular disease at an 
environmental dose). Although methods have been developed to address various biases in 
expert elicitation, expert mischaracterization is still expected (NRC 1996; Cullen and Small 
2004). Some findings about judgment in the face of uncertainty that can apply to experts 
are provided in Box 4-3. Other practical issues are the cost of and time required for expert 
elicitation, management of conflict of interest, and the need for a substantial evidence base 
on which the experts can draw to make expert elicitation useful.

Given all of those limitations, there are few settings in which expert elicitation is likely to 
provide information necessary for discriminating among risk-management options. The com-
mittee suggests that expert elicitation be kept in the portfolio of uncertainty-characterization 

BOX  4-3  Cognitive Tendencies That Affect Expert Judgment

Availability: The tendency to assign greater probability to commonly encountered or frequently men-
tioned events.

Anchoring and adjustment: The tendency to be over-influenced by the first information seen or pro-
vided in an initial problem formulation.

Representativeness: The tendency to judge an event by reference to another that in the eye of the 
expert resembles it, even in the absence of relevant information.

Disqualification: The tendency to ignore data or strongly discount evidence that contradicts strongly 
held convictions.

Belief in “law of small numbers”: The tendency of scientists to believe small samples from a popula-
tion to be more representative than is justified.

Overconfidence: The tendency of experts to overestimate the probability that their answers are 
correct.

Source:  Adapted from NRC 1996; Cullen and Small 2004.
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options available to EPA but that it be used only when necessary for decision-making and 
when evidence to support its use is available. The general concept of determining the level 
of sophistication in uncertainty analysis (which could include expert elicitation or complex 
QUA) based on decision-making needs is outlined in more detail below. 

Level of Uncertainty Analysis Needed

The discussion of the variety of ways in which EPA has dealt with uncertainty—from 
defaults to standard QUA to expert elicitation—raises the question of the level of analysis 
that is needed in any given problem. A careful assessment of when a detailed assessment of 
uncertainty is needed may avoid putting additional analytic burdens on EPA staff or limiting 
the ability of EPA staff to complete timely assessments. Formal QUA is not necessary and 
not recommended for all risk assessments. For example, for a risk assessment conducted 
to inform a choice among various control strategies, if a simple (but informative and com-
prehensive) evaluation of uncertainties reveals that the choice is robust with respect to key 
uncertainties, there is no need for a more formal treatment of uncertainty. More complex 
characterization of uncertainty is necessary only to the extent that it is needed to inform 
specific risk-management decisions. It is important to address the extent and nature of 
uncertainty analysis needed in the planning and scoping phase of a risk assessment (see 
Chapter 3).

For many problems, an initial sensitivity analysis can help determine those parameters 
whose uncertainty might most impact a decision and thus require a more detailed uncertainty 
analysis. One valuable approach involves utilizing tornado diagrams, in which individual 
parameters are permitted to vary while all other uncertain parameters are held fixed. The 
output of this exercise provides a graphical plot of parameters that have the largest influence 
on the final risk calculation. This both provides a visual representation of the sensitivity 
analysis, helpful for communication to risk managers and other stakeholders, and determines 
the subset of parameters that could be carried forward in more sophisticated QUA.

“Tiers” or “levels” of sophistication in QUA in risk assessment have been discussed. 
Paté-Cornell (1996) proposed six levels ranging from level 0 (hazard detection and failure-
mode identification) to level 5 (QUA with multiple risk curves reflecting variability at dif-
ferent levels of uncertainty). Similarly, in its draft report on the treatment of uncertainty in 
exposure assessment, the International Programme on Chemical Safety (IPCS 2006) has pro-
posed four tiers for addressing uncertainty and variability in exposure assessment, from the 
use of default assumptions to sophisticated QUA. The IPCS tiers are shown in Box 4-4.

BOX 4-4  Levels of Uncertainty Analysis

Tier 0:   Default assumptions—single value of result. 
Tier 1:   Qualitative but systematic identification and characterization of uncertainty.
Tier 2:    Quantitative evaluation of uncertainty making use of bounding values, interval analysis, and 

sensitivity analysis.
Tier 3:    Probabilistic assessment with single or multiple outcome distributions reflecting uncertainty 

and variability.

Source:  IPCS 2006.

E27.122

http://www.nap.edu/12209


Science and Decisions: Advancing Risk Assessment

Copyright National Academy of Sciences. All rights reserved.

104 SCIENCE AND DECISIONS: ADVANCING RISK ASSESSMENT

The committee does not endorse any specific ranking approaches but favors the up-front 
consideration of levels of sophistication in uncertainty analyses and notes that there is a 
continuum of approaches rather than a number of discrete options. The characterization of 
uncertainty and variability in a risk assessment should be planned and managed and matched 
to the needs of the stakeholders involved in risk-informed decisions. In evaluating the trad-
eoff between the higher level of effort needed to conduct a more sophisticated analysis and 
the need to make timely decisions, EPA should take into account both the level of technical 
sophistication needed to identify the optimal course of action and the negative impacts that 
will result if the optimal course of action is incorrectly identified. If a relatively simple analysis 
of uncertainty (for example, a nonprobabilistic assessment of bounds) is sufficient to identify 
one course of action as clearly better than all the others, there is no need for further elucida-
tion. In contrast, when the best choice is not so clear and the consequences of a wrong choice 
would be serious, EPA can proceed in an iterative manner, making the analysis more and 
more sophisticated until the optimal choice is sufficiently clear. In so doing, EPA should be 
mindful that one of the greatest costs of more sophisticated analysis can be the time involved, 
during which populations may continue to be exposed to an agent or costs may be incurred 
unnecessarily. Related to these issues, in planning the uncertainty analysis and interpreting 
lower-tier uncertainty analyses, it is preferable to have up-front agreement on terms of refer-
ence. For example, calls for “central tendencies,” “best estimates,” or “plausible” upper or 
lower bounds of risk are of little value if these terms are not clearly defined.

EPA has an opportunity and responsibility to develop guidelines for uncertainty analysis 
both to define terms of reference and to offer insight into appropriate tailoring of sophis-
tication and level of practice to individual risk-management decisions. EPA has limited re-
sources and should not be expected to treat all issues using a single approach or process. The 
tiered approach to uncertainty analysis provides EPA the opportunity to match the degree 
of sophistication in uncertainty analysis to the level of concern for a specific risk problem 
and to the decision-making needs to address that problem. Lower-tier uncertainty analysis 
methods can be used in a screening step to determine whether the information is adequate 
to make decisions and to identify situations in which more intensive quantitative methods 
would be necessary.

Special Concerns about Uncertainty Analysis for Risk or Cost-benefit Tradeoffs

In making risk comparisons or cost-benefit determinations, consistency in addressing un-
certainty in the risks, costs, and benefits being compared is particularly important, and fuller 
descriptions of uncertainty than provided by an upper confidence limit are also important. 
The approaches described above are typically applied to develop confidence bounds and a 
probability distribution for a single risk. Although assessors commonly analyze one risk at 
a time, many assessments are done to support analyses of various options for controlling 
a hazard. They can involve considering more than one uncertain quantity at the same time 
with respect to

•	 Which of several risks deserves higher priority.
•	 The net risk of an environmental control action (reduction in risk less any increases 

in risk because of substitution or risk transfer).
•	 The net benefits of an action (reduction in risk less any costs incurred).
•	 The total benefits of an action (the monetized reduction in risk in light of the baseline 

level of risk even if costs are ignored).
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Two issues make uncertainty analyses for risk-risk and risk-benefit or cost compari-
sons more informative but also more difficult to do properly than single-item QUA. First, 
uncertainty in multiple risks means that simply stating that one risk is or is not larger than 
another risk, or that the benefits are or are not larger than the costs, is not a well-formulated 
comparison; the key is to determine the probability that one risk is larger or one action is 
preferable. Second, there is the question of how large the uncertainty is when comparing 
multiple with individual risks (Finkel 1995b). If the uncertainties in each of the items being 
compared are related, the uncertainty in the comparison can be less than that in an indi-
vidual risk. But usually the uncertainties will be independent and not related. For example, 
uncertainty in risk based on estimating exposure and addressing toxicologic information 
will generally be completely independent of cost estimates for reducing the risk, which may 
be based on consumer and producer behavior. 

As a result, uncertainties in a comparison can exceed the uncertainty in items being 
compared, an important issue that has implications in developing and using risk estimates. 
Box 4-5 provides a simple but informative example about comparing two uncertain quan-
tities. These quantities are risks, but they could be any measurable quantities of interest. 
The examples include a comparison of discrete and continuous probabilities. This simple 
example reveals the need to address confidence intervals both when assessing risk and when 
comparing risk.

This discussion illustrates that statements regarding risk comparisons, or costs vs ben-
efits, would be made better in probabilistic than in deterministic terms. The question “Do 
the benefits exceed the costs?” can be given an unequivocal yes answer only if virtually all 
possible values of the net benefit distribution are positive. This does not necessarily imply 
that EPA must utilize sophisticated QUA whenever risk-risk or benefit-cost comparisons are 
required. An iterative approach as proposed earlier can allow for a determination of whether 
benefits clearly exceed costs (or vice versa) using a relatively simple analysis of uncertainty, 
or whether more detailed analyses would be required to make this comparison interpretable. 
These efforts would benefit from EPA guidance on uncertainty and the concept of statistical 
significance as applied to cost-benefit and risk comparison analyses, with a specific emphasis 
on the use of a tiered uncertainty analysis approach in this context.

Model Uncertainty

One of the dimensions of uncertainty that is difficult to capture quantitatively (or even 
qualitatively) involves model uncertainty. The National Research Council (NRC 2007d) 
noted that there is a range of options for performing model-uncertainty analysis. One com-
putationally intense option is to represent all model uncertainties probabilistically, including 
the uncertainties associated with a choice between alternative models or alternative model 
assumptions. Another option is to use a scenario or sensitivity assessment that might consider 
model results for a small number of plausible cases. A third option is to address uncertainty 
with default parameters and a “default model such that there is no explicit quantification 
of model uncertainty.” The first option has the problem of demanding detailed probabilistic 
analyses among one or more models that include potentially large numbers of parameters 
whose uncertainties must be estimated, often with little information. Such problems are 
compounded when models are linked into a highly complex system. In the second option 
noted above, when scenario assessment and sensitivity analysis are used to evaluate model 
uncertainty without making explicit use of probability, such a deterministic approach is 
easy to implement and understand but typically does not include what is known about each 
scenario’s likelihood. In many situations, some combination of these first two approaches is 
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BOX 4-5  Examples of Uncertainties for Comparisons of Discrete and 
Continuous Possibilities

Example 1: Discrete 

Consider two quantities, A and B—they could be two disparate risks being compared, a “target” 
risk and an “offsetting” risk, or a benefit estimate (A) and the corresponding cost estimate (B). In any 
case, we are fairly confident (80%) that A has the value 20, but believe with 10% probability each that 
we might have over- or underestimated A by a factor of 2 (that is, A can be 10 with probability 0.1, or 
40 with probability 0.1). Similarly, we are fairly confident (80%) that B has the value 15, but with 10% 
probability it could be a factor of 3 higher or lower.

Given the 3 possible discrete values of A, and the 3 possible values of B, there are 9 possible true 
values of the ratio (A/B), as given in the following table. Assigning A and B as independent random vari-
ables with the marginal distributions specified, for example, P(A=10)=P(A=40)=0.10 and P(A=20)=0.80, 
leads immediately to the joint distribution specified below since the joint distribution of independent 
random variables is the product of their marginal distributions. 

Ratio of A to B for different values and probabilities of A and B

 Value of A [prob(A)]

 10 (10%)  20 (80%)  40 (10%)

Value of B [prob(B)] A/B prob(A/B) A/B prob(A/B) A/B prob(A/B)
5 (10%) 2 1%  4 8%  8 1%
15 (80%) 0.67  8%  1.3 64%  2.7 8%
45 (10%) 0.22 1%  0.44 8%  0.89 1%

In this case, although the highest possible value of A differs from its lowest possible value by a 
factor of 4, and the extreme values of B differ from each other by a factor of 9, the ratio A/B can be as 
low as 0.22 or as high as 8, a factor of 36 difference. The uncertainty in the comparison exceeds the 
uncertainty in either quantity. A is “probably” greater than B, but for four of the nine possibilities, with a 
total likelihood of 18%, B is in fact greater than A.

Example 2: Continuous 

Now suppose A and B are both lognormally distributed, and each have the exact same PDF but 
are uncorrelated with one another. Assume that the median value is 10, and the logarithmic standard 
deviation is 1.0986 (a geometric standard deviation of exactly e1.0986, or 3). In this case, the PDF for 
(A/B) has an exact solution: it too is lognormal, with a median of 1.0 (the median of A divided by the 
median of B), and a logarithmic standard deviation of 1.554 (which is the square root of the sum of 
[1.09862 plus 1.09862]). 

In this case, we could say that on the basis of median values, A and B are equal, but that statement 
would be highly uncertain. In fact, there is a 5 percent chance that (A/B) is equal to 12.9 or largera, 
and a corresponding chance that (A/B) is equal to 0.078 or smaller. Note that while the 90th percentile 
width for A alone spans a factor of 37, as does the 90th percentile width for B alone, the ratio is even 
more uncertain: (12.9) divided by (0.078) equals 165.

Even though the typical values of the two risks are “equal,” it would be incorrect to report that they 
are equal (or that the net benefit is zero, or that the substitution risk cancels out the primary risk). In 
fact, this analysis tells us that we cannot confidently determine which quantity is greater, which is quite 
different from being able to pronounce them as equal.

aThis number is equal to the median (1) times exp[(1.554)(1.645)], the upper 95th percentile point.
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appropriate. The balance between detailed probabilistic modeling and scenario and sensitiv-
ity evaluation is determined by the purpose of the model and the specific needs of a given 
risk assessment—another matter that would benefit from guidance.

Finally, with respect to the third option of default modeling, the National Research 
Council (NRC 2007d, pp. 26-27) observed that models of natural systems are necessarily 
never complete and that in regulatory modeling “assumptions and defaults are unavoidable 
as there is never a complete data set to develop a model.” It also noted that the fundamental 
uncertainties and limitations, although “critical to understand when using environmental 
models . . . do not constitute reasons why modeling should not be performed. When done 
in a manner that makes effective use of existing science and that is understandable to stake-
holders and the public, models can be very effective for assessing and choosing amongst 
environmental regulatory activities and communicating with decision-makers and the pub-
lic.” The present committee agrees.

Committee Observations Regarding the Treatment of Uncertainty

Although EPA has developed methods for addressing parameter uncertainty, particu-
larly for exposure assessment, the remaining challenge is to address uncertainties that are 
difficult to capture with probability distributions and to provide guidance for the level of 
detail needed to capture and communicate key uncertainties. Many decision-makers tend to 
believe that with sufficient resources, science and technology will provide an obvious and 
cost-effective solution to the problems of protecting human health and the environment. In 
reality, however, there are many sources of uncertainty, and many uncertainties cannot be 
reduced or even quantified (see Box 4-6 for a discussion of model and parameter uncertainty). 
The committee’s review of uncertainty reveals that developing quantitative risk estimates in 
the face of substantial uncertainty and appropriately characterizing the degree of confidence 
in the results are recurring challenges in risk assessment that must be addressed over the 
coming decade.

As noted above, there are different strategies (or levels of sophistication) for addressing 
uncertainty. Regardless of which level is selected, it is important to provide the decision-
maker with information to distinguish reducible from irreducible uncertainty, to separate 
individual variability from true scientific uncertainty, to address margins of safety, and to 
consider benefits, costs, and comparable risks when identifying and evaluating options. To 
make risk assessment consistent with such an approach, EPA should incorporate formal and 
transparent treatment of uncertainties in each component of the risk-characterization process 
and develop guidelines to advise assessors on how to proceed.

The methods of addressing uncertainty vary widely in their implementation, their ex-
pected formality, and their cost and time requirements. The options for uncertainty analysis 
vary considerably in their ability to be understood by decision-makers and other parties. 
Although it is not stressed in the technical literature on uncertainty analysis, it is worth 
remembering that the product of risk assessment is in the end primarily a communication 
product (see Chapter 3). Therefore, perhaps the most appropriate measure of quality in the 
uncertainty analysis is whether it improves the capacity of the primary decision-maker to 
make informed decisions in the presence of substantial, inevitable, and irreducible uncer-
tainty. Another important measure of quality is whether it improves the understanding of 
other stakeholders and thus fosters and supports the broader public interests in the deci-
sion-making process. The choice of methods of expressing uncertainty is important and is 
clearly a design problem that requires careful attention to objectives.
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BOX 4-6  Expressing and Distinguishing Model and Parameter Uncertainty

Choosing which uncertainties to leave unaddressed and which to express and deciding how best 
to express them can be daunting tasks. As a simple example of expressing uncertainty, consider two 
distinct sources of uncertainty in generating an estimate of risk. 

•	 Fundamental causal uncertainty: uncertainty about the existence of critical cause-effect rela-
tionships, for example, uncertainty about whether a particular compound causes cancer.

•	 Uncertainty in the strength of the causal relationship: the degree to which the cause results in 
the effect, for example, how much cancer is caused by a given dose of the compound. 

The latter uncertainty is typically more easily expressed than the former in quantitative terms, 
with a probability distribution. But it should be noted that there are quantitative aspects for the casual 
uncertainty (hazard) in that there are statistical thresholds around positive findings from toxicity experi-
ments. The two types of uncertainty can be addressed in a cause-effect model that takes on a value of 
zero to represent the lack of existence of a causal relationship and nonzero values to characterize the 
strength of the relationship. With such a representation, the outcomes of the overall model can have a 
multimodal distribution in which some finite probability at zero represents no causal relationship and 
a range of nonzero values represents the uncertainty in the strength of the relationship. That could be 
made more complex while allowing different mathematical forms to represent different possible ways 
that the effect is caused, for example, whether the compound causes the effect by a mechanism that 
is linear or nonlinear at low doses. 

It is often difficult to assign probabilities to different mathematical relationships. As an alternative, 
causal scenarios could be used, with each scenario representing distinct theories of causality. In the 
example here, one scenario would be no causal relationship, another would be a linear dose-response 
relationship, and a third would be a nonlinear dose-response relationship. Each scenario would have 
a corresponding conditional uncertainty analysis. Each model would be assumed true, and the likely 
range of model values in it could be derived. In this scenario approach, the individual uncertainty analy-
ses are much simpler and may be more widely applied and understood. However, decision-making that 
is directed toward reducing important sources of uncertainty may be misguided by a focus on readily 
quantifiable uncertainties (for example, How much water is consumed by specific subpopulations?) 
when the global uncertainty may well be dominated by causal uncertainties whose collective impact is 
not quantified (for example, Are children disproportionately sensitive to the contaminant? Which of many 
possible adverse effects does the contaminant cause? Is exposure by inhalation an important contribu-
tor to total risk?). Efforts to measure a subset of readily quantifiable uncertainties when fundamental 
causal uncertainties dominate the overall uncertainty may therefore not be justifiable.

vARIAbILITy AND vULNERAbILITy IN RISk ASSESSMENT

There are important variations among individuals in a population with respect to sus-
ceptibility and exposure. Many of the statistical techniques and general concepts described 
above in relation to uncertainty analysis are applicable to variability analysis. For example, 
probabilistic approaches, such as Monte Carlo methods, can be used to propagate variability 
throughout all components of a risk assessment, expert elicitation can be used to character-
ize various percentiles in a distribution, and the level of analytic sophistication should be 
matched to the problem at hand. But the key difference between uncertainty analysis and 
variability analysis is that variability can only be better characterized, not reduced, so it 
often must be addressed with strategies different from those used to address uncertainty. 
For example, the strategy that a policy-maker uses to address uncertainty about whether a 
rodent carcinogen is a human carcinogen differs from the strategy to address the variability 
in cancer susceptibility between children and adults. The latter is a case where the variability 
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TAbLE 4-1 Examples of Factors Affecting Susceptibility to Effects of Environmental 
Toxicants

Ratio of Sensitive 
to “Normal”

Case Reference

10:1
Genetic 

“While the risk of cancer following irradiation may 
be elevated up to 100-fold in some heritable cancer 
disorders a single best estimate of a 10-fold increase 
in risk is appropriate for the purposes of modeling 
radiological impact.” 

ICRP 1998; Tawn 2000

>10:1 Wilson’s heterozygotes (about 1% of population) and 
copper sensitivity 

NRC 2000

20:1
Predisposing exposures  

Greater sensitivity to arsenic-induced lung cancer in 
smokers than in nonsmokers.

CDHS 1990

10-20:1 Greater sensitivity to lung cancer due to radon in 
smokers than in nonsmokers.

ATSDR 1992

20-100:1 Suggestive evidence that low-iodide female smokers 
are much more sensitive to perchlorate-induced 
thyroid hormone disruption than “normal” adults.

Blount et al. 2006

10-30:1 Liver-cancer risk from aflatoxin in those with vs 
without hepatitis.

Wu-Williams et al. 1992

 
>10:1

Physiologic and Pharmacokinetic  
Difference in sensitivity to 4-aminobiphenyl 
(median vs upper 2 percentile of population) due 
to physiologic and pharmacokinetic differences 
(modeled).

Bois et al. 1995

5-10:1
Lifestage 

Breast-cancer risk. Radiation exposure of pubescent 
girls and those before first completed pregnancy vs 
younger girls.

Bhatia et al. 1996

 
100:1

Stochastic 
Estimated with two-stage clonal model. Increased 
liver-cancer risk due to stochastic effects (in 0.1% of 
population compared with median).

Heidenreich 2005

50:1
O�erall 

Modeled heterogeneity in cancer risk—95th percentile 
compared with median—from age-specific incidence 
curves for two most common human tumors (lung 
and colorectal).

Finkel 1995a, 2002

2-110:1 Differences between median vs 98th percentile in 
noncancer effects at site of contact, responses differ 
with end point and toxicant.

Hattis et al. 1999

can be represented by a probability distribution, but likely a mixed (bimodal) distribution 
rather than a standard normal distribution. This section briefly describes key concepts and 
methods, EPA’s treatment of variability in general, and the basis of the committee’s recom-
mendations related to variability in each component of risk assessment. 

People differ in susceptibility to the toxic effects of a given chemical exposure because 
of such factors as genetics, lifestyle, predisposition to diseases and other medical conditions, 
and other chemical exposures that influence underlying toxic processes. Examples of fac-
tors that affect susceptibility are shown in Table 4-1 along with some estimates of increased 
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sensitivity that have been reported in the literature. The factors are similar to effect modi-
fiers in epidemiology, in that they modify the effect of another factor on a disease. The first 
column in Table 4-1 should be interpreted with caution, as there are notable differences in 
the percentiles used to characterize the size of the susceptible population. Susceptibility fac-
tors are broadly considered to include any factor that increases (or decreases) the response 
of an individual to a dose relative to a typical individual in the population. The distribution 
of disease in a population can result not only from differences in susceptibility but from dis-
proportionate distributions of exposures of individuals and subgroups in a population. Taken 
together, variations in disease susceptibility and exposure potential give rise to potentially 
important variations in vulnerability to the effects of environmental chemicals. Figure 4-2 
illustrates how variations in exposure result in variations in risk. Individuals may be more 
vulnerable than others because they have or are exposed to

•	 Factors that increase biologic sensitivity or reduce resilience to exposures (such as 
age, pre-existing disease, and genetics). 

•	 Prior or concurrent exposures to substances that increase a person’s susceptibility 
to the effects of additional exposures.

•	 Factors that contribute to greater potential for exposure, including personal behavior 
patterns, the built environment, and modified environmental conditions in locations where 
time is spent (such as community, home, work, and school). 

•	 Social and economic factors that may influence exposure and biologic responses. 

Variability can be more important when independent susceptibility factors can interact 
to increase susceptibility. For example, genetic and other predisposing conditions interact 
in ultraviolet-radiation-induced melanoma. Low DNA-repair capacity itself measured in 
lymphocytes was not observed to increase the risk of melanoma, but statistically significant 
interactions and large increases in the risk of melanoma were observed in people with low 
DNA-repair capacity and either low tanning capacity or dysplastic nevi (Landi et al. 2002). 

Figure 4-2.eps

Overall variability in risk relative to a median or
baseline risk for a population

Variability in
exposure 
potential

Variability in susceptibility
(endogenous factors)

Age, gender
Genetics
Pre-existing disease

Variability in susceptibility
(exogenous factors)

Exposures to other agents

FIgURE 4-2 Factors contributing to variability in risk in the population.
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Alcohol consumption, obesity, and diabetes can affect the expression of metabolizing en-
zymes, such as CYP2E1, whose expression is also under the influence of genetic factors 
(Ingelman-Sundberg et al. 1993, 1994; Micu et al. 2003; Sexton and Hattis 2007). Interac-
tions are expected to be common but unknown in many diseases caused or exacerbated by 
environmental chemicals.

Environmental Protection Agency’s Approach to variability in Health-Effects Assessments

EPA’s approach to variability assessment is described in its recent Risk Assessment Prin-
ciples and Practices: Staff Paper (EPA 2004a) and guidelines. The staff paper emphasizes that 
EPA focuses on characterizing variability in exposure, particularly high-end exposures, using 
as an example the maximally exposed individual in its hazardous air pollutant program. 
The committee observes that over the last several years some EPA programs have advanced 
considerably in their efforts to characterize variability in exposure. However, variability in 
susceptibility and vulnerability has received less detailed evaluation in most EPA health-
effects assessments, although there are notable exceptions such as lead, ozone, and sulfur 
oxides. EPA efforts are considered and options for further improvements presented below.

To address variability in vulnerability to noncancer end points, EPA assumes popula-
tion-threshold dose-response behavior and assigns uncertainty (adjustment) factors. EPA also 
endorses such an approach for low-dose nonlinear cancer end points but has been incon-
sistent in whether and how it is applied. For human-to-human variability in noncancer end 
points, the default “uncertainty” factor is typically 10, but it can be reduced or increased 
with sufficient supporting data often by partitioning it into pharmacokinetic and pharma-
codynamic factors. The agency has done that with a few assessments based on human data. 
Only six cases in the Integrated Risk Information System (IRIS) database rely on human 
occupational data; of these, three had a human intraspecies factor of 10, two had a factor 
of 3, and one, beryllium, had a factor of 1 because it was assumed that the most sensitive 
group was included in the occupational study. Thus, in all but four cases in IRIS, a default 
human intraspecies factor of 10 was assumed, but 10 was the highest value assumed in all 
cases (EPA 2007a). 

The 2005 Guidelines for Carcinogen Risk Assessment (EPA 2005b) recognize a number 
of the factors in Table 4-1 as contributing to cancer susceptibility. Indeed, the guidelines call 
for the derivation of “separate estimates for susceptible populations and life stages so that 
these risks can be explicitly characterized” (p. 3-27). The guidelines also lay out a number 
of reasons why risk estimates derived from occupational studies may not be representative of 
the general population, including the healthy-worker effect, lack of representation of some 
subpopulations (for example, fetuses and the young), and underrepresentation of others (for 
example, women). Guidance in addressing the generalizability of risk estimates derived from 
occupational studies to the general population is not provided. Similarly the 2005 guidelines 
point out that animal studies are conducted in relatively homogeneous groups, in contrast 
with the heterogeneous human population to which the study results are applied. To address 
variability in susceptibility, the 2005 guidelines (EPA 2005b) call for

•	 Development of a separate risk estimate for those who are susceptible “when there 
is an epidemiologic study or animal bioassay that reports quantitative results for susceptible 
individuals” (p. 3-28).

•	 Adjustment of the general population estimate for susceptible individuals based 
on risk-related parameters, for example, pharmacokinetic modeling using pharmacokinetic 
parameters corresponding to susceptible groups compared with the general population.
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•	 Use of general information in the absence of agent-specific information about early 
life-stage susceptibility as outlined in Supplemental Guidance for Assessing Susceptibility 
from Early-Life Exposure to Carcinogens (EPA 2005a) and whatever updates follow. 

Committee Observations and Comments on Environmental Protection  
Agency’s Approach to variability

The guidelines provide a useful starting point, but given the agency’s limited experience 
in implementing the 2005 guidelines it is unclear how EPA practice will develop to account 
for variability. The committee has some concerns based on the guideline language and recent 
EPA assessments and draft guidance (EPA 2004a, 2005a,b). 

With regard to life stages, the 2005 guidelines note that in nature susceptibility differs 
among various life stages, and the committee agrees that this should be given formal consider-
ation. In an example of late and early life-stage susceptibilities, repair of ultraviolet-damaged 
DNA declines at 1% per year in subjects 20-60 years old (Grossman 1997), but misrepair 
in those overexposed when very young has a much longer time to be manifested as cancer. 
The 2005 guidelines and supplemental guidance that developed generic factors for early-life 
susceptibility was a step in the right direction. The supplemental guidance provides weighting 
factors for exposures to mutagenic compounds in the early postnatal and juvenile period. 
However, in utero periods and nonmutagenic chemicals were not covered, and in practice 
EPA treats the prenatal period as devoid of sensitivity to carcinogenicity, although it has 
funded research to explore this issue (Hattis et al. 2004, 2005). That stands in contrast with 
the language in the 2005 guidelines: “Exposures that are of concern extend from concep-
tion through adolescence and also include pre-conception exposures of both parents” (EPA 
2005b, p. 1-16). EPA needs methods for explicitly considering in cancer risk assessment in 
utero exposure and chemicals that do not meet the threshold of evidence that the agency is 
considering for judging whether a chemical has a mutagenic mode of action (EPA 2005b). 
Special attention should be given to hormonally active compounds and genotoxic chemicals 
that do not meet the threshold of evidence requirements. 

The committee encourages EPA to quantify more explicitly variations in exposure and 
in dose-response relationships. The tiered approach to variability assessment discussed in 
the 2005 guidelines, with multiple risk descriptions for different susceptible subgroups, is a 
step in the right direction but falls short of what is needed. The guidelines embrace a default 
of no variability in the absence of chemical-specific evidence to the contrary. When there is 
evidence, the focus is on differences between groups. It is important at a minimum to address 
people who fall into groups that have identified susceptibility. But the guidelines adopt the 
rather narrow view that variation comes solely from the identified factors that are used to 
“group” people (for example, a polymorphism) and that are established as important for 
the chemical under study but not other factors, such as age, ethnic group, socioeconomic 
status, or other attributes that affect individuals and only incidentally make them part of 
a new “group.” But it will also be important to describe and estimate variability among 
individuals and the extent of individual differences. 

Thus, there is a need for a nonzero default to address the variation in the population 
expected in the absence of chemical-specific data. The reliance on agent-specific data for 
all but the early-life assessments of susceptibility is problematic. Because of lack of data, 
formally addressing variability in cancer risk assessment is feasible only for the most data-
rich compounds. That echoes the concern raised earlier about the need to develop more 
simplified approaches for uncertainty analysis that are tailored to the problems under study: 
more generalized approaches must be developed to address variability in cancer risk to avoid 
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analyses in which uncharacterized sources of variability are implicitly presumed to have zero 
effect on individual and population risk. In Chapter 5, the committee proposes an alterna-
tive framework for both cancer and noncancer end points that accounts more explicitly for 
variations in susceptibility and background disease processes and that includes approaches 
for compounds without substantial data. The framework provides the needed quantitative 
descriptions of variability in risk for both cancer and noncancer end points. 

UNCERTAINTy AND vARIAbILITy IN SPECIFIC  
COMPONENTS OF RISk ASSESSMENT

Each component of a risk assessment includes uncertainty and variability, some explicitly 
characterized and some unidentified. For each component, current approaches used by EPA 
to characterize uncertainty and variability are discussed below, and potential improvements 
are considered. 

Hazard Identification

Hazard assessment makes a classification regarding toxicity, for example, whether a 
chemical is “carcinogenic to humans” or “likely to be” (EPA 2005b), is a neurotoxicant (EPA 
1998), or is a potential reproductive hazard (EPA 1996). This gives rise to both quantitative 
and qualitative uncertainties in hazard characterization. Hazard-identification activities at 
EPA and other agencies (such as the International Agency for Research on Cancer) focus on 
protocols for making consistent and transparent classifications but not on a formal treatment 
of uncertainty. In contrast with the other components of risk assessment, the hazard-identi-
fication stage often involves uncertainty about the existence of critical cause-effect relation-
ships that lead to categorically distinct classifications. This type of uncertainty is distinct from 
uncertainty about such factors as dose-response or exposure-source relationships that have 
an inherent confidence interval. In this case, one element of an uncertainty analysis involves 
the issue of misclassification, that is, assigning the wrong outcome to a substance. EPA and 
the International Agency for Research on Cancer (IARC) have relied on weight-of-evidence 
classifications (IARC: 1, 2A, 2B, 3, and 4; EPA: “likely to be carcinogenic to humans”) to 
express uncertainty in hazard classifications. Because hazard assessment typically involves a 
statement or classification regarding the potential for harm, the uncertainty in hazard is not 
captured well by probability distributions. A formal analysis of hazard uncertainty often 
requires expert elicitation and discrete probability to communicate uncertainty. Another 
option is the use of fuzzy sets (Zadeh 1965) or possibility theory (Dubois and Prade 2001), 
which is a special case of fuzzy set theory. Fuzzy sets and possibility theory were introduced 
to represent and manipulate data that have “membership” uncertainty. An element of a fuzzy 
set, such as a toxic characteristic, has a grade of membership, for example, membership in 
the set “carcinogen” or “not carcinogen.” The grade of membership is different in concept 
from probability. Membership is a quantitative noncommittal measure of imperfect knowl-
edge. The advantage of these methods is that they can characterize nonrandom uncertainties 
arising from vagueness or incomplete information and give an approximate estimate of the 
uncertainties. The limitations of fuzzy methods are that they: (1) cannot provide a precise 
estimate of uncertainty but only an approximate estimation, (2) might not be applicable to 
situations involving uncertainty resulting from random sampling error, and (3) create dif-
ficulties in communicating because set membership or possibilities do not necessarily add 
to 1. The committee does not endorse any of these specific methods to address uncertainty 
in hazard assessment but notes in Chapter 3 the need to consider the impact on the overall 
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use of risk information in the fine distinctions between labels describing uncertainty in the 
weight-of-evidence classification (for example, known vs likely). 

Emissions

The first key step in linking pollutant sources to impact in risk assessments, particularly 
those used to discriminate among various control options, involves characterizing emissions 
by relevant sources both under baseline conditions and with implementation of controls. In 
a few situations (for example, in evaluating sulfur dioxide emissions from power plants in 
the Acid Rain Program), continuous monitoring data are readily available and can be used 
to characterize baseline emissions with little uncertainty and to characterize the benefits 
of controls with relatively low uncertainty. But in most cases, there are few source-specific 
emission measurements, so risk assessors must rely on interpretations based on limited data 
and emission models. 

For example, EPA provides emission factors for stationary sources through the AP-42 
database (EPA 2007b). Typically, information on source configuration, fuel composition, 
control technologies, and other items is used to determine an emission factor based on ex-
trapolation from a limited number of field measurements and known characteristics of the 
fuel and technology. Uncertainty is included through an emission-factor quality rating, scaled 
from A to E, that is not quantitatively interpretable and conflates uncertainty and variability. 
For example, an emission-factor quality rating of A (excellent) is awarded when data are 
taken from many randomly selected facilities in the source category. But the degree of uncer-
tainty related to measurement techniques is ignored, and the variability among facilities is not 
carried forward to the overall risk characterization. Because information on variability is not 
retained and uncertainty is not quantified, EPA treats emission estimates in effect as known 
quantities in risk assessments. That leads to multiple problems, including mischaracterization 
of total uncertainty or variability in the assessment and an inability to determine whether 
improvements in emission estimation are necessary to inform risk-management decisions bet-
ter (that is, within a value-of-information context). More generally, the AP-42 database has 
many entries that have not been updated in decades, and this raises the question of whether 
the emission factors accurately capture current technologies (and adds an unacknowledged 
source of uncertainty). A final issue is the difficulty of estimating how emissions will change 
once a risk-management decision is applied; this requires an assessment of the performance 
of the regulated parties with regard to compliance and noncompliance. 

Many risk assessments in EPA use emission models other than those found in AP-42, 
but most emission estimates suffer from similar issues related to limitations of validation and 
unacknowledged uncertainty and variability. For example, traffic emissions are characterized 
with models, such as MOBILE6, in which the estimates are derived from traffic-flow data and 
calibrated with dynamometer studies on specific vehicles. However, that may not represent 
true driving-cycle conditions, and some pollutants (such as particulate matter) may be more 
uncertain than others. In spite of the potentially larger uncertainties associated with emission 
models, in such analyses as the regulatory impact analysis of nonroad diesel emissions (EPA 
2004b), the benefits of controls are presented with up to six significant digits of precision, 
and no uncertainty is incorporated into the benefits analysis; indeed, in a table titled “Primary 
Sources of Uncertainty in Benefits Analysis” (EPA 2004b, Table 9A-17), emissions are not 
even mentioned as a source of uncertainty. EPA and other practitioners should take care to 
present data with an appropriate number of significant figures, no greater than the smallest 
number of significant figures reasonably available in the input data, and should formally 
address emissions as a key source of uncertainty.
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For emission characterization, the committee sees an important opportunity for EPA 
to address variability and uncertainty about emissions explicitly and quantitatively. It will 
require EPA to evaluate existing models to characterize the uncertainty and variability of 
individual emission estimates better. The committee recognizes that site-specific emissions 
data on many situations are lacking and this results in continued reliance on emission models, 
but it encourages EPA to pursue emission-evaluation studies when plausible and to make 
more regular refinements in emission-model structures. 

Transport, Fate, and Exposure Assessment

Exposure assessment is the process of measuring and modeling the magnitude, frequency, 
and duration of contact between the potentially harmful agent and a target population, 
including the size and characteristics of that population (IPCS 2000; Zartarian et al. 2005). 
For risk assessments, exposure assessment should characterize the sources, routes, pathways, 
and the attendant uncertainties linking source to dose. It is common for assessors to pose 
exposure scenarios to define plausible pathways for human contact. Recognition of the mul-
tiple possible exposure pathways highlights the importance of a multimedia, multipathway 
exposure framework. In a multipathway exposure framework, the omission of key exposure 
pathways (potentially due to data limitations) can contribute to an exposure assessment 
uncertainty that is often difficult to formally quantify. 

Given the framework of exposure assessment in the context of risk assessment, critical 
inputs include emissions data (described above), fate and transport models to characterize 
environmental concentrations (both indoors and outdoors), and methods for estimating 
human exposure given assumed or estimated concentrations. It is also necessary to relate 
exposure to intake and intake to dose. Further analytic efforts related to modeling human 
dose are considered later. 

The number of transport, fate, and exposure models in active use in EPA or elsewhere is 
too large to evaluate them individually or to make general statements about their utility and 
reliability (see the Council for Regulatory Environmental Modeling Web site for a current 
list [EPA 2008]). Transport, fate, and exposure models can vary substantially in their level 
of detail, geographic scope, and geographic resolution. Some models are based on environ-
mental parameters that are “archetypal” and provide values that are typical of some regions 
or populations but not representative of any specific geographic area. These models are used 
to understand the likely behavior of pollutants as a function of basic chemical properties 
(Mackay 2001; McKone and MacLeod 2004) and are typically used for comparative as-
sessments of pollutants and for interpreting how partitioning properties and degradability 
determine transport and fate. Site-specific models apply to releases at specific locations and 
often track pollutant transport with much more spatial and temporal detail than regional 
mass-balance models. They are used in a broad array of decision-support activities, including 
screening-level assessments; setting goals for air emissions, water quality, and soil-cleanup 
standards; assessing the regional and global fate of persistent organic chemicals; and assess-
ing life-cycle impacts.

There have been many more performance evaluations of transport, fate, and exposure 
models than of emission models (see, for example, Cowan et al. 1995; Fenner et al. 2005). 
Although their reliability can vary widely among chemicals considered and the spatial and 
temporal scale of application, a large literature, methods, and software are available to 
characterize their uncertainty and sensitivity when they are used in risk assessments.

A critical insight that should be recognized by EPA and other practitioners is that there 
is no “ideal” transport, fate, or exposure model that can be used under all circumstances. 
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Some models may be considered to have greater fidelity than others, given the degree to 
which they capture theoretical constructs and have been evaluated against field measure-
ments, but this does not necessarily imply that the more detailed model should be used 
under all circumstances. A model with lower resolution (and more uncertainty) but more 
timely outputs may have greater utility in some decision contexts, especially if the uncer-
tainty can be reasonably characterized to determine its influence on the decision process. 
Similarly, a model that is highly uncertain with respect to maximum individual exposure but 
can characterize population-average exposures well may be suitable if the risk management 
decision is driven by the latter. That reinforces a recurring theme of this report regarding 
the selection of the appropriate risk-assessment methods in light of the competing demands 
and constraints described in Chapter 3. 

With respect to human exposure modeling, EPA has placed increasing emphasis over 
the last 25 years on quantitative characterization of uncertainty and variability in its ex-
posure assessments. Exposure assessments and exposure models have evolved from simple 
assessments that addressed only conditions of maximum exposure to assessments that focus 
explicitly on exposure variation in a population with a quantitative uncertainty analysis. 
For example, EPA guidelines for exposure assessment issued in 1992 (EPA 1992) called for 
both high-end and central-tendency estimates for the population. The high end was con-
sidered as what could occur for the 90th percentile or higher of exposed people, and the 
central tendency might represent an exposure near the median or mean of the distribution 
of exposed people. Through the 1990s, there was increasing emphasis on an explicit and 
quantitative characterization of the distinction between interindividual variability and uncer-
tainty in exposure assessments. There was also growing interest in and use of probabilistic 
simulation methods, such as those based on Monte Carlo or closely related methods, as the 
basis of estimation of differences in exposure among individuals or, in some cases, of the 
uncertainty associated with any particular exposure estimate. That effort has been aided by a 
number of comprehensive studies in the United States and Europe that have used individual 
personal monitoring in conjunction with ambient and indoor measurements (Wallace et al. 
1987; Özkaynak et al. 1996; Kousa et al. 2001, 2002a,b). Expanded use of biomonintoring 
will provide an opportunity both to evaluate and expand the characterization of exposure 
variability in human populations.

The committee anticipates expanded efforts by EPA to quantify uncertainty in exposure 
estimates and to separate uncertainty and population variability in these estimates. Decisions 
about controlling exposures are typically based on protecting a particular group of people, 
such as a population or a highly exposed subpopulation (for example, children), because 
different individuals have different exposures (NRC 1994). The transparency afforded by 
probabilistic characterization and separation of uncertainty and variability in exposure as-
sessment offers potential benefits for increasing common understanding as a basis of greater 
convergence in methodology (IPCS 2006). 

To date, however, probabilistic exposure assessments have focused on the uncertainty 
and variability associated with variables in an exposure-assessment model. Missing from 
the EPA process are guidelines for addressing how model uncertainty and data limitations 
affect overall uncertainty in exposure assessment. In particular, probabilistic methods have 
provided estimates of exposure to a compound at the 99th percentile of variability in the 
population, for example, but have often not considered how model uncertainty affects the 
reliability of the estimated percentiles. That is an important subject for improvement in 
future efforts. EPA should also strive for continual enhancement of databases used in expo-
sure modeling, focusing attention on evaluation (that is, personal exposure measurements 
vs predicted exposures) and applicability to subpopulations of interest. Such documents as 
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the Exposure Factors Handbook (EPA 1997d) provide crucial data for such analyses and 
should be regularly revised to reflect recommended improvements.

Dose Assessment

Assessment of doses of chemicals in the human population relies on a wide array of 
tools and techniques with varied applications in risk assessment. Monitoring and model-
ing approaches are used for dose assessment, and important uncertainties and variability 
are linked to them. Many of the above conclusions for exposure assessment are applicable 
to dose assessment, but with the recognition that there will be greater variability in doses 
than exposures across the population as well as greater uncertainty in characterizing those 
doses. 

For monitoring, there have been limited but important efforts in recent years to de-
velop comprehensive databases of tissue burdens of chemicals in representative samples 
of the human population (for example, the National Health and Nutrition Examination 
Survey [NHANES], the Center for Health Assessment of Mothers and Children of Salinas, 
the National Children’s Study). There are also efforts to conduct systematic biomonitoring 
programs in the European Union and in California. Biomonitoring data can provide valu-
able insight into the degree of variability in internal doses in the population, and analyses 
of these data can help to determine factors that contribute to dose variability or that modify 
the exposure-dose relationship. But there are limits to how much variability can be assessed 
from these data. For example, NHANES is a database of representative samples for the entire 
U.S. population, but does not capture any geographic subgroups. A discussion of the limita-
tions of NHANES can be found in NRC (2006a). Even with these emerging biomonitoring 
data, it is still a challenge to assess the contribution of a single source or set of sources to 
measures of internal dose, which can limit the risk management applicability of these data. 
In addition there is the challenge of interpreting what the biomonitoring data mean in terms 
of potential risk to human health (NRC 2006a). Issues related to the value of data obtained 
through biomonitoring programs are considered in more detail in Chapter 7 in the context 
of cumulative risk assessment. 

Dose modeling is commonly based on physiologically-based pharmacokinetic (PBPK) 
models. PBPK models are used as a means of addressing species, route, and dose-dependent 
differences in the ratio of tissue-specific dose to applied dose and thus serve as an alterna-
tive to default assumptions for extrapolation that link dose to outcome. PBPK models may 
address some of the uncertainty associated with extrapolating dose-response data from an 
animal model to humans, but they often fail to fully capture variability of pharmacokinetics 
and dose in human populations. Toxicologic research can be used to suggest the structure 
of PBPK models. And sensitive subpopulations or differing senstivities within the popula-
tion might be described in terms of some attributes through pharmacokinetic modeling (see 
Chapter 5, 4-aminobiphenyl case study).

A number of issues related to uncertainty and variability in pharmacokinetic models 
were addressed in a 2006 workshop (EPA 2006a; Barton et al. 2007). Because the present 
committee determined that that was a timely and comprehensive review of issues, key find-
ings of the workshop are summarized here. The 2006 workshop considered both short-term 
and long-term goals for incorporating uncertainty and variability into PBPK models. In par-
ticular, Barton et al. (2007) reported the following short-term goals: multidisciplinary teams 
to integrate deterministic and nondeterministic statistical models; broader use of sensitivity 
analyses, including those of structural and global (rather than local) parameter changes; 
and enhanced transparency and reproducibility through more complete documentation of 
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model structures and parameter values, the results of sensitivity and other analyses, and 
supporting, discrepant, or excluded data. The longer-term needs reported by Barton et al. 
(2007) included theoretical and practical methodologic improvements for nondeterministic 
and statistical modeling; better methods for evaluating alternative model structures; peer-
reviewed databases of parameters and covariates and their distributions; expanded coverage 
of PBPK models for chemicals with different properties; and training and reference materi-
als, such as cases studies, tutorials, bibliographies and glossaries, model repositories, and 
enhanced software. 

Many recent examples of PBPK models applied in toxicology have been for volatile 
organic chemicals and have used similar structures. PBPK models are needed for a broader 
array of chemical species (for example, from low to high volatility and low to high log Kow2). 
Methods for comparing alternative model structures rapidly with available data would fa-
cilitate testing of new structural ideas, provide perspective on model uncertainty, and help 
to address chemicals on which data are sparse. Ultimately, the recognition that models of 
various degrees of complexity may all describe the available data reasonably will encourage 
the acquisition of data to differentiate between competing models.

Mode of Action and Dose-Response Models

Many of the most substantial issues related to both uncertainty and variability can be 
seen in the realm of dose-response assessment for both cancer and noncancer end points. 
Historically, risk assessments for carcinogenic end points have been conducted very dif-
ferently from noncancer risk assessments. In reviewing the issue of mode of action, the 
committee recognized a clear and important need for a consistent and unified approach in 
dose-response modeling. For carcinogens, it has generally been assumed that there is no 
threshold of effect, and risk assessments have focused on quantifying their potency, which 
is the low-dose slope of the dose-response relationship. For noncancer risk assessment, the 
prevailing assumption has been that homeostatic and other repair mechanisms in the body 
result in a population threshold or low-dose nonlinearity that leads to inconsequential risk at 
low doses, and risk assessments have focused on defining the reference dose or concentration 
that is sufficiently below the threshold or threshold-like dose to be deemed safe (“likely to 
be without an appreciable risk of deleterious effects”) (EPA 2002b, p. 4-4). Noncancer risk 
assessments simply compare observed or predicted doses with the reference dose to yield a 
qualitative conclusion about the likelihood of harm. 

The committee finds substantial deficiencies in both approaches with respect to core con-
cepts and the treatment of uncertainty and variability. Cancer risk assessments often provide 
estimates of the population burden of disease or fraction of the population likely to be above 
a defined risk level. But there is no explicit treatment of uncertainty associated with such 
factors as interspecies extrapolation, high-dose to low-dose extrapolation, and the limitations 
of dose-response studies to capture all relevant information. Moreover, there is essentially no 
consideration of variations in the population in susceptibility and vulnerability other than 
consideration of the increased susceptibility of infants and children. The noncancer risk-as-
sessment paradigm remains one of defining a reference value with no formal quantification 
of how disease incidence varies with exposure. Human heterogeneity is accommodated with 
a “default” factor, and it is often unclear when the evidence is sufficient to deviate from such 
defaults. The structure of the reference dose also omits any formal quantification of uncer-

2 Kow is the octanol-water partition coefficient or the ratio of the concentration of a chemical in octanol and 
in water at equilibrium and at a specified temperature.
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tainty. And the current approach does not address compounds for which thresholds are not 
apparent (for example, fine particulate matter and lead) or not expected (for example, in the 
case of background additivity). To address the issue of improving dose-response modeling, 
both from the perspective of uncertainty and variability characterization and in the context 
of new information on mode of action, the committee has developed a unified and consistent 
approach to dose-response modeling (Chapter 5). 

Beyond toxicologic studies of chemicals, there are multiple examples where uncertainty 
and variability have been more explicitly treated. For example, two National Research 
Council reports prepared by the Committee on Biological Effects of Ionizing Radiation 
(NRC 1999, 2006b) have provided examples for addressing dose-response uncertainty for 
ionizing radiation. Both the BEIR VI report dealing with radon (NRC 1999) and the BEIR 
VII report dealing with low linear energy transfer (LET) ionizing radiation (NRC 2006b) 
provided a quantitative analysis of the uncertainties associated with estimates of radiation 
cancer risks. 

More generally, epidemiologic studies provide enhanced mechanisms for characteriz-
ing uncertainty and variability, sometimes providing information that is more relevant for 
human health risk assessment than dose-response relationships derived by extrapolating 
laboratory-animal data to humans. Emerging disciplines such as health tracking, molecular 
epidemiology, and social epidemiology provide opportunities to improve resolution in link-
ing exposure to disease, which may enhance the ability of epidemiologists to uncover both 
main effects and effect modifiers, providing greater insight about human heterogeneity in 
response. A more detailed discussion of the role of these emerging epidemiologic disciplines 
from the perspective of cumulative risk assessment is provided in Chapter 7.

An additional consideration in the treatment of uncertainty and variability in dose-re-
sponse modeling is related to approaches to combine information across multiple publica-
tions, especially in the context of epidemiologic evidence. Various meta-analytic techniques 
have been employed both to provide pooled central estimates with uncertainty bounds 
and to evaluate factors that could explain variability in findings across studies (Bell et al. 
2005; Ito et al. 2005; Levy et al. 2005). While these approaches will not be applicable in 
most contexts, because they require a sufficiently large body of epidemiologic literature to 
allow for pooled analyses, these methods can be utilized to reduce uncertainty associated 
with selection of a single epidemiologic study for a dose-response function, to characterize 
uncertainty associated with application of a pooled estimate to a specific setting, and to de-
termine factors that contribute to variability in dose-response functions. EPA should consider 
these and other meta-analytic techniques, especially for risk management applications tied 
to specific geographic areas.

PRINCIPLES FOR ADDRESSINg UNCERTAINTy AND vARIAbILITy

EPA and policy analysts are not constrained by a lack of methods for conducting un-
certainty analysis but can be paralyzed by the absence of guidance on what levels of detail 
and rigor are needed for a particular risk assessment. That creates situations that splinter 
the parties involved into those who favor application of the most sophisticated methods 
to all cases and those who would rather ignore uncertainty completely and simply rely on 
point estimates of parameters and defaults for all models. But risk assessment often requires 
something in between. To confront the issue, EPA should develop guidance for conducting 
and establishing the level of detail in uncertainty and variability analyses that is required for 
various risk assessments. To foster optimal treatment of variability in its assessments, the 
agency could develop general guidelines or further supplemental guidance to its health-effects 
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(for example, EPA 2005a) and exposure guidance used in its various programs. To support 
the effort, the committee offers the principles presented in Box 4-7.

The principles in Box 4-7 are consistent with and expand on the “Principles for Risk 
Analysis” originally established in 1995, noted as useful by the National Research Council 
(NRC 2007c), and recently re-released by the Office of Management and Budget and the 
Office of Science and Technology Policy (OMB/OSTP 2007). They are derived from the more 
detailed discussions above. In particular, they are based on the following issues. 

•	 Qualitative thinking about uncertainty that reveals that despite the uncertainty, 
one can have confidence in which risk-management option to pick and not need to quantify 
further.

•	 A need to ensure that uncertainty and variability are addressed by ensuring that the 
risk is not underestimated.

•	 Characterization of a variety of risks and their corresponding confidence intervals. 

Depending on the risk-management options, a quantitative treatment of uncertainty 
and variability may be needed to differentiate among the options for making an informed 
decision. Uncertainty analysis is important for both data-rich and data-poor situations, but 
confidence in the analysis will vary according to the amount of information available.

Because resources are limited in EPA, it is important to match the level of effort to 
the extent to which a more detailed analysis may influence an important decision. If an 
uncertainty analysis will not substantially influence outcomes of importance to the decision-
maker, resources should not be expended on a detailed uncertainty analysis (for example, 
two-dimensional Monte Carlo analysis). In developing guidance for uncertainty analysis, 
EPA first should develop guidelines that “screen out” risk assessments that focus on risks 
that do not warrant the use of substantial analytic resources. Second, the guidelines should 

BOX 4-7  Recommended Principles for Uncertainty and Variability Analysis

1. Risk assessments should provide a quantitative, or at least qualitative, description of un-
certainty and variability consistent with available data. The information required to conduct detailed 
uncertainty analyses may not be available in many situations.

2. In addition to characterizing the full population at risk, attention should be directed to vulnerable 
individuals and subpopulations that may be particularly susceptible or more highly exposed.

3. The depth, extent, and detail of the uncertainty and variability analyses should be commen-
surate with the importance and nature of the decision to be informed by the risk assessment and with 
what is valued in a decision. This may best be achieved by early engagement of assessors, managers, 
and stakeholders in the nature and objectives of the risk assessment and terms of reference (which 
must be clearly defined). 

4. The risk assessment should compile or otherwise characterize the types, sources, extent, and 
magnitude of variability and substantial uncertainties associated with the assessment. To the extent 
feasible, there should be homologous treatment of uncertainties among the different components of a 
risk assessment and among different policy options being compared. 

5. To maximize public understanding of and participation in risk-related decision-making, a risk 
assessment should explain the basis and results of the uncertainty analysis with sufficient clarity to be 
understood by the public and decision-makers. The uncertainty assessment should not be a significant 
source of delay in the release of an assessment. 

6. Uncertainty and variability should be kept conceptually separate in the risk characterization. 
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describe the level of detail that is warranted for “important” risk assessments. Third, the 
analysis should be tailored to the decision-rule outcome by addressing what is valued in 
a decision; for example, if the decision-maker is interested only in the 5% most-exposed 
or most at-risk members of a population, there is little value in structuring an uncertainty 
analysis that focuses on uncertainty and variability in the full population.

The risk assessor should consider the uncertainties and variabilities that accrue in all 
stages of the risk assessment—in emissions or environmental concentration data, fate and 
exposure assessment, dose and mechanism of action, and dose-response relationship. It is 
important to identify the largest sources of uncertainty and variability and to determine the 
extent to which there is value in focusing on other components. This approach should be 
based on a value-of-information (VOI) strategy even when resources for a fully quantitative 
VOI analysis are limited (see discussion in Chapter 3). For example, when uncertainty gives 
rise to risk estimates that are spread across one or more key decision points, such as a range 
that includes acceptable and unacceptable levels of risk, then there is value in addressing 
uncertainty in other components when this information provides more insight on whether 
one choice of action for reducing risk is better than another.

When the goal of a risk assessment is to discriminate among various options, the uncer-
tainty analysis supporting the evaluation should be tailored to provide sufficient resolution 
to make the discriminations (to the extent that it can). It is important to distinguish when 
and how to engage an uncertainty analysis to characterize one-sided confidence (confidence 
that the risk does not exceed X or confidence that all or most individuals are protected 
from harm, and so on) or richer descriptions of the uncertainty (for example, two-sided 
confidence bounds, or the full distribution). Depending on the options being considered, a 
fuller description may be needed to understand tradeoffs. When a “safe” level of risk is being 
established, without consideration of costs or countervailing risks, a single-sided (bounding) 
risk estimate or lower-bound acceptable dose may be sufficient. 

RECOMMENDATIONS

This chapter addressed the need to consider uncertainty and variability in an interpre-
table and consistent manner among all components of a risk assessment and to communicate 
them in the overall risk characterization. The committee focused on more detailed and trans-
parent methods for addressing uncertainty and variability, on specific aspects of uncertainty 
and variability in key computational steps of risk assessment, and on approaches to help EPA 
to decide what level of detail to use in characterizing uncertainty and variability to support 
risk-management decisions and public involvement in the process. The committee recognizes 
that EPA has the technical capability to do two-stage Monte Carlo and other very detailed 
and computationally intensive analyses of uncertainty and variability. But such analyses 
are not necessary in all decision contexts, given that transparency and timeliness are also 
desirable attributes of a risk assessment, and given that some decisions can be made with 
less complex analyses. The question is not often about better ways to do these analyses, but 
about developing a better understanding of when to do these analyses.

To address those issues, the committee provides the following recommendations: 

•	 EPA should develop a process to address and communicate the uncertainty and 
variability that are parts of any risk assessment. In particular, this process should encour-
age risk assessments to characterize and communicate uncertainty and variability in all key 
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computational steps of risk assessment—emissions, fate-and-transport modeling, exposure 
assessment, dose assessment, dose-response assessment, and risk characterization.

•	 EPA should develop guidance to help analysts determine the appropriate level of 
detail needed in uncertainty and variability analyses to support decision-making. The prin-
ciples of uncertainty and variability analysis above provide a starting point for development 
of this guidance, which should include approaches both for analysis and communication

•	 In the short term, EPA should adopt a “tiered” approach for selecting the level of 
detail used in uncertainty and variability assessment. A discussion of the level of detail used 
for uncertainty analysis and variability assessment should be an explicit part of the problem 
formulation and planning and scoping.

•	 In the short term, EPA should develop guidelines that define key terms of reference 
used in the presentation of uncertainty and variability, such as central tendency, a�erage, 
expected, upper bound, and plausible upper bound. In addition, because risk-risk and benefit-
cost comparisons pose unique analytic challenges, guidelines could provide insight into and 
advice on uncertainty characterizations to support risk decision-making in these contexts. 

•	 Improving characterization of uncertainty and variability in risk assessment comes 
at a cost, and additional resources and training of risk assessors and risk managers will be 
required. In the short term, EPA should build the capacity to provide guidance to address 
and implement the principles of uncertainty and variability analysis. 
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5

Toward a Unified Approach to  
Dose-Response Assessment

THE NEED FOR AN IMPROvED DOSE-RESPONSE FRAMEWORk

Introduction to the Problem

As described in Chapter 4, one of the urgent challenges to risk assessment is the evalu-
ation of hazard and risk in a manner that is faithful to the underlying science, is consistent 
among chemicals, accounts adequately for variability and uncertainty, does not impose 
artificial distinctions among health end points, and provides information that is maximally 
useful for risk characterization and risk management. There have been efforts to harmonize 
dose-response methods for cancer and noncancer end points, but, as discussed below, criti-
cisms have been raised regarding the validity of dose-response assessments for risk charac-
terizations and management and regarding the treatment of uncertainty and variability in 
human sensitivity. This chapter examines the science governing dose-response assessment for 
a variety of end points (cancer and noncancer) and develops an integrative framework that 
provides conceptual and methodologic approaches for cancer and noncancer assessments. 

Current Framework

Dose-response assessments for carcinogenic end points have been conducted very dif-
ferently from noncancer assessments. For carcinogens, it has been assumed that there is no 
threshold of effect, and dose-response assessments have focused on quantifying the risk at 
low doses. The current Environmental Protection Agency (EPA) approach derives a “point 
of departure” (POD), such as the lower bound on the dose that results in an excess risk of 
10% based on fitting of a dose-response model to animal bioassay data (EPA 2000a). After 
adjustment for animal-human differences in the dose metric, risk is assumed to decrease 
linearly with doses below the POD for carcinogens that are direct mutagens or are associ-
ated with large human body burdens (EPA 2005a). The population burden of disease or the 
population risk at a given exposure is estimated. In practice, EPA carcinogen assessments do 
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not account for differences among humans in cancer susceptibility other than from possible 
early-life susceptibility (see Chapter 4). 

For noncancer end points, it is assumed that homeostatic and defense mechanisms lead 
to a dose threshold1 (that is, there is low-dose nonlinearity), below which effects do not 
occur or are extremely unlikely. For these agents, risk assessments have focused on defining 
the reference dose (RfD) or reference concentration (RfC), a putative quantity that is “likely 
to be without an appreciable risk of deleterious effects” (EPA 2002a, p. 4-4). The “hazard 
quotient” (the ratio of the environmental exposure to the RfD or RfC) and the “hazard 
index” (HI, the sum of hazard quotients of chemicals to which a person is exposed that 
affect the same target organ or operate by the same mechanism of action) (EPA 2000b) are 
sometimes used as indicators of the likelihood of harm. An HI less than unity is generally 
understood as being indicative of lack of appreciable risk, and a value over unity indicates 
some increased risk. The larger the HI, the greater the risk, but the index is not related to 
the likelihood of adverse effect except in qualitative terms: “the HI cannot be translated to 
a probability that adverse effects will occur, and is not likely to be proportional to risk” 
(EPA 2006a). Thus, current RfD-based risk characterizations do not provide information 
on the fraction of the population adversely affected by a given dose or on any other direct 
measure of risk (EPA 2000a). That deficiency is present whether the dose is above the RfD 
(in which case the risk may be treated as nonzero but is not quantified) or below the RfD 
(in which case the risk can be treated as “unappreciable” or zero even though with some 
unquantified probability it is not zero). 

As in cancer dose-response assessment, the RfD is also derived from a POD, which could 
be a no-observed-adverse-effect level (NOAEL) or a benchmark dose (BMD). However, 
instead of extrapolating to a low-dose risk, the POD is divided by “uncertainty factors” to 
adjust for animal-human differences, human-human differences in susceptibility, and other 
factors (for example, data gaps or study duration). In a variant of the RfD approach to 
noncancer or low-dose nonlinear cancer risk assessment, the agency calculates a “margin 
of exposure” (MOE), the ratio of a NOAEL or POD to a projected environmental expo-
sure (EPA 2000a, 2005b). The MOE is compared with the product of uncertainty factors; 
an MOE greater than the product is considered to be without appreciable risk or “of low 
concern,” and an MOE smaller than the product reflects a potential health concern (EPA 
2000b). MOEs and RfDs are defined for durations of exposure (for example, acute, sub-
chronic, and chronic) and may be defined for specific life stages (for example, developmental) 
(EPA 2002a). 

Recent refinements in risk-assessment methods in EPA have used mode-of-action (MOA)2 
evaluations in dose-response assessment. EPA’s Guidelines for Carcinogen Risk Assessment 
(2005b) state that if a compound is determined to be “DNA reactive and [to] have direct 
mutagenic activity” or to have high human exposures or body burdens “near doses associated 
with key precursor events” (EPA 2005b, p. 3-21), a no-threshold approach is applied; risk 
below the POD is assumed to decrease linearly with dose. For carcinogens with sufficient 
MOA data to conclude nonlinearity at low doses, such as those acting through a cytotoxic 
MOA, the RfD approach outlined above for noncancer end points is applied (EPA 2005b), 

1 More recent noncancer guidelines have abandoned the term threshold, noting the difficulty of empirically 
distinguishing dose-response relationships with true biologic thresholds from ones that are nonlinear at low doses 
(EPA 2005b, p. 3-24).

2 Following EPA 2005b (p. 1-10), the MOA is defined as “a sequence of key events and processes, starting with 
interaction of an agent with a cell, proceeding through operational and anatomical changes, and resulting” in the 
adverse effect. “A ‘key event’ is an empirically observable precursor step that is itself a necessary element of the 
mode of action or is a biologically based marker for such an element.”
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except when there is adequate evidence to support mechanistic modeling (there has been 
no such case). 

Another refinement in dose-response assessment has been the derivation of the RfD or 
low-dose cancer risk from a POD that is calculated using BMD methodology (EPA 2000a). 
In noncancer risk assessment, this approach has the advantage of making better use of the 
dose-response evidence available from bioassays than do calculations based on NOAELs. 
It also provides additional quantitative insight into the risk presented in the bioassay at the 
POD because for quantal end points the POD is defined in terms of a given risk for the 
animals in the study. 

EPA’s treatment of noncancer and low-dose nonlinear cancer end points is a major step 
by the agency in an overall strategy to harmonize cancer and noncancer approaches to dose-
response assessment. Other aspects of this harmonization for the different end points include 
consideration of the same cross-species factors (EPA 2006b), and the same pharmacokinetic 
adjustments. EPA staff have also explored for noncancer end points dose-response modeling 
that results in probabilistic descriptions (for example, for acrolein, Woodruff et al. 2007) and 
that could be readily integrated into benefits evaluation (for thyroid-disrupting chemicals, 
Axelrad et al. 2005). But these approaches have not found their way into agency practice.

Scientific, Technical, and Operational Problems with the Current Approach

The committee recognizes EPA’s efforts to examine and refine dose-response assessment 
methodology and practice and the agency’s work to clarify its approaches and practices in 
guidelines and other documents (for example, EPA 2000a, 2002b, 2004, 2005b). A number 
of improvements over the last decade can be noted, such as the movement toward using 
MOA determinations and the application of BMD methods. However, the current framework 
has important structural problems, some of which have been exacerbated by recent deci-
sions. Figure 5-1 presents an outline of the current framework for dose-response assessment 
and risk characterization in EPA and some major limitations in the framework, which are 
discussed below. 

Potential Low-Dose Linearity for Noncancer and “Nonlinear” Cancer End Points 

Thresholds are assumed for noncarcinogens and for carcinogens believed to operate 
through an MOA considered nonlinear at low doses. The rationale is that at levels below 
the threshold dose, clearance pathways, cellular defenses, and repair processes have been 
thought to minimize damage so that disease does not result. However, as illustrated in Figure 
5-2, threshold determinations should not be made in isolation, inasmuch as other chemical 
exposures and biologic factors that influence the same adverse effect can modify the dose-
response relationship at low doses and should therefore be considered.

Nonlinear Cancer End Points

The current determination of “nonlinearity” based on MOA assessment is a reasonable 
approach to introduce scientific evidence on MOA into cancer dose-response assessment. 
However, some omissions in this overall approach for low-dose nonlinear carcinogens 
could yield inaccurate and misleading assessments. For example, the current EPA practice 
of determining “nonlinear” MOAs does not account for mechanistic factors that can create 
linearity at low dose. The dose-response relationship can be linear at a low dose when an 
exposure contributes to an existing disease process (Crump et al. 1976, Lutz 1990). Effects 

E27.148

http://www.nap.edu/12209


Science and Decisions: Advancing Risk Assessment

Copyright National Academy of Sciences. All rights reserved.

130 SCIENCE AND DECISIONS: ADVANCING RISK ASSESSMENT

Figure 5-1.eps

Hazard Assessment
Sort by Noncancer or Cancer End Points

Noncancer Risk Assessment Cancer Risk Assessment

Identify NOAEL or derive POD

Select Uncertainty/Adjustment Factors
-  Cross-species (U1)
-  Human interindividual variability (U2)
-  Other (U3)

Derive Reference Dose
RfD = POD / (U1 x U2 x U3)

Risk Characterization: Hazard Index (HI) or MOE
HI = Σi

(Exposure/RfDi)
MOE = POD/Exposure

Limitations and Issues

1. Possibility for low-dose linearity (for example,
due to background exposure) not assessed

2. No risk measure produced.  HI, RfD, and MOEs
of limited utility for risk/benefit analyses

3. Uncertainty not distinguished from variability or
other adjustments

Evaluate Mode of Action (MOA)

Animal to human dose conversion:
mg/kg3/4-d scaling or pharmacokinetic modeling
with pharmacodynamic adjustment

Limitations and Issues

1. Interhuman variability in risk either not
addressed at all (animal based) or incompletely
(epidemiology based)

2. For low-dose nonlinear carcinogens, no risk
measure produced.  HI, RfD, and of MOEs
limited utility for risk/benefit analysis

3. Uncertainty is not characterized

Derive POD (for example, LED01) and Slope Factor
For example, Slope Factor = 0.01/POD

Risk Characterization: Low-Dose Risk
Extra Risk = Slope Factor � Exposure

MOA not established

Low Dose “Nonlinear”

Linear MOA 

FIgURE 5-1 Current approach to noncancer and cancer dose-response assessment. 

of exposures that add to background processes and background endogenous and exogenous 
exposures can lack a threshold if a baseline level of dysfunction occurs without the toxicant 
and the toxicant adds to or augments the background process. Thus, even small doses may 
have a relevant biologic effect. That may be difficult to measure because of background noise 
in the system but may be addressed through dose-response modeling procedures. Human 
variability with respect to the individual thresholds for a nongenotoxic cancer mechanism 
can result in linear dose-response relationships in the population (Lutz 2001). 

In the laboratory, nonlinear dose-response processes—for example, cytotoxicity, im-
paired immune function and tumor surveillance, DNA methylation, endocrine disruption, 
and modulation of cell cycles—may be found to cause cancer in test animals. However, given 
the high prevalence of those background processes, given cancer as an end point, and given 
the multitude of chemical exposures and high variability in human susceptibility, the results 
may still be manifested as low-dose linear dose-response relationships in the human popula-
tion (Lutz 2001). The possibility of low-dose linearity due to background is acknowledged 
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in the EPA (2005b) Guidelines for Carcinogen Risk Assessment to a limited degree—for 
chemicals with high body burdens or high exposures—but has not been addressed in EPA 
assessments. And EPA practices do not call for systematic evaluation of endogenous and 
exogenous exposures or mechanisms that can lead to linearity.

By segregating cancer and noncancer risk assessment, the current framework tends to 
place undue focus on “complete” carcinogens, ignoring contributions to ongoing carcinogen-
esis processes and the multifactorial nature of cancer. Chemicals that may increase human 
cancer risk by contributing to an underlying process are handled essentially as noncarcino-
gens even though they may be integral to the carcinogenic process. The dichotomy increases 
the burden of judging which chemicals are carcinogens rather than accepting the variety of 
carcinogenic MOAs and incorporating them into a comprehensive risk assessment. 

Noncancer End Points

Similarly, noncarcinogens can exhibit low-dose linearity, for example, when there is 
considerable interindividual variability in susceptibility and each individual has his or her 
own threshold, especially when an underlying disease (such as cardiopulmonary disease) can 
interact with the toxicant (such as particulate matter [PM] or ozone). Schwartz et al. (2002) 
made the argument for the absence of a population threshold for mortality effects of PM. 
Other factors that support nonthreshold dose-response relationships for noncarcinogens 
include

•	 The observation of dose-response relationships with no apparent thresholds for 
subtle, common adverse end points, such as IQ loss or neurobehavioral deficits associated 
with lead or methylmercury exposures—an observation that continues to be made even as 
investigators probe for effects at smaller exposures (Axelrad et al. 2007). Those effects oc-
cur at lower doses than frank toxicity and are expected to become a more common basis of 

Figure 5-2.eps
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FIgURE 5-2 Value of physiologic parameter for three hypothetical populations, illustrating that 
population responses depend on a milieu of endogenous and exogenous exposures and on vulnerability 
of population due to health status and other biologic factors. Source: Adapted from Woodruff et al. 
2007. Reprinted with permission; copyright 2007, En�ironmental Health Perspecti�es.
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dose-response assessment as increasingly subtle end points are studied with more sensitive 
tests (for example, tests based on -omics) or epidemiologically.

•	 The fact that in receptor-mediated events, even at very low doses a chemical can 
occupy receptor sites and theoretically perturb cell function (such as signal transduction 
or gene expression) or predispose the cell to other toxicants that bind to or modulate the 
receptor system (such as organochlorines and the aryl hydrocarbon receptor or endocrine 
disruptors and hormonal binding sites) (Brouwer et al. 1999; Jeong et al. 2008). 

•	 The observation that exposures that perturb or accelerate background endogenous 
disease processes and add to background endogenous and exogenous exposures may not 
show evidence of a threshold, as described above (“Nonlinear Cancer End Points”).

There are multiple toxicants (for example, PM and lead) for which low-dose linear con-
centration-response functions rather than thresholds have been derived for noncancer end 
points. The current EPA framework treats them as exceptions (implicitly if not explicitly) 
and does not provide methods and practices for readily assessing the dose-response relation-
ship for cases in which thresholds are not apparent or not expected, for example, because 
of background additivity. As discussed in this chapter, for critical end points driving the 
risk characterization at low doses, such cases may be common, and a new framework and 
practice are needed. 

Another problem posed by the current noncancer framework is that the term uncertainty 
factors is applied to the adjustments made to calculate the RfD to address species differ-
ences, human variability, data gaps, study duration, and other issues. The term engenders 
misunderstanding: groups unfamiliar with the underlying logic and science of RfD derivation 
can take it to mean that the factors are simply added on for safety or because of a lack of 
knowledge or confidence in the process. That may lead some to think that the true behavior 
of the phenomenon being described may be best reflected in the unadjusted value and that 
these factors create an RfD that is highly conservative. But the factors are used to adjust 
for differences in individual human sensitivities, for humans’ generally greater sensitivity 
than test animals’ on a milligrams-per-kilogram basis, for the fact that chemicals typically 
induce harm at lower doses with longer exposures, and so on. At times, the factors have 
been termed safety factors, which is especially problematic given that they cover variability 
and uncertainty and are not meant as a guarantee of safety. 

The Need for Evaluation of background Exposures and Predisposing Disease Processes

Dose-response assessments for noncancer and nonlinear cancer end points are gener-
ally performed without regard to exposure to other chemicals that affect the same patho-
logic processes or the extent of pre-existing disease in the population. The need to address 
chemicals that have “a common mechanism of toxicity” in a cumulative risk assessment 
has been established for pesticides under the Food Quality Protection Act (FQPA) of 1996 
(EPA 2002b, p. 6). EPA (2002b) provides a useful example, but it was driven principally by 
the explicit requirements of the FQPA, and few noncarcinogens are evaluated in this way. 
Furthermore, dose additivity has been observed at relatively low doses for various endo-
crine-related toxicities with similar and dissimilar mechanisms of action (for example, Gray 
et al. 2001; Wolf et al. 2004; Crofton et al. 2005; Hass et al. 2007; Metzdorff et al. 2007). 
Dosing animals with two chemicals that have different MOAs at their NOAELs resulted in 
a significant adverse response, which suggested dose additivity (as when two chemicals at 
subthreshold doses lead to an effect). In practice, a common implicit assumption is effect 
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additivity—two subthreshold doses yield a nonresponse because neither produces a response 
on its own. 

Consideration of chemicals that have a common MOA has not included how endogenous 
and other chemicals, not the direct subjects of testing and evaluation by regulatory agen-
cies, affect the human dose-response relationship. The recent EPA draft dibutyl phthalate 
(DBP) assessment is an example in which there was an opportunity to consider cumulative 
exposure to the various agents that can contribute to the antiandrogen syndrome seen with 
phthalates, but the impact of even other phthalates on the DBP dose-response relationship 
was not taken into account in setting the draft RfD (EPA 2006c). In the application of such 
an assessment, DBP exposures above the RfD would be treated as posing some undefined 
extra degree of risk and DBP exposures below the RfD would, without further guidance 
from the agency, potentially be treated as riskfree without regard to the presence of other 
antiandrogen exposures.

Risk-Assessment Outcomes Needed for Risk Evaluation and benefit Analysis

The end products of noncancer (and nonlinear cancer) assessments in the current para-
digm (exposure-effect quotients that qualitatively indicate potential risk—MOEs, RfDs, and 
RfCs, Figure 5-1) are inadequate for benefit-cost analyses or for comparative risk analyses. 
MOEs and RfDs as currently defined do not provide a basis for formally quantifying the 
magnitude of harm at various exposure levels. Therefore, the committee finds the 2005 
Guidelines for Carcinogen Risk Assessment movement toward RfDs and away from an ex-
pression of risk posed by nonlinear carcinogens problematic. Similarly, although noncancer 
risk assessment has moved to a BMD framework that makes better use of evidence than an 
approach based on NOAELs and lowest observed-adverse-effect levels (LOAELs), the para-
digm remains one of defining an RfD or RfC without any sense of the degree of population 
risk reduction that would be found in moving from one dose to another dose. A probabilistic 
approach to noncancer assessment, similar to how cancer risks are expressed, would be much 
more useful in risk-benefit analysis and decision-making. The current threshold-nonthreshold 
dichotomy creates an inconsistent approach for bringing toxicology and risk science into 
the decision-making process. 

That paradigm has other unintended consequences. For example, the linear-extrapola-
tion exercise for carcinogens and lack of consideration of linearity for noncarcinogens and 
“nonlinear” carcinogens create a high bar of evidence for carcinogen identification and 
reduce the consideration of the possibility of noncancer end points for carcinogens. More 
generally, the many noncancer health end points are generally given little weight in benefit-
cost analyses or other analytically driven decision frameworks in part because of the nature 
of the resulting qualitative risk characterization. 

In the general case in which an intervention reduces exposures from above the RfD 
to below the RfD, it is particularly unfortunate to fail to quantify this benefit. It might be 
possible, through economic valuation (willingness-to-pay or contingent-valuation) studies, 
to estimate the benefits of moving N members of the population from exposure above the 
RfD to exposure below the RfD, but it would be more straightforward and intelligible to 
directly estimate the benefits of such an exposure and risk reduction. The current approach 
also does not address the benefits of lowering exposures that are already below the RfD 
or the benefits of lowering exposures from above the RfD to an exposure level that is still 
above the RfD, both of which, if understood to be associated with a nonzero probability of 
harm, also need valuation. The framework described below provides a means of generating 
the data needed for such analyses. 
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Limitations of the Current Approach for Low-Dose Linear Cancer End Points

EPA assumes that the linear default approach for dose-response assessment provides “an 
upper-bound calculation of potential risk at low doses,” which is “thought to be public-
health protective at low doses for the range of human variation” (EPA 2005b, p. A-9). EPA 
(2005b) noted that the National Research Council reports (NRC 1993, 1994) generally dis-
cussed the variability in human susceptibility to carcinogens and that EPA and other agencies 
were conducting research on the issue. The committee finds that although the precise degree 
of human variability is not known, the upper statistical bound derived from fits to animal 
data does not address human variation, as discussed below. Further, with few exceptions 
(EPA 2001a), the current practice embeds an implicit assumption that it is zero. This is not 
credible and is increasingly unwarranted as more and more studies document the substantial 
interindividual variation in the human population (see Chapter 4). 

According to EPA, “the linear default procedure adequately accounts for human varia-
tion unless there is case-specific information for a given agent or mode of action that indicates 
a particularly susceptible subpopulation or lifestage, in which case the special information 
will be used” (EPA 2005b, p. A-9). That implies that in general the linear-extrapolation pro-
cedure will overestimate the risk to an extent that will account for the underestimation bias 
related to the omission of human heterogeneity. EPA provides no evidence to support that 
assumption and in essence establishes a default (no variability in susceptibility) that is unsub-
stantiated (see Chapter 6 for discussion of “missing” defaults). There are three main steps in 
deriving human cancer risk from animal bioassay data: adjusting animal doses to equivalent 
human doses, deriving the POD by fitting a mathematical model to the data, and linearly 
extrapolating from the POD to lower doses. The default animal-to-human adjustment is 
based on metabolic differences due to the roughly 200- to 2,000-fold differences in body 
sizes and is set at a median value without accounting for the large qualitative uncertainty, in 
any particular application, of the humans being more sensitive than the animal or vice versa. 
The lower bound on the POD merely accounts for the uncertainty in the model fitted to data 
from the fairly homogeneous animals used in studies. If the true dose-response relationship 
for an agent is indeed linear, the statistical lower confidence limit (for example, the BMD 
lower confidence limit [BMDL]) associated with a POD (for example, the BMD) provides 
a small increment of “conservatism”—typically not more than a factor of 2 (Subramaniam 
et al. 2006). That is highly unlikely to account for variation in susceptibility in cancer in a 
large exposed human population (see Chapter 4). If, instead, the true dose-response relation-
ship is nonlinear, treating it as linear might introduce enough “conservatism” to offset the 
underestimation of risk in people of above-average susceptibility, but the degree to which the 
high-dose-based estimate is in error would preferably be analyzed separately. The practice 
of assuming no human variation in response to compounds for which linearity is applied is 
simplistic and inconsistent with the manner in which noncancer assessments are conducted. 
Many factors can cause the cancer response to be highly variable in the population, including 
age, sex, genetic polymorphisms, endogenous disease processes, lifestyle, and coexposure to 
other xenobiotics common in the human environment (see “Variability and Vulnerability 
in Risk Assessment” in Chapter 4). Some of those factors, especially pharmacokinetics and 
early age, are beginning to be considered in a few cancer risk assessments, but much more 
emphasis needs to be placed on describing the ranges of susceptibility and risk. 

Other Limitations of the Current Approach

One cross-cutting issue for all end points is the degree to which dose-response charac-
terization is done in data-poor cases. Often, a compound on which information is sparse is 
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not addressed in a quantitative risk assessment and operationally can be treated as though it 
posed no risk of regulatory importance. That is unlikely to describe the situation adequately 
or to be helpful in setting research priorities. An approach to that problem is described in 
Chapter 6. 

In addition, any analysis must grapple with the best approach for integrating data from 
multiple studies and on multiple end points. There has been a tendency in risk assessment to 
pick a single dataset with which to describe risk, in part because it leads to straightforward 
rationales that are easy to explain, understand, and communicate. However, the direction 
toward better understanding of uncertainty, human variability, and more accurate assess-
ment necessarily involves increasing complexity and integration of evidence from disparate 
sources. It also may involve constructing dose-response relationships based on evidence from 
a variety of study types (such as cancer bioassays and in vitro studies). Also, a given exposure 
to a particular chemical may affect multiple end points, and a risk description based on one 
tumor site or effect may fall short of conveying the overall risk posed by the substance. 

In summary, the committee finds multiple scientific and operational limitations in the 
current approach for both cancer and noncancer risk assessments. The following section 
describes a means for addressing many of the issues by developing a unified framework for 
toxicity assessment that incorporates variability and uncertainty more completely and pro-
vides quantitative risk information on cancer and noncancer end points alike. 

A UNIFIED FRAMEWORk AND APPROACH FOR DOSE-RESPONSE ASSESSMENT

The committee finds that the underlying science is more consistent with a new con-
ceptual framework for dose-response modeling and recommends that the agency adopt a 
unified framework. Figure 5-3a illustrates the underlying dose-response principles for the 
framework, which includes background processes and exposures in considering risks on the 
individual and population scales. Figure 5-3a shows that an individual’s risk from exposure 
to an environmental chemical is determined by the chemical itself, by concurrent background 
exposures to other environmental and endogenous chemicals that affect toxicity pathways 
and disease processes, and by the individual’s biologic susceptibility due to genetic, lifestyle, 
health, and other factors. How the population responds to chemical insults depends on 
individual responses, which vary among individuals. 

Clearly, background exposures and biologic susceptibility factors differ substantially 
between animals and humans, and there can be more confidence in dose-response descrip-
tions that consider and account for background exposure and biologic susceptibility of 
populations for which risks are being estimated. Figure 5-3b provides a depiction of indi-
vidual and population risk that formally takes these factors into account. The shape of the 
population dose-response relationship at low doses is inferred from an understanding of 
individual dose-response relationships, which in turn are based on consideration of back-
ground exposure and biologic susceptibility on human heterogeneity. An upper bound on 
the population dose-response relationship would be derived to express uncertainty in the 
population dose-response relationship. For compounds whose effects show a linear dose-
response relationship, this upper bound is not the same as the familiar upper bound derived 
by fitting dose-response models to animal bioassay data. The latter upper bound measures 
only a very small aspect of uncertainty: that due to sampling variability and the statistical 
fit to animal data. Here, the committee envisions a more comprehensive description of un-
certainty that accounts for other aspects, such as uncertainty in cross-species extrapolation. 
The dose of the environmental chemical that poses, say, a risk above background (“extra 
risk”) of 10-5 in a population, could be described by a probability distribution that reflects 
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Figure 5-3a.eps
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FIgURE 5-3a New conceptual framework for dose-
response assessment. Risk posed by environmental 
chemical is determined from individual’s biologic make-
up, health status, and other endogenous and exogenous 
exposures that affect toxic process; differences among 
humans in these factors affect shape of population 
dose-response curve.
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Figure 5-3b.eps
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FIgURE 5-3b Risk estimation and description un-
der the new conceptual framework for dose-response 
assessment. Risk estimates are based on inferences 
made from human, animal, MOA, and other data 
and understanding of possible background process-
es and exposures. Ideally, population dose-response 
relationship and uncertainty (represented by upper 
95% bound) and dose-response relationships for 
sensitive members of population are described. (As 
explained in text, upper 95% confidence bound on 
risk is not same as upper-bound estimate generated 
in current cancer risk assessments.) Mean estimate 
of population risk can be derived from understand-
ing of individual risk. 
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the uncertainty. Ideally, risk would be estimated for sensitive as well as typical individuals, 
and uncertainty in those estimates would also be described.

One important outcome of the new approach is the redefinition of the RfD as a risk-spe-
cific dose rather than as a dichotomous risk–unappreciable risk descriptor. The redefinition 
is described further below. 

Characteristics of the Dose-Response Framework

The dose-response framework envisioned includes the following features:

•	 Dose-response characterizations that use the spectrum of e�idence from human, 
animal, mechanistic, and other rele�ant studies. Whole-animal dose-response studies will 
continue to play a central role in establishing PODs for most chemicals, but information on 
human heterogeneity, background exposures, and disease processes and data from mechanis-
tic in vitro and in vivo studies will be critical in selecting the approach to the dose-response 
analysis. Some information used in the dose-response derivation will be chemical-specific. 
In the absence of reliable chemical-specific information on human variability, interspecies 
differences, and other components of the analysis, generalizations and defaults based on 
evidence from other chemicals and end points and theoretical considerations may be used. 
Clearly, this presents challenges associated with selection of data sources, data synthesis, 
and model uncertainty.

•	 The goal of pro�iding a probabilistic characterization of harm, such as a description 
of the form “at dose D, R fraction of the population would be anticipated to suffer harm 
with a confidence interval of RL-RH.” For example, a summary statement of risk may be that 
at an air concentration of 0.05 ppm (= D), 1/10,000 (= R) of the population are likely to be 
affected with a 95% confidence interval (CI) of 5/100,000-3/10,000 of the population. That 
general form can be made more specific to particular outcomes and MOAs. For example, as 
described later in this chapter, for agents unlikely to have a threshold even at the individual 
level (such as mutagenic carcinogens), each person is assumed to be at a finite risk, and one 
can also make statements about individual risk. A summary statement may be given like that 
above with a further description that the 95th percentile individual at a dose of 0.05 ppm 
may face a risk of 1/1,000 (with a CI of 5/10,000-3/1,000). Thus, for a population uniformly 
exposed to a compound at 0.05 ppm, the characterization would indicate the distribution 
of risk among individuals (with variability driven by differences in background exposures 
and biologic susceptibility), in this example, with 5% of individuals having estimated risks 
above 1/1,000 (with associated confidence bounds). The key attribute of the characteriza-
tion would be a quantitative and probabilistic characterization of harm for each critical end 
point. A similar position for probabilistic expression of noncancer risk has been advocated 
by the EPA Science Advisory Board (EPA SAB 2002). Multiple end points of varied severity 
would be considered. In many cases, new research or well-justified default approaches will 
be needed to attain this level of refinement in noncancer dose-response analysis. 

•	 Explicit consideration of human heterogeneity in response, for both cancer and non-
cancer end points, that is distinguished from uncertainty. This variability assessment would 
consider susceptibility due to age, sex, health status, genetic makeup, and other factors. 
Uncertainty in human variability estimates would be described, preferably quantitatively. 
The rigor of this characterization would be commensurate with the needs of the assessment 
(see Chapters 3 and 4). 

•	 Treatment of uncertainty aimed at characterizing the most important types of uncer-
tainties for both cancer and noncancer end points. This could involve formal quantification 
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following probabilistic approaches that are consistent with recommendations about the use 
of default assumptions in Chapter 6. It could also include sensitivity analyses or qualitative 
characterizations if they would provide a better description of uncertainty or are commen-
surate with the needs of the assessment.

•	 E�aluation of background exposure and susceptibility in order to select modeling 
approach. The assessment of “background exposure” and “background disease processes” 
would involve characterization of other chemicals or nonchemical stressors that influence 
the same general pathologic processes as the chemical under evaluation. Such consideration 
should aid the evaluation of the shape of the dose-response relationship, including the poten-
tial for low-dose linearity and high-risk subpopulations and hence appropriate methodologic 
approaches for the dose-response analysis. Background exposures and susceptibility factors 
can result in linear low-dose-response relationships that would otherwise be considered low-
dose nonlinear on the basis of MOA alone.

•	 Use of distributions instead of “uncertainty factors,” as the science and data develop 
and are found to provide a sufficient basis for doing so. For example, research is going on 
to develop uncertainty distributions for the pharmacokinetic (PK) and pharmacodynamic 
(PD) components of the interspecies and intraspecies human uncertainty factors (for example, 
Hattis and Lynch 2007). Data-driven adjustment factors developed by such bodies as the 
World Health Organization’s International Program on Chemical Safety (IPCS 2005) are 
being expanded to probabilistic descriptions on the basis of information from the pharma-
ceutical sector and emerging from the biologic sciences. It will be a challenge to overcome 
some of the data limitations for developing those approaches. For example, many studies 
use small numbers of human subjects, so the sensitive individuals in the population may 
not be characterized quantitatively by distributions derived from these studies, particularly 
if the true human distribution is multimodal. Approaches are needed to address that issue. 
The formal incorporation of variability due to polymorphisms, aging, endogenous disease 
status, exposure, and other factors will probably prove to be complex and challenging. Later 
in this chapter, examples are given of an approach for developing and using an intrahu-
man variability adjustment and distribution for cancer risk derivations. It may sometimes 
be preferable to use single-value “uncertainty factors,” either out of necessity or reflecting 
science-policy choices (see Chapter 6). Their use would preferably be accompanied by a 
qualitative description of the associated uncertainty in their application. 

 The term uncertainty factors can be problematic because it connotes only one as-
pect of the function of the factors. As the default distributions are developed, a better, more 
specific label for them would be preferable (for example, human �ariability distribution) to 
reflect their content more appropriately (for example, accounting for human heterogeneity). 
This would lessen the opportunity for transferring to the new default distributions the misun-
derstanding commonly associated with use of “uncertainty factors,” as described earlier. 

•	 Descriptions of sensiti�e indi�iduals or subpopulations. The assessment would 
characterize individuals and subgroups according to whether they have coexposures to 
key nonchemical stressors, specific polymorphisms influencing metabolism or DNA repair, 
pre-existing or endogenous disease processes, high background endogenous or exogenous 
exposures, and other determinants of increased susceptibility.

•	 Approaches and resulting assessments that are transparent and understandable by 
the public and by risk managers. This may require alternative presentations of the charac-
terization of risk to suit the needs of specific decisions.
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Risk-Specific Definition of the Reference Dose

This framework facilitates a redefinition of the RfD and RfC in terms of a risk-specific 
dose and confidence level, as outlined in Box 5-1. Although Box 5-1 focuses on a risk-specific 
definition of the RfD, the framework developed in this chapter can be used to estimate risk 
at any dose, not just the RfD; for example, the risk and confidence bounds around the risk 
could be reported for continuous exposure to an air concentration of 1 part-per-billion. This 
redefinition will facilitate an understanding of the benefits of lowering exposure in valuation 
exercises for environmental decision-making. 

An RfD defined in that manner can be used as RfDs have always been used in aiding 
risk-management decisions, but it has additional beneficial features. It presents a dose above 
which risks may be increased above a standard criterion or de minimis risk and below which 
risks are considered insignificant or minimal but not necessarily zero. It is analogous to the 
presentation of cancer risks to risk managers with the understanding that the bright-line 
risk-specific dose is based on a previously agreed on de minimis or acceptable level of risk 
inasmuch as zero risk cannot be assumed. However, rather than being an expression of the 
line between possible harm and safety, the newly defined RfD can be interpreted in terms of 
population risk. Managers can then weigh alternative options in terms of the percentage of 
the population that is above or below the de minimis risk-specific dose; this also enables a 
quantitative estimate of benefits for different risk-management options. An example of this 
approach is provided for a thyroid disrupting compound by Axelrad et al. (2005). 

The de minimis risk for the RfD could depend on the nature of the health outcome (that 
is, a subtle, precursor effect, a mild effect, or a severe effect) and the subpopulation; for 
example, the RfD could be based on a 1 in 1,000 risk for a minimally adverse response in 
a sensitive subpopulation (Hattis et al. 2002). 

As is the case for linear cancer end points, multiple risk-specific doses could be provided 
in the Integrated Risk Information System and in the various risk characterizations that 
EPA produces to aid environmental decision-making. Different risk-management decisions 
may call for different acceptable risks, and this redefinition would provide risk managers a 
means of considering the population risk associated with exposures resulting from specific 
control strategies. The doses related to different target risks could be distinguished from 
RfDs and RfCs with names like risk-specific dose to avoid confusion. The confidence values 
associated with these risk-specific doses should be included in any database with the risk 
targets to ensure that this key information is not lost. Over the years of experience with 
cancer—a severe effect with a relatively long latent period—an acceptable risk range has 
been adopted that is used in risk-management decisions. Such experience will accrue for 
other health end points. 

BOX 5-1 A Risk-Specific Reference Dose

For quantal effects, the RfD can be defined to be the dose that corresponds to a particular risk 
specified to be de minimis (for example, 1 in 100,000) at a defined confidence level (for example, 
95%) for the toxicity end point of concern. It can be derived by applying human variability and other 
adjustment factors (for example, for interspecies differences) represented by distributions rather than 
default uncertainty factors.
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Conceptual Models

Approaches to describe dose-response relationships in probabilistic terms depend on how 
one conceives the underlying biologic processes and how they contribute to an individual’s 
dose-response relationship, the nature of human variability, and the degree to which the 
processes may be independent of background exposures and processes. This is illustrated in 
three example prototypical conceptual models:

1. Nonlinear indi�idual response, low-dose linear population response with background 
dependence. As discussed above, low-dose linearity can arise when the dose-response curves 
for individuals in the population are nonlinear or even have thresholds but the exposure to 
the chemical in question adds to prevalent background exposures that are contributing to 
current disease. The dose-response relationship would be determined to a great extent by 
human variability and background exposure. In Figure 5-4, each individual’s dose-response 
relationship can be characterized by a threshold dose-response function with zero risk up 
to a particular dose and then sharply increasing risk with increasing dose above it. A col-
lection of the threshold dose-response functions for a number of individuals is displayed on 
the left side of the figure. The proportion of individuals in the population whose threshold 
is exceeded by a particular dose is displayed on the right side.

2. Low-dose nonlinear indi�idual and population response, low-dose response inde-
pendent of background. This is the dose-response conceptual model currently in use for 
noncancer end points. For these dose-response relationships, the fraction of the human 
population responding drops to inconsequential levels at low doses. At very low doses, the 
threshold dose for toxicity is not exceeded in individuals, or the risk is infinitesimal. The 
same is true for the population, with the shape of its dose-response relationship determined 
by the variability in individuals’ thresholds, as illustrated in Figure 5-5. 

Clearly, there are many compounds and end points for which available compound-spe-
cific data are not sufficient to describe probabilistic dose-response relationships for nonlinear 
end points adequately. For some chemicals, default distributions may be constructed on the 
basis of known chemical and physiologic properties for chemicals considered representa-
tive for this purpose. Some default adjustment factors could be specific for some types of 
chemicals. Examples of how default distributions may be derived to support the derivation 
of risk for this conceptual model are given below; the committee cites these examples not to 
endorse particular distributions or specific results but to provide an example of a low-dose 
nonlinear dose-response modeling approach.

Figure 5-4.eps
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FIGURE 5-4 Linear low-dose response in the population dose-response relationship resulting from 
background xenobiotic and endogenous exposures and variable susceptibility in the population.
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3. Low-dose linear indi�idual and population dose-response. For this conceptual mod-
el, both individual risk and population risk have no threshold and are linear at low doses, 
as illustrated in Figure 5-6. Note that low-dose linear means that at low doses “added risk” 
(above background) increases linearly with increasing dose; it does not mean that the dose-
response relationship is linear throughout the dose range between zero dose and high doses. 
A possible approach for deriving linear cancer dose-response relationships and estimating 
risk for individuals at different quantiles and for the population is described below for this 
conceptual model illustrated in Figure 5-6. 

To the extent that uncertainty in cross-species and other adjustments can be ascertained, 
rough quantitative estimates of uncertainty may be provided and incorporated into the char-
acterization of the dose-response relationship. The upper confidence bound on the population 
dose-response curve in Figure 5-6 depicts the uncertainty in the model fit to data, as well as 
in the other adjustments. 

Figure 5-5.eps
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FIGURE 5-5 Nonlinear or threshold low-dose response relationships for individuals and 
populations. 
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FIGURE 5-6 Linear low-dose response models for individuals and population. Individual dose-
response relationships may cross. Thus, individual at the 95th percentile at one dose (dashed line in 
graph on left) may not be same individual at another dose. From uncertainty estimates for assessment 
components, upper 95th percentile estimate for population dose-response relationship can be derived 
(dashed line in graph on right). 
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Low-dose linear dose-response relationships can also involve continuous-effect variables, 
such as decreasing IQ, illustrated in Figure 5-7. As the exposure increases, IQ decreases 
potentially shifting the entire population distribution in the direction of decreased function, 
as may occur with methylmercury (Axelrad et al. 2007). 

general Approach to Dose-Response Assessment

The general approach, illustrated in Figure 5-8, involves consideration of MOA, back-
ground exposures, and possible vulnerable populations in selecting a conceptual model and 
methods for dose-response analysis. 

Data Assembly and End-Point Assessment

The process begins, as is done currently, with review of the peer-reviewed scientific 
literature to assemble health-effects data for identifying end points of concern. The review 
emphasizes end points that are of greatest concern to populations exposed through environ-
mental media. Thus, for chemicals with robust datasets, there is little focus on severe effects 
at high doses other than as indicators, for example, of possible target organs, route specificity, 
and dose-dependent pharmacokinetics. An exception is the plausible scenario, in which, for 
example, acute high-dose exposures occur from chemical terrorism or accidental releases.

One important aspect of dataset selection for dose-response estimation is the consider-
ation of target organ (site) concordance between animals and humans. A toxic effect may 
be preferentially expressed in an animal model in a tissue that is particularly vulnerable 
because of unique features of metabolism in the tissue, the particular hormonal influences 
on the tissue, or the rates of aging, damage, and repair in the tissue, and other factors. In 
some cases, the target organ in a rodent species, such as the forestomach or Zymbal gland, 
may not have an exact human counterpart. However, the presence of carcinogenic action 
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FIgURE 5-7 Dose-response relationships involving a continuous effect variable.
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Figure 5-8.eps
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FIgURE 5-8 New unified process for selecting approach and methods for dose-response assessment 
for cancer and noncancer end points involves evaluation of background exposure and population vul-
nerability to ascertain potential for linearity in dose-response relationship at low doses and to ascertain 
vulnerable populations for possible assessment.

in tissues for which there is no correspondence in humans or that may be regulated differ-
ently in humans does not mean that the toxicity or tumor finding in animals is irrelevant. 
That the rodent tissue is sensitive to the toxicant signifies that the toxicant MOAs operate 
in a mammalian system that has characteristics in common with similar or even not obvi-
ously related tissues in humans or human subpopulations. Because epidemiologic studies 
are often limited in their ability to explore outcomes related to workplace or environmental 
exposures, it is typically impossible to rule out the relevance of an effect seen in a particular 
rodent tissue unless there is detailed mechanistic information on why humans would not 
be affected (IARC 2006). The finding that the high sensitivity of the rat Zymbal gland to 
benzene tumorigenesis occurs via an MOA (clastogenesis) similar to that which produces 
benzene-induced bone marrow toxicity and cancer in humans (Angelosanto et al. 1996) is 
an indication that a tissue that is specific to the rat can still provide important hazard and 
potency information related to human risk. In general, tissues that are responsive to a toxi-
cant should be considered relevant to human risk assessment unless mechanistic information 
demonstrates that the processes occurring in the tissues could not occur in humans. 
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Mode-of-Action Assessment

The MOA evaluation explores what is known or hypothesized about the key events after 
chemical exposures that lead to the toxicity of a compound, including metabolic activation 
and detoxification, initial interactions with critical cellular targets (for example, covalent 
binding with protein or DNA, peroxidation of lipids and proteins, DNA methylation, and 
receptor binding), altered cellular processes (for example, apoptosis, gene expression, and 
signal transduction), and other types of biochemical perturbation that may involve defense 
mechanisms or be considered precursor events. Background or endogenous processes that 
might act in concert with those events would also be considered. Any MOA information 
that might be helpful in understanding dose-response relationships at both high and low 
doses would be considered, including dose-dependent nonlinearities in metabolic processes, 
depletion of cellular defenses, potential to outpace repair processes, induction of enzymes by 
repeat dosing, additivity and interaction with background disease processes, and additivity 
of the chemical and its metabolites with other chemical exposures. 

The MOA assessment brings mechanistic information to bear on the dose-response as-
sessment. However, the available data will often be too limited to explain how a chemical 
or its metabolites act to produce an effect. In such cases, default assumptions will apply; 
below possible defaults are presented in the context of conceptual models. Chapter 6 provides 
further recommendations and guidance on developing and applying defaults. 

Precautionary lessons on the use of MOA data in dose-response assessment are presented 
by way of the following examples. As the first example, findings of rodent liver cancer have 
been hypothesized to be of limited or no human relevance for chemicals that are agonists for 
the peroxisome proliferator activated receptor α (PPARα), a hormone receptor involved in 
energy homeostasis (Klaunig et al. 2003). Notably findings of rodent liver cancer for di(2-
ethylhexyl)phthalate were found by the International Agency for Research on Cancer (IARC 
2000) not to be relevant to humans because peroxisome proliferation was demonstrated in 
mice and rats, but not in human hepatocyte cultures or livers of nonhuman primates ex-
posed to DEHP. However, findings of liver cancer at a higher incidence in PPARα-null than 
wild-type mice (Ito et al. 2007) call into question this conclusion. Second, MOA assessment 
has recently been introduced as a way to determine whether a carcinogen has greater sen-
sitivity early in life. Following EPA (2005c), a factor is to be applied when exposure occurs 
in early life to account for the greater sensitivity during this period, but only for chemicals 
with established mutagenic MOAs. These guidelines (EPA 2005c) raise the question of what 
constitutes a mutagenic MOA. It can be difficult to establish how a chemical with some 
genotoxic activity may induce a mutation (for example, direct vs indirect effect), how to 
translate findings from one biologic system or age group to another, and how effects are 
produced when a chemical induces cancer by multiple MOAs, as many carcinogens are 
likely to do. The practice is inconsistent with the EPA approach to low-dose extrapolation 
in its cancer risk-assessment guidance: when the MOA is uncertain, the default position is 
to assume a low-dose linear extrapolation (EPA 2005b, p. 3-21). 

The “M” factor described later in this chapter is introduced to modify the dose-response 
slope at low doses to address the case of multiple MOAs or other aspects that can be different 
between high and low dose. The MOA assessment would inform the selection of M. 

background and vulnerability Assessments

A critical aspect of the new approach is the determination that, whether addressing 
cancer or noncancer end points, dose-response models should fully address both intersubject 
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variability and background disease processes and exposures. How those factors may “linear-
ize” dose-response relationships, which would otherwise be low-dose nonlinear relationships 
on the basis of MOA, should be considered explicitly. The committee recommends that two 
systematic reviews be included as components of EPA dose-response assessments. The first 
is an assessment of background exposures to xenobiotics (for example, in pharmaceuticals, 
food, and environmental media) and endogenous chemicals that may affect the processes by 
which the chemical produces toxicity and may result in low-dose linearity. The second is an 
assessment of human vulnerability that identifies underlying disease processes in the popula-
tion to which the chemical in question may be adding and that suggests groups of sensitive 
individuals and their characteristics. Those issues are considered further below in terms of 
how they may affect the choice of conceptual model used in dose-response analysis. 

To facilitate this step of the dose-response assessment process, the committee provides 
an initial set of diagnostic questions that address whether background considerations are 
key factors:

•	 What is known or suspected to be the chemical’s MOA? 
•	 What underlying degenerative or disease processes might the toxicant affect or 

otherwise interact with?
•	 What are the background incidences and population distributions of these 

processes?
•	 Are there identified sensitive populations?
•	 Have the underlying processes been characterized in humans with markers of sus-

ceptibility and precursor effect? 
•	 What known and probable factors can affect the underlying processes and thus 

potentially modulate adverse health outcomes of exposure to the toxicant? 
•	 What are the levels of human-to-human and age-dependent variability and uncer-

tainty with respect to background degenerative and disease processes, and how do they 
interact with the toxicant’s MOA?

•	 What environmental contaminants in air, drinking water, food or in consumer prod-
ucts (for example, foods, pharmaceuticals, cosmetics) or endogenous chemicals (for example, 
natural hormones) are similar to the chemical in question?

•	 Could they potentially operate by MOAs similar to that of the chemical in 
question? 

•	 What chemicals might operate by a different MOA but have the potential to affect 
the same toxic process as the chemical under study? 

•	 How might the endogenous and exogenous background components vary among 
individuals? Can subgroups with particularly high exposures be identified? 

•	 Is there a potential for people with high background exposures to have health con-
ditions that predispose them to the critical end points or diseases caused by the chemical 
under study?

Questions, like those above, are essential to ask when conducting chemical risk assess-
ment, whether using the unified framework or current approaches. These questions help 
identify potential data sources for understanding inter-human variability in response and the 
extent to which a chemical may pose risks at low doses, and the limits in that understanding. 
EPA’s draft risk assessment for trichloroethylene (TCE) (EPA 2001a; NRC 2006a) took a 
step in this direction by considering how differences in metabolism, disease, and other fac-
tors contribute to human variability in response to TCE, and how other factors may alter 
its metabolism. EPA’s draft dioxin risk assessment considered the impact of background 
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and cumulative exposure to dioxin-like compounds and the potential impact on low-dose 
response (EPA 2004; NRC 2006b). The unified framework formalizes the incorporation of 
this type of information into human-health risk assessments, through background and vul-
nerability assessments and the subsequent selection of a conceptual model for dose-response 
assessment. 

A Pictorial to Aid Vulnerability Assessment

Many factors can affect susceptibility to a chemical, including host genetics, disease sta-
tus, sex, age, functional reserve, capability of defense mechanisms (for example, glutathione 
status), capability of repair mechanisms, activity of the immune system, and coexposure to 
other xenobiotics. Figure 5-9 is an aid to explore how the disease process may be influenced 
by numerous biochemical processes and risk factors. Someone who is not very vulnerable 
may have no or few risk factors, whereas someone who is vulnerable may have many or far 
greater exposure to one or several of them. Figure 5-9 portrays a hypothetical population 
vulnerability distribution, with the X-axis representing “functional decline,” a continuous 
variable that is an indicator of vulnerability. For example, the indicator of functional decline 
for asthma could be reduced airway responsiveness. People who have generally lower levels 
of risk factors and disease precursors will be on the left side of the population distribution 
in Figure 5-9. Moving to the right will be people who experience a loss of function but are 
not symptomatic. With further loss of function, as may occur in people who have additional 
or greater exposure to risk factors, biomarker levels are higher and approach their threshold 
for symptoms and disease. Stressors that may be innocuous in healthy people may be life-
threatening in those who are susceptible. For example, exposure to low concentrations of 
an infectious agent may cause clinical infection only rarely in the average person, but those 
whose lung clearance and immune function are compromised may develop pneumonia at a 
higher frequency and, when afflicted, may have a greater risk of death. 

Figure 5-9 illustrates a hypothetical situation in which the population depicted is ex-

Figure 5-9.eps
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FIgURE 5-9 Population vulnerability distribution. Arrows represent hypothetical response to same 
toxicant dose for people at given level of functional decline unrelated to any particular toxicant. Verti-
cal line represents presumed threshold between overt adverse and nonadverse effect in median person. 
Shaded area straddling line represents distribution of thresholds in population. 
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posed to a toxicant. The vertical line represents the theoretical threshold to elicit an adverse 
clinical effect in the median person. The threshold will not be the same in everyone, so it is 
represented in the figure as a normal distribution. The arrows represent the magnitude of 
toxicant effect in response to a given dose in people who are at a given level of functional 
decline. In this example, people who are more vulnerable are both closer to their threshold 
and more responsive to a given toxicant dose (represented by the larger arrows). Toxicant 
exposure will shift the vulnerability distribution to the right and make it more skewed, as 
indicated by the size of the arrows. Here, as in epidemiology, functional decline or baseline 
health status might be thought of as an effect modifier of the risk of interest. Sensitivity 
differs because the more vulnerable, on the one hand, have less functional reserve and cel-
lular defense and, on the other hand, may have a greater number of processes that could 
contribute to disease (for example, less responsive airways, less pulmonary clearance, poorer 
immune surveillance, or impaired cardiac function). Low-functioning people can be at greater 
risk not only because they can be near the threshold but because they can have a greater 
response per unit dose. 

Low doses cause a small shift, and even a very low dose may push a few people over their 
threshold. If the background level of clinical effect is high (for example, 1% of people have 
the disease) and there is considerable baseline variability, many people would be expected 
to be vulnerable to a toxicant-induced increase in the disease. In the case of rare diseases or 
effects (for example, affecting 1 per 100,000), few people are expected to be just shy of the 
threshold, and it would take a larger dose of toxicant to produce the same increase in effect 
as in the high-background case. The diagnostic questions listed above may help the risk as-
sessor to understand the characteristics of the population vulnerability distribution and the 
potential for low-dose exposures to push some in the population over their threshold. 

Selection of a Conceptual Model

Based on the background exposure, MOA, and vulnerability assessments, a decision 
is made as to the general approach to the dose-response analysis. It involves a selection of 
conceptual models for individual and population dose-response relationships. To guide this 
decision, the committee has developed examples of prototypical conceptual models, described 
earlier and summarized in Figure 5-10. 

Consideration of background exposures and processes is critical for the determination 
of likelihood of low-dose linearity in the population dose-response relationship. Conceptual 
models 1 and 3 are illustrations of low-dose linearity in population response. The commit-
tee recommends that agents be considered as low-dose nonlinear, as in conceptual model 
2, only if

•	 Biologic additivity is not a significant response modifier, for example, there are very 
low background rates of health end points or damage processes in the population in general, 
or relevant to the chemical’s known or possible MOAs.

•	 Chemical additivity is not a significant response modifier, that is, 
	 −	 the totality of exposure to the toxicant and other agents (exogenous and endog-

enous) is unlikely to cause the adverse affect, or 
	 −	 the toxicant’s contribution is so inconsequential that it will not promote the 

related ongoing toxic processes. 

To illustrate the criteria, consider the case of ambient xenon. At high levels, say 70% 
(mixed with 30% oxygen), xenon is an analgesic and induces a hypnotic effect, and at high 
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FIGURE 5-10 Examples of conceptual models to describe individual and population dose-response 
relationships.

levels, xenon displaces oxygen. The MOA for xenon’s anesthetic action is unknown but is 
believed to be electrophysiological in nature, like the other volatile anesthetics. Xenon is 
ubiquitous in air, at quite a low concentration (0.0000087%). If asked to do a risk assess-
ment for environmental levels of xenon, should a linear or nonlinear approach be applied? 

While the MOA is unknown, the number of individuals in the general population with 
analgesia by xenon relevant MOAs will be restricted to those undergoing surgery, and so the 
first criterion is met. The totality of exposure to xenon and other volatile anesthetics is not 
producing anesthesia in the general population. Also, at 0.0000087% xenon’s contribution 
to even those undergoing anesthesia would be inconsequential, as would the degree of oxygen 
displacement. Thus both criteria point to a threshold approach for the xenon analysis. 

Carbon monoxide also impairs blood oxygenation. Its average ambient concentration, 
expressed as carboxyhemoglobin levels in blood (COHb), is 0.5% COHb. This concentration 
is less than an order of magnitude below the COHb concentration where effects are observed 
in human subjects: 2-6% COHb has been associated with increased angina symptoms in 
those with coronary artery disease. Even in apparently healthy subjects, COHb levels as low 
as 5% are seen to affect maximal exercise time and the maximal exercise level. Furthermore, 
concentrations of carbon monoxide in air can fluctuate diurnally, geographically, and by 
activity (for example, driving). Thus in evaluating the risk of carbon monoxide exposure, 
both of the above criteria indicate a linear approach should be considered: coronary heart 
disease is common and increased carbon monoxide exposures will likely contribute to ongo-
ing toxic processes. 

The recommendation to consider background exposure and vulnerability in deciding 
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between linear and low-dose nonlinear approaches applies even to agents that, when tested in 
isolation in rodent models, appear to have a threshold and whose MOAs (in the absence of 
consideration of background and human heterogeneity) would otherwise suggest a threshold. 
Approaches and guidelines for conducting vulnerability and background assessments will be 
needed, as will guidelines for conducting the assessments and selecting conceptual models.

Selection of Method for Dose-Response Analysis

The approach to the analysis depends on the conceptual model, the data available for 
the analysis, and risk-management needs. If, for example, data are sparse and available only 
from animal studies and low-dose linearity is ruled out, the analysis may proceed by using 
default distributions for adjustment factors and using methods like those described in the 
next section. If there is a relatively high endogenous or exogenous background exposure 
to the same and related chemicals or vulnerability can be substantial and highly variable 
(perhaps in particularly sensitive subgroups), the analysis may proceed by a linear default 
or incorporate distributional information specific to the particular chemical or circumstance 
being analyzed. 

The following section suggests approaches to dose-response analyses for a variety of 
toxic mechanisms and interactions with background processes and exposures. The general 
assumption in working through the examples provided is that variability distributions are 
unimodal: people who are at an extreme for a particular parameter are not numerous enough 
to constitute a subpopulation that should be analyzed separately. However, for any given 
parameter (for example, respiratory function, immunoglobulin E status, blood pressure, 
xenobiotic-metabolizing capacity, or DNA repair), a multimodal distribution may exist and 
be influential enough to create a multimodal distribution of risk at a given dose. 

Unique subpopulations can be addressed as special cases within the framework. Figure 
5-11 depicts such a case, showing that the dose-response relationship for sensitive people 
has very little overlap with that for the typical person. If the sensitive people constitute a 
distinct group either because of their numbers or because of identifiable characteristics—such 
as ethnicity, genetic polymorphism, functional or health status, or disease—they should be 
considered for separate treatment in the overall risk assessment. An example of a gener-
ally susceptible well-defined group is asthmatics, with respect to their response to irritant 
gases emitted from rocket engines (NRC 1998a). Analysis of dose-response functions of 
asthmatic subjects indicated sensitivity to hydrochloric acid potentially 3 times greater, to 
nitrogen dioxide 10 times greater, and to nitric acid 20 times greater than healthy individuals, 
respectively. The committee reviewing the data considered that a multimodal distribution 
that includes the variance and distributional form within each mode was needed for full 
characterization of the range of sensitivity to those irritants. Issues of threshold and back-
ground additivity can be analyzed separately for each mode to determine whether low-dose 
linearity assumptions are appropriate for one or more subpopulations. While consideration 
of susceptible subpopulations has been included in a number of environmental risk assess-
ments (for example, NRC 2000 [copper and Wilson’s disease heterozygotes]; EPA 2001b 
[methylmercury effects on developing children]), the level of consideration and incorporation 
in EPA assessments could be much improved. The conceptual framework and committee 
recommendations in this chapter support qualitative and quantitative improvements.
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FIgURE 5-11 Widely differing sensitivity can create a bimodal distribution of risk. 

CASE STUDIES AND POSSIbLE MODELINg APPROACHES

This section provides case studies and possible methods for dose-response analysis for 
the three example conceptual models, as outlined in Figure 5-12. Methods take into account 
the nature of the data available. Some methods are “bottom up” in that the dose-response 
relationship is constructed from components. An example is given for how human variabil-
ity in asthmatic response might be inferred from gene polymorphisms and might lead to a 
description of the population dose-response relationship for asthma. Other methods are “top 
down” in that the dose-response relationship at low doses is derived by fitting exposure-
response models to observations from epidemiologic or animal studies. 

Conceptual Model 1: Low-Dose Linear Dose-Response Relationship Due to 
Heterogeneous Individual Thresholds and High background

Particulate-Matter Case Study

Fine PM (PM2.5) belongs to a family of pollutants (including ozone) with noncancer 
end points for which the evidence points to a linear or other nonthreshold population re-
sponse at low doses. For those agents, exposed individuals have different thresholds, and 
full characterization of the distribution of thresholds in the population (in this case based 
on epidemiologic evidence) is informative for a population concentration-response func-
tion. Numerous factors contribute to the distribution of the thresholds, as explained later. 
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Figure 5-12.eps
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FIgURE 5-12 Three example conceptual models lead to different descriptions of dose-response 
relationships at individual or population levels. These are illustrated in the case studies. For each 
conceptual model, there may be a sensitive subgroup that should be addressed with separate dose-
response analysis. 

Furthermore, PM2.5 is an example of pollutants that have numerous sources of exposure, so 
any analysis of a given source of PM2.5 takes place against a background that may already 
be above a threshold for numerous people. 

This case illustrates two dose-response issues that are of particular interest to the 
committee’s framework for dose-response assessment:

•	 How concentration-response functions are developed throughout the range of ob-
served exposures, taking into account potential nonlinearities and population thresholds.

•	 How human heterogeneity in response has been quantified and formally addressed 
both to understand sensitive subpopulations and to determine the distribution of individual 
thresholds to understand low-dose effects better.

How concentration-response functions are determined outside the range of observed 
exposures is not addressed. The available epidemiologic evidence for PM2.5 analyses has 
involved fairly low-level exposures, and extrapolation below the level of observation to any 
great degree is less important than for compounds for which evidence is derived from animal 
bioassays or occupational (high dose) epidemiology. 

The PM2.5 dose-response assessment entails the construction, from epidemiologic obser-
vations, of a concentration-response function spanning all observed levels of exposure. Such 
a function could be used to determine directly the proportion of people whose thresholds 
were exceeded by a given concentration (as described above), if concentration-response func-
tions were developed all the way down to the lowest observed exposure (ideally, approaching 
nonanthropogenic background). However, in a benefit-cost analysis framework, the question 
of the slope of the concentration-response curve near nonanthropogenic background is ir-
relevant because any feasible control strategies involve incremental exposure reductions and 
some residual exposure. For the PM2.5 case, an important outcome of the assessment for 
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risk management is the difference in the proportions of people adversely affected between a 
precontrol and a postcontrol scenario. Thus, the analysis has focused on risks in regions of 
the dose-response curve in which control options are relevant. 

Some investigators have used statistical techniques to investigate whether any nonlineari-
ties (including population thresholds) were present in PM2.5 concentration-response functions 
in the range of observed data. For time-series studies looking at mortality and morbidity end 
points, the statistical methods used have included generalized additive models (Schwartz et 
al. 2002) and penalized regression splines (Samoli et al. 2005). Other studies have evaluated 
the questions of thresholds and nonlinearities explicitly by fitting piecewise linear concentra-
tion-response functions with defined knot points and then using model averaging based on 
the posterior probabilities of the various candidate models (Schwartz et al. 2008). Regardless 
of the approach, any of these techniques allow the explicit consideration of nonlinearities 
in concentration-response functions, including the possibility of population thresholds. 
However, these approaches are clearly applicable only to epidemiologic evidence, in which 
there are observations at a sufficient number of magnitudes of exposure to infer the shape 
of the concentration-response function empirically rather than on the basis of prior hypoth-
eses about functional form. It is also most relevant for population rather than occupational 
epidemiology, so it will be valuable for only a small number of compounds (those to which 
exposure is ubiquitous and which pose relatively high population risks). 

One crucial question is whether those statistical methods have demonstrated population 
thresholds for PM2.5 or substantial departures from linearity. Another is whether the data 
would ever be rich enough to discriminate between a model with a threshold and a model 
without a threshold. Most studies that have used the methods (Schwartz and Zanobetti 
2000; Daniels et al. 2000; Schwartz et al. 2002; Dominici et al. 2003; Samoli et al. 2005) 
have concluded that the functions are effectively linear throughout the range of observed 
concentrations, which, in the case of many time-series studies, approaches zero. Thus, in 
spite of the use of statistical models that could detect population thresholds, or at least 
low-dose nonlinearity, no thresholds appeared to be present in the range of observed con-
centrations. That finding has been attributed (Schwartz et al. 2002) to the fact that there is 
a wide distribution of individual thresholds and, in the case of cardiopulmonary mortality (a 
background disease process with which PM2.5 exposures are associated), numerous genetic, 
environmental, disease-state, and behavioral risk factors each contribute to the distribution 
of the thresholds.

The extent of the distribution of individual thresholds was quantified by one study of 
PK and PD factors that influence heterogeneity in response to PM2.5 (Hattis et al. 2001). The 
study assumed lognormality to describe the distribution for individual thresholds. The study 
concluded that the most susceptible (99.9th percentile) people would respond at doses only 
0.2-0.7% of those needed to exhibit responses in people of median susceptibility. An exten-
sion of this analysis found results for subpopulations that were consistent with lognormal 
distributions for a very small number of cut points (Hattis 2008), suggesting the general 
population responses may be consistent with a mixture of lognormal distributions. Given 
that the analyses did not include all important aspects of coexposures and disease states that 
might influence vulnerability, the true heterogeneity could be greater. That provides good 
physiologic plausibility of low-dose linearity on a population basis, given ubiquitous expo-
sures that imply that a substantial number of people will be found to be at least as sensitive 
as the 99.9th percentile individual. 

Human heterogeneity in response has also been evaluated epidemiologically through the 
examination of effect modifiers to identify sensitive subpopulations. For example, multiple 
studies have found that the relative risk of cardiovascular end points (ranging from markers 
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of systemic inflammation to hospitalization to death) was increased in people with diabetes, 
hypertension, or conduction disorders of the heart (Zanobetti et al. 2000; Dubowsky et al. 
2006; Peel et al. 2007). In principle, such pooled evidence from multiple studies could allow 
a calculation of the risk of an effect of a defined dose in subpopulations with and without 
specific conditions. Instead of attempting to define risk-specific doses for a pooled popula-
tion that includes a wide range of sensitivities, a stratified analysis could be performed of the 
range of thresholds possible in the population on the basis of what is known about unique 
and definable subgroups. 

There are some aspects of PM2.5 and other criteria pollutants that are not generalizable 
to other pollutants, but this case example illustrates the greater role that epidemiology could 
play in unified toxicity assessments. Opportunities to develop concentration-response func-
tions for noncancer end points should be exploited by using statistical techniques to draw 
empirical inferences about the shape of the concentration-response function in the range of 
observed data, taking account of sensitive subpopulations. This case also serves as a reminder 
that EPA is already developing quantitative risk estimates for a few noncancer stressors that 
go beyond the threshold concept and has been doing so for some time.

Asthma Case Study 

The PM2.5 case provided an example of how “top-down” methods can be used to 
characterize the population distribution of vulnerability. “Bottom-up” approaches may also 
be informative, as described by this example. These approaches entail characterization of 
background processes of function loss, damage, disease, and concomitant exposures that 
will enable a description of the population distribution of vulnerability. That, in turn, can be 
used in assessing interindividual variability in toxicodynamic response at low doses and can 
inform the shape of the dose-response relationship at low doses. A case study of asthma is 
used to explore the concept. Here evidence from markers of disease susceptibility combined 
with analyses of genotypic differences in vulnerability and relatively high background asthma 
incidence are considered to evaluate the potential for asthmagenic chemicals to have linear-
dose-response relationships at low doses.

Host markers of susceptibility to asthma have been developed and can be used to 
construct a vulnerability distribution. Asthma occurs in people who are hyperresponsive 
to allergens and irritants and are thus at the high end of the population distribution of 
airway responsiveness. The methacholine-challenge test is one of several probes used to 
screen populations for airway reactivity and used in the diagnosis of asthma. Methacholine 
is a cholinergic bronchoconstrictor in both normal and hyperreactive airways; there is a 
continuous distribution of airway reactivity as defined by the challenge dose required to 
decrease FEV1 by a given percentage. FEV1 is the volume of air that can be forced out of 
the lungs in 1 s after a person takes a deep breath. The PC20 is the provoking concentration 
of methacholine required to decrease FEV1 by 20%. Among healthy, nonasthmatic people, 
this measure is distributed so that the majority have low reactivity (high PC20) and a subset 
have high to very high reactivity. The PC20 of 8 mg/L has been used as a cut point to indicate 
airway hyperreactivity; a person with a PC20 below this value is considered to be hyper-
responsive and is likely to be either asthmatic or vulnerable to becoming asthmatic. Those 
with reactive airways appear to be at increased risk for xenobiotic triggering of symptoms 
and the onset of clinically diagnosed asthma, as indicated in prospective studies that con-
trast “normoresponders” with asymptomatic “hyperresponders” (Laprise and Boulet 1997; 
Boutet et al. 2007). The hyperresponders tended to develop more asthmatic symptoms and 
have decreasing PC20. 
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Boutet et al. (2007) evaluated the distribution of PC20 values in a population of 428 
healthy vocational students in the province of Quebec, Canada. Figure 5-13 is constructed 
from the data presented in that study. Asymptomatic hyperresponsiveness (PC20 less than 8 
mg/mL) was observed in 8.5% of the subjects. The increase in respiratory symptoms over a 
3-year observation period differed dramatically in this population. Those most at risk had 
the highest baseline response to methacholine (PC20 less than 4 mg/mL); these high responders 
had a relative risk of symptoms of over 30 compared with baseline normal responders (PC20 
over 32 mg/mL). The increase in symptoms in this population was apparently not related to 
workplace exposure and so may reflect a generalized trend toward the asthmatic phenotype 
in otherwise healthy people who are asymptomatic hyperresponders in the initial screening. 
This finding is reinforced by a similar earlier occupational study of animal workers and 
bakers (de Meer et al. 2003). 

The findings indicate how an underlying disease factor, such as airway hyperresponsive-
ness, can influence the onset of new disease (in this case asthma) in the population. The more 
people are in the asymptomatic but vulnerable range, the more likely it is that new cases 
of disease will occur. Different populations may have different background distributions of 
predisposing risk factors, as shown in an analysis of PC20 data by Hattis (2008). 

The background rate of airway hyperresponsiveness may be used to assess the number 
of people at risk for developing asthma symptoms in response to even low doses of a new 
insulting agent. If the background rate of hyperresponsiveness is low, the number of people 
near the threshold for symptoms may also be low, and the low-dose incremental effects of 
the toxicant may have a linear dose-response relationship but with a shallow slope. If many 
people are vulnerable, the slope at a low dose may be steeper, with a greater incremental 
effect increase per unit of exposure. Thus, variability in this precursor characteristic, airway 
hyperresponsiveness, may be a key input into a distributional analysis of the effects of ozone 
or other toxicants on asthma risk. It will be a challenge to toxicology and epidemiology to 
generate data that can inform understanding of the interaction of toxicants with predispos-
ing disease factors in vulnerable populations. A simplistic approach to these relationships 
for asthma follows. 

Figure 5-13.eps
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Progress has been made in identifying specific genetic factors that predispose to asthma. 
A recent publication breaks the factors into three broad categories: immune and inflam-
matory (12 genes), atopic (three genes), and metabolic (one gene) (Demchuk et al. 2007). 
By accounting for the population frequency of polymorphisms that affect gene expression 
or protein function and for the odds ratio associated with each polymorphism in terms of 
asthma risk, the analysis provided a population distribution of vulnerability to asthma, as 
shown in Figure 5-14. If some people had all the higher-risk polymorphisms (circle) and the 
sensitivity-enhancing effects acted multiplicatively when combined, these people would have 
a roughly 50,000-fold increase in risk of developing asthma compared with all wild-type 
people (arrow). Kramer et al. (2006) propose ways of identifying key candidate genes to 
better describe genetic susceptibility on PM induced asthma and how research might better 
support the regulatory standard-setting for PM. Modeling exercises can explore toxicant 
interaction with the polymorphic pathways to see how exposure in conjunction with host 
variability may combine to create a distribution of risk of asthma. In the absence of such an 
understanding, it would be reasonable to assume that chemicals that induce or exacerbate 
asthma do not have threshold dose-response relationships at the population level and that 
low-dose linearity prevails.

1,4-Dioxane in Animals Case Study

When epidemiologic data are lacking, diagnostic questions regarding vulnerability 
and background exposures may be difficult to answer. The background rate of toxicity in 

Figure 5-14.eps
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FIgURE 5-14 Effect of asthma-related gene polymorphisms on human vulnerability to asthma. Odds 
ratios and frequencies were calculated with assumption of 16 gene variants, each point representing 
a unique combination. Referent genotype (arrow) has odds ratio of 1, and profile composed of all 
variants (circle) is at other extreme. Source: Demchuk et al. 2007.
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unexposed animals and the shape of the dose-response relationship may indicate whether 
background or endogenous processes will be important in evaluating the potential for low-
dose linearity. Variability is expected to be much greater in the human population than in 
tester strains bred for use in the laboratory and exposed under controlled conditions, so it is 
important to reflect on potential human processes in reaching overall conclusions. However, 
animal studies can be more thorough in evaluating age-related and spontaneous toxicity in 
the control group than is typically possible in unexposed or reference human populations. 
Therefore, animal toxicity studies may provide important insights into the potential for 
low-dose linearity. 

A case in point is 1,4-dioxane. This solvent produces histopathologic changes in the 
liver’s Ito cells termed hepatic spongiosis—an inflammatory lesion of the sinusoidal and 
endothelial cells that can be progressive and is believed to be involved in the response to 
nitrosamines and other hepatocarcinogens in rodents (Karbe and Kerlin 2002; Bannasch 
2003). This end point is sensitive to 1,4-dioxane exposure (Yamazaki et al. 1994) and is an 
example of a noncancer end point. However, evidence of its involvement as a precursor le-
sion in hepatocarcinogenesis could lead to its evaluation with a different analytic framework 
(for example, conceptual model 3). As shown below, control males have a high incidence 
(24%), whereas this lesion was not detected in the control and lowest-dose females. The 
sex-specific differences in background incidence of and sensitivity to liver disease mirror the 
pattern of hepatocarcinogenesis in rats and humans, with males more commonly affected 
than females (West et al. 2006). 

As seen in Figure 5-15, the high background rate of the toxic end point in males is 
associated with a steeper dose-response curve at low dose in males than in females; this is 
consistent with the shape of the dose-response curve expected on the basis of the background 
rate of response. 

The potential for background processes to affect the shape of the dose-response curve 
for specific toxicants as observed in animal studies should be considered in building PD 
variability distributions in humans and in evaluating the possibility of low-dose linearity. 
In the case of the hepatic effect caused by 1,4-dioxane, prefibrotic and precirrhotic findings 

Figure 5-15.eps
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FIgURE 5-15 Dose-response relationship for liver spongiosis in 1,4-dioxane-exposed rats. Bars indi-
cate the 95% confidence intervals. Source: Adapted from Yamazaki et al. 1994.
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in the human population would be helpful in weighing the relevance of findings on animal 
vulnerability to that likely to occur in people. Diagnostic methods that can detect subtle liver 
damage in humans, such as ultrasonography and liver-function tests, may help in exploring 
background vulnerability to hepatotoxicants if developed further and applied to popula-
tions of healthy people (Hsiao et al. 2004; Maroni and Fanetti 2006). Existing underlying 
conditions and their causes could be considered in the context of potential mechanisms of 
1,4-dioxane toxicity to evaluate whether the dose-response relationship should be treated 
as linear or nonlinear at low doses.

Default Modeling Approach for Conceptual Model 1: Linear Extrapolation for Phosgene

As described above, small chemical exposures in the presence of existing disease pro-
cesses and other endogenous and exogenous exposures can have linear dose-response rela-
tionships at low doses. Thus, a simple methodologic default to address conceptual model 1 
compounds is linear extrapolation from the POD, such as a benchmark dose, down to low 
doses. Greater information on MOA and chemical interactions with background disease 
processes and similarly acting chemicals may allow different low-dose extrapolations. For 
example, the slope of the line at the POD or another particular dose could be adjusted, as 
described below for conceptual model 3. 

Linear low-dose extrapolation for a noncancer end point is illustrated with the case 
example of phosgene. This reactive respiratory toxicant damages the airways at high doses, 
and dose-response studies in rats exposed for 12 weeks report effects of inflammation and 
fibrosis of the bronchiolar region (Kodavanti et al. 1997; EPA 2005d). The BMD10 for this 
phosgene effect in rats is 170 µg/m3 as a human equivalent concentration (HEC). The lower 
95% confidence bound—the BMDL10—is 30 µg/m3. To this an adjustment is made because 
the study is subchronic rather chronic, and chronic exposure is of interest in calculating an 
alternative RfD. 

In considering how this risk may be manifested in human populations, the background 
incidence of asthma—about 6% in children (CDC 2007)—is relevant. Asthmatics experience 
inflammation, fibrosis, and airway remodeling in response to environmental allergens and 
irritants and so constitute a large population potentially vulnerable to phosgene. In addition 
there are numerous medical conditions (for example, infection, environmental exposures, and 
pharmaceuticals) that lead to the lung inflammation and fibrosis that would potentially be 
worsened by phosgene exposure. Thus, there is a potential for background additivity that is 
consistent with conceptual model 1 and linear extrapolation to low dose. Further analysis of 
cell types and disease processes involved in phosgene toxicity and the other medical condi-
tions may lead one to discover otherwise, but absent more definitive information indicating 
implausibility, background additivity would be assumed. 

Box 5-2 shows that a linear extrapolation from the BMD derived by EPA would yield 
a risk-specific dose (median estimate) of 0.0085 µg/m3 phosgene exposure. Theoretically, 
exposure at this dose is predicted to contribute to inflammation and fibrosis in 1 in 105 of 
exposed individuals. The phosgene RfC of 0.3 µg/m3, set by EPA with a 100-fold cumulative 
uncertainty factor, corresponds to a theoretical risk that 1 in 3,000 (median estimate) indi-
viduals could be affected, on the basis of linear extrapolation. Implicit in the extrapolation 
are the assumptions that a 10-fold reduction in exposure will result in a 10-fold reduction in 
risk and that the BMDL10 in terms of the HEC is the human 10% effect dose. This approach 
could be refined to explore the variability between individuals that is possible because of 
pharmacokinetics, the incidence and distribution of relevant respiratory health conditions, 
and many other factors, and to explore issues regarding species dose-effect concordance for 
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BOX 5-2 Conceptual Model 1:  
Default Linear Low-Dose Extrapolation for Phosgene

1.  Assume uncertainty in all parameters can be characterized by a lognormal distribution, with stan-
dard deviation represented by σ.

2.  BMD10 (human equivalent concentration) = 170 µg/m3, with 95%-tile lower bound 30 µg/m3 vari-
ability in animal BMD, with a difference between lower 95% bound and median of 5.7-fold (because 
5.7=170/30): 
	 σAnimal BMD = log(5.7)/1.645 = 0.46
  (Division by the 95% confidence bound is 1.645 standard deviations from the median in the 

standard normal distribution.)
3.  The human equivalent concentration accounts for cross-species differerence in pharmacokinetics 

but not pharmacodynamics. 
 Assume, as in Hattis et al. 2002, that σ logA→H = 0.42 

4. Median human POD: 
 Adjust for subchronic to chronic study length, as in Hattis et al. 2002, by a factor of 2: 
 170 µg/m3 ÷ 2 = 85 µg/m3

 Assume the uncertainty (σ logSC→C
2) in the adjustment, as in Hattis et al. 2002: 

	 σlogSC→C
 = log[2.17] = 0.34

5. Uncertainty in the human POD (σlogHuman POD): 
	 σ2

logHuman POD
 = σ2

logAnimal BMD + σ2
logA→H

 + σ 
2
logSC→C

 σ	2Human POD = 0.462 + 0.422 + 0.342 = 0.712

6. Lower 95% confidence bound on Human POD = 
  (median human POD)/10[(1.645)(σlogHuman POD)] = 85/10[(1.645)(0.71)] = 85/14.7 = 5.8 µg/m3 
7.  Linear extrapolation to risk-specific dose - inflammation of 1 in 105 people would be affected: 

 risk-specific dose = 10–5 × (85/0.1) = 0.0085 μg/m3, with lower bound 0.00058 μg/m3

8.  Estimate risk at different doses: for example, at 0.01 μg/m3, three people in 105 (median estimate) 
would be affected.

phosgene. Here, as for conceptual model 3, an important issue is whether dose effectiveness 
is the same at high doses and low doses. Extrapolation methods for addressing that are 
discussed in the section below on the mathematical framework for conceptual model 3. 

Conceptual Model 2: Low-Dose Nonlinear Dose-Response in Individuals and the 
Population, Low-Dose Response Independent of background 

The approach would be applied when there is sufficient evidence to reject the possibility 
of low-dose linearity on the basis of vulnerability and background assessments. As discussed 
above, the committee encourages the agency to conduct the necessary research and develop 
appropriate methods and practices for using probabilistic methods for low-dose nonlinear 
end points. To illustrate the approach, an example methodology using distributions for mak-
ing calculations is laid out here and sample calculations are applied for a general case. The 
committee acknowledges that work is needed to further develop the underlying distributions 
and that methods are needed to support their use in a regulatory context.

Deriving a Reference Dose with Probabilistic Methods

Published methods and examples describing noncancer risk probabilistically (Gaylor et 
al. 1999; Evans et al. 2001; Hattis et al. 2002; Axelrad et al. 2005; Hattis and Lynch 2007; 
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Woodruff et al. 2007) illustrate a general approach or elements of it that can be used for 
this conceptual model. They can lead to an RfD based on a de minimis risk target, such 
as a specified fraction of the population exceeding a threshold, and the uncertainty in that 
estimate (for example, less than 1 in 100,000 people with some threshold response with a 
95% confidence interval). 

The general approach is to use distributions for the adjustments to the POD to derive 
a human-based POD and then to extrapolate from the human POD to lower doses on the 
basis of assumptions about how humans differ in susceptibility. Figure 5-16 shows how the 
adjustments from the animal to the human POD could be made. They are depicted here 
as distributions for the subchronic-to-chronic adjustment (if animal study was of less than 
chronic duration), database deficiencies, and animal-to-human adjustment, encompassing 
PK and PD across-species variability. As illustrated in Figure 5-16, the adjustment distri-
butions can be convolved by using statistical or numerical approaches to form an overall 
adjustment and uncertainty distribution. Quantitatively accounting for the uncertainty in the 
adjustments enables a quantitative expression of the uncertainty in the overall adjustment. 
The adjustment distribution is applied to the animal POD to derive a distribution for the 
human POD. The extrapolation from the POD down the dose-response curve is driven by 
interhuman variability, broken out in Figure 5-16 into PK and PD elements. The application 
of adjustment and uncertainty distributions representing each of these elements effectively 
converts the animal POD (for example, the BMDL or the ED50, the effective dose estimated 
to affect 50% of subjects) to a probabilistic dose-response relationship for the human popu-
lation with confidence bounds based on the adjustment distributions. 

It is possible in principle to derive the RfD on the basis of some upper percentile value 
selected from each of the distributions. That would yield a single estimate, similar to the 
current approach. The preferred method is to incorporate the full distributional information 
on each component factor by using probabilistic approaches, such as a Monte Carlo ap-
proach or a simple analytic approach (for example, when adjustments can be described by 
lognormal distributions). In that case, the RfD could be selected as a confidence point on the 
probability distribution for the fraction of the population with a defined risk. Alternatively, 
the population risk posed by a given dose could be described with a probability distribution 
reflecting the uncertainty in the estimate. 

The approach relies on distributions for the adjustment factors. Researchers develop-
ing the method have defined distributions of each of the factors from empirical databases, 
as briefly summarized below. These distributions are provided to show how they might be 
derived, not as an endorsement of any specific distribution or their use by EPA. The distribu-
tions that lead to the adjustment of the animal POD to the human POD are described first, 
and then those used to extrapolate from the human POD to lower doses.

Distributions to Adjust Animal POD to Human POD

•	 Subchronic-to-chronic factor. Subchronic and chronic NOAELs from a database of 
61 chemicals were compared and statistically analyzed (Weil and McCollister 1963; Nessel 
et al. 1995; Baird et al. 1996). A lognormal distribution was fitted to the data, which had 
a geometric mean of 2.01 (that is, the subchronic NOAEL was generally twice the chronic 
NOAEL) and a geometric standard deviation of 2.17 (Hattis et al. 2002). The standard 
10-fold adjustment factor for subchronic-to-chronic extrapolation was about at the 98th 
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percentile of this distribution (that is, 98th percentile ≈ 2.01 × 2.17 × 2.17 = 9.5) (Baird et 
al. 1996; Hattis et al. 20023). 

•	 Database-deficiency factor. A dataset for 35 pesticides with “complete” toxicity-
testing profiles was analyzed to compare reproductive, developmental, and chronic NOAELs 
(Evans and Baird 1998). It was possible to develop distributions for missing reproductive, 
developmental, or chronic toxicity data in terms of how much the POD can change by the 
addition of the missing data (Hattis et al. 2002). The data source is limited in terms of the 
type of chemicals assessed (pesticides) and the end points analyzed, but it provides an ex-
ample of a useful approach to developing a distribution for this factor. 

•	 Animal-to-human extrapolation. Cross-species differences in acute and subacute 
toxicity of anticancer drugs have been generalized to draw conclusions about animal-human 
differences in noncancer and cancer toxicity (Freireich et al. 1966; Travis and White 1988; 
Watanabe et al. 1992; Hattis et al. 2002). Animal-human interspecies distributions have been 
inferred from rat-mouse comparisons of cancer potency (Crouch and Wilson 1979), although 
because of the nature of the underlying data the distributions are likely to underpredict 
actual species differences. The results for cancer chemotherapeutic agents may have limited 
applicability. First, the agents are mostly direct-acting, so species differences in PK may not 
be as great for environmental chemicals. Second, the results are for a narrow range of end 
points (lethality and tolerated dose), and may not be representative of species differences 
for the more variable critical end points for environmental toxicants. Third, results are for 
acute and subacute exposures, and may not adequately represent cross-species differences 
for chronic exposures and more subtle end points. Indeed, Rhomberg and Wolff (1998) have 
shown that cross-species scaling observed with single-dose-lethal toxicity differs from the 
subacute toxicity. These authors hypothesize that “dose-scaling patterns across differently 
sized species should be different for single-dose and repeated-dose regimes of exposure, at 
least for severe toxic effects.” The number of animal species studied is also an important 
consideration in developing the cross-species extrapolation distribution (Hattis et al. 2003). 
Further exploration of the issues raised is needed in developing interspecies distributions for 
application in EPA assessments.

•	 Example deri�ation of the human POD. In the examples given above, lognormal 
distributions replace uncertainty factors, and each factor is independent of the other. The 
overall adjustment is simple to calculate and does not have to be done numerically, using 
for example, Monte Carlo treatment. To obtain the human POD, the animal POD is divided 
by the overall adjustment factor, which for the sake of discussion is called here “FA→H POD 

adjust,”

Human POD = Animal POD ÷ FA→H POD adjust.

The overall adjustment is made up of three adjustments: for animal-to-human extrapola-
tion, “FA→H”; for experiment duration from subchronic to chronic, “FSC→C”; and for data 
gaps, “FGap.” Thus, 

Human POD = (Animal POD)/(FA→H POD adjust) = (Animal POD)/(FA→H × FSC→C × 
FGap).

3 A full version of this publication is available at http://www2.clarku.edu/faculty/dhattis. Updated results are 
published in Hattis and Lynch (2007).
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If each factor is lognormally distributed, FA→H POD adjust will be lognormally distributed; when 
a given adjustment is not needed its factor would be assigned a single value of 1. 

The animal POD could be established as it is currently, or it could be described by the 
BMD distribution associated with its estimation. If the estimator of animal POD is lognor-
mally distributed or is considered a constant, the human POD will be lognormally distrib-
uted. In this example, distribution of the animal POD is taken into account. Guidance on 
how a BMD should be defined for continuous outcomes would facilitate its current use as 
an animal POD (Gaylor et al. 1998; Sand et al. 2003) and for the probabilistic descriptions 
envisioned here. 

The median value of the human POD distribution can be calculated by substituting the 
median values of the factors and the animal POD in the above equation. 

log (Human POD) = log Animal POD – (log FA→H + log FSC→C + log FGap).

For this case, each factor is assumed to be lognormally distributed,

σ2
logHuman POD

 = σ2
logAnimal POD + σ2

logA→H
 + σ2

logSC→C + σ2
logGap.

The lower confidence bound on the human POD can be readily calculated. The human POD 
is the starting point for the extrapolation to lower doses based on information on human 
variability. A sample set of calculations is provided in Box 5-3 to illustrate how the above 
calculations can be made to derive a human POD. 

Human Variability Distributions for Extrapolating from Human POD to Low Doses

•	 Interindi�idual �ariability—PK Dimension. Blood concentration information (AUC4 
and Cmax

5) were compiled for 471 data groups involving 37 drugs (Hattis et al. 2003) and 
summarized. A small number of data groups involved children under the age of 12 years. 
These PK data summaries that included young children (Ginsberg et al. 2002; Hattis et al. 
2003) were then incorporated to yield a PK variability estimate for the overall population 
(Hattis and Lynch 2007). This work illustrates the feasibility of constructing PK variabil-
ity distributions that are specific to particular age groups and clearance mechanisms. PK 
parameters have been derived from blood concentration data in children and adults and 
compiled according to type of agent, clearance pathway, or receptor (Ginsberg et al. 2002). 
Since these data come from a clinical setting in which the health of the studied subjects was 
impaired, and the characteristics of the treatment group may be similar, the data may not 
be representative of the general public. However, the researchers note the similarity of pat-
terns of metabolizing-enzyme ontogeny in the databases and in vitro liver-bank specimens, 
suggesting that results from pharmaceutical studies may be generalizable. 

•	 Interindi�idual �ariability—PD Dimension. From a database for 97 groups, Hat-
tis et al. (2002) and Hattis and Lynch (2007) derived estimates of PD variability in (1) the 
chemical’s reaching the target site after systemic absorption; (2) parameter change per deliv-
ered dose, the dose-response relationship at the active site (for example, beta-2-microglobulin 
spillage into urine in relation to urinary cadmium concentration); and (3) functional reserve, 

4 AUC is the area under the concentration-time curve that displays the complete time course of a chemical in a 
particular body compartment. AUC is sometimes used to represent the total dose in that compartment integrated 
over time.

5 Cmax is the maximum concentration of a chemical attained in a particular compartment after dosing. 
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a factor inherent in many of the PD datasets but of which direct measurements in humans 
were not available. Hattis et al. (2002) took the first listed component as a component of PD 
rather than PK variability because it was related to reaching a specific organ, cell type, or 
subcellular constituent that is not typically addressed in physiologically-based pharmaco-
kinetic models. The human interindividual variabilities derived for those components were 
combined to estimate the overall interhuman PD variability. 

•	 O�erall distribution for human interindi�idual �ariability. For the example here, 
overall human interindividual variability is described by a lognormal distribution with me-

BOX 5-3 Calculating a Risk-Specific Dose and  
Confidence Bound in Conceptual Model 2

I. Derivation of Human POD

Human POD = (Animal POD)/FA→H POD adjust = (Animal POD)/(FA→H × FSC→C × FGap)
log (Human POD) = (log Animal POD) – (log FA→H + log FSC→C + log FGap)
σ	2log F Human POD = σ	2log F Animal POD + σ	2log F A→H

  + σ	2log F SC→C
2 + σ	2log F Gap

Assume: 

Data gap is inconsequential: 
FGap = 1, σlog F Gap = 0 

Subchronic-to-chronic per Hattis et al. 2002: 
50th percentile for FSC→C = 2, σ log F SC→C = log [2.17] = 0.34

Animal to human adjustment per Hattis et al. (2002) for sodium azide:(2002) for sodium azide: 
 50th percentile for FFA→H 3.85, 95% upper bound 18.5, thus3.85, 95% upper bound 18.5, thus σ logA→H = log(18.5/3.85)/1.645 = 
0.42 (Division by the 95% confidence bound is 1.645 standard deviations from the median in the 
standard normal distribution.)

Variability in animal POD: 
lower 95% bound 2-fold difference from median; thus σAnimal POD = log(2)/1.645 = 0.18
⇒ Overall variability in human POD: σ	2Human POD = 0.342 + 0.182 + 0.422 = 0.32 = 0.572

For animal POD (ED50) of 1 mg/kg-d:
Human median POD (ED50) = 1/(FA→HFSC→CFGap) = 1/(2 × 3.85 × 1) = 0.13 mg/kg-d

Lower 95% confidence bound on human POD 
= (median Human POD)/10[(1.645)(σlogHuman POD)] = 0.13/10[(1.645)(0.57)] = 0.015 mg/kg-d 

II. Derivation of Risk-Specific Dose 

Interindividual PK/PD variability (assume Hattis et al. 2002 distribution): 
σlogH = 0.476 (This estimate also is uncertain, with geometric standard deviation of 1.45)
 The 10–5 individual is 4.25 standard deviations from the estimated human ED50:   
10[(4.25)(0.476)] = 105

Median human dose with 10–5 risk: 
(Median POD)/105 = 0.13/105 = 0.0012 mg/kg-d
 Lower 95% bound on human dose with 10–5 risk: 0.006 μg/kg-d (This is calculated using  a Monte 
Carlo procedure. It takes into account σHuman POD and the uncertainty in σlogH.)
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dian of 1 and logarithmic (base 10) standard deviation σlogH. Hattis et al. (2002) derived such 
a distribution for both PK and PD components from data for general systemic toxic effects on 
different agents, with a geometric standard deviation of 2.99 (σlogH = 0.476; 100.476 = 2.99), 
indicating the median and upper 98th percentile human differ in sensitivity by a factor of 
9. Human variability in response is chemical dependent. For some chemicals the difference 
between the median and 98th percentile is greater than a factor of 9, for others it will be 
less. Hattis and Lynch (2007) also describe the uncertainty in the variability estimate. The 
estimate of 0.476 for σlogH has its own geometric standard deviation of 1.45. Because these 
characterizations of variability are limited by the relatively small numbers upon which the 
estimates are based, this uncertainty estimate may have a downward bias. 

Calculation of Risk-Specific Dose and Confidence Bound

A distribution of human variability can be applied to move from the human POD down 
the dose-response curve, as illustrated in the set of calculations in Box 5-3. These calculations 
illustrate a generic case with an animal median ED50 value of 1 mg/kg-day.

In Box 5-3, as done by Hattis et al. (2002) and (Evans et al. 2001), the ED50 was chosen 
as the POD. Because the ED50 is at the center of the animal dose-response curve, there is 
less uncertainty in its measurement, and it is not as heavily influenced by interanimal vari-
ability as a response at the tail of the distribution might be. In addition, in many animal 
experimental datasets, the ED50 is not likely to be as influenced by the dose-response model 
selected to analyze the data relative to other effect levels. But there are other factors, such 
as intra-individual variability and the extent that this may play a role in the dose-response 
relationship. Any implementation of this approach by EPA would have to develop a process 
for selecting the POD for risk extrapolation for nonlinear end points. 

Interhuman PK and PD distributions would ideally be derived with chemical-specific data 
on the differences possible among human populations. However, this type of information 
is usually lacking. Therefore, generic distributions based on surrogate chemicals and end 
points will be needed. Specific distributions for related chemicals and end points of interest 
may be possible. The first tier of a default distribution may be one built on a broad array 
of structurally dissimilar chemicals tested in different types of systems (from in vitro to in 
vivo) for different end points. The Hattis et al. (2002) effort to collect and analyze mostly 
clinical human data is a good initial effort at characterizing human PD variability. However, 
an important consideration with regard to this and related exercises is whether they fully 
capture PD variability, given the limited array of data studied. Data on small numbers of 
people may be a useful beginning but provide little information on overall interhuman vari-
ability. Even when multiple studies are combined so that data on greater numbers of people 
are tabulated, they still might not capture the broad spectrum of PD variability caused by 
differences in age, genetics, diet, health status, medications, and exposure to other agents. 

Greater relevance may be achieved by applying PD variability information on prototypi-
cal chemicals in the same class as the chemical of interest. When there is a much larger and 
substantial database on one particular toxicant in a structural series, there is the potential 
to apply the information to others in the series on the basis of relative-potency approaches, 
as described in Chapter 6. A similar analogy may also be useful for assessing interhuman 
PD variability if the toxicity end points of the prototype and of the chemical of interest 
match well. For example, human variability in the renal response to cadmium, as assessed 
on the basis of beta-2-microglobulin leakage, may be relevant to other heavy metals, such 
as mercury and uranium, that can also damage the kidney (Kobayashi et al. 2006). An-
other possibility is that the degree of interhuman variability can be gleaned from studies of 
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environmental mixtures to which populations are exposed. Biomarkers of exposure—such 
as urinary 1-hydroxypyrene, a marker of exposure to polycyclic aromatic hydrocarbons 
(PAHs)—can be related to biomarkers of effective internal dose (such as bulky DNA adducts 
and urine mutagenicity) and effect (such as chromosomal damage in peripheral lymphocytes). 
Evaluations of such markers in coke-oven workers, bus drivers, and the general population 
ingesting charcoal-broiled meat or inhaling cigarette smoke provide a database from which 
interindividual variability in response to carcinogenic PAHs may be deduced (Santella et al. 
1993; Kang et al. 1995; Autrup et al. 1999; Siwinska et al. 2004). 

Thus, the data gap represented by interhuman PD variability presents a critical research 
need that can be approached by mining the existing epidemiology literature and by designing 
new studies in which biomarkers of exposure and effect are used to describe variability in 
sensitivity to health outcomes in similarly exposed people. 

There are likely to be a number of cases in which the approach illustrated above can be 
used to derive an RfD. Sometimes, however, there will be a well-defined sensitive subgroup. 
The RfD for the pesticide alachlor is based on hemolytic anemia in dogs (EPA 1993); the 
background incidence of hemolytic anemia in humans is generally very low except in ethnic 
groups in which, because of inherited traits (such as glucose-6-phosphate dehydrogenase 
deficiency), the risk is higher (Sackey 1999). In cases like this one, an analysis focusing on 
describing risks to the sensitive subgroups would be needed (see Figure 5-12). 

Conceptual Model 3:  
Low-Dose Linear Individual and Population Dose-Response Relationship

Here linear dose-response processes govern the dose-response relationship for indi-
viduals, as may occur for cancer and other complex toxic processes, and consequently the 
population dose response relationship is low-dose linear. This is unlike the previous two 
conceptual models, which described population dose-response distributions that arise when 
the dose-response relationship in an individual has a threshold. A possible approach to 
default analysis following this conceptual model is presented below. It emphasizes proba-
bilistic descriptions of the uncertainty in the dose-response relationship and descriptions of 
variability among individuals exposed to the same dose.

Approach

This approach to dose-response analysis begins, as do the other examples above, with the 
derivation of the human POD distribution. When derived from animal data, the human POD 
is based on the animal POD and distributions of adjustment factor, such as for interspecies 
differences and study duration less than a lifetime. Here, the POD is taken from a model fitted 
at a dose in the lower end of the observable response range, and does not use an ED50. Risk 
at lower dose than this POD for the median person is estimated by linear extrapolation, that 
is, risk is assumed to decrease linearly with dose below the POD. However, as illustrated in 
Chapter 4 (Table 4-1), people exposed to the same dose will differ in risk. Estimates of the 
spectrum of individual risks at a given dose can be based on a distribution that describes 
interhuman variability. The individual dose-response relationships allow the calculation of 
the population dose-response curve. This approach to dose-response assessment is illustrated 
in Figure 5-17 and through the case study for 4-aminobiphenyl. 
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Implications of the Approach

Functionally, the approach would change dose-response characterizations for low-dose 
linear carcinogens in two basic ways. First, there would be an explicit characterization of 
uncertainty in the human POD that accounted for uncertainty in the cross-species extrapola-
tion and the statistical fit to the dose-response data. EPA could choose to report particular 
percentile values, such as the upper 95th percentile. EPA could describe the population 
excess cancer risk associated with dose D as the plausible upper bound of the excess risk, 
taking into account uncertainty in the population dose-response relationship and variability 
in the individual dose-response relationship. The excess-risk estimate for a person whose 
susceptibility puts him or her at the 95th or some other percentile of the population could 
also be separately reported. 

Second, when the underlying variability distributions are right-skewed, as in the case 
of the lognormal distribution, the population risk estimate emerging from the analysis will 
be greater than the estimate for the median individual. The mean or “expected value” will 
exceed the median value by some amount that depends on the assumed shape of the distri-
bution of interindividual variability in susceptibility. 

Recommended Default for Interindi�idual Variability in Cancer Susceptibility

An assumption that the distribution is lognormal is reasonable, as is an assumption of a 
difference of a factor of 10-50 between median and upper 95th percentile people, as indicated 
by the series of examples provided in Chapter 4. It is clear that the difference is significantly 
greater than a factor of 1, the current implicit assumption in cancer risk assessment. In the 
absence of further research leading to more accurate distributional values or chemical-spe-
cific information, the committee recommends that EPA adopt a default distribution or fixed 
adjustment value for use in cancer risk assessment. A factor of 25 would be a reasonable 
default value to assume as a ratio between the median and upper 95th percentile persons’ 
cancer sensitivity for the low-dose linear case, as would be a default lognormal distribu-
tion. A factor of twenty-five could be interpreted as a factor of 10 for pharmacokinetic 
variability, and a factor of 2.5 for pharmacodynamic variability. For some chemicals, as in 
the 4-aminobiphenyl case study below, variability due to interindividual PK differences can 
be greater. In a cancer process, with long latency and multiple determinants, PD variability 
could be considerably greater than the suggested default. PD differences would include the 
various degrees among people in DNA repair and misrepair, surveillance of mutated cells, 
and accumulation of additional mutations and other factors involved in progression to 
malignancy.

A common assumption for noncancer end points is an overall factor of 10 to account 
for interindividual variability—3.2 or 4 uncertainty factor for PK differences and 3.2 or 
2.5 for PD differences (EPA 2002a; IPCS 2005). For genotoxic metabolically activated car-
cinogens, Hattis and Barlow (1996), considering activation, detoxification and DNA repair 
alone, found greater PK variability with individuals at the median and the 95th percentile 
differing by a factor of 10. The factor was a central estimate, some chemicals exhibited 
greater and others lesser PK variability. In the 4-aminobiphenyl case discussed below, ad-
ditional physiologic factors such as storage in the bladder contributed to human variability 
in PK elements. 

The suggested default of 25 will have the effect of increasing the population risk (average 
risk) relative to the median person’s risk by a factor of 6.8: For a lognormal distribution, the 
mean to median ratio is equal to exp(σ2/2). When the 95th percentile to median ratio is 25, 
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σ is 1.96 [=ln(25)/1.645], and the mean exceeds the median by a factor of 6.8. If the risk to 
the median human were estimated to be 10-6, and a population of one-million persons were 
exposed, the expected number of cases of cancer would be 6.8 rather than 1.0.

Thus under this new default, the value for the median person would remain as provided 
by the current approach to cancer risk assessment; for a default of a factor of 25, the average 
would be higher by a factor of 6.8. It would be important for the cancer risk assessment to 
express interindividual variability by showing the median and average population risks, as 
well as the range of individual risks for risk-management consideration. 

Case Study: 4-Aminobiphenyl

4-Aminobiphenyl is a known cause of human bladder cancer. It was once used as a 
dye intermediate and rubber antioxidant, but its use was curtailed after findings of bladder 
cancer in substantial numbers of workers. Current exposures are due mostly to cigarette-
smoking, which increases bladder-cancer risk by 2-10 times. The compound binds to bladder 
DNA and is mutagenic in a variety of test systems, including human cell culture. It has the 
hallmarks of low-dose linearity and is implicated as a cause of bladder cancer in smokers 
exposed to relatively low doses and quite recently in female never-smokers in Los Angeles 
County exposed to environmental tobacco smoke (Jiang et al. 2007). The compound has 
been extensively studied and found to have marked interindividual differences in activation 
and detoxification, and higher risk has been observed in slow acetylators, who detoxify it 
less efficiently (Gu et al. 2005, Inatomi et al. 1999). It is presented to illustrate how human 
interindividual variability can be addressed in dose-response assessment when reasonably 
high-quality data are available. 

Estimating Variability in Human Susceptibility to 4-Aminobiphenyl

Bois et al. (1995) modeled interindividual heterogeneity in human cancer risk using data 
on differences among humans in their PK and physiologic handling of 4-aminobiphenyl. 
Briefly, the compound is thought to be activated via N-hydroxylation by CYP1A2, although 
recently other enzymes have also been found to be involved (Tsuneoka et al. 2003; Nakajima 
et al. 2006). A major detoxification pathway is N-acetylation. To simulate interindividual 
variability in pharmacokinetics, parameters describing the absorption, distribution, activa-
tion, detoxification, and urinary excretion were varied according to human ranges found in 
the literature. Distributions of the formation of the proximate carcinogen and its binding to 
urinary-bladder DNA were simulated. The latter can be used to describe possible differences 
in susceptibility due to physiologic and PK factors and is shown in Figure 5-18. 

The DNA-binding distribution accounts for human differences only up to the point of 
binding and does not address PD differences. The DNA-binding distribution therefore can 
be considered an undercharacterization of overall human variability. The upper and lower 
bounds for the PK-based distributions shown in Figure 5-18 differed from the geometric 
mean by factors of 16 and 26, respectively. The distribution of human interindividual vari-
ability would be greater than indicated by the PK-based distributions because of PD differ-
ences among people. 

For the 4-aminobiphenyl case study an estimate of interindividual variability of a range 
of 50 (ratio of 95th percentile to median person) is assumed for the purposes of illustrating 
the incorporation of variability into cancer dose-response modeling. It reflects the factor of 
roughly 20-30 between median and upper 95th percentile individual sensitivity in pharma-
cokinetics and a modest factor for variability factors pertinent to PD differences in carci-
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Figure 5-18.eps
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FIgURE 5-18 A, AUC for proximate carcinogen in bladder in units of nanograms-minutes simulated 
for 500 people. B, simulated fraction bound in bladder, presumed to indicate differences in susceptibil-
ity due to PK and physiologic parameters. Upper 95% confidence limit is factor of 16 above geometric 
mean of 0.0034 and factor of 26 above lower confidence limit. Source: Bois et al. 1995. Reprinted 
with permission; copyright 1995, Risk Analysis.

nogenesis. As noted above, this may be an underestimate, the range of 50, assumed in the 
calculations for this case study, corresponds to a geometric standard deviation of 10.8 and 
a standard deviation in natural log space of 2.38 (σlnH), and in base 10 log space of 1.03. 

Deri�ation of Median Human POD and Slope for 4-Aminobiphenyl

Despite the known causal association between human bladder-cancer risk and 4-ami-
nobiphenyl, human exposure estimates in occupational studies may be insufficient for 
establishing reliable dose-response relationships, and the assessment may have to be based 
on animal data, as is done here. Fitting dose-response models to a sensitive site observed 
in the animals—liver tumors in female mice exposed by gavage—results in an ED10 of 0.1 
mg/kg-d with a lower 95% confidence bound of 0.070 mg/kg-d. That corresponds roughly 
to a σlogAnimal POD of 0.09, assuming a lognormal uncertainty distribution. For cross-species 
extrapolation to adjust the animal POD to the human POD, doses are assumed to have 
equal effectiveness if the human dose is reduced consistently with three-fourths bodyweight 
scaling. As described above, data are available on acute and subacute toxicity in different 
species. Hattis et al. (2002) derived an uncertainty estimate of 0.416 for σlogA→H

 from those 
data, and also found that an additional small factor slightly increasing the uncertainty esti-
mate was merited. However, for cancer end points, which result from more protracted and 
complex biologic processes, that value can be presumed to substantially understate the actual 
uncertainty. Nonetheless, it is adopted for the illustrative example here with the recognition 
that the estimate may be low. The median estimate for cross-adjustment scaling would be 
7.3 [that is, (70/0.025)(1 – 0.75), assuming bodyweights of 70 kg and 0.025 kg for humans and 
mice, respectively]. Thus, the median human POD would be 0.014 mg/kg-d (0.1/7.3), and 
the slope of the dose-response curve at the POD would be 7.5 (mg/kg-d)–1 [–ln(0.9)/0.014]. 
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The confidence interval would take into account uncertainty resulting from fitting the dose-
response model to the data, the cross-species extrapolation, and other factors. For the sake 
of illustration, the first two factors are accounted for here, and the resulting σhumanPOD is 0.43 
[(0.092 + 0.422)1/2], reflecting a lower 95% bound on the median human POD of 0.003 mg/
kg-d (0.014/101.645σ = 0.014/5.1) and an upper 95% bound of 38 (mg/kg-d)–1 [(7.5)(5.1)].

Deri�ation of Indi�idual and Population Dose-Response Relationships for 
4-Aminobiphenyl

On the basis of the interindividual variability estimate noted above, the population and 
individual percentile dose-response relationships can be estimated with the uncertainty esti-
mates for those functions. The slope of the population dose-response curve can be calculated 
from the risk, averaged among individuals, at a given dose. For a lognormally distributed 
variable, the derivation of the mean, µ, from the median involves a simple calculation [µ = 
(median)(exp{σ2/2}), where σ is expressed in base e units and “exp{σ2/2}” represents base e 
to the power {σ2/2}]; for this case, with the human interindividual variability estimate, σlnH 
= 2.38, the mean potency is 126 (mg/kg-d)–1 [(7.5)(exp{2.38 2/2}) = (7.5)(16.9)]. At low 
doses, population risk is calculated by multiplying the population potency by the dose. The 
uncertainty bound on this estimate is derived by considering the uncertainty in the adjust-
ment factors and in the model fit at the POD. 

At low doses, the risk for the 95th percentile person is given by multiplying the dose 
by 376 (mg/kg-d)–1 [376 = (7.5)(50)], and the dose associated with a 10-5 risk for the 95th 
percentile sensitive person would be 3 μg/kg (that is, [14 μg/kg]/50). The uncertainty bounds 
around this dose estimate would be given by the human POD distribution, represented by 
σhumanPOD. The lower confidence bound on the estimate for this person would be deter-
mined by σ as described above (for example, the 95% lower bound would be [(3 μg/kg-
d)/101.645σhuman POD = 0.6 μg/kg-d]). This example does not capture all sources of uncertainty 
and is provided only to illustrate an approach.

Mathematical Framework for Conceptual Model 3 

Human low-dose risk6 from a given dose D of toxicant could be expressed as

RiskH = SlopeHD = (SlopeBMDFH–A)D.         (1)

RiskH here is the incremental increase in risk above background, also called “extra risk.” 
In current practice, SlopeBMD is the slope7 of the dose-response curve at the BMD. The 
cross-species factor, FH-A, adjusts for differences in effect in humans compared with animals 
exposed to the same dose and is usually greater than 1. As discussed above, FH-A is typically 
expressed as two factors: one to account for human-animal differences in pharmacokinet-

6 If a quantal linear-regression model is fitted and the risk over the dose-response range (πD) can be given by πD 
= 1 – exp(–β0 – β1 D). Extra risk (ER) can be defined as: ER(D) = (πD – π0)/(1 – π0). This model reduces to ER(D) 
=1 – exp(–β1D). For a specified benchmark response (BMR), the BMD is defined in this model as BMD = –ln(1 
– BMR)/β1. When the relationship between extra risk and dose is quadratic,	πD = 1 – exp(–β0 – β1D – β2D

2).
7 The SlopeBMD could be defined as the slope of the line tangent to the ER(D) curve at D = BMD, that is, Slo-

peBMD = ER(BMD) = d/dD[ER(D)] evaluated at D = BMD. For ER(D) defined in the context of a quantal linear 
model, this reduces to SlopeBMD = ER’(BMD) = β1exp(–β1BMD) evaluated at the estimated BMD. For simplicity 
and transparency, however, the following approximation can be used: SlopeBMD = BMR/BMD, which corresponds 
to the slope of the line connecting (BMD, BMR) and (0,0). 
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ics and the other to account for human-animal differences in pharmacodynamics (FH-A = 
FH-A PKFH-A PD). It is a means of converting the animal slope (for example, in [mg/kg-d]–1) 
to a human slope and can be thought of as going from the median animal to the median 
human. In cases in which cross-species differences in pharmacokinetics were used to derive 
the SlopeBMD, FH-A would be represented by FH-A PD.

Each factor in Equation 1 may represent a model, a single number, or a distribution, 
depending on the nature of the data and the goal of the analysis. Variability in exposure could 
also be incorporated through some distribution of exposures (for example, as D ~ GD()). 
Uncertainty in dose extrapolation or in the animal-human extrapolation could be addressed 
by FH-A as distributions (for example, FH-A ~ GH-A()). It is important to distinguish variability 
in risk among individuals—that is, the difference in risk from individual to individual—from 
uncertainty, which describes our lack of knowledge of the risk. The goal here is to enable 
such expressions as “The risk of effect does not exceed x for the yth percentile individual, 
stated with a confidence interval of z1- z2.” The 4-aminobiphenyl case provided an example 
of how that might be done.

In some cases, as a default, it may be convenient and appropriate to describe uncertainty 
in RiskH mathematically with a lognormal distribution, for example, if the uncertainty in 
each factor in Equation 1 can be represented by a lognormal distribution. In this case, Equa-
tion 1 may be re-expressed as

Log Risk = log SlopeBMD + log FH-A + log D. 
 

For this simplistic case, 

σ2 = σlogSLOPE
2 + σlogF

2 + σlogD
2.           (2)

To the extent that σlogD represents differences in exposure rather than uncertainty, it 
would not be incorporated as above but tracked separately to be combined with the human 
susceptibility distributions described below. The 4-aminobiphenyl case illustrates how vari-
ability in PK factors may lead to considerably greater risks in some people than others and 
how this might be taken into account quantitatively. Formally introducing human PD vari-
ability into mathematical descriptions is more challenging, and in the case example below a 
default distribution is assumed. The risk for the yth percentile person may be described by

RiskH yth = SlopeBMDFH-ADVH yth ,           (3)

where VHyth is the yth quantile of the distribution that describes the ratio of the yth percen-
tile person to the median person. If the uncertainty in VHyth and the other elements of the 
uncertainty are described by a lognormal distribution, the overall uncertainty represented 
by σ2 would be described by adding a term. 

σlogV
2, to the terms given in Equation 2.

Multiple Dose Dependent Modes of Action

The most recent EPA (2001c) dose-response assessment for chloroform, the drinking-
water disinfection byproduct, assumed that sustained or repeated cytotoxicity followed by 
regenerative hyperplasia was probably the cause of kidney and liver cancer observed in 
rodent bioassays. A margin-of-exposure (MOE) approach was recommended for the evalua-
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tion of carcinogenic exposures to the compound. However, the EPASAB (2000, p. 12) noted 
there is “some possibility that genotoxicity could contribute to the dose-response at low 
doses” for the observed kidney tumors and called for the agency to address the general issue 
of mixed modes of action by “beginning to develop a reasonable means of estimating the 
most likely and upper bound estimate of potential contribution of a ‘genotoxic’ component 
to the carcinogenic activity.” 

Dose-response analysis of chemicals whose end points are associated with multiple 
MOAs is challenging. The EPA (2005b) Guidelines for Carcinogen Risk Assessment state 
(p. 3-22) that

if there are multiple modes of action at a single tumor site, one linear and another nonlin-
ear, then both approaches are used to decouple and consider the respective contributions of 
each mode of action in different dose ranges. For example, an agent can act predominantly 
through cytotoxicity at high doses and through mutagenicity at lower doses where cytotoxic-
ity does not occur. Modeling to a low response level can be useful for estimating the response 
at doses where the high-dose mode of action would be less important.

Although that may have been the case for chloroform, the agency decided to take a low-
dose nonlinear approach to characterize the risks associated with the chemical, and applied 
noncancer RfD methodology. In cases like that of chloroform, the slope at high doses would 
not give a good indication of the low-dose slope. For cases with low-dose linearity in an 
individual’s response in which the high-dose response may be significantly influenced by a 
nonlinear MOA neither conceptual model 2 nor projection of low-dose risk from a high-dose 
BMD is satisfactory. In such cases an alternative default approach is suggested. 

At low doses, the linear MOA can be expected to dominate. A modifying factor, MS, 
could account for the change in slope. The adjustment factor would be based on mechanistic 
understanding. In this case risk (that is, “extra risk” as defined above) would be given by 

RiskH = [SlopeH]D = [SlopeBMDMSFH-A]D,          (4)

where the terms SlopeBMD, FH-A, and D are as defined above for Equation 1, with SlopeBMD 
estimated as described above.

For cases like 4-aminobiphenyl, MS would have a value of 1. For cases like chloroform, 
it would have a value less than 1 and would probably be the subject of controversy and 
debate. Nonetheless. this Ms provides a vehicle for addressing potential low-dose linearity 
in cases in which there is strong evidence that the slope observed at high doses overpredicts 
the low-dose slope. 

M would serve the same purpose as the “dose and dose-rate effectiveness factor” adopted 
to adjust the slope of the dose-response curve observed at relatively high doses to predict 
radiation risk at low doses (ICRP 1991; EPA 1998; NRC 1998b; ICRP 2006; NRC 2006c; 
Wrixon 2008). Multiple mechanisms of toxicity may exist for a single agent, some of these 
mechanisms may have nonlinear-dose-response characteristics, or so-called dose-dependent 
transitions (Slikker et al. 2004). In considering values for M, any dose-dependent transitions 
would be considered in the context of background exposures and disease processes affecting 
these toxicity mechanisms. The selection of M would be a science policy call.

IMPLEMENTATION

The committee recognizes that the unified framework introduces additional needs for 
data and analyses into the risk-assessment process. The data and analyses may take time to 
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develop, and development of an implementation strategy will be important. The commit-
tee notes that the framework can be implemented in the short term by establishing default 
distributions. For noncancer end points, the defaults will enable a probabilistic basis of es-
tablishing the RfD and characterizing noncancer risks; for cancer-risk characterization, they 
will enable incorporation of interhuman variability. Use of default distributions for adjust-
ments in extrapolations, rather than default point-estimate uncertainty factors, provides an 
improved representation of variability and uncertainty and offers an opportunity for further 
refinements and incentives to gather and analyze existing information and to generate new 
data targeted to specific extrapolation needs. As experience accrues, guidelines will also be 
important to aid in the application of the defaults and to ensure consistency in the imple-
mentation of the framework. In the development of guidelines, the committee encourages 
attentiveness to issues regarding the use of defaults addressed in Chapter 6 and has concerns 
about the approach taken to ascertain a mutagenic MOA for genotoxic carcinogens (see 
discussion in the Mode-of-Action Assessment section above) in application of the guidelines 
to address early-life sensitivity to cancer (EPA 2005c). The committee has illustrated the ideas 
advocated in this chapter with conceptual models and example calculations. Assumptions 
and simplifications are used to make the examples tractable and clear, not to prescribe any 
particular approach or value.

Table 5-1 summarizes major aspects of the unified framework in terms of data needs, 
potential utility of defaults as interim placeholders for better-researched and better-defined 
distributions, and implementation. A number of other sources of uncertainty and variability 
that often arise in dose-response assessment are not peculiar to the proposed unified frame-
work and so are not addressed in the table; some of these issues and their associated default 
approaches are described in Chapter 6. 

An implementation plan can be devised to phase in the unified framework. Some con-
siderations and suggestions for developing the plan are presented in Table 5-1. Default 
distributions can initially be based on datasets that can be augmented with adjustments or 
other distributional assumptions to account for inferences that generalize from small num-
bers of people, of chemical case studies, and of end points to large populations, numbers 
of chemicals, and numbers of effects. As more data are collected and variability is better 
understood, the uncertainty portion of the default distribution may decrease. Emerging 
technologies, such as toxicogenomics and high-throughput assays, will highlight pathways 
that are at the crossroads of disease causation and toxicant action and will assist in the 
incorporation of background additivity and variability components. The implementation 
plan should be associated with a research agenda that will, over time, enable refinement of 
distributional approaches to dose-response assessment. Finally, EPA guidance will clearly be 
needed in order to implement the unified framework, including conduct of the background 
exposure and vulnerability assessments, departure from the linear default, establishment of 
distributions for the analysis, model selection, and so on. The development and roll out of 
guidelines and policies will be an essential component of any implementation plan, as well 
as ample opportunity for stakeholder involvement, scientific peer review and mid-course 
correction to address false starts and mis-steps.
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TABLE 5-1 Potential Approaches to Establish Defaults to Implement the Unified 
Framework for Dose-Response Assessment

Analytic Step Data Need

Testing and 
Implementation  
Issues

Potential Approach for 
Establishing Defaults in the  
Near Term

Cross-species 
extrapolation 

Relative sensitivity to 
toxicants, comparing 
rodent with human

Moving from default 
point estimate to 
distribution adds 
complexity and 
encounters data 
limitations; literature 
on acute and subacute 
effects and direct-
acting drugs is used 
mostly in comparisons, 
and small numbers of 
people studied may not 
be representative of 
human population

Base default distribution on wide 
sample of drugs and toxicants 
for which there are data on 
rodents and humans (drug 
trials, clinical toxicologic and 
epidemiologic studies) for similar 
end points and on adjustments 
to address data gaps; look 
to specify distributions to 
particular classes of chemicals 
and comparisons of particular 
rodents (mouse vs rat vs 
hamster) with humans; consider 
using bodyweight scaling for 
PK portion of extrapolation if 
overall distribution covering 
PK and PD cannot be derived; 
develop default distribution 
to describe uncertainty in 
bodyweight scaling  

Interindividual 
PK variability in 
humans 

PK differences 
among life stages, 
disease states, genetic 
polymorphisms, drug 
interactions

PK datasets on 
susceptible groups 
(such as children) are 
difficult to obtain; 
default may have to 
be based primarily on 
drug literature, which 
is also limited 

Derive default distribution of 
PK variability based on analogy 
with drug literature and, to 
extent possible, made spceific 
to particular enzyme pathways, 
types of receptors, and classes 
of chemicals; use PBPK Bayesian 
and Monte Carlo approaches 
to evaluate implications of 
variability in enzyme pathways 
for overall PK variability; 
consider adjustments to address 
small samples and other biases 
in derivation

Interindividual 
PD variability in 
humans 

PD differences in 
population with 
respect to various 
types of end points, 
including cancer

Human PD response is 
likely to vary widely, 
especially in groups 
that are difficult 
to study (such as 
children, elderly); 
it is unclear how to 
consider and integrate 
clinical, precursor, 
and other upstream 
end points and how to 
separate PK from PD 
variability

Base default distribution on 
broad array of human responses, 
chemicals, and end points from 
drug testing and high-quality 
epidemiologic studies; use 
information on background 
exposures and vulnerabilities 
to develop default; develop 
distributions specific to chemical 
classes, end points (such as 
cancer, endocrine, and acute 
toxicity), and humans to extent 
possible; consider adjustments to 
address small samples and other 
biases in derivation 
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Analytic Step Data Need

Testing and 
Implementation  
Issues

Potential Approach for 
Establishing Defaults in the  
Near Term

Background 
exposures

Low-dose interaction 
studies for chemicals 
with similar MOA

Human population has 
numerous background 
exposures; MOAs are 
difficult to define; 
when they are defined, 
interaction with other 
chemicals can be 
difficult to predict 
at different doses 
and dose ratios and 
in different species, 
ages, and organs; 
mechanistic and 
interaction data are 
limited

Develop guidance to judge 
whether background exposures 
(and vulnerability) are 
sufficiently unimportant to reject 
linearity at low doses; when 
it is rejected, use probabilistic 
approach to develop RfD, using 
interindividual variability and 
other distributions

Background 
vulnerability1

Sensitive epidemiologic 
and mechanistic studies 
relating chemical 
exposures and disease 
processes; biomonitoring 
data

Human population has 
numerous degenerative 
and disease processes; 
it is difficult to sort 
relevance to particular 
MOA; data on chemical-
disease interaction are 
insufficient

Establish guidance to judge wheth-
er background vulnerability, condi-
tions, and exposures are sufficiently 
unimportant to reject linearity at 
low doses; when it is rejected, use 
probabilistic approach to develop 
RfD, using interindividual variabil-
ity and other distributions

Low-dose 
extrapolation 
defaults

MOA information 
defining chemical effect 
at target and interaction 
with background pro-
cesses

It is difficult to obtain 
low-dose data in relevant 
test systems; chemicals 
can have mixed MOAs; 
different models can fit 
high-dose data equally 
but differ at low dose

Continue assumption that carcino-
gens have low-dose linear response 
unless sufficient data support other 
approaches; develop guidance for 
noncancer low-dose response and 
linear extrapolation due to back-
ground additivity and vulnerability 
(conceptual model 1); formally 
adopt assumption that genotoxic 
chemicals (clastogens, mutagens) 
cause cancer via a mutagenic MOA

Low-dose linear 
slope factor—M 
adjustment

Dose-response data 
over wide dose ranges 
in human and animal 
studies and related 
mechanistic data 

Data from epidemiologic 
and toxicologic studies 
are limited; there is 
need to know how to 
use biologic models in 
considering mechanistic 
data

Develop series of default M factors 
based on mechanistic consider-
ations and human and animal 
observations to apply in differ-
ent situations (such as saturation 
phenomena or high-dose cytotoxic-
ity that influences carcinogenicity 
of chemicals with some genotoxic 
activity)

 a Susceptibility to endogenous (for example, age, gender, genetics, pre-existing health deficits and disease) and 
exogenous factors (exposure to agents) and due to variability in exposure.

TABLE 5-1 Continued
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions

This chapter reviews the current paradigm for characterizing the dose-response relation-
ships of compounds for both cancer and noncancer end points and supports the following 
conclusions: 

•	 Separation of cancer and noncancer outcomes in dose-response analysis is artificial 
because noncancer end points can occur without a threshold or low-dose nonlinearity on 
the population level and in some cases on the individual level. Similarly, the MOA for car-
cinogens varies and requires a flexible but consistent analytic framework. The separation 
not only is scientifically unjustified but leads to undesirable risk-management outcomes, 
including inadequate attention to noncancer end points, especially in benefit-cost analyses. 

•	 The current formulation of the RfD is problematic because of its application as a 
determinant of risk vs no risk of regulatory importance, and it lacks a quantitative descrip-
tion of the risk at different doses. It hinders risk-risk and risk-benefit comparisons and risk-
management decision-making and does not make the best possible use of available scientific 
evidence.

•	 Cancer risk assessment typically lacks a quantitative description of interindividual 
variability. That leads to an incomplete description of the range of risk possible in the 
population. Noncancer risk assessment addresses interindividual variability, but cancer 
risk assessment typically does not; this reflects the implicit default assumption that human 
cancer susceptibility does not vary (see Chapters 4 and 6). The argument that the linear 
dose-response extrapolation procedure covers the omission (EPA 2005b) is unsupported 
and presents a separate consideration that should not be confused with the need to describe 
risk differences among individuals in addition to high-dose–low-dose extrapolation. The ap-
proach adopted in the current carcinogen guidelines (EPA 2005b) that considers variability 
only when a sensitive subpopulation can be identified for a particular chemical is limited by 
a lack of chemical-specific data. It also ignores the appreciable scientific knowledge of human 
interindividual variability in sensitivity (see, for example, Table 4-1), which can form the 
basis of general assumptions regarding variability when chemical-specific data are absent. 
The supplemental guidance regarding children (EPA 2005c) is an important step in the right 
direction, but variability in the general population should also be addressed. 

•	 Uncertainty factors are generally used to make adjustments whose accuracy is 
unknown. The uncertainty factors comprise elements of the adjustment for uncertainty 
and variability. The default factors should be replaced with distributions that separate the 
elements transparently. Default distributions that characterize PK and PD variability, cross-
species dose adjustments, and adjustments for the lack of sensitive studies will be needed as 
starting points that can be improved as the research advances. 

•	 The committee considers that the term safety factor, to characterize uncertainty fac-
tors in noncancer risk assessments, is inappropriate and misleading. The term uncertainty 
factor is also inappropriate as it does not reflect the variability and adjustment elements that 
the factor represents. 

•	 The underlying scientific and risk-management considerations point to the need for 
unification of cancer and noncancer approaches in which chemicals are put into a common 
analytic framework regardless of type of outcome. There are core differences among end 
points, but in this analytic framework a dose corresponding to a specified increase in risk in 
the population could be derived for both cancer and noncancer end points, and this would 
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add transparency and quantitative insight to risk-management decisions. Among other 
changes, this would involve a redefinition of the RfD. The committee acknowledges that the 
risk estimates and risk specific RfDs derived from this methodology will often be uncertain. 
This would nonetheless be an improvement over the RfDs derived from the traditional BMD 
and uncertainty factor approach. The results are more transparent, presenting variability 
and uncertainty, and are more amenable to refinements as better data are obtained. Further, 
quantification of risk (along with the attendant uncertainty) not only at the RfD but along 
the dose continuum is an important advance for risk benefit analysis.

•	 The committee finds that a common analytic framework best reflects the underlying 
science. The main elements of this framework are shown in Figure 5-8 and include 

	 −	 Systematic assessments of the MOAs, vulnerable populations, and background 
exposures and disease processes that may affect a chemical’s human dose-response relation-
ships and human vulnerability. This includes an evaluation of the potential background 
exposures and processes (for example, damage and repair processes, disease, and aging) that 
interact with a chemical’s MOAs and thus contribute to variability in and vulnerability to 
the toxicant response and that can result in a population dose-response relationship that is 
linear at low doses. 

	 −	 Selection of a conceptual model for individual and population dose-response 
relationships. The following three are described in the chapter: 

  i. Low-dose nonlinear indi�idual response, low-dose linear population re-
sponse with background dependence. 

  ii. Low-dose nonlinear indi�idual and population response independent of 
background.

  iii. Low-dose linear indi�idual and population response. 
	 −	 Selection of a conceptual model and dose-response method that best reflects 

MOA and background considerations and the form of risk characterization needed for risk 
management. Where feasible, methods that result in quantitative descriptions of risk and 
uncertainty should be selected.

•	 The key advantages of the framework are
	 −	 Risk descriptors that are quantitative and probabilistic. The RfD would be re-

defined as a risk-specific dose (for example, the dose associated with a 1 in 100,000 risk of 
a particular end point), and the risk could be estimated at doses above and below the RfD. 
This would allow all end points to be more formally incorporated into risk-tradeoffs and 
benefit-cost analyses. 

	 −	 Characterization of variability and uncertainty for critical end points. This would 
address concerns about population heterogeneity in risk and inform value-of-information 
and other priority-setting analyses that require quantitative uncertainty estimates. The 
sources of variability and uncertainty and their quantitative contributions in the derivation 
of risk estimates would be more transparent. This would in turn enable the quantitative 
characterization of uncertainties in such benefits. 

	 −	 A means to quantitatively describe health benefits from changes in exposure. This 
would enable the direct comparisons of costs of these changes with the benefits accruing 
from them. 

	 −	 The basis for more flexibility in decision-making. The risk manager can use the 
risk specific RfD in the same manner the current RfD is used in regulatory decision-mak-
ing. However, additional quantitative risk information can accompany the RfD, including 
risk and uncertainty estimates above and below the RfD. This will enable a more robust 
consideration of options and trade-offs in risk-risk and risk-benefit analyses.
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•	 The key disadvantages of the framework are
	 −	 The need for increased analysis to consider in detail the background factors that 

may add to the exposure in question and that may contribute to variability. This can increase 
the complexity of the analysis and pose a challenge for communicating the analysis and its 
results. Training will be needed for both risk assessors and risk managers. The agency has 
already included some elements of the framework in a few assessments (for example, EPA 
2001b; EPA 2004), and explored other elements in case studies (for example, Axelrad et al. 
2005; Woodruff et al. 2007). EPA laboratories also conduct research that is supportive of 
the characterizations envisioned by the committee. Thus, EPA has internal capacity for the 
development of these methods. Realizing full use will take further development and staff 
training. The risk assessment community external to the agency provides several examples 
that are cited above and is also a resource for developing further cases and expanding the 
methodology. The agency also has considerable expertise translating risk information and 
using it in decision-making. Approaches currently used in risk management may have to be 
adapted to make full use of the new information and risk managers may need to be trained 
on how to best use the new and different risk characterizations.

	 −	 Because of the limitations of data on which some elements of the framework 
would be built, this necessarily entails development of defaults. Depending on the level of 
analysis, that would provide incentives for chemical-specific information on background ex-
posures, interaction with baseline aging and disease processes, and interindividual variability. 
It comes at a time when toxicology and risk-assessment resources are already challenged by 
the expanding role of risk assessment in decision-making and the lack of basic toxicology 
information on many chemicals. However, it also comes at a time of rapid scientific and 
technologic innovation in the biologic sciences and testing that can be developed to support 
novel and improved approaches (NRC 2006d, 2007a,b).

•	 Establishing reasonable and scientifically supported default approaches (such as 
linear extrapolation to low dose for chemicals that are subject to background additivity) and 
default distributions (such as interindividual variability) to implement the framework will 
encourage research and a healthy discussion of the science that underpins risk assessment. 
The resulting default approaches are part of the anticipated advances in the use of defaults 
in risk assessment described in Chapter 6. The process of establishing the defaults will bring 
about a better understanding of how chemical-specific information should be used to inform 
toxicity assessment and low-dose extrapolation. 

Recommendations

The committee has divided its recommendations on the unified framework into short- 
and long- term recommendations. If the short term recommendations are implemented, the 
committee envisions significant progress in the next 2-5 years. The time horizon for substan-
tial progress for the long term recommendations is further out, 10-20 years. 

Short-Term Recommendations

•	 The committee recommends the phase-in of the unified framework for dose-response 
assessment as new chemicals are assessed or old ones are reassessed for Integrated Risk In-
formation System or program offices or incorporated in comparative or cost-benefit analyses. 
The initial test cases should be used as a proof of concept. The committee recommends a 
flexible approach in which different conceptual models can be applied in the unified frame-
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work, as illustrated by the three conceptual models presented in this chapter. This approach 
would involve

	 −	 Incorporation of probabilistic and distributional methods into dose-response 
analysis for agents believed to have low-dose nonlinear responses and the later redefinition 
of the RfD on the basis of the probabilistic description.

	 −	 Evaluation of each chemical in terms of MOA, background exposure and disease 
processes, and vulnerable populations. This would add a step to the dose-response analysis 
in which background exposures and vulnerabilities of the target population are analyzed 
and used to decide between analytic options based on conceptual models, according to the 
unified framework outlined in Figure 5-8. 

	 −	 Incorporation of background additivity to account for
	 	 o	 Additional sources of exposure to the same chemical or to similarly acting 

chemicals (including endogenous sources).
	 	 o	 Chemical MOA interaction with relevant disease or aging processes that 

lead to a background vulnerability distribution.
	 −	 Development of defaults and guidance for assessing the MOA, background expo-

sure and disease processes, and vulnerable populations, and selection of conceptual model. 
The committee recommends that cancer and noncancer responses be assumed to be linear 
as a default. An alternative analytic option (conceptual model 2) is available for cases in 
which it can be shown that background is unlikely to be an important contributor to risk, 
according to the recommended evaluation of MOAs and background. 

	 −	 Formal introduction of human variability into cancer dose-response modeling 
and risk characterization. This will require chemical-specific distributions or the use of 
default variability distributions. The committee recommends that as the distributions are 
being developed, EPA use a default for interindividual variability that assumes a lognormal 
distribution and immediately begin to explicitly address human variability in cancer response 
estimates. A reasonable assumption would be that the 95% upper-bound person is about 
10-50 times as sensitive as the median person. 

•	 The committee recommends that EPA develop case studies to explore the use of the 
new unified framework. The goal of the case studies would not be simply to compare the 
results of the current approach and new framework. Rather, the case studies would be used to 
explore and gain experience with the framework in the MOA, vulnerability, and background 
assessments; using improved information on variability (for example, genetic polymorphisms, 
disease, and aging-related vulnerabilities) and coexposures in RfD derivation; incorporating 
variability into cancer risk analysis; and quantitative uncertainty characterizations of dose-
response relationships.

•	 The committee recommends that EPA gather information from epidemiology, the 
pharmaceutical literature, and clinical toxicology and use it to develop default interhuman 
variability PK and PD distributions. Some possible approaches are outlined in Table 5-1.

•	 The committee recommends that the agency develop default-adjustment distribu-
tions that quantitatively characterize the adjustments and key uncertainties typical in dose-
response assessment, including cross-species extrapolation in PK and PD and extrapolations 
among dose route, dosing intervals (for example, subchronic to chronic), and data gaps. Some 
possible approaches are outlined in Table 5-1. Maximum use of existing human datasets is 
encouraged. Studies with well-defined exposure information, such as biomarker measure-
ments on individuals, could be examined to understand the heterogeneity in response. Such 
datasets could be used to build variability distributions that may be applicable to sets of 
chemicals (with similar structure, MOA, target sites, and effects) and increase understanding 
of interhuman PD variability. 
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•	 The agency should develop formal guidance for dose-response analysis under the 
unified framework. For example, guidance will be needed for the conduct of background 
vulnerability and exposure assessments, MOA evaluation, default dose-response modeling, 
nondefault chemical specific analyses. 

•	 The committee recommends as default distributions are developed for the different 
adjustments used in dose-response assessment, they should be assigned accurate labels (such 
as human �ariability distribution). This should lessen the opportunity for transferring to the 
new default distributions the misunderstanding commonly associated with use of the term 
uncertainty factor. 

•	 Over the next 5 years, the committee recommends that EPA further develop the is-
sue of vulnerability by gathering data and developing a broad array of human-vulnerability 
information from the biomedical literature, focusing on diseases that are likely to interact 
with the MOAs of prevalent-exposure and high-priority chemicals (for example, pulmonary, 
cardiovascular, hepatic, and renal diseases and various cancers). This could involve working 
with clinicians, biochemists, epidemiologists, and other biomedical specialists to develop 
preclinical-disease biomarkers as upstream indicators of vulnerability to toxicant MOAs.

Long-Term Recommendations

•	 The committee recommends that EPA expand its research on the issues of vulner-
ability and susceptibility. The agency could conduct studies itself and coordinate with other 
agencies for more in-depth research on the determinants of vulnerability and the develop-
ment of approaches for more accurate consideration of vulnerability in agency assessments. 
This could involve using epidemiologic studies to explore how the response to toxicants 
may be affected by pre-existing diseases and vulnerabilities in the population. Biomark-
ers of vulnerability and effect could be developed for applications as predictive screens 
in exposed populations. When analyzed with exposure biomarkers, they could be used to 
assess human exposure-response relationships and interindividual variability. Regional and 
national datasets, such as those from National Health and Nutrition Examination Surveys 
and environmental and public-health tracking, could be used to evaluate whether people 
with background vulnerability or background exposure are at increased risk of the effects 
of exposure to toxicants. This work could lead to vulnerability distributions for use in dose-
response assessment. Pharmacogenetic and polymorphism probes could be incorporated into 
epidemiologic studies to explore key interindividual susceptibility factors and their frequency 
in the population. Animal models, such as genetically modified knockout mice, could be 
used to define the functional importance of particular genes and their polymorphisms in 
determining risk. 

•	 The committee recommends computational research that applies systems-biology 
techniques to analyze how -omics end points might inform the development of distributions 
outlined in Table 5-1. For example, analyzing data from high-throughput screens with ge-
nomics end points may result in interpretable upstream indicators of disease vulnerability. 
The biochemical processes that lead to pathologic conditions or functional loss could be 
described by continuous parameters that may be suitable as disease biomarkers in the popu-
lation. These approaches could also provide interpretable biochemical end points reflective 
of key steps in a toxicant’s MOA. 

•	 The committee recommends exploration into interactions of exposures to chemicals 
that have similar or different MOAs but affect the same toxicologic process. Such research 
should improve understanding of issues related to background additivity. The research would 
also affect approaches to mixtures and combined exposures and to the question of whether it 
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is more appropriate to assume effect additivity (now assumed in noncancer risk assessment), 
dose additivity, or some other characteristic in a given risk-assessment circumstance.

REFERENCES

Angelosanto, F.A., G.R. Blackburn, C.A. Schreiner, and C.R. Mackerer. 1996. Benzene induces a dose-responsive 
increase in the frequency of micronucleated cells in rat Zymbal glands. Environ. Health Perspect. 104(Suppl. 
6):1331-1336.

Autrup, H., B. Daneshvar, L.O. Dragsted, M. Gamborg, A.M. Hansen, S. Loft, H. Okkels, F. Nielsen, P.S. Nielsen, 
E. Raffn, H. Wallin, and L.E. Knudsen. 1999. Biomarkers for exposure to ambient air pollution—comparison 
of carcinogen-DNA adduct levels with other exposure markers and markers for oxidative stress. Environ. 
Health Perspect. 107(3):233-238.

Axelrad, D.A., K. Baetcke, C. Dockins, C.W. Griffiths, R.N. Hill, P.A. Murphy, N. Owens, N.B. Simon, and L.K. 
Teuschler. 2005. Risk assessment for benefits analysis: Framework for analysis of a thyroid-disrupting chemi-
cal. J. Toxicol. Environ. Health A. 68(11-12):837-855.

Axelrad, D.A., D.C. Bellinger, L.M. Ryan, and T.J. Woodruff. 2007. Dose-response relationship of prenatal mercury 
exposure and IQ: An integrative analysis of epidemiologic data. Environ. Health Perspect. 115(4):609-615. 

Baird, S.J.S., J.T. Cohen, J.D. Graham, A.I. Shiyakhter, and J.S. Evans. 1996. Non-cancer risk assessment: A proba-
bilistic alternative to current practice. Hum. Ecol. Risk Asses. 2(1):79-102.

Bannasch, P. 2003. Comments on ‘R. Karbe and R. L. Kerlin. (2002). Cystic Degeneration/Spongiosis Hepatis 
[Toxicol. Pathol. 30(2):216-227].’ Toxicol. Pathol. 31(5):566-570.

Bois, F.Y., G. Krowech, and L. Zeise. 1995. Modeling human interindividual variability in metabolism and risk: 
The example of 4-aminobiphenyl. Risk Anal. 15(2):205-213.

Boutet, K, J.L. Malo, H. Ghezzo, and D. Gautrin. 2007. Airway hyperresponsiveness and risk of chest symptoms 
in an occupational model. Thorax 62(3):260-264.

Brouwer, A., M.P. Longnecker, L.S. Birnbaum, J. Cogliano, P. Kostyniak, J. Moore, S. Schantz, and G. Winneke. 
1999. Characterization of potential endocrine-related health effects at low-dose levels of exposure to PCBs. 
Environ. Health Perspect. 107(Suppl. 4):639-649.

CDC (Centers for Disease Control and Prevention). 2007. Asthma: Asthma’s Impact on Children and Adolescents. 
U.S. Department of Health and Human Services, Centers for Disease Control and Prevention, Washington, 
DC [online]. Available: http://www.cdc.gov/asthma/children.htm [accessed Sept. 14, 2007].

Crofton, K.M., E.S. Craft, J.M. Hedge, C. Gennings, J.E. Simmons, R.A. Carchman, W.H. Carter Jr., and M.J. 
DeVito. 2005. Thyroid-hormone-disrupting chemicals: Evidence for dose-dependent additivity or synergism. 
Environ. Health Perspect. 113(11):1549-1554.

Crouch, E., and R. Wilson. 1979. Interspecies comparison of carcinogenic potency. J. Toxicol. Environ. Health 
5(6):1095-1118.

Crump, K.S., D.G. Hoel, C.H. Langley, and R. Peto. 1976. Fundamental carcinogenic processes and their implica-
tions for low dose risk assessment. Cancer Res. 36(9 Pt. 1):2973-2979.

Daniels, M.J., F. Dominici, J.M. Samet, and S.L. Zeger. 2000. Estimating particulate matter-mortality dose-response 
curves and threshold levels: An analysis of daily time-series for the 20 largest U.S. cities. Am. J. Epidemiol. 
152(5):397-406.

de Meer, G., D.S. Postma, and D. Heederik. 2003. Bronchial responsiveness to adenosine-5’-monophosphate and 
methacholine as predictors for nasal symptoms due to newly introduced allergens: A follow-up study among 
laboratory animal workers and bakery apprentices. Clin. Exp. Allergy 33(6):789-794.

Demchuk, E., B. Yucesoy, V.J. Johnson, M. Andrew, A. Weston, D.R. Germolec, C.T. De Rosa, and M.I. Luster. 
2007. A statistical model for assessing genetic susceptibility as a risk factor in multifactorial diseases: Lessons 
from occupational asthma. Environ. Health Perspect. 115(2):231-234.

Dominici, F., A. McDermott, S.L. Zeger, and J.M. Samet. 2003. National maps of the effects of particulate matter 
on mortality: Exploring geographical variation. Environ. Health Perspect. 111(1):39-43.

Dubowsky, S.D., H. Suh, J. Schwartz, B.A. Coull, and D.R. Gold. 2006. Diabetes, obesity, and hypertension may 
enhance associations between air pollution and markers of systemic inflammation. Environ. Health Perspect. 
114(7):992-998.

EPA (U.S. Environmental Protection Agency). 1993. Alachlor (CASRN 15972-60-8). Integrated Risk Information 
System, U.S. Environmental Protection Agency, Washington, DC [online]. Available: http://www.epa.gov/iris/
subst/0129.htm [accessed Sept. 12, 2007].

E27.201

http://www.nap.edu/12209


Science and Decisions: Advancing Risk Assessment

Copyright National Academy of Sciences. All rights reserved.

TOWARD A UNIFIED APPROACH TO DOSE-RESPONSE ASSESSMENT 183

EPA (U.S. Environmental Protection Agency). 1998. Health Risks from Low-Level Environmental Exposure to Ra-
dionuclides. Federal Guidance Report No.13 -Part 1, Interim Version. EPA 402-R-97-014. Office of Radiation 
and Indoor Air, U.S. Environmental Protection Agency,  Washington, DC. January 1998 [online]. Available: 
http://homer.ornl.gov/VLAB/fedguide13.pdf [accessed Aug. 7, 2008].

EPA (U.S. Environmental Protection Agency). 2000a. Benchmark Dose Technical Guidance Document. EPA/630/
R-00/001. Risk Assessment Forum, U.S. Environmental Protection Agency, Washington, DC. October 2000 
[online]. Available: http://www.epa.gov/ncea/pdfs/bmds/BMD-External_10_13_2000.pdf [accessed Jan. 4, 
2008].

EPA (U.S. Environmental Protection Agency). 2000b. Risk Characterization Handbook. EPA 100-B-00-002. Office 
of Science Policy, Office of Research and Development, U.S. Environmental Protection Agency, Washington, 
DC. December 2000 [online]. Available: http://www.epa.gov/OSA/spc/pdfs/rchandbk.pdf [accessed Jan. 7, 
2008].

EPA (U.S. Environmental Protection Agency). 2001a. Trichloroethylene Health Risk Assessment:  Synthesis and 
Characterization. External Review Draft. EPA/600/P-01/002A. Office of Research and Development, Wash-
ington, DC. August 2001 [online]. Available: http://rais.ornl.gov/tox/TCEAUG2001.PDF [accessed Aug. 2, 
2008].

EPA (U.S. Environmental Protection Agency). 2001b. Water Quality Criterion for the Protection of Human Health: 
Methylmercury, Chapter 4: Risk Assessment for Methylmercury. EPA-823-R-01-001. Office of Science and 
Technology, Office of Water, U.S. Environmental Protection Agency, Washington, DC. January 2001 [online]. 
Available: http://www.epa.gov/waterscience/criteria/methylmercury/pdf/merc45.pdf [accessed Aug. 6, 2008].

EPA (U.S. Environmental Protection Agency). 2001c. Chloroform (CASRN 67-66-3). Integrated Risk Information 
System, U.S. Environmental Protection Agency, Washington, DC [online]. Available: http://www.epa.gov/iris/
subst/0025.htm [accessed Sept. 12, 2007].

EPA (U.S. Environmental Protection Agency). 2002a. A Review of the Reference Dose and Reference Concentration 
Processes. EPA/630/P-02/002F. Risk Assessment Forum, U.S. Environmental Protection Agency, Washington, 
DC. December 2002 [online]. Available: http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=55365 [accessed 
Jan. 4, 2008].

EPA (U.S. Environmental Protection Agency). 2002b. Guidance on Cumulative Risk Assessment of Pesticide 
Chemicals That Have a Common Mechanism of Toxicity. Office of Pesticide Programs, U.S. Environmental 
Protection Agency, Washington, DC. January 14, 2002 [online]. Available: http://www.epa.gov/pesticides/trac/
science/cumulative_guidance.pdf [accessed Jan. 7, 2008].

EPA (U.S. Environmental Protection Agency). 2004. Exposure and Human Health Reassessment of 2,3,7,8-Tetra-
chlorodibenzo-p-Dioxin (TCDD) and Related Compounds, NAS Review Draft. EPA/600/P-00/001Cb. Na-
tional Center for Environmental Assessment, Office of Research and Development, U.S. Environmental Protec-
tion Agency, Washington, DC [online]. Available: http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=87843 
[accessed Aug. 6, 2008].

EPA (U.S. Environmental Protection Agency). 2005a. Approaches for the Application of Physiologically Based 
Pharmacokinetic (PBPK) Models and Supporting Data in Risk Assessment. External Review Draft. EPA/600/
R-05/043A. National Center for Environmental Assessment, Office of Research and Development, U.S. Envi-
ronmental Protection Agency, Washington, DC. June 2005 [online]. Available: http://cfpub.epa.gov/ncea/cfm/
recordisplay.cfm?deid=135427 [accessed Jan. 22, 2008]. 

EPA (U.S. Environmental Protection Agency). 2005b. Guidelines for Carcinogen Risk Assessment. EPA/630/P-
03/001F. Risk Assessment Forum, U.S. Environmental Protection Agency, Washington, DC. March 2005 
[online]. Available: http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=116283 [accessed Feb. 7, 2007].

EPA (U.S. Environmental Protection Agency). 2005c. Supplemental Guidance for Assessing Susceptibility for 
Early-Life Exposures to Carcinogens. EPA/630/R-03/003F. Risk Assessment Forum, U.S. Environmental Pro-
tection Agency, Washington, DC. March 2005 [online]. Available: http://cfpub.epa.gov/ncea/cfm/recordisplay.
cfm?deid=160003 [accessed Jan. 4, 2008].

EPA (U.S. Environmental Protection Agency). 2005d. Toxicological Review of Phosgene (CAS 75-44-5) In Sup-CAS 75-44-5) In Sup- In Sup-
port of Summary Information on the Integrated Risk Information System (IRIS). EPA/635/R-06/001. U.S.EPA/635/R-06/001. U.S. U.S. 
Environmental Protection Agency, Washington, DC. December 2005 [online]. Available: http://www.epa. Available: http://www.epa.
gov/iris/toxreviews/0487-tr.pdf [accessed Aug. 7, 2008].

EPA (U.S. Environmental Protection Agency). 2006a. Background on Risk Characterization. Technology Transfer 
Network, 1999 National-Scale Air Toxics Assessment, U.S. Environmental Protection Agency, Washington, 
DC [online]. Available: http://www.epa.gov/ttn/atw/nata1999/riskbg.html [accessed Sept. 10, 2007].

EPA (U.S. Environmental Protection Agency). 2006b. Harmonization in Interspecies Extrapolation: Use of BW¾ as 
Default Method in Derivation of the Oral RfD. External Review Draft. EPA/630/R-06/001. Risk Assessment 
Forum Technical Panel, U.S. Environmental Protection Agency, Washington, DC. February 2006 [online]. 
Available: http://cfpub.epa.gov/si/si_public_record_Report.cfm?dirEntryID=148525 [accessed Aug. 7, 2008].

E27.202

http://www.nap.edu/12209


Science and Decisions: Advancing Risk Assessment

Copyright National Academy of Sciences. All rights reserved.

184 SCIENCE AND DECISIONS: ADVANCING RISK ASSESSMENT

EPA (U.S. Environmental Protection Agency). 2006c. Toxicological Review of Dibutyl Phthalate (Di-n-Phthalate) 
(CAS No. 84-74-2) In Support of Summary Information on the Integrated Risk Information System (IRIS). 
NCEA-S-1755. U.S. Environmental Protection Agency, Washington, DC [online]. Available: http://cfpub.epa.
gov/ncea/cfm/recordisplay.cfm?deid=155707 [accessed Dec. 10, 2007].

EPA SAB (U.S. Environmental Protection Agency Science Advisory Board). 2000. Review of the EPA’S Draft 
Chloroform Risk Assessment. EPA-SAB-EC-00-009. Science Advisory Board, U.S. Environmental Protec-
tion Agency, Washington, DC. April 2000 [online]. Available: http://yosemite.epa.gov/sab/sabproduct.nsf/
D0E41CF58569B1618525719B0064BC3A/$File/ec0009.pdf [accessed Jan. 22, 2008].

EPA SAB (U.S. Environmental Protection Agency Science Advisory Board). 2002. Workshop on the Benefits 
of Reductions in Exposure to Hazardous Air Pollutants: Developing Best Estimates of Dose-Response 
Functions. EPA-SAB-EC-WKSHP-02-001. Science Advisory Board, U.S. Environmental Protection Agen-
cy, Washington, DC. January 2002 [online]. Available: http://yosemite.epa.gov/sab/sabproduct.nsf/
34355712EC011A358525719A005BF6F6/$File/ecwkshp02001+appa-g.pdf [accessed Jan. 22, 2008]. 

Evans, J.S., and S.J.S. Baird. 1998. Accounting for missing data in noncancer risk assessment. Hum. Ecol. Risk 
Assess. 4(2):291-317.

Evans, J.S., L.R. Rhomberg, P.L. Williams, A.M. Wilson, and S.J.S. Baird. 2001. Reproductive and developmen-
tal risks from ethylene oxide: A probabilistic characterization of possible regulatory thresholds. Risk Anal. 
21(4):697-717.

Freireich, E.J., E.A. Gehan, D.P. Rall, L.H. Schmidt, and H.E. Skipper. 1966. Quantitative comparison of toxicity of 
anti-cancer agents in mouse, rat, hamster, dog, monkey, and man. Cancer Chemother. Rep. 50(4):219-244.

Gaylor, D., L. Ryan, D. Krewski, and Y. Zhu. 1998. Procedures for calculating benchmark doses for health risk 
assessment. Regul. Toxicol. Pharmacol. 28(2):150-164.

Gaylor, D.W., R.L. Kodell, J.J. Chen, and D. Krewski. 1999. A unified approach to risk assessment for cancer and 
noncancer endpoints based on benchmark doses and uncertainty/safety factors. Regul. Toxicol. Pharmacol. 
29(2 Pt 1):151-157.

Ginsberg, G., D. Hattis, B. Sonawane, A. Russ, P. Banati, M. Kozlak, S. Smolenski, and R. Goble. 2002. Evalua-
tion of child/adult pharmacokinetic differences from a database derived from the therapeutic drug literature. 
Toxicol. Sci. 66(2):185-200.

Gray, L.E., J. Ostby, J. Furr, C.J. Wolf, C. Lambright, L. Parks, D.N. Veeramachaneni, V. Wilson, M. Price, A. 
Hotchkiss, E. Orlando, and L. Guillette. 2001. Effects of environmental antiandrogens on reproductive de-
velopment in experimental animals. Hum. Reprod. Update 7(3):248-264.

Gu, J., D. Liang, Y. Wang, C. Lu, X. Wu. 2005. Effects of N-acetyl transferase 1 and 2 polymorphisms on bladder 
cancer risk in Caucasians. Mutat Res. 581(1-2):97-104. 

Hass, U., M. Scholze, S. Christiansen, M. Dalgaard, A.M. Vinggaard, M. Axelstad, S.B. Metzdorff, and A. 
Kortenkamp. 2007. Combined exposure to anti-androgens exacerbates disruption of sexual differentiation in 
the rat. Environ. Health Perspect. 115(Suupl.1):122-128.

Hattis, D. 2008. Distributional analyses for children’s inhalation risk assessments. J. Toxicol. Environ. Health Part 
A 71(3):218-226.

Hattis, D., and K. Barlow. 1996. Human interindividual variability in cancer risks -technical and management 
challenges. Hum. Ecol. Risk Assess. 2(1):194-220.

Hattis, D., and M.K. Lynch. 2007. Empirically observed distributions of pharmacokinetic and pharmacodynamic 
variability in humans: Implications for the derivation of single point component uncertainty factors providing 
equivalent protection as existing RfDs. Pp. 69-93 in Toxicokinetics and Risk Assessment, J.C. Lipscomb, and 
E.V. Ohanian, eds. New York: Informa Healthcare.

Hattis, D., A. Russ, R. Goble, P. Banati, and M. Chu. 2001. Human interindividual variability in susceptibility to 
airborne particles. Risk Anal. 21(4):585-599.

Hattis, D., S. Baird, and R. Goble. 2002. A straw man proposal for a quantitative definition of the RfD. Drug 
Chem. Toxicol. 25(4):403-436.

Hattis, D., G. Ginsberg, B. Sonawane, S. Smolenski, A. Russ, M. Kozlak, and R. Goble. 2003. Differences in phar-
macokinetics between children and adults. II. Children’s variability in drug elimination half-lives and in some 
parameters needed for physiologically-based pharmacokinetic modeling. Risk Anal. 23(1):117-142.

Hsiao, T.J., J.D. Wang, P.M. Yang, P.C. Yang, and T.J. Cheng. 2004. Liver fibrosis in asymptomatic polyvinyl 
chloride workers. J. Occup. Environ. Med. 46(9):962-966. 

IARC (International Agency for Research on Cancer). 2000. Di(2-ethylhexyl)phthalate. Pp. 41-148 in Some In-
dustrial Chemicals. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans Vol. 77. Lyon: 
IARC. 

E27.203

http://www.nap.edu/12209


Science and Decisions: Advancing Risk Assessment

Copyright National Academy of Sciences. All rights reserved.

TOWARD A UNIFIED APPROACH TO DOSE-RESPONSE ASSESSMENT 18�

IARC (International Agency for Research on Cancer). 2006. Preamble. IARC Monographs on the Evaluation of 
Carcinogenic Risks to Humans. International Agency for Research on Cancer, World Health Organization, 
Lyon [online]. Available: http://monographs.iarc.fr/ENG/Preamble/CurrentPreamble.pdf [accessed Aug. 6, 
2008].

ICRP (International Commission on Radiological Protection). 1991. 1990 Recommendations of the International 
Commission on Radiological Protection. ICRP Publication 60. Annals of the ICPR 21(1/3). New York: 
Pergamon. 

ICRP (International Commission on Radiological Protection). 2006. Low Dose Extrapolation of Radiation-Related 
Cancer Risk. ICRP Publication 99. Annals of the ICPR 35(4). Oxford: Elsevier.

Inatomi, H., T. Katoh, T. Kawamoto, and T. Matsumoto. 1999. NAT2 gene polymorphism as a possible marker 
for susceptibility to bladder cancer in Japanese. Int. J. Urol. 6(9):446-454.

IPCS (International Programme for Chemical Safety). 2005. Guidance for the use of data in development of chemi-
cal-specific adjustment factors for interspecies differences and human variability. Pp. 25-48 in Chemical-Spe-
cific Adjustment Factors for Interspecies Differences and Human Variability: Guidance Document for Use of 
Data in Dose/Concentration-Response Assessment. Harmonization Project Document No. 2. International 
Programme for Chemical Safety, World Health Organization, Geneva [online]. Available: http://whqlibdoc.
who.int/publications/2005/9241546786_eng.pdf [accessed Aug. 6, 2008].

Ito, Y., O. Yamanoshita, N. Asaeda, Y. Tagawa, C.H. Lee, T. Aoyama, G. Ichihara, K. Furuhashi, M. Kamijima, 
F.J. Gonzalez, and T. Nakajima. 2007. Di(2-ethylhexyl)phthalate induces hepatic tumorigenesis through a 
peroxisome proliferator-activated receptor alpha-independent pathway. J. Occup. Health. 49(3):172-182.

Jeong, Y.C., N.J. Walker, D.E. Burgin, G. Kissling, M. Gupta, L. Kupper, L.S. Birnbaum, and J.A. Swenberg. 2008. 
Accumulation of M(1)dG DNA adducts after chronic exposure to PCBs, but not from acute exposure to 
polychlorinated aromatic hydrocarbons. Free Radic Biol. Med. 45(5):585-591.

Jiang, X, J.M. Yuan, P.L. Skipper, S.R. Tannenbaum, and M.C. Yu. 2007. Environmental tobacco smoke and blad-
der cancer risk in never smokers of Los Angeles county. Cancer Res. 67(15):7540-7545.

Kang, D.H., N. Rothman, M.C. Poirier, A. Greenberg, C.H. Hsu, B.S. Schwartz, M.E. Baser, J.D. Groopman, 
A. Weston, and P.T. Strickland. 1995. Interindividual differences in the concentration of 1-hydroxypyrene-
glucuronide in urine and polycyclic aromatic hydrocarbon-DNA adducts in peripheral white blood cells after 
charbroiled beef consumption. Carcinogenesis 16(5):1079-1085. 

Karbe, R., and R.L. Kerlin. 2002. Cystic degeneration/Spongiosis hepatis in rats. Toxicol. Pathol. 30(2):216-227.
Klaunig, J.E., M.A. Babich, K.P. Baetcke, J.C. Cook, J.C. Corton, R.M. David, J.G. DeLuca, D.Y. Lai, R.H. McKee, 

J.M. Peters, R.A. Roberts, and P.A. Fenner-Crisp. 2003. PPARalpha agonist-induced rodent tumors: Modes 
of action and human relevance. Crit. Rev. Toxicol. 33(6):655-780.

Kobayashi, E., Y. Suwazono, M. Uetani, T. Inaba, M. Oishi, T. Kido, M. Nishijo, H. Nakagawa, and K. Nogawa. 
2006. Estimation of benchmark dose as the threshold levels of urinary cadmium, based on excretion of total 
protein, beta2-microglobulin, and N-acetyl-beta-D-glucosaminidase in cadmium nonpolluted regions in Japan. 
Environ. Res. 101(3):401-406.

Kodavanti, U.P., D.L. Costa, S.N. Giri, B. Starcher, and G.E. Hatch. 1997. Pulmonary structural and extracellular 
matrix alterations in Fischer F344 rats following subchronic phosgene exposure. Fundam. Appl. Toxicol. 
37(1):54-63.

Kramer, C.B., A.C. Cullen, and E.M. Faustman. 2006. Policy implications of genetic information on regula-
tion under the Clean Air Act: The case of particulate matter and asthmatics. Environ. Health Perspect. 
114(3):313-319.

Laprise, C., and L.P. Boulet. 1997. Asymptomatic airway hyperresponsiveness: A three-year follow-up. Am. J. 
Respir. Crit. Care Med. 156(2 Pt. 1):403-409.

Lutz, W.K. 1990. Dose-reponse relationship and low dose extrapolation in chemical carcinogenesis. Carcinogenesis 
11(8):1243-1247.

Lutz, W.K. 2001. Susceptibility differences in chemical carcinogenesis linearize the dose-response relationship: 
Threshold doses can be defined only for individuals. Mutat. Res. 482(1-2):71-76.

Maroni, M., and A.C. Fanetti. 2006. Liver function assessment in workers exposed to vinyl chloride. Int. Arch. 
Occup. Environ. Health 79(1):57-65.

Metzdorff, S.B., M. Dalgaard, S. Christiansen, M. Axelstad, U. Hass, M.K. Kiersgaard, M. Scholze, A. Korten-
kamp, and A.M. Vinggaard. 2007. Dysgenesis and histological changes of genitals and perturbations of gene 
expression in male rats after in utero exposure to antiandrogen mixtures. Toxicol. Sci. 98(1):87-98. 

Nakajima, M., M. Itoh, H. Sakai, T. Fukami, M. Katoh, H. Yamazaki, F.F. Kadlubar, S. Imaoka, Y. Funae, and T. 
Yokoi. 2006. CYP2A13 expressed in human bladder metabolically activates 4-aminobiphenyl. Int. J. Cancer 
119(11):2520-2526.

Nessel, C.S., S.C. Lewis, K.L. Stauber, and J.L. Adgate. 1995. Subchronic to chronic exposure extrapolation: Toxi-
cologic evidence for a reduced uncertainty factor. Hum. Ecol. Risk Assess. 1(5):516-526. 

E27.204

http://www.nap.edu/12209


Science and Decisions: Advancing Risk Assessment

Copyright National Academy of Sciences. All rights reserved.

186 SCIENCE AND DECISIONS: ADVANCING RISK ASSESSMENT

NRC (National Research Council). 1993. Pesticides in the Diets of Infants and Children. Washington, DC: National 
Academy Press. 

NRC (National Research Council). 1994. Science and Judgment in Risk Assessment. Washington, DC: National 
Academy Press.

NRC (National Research Council). 1998a. Assessment of Exposure-Response Functions for Rocket-Emission 
Toxicants. Washington, DC: National Academy Press.

NRC (National Research Council). 1998b. Health Effects of Exposure to Low Levels of Ionizing Radiations: Time 
for Reassessment? Washington, DC: National Academy Press. 

NRC (National Research Council). 2000. Copper in Drinking Water. Washington, DC: National Academy Press.
NRC (National Research Council). 2006a. Assessing the Human Risks of Trichloroethylene. Washington, DC: The 

National Academies Press.
NRC (National Research Council). 2006b. Health Risks for Dioxin and Related Compounds. Washington, DC: 

The National Academies Press.
NRC (National Research Council). 2006c. Health Risks from Exposures to Low Levels of Ionizing Radiation: BEIR 

VII. Washington, DC: The National Academies Press.
NRC (National Research Council). 2006d. Toxicity Testing for Assessment of Environmental Agents: Interim 

Report. Washington, DC: The National Academies Press.
NRC (National Research Council). 2007a. Toxicity Testing in the Twenty-First Century: A Vision and a Strategy. 

Washington, DC: The National Academies Press.
NRC (National Research Council). 2007b. Applications of Toxicogenomic Technologies to Predictive Toxicology 

and Risk Assessment. Washington, DC: The National Academies Press.
Peel, J.L, K.B. Metzger, M. Klein, W.D. Flanders, J.A. Mulholland, and P.E. Tolbert. 2007. Ambient air pol-

lution and cardiovascular emergency department visits in potentially sensitive groups. Am. J. Epidemiol. 
165(6):625-633.

Rhomberg, L.R., and S.K. Wolff. 1998. Empirical scaling of single oral lethal doses across mammalian species based 
on a large database. Risk Anal. 18(6):741-753.

Sackey, K. 1999. Hemolytic anemia: Part 1. Pediatr. Rev. 20(5):152-158.
Samoli, E., A. Analitis, G. Touloumi, J. Schwartz, H.R. Anderson, J. Sunyer, L. Bisanti, D. Zmirou, J.M. Vonk, J. 

Pekkanen, P. Goodman, A. Paldy, C. Schindler, and K. Katsouyanni. 2005. Estimating the exposure–response 
relationships between particulate matter and mortality within the APHEA multicity project. Environ. Health 
Perspect. 113(1):88-95.

Sand, S.J., D. von Rosen, and A.F. Filipsson. 2003. Benchmark dose calculations in risk assessment using continu-
ous dose-response information: The influence of variance and the determinants of a cut-off value. Risk Anal. 
23(5):1059-1068.

Santella, R.M., K. Hemminki, D.L. Tang, M. Paik, R. Ottman, T.L Young, K. Savela, L. Vodickova, C. Dickey, R. 
Whyatt, and F.P. Perera. 1993. Polycyclic aromatic hydrocarbon-DNA adducts in white blood cells and urinary 
1-hydroxypyrene in foundry workers. Cancer Epidemiol. Biomarkers Prev. 2(1):59-62.

Schwartz, J., and A. Zanobetti. 2000. Using meta-smoothing to estimate dose-response trends across multiple stud-
ies, with application to air pollution and daily death. Epidemiology 11(6):666-672.

Schwartz, J., F. Laden, and A. Zanobetti. 2002. The concentration–response relation between PM2.5 and daily 
deaths. Environ. Health Perspect. 110(10):1025-1029.

Schwartz, J., B. Coull, F. Laden, and L. Ryan. 2008. The effect of dose and timing of dose on the association 
between airborne particles and survival. Environ. Health Perspect. 116(1):64-69.

Siwinska, E., D. Mielzynska, and L. Kapka. 2004. Association between urinary 1-hydroxypyrene and genotoxic 
effects in coke oven workers. Occup. Environ. Med. 61(3):e10.

Slikker, W. Jr, M.E. Andersen, M.S. Bogdanffy, J.S. Bus, S.D. Cohen, R.B. Conolly, R.M. David, N.G. Doerrer, 
D.C. Dorman, D.W. Gaylor, D. Hattis, J.M. Rogers, R. Setzer, J.A. Swenberg, and K. Wallace. 2004. Dose-
dependent transitions in mechanisms of toxicity. Toxicol. Appl. Pharmacol. 201(3):203-225.

Subramaniam, R.P., P. White, and V.J. Cogliano. 2006. Comparison of cancer slope factors using different statistical 
approaches. Risk Anal. 26(3):825-830.

Travis, C.C., and R.K. White. 1988. Interspecific scaling of toxicity data. Risk Anal. 8(1):119-125. 
Tsuneoka, Y., T.P. Dalton, M.L. Miller, C.D. Clay, H.G. Shertzer, G. Talaska, M. Medvedovic, and D.W. Nebert. 

2003. 4-aminobiphenyl–induced liver and urinary bladder DNA adduct formation in Cyp1a2(–/–) and 
Cyp1a2(+/+) mice. J. Natl. Cancer Inst. 95(16):1227-1237.

Watanabe, K., F.Y. Bois, and L. Zeise. 1992. Interspecies extrapolation: A reexamination of acute toxicity data. 
Risk Anal. 12(2):301-310. 

Weil, C.S., and D.D. McCollister. 1963. Safety evaluation of Chemicals: Relationship between short- and long-term 
feeding studies in designing an effective toxicity test. Agr. Food Chem. 11(6):486-491.

E27.205

http://www.nap.edu/12209


Science and Decisions: Advancing Risk Assessment

Copyright National Academy of Sciences. All rights reserved.

TOWARD A UNIFIED APPROACH TO DOSE-RESPONSE ASSESSMENT 18�

West, J., H. Wood, R.F. Logan, M. Quinn, and G.P. Aithal. 2006. Trends in the incidence of primary liver and 
biliary tract cancers in England and Wales 1971-2001. Br. J. Cancer 94(11):1751-1758.

Wolf, C.J., G.A. LeBlanc, and L.E. Gray Jr. 2004. Interactive effects of vinclozolin and testosterone propionate on 
pregnancy and sexual differentiation of the male and female SD rat. Toxicol. Sci. 78(1):135-143.

Woodruff, T.J., E.M. Wells, E.W. Holt, D.E. Burgin, and D.A. Axelrad. 2007. Estimating risk from ambient con-
centrations of acrolein across the United States. Environ. Health Perspect. 115(3):410-415.

Wrixon, A.D. 2008. New ICRP recommendations. J. Radiol. Prot. 28(2):161-168. 
Yamazaki, K, H. Ohno, M. Asakura, A. Narumi, H. Ohbayashi, H. Fujita, M. Ohnishi, T. Katagiri, H. Senoh, 

K. Yamanouchi, E. Nakayama, S. Yamamoto, T. Noguchi, K. Nagano M. Enomoto, and H. Sakabe. 1994. 
Two-year toxicological and carcinogenesis studies of 1, 4-dioxane in F344 rats and BDF1 mice: Drinking stud-
ies. Pp. 193-198 in Proceedings of the Second Asia-Pacific Symposium on Environmental and Occupational 
Health, 22-24 July, 1993, Kobe, Japan, K. Sumino, and S. Sato, eds. Kobe: International Center for Medical 
Research Kobe, University School of Medicine. 

Zanobetti, A., J. Schwartz, and D. Gold. 2000. Are there sensitive subgroups for the effects of airborne particles?Are there sensitive subgroups for the effects of airborne particles? 
Environ. Health Perspect. 108(9):841-845.

E27.206

http://www.nap.edu/12209


Science and Decisions: Advancing Risk Assessment

Copyright National Academy of Sciences. All rights reserved.

188

6

Selection and Use of Defaults

As described in Chapter 2, the authors of the National Research Council report Risk 
Assessment in the Federal Go�ernment: Managing the Process (NRC 1983), known as the 
Red Book, recommended that federal agencies develop uniform inference guidelines for risk 
assessment. The guidelines were to be developed to justify and select, from among available 
options, the assumptions to be used for agency risk assessments. The Red Book commit-
tee recognized that distinguishing the available options on purely scientific grounds would 
not be possible and that an element of what the committee referred to as risk-assessment 
policy—often referred to later as science policy (NRC 1994)1—was needed to select the op-
tions for general use. The need for agencies to specify the options for general use was seen 
by the committee as necessary to avoid manipulation of risk-assessment outcomes and to 
ensure a high degree of consistency in the risk-assessment process.

The specific inference options that now appear in EPA’s risk-assessment guidelines, and 
that permeate risk assessments performed under those guidelines, have come to be called 
default options, or more simply defaults. The Red Book committee defined a default option 
as the inference option “chosen on the basis of risk assessment policy that appears to be 
the best choice in the absence of data to the contrary.” As the authors of Science and Judg-
ment in Risk Assessment (NRC 1994) observed, many of the key inference options selected 
as defaults by EPA are based on relatively strong scientific foundations, although none can 
be demonstrated to be “correct” for every toxic substance. Because generally applicable 
defaults are necessary, the ultimate choice of defaults involves an element of policy. Since 
1983, EPA has updated its set of defaults and has made strides in providing more detailed 
explanations for the choice of defaults that emphasize their theoretical and evidentiary 
foundations and the policy and administrative considerations that may have influenced the 
choices (EPA 2004a). 

1 The Red Book committee did not use the phrase risk-assessment policy in the usual sense in which science 
policy is used but far more narrowly to describe the policy elements of risk assessments. The committee distin-
guished between the policy considerations in risk assessment and those pertaining to risk management.

E27.207

http://www.nap.edu/12209


Science and Decisions: Advancing Risk Assessment

Copyright National Academy of Sciences. All rights reserved.

SELECTION AND USE OF DEFAULTS 18�

The Red Book emphasized both the need for generically applicable defaults and the need 
for flexibility in their application. Thus, the Red Book and Science and Judgment pointed 
out that scientific data could shed light, in the case of specific substances, on one or more 
of the information gaps in a risk assessment for which a generally applicable default had 
been applied. The substance-specific data might reveal that a given default might be inap-
plicable because it is inconsistent with the data. The substance-specific data might not show 
that the default had been ill chosen in the general sense but could show its inapplicability 
in the specific circumstance. Thus, there arose the notion of substance-specific departures 
from defaults based on substance-specific data. Much discourse and debate have attended 
the question of how many data, and of what type, are necessary to justify such departures, 
and the committee addresses the matter in this chapter. EPA recently altered its view on the 
question of “departures from defaults,” and this chapter begins by examining this view in 
relation to its central theme. 

CURRENT ENvIRONMENTAL PROTECTION AgENCy POLICy ON DEFAULTS

The committee recognizes that defaults are among the most controversial aspects of risk 
assessments. Because the committee considers that defaults will always be a necessary part 
of the risk-assessment process, the committee examined EPA’s current policy on defaults, 
beginning with an eye toward understanding its applications, its strengths and weaknesses, 
and how the current system of defaults might be improved.

EPA began articulating a shift toward its current policy on defaults in the Risk Charac-
terization Handbook (EPA 2000a) when it stated,

For some common and important data gaps, Agency or program-specific risk assessment 
guidance provides default assumptions or values. Risk assessors should carefully consider all 
available data before deciding to rely on default assumptions. If defaults are used, the risk 
assessment should reference the Agency guidance that explains the default assumptions or 
values (p. 41).

EPA’s staff paper titled Risk Assessment Principles and Practices (EPA 2004a) reflected 
a further shift in the agency’s practices on defaults: 

EPA’s current practice is to examine all relevant and available data first when performing a 
risk assessment. When the chemical- and/or site-specific data are unavailable (that is, when 
there are data gaps) or insufficient to estimate parameters or resolve paradigms, EPA uses a 
default assumption in order to continue with the risk assessment. Under this practice EPA 
invokes defaults only after the data are determined to be not usable at that point in the as-
sessment—this is a different approach from choosing defaults first and then using data to 
depart from them (p. 51).

EPA’s revised cancer guidelines (EPA 2005a) emphasize that the policy is consistent with 
EPA’s mission and make clear that the general policy applies to cancer risk assessments:

As an increasing understanding of carcinogenesis is becoming available, these cancer guide-
lines adopt a view of default options that is consistent with EPA’s mission to protect human 
health while adhering to the tenets of sound science. Rather than viewing default options as 
the starting point from which departures may be justified by new scientific information, these 
cancer guidelines view a critical analysis of all of the available information that is relevant 
to assessing the carcinogenic risk as the starting point from which a default option may be 
invoked if needed to address uncertainty or the absence of critical information (p. 1-7). 

Those statements may reflect the agency’s current perspective on the primacy of scien-
tific data and analysis in its risk assessments; the agency commits to examining all relevant 
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and available data before selecting defaults. The committee struggled with what the current 
policy means in terms of both literal interpretation and application to the risk-assessment 
process. The lack of clarity has the potential to lead to multiple interpretations. It raised 
questions regarding the implications of the policy for risk decision-making. It is difficult to 
argue with a more robust examination of available science, which the committee strongly 
supports; however, the committee expressed concern that without clear guidelines on the 
extent to which science should be evaluated, the open-ended approach could lead to delays 
and undermine the credibility of defaults and the ultimate decision process. The committee 
notes that the risk-characterization handbook (EPA 2000a) provides some statements regard-
ing the need to identify key data gaps and avoid delays in the risk-assessment process in the 
planning and scoping phase, but it is concerned that such statements may not be adequate 
to address complications resulting from the current policy:

Another discussion during the planning and scoping process concerns the identification of 
key data gaps and thoughts about how to fill the information needs. For example, can you 
fill the information needs in the near-term using existing data, in the mid-term by conducting 
tests with currently available test methods to provide data on the agents(s) of interest, and 
over the long-term to develop better, more realistic understandings of exposure and effects, 
and to construct more realistic test methods to evaluate agents of concern? In keeping with 
[transparency, clarity, consistency, and reasonableness] TCCR, care must be taken not to set 
the risk assessment up for failure by delaying environmental decisions until more research 
is done (p. 29).

The policy may be appealing at first glance: it creates a two-phase process that obligates 
the agency to give full attention to all available and relevant scientific information and in the 
absence of some needed information to use defaults rather than allow uncertainties to force 
an end to an assessment and to related regulatory decision-making. On closer examination, 
the current policy carries a number of disadvantages.

Concerns with EPA’s Current Policy on Defaults

Depending on implementation, the position in the current policy as articulated in the 
2004 staff paper (EPA 2004a) and 2005 cancer guidelines (EPA 2005a) could represent a 
radical departure from previous policies. Rather than starting with a default that repre-
sents a culmination of a thorough examination of “all the relevant and available scientific 
information,” this policy has the potential to promote with each assessment a full ad hoc 
examination of data and the spectrum of inferences they may support without being selective 
or contrasting them with the default to reflect on their plausibility. There are then no real 
defaults, and every inference is subject to ready replacement. By definition, a full evaluation 
of the evidence identifies the best available assumption, whether it is based on chemical-spe-
cific information or more general information. Thus, EPA takes on, even more than before, 
the burden of establishing that existing science does not warrant use of an inference differ-
ent from the default. There is also the commitment “to examine all relevant and available 
data” first. Pushed to the extreme for some chemicals, that can mean retrieving, cataloging, 
and demonstrating full consideration of thousands of references, many of little utility but 
nonetheless “relevant.” It also could lead to the reopening of the basis of some of the generic 
defaults on an ad hoc basis, as discussed below. Those possibilities create further vulnerability 
to challenge and delay that could affect environmental protection and public health. From 
a practical management perspective, the mandate to consider “all relevant and available 
data” may be unworkable for an overburdened and underresourced EPA (EPA SAB 2006, 
2007) that is struggling to keep up with demands for analysis of hazard and dose-response 
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information (Gilman 2006; Mills 2006). It may also have profound ripple effects on regula-
tory and risk-management efforts by other agencies at both the federal and state levels. And 
there is a lack of clarity as to what the policy means in cases in which the database supports 
a different inference from the default and does not merely replace a default with data.2 

What Is Needed for an Effective Default Policy?

Both the current and previous EPA policies on defaults raise a crucial question: How 
should the agency determine that the available data are or are not “usable,” that is, that 

2 One member of the committee concluded that the new EPA policy is not unclear, but instead represents a de-
finitive and troubling shift away from a decades-old system that appropriately valued sound scientific information 
and avoided the paralysis of having to re-examine generic information with every new risk assessment. During its 
deliberations, the member heard two things clearly from EPA that make the intent of its above language unam-
biguous: (1) that EPA regards “data” and inferences as two concepts that can be compared to each other, and that 
the former should trump the latter (the member heard, for example, that the new policy is intended to repudiate 
the historical use of “risk assessment without data—just defaults”); and (2) that the goal of the policy shift is to 
“reduce reliance on defaults” (EPA SAB 2004a; EPA 2007d).

This member of the committee questioned both of these premises. First, the member concluded that there are 
two problems with the notion of pitting “data” against defaults. The logical problem, in this member’s opinion, 
was that the actual choice EPA faces is a choice among models (inferences, assumptions), which are not themselves 
“data” but which are ways of making sense of data. For example, reams of data may exist on some biochemical 
reaction that might suggest that a particular rodent tumor was caused via a mechanism that does not operate in 
humans. EPA’s task, however, is whether or not to make the assumption that the rodent tumors are relevant, in 
the absence of a well-posed theory to the contrary, one that is supported by data. Without the alternative assump-
tion being articulated, EPA has nothing coherent to do with the data. The more important practical problem with 
EPA’s new formulation, in this member’s opinion, is that a policy of “retreating to the default” if the chemical- or 
site-specific data are “not usable” ignores the vast quantities of data (interpretable via inferences with a sound 
theoretical basis) that already support most of the defaults EPA has chosen over the past 30 years. In order for a 
decision to not “invoke” a default to be made fairly, data supporting the inference that a rodent tumor response 
was irrelevant would have to be weighed against the data supporting the default inference that such responses are 
generally relevant (see, for example, Allen et al. 1988), data supporting a possible nonlinearity in cancer dose-
response would have to be weighed against the data supporting linearity as a general rule (Crawford and Wilson 
1996), data on pharmacokinetic parameters would have to be weighed against the data and theory supporting 
allometric interspecies scaling (see, for example, Clewell et al. 2002), and so on. In other words, having no chemi-
cal-specific data other than bioassay data does not imply there is a “data gap,” as EPA now claims—it may well 
mean that vast amounts of data support a time-tested inference on how to interpret this bioassay, and that no data 
to the contrary exist because no plausible inference to the contrary exists in this case. In short, this committee 
member sees most of the common risk assessment defaults not as “inferences retreated to because of the absence 
of information,” but rather as “inferences generally endorsed on account of the information.” 

Therefore, this committee member concluded that EPA’s stated goal of “reducing reliance on defaults” per se 
is problematic; it begs the question of why a scientific-regulatory agency would ever want to reduce its reliance on 
those inferences that are supported by the most substantial theory and evidence. Worse yet, the committee member 
concluded, it seems to prejudice the comparison between default and alternative models before it starts—if EPA 
accomplishes part of its mission by ruling against a default model, the “critical analysis of all available informa-
tion” may be preordained by a distaste for the conclusion that the default is in fact proper. 

This committee member certainly endorses the idea of reducing EPA’s reliance on those defaults that are found 
to be outmoded, erroneous, or correct in the general case but not in a specific case—but identifying those inferior 
assumptions is exactly what a system of departures from defaults, as recommended in the Red Book, in Science 
and Judgment, and in this report, is designed to do. EPA should modify its language to make clear that across-
the-board skepticism about defaults is not scientifically appropriate. Thus, the committee member concludes that 
recommendations in this chapter apply whether or not EPA believes it has “evolved beyond defaults.” A system 
that evaluates every inference for every risk assessment still needs ground rules, of the kind recommended in this 
chapter, to show interested parties how EPA will decide what data are “usable” or which inference is proper. This 
committee member urges EPA to delineate what evidence will determine how it makes these judgments, and how 
that evidence will be interpreted and questioned—and EPA’s current policy sidesteps these tasks.
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they do or do not support an inference alternative to the default? The question underscores 
the need for guidance to implement a default policy and evaluate its effect on risk decisions 
and efforts to protect the environment and public health. The committee did not conduct a 
detailed evaluation, but a cursory examination of some recent assessments shows detailed 
presentations and analyses of the available data bearing on each assessment, explicit deter-
minations that identified data that do not support an inference alternative to such defaults 
as low-dose linearity and the cross-species scaling of risk, but thus far not the wholesale 
reconsideration of generic defaults. No matter how one interprets EPA’s current policy on 
defaults, an effective policy requires criteria to guide risk assessors on factors that would 
render data “not usable” or supportable of inference alternatives to a default, and therefore 
requiring that a default be invoked. 

Therefore it remains the case that

•	 Defaults need to be maintained for the steps in risk assessment that require inferences 
beyond those that can be clearly drawn from the available data or to otherwise fill common 
data gaps.

•	 Criteria should be available for judging whether, in specific cases, data are adequate 
for direct use or to support an inference in place of a default.

The “data” that may be usable in place of a default will depend on the role of the par-
ticular default in question. For example, some defaults regarding exposure may be readily 
inferred from observations and in this sense are “measurable,” but many defaults for biologic 
end points will continue to be based on science and policy judgments. The latter type of 
defaults is the focus of this report. 

Readily observable and measurable defaults, such as the amount of air breathed each 
day or the number of liters of water consumed, may be chosen to make assessments man-
ageable or consistent with one another but not to support inferences beyond the available 
data or what can be readily observed, and they are therefore generally less difficult to justify. 
Decisions about replacing them with distributions (for variability analysis) or specific values 
based on survey data tend to be less controversial. 

In contrast, the defaults involving science and policy judgments, such as the relevance 
of a rodent cancer finding in predicting low-dose-human risk, are used to draw inferences 
“beyond the data,” that is, beyond what may be directly observable through scientific study. 
The next section gives examples of important defaults of that kind related to the hazard-
identification and dose-response assessment steps. Inferences are needed when underlying 
biologic knowledge is uncertain or absent. Indeed, fundamental lack of understanding of 
key biologic phenomena can remain after many years of research. In some cases, however, 
research “data”—typically on pharmacokinetic (PK) behavior and modes of toxic action—
support an inference different from that implicit in the default. Determining whether such 
“data” are adequate to support a different inference is often difficult and controversial. Much 
of the emphasis of this chapter is on the defaults chosen as “inferences” in the presence of 
considerable uncertainty, not on those chosen to represent observed parameters or to fill 
gaps in data on readily observable phenomena.

In the discussions in this chapter, simply for ease of presentation, the committee uses 
the term departures in offering its views regarding the use of inferences based on substance-
specific data rather than defaults. Departures in the sense used in this report is related to the 
decision in specific cases as to whether data are adequate to support an inference different 
from the default and to make it unnecessary to adopt the default. Recognizing the challenge 
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of interpreting EPA’s policy, the committee, to be consistent with its charge, offers its discus-
sions and recommendations in the context of current EPA policy. 

THE ENvIRONMENTAL PROTECTION AgENCy’S SySTEM OF DEFAULTS

Explicit Defaults

The system of inferences used in EPA risk assessments is contained in the agency’s re-
ports, staff papers, procedural manuals and guidance documents. These materials provide 
some advice and information on interpreting the strengths and limitations of various types 
of scientific datasets and on data synthesis, including whether a body of data supports a 
default or alternative inference, and risk assessment methods. Guidance is given on assess-
ment of risks of cancer (EPA 2005a), neurotoxicity (EPA 1998a), developmental toxicity 
(EPA 1991a), and reproductive toxicity (EPA 1996); on Monte Carlo analysis (EPA 1997); 
on assessment of chemical mixtures (EPA 1986, 2000b); on reference-dose (RfD) and ref-
erence-concentration (RfC) processes (EPA 1994, 2002a,b); and on how to judge data on 
whether, for example, male rat kidney tumors (EPA 1991b) or rodent thyroid tumors (EPA 
1998b) are relevant to humans (see, for example, Box 2-1 and Table D-1). The toxicity 
guidance documents also identify some defaults commonly used in assessments covered by 
the guidance. Tables 6-1 and 6-2 list some of the important defaults for carcinogen and 
noncarcinogen risk assessments.

Missing Defaults

In addition to explicitly recognized defaults, EPA relies on a series of implicit or “miss-
ing” defaults3—assumptions that may sometimes exert great influence on risk characteriza-
tion. For a risk assessment to be completed, e�ery “inference gap” must have been “bridged” 
with some assumption, whether explicitly stated or not. Assumptions analogous to missing 
defaults are made in every field. For example, it is common to treat a pair of variables as 
independent when no information exists about any relationship between them. That as-
sumption may well be reasonable, but it imposes a powerful condition on the analysis: that 
the correlation coefficient between the variables is exactly 0.0 rather than any other value 
between -1 and 1. 

Use of missing defaults has become so ingrained in EPA risk-assessment practice that it 
is as though EPA has chosen the same assumptions explicitly. The committee recommends 
that EPA systematically examine the risk-assessment process and identify key instances of 
the bridging of an inference gap with a missing default, examine its basis, and consider 
alternatives if such a default is not sufficiently justified.

This committee is concerned particularly about two missing defaults. First, agents that 
have not been examined sufficiently in epidemiologic or toxicologic studies are insufficiently 
included in or even excluded from risk assessments. Typically, there is no description of the 
risks potentially posed by these agents in the risk characterization, so their presence often 
carries no weight in decision-making. With few notable exceptions (for example, dioxin-like 
compounds), they are treated as though they pose no risk that should be subject to regula-
tion in EPA’s air, drinking-water, and hazardous-waste site programs. Also with very few 

3 Science and Judgment in Risk Assessment (NRC 1994) coined the term missing default to describe the use of 
de facto assumptions by EPA without explicit explanation. These de facto assumptions may also be thought of as 
“implicit defaults.”
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TAbLE 6-1 Examples of Explicit EPA Default Carcinogen Risk-Assessment Assumptions

Issue EPA Default Approach

Extrapolation across  
human populations

“When cancer effects in exposed humans are attributed to exposure to 
an agent, the default option is that the resulting data are predictive of 
cancer in any other exposed human population.” (EPA 2005a, p. A-2)

“When cancer effects are not found in an exposed human population, 
this information by itself is not generally sufficient to conclude that 
the agent poses no carcinogenic hazard to this or other populations of 
potentially exposed humans, including susceptible subpopulations or 
lifestages.” (EPA 2005a, p. A-2)

Extrapolation of results 
from animals to humans

“Positive effects in animal cancer studies indicate that the agent under 
study can have carcinogenic potential in humans.” (EPA 2005a, p. A-3)

“When cancer effects are not found in well-conducted animal cancer 
studies in two or more appropriate species and other information does 
not support the carcinogenic potential of the agent, these data provide 
a basis for concluding that the agent is not likely to possess human 
carcinogenic potential, in the absence of human data to the contrary.” 
(EPA 2005a, p A-4)

Extrapolation of metabolic 
pathways across species, 
age groups, and sexes

“There is a similarity of the basic pathways of metabolism and the 
occurrence of metabolites in tissues in regard to the species-to-species 
extrapolation of cancer hazard and risk” (EPA 2005a, p. A-6).

Extrapolation of 
toxicokinetics across 
species, age groups, 
and sexes

“As a default for oral exposure, a human equivalent dose for adults 
is estimated from data on another species by an adjustment of animal 
applied oral dose by a scaling factor based on body weight to the 3/4 
power. The same factor is used for children because it is slightly more 
protective than using children’s body weight.” (EPA 2005a, p. A-7)

Shape of dose-response 
relationship

“When the weight of evidence evaluation of all available data are 
insufficient to establish the mode of action for a tumor site and when 
scientifically plausible based on the available data, linear extrapolation 
is used as a default approach, because linear extrapolation generally is 
considered to be a health-protective approach. Nonlinear approaches 
generally should not be used in cases where the mode of action has 
not been ascertained. Where alternative approaches with significant 
biological support are available for the same tumor response and no 
scientific consensus favors a single approach, an assessment may present 
results based on more than one approach.” (EPA 2005a, p. 3-21)

exceptions, EPA treats all adults as equally susceptible to carcinogens that act via a linear 
mode of action (MOA) (see Chapter 5 and, for a recent example, EPA 2007a). Table 6-3 
lists those and several other apparently missing EPA defaults. 

Both explicit and missing defaults used by EPA are a cornerstone of the agency’s ap-
proach to facilitating human health risk assessment in the face of inherent scientific limita-
tions that may prevent verification of any particular causal model. Understanding of the 
complications introduced by EPA’s policy and practice regarding defaults is central to evalu-
ating EPA’s management of uncertainty.
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TAbLE 6-2 Examples of Explicit EPA Default Noncarcinogen Risk-Assessment 
Assumptions

Issue EPA Default Approach

Rele�ant human 
health end point and 
extrapolation from 
animals to humans

“The effect used for determining the NOAEL, LOAEL,a or benchmark 
dose in deriving the RfD or RfC is the most sensitive adverse 
reproductive end point (that is, the critical effect) from the most 
appropriate or, in the absence of such information, the most sensitive 
mammalian species.” (EPA 1996, p. 77)

Adjustment to account 
for differences between 
humans and animal test 
species

Factor of 1, 3, or 10. (EPA 2002a, p. 2-12)

Heterogeneity among 
humans

Factor of 1, 3, or 10. (EPA 2002a, p. 2-12)

Shape of dose-response 
relationship

“In quantitative dose-response assessment, a nonlinear dose-response 
is assumed for noncancer health effects unless mode of action or 
pharmacodynamic information indicates otherwise.” (EPA 1996, p. 75)
 

Human risk estimate Division of the point of departure (for example, NOAEL, LOAEL, or 
benchmark dose) by the appropriate uncertainty factors to take into 
account, for example, the magnitude of the LOAEL compared with the 
NOAEL, interspecies differences, or heterogeneity among members of 
the human population produces “an estimate (with uncertainty spanning 
perhaps an order of magnitude) of a daily exposure to the human 
population (including sensitive subgroups) that is likely to be without an 
appreciable risk of deleterious effects during a lifetime.” (EPA 1998a,  
p. 57)

 aNOAEL = no-observed-adverse-effect level, LOAEL = lowest-observed-adverse-effect level.

COMPLICATIONS INTRODUCED by USE OF DEFAULTS

The National Research Council (NRC 1994) noted that although EPA had justified the 
selection of some of its defaults, many had received incomplete scrutiny by the agency. In 
the agency’s Guidelines for Carcinogen Risk Assessment (EPA 2005a), it elucidated more 
fully the bases of many of its defaults. Selection of defaults by EPA has been controversial, 
and the controversies were described in Science and Judgment in Risk Assessment (NRC 
1994, Chapter 6 and Appendices N-1 and N-2). Because choice of defaults involves a blend 
of science and risk-assessment policy, controversy is inevitable. Some have argued that EPA 
has selected defaults at each opportunity that are needlessly “conservative” and result in 
large overestimates of human risk (OMB 1990; Breyer 1992; Perhac 1996). Others have 
argued—given the large scientific uncertainties surrounding risk assessment, human variabil-
ity in both exposure to and response to toxic substances, and various missing defaults with 
“nonconservative” biases—that risk overestimation might not be common in EPA’s practices 
and that risk underestimation may occur (Finkel 1997; EPA SAB 1997, 1999). EPA (2004a, 
p. 20) states that the sum of conservative risk estimates for a chemical mixture overstates 
risk to a relatively modest extent (a factor of 2-5). In general, estimates based on animal 
extrapolations have been found to be generally concordant with those based on epidemio-
logic studies (Allen et al. 1988; Kaldor et al. 1988; Zeise 1994), and in several cases human 

E27.214

http://www.nap.edu/12209


Science and Decisions: Advancing Risk Assessment

Copyright National Academy of Sciences. All rights reserved.

1�6 SCIENCE AND DECISIONS: ADVANCING RISK ASSESSMENT

TAbLE 6-3 Examples of “Missing” Defaults in EPA “Default” Dose-Response 
Assessments 
	 •	 For low-dose linear agents, all humans are equally susceptible during the same life stage 
(when estimates are based on animal bioassay data) (EPA 2005a). The agency assumes that the linear 
extrapolation procedure accounts for human variation (explained in Chapter 5), but does not formally 
account for human variation in predicting risk. For low-dose nonlinear agents, an RfD is derived with an 
uncertainty factor for interhuman variability of 1-10 (EPA 2004a, p. 44; EPA 2005a, p. 3-24). 

	 •	 Tumor incidence from con�entional chronic rodent studies is treated as representati�e of the 
effect of lifetime human exposures after species dose equi�alence adjustments (EPA 2005a). For chemicals 
established as operating by a mutagenic mode of action, that holds after adjustment for early-life 
sensitivity (EPA 2005b). This assumes (1) that humans and rodents have the same “biologic clock,” that 
is, that rodents and humans exposed for a lifetime to the same (species-corrected) dose will have the same 
cancer risk, and (2) that a chronic rodent bioassay, which doses only in adulthood and misses late old age 
(EPA 2002a, p. 41), is representative of a lifetime of rodent exposure.

	 •	 Agents ha�e no in utero carcinogenic acti�ity. Although the agency notes that in utero activity is 
a concern, default approaches do not take carcinogenic activity from in utero exposure into account, and 
risks from in utero exposure are not calculated (EPA 2005b; EPA 2006a, p. 29).

	 •	 For known or likely carcinogens not established as mutagens, there is no difference in 
susceptibility at different ages (EPA 2005b).

	 •	 Nonlinear carcinogens and noncarcinogens act independently of background exposures and host 
susceptibility (see Chapter 5 for full discussion). 

	 •	 Chemicals that lack both adequate epidemiologic and animal bioassay data are treated as 
though they pose no risk of cancer worthy of regulatory attention, with few exceptions. They are 
typically classified as having “inadequate information to assess carcinogenic potential” (EPA 2005a, 
Section 2.5); consequently, no cancer dose-response assessment is performed (EPA 2005a, p. 3-2). 
Integrated Risk Information System and provisional peer-reviewed toxicity values are then based on 
noncancer end points, and cancer risk estimates are not presented.

data have indicated that animal-based estimates were not conservative for the population 
as a whole (see discussion in Chapter 4).

In any event, the committee observes that any set of defaults will impose value judgments 
on balancing potential errors of overestimation and underestimation of risk even if the judg-
ments dictate that the balance be exactly indifferent between the two. Thus, the issue is not 
whether to accept a value-laden system of model choice but which value judgments EPA’s 
assessments will reflect. Some members of the Science and Judgment in Risk Assessment 
committee endorsed the view that risk-assessment policy should seek a “plausible conserva-
tism”4 in the choice of default options rather than seeking to impose the alternative value 
judgment that models should strive to balance errors of underestimation and overestimation 
exactly (Finkel 1994); others took the view that relative scientific plausibility alone should 
govern the choice of defaults and the motivation for departing from them (McClellan and 
North 1994). EPA (2004a, pp. 11-12) acknowledged the debate:

EPA seeks to adequately protect public and environmental health by ensuring that risk is not 
likely to be underestimated. However, because there are many views on what “adequate” 
protection is, some may consider the risk assessment that supports a particular protection 

4 This use of conser�atism is intended to describe the situation in which the assumptions and defaults used in 
risk assessment are likely to overstate the true but unknowable risk. It is derived from the public-health dictum that 
when science is uncertain, judgments based on it should err on the side of public-health protection.
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level to be “too conservative” (that is, it overestimates risk), while others may feel it is “not 
conservative enough” (that is, it underestimates risk). . . .

Even with an optimal cost-benefit solution, in a heterogeneous society, some members of 
the population will bear a disproportionate fraction of the costs while others will enjoy a 
disproportionate fraction of the benefits (Pacala et al. 2003). Thus, inevitably, different seg-
ments of our society will view EPA’s approach to public health and environmental protection 
with different perspectives. 

In addition to the debate over how “conservative” default assumptions should be, there 
is tension between their use and the complete characterization of uncertainty. For example, it 
is possible to imagine eliminating defaults and instead using ranges of plausible assumptions 
in their place. Doing so, however, could produce such a broad range of risk estimates, with 
no clear way to distinguish their relative scientific merits, that the result could be useless 
for the purpose of choosing among various risk-management options for decision-making 
(see Chapter 8). As explained above, using defaults ameliorates that problem but at the cost 
of reporting only a portion of the complete range of risk estimates that is consistent with 
available scientific knowledge. In some cases, use of defaults overstates the central tendency 
of the complete range; in other cases, it underestimates the central tendency. As discussed 
below, that pitfall is important because of the ubiquitous nature of tradeoffs that surround 
most risk-management decisions.

How EPA has responded to suggestions to improve its system of defaults reveals three 
related issues. First, the agency has not published clear, general guidance on what level of 
evidence is needed to justify use of chemical-specific evidence and not use a default, although 
EPA has provided some specific guidance for a small number of particular defaults (see 
below). 

Second, as part of its current practice of using defaults, EPA often does not quantify the 
portion of the total uncertainty characterized in the resulting risk estimate or RfD that is due 
to the presence of competing plausible causal models. EPA in its various guidance documents 
and reviews has provided a scientific justification for many of its defaults (for example, EPA 
1991a, 2002b, 2004a, 2005a,b). In some cases, it has demonstrated that the defaults are 
plausible, but not the extent to which a default may produce an estimate of the risk or RfD 
different from that produced by a plausible alternative model. Tables 6-1 and 6-2 list explicit 
defaults used by EPA. A notable example is the use of the linear no-threshold dose-response 
relationship for extrapolation of cancer risk below the point of departure when there is no 
evidence of an MOA that would introduce nonlinearity. That assumption is based on both 
mechanistic hypotheses and empirical evidence. “Low-dose nonlinear” carcinogens and 
chemicals without established carcinogenic properties are assumed to follow threshold-like 
dose-response relationships5 even when, as in the case of chloroform, it is acknowledged 
that multiple modes of action, including genotoxicity, cannot be ruled out (EPA SAB 2000, 
p. 1; EPA 2001, p. 42). The nonlinear effects are also presumed to act independently of 
background processes although for many mechanisms (such as receptor-mediated ones) there 
can be endogenous and exogenous agents that contribute to the same disease process present 
in the population that the toxicant under study contributes to (see Chapter 5). 

EPA risk-assessment guidance acknowledges that defaults are uncertain (EPA 2002a, 
2005a). In practice, the agency addresses the uncertainty by discussing it qualitatively. EPA 

5 The agency’s most recent cancer and noncancer guidelines do not strictly assume biologic thresholds, because 
of “the difficulty of empirically distinguishing a true threshold from a dose-response curve that is nonlinear at low 
doses”; instead, it refers to the dose-response relationships as low-dose nonlinear (EPA 2005a).
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has recently been criticized, however, for not describing the range of risk estimates associ-
ated with alternative assumptions quantitatively (NRC 2006a), and it has been encouraged 
in various forums to begin to develop the methodology and data to describe the uncertainty 
in dose-response modeling quantitatively (EPA SAB 2004b; NRC 2007a). 

Third, EPA has not established a clear set of standards to apply when evidence of an al-
ternative assumption is sufficiently robust not to invoke a default. EPA (2005a, p. 1-9) states 
that “with a multitude of types of data, analyses, and risk assessments, as well as the diversity 
of needs of decision makers, it is neither possible nor desirable to specify step-by-step criteria 
for decisions to invoke a default option.” The committee agrees that it is neither possible 
nor desirable to reduce the evaluation of defaults to a checklist. However, failure to establish 
clear guidelines detailing the issues that must be addressed to depart from a default and the 
type of evidence that would be compelling can have a number of adverse consequences. The 
lack of clear standards may reduce the incentive for further research (Finkel 2003). With 
no guidance on criteria for using an alternative assumption, it is difficult for an interested 
party to understand the type of scientific information that might be required by the agency, 
and a lack of clear standards can make the process of deciding whether new research data 
(instead of a default) are usable appear to be arbitrary. The committee considers that clear 
evidence standards for deciding to retain or depart from defaults can make the process more 
transparent, consistent, and fair for all stakeholders involved and enhance their trust in the 
process. Examples from EPA (discussed below) demonstrate that it is possible to specify 
criteria for departure from defaults. 

Risk estimates developed with defaults focus on a portion of the scientifically plausible 
risk-estimate range. However, because some defaults may lead to the overstatement of the 
risk posed by a chemical and others to an understatement of risk, EPA needs to be mindful of 
the influence of defaults on risk estimates when the estimates will influence risk-management 
decisions. Intervention options often involve tradeoffs, and the tradeoffs being considered 
(such as replacement of one chemical with another in a production process) might result in 
risk estimates whose health protectiveness depends on the defaults used in estimation. An 
example is the tradeoff between the risks resulting from exposure to mercury and PCBs in 
fish and the nutritional benefit of fish consumption (Cohen et al. 2005). 

When chemical risks are being compared, the agency can minimize the differential effects 
of defaults by ensuring that they are applied consistently. When chemical risks are being 
compared with other considerations whose estimated effects are not influenced by defaults, 
EPA should emphasize the quantitative characterization of the contribution of the defaults 
to uncertainty (as discussed below). 

ENHANCEMENTS OF THE ENvIRONMENTAL PROTECTION  
AgENCy’S DEFAULT APPROACH

This section describes the committee’s recommendations for improving how defaults are 
chosen, used, and modified. These recommendations include continued and expanded use of 
the best, most current science to choose, justify, and, when appropriate, revise EPA’s default 
assumptions; development of a clear standard to determine when evidence supporting an 
alternative assumption is robust enough that the default need not be invoked and develop-
ment of various sets of scientific criteria for identifying when an alternative has met that 
standard; making explicit the existing assumptions or developing new defaults to address 
the missing defaults, such as treatment of chemicals with limited information as though they 
pose risks that do not require regulatory action; and quantifying the risk estimates emerging 
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from more than one model (assumption) when EPA has determined that an alternative model 
is sufficiently well developed and validated to be presented alongside the risks resulting from 
use of the default.

best Use of Current Science to Define Defaults 

The defaults selected for EPA’s risk assessments and described in the agency’s guidelines 
should be periodically reviewed to determine their consistency with evolving science. The 
advance of scientific knowledge relevant to the selection of defaults is typically associated 
with studies of specific agents that provide insights into the applicability of alternative models 
to those agents (and perhaps also to related agents). As knowledge accumulates, it may point 
to the need for revision of one or more defaults for entire classes of related agents or even 
for all agents. Because general scientific understanding is continually evolving, it is essential 
that EPA remain committed to evaluating the bases of its defaults. Chapter 5 provides an 
example of how EPA might evaluate and revise its default dose-response assessment as-
sumptions in order to take into account the growing understanding of how dose-response 
assessment depends on interindividual variability and background exposures to a particular 
chemical and to chemicals that have similar MOAs. 

Guidelines describing defaults should include a detailed description of the underlying sci-
ence to justify the plausibility of the default for a wide array of circumstances. For example, 
the assumed relevance of rodent carcinogenicity testing to human risk might be justified by 
the high degree of common genetics across mammalian species and by empirical evidence 
that rodents are useful models of human disease processes. The documentation should also 
include the known and suspected limitations of the default’s applicability in any specific case. 
In the example above, limitations might include known differences in organ sensitivity and 
enzyme pathways between rodents and humans. The documentation should systematically 
establish grounds for departing from the default.

None of the possible inference options that is evaluated for its scientific strengths can be 
shown with high certainty to be generically applicable, but a default must be chosen from 
among them. As the Red Book pointed out, an element of “risk-assessment policy” will need 
to be invoked for the selection of defaults. EPA should use available science to the maximum 
extent and clearly specify the basis of its final selection of defaults. The same process should 
be used when new defaults are being considered to replace existing ones. 

Clear Standards for Departures from Defaults

In keeping with the Red Book’s recommendations concerning the need for flexibility 
in the application of EPA’s inference guidelines, EPA has accepted alternatives to defaults 
in several specific cases. For example, the last decade saw major advances in the develop-
ment of physiologically based pharmacokinetic (PBPK) models, and the agency has found 
these models useful to replace defaults in cross-route and cross-species extrapolation. In the 
agency’s toxicologic review of 1,1,1-trichloroethane (EPA 2007a), for example, it evaluated 
14 PBPK models that had been published in peer-reviewed journals, selected those it judged 
to be best supported, and then used model results to assess animal-to-human differences in 
the pharmacokinetic behavior of 1,1,1-trichloroethane. The typical default uncertainty factor 
(UF) of 10, used to extrapolate animal findings to humans, is assumed by default to be made 
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up of two factors of about 3: one for PK differences and the other for pharmacodynamic 
(PD) differences.6 In the draft 1,1,1-trichloroethane assessment, the agency used PBPK model 
results instead of the default UF of 3; but in the absence of information on PD differences, it 
retained the default UF of 3. This example reflects increased agency recognition of the value 
of reliable scientific information to reduce model uncertainties in risk assessment.

In another recent example (see Box 6-1), EPA used chemical-specific PK and physiologic 
data to derive two UFs (for extrapolating from animal to humans and for human variability) 
in establishing the RfD for boron. 

Those examples show that EPA has departed from default assumptions in specific cases; 
however, the committee believes that EPA and the research community would benefit from 
the development of clear standards and criteria for such departures. 

Developing clear standards and criteria for departing from defaults requires a system 

6 The assumption that PK and PD are similar in their contribution to interindividual heterogeneity is likely to 
be incorrect. Hattis and Lynch (2007) argued that PD factors are likely to be more important.

BOX 6-1 Boron: Use of Data-Derived Uncertainty Factors 

EPA has been struggling with characterization of uncertainty in risk assessments for decades. 
In most cases involving noncancer health effects, default uncertainty factors are used to account for 
conversion of subchronic to chronic exposure data, the adequacy of the database, extrapolation from 
the lowest-observed-adverse-effect level to a no-observed-adverse-effect level, interspecies extrapola-
tion, and human variability. Inadequacies in the database often compel the agency to rely on default 
assumptions to compensate for gaps in data. In the case of the boron risk assessment, data were 
available, so EPA could apply a “data-derived approach” to develop uncertainty factors. This approach 
“uses available toxicokinetic and toxicodynamic data in the determination of uncertainty factors, rather 
than relying on the standard default values” (Zhao et al. 1999). The boron case illustrates issues sur-
rounding the development and use of data-derived uncertainty factors by the agency. 

Without endorsing the specifics, the committee notes that in the boron risk assessment the 
availability of data lowered the uncertainty factor by roughly one-third, from 100 to 66. Chemical-spe-
cific pharmacokinetic and physiologic data were used to derive the factors (DeWoskin et al. 2007). 
Specifically, data on renal clearance from studies of pregnant rats and pregnant humans were used 
in determining data-driven interspecies pharmacokinetic adjustments, and glomular-filtration variabil-
ity in pregnant women was used to develop the nondefault values for intraspecies pharmacokinetic 
adjustments. 

The data-derived approach used in the risk assessment was largely supported by the three ex-
ternal reviewers of the risk assessment (see EPA 2004b, p. 110):

All three reviewers agreed that the new pharmacokinetic data on clearance of boron in rats and humans should 
be used for derivation of an uncertainty factor instead of a default factor. Comments included statements that 
EPA should always attempt to use real data instead of default factors and a statement that this use of clearance 
data is a significant step forward in the general EPA methodology for deriving uncertainty.

The use of data-driven uncertainty factors was not without controversy, as reported in a 2004 
Risk Policy Report: “environmentalists are concerned EPA is eroding its long-standing practice of us-
ing established safety factors when faced with scientific uncertainties. ‘Our major concern is that this 
represents a major move by EPA away from the concept of defaults, and towards a concept of default 
if we think that it’s required, and if there are data to support a default’,’’ a scientist with the Natural 
Resources Defense Council says. “EPA may use a ‘scrap of evidence’ to support the idea that one 
chemical is like another, reducing the need for important safety factors, the source says” (Risk Policy 
Report 2004, p. 3).
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that has two components: a single “evidentiary standard” governing how EPA considers 
alternative assumptions in relation to the default and the specific scientific criteria that EPA 
will use to gauge whether an alternative model has met the evidentiary standard. 

Evidentiary Standard

Because of the effort that EPA has invested in selecting its current defaults and the 
consistency that defaults confer on the risk-assessment process, the use of an alternative to 
the default in specific cases faces a substantial hurdle and should be supported by specific 
theory and evidence. The committee recommends that EPA adopt an alternative assumption 
in place of a default when it determines that the alternative is “clearly superior,”7 that is, 
that its plausibility clearly exceeds the plausibility of the default. 

Specific Criteria to judge Alternatives

The scientific questions that should be addressed to assess whether an alternative to a 
default is clearly superior will depend on the particular inference gap that is to be bridged. 
The committee recommends that EPA establish issue-specific criteria for bridging inference 
gaps. Important issues that require development of criteria include the use of PBPK models 
vs allometry to scale doses across species, the relevance of animal tumors to humans, and PD 
differences between animals and humans. Many of those issues are relevant to the unification 
of cancer and noncancer dose-response modeling described in Chapter 5. 

EPA in specific cases has developed criteria for departing from defaults. Three examples 
are presented below. The committee notes that these cases are presented as starting points 
for the development of criteria for departing from defaults; and their use does not imply 
that the committee agrees with their rationale in every detail.

Low-dose extrapolation for thyroid follicular tumors in rodents. In 1998, EPA devel-
oped guidance for when and how to depart from the default assumption that a substance 
that causes thyroid follicular tumors in rodents will have a linear dose-response relationship 
in humans (EPA 1998b). That guidance states clearly that EPA will consider a margin-of-
exposure, rather than a linear approach, when it can be demonstrated that a particular 
rodent carcinogen is not mutagenic, that it acts to disrupt the thyroid-pituitary axis, and 
that no MOA other than antithyroid activity can account for the observed rodent tumor 
formation. EPA then presents eight criteria for determining whether the substance disrupts 
the thyroid-pituitary axis and states that the first five must be satisfied (the remaining three 
are “desirable”). 

Rele�ance to humans of animal α2µ-globulin carcinogens. In the case of criteria for 
setting aside the relevance of renal tumors that occurred after exposure to agents that 
act through the α2µ-globulin MOA, EPA developed clear criteria for departure from the 
default assumption that animal tumors are relevant to human risk. EPA (1991b) specified 
two conditions that must be satisfied to replace that default. First, for the agent in ques-
tion, α2µ-globulin must be shown to be involved in tumor development. For this condition, 
EPA requires three findings (p. 86): “(1) Increased number and size of hyaline droplets in 

7 In legal parlance, a “beyond a reasonable doubt” standard would be “clearly superior.” The term clearly 
superior should not be interpreted quantitatively, but the committee notes that statistical P values can also be used 
as an analogy. For example, rejecting the null in favor of the alternative only when P < 0.05 could be viewed as 
insisting that the alternative hypothesis is “clearly superior” to the “default null.”
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renal proximal tubule cells of treated male rats,” “(2) Accumulating protein in the hyaline 
droplets is α2µ-g[lobulin],” and “(3) Additional aspects of the pathological sequence of 
lesions associated with α2µ-g[lobulin] nephropathy are present.” If the first condition is 
satisfied, EPA states that the extent to which α2µ-globulin is responsible for renal tumors 
must be established. Establishing that it is largely responsible for the observed renal tumors 
is grounds for setting aside the default assumption of their relevance to humans. EPA states 
(p. 86) that this step “requires a substantial database, and not just a limited set of informa-
tion confined to the male rat. For example, cancer bioassay data are needed from the mouse 
and the female rat to be able to demonstrate that the renal tumors are male-rat specific.” 
EPA lists the type of data that are helpful, for example, data showing that the chemical in 
question does not cause renal tumors in the NBR rat (which does not produce substantial 
quantities of α2µ-globulin), evidence that the substance’s binding to α2µ-globulin is revers-
ible, sustained cell division of the P2 renal tubule segment that is typical of the α2µ-globulin 
renal-cancer mode of action, structure-activity relationship data similar to those on other 
known α2µ-globulin MOA substances, evidence of an absence of genotoxicity, and the 
presence of positive renal-carcinogenicity findings only in male rats and negative findings in 
mice and female rats (EPA 1991b).

Applicability of the safety factor8 of 10 under the Food Quality Protection Act. EPA’s 
treatment of the safety factor of 10 to protect infants and children when setting pesticide 
exposure limits is an example of how the agency could establish a process to determine 
regularly whether data are sufficient to depart from what is, in effect, a default. The 1996 
Food Quality Protection Act (FQPA) mandates the use of a safety factor of 10 unless EPA has 
sufficient evidence to determine that a different value is more appropriate [§ 408 (b)(2)(c)]. 
The EPA Office of Pesticide Programs (EPA 2002b) has developed a systematic weight-of-
evidence approach that addresses a series of considerations, including prenatal and postnatal 
toxicity, the nature of the dose-response relationship, PK, and MOA. On the basis of the 
framework, EPA had found it unnecessary to apply the safety factor of 10 in 48 of 59 cases 
(reviewed in NRC 2006b).

Committee’s Evaluation

Those examples provide a starting point for the agency’s development of a standardized 
approach to departures from defaults. An improvement based on these examples would be 
greater specificity regarding the type of evidence that is sufficient to justify a departure.

Consider, for example, EPA’s guidance for chemicals that cause follicular tumors. Sec-
tion 2.2.4 of EPA 1998b (p. 21) requires that “enough information on a chemical should 
be given to be able to identify the sites that contribute the major effect on thyroid-pituitary 
function,” but EPA does not indicate what quantity and quality of information are “enough” 
for a researcher to make such a determination. In addition, the key statement that “where 
thyroid-pituitary homeostasis is maintained, the steps leading to tumor formation are not 
expected to develop, and the chances of tumor development are negligible” refers through-
out the document to humans in general and does not address interindividual variability in 
homeostasis. 

EPA has presented guidance (EPA 2002b) for departing from the use of a safety factor 
of 10 as provided for in the FQPA. The guidance includes a list of issues to consider and 
the type of evidence to evaluate. Some of the guidelines provide sufficient specificity as to 

8 In Chapter 5, the committee takes exception to the term safety factor, but it uses it here to avoid confusion 
with EPA terminology.
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evaluation of departures. For example, a finding of effects in humans or in more than one 
species militates against departure, as does a finding that the young do not recover as quickly 
from the adverse effects of a chemical as do adults. In contrast, some of the guidelines lack 
specificity. In particular, an MOA supporting the human relevance of effects observed in 
animals militates against departure from the default; this guideline would be more useful if 
it spelled out specific MOA findings that support the relevance to humans.

The committee recommends that EPA review those and other cases in which it has used 
substance-specific data and not invoked defaults and that it catalog the principles character-
izing those departures. The principles can be used in developing more general guidance for 
deciding when data clearly support an inference that can be used in place of a default. 

Crafting Defaults That Replace (or Make Explicit) Missing Assumptions:  
The Case of Chemicals with Inadequate Toxicity Data

EPA should work toward developing explicit defaults to use in place of missing defaults. 
To the extent possible, the new, explicit defaults should characterize the uncertainty associ-
ated with their use. Although there appear to be a number of missing defaults, this section 
focuses on the “untested-chemical assumption” and outlines an approach for characterizing 
the toxicity of untested or inadequately tested chemicals.9 The approach attempts to strike 
a balance between gathering enough information to reduce uncertainty sufficiently to make 
the resulting estimate useful and making the approach applicable for characterizing a large 
number of chemicals.

In the absence of data to derive a quantitative, chemical-specific estimate of toxicity, EPA 
treats such chemicals as though they pose risks that do not require regulatory action in its 
air, drinking-water, and hazardous-waste programs. In the case of carcinogens, EPA assigns 
no potency factor to a chemical and thus implicitly treats it as though it poses no cancer 
risk, for example, chemicals whose evidence meets the standard of “inadequate information 
to assess carcinogenic potential” in the carcinogen guidelines (EPA 2005a, p. 1-12). For 
noncancer end points, EPA practice limits the product of the uncertainty factors applied to 
no more than 3,000. When a larger value would be required to address the uncertainty (for 
example, when “there is uncertainty in more than four areas of extrapolation” [EPA 2002a, 
p. xvii]), EPA does not derive an RfD or RfC. The vast majority of chemicals now produced 
lack a cancer slope factor, RfD, RfC, or a combination of these. 

The effective assumption that many chemicals pose no risk that should be subject to 
regulation can compromise decision making in a variety of contexts, as it is not possible to 
meaningfully evaluate net health risks and benefits associated with the substitution of one 
chemical for another in a production process or interpret risk estimates where there can be 
a large number of untested chemicals (for example, a Superfund site) that have not been 
examined sufficiently in epidemiologic or toxicologic studies. 

To develop a distribution of dose-response relationship estimates for chemicals on which 
agent-specific information is lacking, a tiered series of default distributions could be con-
structed. The approach is based on the notion that for virtually all chemicals it is possible to 
say something about the uncertainty distribution regarding dose-response relationships. The 
process begins by selecting a set of cancer and noncancer end points and applying the full 
distribution of chemical potencies (including a data-driven probability of zero potency) to 

9 Chapter 5 addresses other missing defaults including that in the absence of chemical-specific data, EPA treats 
all members of the human population as though they are de facto equally susceptible to carcinogens that act via 
a linear MOA.
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the unknown chemical in question. That initial distribution can then be narrowed by using 
the various types and levels of intermediate toxicity information. 

At the simplest level, information on chemical structure can be used to bin chemicals in 
much the way that EPA uses chemical structures and physicochemical properties to perform 
quantitative structure activity relationship (QSAR) analyses for premanufacturing notices 
and for developing distributions of toxicity parameter values derived from data on repre-
sentative data-rich chemicals (The Toxic Substances Control Act [TSCA] Section 5 New 
Chemicals Program [EPA 2007b]). At the next level, the distributions can be further refined 
by including toxicologic tests and other model or experimental data to create chemical cat-
egories. That has been done to fill in data gaps in the U.S. and Organisation for Economic 
Co-operation and Development high-production-volume chemical programs (OECD 2007). 
Chemical categories in those programs have been created to help to estimate actual values 
for the programs’ short-term toxicity tests, but the underlying concepts could be applied to 
the development of distributions of cancer potencies or dose-response parameters for other 
chronic-toxicity end points. In the future, the results of intermediate mechanistic tests, in the 
context of growing understanding of toxicity networks and pathways, are likely to assist in 
selecting end points and estimating potency distributions. There are descriptions of how to 
make use of the observed correlation between carcinogenic potency and short-term toxicity 
values, such as the maximum tolerated dose (Crouch et al. 1982; Gold et al. 1984; Bernstein 
et al. 1985) and acute LD50 (Zeise et al. 1984, 1986; Crouch et al. 1987). The approach can 
be updated and expanded to include other data on toxicity from structure-activity and short-
term tests. EPA is building databases that could facilitate such development (EPA 2007c; Dix 
et al. 2007); the National Research Council (NRC 2007b) advocates eventually relying on 
high and medium throughput assays for risk assessment. Finally, the most sophisticated level 
can involve development of toxic-potency distributions for chemicals whose structures are 
clearly similar to those of well-studied substances, such as polycyclic aromatic hydrocarbons 
and dioxin-like compounds, in a manner like current extrapolation methods (for example, 
see Boström et al. 2002; EPA 2003; van den Berg et al. 2006). In that way, the agency can 
take advantage of the wealth of intermediate toxicity data being generated in multiple set-
tings at a stage when their precise implications for traditional dose-response estimation are 
not fully understood. EPA over the long term can develop probability distributions based on 
results of the intermediate assays, and the potency distribution for a chemical can become 
narrower as more data become available. 

Those approaches have a number of limitations. For now, they would be based on 
results with chemicals that have already been tested in long-term bioassays. If selection for 
long-term bioassay testing is already associated with indications of toxicity, generalization 
of the results to untested chemicals could lead to an overestimation of the toxicity of the 
untested chemicals. The creation of potency distributions for unknown chemicals will have 
to include a database estimation of the probability of zero potency to reduce the possibility 
of systematic overestimation. Characterization of the uncertainty surrounding the potency 
estimates will be necessary, but it should be facilitated by the probabilistic nature of the 
approach. The lack of sufficient data to estimate potency distributions for a wide variety 
of end points poses a serious challenge. Creation of such a database may be feasible now 
for cancer and a small number of noncancer end points but not for many of the end points 
of great concern, such as developmental neurotoxicity, immune toxicity, and reproductive 
toxicity. Full implementation of such a system will require about 10-20 years of data and 
method development. The committee urges EPA to begin to develop the methods for such a 
system by using existing data and the wealth of intermediate toxicity data being generated 
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now by U.S. and international chemical priority-setting programs (EC 1993, 1994, 1998, 
2003; 65 Fed. Reg. 81686[2000]; NRC 2006b).

When necessary, EPA can prioritize efforts to establish missing default information 
based on the potential impact of this information on the estimated benefits of regulatory 
action. This impact is most likely to be substantial for chemicals that have exposure levels 
that could change substantially in response to regulation (for example, chemicals that might 
be substituted for other chemicals that undergo more stringent control), and for chemicals 
whose physical and chemical properties increase the likelihood of their relative toxicity.

PERFORMINg MULTIPLE RISk CHARACTERIZATIONS  
FOR ALTERNATIvE MODELS

The current management of defaults resembles an all-or-none approach in that EPA of-
ten quantifies the dose-response relationship for one set of assumptions—either the default 
or whatever alternative to the default the agency adopts. Model uncertainty is discussed 
qualitatively; EPA discusses the scientific merits of competing assumptions.

In the long term, the committee envisions research leading to improved descriptions of 
model uncertainty (see Chapter 4). In the near term, sensitivity analysis could be performed 
when risk estimates for alternative hypotheses that are sufficiently supported by evidence 
are reported. This approach would require development of a framework with criteria for 
judging when such an analysis should be performed. The goal is not to present the multitude 
of possible risk estimates exhaustively but to present a small number of exemplar, plausible 
cases to provide the risk manager a context for understanding additional uncertainty con-
tributed by considering assumptions other than the default. The committee acknowledges the 
difficulty of assigning probabilities to alternative estimates in the face of a lack of scientific 
understanding related to the defaults and acknowledges that much work is needed to move 
toward a more probabilistic approach to model uncertainty (see Chapter 4). 

The standard for reporting alternative risk estimates should be less stringent than the 
“clearly superior” standard recommended for use of alternatives in place of the default. The 
committee finds that alternative risk estimates should be reported if they are “comparably” 
plausible relative to the risk estimate based on the default. The standard of comparability 
should not be interpreted to mean that the alternative must be at least as plausible as the 
default; this makes sense given that the alternative risk estimates provide information on the 
implications of tradeoffs associated with the interventions or options to address a given risk 
and that a risk manager might be interested in possible outcomes even if they are less than 
50% probable. The comparability standard, however, does rule out risk estimates that are 
possibly valid but that are based on assumptions that are substantially less plausible than 
the default. The purposes are to help to ensure that the set of risk estimates to be considered 
by the risk manager remains manageable and to prevent distraction by risk estimates that 
are unlikely to be valid. In the final analysis, making the term comparable operational will 
depend on EPA’s deciding how large a probability it is willing to accept that its risk assess-
ment omitted the true risk. EPA should consider developing guidance that explicitly directs 
risk assessors to present a broader array of risk estimates in “high stakes” risk assessment 
situations, that is, situations where there are potentially important countervailing risks or 
economic costs associated with mitigation of a target risk. The guidance should take into 
account the analytic cost of developing more extensive information, including the potential 
additional delay (see discussion of value of information in Chapter 3). 

As in the case of the “clearly superior” standard to replace the default, the agency 
should establish guidance for evaluation of plausibility and should issue specific criteria for 
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the demonstration that an alternative is “comparably plausible.” EPA should exclude from 
consideration alternative risk estimates that fail to satisfy the “reasonably” plausible crite-
ria, because they can distract attention from the possibilities that have a reasonable level of 
scientific support. Specifically, the committee discourages EPA from the regular (pro forma) 
reporting that the risk posed by an evaluated chemical “may be as small as zero” unless there 
is scientific evidence that raises this possibility to the requisite level of plausibility. Under 
the proposed approach, the risk assessor would describe, to the extent possible, the rela-
tive scientific merits of alternative assumptions and the factors that make the assumptions 
as “comparably plausible” relative to the default (and the factors that cause it to fall short 
of a “clearly superior” standard). Such a characterization would identify the risk estimate 
associated with the default assumptions and identify that estimate as the appropriate basis 
of risk management. Nonetheless, the risk assessment would also report a small number of 
other plausible exemplar assessments to convey the uncertainty associated with the preferred 
risk estimate. That recommendation is consistent with the National Research Council rec-
ommendation (NRC 2006a) that encouraged EPA to report risk estimates corresponding to 
alternative assumptions in its risk assessments.

The level of detail in and scientific support for the alternative risk estimates should be 
tailored to be appropriate for the type of questions that the risk assessment is addressing 
(see Chapter 3). If potential tradeoffs associated with intervention options under evalua-
tion are modest, less detail is needed to discriminate among the intervention options. For 
example, while maintaining designation of the risk calculated with the default assumptions 
as the primary estimate, it may be sufficient to provide a range of risk estimates without 
detailed information about the relative plausibility of alternative values within the range; the 
information can then be used in screening assessments to identify options whose desirability 
can be established robustly in the face of uncertainty. Because it is not always possible to 
know what options will be evaluated, simple characterizations of uncertainty can serve as 
a starting point for later assessments of alternative options. In all cases, refinement of the 
uncertainty characterization can proceed in an iterative fashion as needed to address either 
more serious tradeoffs or the evaluation of options and tradeoffs that were not initially con-
templated. The key point is that the options to be evaluated drive the level of detail needed 
in the assessment (see Chapter 3).

Advantages of Multiple Risk Characterizations

Presenting a full risk characterization for models other than the default confers several 
benefits on the risk-assessment process. Retaining alternative risk estimates in the final risk-
assessment results gives the risk manager wider latitude to understand the tradeoffs among 
the risk-management options. However, it is important that any evaluation of the range of 
risk-assessment outcomes take into account EPA’s mandate to protect public health and the 
environment. The committee recommends that EPA quantify the implications of using an 
alternative assumption when it elects to depart from a default assumption. In particular, EPA 
should describe how use of a default and the selected alternative influences the risk estimate 
for the risk-management options under consideration. For example, if a risk assessment that 
departs from default assumptions identifies chemical A as the lowest-risk chemical to use in 
a production process rather than chemical B, it should also describe which chemical would 
pose the lower risk if the default assumption were used. 

It is important for EPA to emphasize that only one assumption deserves primary con-
sideration for risk characterization and risk management. If alternative assumptions are 
presented as “comparably plausible,” the default must be highlighted and given deference. 
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The proposed approach more completely characterizes the uncertainty in the resulting risk 
estimate. As explained in Chapter 3, identifying the most appropriate course of action may 
depend on the degree of uncertainty associated with a risk estimate. Under the framework 
(Chapter 8), when there are multiple control options and multiple causal models, highlighting 
the model uncertainty can facilitate finding the optimal choices. Clear standards for depar-
ture from defaults can provide incentives for third parties to produce research in that they 
will know what data need to be produced that could influence the risk-assessment process. 
Finally, the approach facilitates the setting of priorities among research needs as a necessary 
component of value-of-information analysis (see Chapter 3). 

CONCLUSIONS AND RECOMMENDATIONS

EPA’s current policy on defaults calls for evaluating all relevant and available data first 
and considers defaults only when it is determined that data are not available or unusable. 
It is not known to what extent that is practiced, in contrast with judging the adequacy of 
available data to depart from a default. Whatever the case, defaults need to be maintained 
for the steps in risk assessment that require inferences or to fill common data gaps. Criteria 
are needed for judging whether, in specific cases, data are adequate to support a different 
inference from the default (or whether data are sufficient to justify departure from a default). 
The committee urges EPA to delineate what evidence will determine how it makes these 
judgments, and how that evidence will be interpreted and questioned. Providing a credible 
and consistent approach to defaults is essential to have a risk-assessment process to support 
regulatory decision-making.

The committee provides the following recommendations to strengthen the use of defaults 
in EPA: 

•	 EPA should continue and expand use of the best, most current science to support or 
revise its default assumptions. The committee is reluctant to specify a schedule for revising 
these default assumptions. Factors EPA should take into consideration in setting priorities 
for such revisions include (1) the extent to which the current default is inconsistent with 
available science; (2) the extent to which a revised default would alter risk estimates; and 
(3) the public health (or ecologic) importance of risk estimates that would be influenced by 
a revision to the default.

•	 EPA should work toward the development of explicitly stated defaults to take the 
place of implicit or missing defaults. Key priorities should be development of default ap-
proaches to support risk estimation for chemicals lacking chemical-specific information to 
characterize individual susceptibility to cancer (see Chapter 5) and to develop a dose-re-
sponse relationship. With respect to chemicals that have inadequate data to develop a dose-
response relationship, information is currently available to make progress on cancer and a 
limited number of noncancer end points. EPA should also begin developing methods that 
take advantage of information already available in the U.S. or by international prioritiza-
tion programs with a goal of creating a comprehensive system over the next 10 to 20 years. 
When necessary, EPA can prioritize efforts to target chemicals for which this information is 
most likely to influence the estimated benefits of regulatory action. 

•	 In the next 2-5 years, EPA should develop clear criteria for the level of evidence 
needed to justify use of alternative assumptions in place of defaults. The committee recom-
mends that departure should occur only when the evidence of the plausibility of the alterna-
tive is clearly superior to the evidence of the value of the default. In addition to a general 
standard for the level of evidence needed for use of alternative assumptions, EPA should 
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describe specific criteria that must be addressed for use of alternatives to each particular 
default. 

•	 When none of the alternative risk estimates achieves a level of plausibility sufficient 
to justify use in place of a default, EPA should characterize the impact of the uncertainty 
associated with use of the default assumptions. To the extent feasible, the characterization 
should be quantitative. In the next 2-5 years, EPA should develop criteria for the listing of the 
alternative values, limiting attention to assumptions whose plausibility is at least comparable 
with that of the plausibility of the default. The goal is not to present the multitude of pos-
sible risk estimates exhaustively but to present a small number of exemplar, plausible cases 
to provide a context for understanding the uncertainty in the assessment. The committee 
acknowledges the difficulty of assigning probabilities to alternative estimates in the face of 
a lack of scientific understanding related to the defaults and acknowledges that much work 
is needed to move toward a more probabilistic approach to model uncertainty.

•	 When EPA elects to depart from a default assumption, it should quantify the im-
plications of using an alternative assumption, including describing how use of the default 
and the selected alternative influences the risk estimate for risk-management options under 
consideration.

•	 EPA needs to more clearly elucidate a policy on defaults and provide guidance on its 
implementation and on evaluation of its impact on risk decisions and on efforts to protect 
the environment and public health. 
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7

Implementing Cumulative Risk Assessment

INTRODUCTION AND DEFINITIONS

In the previous chapters, the committee proposed modifications of multiple risk-
assessment steps to provide better insight into the health risks associated with exposure to 
individual chemicals, including characterization of uncertainty and variability. That reflects 
the focus of many risk-assessment applications in the Environmental Protection Agency 
(EPA) and elsewhere, which are often centered on evaluating risks associated with individual 
chemicals in the context of regulatory requirements or isolated actions, such as the issuance 
of an air permit for an industrial facility. 

However, there is increasing concern among stakeholder groups (especially communities 
affected by environmental exposure) that such a narrow focus does not accurately capture 
the risks associated with exposure, given simultaneous exposure to multiple chemical and 
nonchemical stressors and other factors that could influence vulnerability. More generally, a 
primary aim of risk assessment should be to inform decision-makers about the public-health 
implications of various strategies for reducing environmental exposure, and omission of the 
above factors may not provide the information needed to discriminate among competing 
options accurately. Without additional modifications, risk assessment might become irrel-
evant in many decision contexts, and its application might exacerbate the credibility and 
communication gaps between risk assessors and stakeholders.

In part to address those complex issues, EPA has developed the Framework for Cumula-
tive Risk Assessment (EPA 2003a). Cumulati�e risk is formally defined as the combination of 
risks posed by aggregate exposure to multiple agents or stressors in which aggregate exposure 
is exposure by all routes and pathways and from all sources of each given agent or stressor. 
Chemical, biologic, radiologic, physical, and psychologic stressors are all acknowledged as 
affecting human health and are potentially addressed in the multiple-stressor, multiple-effects 
assessments (Callahan and Sexton 2007). Cumulati�e risk assessment is therefore defined as 
analysis, characterization, and possible quantification of the combined risks to health or the 
environment posed by multiple agents or stressors (EPA 2003a). 
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As noted recently (Callahan and Sexton 2007), there are four key differences between 
EPA’s cumulative risk-assessment paradigm and traditional human health risk assessments:

•	 Cumulative risk assessment is not necessarily quantitative.
•	 Cumulative risk assessment by definition evaluates the combined effects of multiple 

stressors rather than focusing on single compounds.
•	 Cumulative risk assessment focuses on population-based assessments rather than 

source-based assessments.
•	 Cumulative risk assessment extends beyond chemicals to include psychosocial, physi-

cal, and other factors.

In addition, an explicit component of the cumulative risk-assessment paradigm defined 
by EPA involves an initial planning, scoping, and problem-formulation phase (EPA 2003a), 
which the committee previously proposed as an important component of any risk assessment 
in Chapter 3. That involves bringing risk managers, risk assessors, and various stakehold-
ers together early in the process to determine the major factors to be considered, the deci-
sion-making context, the timeline and related depth of analysis, and so forth. Planning and 
scoping ensure that the right questions are asked in the context of the assessment and that 
the appropriate suite of stressors is considered (NRC 1996). 

The committee acknowledges the conceptual framework and broadened definitions of 
cumulative risk assessment as constituting a move toward making risk assessments more 
relevant to decision-making and to the concerns of affected communities. Many components 
of cumulative risk assessment (such as planning and scoping or explicit consideration of 
vulnerability) should be considered as standard features of any risk assessment in principle. 
In practice, however, EPA assessments conducted today can fall short of what is possible 
and what is supported by the agency’s framework, and this chapter is directed at improve-
ments in agency practice. 

The chapter considers in detail some of the specific reasons why cumulative risk assess-
ment might be needed, because the risk-management needs will inform necessary revisions 
of the analytic framework. First, even if the regulatory decision of interest were related to 
strategies to address a single chemical with a single route of exposure, consideration of other 
compounds and other factors may be necessary to inform the decision. Ignoring numerous 
agents or stressors that affect the same toxic process as the chemical of interest and omitting 
background processes could lead to risk assessments that, for example, assume population 
thresholds in circumstances when such thresholds may not exist. That issue has been largely 
addressed in Chapter 5 in relation to the need to evaluate background exposure and vulner-
ability factors to determine the likelihood that these factors could “linearize” an otherwise 
nonlinear mode of action (MOA). We do not treat this issue in further detail in this chapter 
other than to note that it is a crucial component of cumulative risk assessment and that it 
leads to potentially important exposure-assessment and epidemiologic and toxicologic data 
requirements. 

Second, as alluded to above, the types of questions that are increasingly being asked of 
EPA require the tools and concepts of cumulative risk assessment. Communities concerned 
about environmental toxicants often wish to know whether environmental factors can ex-
plain observed or hypothesized disease trends or whether specific facilities are associated with 
important health burdens (and whether specific interventions could reduce those burdens). 
The relevance of standard risk-assessment methods in settings with vulnerable populations 
and multiple coexposures is being challenged by stakeholders, especially those with concerns 
about environmental justice (Israel 1995; Kuehn 1996). Addressing those issues requires an 
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ability to evaluate multiple agents or stressors simultaneously—to consider exposures not 
in isolation but in the context of other community exposures and risk factors. In addition, 
many of the decisions faced by EPA and other stakeholders involve tradeoffs and complex 
interactions among multiple risk factors, and any analytic tool must be able to address these 
factors reasonably.

Although we propose in this chapter some modifications of the framework and practice 
of cumulative risk assessment to help EPA and other stakeholders to determine high-risk 
populations and discriminate among competing options, we recognize that the topic of 
cumulative risk assessment raises important questions about the bounds between risk as-
sessment and other lines of evidence that may inform risk-related decisions. As the number 
and types of stressors and end points under consideration increase, decisions must be made 
about which dimensions should be considered as components of risk assessment as defined 
and used by EPA and others and which dimensions should be considered as ancillary in-
formation that can inform risk-management decisions but not considered as a components 
of risk assessment itself. That is in part a semantic distinction, but defining the bounds will 
be important in articulating recommendations for improving risk-analysis methods in EPA. 
Similarly, decisions must be made about the levels of complexity and quantification necessary 
for a given cumulative risk assessment in light of the decision context. This chapter empha-
sizes methods that can allow for the quantification of human health effects associated with 
exposure to chemical and nonchemical stressors, but we note that cumulative risk assessment 
can involve qualitative analyses and is not necessarily quantitative (EPA 2003a; Callahan 
and Sexton 2007), given that such analyses may be sufficient at times to discriminate among 
competing risk-management options. 

Another boundary issue involves the contexts in which cumulative risk assessment would 
be able to yield useful information. Some of the questions that communities or other stake-
holders are concerned about cannot and should not be answered by risk assessment even if 
refined techniques addressing cumulative risks are used. For example, questions like “What 
are the sources of environmental contaminants in our community that may be causing the 
most health problems?” or “What intervention strategies that we can adopt would most 
improve community health?” can be answered in principle with risk-assessment methods, 
but questions like “Should yet one more polluting facility be sited in our community?” or 
“Should there be mitigation because this low-income population lives much closer to sources 
of environmental contaminants than high-income populations?” are broader questions than 
can be answered by cumulative risk assessment alone. Clarifying the types of questions that 
cumulative risk assessment can and cannot answer but can support will be important in 
refining the cumulative risk-assessment tools and considering complementary analyses to 
aid in decision-making.

In this chapter, we briefly discuss some key settings in which cumulative risk assess-
ment has been developed and applied in EPA, focusing on the problem context, the analytic 
methods used, and refinements that may be warranted. We consider proposed approaches 
derived from such fields as ecologic risk assessment and social epidemiology to construct 
cumulative risk models in the light of numerous stressors or end points, while maintaining 
focus on decisions relevant to EPA. We conclude by providing some specific guidance about 
how the committee believes that cumulative risk assessment needs to be developed further, 
including the use of clear and consistent terminology; methods to incorporate interactions 
between chemical and nonchemical stressors; the use of biomonitoring, epidemiologic, and 
surveillance data; the need to develop simpler analytic tools to support more wide-rang-
ing analyses; and the related need to engage stakeholders throughout the cumulative risk-
assessment process. 
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HISTORy OF CUMULATIvE RISk ASSESSMENT

The formal cumulative risk-assessment framework at EPA was developed recently, but 
relevant activity has occurred for decades. This historical overview is not meant to be ex-
haustive but rather aims to illustrate some of the different ways in which cumulative-risk 
issues have been addressed at different times in different offices in EPA. 

One of the early applications of cumulative risk assessment in EPA was in the context of 
the Superfund program. Given the focus on specific hazardous-waste sites rather than single 
compounds, risk assessments need to capture the health effects of simultaneous exposures. 
EPA issued guidance documents focused on methods for addressing chemical mixtures (EPA 
1986), which were relatively undetailed but established the general approach of first look-
ing for evidence of health effects of the mixture of concern, then considering effects of a 
similar mixture if no such information were available, then addressing pairwise interactions 
if data were available, and finally presuming additivity if none of the prior information was 
available. The 1986 guidelines also distinguished between dose additivity (appropriate if 
the compounds of interest had the same MOA and the same health effects) and response 
additivity (which presumes independent MOAs). Data were available on some complex 
mixtures, such as diesel emissions and polychlorinated biphenyls, or mixtures similar to 
them; but in the majority of cases, dose additivity when the same MOA could be assumed 
was the default. Analyses of chemical mixtures constitute only one component of cumula-
tive risk assessment, and the Superfund risk assessments did not extend beyond this realm, 
but the early assessments helped to establish the rationale and framework for consideration 
of multiple stressors. 

Similarly, the 1996 amendments to the Safe Drinking Water Act required consideration 
of chemical mixtures in drinking water by explicitly stating that EPA shall conduct studies 
that “develop new approaches to the study of complex mixtures . . . especially to determine 
the prospects for synergistic or antagonistic interactions that may affect the shape of the 
dose-response relationship of the individual chemicals or microbes” (Pub. L. No. 104-182, 
104th Cong. [1996]). These approaches have been most commonly applied to disinfection 
byproducts (DBPs): characterization of multiple routes of exposure to multiple DBPs with the 
same MOA, physiologically based pharmacokinetic models for each individual DBP, and risk 
characterization that used relative potency factors to aggregate across constituents (Teuschler 
et al. 2004). Although aggregate exposure assessments have been thoroughly constructed and 
the combination of dose addition for chemicals with similar MOAs and response addition 
for mixtures with different MOAs helped to expand the scope of the assessments, the scope 
of cumulative risk assessment did not consider nonchemical stressors, and insight about 
synergistic or antagonistic effects remained minimal. Uncertainty quantification was also 
minimal, and variability was characterized for some components of the risk assessment (such 
as heterogeneity in food and water consumption) but not others (such as vulnerability). 

An important recent example of cumulative risk assessment was related to the Food 
Quality Protection Act (FQPA), which explicitly required EPA to assess aggregate exposures 
to pesticides across multiple exposure routes and to consider the cumulative effects of ex-
posures to pesticides with the same MOAs (Pub. L. No. 104-170, 104 Cong. [1996]). Key 
work completed to date has included a cumulative risk assessment of organophosphorus 
(OP) pesticides (EPA 2006a). Given the fact that the OP pesticides have a common MOA 
(inhibition of cholinesterase activity), a cumulative assessment of all pesticides in the family 
was used. Components of the analysis that deviated from single-chemical risk assessment 
included consideration of coexposures through various exposure pathways (that is, in the 
case of a given food item, which pesticides are likely to be found together), consideration 
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of aggregate exposures across multiple pathways, and calculation of relative potency fac-
tors to allow cumulative noncancer hazard indexes to be calculated. That work produced 
among the most detailed and comprehensive cumulative risk assessments conducted to date. 
However, no evidence was available to determine potential deviations from dose additivity, 
to incorporate pharmacokinetics explicitly into the dose-response assessment, or to consider 
interactions with nonchemical stressors or vulnerability other than mandated safety factors 
of 10 for infants and children. In addition, uncertainty quantification was not extensive, and 
the focus on margin-of-exposure calculations for individual routes of exposure makes it dif-
ficult to quantify the magnitude of harm at various exposure levels (as discussed in Chapter 
5). As a general point, most publications in the peer-reviewed literature related to cumulative 
risk assessment have focused on pesticide health risks both because of the structure of the 
FQPA and because of availability of data on pesticides. 

A final example of cumulative risk assessment in EPA is the National-Scale Air Toxics 
Assessment, an attempt to estimate the cancer and noncancer health effects of joint exposure 
to air toxics across the United States. The most recent assessment (EPA 2006b) considered 
177 air toxics, used atmospheric-dispersion models to estimate concentrations on the basis 
of a national emissions inventory, linked the concentrations to population exposure, and 
estimated health risks. Cancer risks were calculated individually for each compound, given 
inhalation unit risks from EPA’s Integrated Risk Information System database and other 
resources; synergistic and antagonistic effects were not considered. Noncancer effects were 
determined by estimating reference concentrations (RfCs) and adding the hazard quotients of 
individual compounds that had similar adverse health effects (not necessarily similar MOAs). 
Thus, the analysis clearly captured multiple agents or stressors, but, like the previous appli-
cations, did not introduce evidence beyond simple additivity, did not consider nonchemical 
stressors or vulnerability, and did not provide extensive insight about uncertainties. The study 
is also an example of the importance of characterizing exposures to multiple compounds 
in the current and modified noncancer risk-assessment frameworks: acrolein concentrations 
exceeded the RfC for a majority of the U.S. population, and this implies that other respira-
tory irritants (in spite of being below their individual RfCs) were considered to contribute 
to population health risks. 

Thus, in part because of the risk-management questions and regulatory issues historically 
facing EPA, cumulative risk assessments to date have largely focused on aggregate exposure 
assessment and have generally not considered nonchemical stressors. However, in segments 
of EPA and the stakeholder community interested in environmental justice, discussions about 
cumulative risk assessment have focused on different dimensions of the methodology and 
extended beyond aggregate chemical-exposure issues. For example, a 2004 National Envi-
ronmental Justice Advisory Council (NEJAC) report provided guidance about the short-term 
and long-term actions that EPA should take to implement the concepts in its Framework for 
Cumulative Risk Assessment with a focus on environmental justice (NEJAC 2004; Hynes 
and Lopez 2007). Among the important insights in the report were

•	 The need to distinguish between cumulative risks and cumulative impacts; although 
the report does not formally define these terms, both are mentioned explicitly throughout.

•	 The importance of considering nonchemical stressors in the context of a community 
assessment.

•	 The significance of vulnerability as a critical component of cumulative risk assess-
ment, including differential sensitivity and susceptibility, differential exposure, differential 
preparedness to respond to an environmental insult, and differential ability to recover from 
the effects of an insult or stressor.
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•	 The significance of community-based participatory research to implement cumula-
tive risk assessment, both for capacity-building and to incorporate local data and knowledge 
into the analysis.

•	 The need to avoid analytic complexity that seriously delays decision-making and, 
in parallel, the value of efficient screening and priority-setting tools that can be used by all 
stakeholders and the necessity of qualitative information in domains where quantitative as-
sessment is not likely in the near term.

The NEJAC report emphasized risks to communities, so some of the components (such 
as community-based participatory research) may not be applicable to national-scale or other 
broad-based cumulative risk assessments. Although cumulative risk assessment and com-
munity-based risk assessment have many features in common, they are not identical. Other 
components emphasized in the NEJAC report (such as explicit consideration of vulnerabil-
ity and having a level of analytic complexity appropriate for the decision context) can be 
generalized beyond cumulative risk assessment to all forms of risk assessment, as stated in 
earlier chapters (such as Chapters 3 and 5). Regardless, the NEJAC report emphasized that 
multiple stakeholders perceive that the potential of cumulative risk assessment as articulated 
by EPA has not yet been met, primarily because many of the dimensions beyond aggregate 
chemical exposure assessment have not been formally incorporated. 

Related to those issues are recent efforts at EPA to develop tools and techniques for com-
munity-based risk assessment, including assessment in the Community Action for a Renewed 
Environment program (EPA 2008a). Resources and simplified approaches for risk-based 
priority-setting are made available to communities (EPA 2004), but the approaches do not 
yet consider key dimensions of cumulative risk, such as nonchemical stressors, vulnerability, 
or multiple routes of exposure. 

A final setting outside EPA in which the general concepts of cumulative risk assessment 
have been applied is the assessment of the global burden of disease related to environmental 
and other risk factors. It may not be directly relevant to EPA, given the primary focus on mul-
tifactorial global risk rankings (including many nonenvironmental stressors), but it provides 
some additional lessons related to the analytic challenges and potential information value 
of assessments that consider an array of diverse risk factors. As articulated by Ezzati et al. 
(2003), these global burden of disease analyses estimate the population attributable fractions 
associated with various risk factors, defined as the proportional reductions in population 
disease or mortality that would occur if exposure to a given risk factor were reduced to an 
alternative exposure scenario. The risk factors in question are as varied as diet, physical ac-
tivity, smoking, and environmental and occupational exposures. Given the number of factors 
considered and the desire to develop indicators applicable to numerous countries (Ezzati et 
al. 2003), the methods used in connection with any individual risk factor were relatively 
simple. For example, the burden of disease associated with urban air pollution was estimated 
on the basis of particulate-matter concentrations, and the concentration-response function 
from a cohort mortality study in the United States was applied to all countries included in 
the analysis. The analytic methods took account of potential interactions between risk factors 
and distinguished between situations in which the direct effects of a risk factor are mediated 
through intermediate factors, in which effect modification occurs, and in which effects may 
be independent but exposures may be correlated. The analyses demonstrated approaches in 
which relatively simplified exposure and dose-response assessment could be applied to yield 
insight about relative contributions to disease patterns and approaches by which interactions 
among risk factors could be considered. However, it is important to note the considerable 
opportunities for mischaracterization of factors when attributable-risk methods are used 
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(Cox 1984, 1987; Greenland and Robins 1988; Greenland 1999; Greenland and Robins 
2000), and these issues may grow in significance when the marginal benefits of control 
strategies are considered. 

In conclusion, cumulative risk assessment has been applied in EPA and elsewhere in an 
increasing number of contexts over the past two decades, and, given the recent development 
of the Framework for Cumulative Risk Assessment and growing interest in numerous arms 
of EPA, the applications are expected to grow. The studies have generally been thorough 
in modeling distributions of aggregate exposures (albeit with limited characterization of 
uncertainty), and the approach to evaluate cumulative risk posed by multiple chemicals 
with similar MOAs has been developed reasonably as well (although with generally modest 
treatment of synergistic and antagonistic effects). However, cumulative risk assessments have 
generally not yet reached the potential implied by the stated definition; there has been less 
than optimal formal consideration of nonchemical stressors, aspects of vulnerability, back-
ground processes, and other factors that could be of interest to stakeholders concerned about 
effects of cumulative exposures. Stakeholder involvement has not been as comprehensive as 
guidelines would indicate would be optimal in most of the above applications, and the tools 
have not yet been developed to allow communities to engage in even simplified cumulative 
risk assessment (screening methods are generally restricted to single media and standard risk-
assessment practice). Cumulative risk assessment has also been used to determine the risks 
posed by baseline exposures rather than the benefits of various risk-management strategies, 
and this use has implications for the methods developed and their interpretations. 

Some of the omissions can be attributed to the fact that formal consideration of nu-
merous simultaneous chemical, physical, and psychosocial exposures with evaluation of 
background disease processes and other dimensions of vulnerability could quickly become 
analytically intractable if the standard risk-assessment paradigm is followed, both because of 
the computational burden and because of the likelihood that important exposure and dose-
response data will be missing. That points toward the need for simplification of risk-assess-
ment tools in the spirit of iterative risk assessment, and it emphasizes that cumulative human 
health risk assessment could learn a great deal from such fields as ecologic risk assessment 
and social epidemiology, which have had to grapple with similar issues related to evalua-
tion of the effects of numerous stressors on defined populations or geographic areas. The 
expanded scope of cumulative risk assessment that would be theoretically desired includes 
many elements outside EPA’s standard practice, expertise, and regulatory functions, so there 
is clearly a need to define carefully how nonchemical stressors and aspects of vulnerability 
should most appropriately be considered. The following sections present approaches that can 
be used to expand the scope of cumulative risk assessment while keeping in mind the need 
for timeliness and EPA’s regulatory mandates, in part by developing screening tools and by 
orienting analyses around well-defined risk-management objectives.

APPROACHES TO CUMULATIvE RISk ASSESSMENT

From the definitions and examples above, it is clear that cumulative risk assessment has 
a broad scope and an extremely ambitious mandate. In fact, it is difficult to imagine any 
risk assessment in which it would not be important to understand the effects of coexposures 
to agents or stressors that have similar MOAs (as articulated in Chapter 5) or to identify 
characteristics of the affected populations that could contribute to vulnerability to a given 
exposure. That is salient in a context of risk management, in which numerous chemical 
and nonchemical stressors could be simultaneously affected. The critical challenge from 
the perspective of the risk assessor is to devise an analytic scope and a level of complexity 
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that are appropriate to the context in which cumulative risk assessment is used. Following 
some of the approaches outlined below could allow EPA to incorporate the aforementioned 
dimensions of cumulative risk assessment. 

A few general approaches have been proposed in the literature; the most appropriate 
approach clearly is driven by the problem and decision context. Using approaches from 
ecologic risk assessment, Menzie et al. (2007) develop one type of application, an effects-
based assessment. In this case, epidemiologic analyses or general surveillance data provide 
an indication that a defined population may be at increased risk, and the objective of the 
analysis is to determine which stressors influence the observed effects. An effects-based as-
sessment is retrospective, so it does not fit neatly into a risk-management framework in which 
various control options are being weighed; but there are contexts in which strategies would 
be developed around specific end points, and many of the methods could be generalized to 
other approaches (including stressor-based assessments, as described below). 

Menzie et al. recommend that risk assessors begin with a conceptual model that considers 
the subset of stressors that are plausibly associated with the health outcomes or other effects 
of interest. That step would dovetail with the proposed MOA assessment steps proposed 
in Chapter 5, including MOA evaluation, background and vulnerability assessment, and 
selection of a conceptual model, but beginning with the health outcome rather than the in-
dividual chemical. The next step proposed by Menzie et al. would be a screening assessment 
to determine a manageable number of factors that are most likely to contribute substantially 
to the observed effects; this is based in part on simple comparisons with reference values 
or discussions with stakeholders, and it may be a crucial element of the planning and scop-
ing for the analysis. Stressors are then evaluated individually, then in combination without 
consideration of interactions, and finally with consideration of interactions and a reliance in 
part on standard epidemiologic techniques. Although many characteristics are shared by this 
approach and epidemiologic assessment, this is not identical with proposing that a formal 
site-specific epidemiologic investigation be conducted. In many community circumstances, 
epidemiologic investigations will not have adequate statistical power to link defined environ-
mental exposures with observed health outcomes. However, epidemiologic concepts could 
be useful in framing the analysis and providing insight into the subset of stressors that merit 
more careful consideration, and knowledge could be leveraged from previously conducted 
epidemiologic studies. The primary value of this approach is that it emphasizes the need for 
characterization of coexposures and background processes that could influence the health 
outcomes of interest and the need to conduct initial screening assessments to construct an 
analytically tractable model. 

A more common approach to risk management would be a stressor-based assessment, 
in which the cumulative risk assessment is initiated not by questions about the stressors that 
may explain observed or hypothesized health effects but by questions about the effects that 
may be associated (generally in a prospective assessment) with a defined set of stressors. A 
stressor-based assessment would often arise in a source-oriented analysis, in which stakehold-
ers wish to assess the effects of a source (or the benefits of control strategies that address 
the source) but want to take account of the full array of chemical and nonchemical stressors 
that have similar health effects. The framework proposed (Menzie et al. 2007) begins with 
a conceptual model and involves a screening assessment followed by consideration of indi-
vidual stressors followed by interactions among stressors, but a stressor-based assessment 
begins with the stressors and identification of the populations and end points that would 
be influenced by them. The MOA assessment steps outlined above would be central to this 
process, in that they would help to characterize the end points of interest, the related stress-
ors, and factors that could influence variability in response to the stressors. 
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An important modification in the approach to cumulative risk assessment that could 
potentially alleviate some of the analytic challenges would involve an orientation around 
evaluation of risk-management options rather than characterization of problems (see Chapter 
8 for a more extensive discussion of this proposed framework). The approaches presented 
above and most previous case examples would help to determine which stressors are of 
greatest concern with respect to a defined outcome in a defined subpopulation or what the 
burden of disease is in the context of simultaneous exposure to a number of stressors. How-
ever, cumulative risk assessment would be most valuable to both communities and decision-
makers when it can provide information about the health implications of alternative control 
options. For example, a community may be choosing among alternatives for drinking-water 
disinfection, and it would be important to consider the effects of the changes in concentra-
tions of all disinfection byproducts jointly, to consider simultaneous exposure to a number 
of waterborne pathogens, to consider all routes of exposure to key compounds of interest, 
and to identify vulnerable populations. Many of the analytic tools would be similar, but in 
a decision context different factors may be correlated or affected on the margin from those 
when baseline conditions are considered, and the stressors that are important to include 
may also differ. In other words, it is important to include a stressor only to the extent that 
it will influence the estimated benefits of a control strategy either in its estimation or in its 
interpretation. In principle, focusing on stressors relevant to risk-management strategies will 
help to ensure that analyses are aligned with EPA’s mandated focus on chemical or biologic 
stressors while acknowledging the influence of nonchemical stressors. A modified version 
of the stressor-based paradigm from Menzie et al. oriented around discriminating among 
risk-management options is presented in Table 7-1. 

Following that approach would have multiple fringe benefits. For example, evaluating 
background exposures and vulnerability factors will not only allow cumulative risk assess-
ment after the committee’s proposed revisions to the cancer and noncancer dose-response 
assessment paradigm (Chapter 5) but will also provide information that can be used in 
environmental-justice analyses focused on inequality in outcomes and help to bring risk 
assessment and environmental justice into a single analytic framework (Levy et al. 2006; 
Morello-Frosch and Jesdale 2006). The geospatial components of the exposure and vulner-
ability assessment could be mapped to communicate key information to stakeholders, who 
would be engaged throughout the analytic process in a community risk setting. Most im-
portant, as alluded to above, the approach would potentially result in a need to model only 
a subset of stressors formally; the remainder would contribute to a general understanding 
about background processes but would otherwise not need to be quantitatively characterized 
to determine the benefits of risk-management options. 

In spite of the benefits, there clearly are limitations of both the bottom-up stressor-
based and top-down effects-based approaches. In cumulative risk assessment, the scope 
and complexity of the problem can quickly exceed the capacity of stressor-based analyses, 
although the approach outlined above can help to maintain focus on the key stressors. Given 
the analytic challenges, there is a temptation to think that effects-based analyses would be 
more practical even though risk-management decisions are often stressor-based. However, 
the size and subtlety of the effects are generally beyond the reach of standard epidemiologic 
tools. The relative influence of stressor-based vs effects-based analyses clearly will depend 
on the problem framework, including the decision context and the geographic scale of the 
analysis. 

In addition, although the proposed approaches provide guidance on how a complex 
system can be systematically evaluated to develop an analytically tractable cumulative risk 
assessment, data limitations may make quantitative analyses impractical for some cumula-
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TAbLE 7-1 Modified Version of Stressor-Based Cumulative-Risk-Assessment Approach 
from Menzie et al. (2007) Oriented Around Discriminating among Risk-Management 
Options

Step 1: 
 •	 Develop a conceptual model for the stressors of primary interest for the analysis (stressors that 
would be significantly influenced by any of the risk-management options under study). The model 
includes an MOA assessment, an assessment of background exposures to chemical and nonchemical 
stressors that may affect the same health outcome, and a vulnerability assessment that takes into account 
underlying disease processes in the population to which the chemicals in question may be adding. 
 •	 Identify the receptors and end points affected by these stressors. 
 •	 Review the conceptual model and stressors, receptors, and end points of interest with stakeholders 
in initial planning and scoping.

Step 2: 
 •	 Use epidemiologic and toxicologic evidence and screening-level benefit calculations to provide 
an initial evaluation of which stressors should be included in the cumulative risk assessment. Gather 
stakeholder feedback and review and re-evaluate planning and scoping for the analysis. 
 •	 Focus the assessment only on stressors that contribute to end points of interest for risk-
management options (for example, stressors that contribute significantly to monetized benefits in benefit-
cost analyses or stressors that influence an identified high-risk subpopulation) and are either differentially 
affected by different control strategies or influence the benefits of stressors that are differentially affected.

Step 3: 
 •	 Evaluate the benefits of different risk-management options with appropriate characterization of 
uncertainty, including quantification of the effects of individual stressors and bounding calculations of 
any possible interaction effects.

Step 4: 
 •	 If Step 3 is sufficient to discriminate among risk-management options given other economic, social, 
and political factors, conclude the analysis; otherwise, sequentially refine the analysis as needed, taking 
into account potential interactions among stressors.

tive risk assessments. In ecologic risk assessment, a rank-oriented approach has been used 
in a relative-risk model (RRM) to account for the fact that addressing cumulative effects of 
multiple chemical and nonchemical stressors may not otherwise be viable. The RRM was 
developed to evaluate simultaneously and comparatively the risk posed by multiple, dis-
similar stressors to multiple receptors in heterogeneous environments on landscape scales. 
It was first developed in 1997 for an ecologic risk assessment of chemical stressors at Port 
Valdez, AK (Landis and Wiegers 1997) and later applied successfully to other risk assess-
ments of ecosystems on various scales and with other stressors and end points (Landis et 
al. 2000; Obery and Landis 2002). One of its specific strengths is an ability to incorporate 
stakeholders’ values readily in evaluating risks in multiple geographic areas with multiple 
stressors, habitats, and receptors. Although originally designed for ecologic concerns, risk 
to humans can be readily accommodated in its flexible framework.

Similarly, in the realm of social epidemiology, the complexities of simultaneous expo-
sures to numerous physical and social environmental factors have been addressed in some 
applications with cumulative risk models based on summing dichotomous classifications 
(for example, 1 if more than one standard deviation above the mean for a given risk factor, 
otherwise 0) for numerous risk factors of interest. Those indicators are acknowledged as not 
capturing the relative weights of the various factors, but they avoid the need for numerous 
multiplicative interaction models and have been shown to be more predictive of health end 
points than single-risk-factor models (Evans 2003). When data are sufficient, more refined 
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approaches based on relative risks rather than simply distributions of exposures may be 
useful. 

A disadvantage of the approaches is their focus on ranking and scoring systems where 
weights do not necessarily correspond with relative risks, which can be difficult to interpret 
in situations where different risk-management strategies lead to different combinations of 
risk factor reductions without one strategy leading to greater reductions for all risk factors. 
Practices that move away from quantitative risk characterizations within a core component 
of risk assessment should be considered and implemented judiciously because the applica-
bility and interpretability of the resulting assessments in a decision context can be severely 
limited. At a minimum, ranking approaches should be evaluated for their sensitivity to key 
input assumptions, and in settings where quantitative information is available, these ap-
proaches could be helpful in initial assessments for organizing information and determining 
whether a solution can be easily chosen or more complex analysis is needed to distinguish 
among options. 

kEy CONCERNS AND PROPOSED MODIFICATIONS

The EPA cumulative risk-assessment paradigm recognizes an important issue and pro-
vides a useful conceptual framework, but substantial logistical barriers remain, and some 
core issues are largely unaddressed by the current framework. For example, as articulated 
by EPA (2003a), that about 20,000 pesticide products are on the market and 80,000 exist-
ing chemicals are on the Toxic Substances Control Act inventory makes it impractical to 
try to account for all relevant synergisms and antagonisms. More broadly, cumulative risk 
assessment requires extensive information beyond chemical toxicity and MOAs, including 
aggregate exposure data and information on population characteristics and nonchemical 
stressors. Therefore, EPA concludes in its Framework for Cumulative Risk Assessment that 
“identification of critical information and research needs may be the primary result of many 
cumulative risk assessment endeavors” (EPA 2003a, p. xii). 

That statement may be correct, and it does reflect one important aim of risk assessment 
(to provide insight about key uncertainties that should be addressed to discriminate among 
risk-management options), but it implies that cumulative risk assessment would be largely 
uninformative for near-term decision-making, and this is a matter of concern, given the 
salience of the questions asked by cumulative risk assessment from the perspective of many 
stakeholders. The committee feels that the conclusion understates the value of less complex 
but more wide-ranging risk assessments and ignores the fact that an analysis focused on 
specific mitigation measures in a community will potentially have a more narrow scope 
than an attempt to characterize relative contributors to the burden of disease (as described 
in Table 7-1). That is, although there may be numerous theoretical combinations of expo-
sures, only a subset will be relevant in choosing among various intervention options for a 
well-defined problem. 

We propose below a series of short-term and long-term efforts, focusing on measures 
that could enhance the utility of cumulative risk assessment in the context of environmental 
decision-making. 

Clarification of Terminology

Although the definition of cumulative risk assessment as articulated by EPA is compre-
hensive and well crafted, the fact that a cumulative risk assessment as defined (including 
nonchemical stressors and vulnerability) has never been done in the agency raises questions 
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about whether the definition is practical in the near term without some modifications of 
current practice. The Framework for Cumulative Risk Assessment was published relatively 
recently, but research and regulatory action related to cumulative risks have been conducted 
for decades without much advancement beyond chemical stressors in a small number of 
contexts. In addition, the ways in which cumulative risk assessment is being considered vary 
greatly among offices in EPA and among different stakeholder groups, and this indicates the 
need for greater clarity in its aims and scope. 

We propose that EPA explicitly define and maintain a conceptual distinction among 
cumulative risk assessment, cumulative impact assessment, and community-based risk as-
sessment, which overlap but are conflated in many discussions. The terms have been defined 
(CEQ 1997) and recently discussed (NEJAC 2004), but a clear and consistent delineation of 
EPA’s interpretation of the boundaries and degree of overlap would help to reduce confusion 
about the intended scope of any given assessment. 

The committee proposes that cumulative risk assessment be defined as evaluating an 
array of stressors (chemical and nonchemical) to characterize—quantitatively to the extent 
possible—human health or ecologic effects, taking account of such factors as vulnerability 
and background exposures. Cumulative impact assessment would consider a wider array of 
end points, including effects on historical resources, quality of life, community structure, and 
cultural practices (CEQ 1997), some of which may not lend themselves to quantification fol-
lowing the Risk Assessment in the Federal Go�ernment: Managing the Process (NRC 1983; 
the Red Book) paradigm and are beyond the scope of the present report. Community-based 
risk assessment would follow the practices and principles of community-based participatory 
research (CBPR), involving active engagement of the community throughout the entire as-
sessment process (Israel et al. 1998).

Although those are conceptually distinct definitions, there will be overlaps in practice. 
For example, it will often be desirable to use CBPR approaches in cumulative risk assess-
ments, although in principle a community-based risk assessment might not address cumula-
tive risks, and a cumulative risk assessment (such as the pesticide analyses under the FQPA) 
may not always follow CBPR approaches. Similarly, cumulative impact assessments would 
generally include the outputs of cumulative risk assessment and other considerations; but, 
depending on the nature of the decision, the quantitative cumulative risk component may 
have more or less significance in a cumulative impact assessment. 

The definition of cumulative risk assessment above is meant to be functionally identical 
with that of cumulative risk assessment in the Framework for Cumulative Risk Assessment 
(EPA 2003a) and that of cumulative impact assessment1 by the California Environmental 
Protection Agency (CalEPA 2005). This difference in nomenclature further emphasizes the 
need for clear definitions. In addition, although it is preferable to have quantitative informa-
tion as the primary health risk-assessment output, it will often be useful to provide qualitative 
information about potential health effects when risks cannot be fully quantified and to have 
terminology that distinguishes the full discussion of possible health effects from the myriad 
other effects that may be considered in a cumulative impact assessment and that may be 
important for a decision at hand. 

We further propose that EPA apply the term cumulati�e risk assessment only to an 

1 As defined by the California EPA, cumulative impact means exposures, public health, or environmental ef-
fects from the combined emissions and discharges in a geographic area, including environmental pollution from 
all sources, whether single or multi-media, routinely, accidentally, or otherwise released. Impacts will take into 
account sensitive populations and socio-economic factors, where applicable and to the extent data are available 
(CalEPA 2005).
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analysis that considers in some capacity all the components mentioned in EPA’s definition 
of cumulative risk assessment. An analysis that does not consider nonchemical stressors, 
that considers only a subset of routes and pathways of exposure, or that does not consider 
vulnerability should not be termed a cumulative risk assessment. This does not imply that 
all cumulative risk assessments will formally quantify all of these dimensions - if an initial 
screening assessment or qualitative examination demonstrates that it is not necessary to 
consider nonchemical stressors, vulnerability, or specified routes of exposure given a de-
fined decision context, they need not be included in the final assessment for it to be deemed 
a cumulative risk assessment. That may appear to be a largely semantic distinction, but 
it emphasizes the primary aims and objectives of cumulative risk assessment and would 
encourage EPA and other investigators to develop methods to address the aforementioned 
elements when relevant to a regulatory decision. The committee recognizes that these modi-
fied definitions may run counter to the language in the FQPA and elsewhere; this may make 
redefinition impractical in the near term, but this inconsistency within the agency reinforces 
the need for greater clarity. Following these modified definitions, many of the previous as-
sessments by EPA and others would be more appropriately termed mixture risk assessments, 
inasmuch as they consider aggregate exposures to multiple chemicals in the same family but 
do not consider other components mentioned above. To be clear, this does not imply that 
such assessments were not well done or informative for policy decisions, as analyses of the 
effects of chemical mixtures can have great utility, but simply that they do not answer the 
same questions asked by cumulative risk assessment. 

More generally, EPA should emphasize that even cumulative impact assessment cannot 
by itself bridge the gap between community concerns about environmental risks and deci-
sions made by EPA and other stakeholders. Some communities are concerned principally 
about the cumulative burden of environmental exposures or the local burden of disease, but 
others may be more concerned about unfairness in siting processes, ensuring that low-socio-
economic-status (low-SES) communities are at the table with other stakeholders articulating 
their concerns, and so forth. Some of those concerns can be addressed through cumulative 
impact assessment, but not all of them. EPA should recognize that cumulative impact assess-
ment has the potential to greatly inform concerns related to outcomes but cannot by itself 
address concerns about process (although, as articulated later, stakeholder involvement is a 
crucial component of cumulative risk assessment and cumulative impact assessment, which 
could help to address some process concerns). The clarification about the decision contexts 
in which cumulative impact assessment will and will not be useful should provide more 
realistic expectations on the part of all stakeholders.

Integrating Nonchemical Stressors

In spite of the fact that cumulative risk assessment by definition considers psychosocial, 
physical, and other factors, no cumulative risk assessments by EPA have formally incorpo-
rated nonchemical stressors. That may be in large part because data have been inadequate 
and because many nonchemical stressors are beyond EPA’s regulatory mandate, but the 
omission means that cumulative risk assessment has a much narrower scope than originally 
expected or desired by many stakeholders. Moreover, as illustrated in the global analyses of 
burden of disease described above, data are available on the effects of a number of dietary, 
physical, and psychosocial risk factors, and extensive exposure data are available on many 
of these stressors. In addition, ecologic risk assessments commonly apply methods that si-
multaneously consider numerous chemical and nonchemical stressors in a single assessment 
in spite of the complexity of the system and the limitations of data availability. In this sec-
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tion, we give examples of some data sources that EPA could use to incorporate nonchemical 
stressors and use a case example to demonstrate the utility of a cumulative risk assessment 
that includes nonchemical stressors. 

An initial recommendation is that EPA develop databases and default approaches that 
would allow the incorporation of key nonchemical stressors in the absence of popula-
tion-specific data. From an exposure perspective, a parallel effort would be the Exposure 
Factors Handbook (EPA 1997), which synthesizes extensive data from disparate sources 
to allow default estimates of activity patterns and intake rates for defined subpopulations. 
EPA should work to synthesize and develop datasets related to exposures to nonchemical 
stressors that influence similar health end points as key chemical stressors to allow these 
factors to be readily incorporated into cumulative risk assessments in settings where popula-
tion-specific assessment is infeasible or impractical. Emphasis should be on characterization 
of distributions for key subpopulations and on evaluation of correlations between factors to 
allow more realistic assessments. For some factors (for example, smoking, diet, and alcohol 
consumption), extensive data are already available from other sources, such as the National 
Health and Nutrition Examination Survey (NHANES), but would need to be compiled and 
processed in a format suitable for cumulative risk assessment. For example, cumulative risk 
assessments may require information about correlations between exposures to chemical and 
nonchemical stressors (cross-sectional or longitudinal), which may not generally be calcu-
lated and compiled for other purposes. Factors such as temperature and humidity (which 
may interact with air pollution effects) and various infectious agents would similarly have 
readily-available data sets which may require additional analysis to be incorporated into 
cumulative risk assessments. In general, EPA should collaborate with other agencies and 
organizations with more expertise in nonchemical stressors to build these databases.

For other factors (such as psychosocial stress), additional methodologic research and 
data-collection efforts would potentially be needed. With individual stressors for which 
exposures could be quantified, EPA should compile relevant data related to socioeconomic 
status (SES), which may serve as a proxy for numerous individual risk factors (O’Neill et 
al. 2003) and may be a more direct measure of vulnerability than could reasonably be as-
sembled by looking at all relevant individual risk factors. The key is to understand correla-
tions between SES and exposure-related activities and later the degree to which SES acts as 
an effect modifier for given chemical stressors and health outcomes. Efforts such as these 
may be beyond the expertise and purview of EPA in the near term, and knowledge of other 
agencies (such as CDC) and stakeholders should be leveraged.

Incorporating nonchemical stressors also requires information on modes of action among 
disparate types of exposures. EPA not only should focus on pharmacokinetic and pharma-
codynamic models and approaches typically used in MOA determinations for chemicals 
(following the modified approach proposed in Chapter 5) but should make use of epide-
miologic evidence on effect modification when it is available. For example, there may be 
epidemiologic studies that demonstrate differential relative risks by SES (for example, risk 
of death related to particulate matter) or interactions between smoking status and chemical 
exposures (for example, to radon). The importance of epidemiologic evidence can be seen 
by considering socioeconomic factors and stressors, which could not be incorporated by us-
ing evidence only from animal bioassays. Although direct epidemiologic evidence may not 
be available on a specific chemical of interest, insight from similar compounds may provide 
useful default assumptions about interactions between chemical and nonchemical stressors. 
The potential importance of epidemiology in cumulative risk assessment is discussed in more 
detail later in this chapter. 

To illustrate how a cumulative risk assessment could in principle capture both chemical 
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and nonchemical stressors while maintaining focus on the subset of stressors influenced by 
risk-management strategies under study, we provide an illustrative example. Suppose that 
the risk-management decisions in question were related to various strategies to reduce the 
public-health effects of airport emissions on the surrounding communities. Some of the 
strategies (such as changes in fuel composition or control technologies) would influence only 
air-pollution exposures and related health risks, and others (such as changes in flight paths 
or runway use) could also influence noise exposures and related psychosocial stress. The 
committee recognizes that such an example does not neatly correspond with EPA’s regulatory 
mandates and would cross the jurisdictional boundaries of multiple agencies; this example 
is simply meant to illustrate the steps that would need to be taken within a cumulative risk 
assessment.

Following the paradigm proposed in Table 7-1, the first step in a stressor-based assess-
ment oriented around risk-management options would involve building a conceptual model 
to provide insight into the various stressors of concern and their linkages with the health 
outcomes of interest. Given a focus on evaluating the benefits of proposed risk-management 
strategies rather than burden-of-disease assessments, the stressors of interest should include 
either the ones that would be influenced differentially by potential risk-management strate-
gies or the ones that would not be influenced by the strategies but would have a quantitative 
influence on risk estimates.

In this case, it clearly would be important to include psychosocial stress as a key non-
chemical stressor in at least two dimensions. First, it would be important to know whether 
the effect of air-pollution exposure reductions depended at all on the level of psychosocial 
stress (related to noise and other causes). That would be important even for the interven-
tions that did not influence psychosocial stress, provided that the level of psychosocial stress 
influenced the effects of changes in air pollution (that is, by contributing to background 
processes or acting as an effect modifier). Second, it would be important to develop the 
quantitative relationship between interventions and levels of psychosocial stress, as a poten-
tial cobenefit of risk-management strategies targeted at air pollutant emissions. If the effect 
of air pollution were independent of the level of psychosocial stress and the interventions 
did not have any differential influence on psychosocial stress, it would not be an important 
stressor to consider in this decision context even if it were an important contributor to the 
general burden of disease. 

Given that structure, the approach in Table 7-1 involves a MOA assessment and consid-
eration of background exposures that may affect the same health outcome. A comprehensive 
evaluation for this case is beyond the scope of the present report, but one example could 
involve cardiovascular disease as a significant end point of concern and hypertension as the 
mechanistic link between the various stressors and this end point. Previous studies (Evans et 
al. 1998) have demonstrated that airport noise and the associated stress can increase blood 
pressure (and epinephrine, norepinephrine, and cortisol). Air pollution has similarly been 
associated with blood pressure (Künzli and Tager 2005), and this indicates that both expo-
sures would be important to model, given either an underlying model linking hypertension 
and cardiovascular end points or a quantal cutpoint for hypertension itself. It would also 
be necessary to be able to model the relationship between the risk-management strategies 
and exposures to both air pollution and noise. Following the conceptual model makes this 
relatively straightforward: methods are readily available to model the influence of airport 
activities on noise (which could be presumed to be a surrogate for airport-related psycho-
social stress), and the aforementioned studies can link noise with such key health-relevant 
end points as blood pressure. Thus, a physiologically based conceptual model can readily 
incorporate nonchemical stressors into the cumulative risk assessment. 
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That example was simplified and did not formally go through all the steps in Table 7-1; 
for example, characterizing the baseline distribution of blood pressures in the population 
would be necessary, as would characterizing the distribution of other underlying disease 
processes to which the stressors could contribute. Other issues are potentially raised by the 
above approach, such as a focus on only pathways that are well understood and quantifiable, 
as well as the complexity of a real-world case that would potentially involve multiple federal 
agencies. However, in spite of those concerns, this simple example demonstrates the general 
feasibility of the approach and highlights that a focus on specific risk-management strate-
gies would greatly narrow the scope of the analysis. Often, more epidemiologic evidence is 
available on nonchemical stressors than on chemical stressors, so inclusion of nonchemical 
stressors may be plausible in many contexts. 

The inclusion of nonchemical stressors as outlined above can lead to more informative 
assessments and correspondingly better decisions if used appropriately but can run the risk 
of contributing to less informative assessments if used in the wrong way. Information on the 
varied risk factors should not be used solely for risk comparisons that are uninformative from 
the perspective of the decisions faced by EPA. For example, if the inputs for cumulative risk 
assessment are used not to determine the impacts of alternative risk-management strategies 
but to determine contributors to disease burdens in a community, analyses may find that 
cigarette-smoking confers a greater disease burden than outdoor exposures to air toxics. Even 
setting aside the risk-communication limitations of such a comparison (given the different 
nature of the risks), the comparison is largely uninformative from the perspective of EPA, 
industry, or other agency decision-making. In other words, it is difficult to imagine a context 
in which EPA must decide whether to require industrial facilities to install pollution-control 
devices or to lobby other agencies to increase funding for smoking-cessation efforts. The 
problem would be avoided by the framework proposed in detail in Chapter 8, in that a focus 
on options to achieve a defined objective (that is, a functional-unit definition) would make 
these sorts of burden-of-disease comparisons less relevant. The simple fact that stressors other 
than chemicals may contribute a substantial portion of the burden of disease in a community 
does not by itself imply that reduction of chemical exposures would not have net benefits 
that would exceed the costs, and an emphasis on this comparative dimension of the analysis 
will only widen the gulf between risk assessors and community stakeholders. This is not to 
say that there is no rationale for risk communication efforts that attempt to contextualize 
risk assessment outputs by comparison with other risk factors, but simply to emphasize that 
such comparisons should not be the primary intent of cumulative risk assessment.

In addition, especially with nonchemical stressors, such as psychosocial stress, analytic 
boundaries need to be carefully established. If the existence of industrial facilities or other 
environmental problems serves as a social stressor, control strategies could reduce both 
chemical exposures and psychosocial stress (provided that the affected community perceived 
the reduction as important and substantive). The Agency for Toxic Substances and Disease 
Registry (ATSDR) recently (Tucker 2002) emphasized the psychosocial ramifications of liv-
ing near hazardous-waste sites and the potential need to consider psychosocial factors in 
remediation decisions, although these factors are rarely formally quantified or characterized. 
That raises the broader question of whether stress related to an environmental exposure 
should “count” as part of quantifying the benefits of an intervention. Counting those benefits 
would in principle provide a more accurate estimate of benefits, but one could imagine a 
situation in an extreme case in which a community is greatly concerned about a chemical in 
its drinking water that has no direct effects on health but in which an intervention measure 
could result in health benefits through the reduction of psychosocial stress. That would 
be somewhat more important than a placebo effect, but it would be awkward to estimate 
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health benefits associated with controlling a benign chemical. Such extreme cases should 
be avoided by well-formulated problem scoping and risk-management option development, 
but the example highlights the importance of stakeholder involvement at multiple stages in 
the assessment process. 

Finally, even with the triage indicated in Table 7-1, addition of all relevant chemical 
and nonchemical stressors runs the risk of making the assessment analytically intractable 
and impossible to complete in a limited amount of time and of jeopardizing timely decision-
making. In addition to limiting the number of stressors under consideration, there is a need 
for relatively simple risk-assessment methods that can be applied to address the stressors in 
a timely fashion; this is discussed in more detail later. 

In summary, approaches to incorporate nonchemical stressors into cumulative risk as-
sessment are feasible in the near term although there are many situations in which site-specific 
data needs may not be met. We recommend that EPA start to address nonchemical stressors 
in settings in which sufficient epidemiologic or pharmacokinetic and pharmacodynamic data 
are available to understand interactions with chemical stressors, following the tiered strategy 
articulated by Menzie et al. (2007) and reoriented in Table 7-1 to focus on discriminating 
among risk-management options. Databases and default approaches should be developed 
regarding exposure patterns and plausible interactions with chemical stressors. In the long 
term, we recommend that EPA and other agencies invest in research related to interactions 
between chemical and nonchemical stressors, including epidemiologic investigations and 
pharmacokinetic and pharmacodynamic or other study types as relevant. The direction of 
the research should be informed by pending risk-management decisions in which the agency 
identifies critical data gaps that impede decision-making in specific contexts rather than 
broadly considering all the combinations of chemical and nonchemical stressors that could 
potentially be investigated. 

Role of biomonitoring

As summarized recently (Ryan et al. 2007), biomonitoring has a potentially important 
role in cumulative risk assessment, with significant roles to be played by biomarkers of ex-
posure, susceptibility, and effect. For example, if multiple stressors are thought to influence 
acetylcholinesterase inhibition (that is, in the case of OP pesticides), simultaneous collection 
of compound-specific biomarkers, nonspecific biomarkers of the OP family, and biomarkers 
of effect can provide insight into the joint effects of these exposures. Collection of biologic 
samples can allow characterization of simultaneous exposure to multiple stressors, which 
may be difficult to determine accurately by modeling exposures to each of the compounds 
individually. 

Ryan et al. (2007) view the primary capabilities of biomonitoring in the framework of 
cumulative risk assessment as the ability to disaggregate disease burden into specific risk 
factors and the ability to infer contributions of different sources and pathways. The former 
approach provides one route for effects-based or burden-of-disease assessments, and the 
latter approach can in principle inform stressor-based and later cumulative risk assessments 
focused on interventions. 

A potential limitation of biomonitoring data is the difficulty of linking biomarkers to 
contributions from individual sources of emissions. Even if the distribution of biomarkers 
of exposure or effect is well characterized for a defined subpopulation, including an under-
standing of routes of exposure and contributing source categories, it is difficult to model 
how changes in emissions from a small number of identified sources would influence the 
distribution. Biomarkers may therefore be suitable for developing mechanistic understanding 
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and contributing to effects-based cumulative risk assessment but may be of limited use to 
stressor-based cumulative risk assessment directly in a risk-management context, especially 
in situations with relatively small marginal changes in exposures. Research efforts related to 
reverse dosimetry (Sohn et al. 2004; Tan et al. 2006) indicate a possible approach to recon-
structing exposures from dose data, but such methods are not sensitive enough to determine 
marginal changes in emissions from individual facilities and therefore may not be suitable for 
discriminating among risk-management options for more narrowly-defined or community-
scale control strategies. In this context, biomonitoring may be most useful as a validation 
check against modeled doses or as an input to epidemiologic investigations. 

Regardless, the existence of the Centers for Disease Control and Prevention (CDC) 
large-scale biomarker databases, the Third National Report on Human Exposure to En�i-
ronmental Chemicals (CDC 2005), indicates that data on the distribution of doses among 
representative samples of the U.S. population are increasingly available. The full set of data 
available through the NHANES could also provide a means of characterizing correlations 
between biomarkers for chemical and nonchemical stressors, demographic predictors of 
magnitudes of those stressors, and other relationships that could form the basis of a cumu-
lative risk assessment. Thus, although it seems unlikely, because of both cost and limited 
interpretability, that biomarkers could be used directly to quantify the benefits of control 
strategies leading to marginal changes in exposures, biomarker studies can provide enhanced 
mechanistic understanding of the relationships among chemical and nonchemical stressors, 
and insight about highly-exposed populations or source category contributions that can al-
low for the development of targeted control strategies. 

Role of Epidemiology and Surveillance Data

The cumulative risk-assessment paradigm, given its focus on communities or defined 
populations and consideration of such nonchemical stressors as SES and access to health 
care, lends itself to being informed by epidemiology. In fact, many of the key interactions 
among chemical and nonchemical stressors, given numerous simultaneous coexposures, 
would be impossible to capture in toxicologic studies. The call for more “realistic” risk as-
sessment in community settings is in part a call for better epidemiology that can characterize 
the effects of varied coexposures in the presence of background processes and differences 
in vulnerability. This raises the question of whether sufficient epidemiologic information is 
available, or could be developed, to enable EPA to generate cumulative risk assessments that 
include physical, chemical, biologic, and social factors with a sufficient degree of scientific 
plausibility. This section briefly provides examples of advances in epidemiologic methods that 
show promise for improving the information base needed for the advancement of cumula-
tive risk assessment, and in parallel it describes the role that surveillance data and systems 
could play in facilitating the transition from single chemical risk assessment to cumulative 
risk assessment. 

At the outset, limitations of epidemiology in the context of cumulative risk assessment 
must be acknowledged. Because of relatively low ambient exposures, multiple concurrent 
exposures, weak statistical power, exposure misclassification, and other issues, it is often dif-
ficult for epidemiology to capture main effects, let alone interaction effects, of environmental 
exposures. In spite of those limitations, there is growing epidemiologic evidence of interac-
tions between environmental stressors and place-based and individual-based psychosocial 
stressors, driven in part by the spatial and demographic concordance between physical and 
chemical environmental exposures and socioeconomic stressors (IOM 1999; O’Neill et al. 
2003; Clougherty et al. 2007). The evidence adds to historical examples of well-documented 
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interactions between environmental and nonenvironmental risk factors in humans, such as 
synergistic effects between radon or asbestos and cigarette-smoking. In addition, by defini-
tion, reliance on epidemiology reduces the ability to be preventive and to evaluate the risk 
of new stressors to which humans have not yet been exposed. Epidemiology is best suited 
to cumulative risk assessments directed at remediation of existing problems, which would 
be expected to be the majority of applications, given the inherent focus on populations at 
risk.

Two growing categories of inquiry in epidemiology may help to bolster the evidence base 
and inform cumulative risk assessment. Problems of characterizing exposure and outcomes 
in observational epidemiology have generated increasing attention to molecular epidemiol-
ogy, which involves incorporating biologic events at the physiologic, cellular, and molecular 
levels into epidemiologic studies. Aside from enhancing the biologic understanding of epi-
demiologic findings, the biomarkers used in molecular epidemiology can be used in some 
circumstances to reconstruct exposure (albeit with some of the limitations listed above). The 
combination of better exposure assessment and better understanding of disease pathways 
helps to reduce their misclassification in epidemiologic studies. That provides better statistical 
power and biologic insight that can improve characterization of potential synergies among 
risk factors and factors that contribute to vulnerability, including age, sex, inherited genetic 
variation, nutrition, and pre-existing health impairments. Such studies, although it may be 
difficult to apply them directly to quantitative population risk assessment, may have a greater 
likelihood of detecting subtle effects in relatively small populations and demonstrating the 
biologic plausibility of synergistic relationships.

A somewhat different direction of epidemiologic inquiry potentially informative for 
cumulative risk assessment involves the emerging field of social epidemiology, which has 
shed light on the relations between social factors and disease in populations (Kaufman and 
Cooper 1999). There is little room for disagreement about the importance of “social factors” 
as predictors of health risks; the consistent documentation of these patterns in a wide variety 
of outcomes is an important achievement of health and medical science. Of significance for 
cumulative risk assessment is the recent work of social epidemiologists who are examining 
the biologic underpinnings of social factors and considering interactions with environmen-
tal exposures (Berkman and Glass 2000). Aside from elucidating those interactions, social 
epidemiology may provide methodologic lessons for cumulative risk assessment in general; 
as mentioned above, methods have been developed to characterize cumulative risks (Evans 
2003), and studies addressing allostatic load (the long-term effect of the various physiologic 
responses to stress) have both considered the effects of numerous stressors and developed 
measures of allostatic load that integrate multiple outcomes (McEwen 1998). 

To benefit from developments in molecular and social epidemiology and related sciences 
and technology with the potential to reduce exposure-measurement error (that is, environ-
mental sensors, biologic sensors, and geographic information systems), there will need to 
be greater interactions between epidemiologic research and risk assessment, as opposed to 
treating risk assessment simply as an end user of epidemiologic output. Epidemiologic stud-
ies conducted with cumulative risk assessment in mind may use different exposure-assess-
ment and analytic strategies from those used by epidemiologic studies conducted for other 
purposes. For example, an epidemiologic analysis done for its own sake will tend to focus 
on disentangling the contributions of individual risk factors in the presence of potential 
confounding, whereas an epidemiologic analysis done for cumulative risk assessment might 
characterize the risks of defined “bundles” of exposures without further decomposition.

The interaction between epidemiology and cumulative risk assessment can be enhanced 
as risk assessments identify key uncertainties related to interactions among chemical and 
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nonchemical stressors, shaping the research agenda and stimulating demand for more rel-
evant (to risk assessment) epidemiologic research. In general, as mentioned above, EPA and 
other agencies should pursue a long-term research agenda related to enhanced epidemiologic 
insight into interactions among chemical and nonchemical stressors and in the short term 
should work to develop internal capacity in a variety of epidemiologic disciplines to foster 
the development of new methods and knowledge. 

Although epidemiologic approaches may improve understanding of the effects of ex-
posure to multiple stressors, for effects-based assessments, surveillance data may be needed 
both to identify the at-risk populations and to characterize patterns of disease and back-
ground exposures. Surveillance for various diseases is well established in the public-health 
system, including monitoring networks and registries that collect data in several ways. For 
example, nearly all states have some form of infectious-disease and chronic-disease report-
ing laws that require hospitals, physicians, or schools to report cases that are considered 
to be of public-health importance to the state or to CDC. Such information is available at 
various levels of spatial resolution, influenced in part by confidentiality considerations and 
by the nature and prevalence of the disease in question. In addition, federal agencies, such 
as CDC, maintain active or passive surveillance on a wide variety of diseases and health-
status measures for populations in various geographic areas. A relatively new component of 
public-health surveillance involves biosurveillance, the early detection of abnormal disease 
patterns and nontraditional early disease indicators, such as pharmaceutical sales, school 
and work absences, and cases of animal disease.

Another form of surveillance system is the toxic-substance registry. As mandated by 
Superfund legislation, the ATSDR established a National Exposure Registry (ATSDR 2008) 
with the goal of assessing and evaluating relationships between adverse health effects and 
exposure to hazardous waste, particularly between chronic health effects and long-term, 
low-level chemical exposure. For example, NER’s trichloroethylene subregistry has been 
used to demonstrate increased rates of hearing impairment and other conditions associated 
with historical exposure to trichloroethylene.

Those surveillance systems have substantial utility in some contexts but have been limited 
in multiple respects in the context of environmental risk factors. In particular, little informa-
tion has been routinely and systematically collected on many health outcomes potentially 
linked to environmental pollutants, such as birth defects, developmental disorders, childhood 
leukemia, and lupus. More generally, many chronic diseases (such as diabetes and asthma) 
have not been given sufficient attention. In addition, given numerous data streams, it has 
been difficult to relate members of populations included in one health-information system 
to members in another system. 

For those reasons, CDC in 2001 began the development of a health-tracking network to 
monitor the prevalence of chronic conditions of potential interest for human health risk as-
sessment. Known as the Environmental Public Health Tracking (EPHT) Program, its purpose 
is to provide information from a nationwide network of integrated health and environmental 
data to be used as the basis of risk assessment and risk management. An important distinc-
tion between EPHT and traditional surveillance is the emphasis on data integration across 
health, human-exposure, and hazard-information systems, which will enhance efforts of risk 
assessors to evaluate the spatial and temporal relations between environmental factors and 
health outcomes. If the EPHT surveillance systems were linked with registries from private 
health-care organizations, more comprehensive disease-prevalence estimates could be read-
ily obtained.

Of particular interest to the cumulative risk-assessment process is the potential of EPHT 
to identify susceptible populations and to provide an important foundation for environmen-
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tal epidemiology addressing chemical and nonchemical stressors. Developing the relations 
between environmental and health outcomes will require individual-level data not routinely 
collected by any surveillance system, so there will be the need for both targeted research 
and methods for data linkage with the EPHT Program. In general, the goals of EPHT are 
ambitious and resources are limited, in particular for data-linkage efforts that are expensive 
in both time and money (Kyle et al. 2006). Investing more resources in EPHT could be a 
useful mechanism to develop the information base necessary for cumulative risk assessment 
or community-based risk assessment.

Need for Simpler Analytic Tools

Given the breadth of exposure pathways and types of stressors considered in cumulative 
risk assessment, there is a danger that it could become analytically intractable and there-
fore uninformative for making decisions in a timely fashion. Application of more advanced 
methods for dose-response assessment as proposed in Chapters 4 and 5 would appear to 
make this issue even more problematic. The problem is more acute in community-based 
risk assessments, in which the sheer number of communities and environmental risks that 
could potentially be evaluated could quickly outstrip the available resources for conducting 
such analyses and in which the CBPR emphasis implies that analytic tools should be able 
to be understood and implemented by community stakeholders. It should be clear that not 
all decisions will need to be informed by the most advanced analytic methods (see Chapters 
3 and 8), just as not all risk-management decisions will necessarily involve quantifying all 
theoretical dimensions of cumulative risk assessment.

To enhance the utility of cumulative risk assessment, there will need to be increased reli-
ance on relatively simple methods to determine whether more refined methods are required 
or information is adequate to inform policy decisions. Developing simpler tools seems to 
contradict the complexity of cumulative risks, but methods can be developed that capture 
the breadth of chemical and nonchemical stressors with less computational burden, at least 
for initial screening calculations. There will also need to be techniques to develop indicators 
or ranking approaches that could categorize the benefits of different strategies ordinally as 
has been done in ecologic risk assessment; for example, Thomas (2005) has shown that the 
RRM, a rank-based method, can be used to analyze alternative decisions involving multiple 
stressors and receptors on various spatial scales. The critical issue is to ensure that any sim-
plified methods used in the context of cumulative risk assessment retain the key attributes 
of quantitative risk assessment, that is, consideration of both exposure and toxicity, notions 
of probability rather than just possibility, and information about the severity of health ef-
fects. It will be difficult to interpret outputs that do not retain those features, especially in 
the contexts of tradeoffs or comparisons with control costs.

While development of simpler approaches will not be straightforward, fields such as 
ecologic risk assessment and life cycle analysis have successfully developed and utilized tools 
to address similar concerns, and these methods will be relevant to cumulative risk assess-
ment. One example focused on exposure assessment comes from the field of intake-fraction 
estimation (Bennett et al. 2002a). An intake fraction is the population exposure per unit of 
emission from a defined source or source category. Intake fractions are generally derived from 
dispersion modeling or from the combination of monitoring data and emissions-inventory 
assessment, in either case linked with population patterns. They therefore use detailed infor-
mation about exposures but summarize this information as single unitless measures directly 
interpretable for risk assessment; in cases in which the dose-response function is linear in the 
range of exposures of interest or is well defined and nonlinear, intake fractions can be used 
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directly to estimate population health risks. Intake fractions vary with the compound, source, 
and setting, but values can be extrapolated to unstudied settings given known characteristics 
of the setting (such as population density). Intake fractions have been adopted by the life-
cycle analysis community for incorporating population-exposure concepts in settings where 
more complex modeling is implausible and where the alternative is priority-setting with no 
consideration of exposure (Bennett et al. 2002b; Evans et al. 2002). As another example 
of simplified methods for exposure assessment in the context of screening-level risk assess-
ment, the Community Air Screening How-To Manual (EPA 2004) includes look-up tables 
for concentration effects, given stack characteristics and distance from a source. 

Although those approaches address only exposure assessment, they provide useful 
lessons about how simpler methods can be applied to yield reasonable and timely insight 
without sacrificing the critical components of quantitative risk assessment. The concept of 
using a limited number of more extensive analyses to determine approximate relationships for 
an unstudied setting can be extended to exposures to nonchemical stressors or interactions 
among compounds. This can provide effective defaults in the absence of more detailed site-
specific data. The committee therefore recommends that EPA develop guidelines and methods 
for less analytically complex cumulative risk assessments to be used for screening assess-
ments. The guidelines should give insight into approaches for choosing the appropriate level 
of analytic complexity and into recommended methods for simplified assessments, including 
both exposure assessment and dose-response assessment. The selection of the appropriate 
analytic model would be a component of the planning and scoping and problem-formulation 
steps and would be driven by the risk-management decisions at hand and the priorities of the 
various stakeholders. In other words, drawing on the example above, simplifying exposure 
assessment by using intake fractions is valuable only if total population benefits without 
distributional considerations were the measure of interest to risk managers. The simplified 
tools would need to be tailored to the decision context and the outputs of interest.

The databases, methods and other modeling resources developed by EPA for less analyti-
cally complex cumulative risk assessments would have an important ancillary benefit. Local 
community participation could be greatly enhanced if analytic tools were easier to under-
stand or, ideally, could be used by community groups and other stakeholders to determine 
the benefits of control strategies in a cumulative risk context quickly but reasonably. That is 
clearly difficult given the numerous decision contexts and types of models required, but ex-
amples could be drawn from the life-cycle analysis community, in which generally applicable 
software packages and on-line resources have been developed that can be used by people who 
lack expertise in the specific scientific disciplines that underlie life-cycle impact assessment. 
The general issue of the need for and approaches to enhancing stakeholder involvement in 
cumulative risk assessment is discussed in more detail in the next section. 

Need for Stakeholder Involvement

The issue of increased stakeholder involvement in the risk-assessment process has been 
discussed at length in previous National Research Council reports and EPA guidance docu-
ments. The committee agrees with many of the core principles articulated in those reports, 
such as the mutual and recursive analytic-deliberative process articulated in Understanding 
Risk Informing Decisions in a Democratic Society (NRC 1996) and the need for stakeholder 
participation throughout the risk-assessment process, including participation in planning and 
scoping and in problem formulation (EPA 2003b). A key insight from the previous reports is 
that stakeholder involvement should go well beyond risk communication or risk characteriza-
tion and should include substantive involvement in the assessment process (often following 
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CBPR principles) and explicit attempts to build capacity to ensure that all stakeholders have 
an equal opportunity to participate substantively in collaborative problem-solving (NEJAC 
2004). That is not simply a means of improving public relations and acceptability of risk-as-
sessment outputs but a means of enhancing the technical quality of the analysis and ensuring 
that risk-management strategies are reasonable and well developed.

The cumulative risk-assessment framework further emphasizes the value of bringing 
stakeholders together at the outset, devising clear and explicit project planning and scop-
ing, and focusing on a specific decision problem to guide the analysis. However, the added 
complexity of cumulative risk assessment creates some substantial barriers: if there is to be 
substantive stakeholder involvement, all parties must have access to and in-depth understand-
ing of relevant databases, models, and information resources. It is not realistic to hope that 
all stakeholders will become expert risk assessors, but the use of simpler analytic tools, as 
proposed above, may provide some of the necessary resources for community members and 
other stakeholders to understand and participate in the analytic portions of an assessment.

In addition to models for cumulative risk assessment, information resources would 
need to be developed to allow stakeholders to be sufficiently informed to participate in 
the process. EPA has developed a substantial array of public resources and databases, but 
none provides adequate information to allow stakeholders to understand the intricacies of 
cumulative risks in specific communities or subpopulations. For example, EPA has made 
available such public resources as Envirofacts (EPA 2007a), EnviroMapper (EPA 2006c), and 
TRI Explorer (EPA 2007b), which provide extensive information about the locations of key 
emission sites for any given ZIP code, information about environmental-justice assessments, 
and links to related concentration data. However, none of the available resources provides 
the information or tools needed for stakeholders to understand their cumulative risks as-
sociated with chemical and nonchemical stressors or, more important, the potential benefits 
associated with specific control strategies. Models of the benefits of control strategies may be 
beyond the scope of on-line resources, but well-developed and publicly available databases 
could provide both the foundation for cumulative risk models and the information for com-
munities to use in understanding their exposures and background disease patterns. Linking 
environmental databases described above with surveillance-system data in a framework of 
geographic information systems would be a good starting point for such efforts, using high 
spatial resolution to provide maximal insight into community-scale risks. 

EPA has numerous programs and guidance documents related to stakeholder involvement 
(EPA 2008b), whose formal evaluation is beyond the scope of this chapter. The committee 
recommends that EPA adhere to its guidance when conducting cumulative risk assessments, 
including planning and budgeting for public and other stakeholder involvement, working 
to identify interested parties, providing financial or technical assistance and resources to 
facilitate involvement, providing information and outreach materials, engaging in other 
activities to build community capacity to participate in the process, involving the public in 
the decision process at a stage where substantive input can be made, and formally evaluat-
ing the process to ensure that adequate stakeholder participation (in depth and breadth) has 
been incorporated (EPA 2003b). 

RECOMMENDATIONS

The committee recommends the following short-term and long-term actions to en-
hance the utility of cumulative risk assessment for discriminating among risk-management 
options:
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•	 EPA should maintain the core definitional components of cumulative risk assessment 
from its 2003 framework document—including planning, scoping, and problem-formula-
tion phases; explicit consideration of vulnerability; and the use of screening tools and other 
methods to ensure analytic complexity appropriate for the decision context. The analytic 
structure of ecologic risk assessment should continue to serve as an important guide for hu-
man health cumulative risk assessment, given the conceptual similarities.

•	 EPA should use a revised framework for risk-based decision making (see Chapter 8), 
focused on discriminating among risk-management options, to narrow the scope of cumula-
tive risk assessments to those stressors that would be influenced by risk-management options 
or would modify the risks of other stressors influenced by risk-management options. This 
would allow for the inclusion of nonchemical stressors within a decision framework relevant 
to EPA. For stressor-based assessments, EPA should follow a tiered assessment strategy that 
parallels the mode-of-action and background-process determination to ascertain the subset 
of stressors that would substantially influence the benefits of proposed risk-management 
strategies.

•	 EPA should explicitly define and maintain conceptual distinctions among cumulative 
risk assessment, cumulative impact assessment, and community-based risk assessment to 
avoid confusion about the scope of work expected of a given assessment. These definitions 
should be consistently used and applied across the agency.

•	 In the near term, EPA should develop databases and default approaches to allow 
the incorporation of key nonchemical stressors in cumulative risk assessments in the ab-
sence of population-specific data, considering exposure patterns, contributions to relevant 
background processes, and interactions with chemical stressors. EPA should use existing 
nationally representative biomarker and surveillance databases and databases related to 
nonchemical stressors to help to construct the approaches, leveraging insight from social 
epidemiology and ecologic risk assessment.

•	 In the long term, EPA should invest in research programs and develop internal 
capacity related to interactions between chemical and nonchemical stressors, including epi-
demiologic investigations with sufficient power to evaluate interactions and physiologically 
based pharmacokinetic and other study types as relevant. Given the need for substantial 
epidemiologic research conducted in a form and direction suitable for cumulative risk as-
sessment, EPA should build internal capacity in various epidemiologic disciplines and ensure 
close collaboration between epidemiologists and risk assessors. EPA should also develop 
partnerships with other federal agencies with expertise related to nonchemical stressors, 
and should work with these agencies on large-scale cumulative risk assessments that cross 
jurisdictional boundaries. 

•	 In the process of refining cumulative risk assessment, EPA should focus on develop-
ment of guidelines and methods for simplified analytic tools that could allow screening-level 
cumulative risk assessment and could provide tools for communities and other stakeholders 
to use in conducting assessments. These tools can be used as the foundation of an enhanced 
stakeholder-participation process that builds on current guidance but expands it by provid-
ing cumulative risk models that can be applied and interpreted by nonpractitioners. EPA 
should work to ensure that cumulative risk assessments both guide future information and 
research needs and inform near-term decisions, recognizing that decisions must be made with 
incomplete information. 
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8

Improving the Utility of Risk Assessment

The committee’s primary charge was to propose ways to improve risk assessment in the 
Environmental Protection Agency (EPA). As described in Chapter 1, we decided to focus 
on two broad criteria for improvement. The first criterion for improvement involves the 
technical content of risk assessment, which has been addressed in Chapters 4-7. The second 
concerned opportunities for making risk assessments more useful for informing risk-manage-
ment decisions. Risk assessment in EPA is not an end in itself but a means to develop policies 
that make the best use of resources to protect the health of the public and of ecosystems. 
In Chapter 3, the committee demonstrated the importance of increased attention to risk-as-
sessment planning and to ensuring that the levels and complexity of risk assessment (their 
“design”) are consistent with the goals of decision-making. Increased attention to planning 
and scoping and to problem formulation, referred to in EPA guidance for ecologic risk as-
sessment (EPA 1998) and cumulative risk assessment (EPA 2003), was shown in Chapters 
3 and 7 to provide opportunities for increasing the relevance, and hence the utility, of the 
products of risk assessment.

Environmental problems arise in many forms, and new ones are always emerging. Some 
are large in scope, involving multiple sources of potential harm and many pathways from 
their sources to the creation of exposures of large human and ecologic populations. At the 
other extreme, a problem may involve a single source of harm and a single pathway of 
exposure, perhaps of relatively small populations (of production workers, for example). In 
some cases, a problem concerns the entire life cycle of a product or line of products; in oth-
ers, it may concern approvability of a new pesticide by EPA or of a new food ingredient by 
the Food and Drug Administration, both driven by highly specific legislative requirements. 
Concerns raised by a community regarding emissions from nearby sources are increasingly 
common, as are concerns about the safety of various products moving in international 
commerce. All those problems have in common their origins in the environment and their 
potential to threaten human health or ecosystems; many involve not only chemicals but 
biologic, radiologic, and physical agents, and their potential interactions. The scope of 
environmental problems is increasingly enlarged to include the search for methods of re-
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source use and product manufacture that are likely to be more sustainable—a criterion that 
includes health and environmental factors but others as well. Moreover, decisions in EPA 
often require consideration of difficult questions of costs, benefits, and risk-risk tradeoffs. 
Much of the discussion of Chapter 7, for example, revealed the difficulties encountered in 
current approaches as attempts are made to apply them to complex problems of cumulative 
and communitywide risks.

As the complexities of the problems and of needed decisions faced by EPA increase, so 
do the challenges to risk assessment to provide evaluations of clear relevance to the ques-
tions posed. That means, of course, that the questions posed to risk assessors must be both 
relevant to the problems and decisions faced and sufficiently comprehensive to ensure that 
the best available options for managing risks are given due consideration. This chapter 
provides guidance on the development and application of questions, methods, and decision 
processes to enhance the utility of risk assessment; although many elements of the guidance 
are applicable in the near term, our emphasis is on the longer-term future.

bEyOND THE RED bOOk

The model described in Risk Assessment in the Federal Go�ernment: Managing the 
Process (NRC 1983), referred to as the Red Book, was discussed in Chapters 1 and 2; in 
this model, risk assessment occupies a place between research and risk management. Risk 
assessment is seen as a framework1 within which complex and often inconsistent, and always 
incomplete, research information is interpreted and put into usable form for risk managers. 
The Red Book committee was concerned principally with defining risk assessment and iden-
tifying the steps necessary to complete an assessment. It was also concerned with ensuring 
that risk characterization (the fourth and final step) is faithful to the underlying science and 
its uncertainties. Finally, and perhaps most important, the committee was concerned with 
protecting risk assessments from the inappropriate intrusions of policy-makers and other 
stakeholders, and from that concern came recommendations for the conceptual separation 
of assessment and management and for the development of risk-assessment guidelines and 
the elucidation and selection of “inference options” (defaults; see Chapters 2 and 6). Those 
and other recommendations of the Red Book have served for 25 years as sources of clar-
ity and guidance for regulatory and public-health officials throughout the world and for 
stakeholders of many types.

The present committee supports retention and advancement of the major recommenda-
tions of the Red Book as they pertain to definitions, the content of risk assessment, the need 
for guidelines and defaults, and the conceptual separation of assessment from management. 
Many of our recommendations advance those aspects of the recommendations in the Red 
Book (and the National Research Council’s 1994 report Science and Judgment in Risk 
Assessment).

To the extent that risk assessment is perceived as becoming less relevant to many im-
portant decisions or as contributing to protracted scientific debate and regulatory gridlock, 
that perception may result from interpretations of the Red Book that take the conceptual 
distinctions and separations as representing the committee’s guide to a preferred decision-
making process. In fact, the Red Book’s concern with “process” focused heavily on protecting 
the integrity of risk assessment, and the committee offered little discussion of how all the 
necessary elements of decision-making should be arranged to achieve good decisions. That 

1 The term framework as used here refers to the entire decision process, of which risk assessment is one element. 
Risk assessment has its own framework, as described in Chapters 1 and 2 and the Red Book. 
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committee did not discuss the process whereby risk assessment might achieve maximum 
relevance, how it might be tailored in scientific depth to match the decision-making context, 
or how various stakeholders might influence the question of specifically what risk assessment 
should focus on in specific decision contexts. Those were not central issues for the Red Book 
committee. They clearly are issues for today in the evolution of risk assessment. 

A DECISION-MAkINg FRAMEWORk THAT MAxIMIZES  
THE UTILITy OF RISk ASSESSMENT

To ensure that risk assessments are maximally useful for risk-management decisions, 
the questions that risk assessments need to address must be raised before risk assessment 
is conducted and may need to be different from the questions that risk assessors have tra-
ditionally been tasked with answering. The more complex and multifaceted the problem 
to be dealt with, the more important the need to operate in that fashion. As noted in the 
previous section, the Red Book framework was not oriented to identifying the optimal 
process for complex decision-making but rather to ensuring the conceptual separation of 
risk assessment and risk management. A framework for risk-based decision-making (Figure 
8-1, “the framework”) is proposed here to provide the guidance that was missing from the 
Red Book. Its principal purpose, in the context of the present report, is to ensure that risk 
assessment is maximally useful for decision-making; as noted, this would fulfill the second 
of our two criteria for improving risk assessment. The framework is also intended to ensure 
that the methodologic changes recommended in Chapters 4-7 are put to the best use, given 
the repeated emphasis on analytic efforts that are appropriate to decision-making in scope 
and content. We offer some background on the framework in this section and then describe 
it more fully in the next section.

Perhaps the easiest way to explain the basic difference between the framework and the 
traditional assessment-management relationship is to look first at the beginnings and ends 
of each process. We start with an assumption that in either model no analysis would be 
done and no decision would be needed unless some “signal” of potential harm had come to 
EPA’s attention. The signal can arrive in many forms, but it would generally involve a set of 
environmental conditions that appear to pose a threat to human or environmental health. 
The traditional process receives that signal and begins immediately with the question, What 
are the probability and consequence of one or more adverse health (or ecologic) effects posed 
by the signal? The framework (in Figure 8-1), in contrast, receives the signal and asks, What 
options are there to reduce the hazards or exposures that have been identified, and how can 
risk assessments be used to evaluate the merits of the various options?

Beginning the inquiry with the latter type of question immediately focuses attention on 
the options for dealing with a potential problem—the risk-management options. The options 
are often thought of as possible inter�entions—actions designed both to provide adequate 
public-health and environmental protection and to satisfy the criterion of well-supported 
decision-making. We note that, in most cases, “no intervention required” is one of the op-
tions to be considered explicitly. 

In the framework, the questions to be posed for risk assessment arise from early consider-
ation of the types of assessments needed to judge the relative merits of the options considered. 
By examining both the options and the types of assessments available, one may expand the 
scope of the options considered to embrace other possible interventions. Risk management 
involves choosing among the options after the appropriate assessments have been undertaken 
and evaluated. Assessments of relevant risk-management factors other than risk—such as 
costs, technical feasibility, and other possible benefits—also require early planning.
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Risk assessment, in the framework of Figure 8-1, would typically be asked to examine 
risks associated with the “no intervention” option in addition to examining risk reductions 
(and possible increases) associated with each of the proposed interventions. Questions arising 
from consideration of options need to be well formulated (including a sufficient precision 
and breadth of issues) to ensure that important risk issues are not inadvertently overlooked; 
this requires that the array of options not be unnecessarily restricted.

As emphasized in Chapter 3 and elsewhere, without early and careful consideration of 
the decision-context, risk assessors cannot identify the types of assessments and the required 
level of their scientific depth necessary to support decisions (or, indeed, whether risk assess-
ment is even the appropriate decision support tool, as shown in Figure 3-1). Without such a 
well-defined context, assessments will often lack well-defined stopping points and may yield 
ancillary analyses (for example, highly detailed quantitative uncertainty analyses) that are 
not essential for the decision at hand, prolonging the decision process unnecessarily (Chapter 
4). By focusing on early and careful problem formulation and on the options for managing 
the problem, implementation of the framework can do much to improve the utility of risk 
assessment. Indeed, without such a framework, risk assessments may be addressing the wrong 
questions and yielding results that fail to address the needs of risk managers.

The framework is based on a re-examination of one of the misinterpretations of the Red 
Book—that assessors should be shielded from the specific decision-making issues that their 
analyses are intended to support. Instead, it asserts that risk assessment is of little usefulness, 
and can even waste resources, if it is not oriented to help discriminate among risk-manage-
ment options that have to be informed by risk (and often nonrisk) considerations. More 
important, the framework should ensure that decisions themselves will be improved if risk-
assessment information is presented to demonstrate how it affects the worth of competing 
choices, not for how it sheds light on an isolated substance or “problem.” To be clear, the 
framework maintains the conceptual distinction between risk assessment and risk manage-
ment articulated in the Red Book, and it remains intent on not allowing the manipulation 
of risk-assessment calculations to support predetermined policy choices. The conduct of risk 
assessments used to evaluate the risk-management options are in no way to be influenced 
by the preferences of risk managers.

The proposed decision-making framework resembles the well-known decision-analytic 
process that has been used in diverse fields for many decades (Raiffa 1968; Weinstein et al. 
1980; Lave and Omenn 1986; Lave et al. 1988; Clemen 1991), in which the utility of various 
concrete policy options is evaluated according to the benefits that each provides. Similarly, 
the need to ensure that the full range of policy options is considered for the analysis has 
been emphasized by others including Finkel (2003); Hattis and Goble (2003); and Ashford 
and Caldart (2008). The committee also recognizes that numerous previous reports and 
guidance documents, and EPA practice in some settings, have anticipated this framework to 
some extent. For example, Science and Judgment in Risk Assessment (NRC 1994) empha-
sized that “risk assessment is a tool, not an end in itself,” and recommended that resources 
be focused on obtaining information that “helps risk managers to choose the best possible 
course of action among the available options.” The 1996 National Research Council report 
Understanding Risk: Informing Decisions in a Democratic Society (NRC 1996) emphasized 
that “risk characterization should be a decision driven activity, to inform choices in solv-
ing problems.” The latter report also called for attention to problem formulation, with an 
explicit options-selection step, and representation of interested and affected parties from the 
earliest stages of the process. The framework also builds on but goes beyond the recommen-
dations of the 1997 Presidential/Congressional Commission on Risk Assessment and Risk 
Management report (PCCRARM 1997) that called for a six-stage risk-management frame-
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work: formulate the problem in broad context, analyze the risks, define the options, make 
sound decisions, take actions to implement the decisions, and perform an evaluation of the 
effectiveness of the actions taken. Yet another National Research Council report, Estimating 
the Public Health Benefits of Proposed Air Pollution Regulations (NRC 2002), focused on 
evaluating the benefits of air pollution regulations and emphasized that EPA should evalu-
ate multiple regulatory options in any benefit-cost analysis to make best use of the insights 
available through quantitative risk assessment. However, none of those recommendations 
to think more systematically about risk-management options moves consideration of op-
tions to the beginning of the assessment process in EPA, which is the key procedural change 
that we recommend. As articulated in more detail below, the present committee views the 
framework as a step beyond previous proposals and current practice—one that can possibly 
meet multiple objectives: 

•	 Systematically identify problems and options that risk assessors should evaluate at 
the earliest stages of decision-making. 

•	 Expand the range of effects assessed beyond individual end points (for example, 
cancer, respiratory problems, and individual species) to include broader questions of health 
status and ecosystem protection. 

•	 Create opportunities to integrate regulatory policy with other decision-making op-
tions and strategies that expand environmental protection (for example, economic incentives, 
public-private partnerships, energy and other resource efficiencies, material substitution, 
public awareness, and product-stewardship programs). 

•	 Serve the needs of a greatly expanded number of decision-makers (for example, 
government agencies, private companies, consumers, and various stakeholder organiza-
tions) whose individual and institutional roles in environmental decision-making continue 
to expand. 

•	 Increase understanding of the strengths and limitations of risk assessment by deci-
sion-makers at all levels.

We expand on some of those objectives in later sections. First, we present the framework 
and discuss its key elements.

THE FRAMEWORk: AN OvERvIEW

Three broad phases of the framework are evident in Figure 8-1: enhanced problem for-
mulation and scoping, planning and conduct of risk assessment, and risk management. Risk 
assessment and other technical and cost assessments necessary to evaluate risk-management 
options are carried out in the assessment phase of the process, although Figure 8-1 focuses on 
the planning and conduct of risk assessment given the charge of this committee. It is critical 
that those assessments be undertaken with assurance of their scientific integrity; technical 
guidelines are necessary to achieve this end, as are procedures to ensure they are followed. 
At the same time, it is important to recognize that risk assessments and other technical as-
sessments are not undertaken simply because research data are available and assessments are 
possible; they are undertaken, in the proposed framework, only when the reasons for them 
are understood and the necessary level of their technical detail has been clarified. 

The utility of assessments will be enhanced if they are undertaken within the framework. 
The framework will have particular importance, given the potential complexity of our pro-
posed unified approach for dose-response assessment (Chapter 5) or methods for cumulative 
risk assessment of chemical and nonchemical stressors (Chapter 7), in that it emphasizes that 
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these methodologic advances should not occur in a vacuum and are most valuable if they 
are clearly linked to and can inform risk-management decisions. 

We emphasize that our promotion of the framework is focused on improving the util-
ity of risk assessment to support better decision-making. As noted earlier, the framework is 
intended to provide guidance that was not provided by the Red Book.

Elements of the Framework: A Process Map

In this section, we outline the content of each of the elements of the framework. Each 
element involves a set of discrete activities, which are briefly suggested in Figure 8-1 and 
more fully described in Boxes 8-1 through 8-5. Some of the institutional issues associated 
with implementation of the framework are described in Chapter 9. 

BOX 8-1 Key Definitions Used in the Framework for  
Risk-Based Decision-Making

PROBLEM: Any environmental condition (a method of product manufacture, residence near a manu-
facturing facility, exposure to a consumer product, occupational exposure to a pesticide, exposure of 
fish to manufacturing effluents, a transboundary or global environmental challenge, and so on) that is 
suspected to pose a threat to human or ecosystem health. It is assumed that early screening-level risk 
assessments may sometimes be used to identify problems or to eliminate concerns.

RISK-MANAGEMENT OPTION: Any intervention (a change of manufacturing process, imposition of 
an environmental standard, the development of warnings, use of economic incentives, voluntary initia-
tives, and so on) that may alter the environmental condition, reduce the suspected threat, and perhaps 
provide ancillary benefits. Any given problem may have several possible risk-management options. In 
most cases, “no intervention” will be one of the options.

LIFE-CYCLE ANALYSIS: A formal process for evaluating and managing problems associated with 
each stage of a product’s manufacture, distribution, uses, and disposal. It includes problems as defined 
above and can include evaluations of such issues as resource use and sustainability.

POPULATION: Any group of general or occupational populations or populations of nonhuman 
organisms.

AGENT: Any chemical (including pharmaceuticals and nutrients), biologic, radiologic, or other physical 
entity.

MEDIA: Air, water, food, soils, or substances having direct contact with the body.

RISK SCENARIO: A combination of agents, media, and populations in which risks to human or eco-
system health can arise.

BENEFITS: The changes (positive or negative) in health and environmental attributes that are associ-
ated with an intervention. Typically, a risk assessment will estimate the number of cases of disease, in-
jury, or death associated with a problem—which is equivalent to the benefits of eliminating the problem. 
Any intervention that reduces risk without eliminating it will have benefits estimated by the difference 
between the status quo and the risks remaining after the intervention.

STAKEHOLDER: Any individual or organization that may be affected by the identified problem (de-
fined above). Stakeholders may include community groups, environmental organizations, academics, 
industry, consumers, and government agencies.
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Scope of the Framework and Definitions of key Terms

The framework is intended for broad applicability, as can be discerned from the defini-
tions (see Box 8-1) of terms used to describe activities in the elements of the framework.

Phase I. PRObLEM FORMULATION AND SCOPINg

Two types of activities are associated with Phase I of the risk-based decision-making 
framework (Figure 8-1): problem formulation and the simultaneous (and recursive) iden-
tification of risk-management options and identification of the types of technical analyses, 
including risk assessments, that will be necessary to evaluate and discriminate among the 
options. The expected contents of Phase I are outlined in Box 8-2, as a series of questions 
to be pursued.2

Agency decisions related to premarket product approvals (for example, for new pesti-
cides) depend on long-established requirements for toxicology and exposure data, and there 
are also well-established guidelines for risk assessments and criteria for premarket approv-
ability. Those well-established requirements can be said to constitute Phase I planning for 
this type of decision-making, and the committee sees no need to alter the existing arrange-
ment; but we do note that the proposed framework of Figure 8-1 accommodates this specific 
category of regulatory decision-making. 

Phase II. PLANNINg AND CONDUCT OF ASSESSMENT

Risk assessments designed to evaluate the risk-management options set out in Phase I 
are undertaken during Phase II. Phase II consists of three stages; planning, assessment, and 
confirmation of the utility of the assessment (see Box 8-3). 

The first stage of Phase II involves the development of a careful set of plans for the 
necessary risk assessments. Risk assessments should not be conducted unless it is clear that 
they are designed to answer specific questions, and that the level of technical detail and 

2 The committee acknowledges that there may be cases following completion of appropriate problem formula-
tion and scoping in which it is determined that risk assessment is not needed.

BOX 8-2 Phase I of the Framework for Risk-Based Decision-Making  
(Problem Formulation and Scoping)

Identification of Risk-Management Options and Required Assessments

a.  What is the problem to be investigated, and what is its source? 
b.  What are the possible opportunities for managing risks associated with the problem? Has a 

full array of possible options been considered, including legislative requirements?
c.  What types of risk assessments and other technical and cost assessments are necessary 

to evaluate existing conditions, and how do the various risk-management options alter the 
conditions?

d. What impacts other than health and ecosystem threats will be considered?
e. How can the assessments be used to support decisions?
f. What is the required timeframe for completion of assessments?
g. What resources are needed to undertake the assessments?
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BOX 8-3 Phase II of the Framework for Risk-Based Decision-Making 
(Planning and Conduct of Risk Assessment)

Stage 1: Planning for Risk Assessment

a. What are the goals of the required risk assessments?
b.  What specific risk scenarios (agents, media, and populations, including possible consideration 

of background exposures and cumulative risks) are to be investigated?
c.  What scenarios are associated with existing conditions and with conditions after application of 

each of the possible risk-management options, and how should they be evaluated?
d. What is the required level of risk quantification and uncertainty/variability analysis?
e. Will life-cycle impacts be considered?
f.  Are there critical data gaps that prevent completion of the required assessment? If so, what should  

be done?
g.  How are the risk assessments informed by the other technical analyses of options (technical 

feasibility, costs, and so on)? How will communication with other analysts be ensured?
h.  What processes should be in place to ensure that the risk assessments are carried out ef-

ficiently and with assurance of their relevance to the decision-making strategy, including time 
requirements?

i.  What procedures are in place to ensure that risk assessments are conducted in accordance 
with applicable guidelines?

j.  What are the necessary levels and timing of peer review?

Stage 2: Risk Assessment

a. Hazard Identification:
 •  What adverse health or environmental effects are associated with each of the agents  

of potential interest?
 • What is the weight of scientific evidence supporting the classification of each effect?
 • What adverse effects are the likely risk determinants?
b. Exposure Assessment:
 •  For the agents under study, what exposures and resulting doses are incurred by each 

relevant population under existing conditions? 
 •  What do the technical analyses (Box 8-4) reveal about how existing conditions and resulting 

exposures/doses would be altered by each proposed risk-management option?
c. Dose-Response Assessment:
 •  For each determining adverse effect, what is the relationship between dose and the prob-

ability of the occurrence of the adverse effect in the dose region identified in the exposure 
assessment?

d. Risk Characterization:
 •  For each population, what is the nature and magnitude of risk associated with existing 

conditions?
 • How are risks altered by each risk-management option (both decreases and increases)?
 •  What is the distribution of individual risks in the population and subpopulations of concern, 

and what is the distribution of benefits under each option?
 •  Considering the weight-of-evidence classification of hazards, the dose-response assess-

ment, and the exposure assessment, what degree of scientific confidence is associated 
with the risk characterization?

 • What are the important uncertainties, and how are they likely to affect the risk results?

Stage 3: Confirmation of the Utility of the Risk Assessment

 • Does the assessment have the attributes called for in planning?
 •  Does the assessment provide sufficient information to discriminate among risk-manage-

ment options?
 •  Has the assessment been satisfactorily peer-reviewed, and have all peer-reviewer com-

ments been explicitly addressed?
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uncertainty and variability analysis is appropriate to the decision context. Such attention 
to planning should ensure the most efficient use of resources and the relevance of the risk 
assessment to decision-makers. The typical questions addressed during the risk assessment 
planning process are set out in Box 8-3, Stage 1 (Planning).

Other technical analyses are typically required to evaluate how specific interventions 
will alter existing conditions; the information developed through such technical analyses (see 
Box 8-4) must be communicated to risk assessors, so that the effects of these interventions 
on risk can be evaluated.

Once the planning has been completed, risk assessments are conducted (Phase II, Stage 
2). Risk assessments are conducted under agency guidelines. The guidelines should include 
defaults and explicit criteria for departures from defaults with other elements recommended 
in the present report, including those related to uncertainty assessment, unification of cancer 
and noncancer dose-response methods, and cumulative or community-based risk assessment 
(Chapters 4-7). 

Once risk assessments have been completed, the framework calls for an evaluation of 
the utility of what has been produced (Stage 3 of Phase II). Thus, an evaluation of whether 
the assessments have the attributes called for in planning, and of whether they allow dis-
crimination among the risk-management options, is necessary to determine whether they are 
useful for decision-making. If the assessments are not determined to be adequate given the 
problem formulation and risk-management options, the framework calls for a return to the 
planning stage. If they are adequate, Phase III of the framework is entered.

Phase III. RISk MANAgEMENT

In Phase III of the framework, the relative health or environmental benefits of the pro-
posed risk-management options are evaluated, as are other factors relevant to decisions. 
Legislative requirements are also critical to the decision process.

The purpose of Phase III is to reach decisions, fully informed by the risk assessments. A 
justification for the decision, with full elucidation of the roles played by the risk informa-
tion, and other pertinent factors, should be offered. A discussion of how uncertainties in all 
of the information used to develop decisions influenced those decisions is essential. Some of 
the questions that are central to risk management are set out in Box 8-5. 

BOX 8-4 Other Technical Analyses Necessary for the Framework for  
Risk-Based Decision-Making

•  How does each of the proposed risk-management options alter existing conditions, and with 
what degree of certainty?

•  Are there important impacts other than those directly affecting existing conditions (as revealed, 
for example, by life-cycle analysis)?

•  What costs are associated with no intervention to alter existing conditions and with each of the 
proposed risk-management options?

•  What are the uncertainties in the cost assessments and the variabilities in the distribution of 
costs?

• Do the assessments conform to the requirements set forth in the planning phase?
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Stakeholder Involvement

A critical feature of the framework is related to stakeholder involvement. A continuing 
theme in earlier National Research Council and other expert reports on risk assessment, and 
loudly echoed in opinions offered to the present committee by many commenters, concerns 
the consistent failure to involve stakeholders adequately throughout the decision process. 
Without such involvement, the committee sees no way to ensure that the decision process 
will be satisfactory; indeed, without such involvement, it is inevitably deficient. 

Figure 8-1 emphasizes that point through the box on the bottom, which spans all three 
phases. In addition, the two-headed arrows are meant to represent the fact that adequate 
communication among analysts and stakeholders, which is necessarily two-way, is critical 
to ensure efficiency and relevance of the analyses undertaken to support decisions. Adequate 
stakeholder involvement and communication among those involved in the policy and tech-
nical evaluations are difficult to achieve, but they are necessary for success. It is time that 
formal processes be established to ensure implementation of effective stakeholder participa-
tion in all stages of risk assessment. 

For any given problem that requires EPA action, there are certain to be a number of af-
fected parties seeking to influence the agency’s course. Some stakeholders may wish to ensure 
that particular problems come to the attention of the agency and that their formulations be 
adequate. Others will hope that the agency consider various possible management options, 
sometimes including options that have not traditionally been part of regulatory thinking. Still 
others will have proposals that they believe will improve the scientific strength of agency risk 
assessments. And, of course, many parties will seek to influence ultimate decisions.

For cases in which agency actions will lead to regulations, formal procedural require-
ments are in place to allow members of the public to offer comments on proposed regula-
tions. That type of stakeholder involvement in agency activities is obviously important, but 

BOX 8-5 Elements of Phase III of the Framework for  
Risk-Based Decision-Making (Risk Management)

Analysis of Risk-Management Options

•	 	What are the relevant health or environmental benefits of the proposed risk-management op-
tions? How are other decision-making factors (technologies, costs) affected by the proposed 
options?

•	 	Is it indicated, with a sufficient degree of certainty given the preference of risk managers, that 
any of the options are preferred to a “no intervention” strategy? 

•	 	What criteria are used to assess the relative merits of the proposed options (for example, does 
the risk manager consider population benefits, reductions below a predefined de miminis level, 
or equity considerations)?

Risk-Management Decisions

•	 What is the preferred risk-management decision?
•	 Is the proposed decision scientifically, economically, and legally justified?
•	 How will it be implemented?
•	 How will it be communicated?
•	 Is it necessary to evaluate the effectiveness of the decision? How should this be done?
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it is insufficient in that it applies only to formal rule-making and typically comes only at the 
end of the process of decision-making. The present committee, like several that have come 
before it (Chapter 2), recommends that EPA make formal a process for gathering stake-
holder views in each of the three broad phases of decision-making depicted in Figure 8-1; 
conflicts of interest will need to be considered in this process. It is critical that time limits for 
stakeholder involvement be well defined so that decision-making schedules can be met. In 
addition, effective stakeholder participation must consider incentives to allow for balanced 
participation including impacted communities and less advantaged stakeholders.

ADDITIONAL IMPROvEMENTS OFFERED by THE FRAMEWORk

Operating under the framework can lead to improvements in the technical aspects of 
analysis (including economics and other nonrisk components) and can help to improve the 
basic research supporting risk assessment by allowing formal or informal value-of-informa-
tion considerations (Chapter 3). But the major advances that the framework can bring about 
involve improving the quality of risk-based decision-making by raising the expectations for 
what risk assessments can provide. The framework could address the frustration among 
some that the current system channels substantial energy toward dissecting and comparing 
problems rather than advancing decisions that deal with problems. Other important advan-
tages of the framework include the following: 

1. It augments and complements related trends in risk-assessment practice. As de-
scribed in Chapters 3 and 7, there is a need to design risk assessments to better inform the 
technical aspects of risk assessment and the ultimate decision context. EPA’s Framework for 
Cumulati�e Risk Assessment (EPA 2003) and Guidelines for Ecological Risk Assessment 
(EPA 1998) endorse this approach and emphasize that it would be impossible to determine 
the appropriate scope or level of resolution of an assessment in the absence of the risk-man-
agement context. The framework takes the planning stage one step further by embedding 
the development of risk-management options as a formal step before the planning of the 
assessment, thereby encouraging the development of risk assessments that adequately capture 
important tradeoffs and cross-media exposures. In addition, the methodologic developments 
proposed in Chapter 5 and elsewhere are meant in part to provide greater insight for risk 
managers regarding the health-risk implications of specific management decisions, feeding 
directly into the proposed framework. A related trend involves the growth of life-cycle as-
sessment, which includes many aspects of risk assessment but also evaluates a broader array 
of issues related to energy use, water consumption, and other characteristics of technolo-
gies, industrial processes, and products that determine their propensity to consume natural 
resources or to generate pollution. The term life cycle refers to the need to include all stages 
of a business process—raw-material extraction, manufacturing, distribution, use, and dis-
posal, including all intervening transportation steps—to provide a balanced and objective 
assessment of alternatives. A critical component in the planning of a life-cycle assessment is 
the “functional-unit determination,” in which various alternatives are compared on the basis 
of their ability to achieve a desired end point (for example, generation of a kilowatt-hour of 
electricity). The approach emphasizes the need to understand the objectives of the process or 
product under study, broaden the scope, and bring novel approaches and risk-management 
options to the forefront, including considering pollution prevention efforts. The framework 
builds on those important trends and emphasizes that risk assessments should be designed 
to provide risk managers with the necessary information to discriminate among risk-man-
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agement options and that life-cycle and functional-unit thinking (if not analysis itself) will 
facilitate the development of a wide array of options. 

2. It makes it easier to discern “locally optimal” decisions. The framework helps to 
identify locally optimal decisions (for example, choices among strategies to reduce risks posed 
by a given compound) by making it more difficult to make the fundamental mathematical 
error of averaging the predictions of incompatible models together. If, for example, there is 
a default estimate (including parameter uncertainty, perhaps, but small with respect to the 
model uncertainty) that predicts a risk X for a particular substance and a credible alterna-
tive model (with expert weight 1 – p assigned to it) that posits that the risk is zero, there is 
a temptation to declare that the “best estimate” of the risk is pX. In the traditional para-
digm, if the risk assessment reports that the “best estimate” is pX, a decision-maker might 
be inclined to regulate as though the baseline risk is exactly pX. Following the framework 
in Figure 8-1 would bring the options to the fore and emphasize to all stakeholders that 
key uncertainties might imply that different options would be chosen, depending on key 
risk-assessment assumptions. In this setting, the risk characterization would more likely 
take the form of the statement “there is a probability p that the risk is X, in which case 
option B is preferred, and a probability 1 – p that the risk is zero, in which case option C 
is preferred.” Thus, operating with the framework can sometimes help to avoid confusing 
“expected-value decision-making” (a coherent although ethically controversial approach) 
with “decision-making by expected value” (an incorrect and precarious approach—see Box 
4-5). Careful consideration of uncertainty is not precluded by the conventional framework, 
but the framework in Figure 8-1 helps to determine the degree to which key uncertainties 
influence decisions among risk-management options and orients the risk assessor and other 
stakeholders around such questions about uncertainty.

3. It makes it easier to identify and mo�e toward “globally optimal” decisions. More 
broadly, the framework opens the prospect of moving beyond a choice among strategies 
to deal with a single substance to the development, evaluation, and selection of alternative 
strategies to fulfill the function with minimum net risk. As implied by the functional-unit 
definition above, this involves expanding the lens of current environmental decision-making 
from primarily a single-issue and incremental-risk focus to address issues of comparative and 
cumulative risk, benefits and costs, life-cycle risks, technologic innovation and public values. 
We believe that questions about the risks posed by industrial processes can often be answered 
better by considering risk-risk tradeoffs and evaluating risk-management options than by 
studying risks in isolation from the feasible means of control. Although the expanded scope 
may exceed the bounds of EPA decision-making (either in a practical sense, given current 
regulations, or in a theoretical sense, given the agency’s jurisdiction), functional-unit think-
ing will help to avoid considering only local optima that represent the peaks within a valley, 
will encourage the development of agencywide initiatives and strategies, and will encourage 
EPA to cooperate with other federal agencies (and vice versa) to work on more sweeping 
interventions that increase efficiency and minimize untoward risk-risk tradeoffs. In short, 
the framework would allow EPA to compare options with appropriate use of knowledge 
about uncertainty and would allow it to broaden (within reason) the set of options under 
consideration. 

4. It can pro�ide the opportunity for impro�ed public participation. The framework 
can broaden the focus of inquiry from studying the risk—which may be dominated by highly 
technical discussions of potency, fate and transport, mode of action, and so on—to develop-
ing and evaluating alternative interventions, which should be a more accessible and interest-
ing arena for affected stakeholders to participate in. Stakeholders (such as local communities) 
may also bring particular knowledge about the benefits, costs, and implementation of risk-
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management options to a discussion. The process would recognize the roles, relationships, 
and capabilities of government and nongovernment decision-makers and would ensure that 
risk assessments serve their needs. The committee recognizes that effective implementation 
of the framework in many cases will not be possible without the involvement of other gov-
ernmental agencies and other organizations. 

�. It would make economics and risk-risk tradeoffs more central in the analysis. 
Although many regulatory, legislative, and logistical constraints complicate the simultane-
ous consideration of costs of control and benefits, the framework would, where applicable 
and feasible, encourage the use of similar methods between disciplines (such as the explicit 
incorporation of uncertainty and variability and the development of default assumptions 
and criteria for departure in economic analyses) and would spur collaboration between risk 
assessors and regulatory economists. As articulated above, the framework would also make 
consideration of potential risk-risk tradeoffs central in the assessment, inasmuch as the initial 
planning and scoping steps and the development of risk-management options under study 
would lead to an explicit discussion of the array of exposures that could be influenced by 
each option. 

In Appendix F, the committee presents three case examples to demonstrate how the 
usefulness of risk assessments might be enhanced by implementation of the framework for 
risk-based decision-making.3

POTENTIAL CONCERNS RAISED by THE FRAMEWORk

The framework has many desirable attributes that can allow risk assessment to be maxi-
mally informative for decision-making, but various concerns could be raised about it. Some 
of the concerns are misconceptions, and others are legitimate issues that would need to be 
addressed. We discuss various critiques and consider their potential implications below.

Concern 1: There are many contexts in which EPA is constrained to a narrow set of options 
by the structure of regulations or in which it is unclear at the outset whether a problem is 
of sufficient magnitude to require an intervention or whether a potential intervention exists, 
so the framework may waste effort in producing needless evaluations.

This concern has some legitimacy, but the framework does not preclude risk assessment 
solely to determine the potential magnitude of a problem or to compare the impacts of op-
tions within a severely constrained solution set. As to the former, the framework is intended 
to keep one eye continually on problems and one on interventions, and choosing between 
one and the other is a false dichotomy. The committee believes that the current use of risk 
assessment has disproportionately emphasized dissecting risks rather than implementing 
possible interventions, but the pendulum does not need to (and should not) swing past a 
middle ground. As to the latter, in situations where the regulatory requirements preclude 
consideration of a wide array of risk-management options, EPA could both formally evalu-
ate the options that can be considered and use the framework to determine the extent to 
which current constraints preclude a better risk-management strategy. At a minimum, the 

3 The three case examples in Appendix F address electricity generation, decision support for drinking-water 
systems, and control of methylene chloride exposure in the workplace and general environment. These are stylized 
examples intended to illustrate how application of the framework for risk-based decision-making might lead to a 
process and outcome different from those of conventional application of risk assessment. 
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framework would emphasize the need for EPA to consider risk tradeoffs and alternative 
strategies explicitly when devising risk-management options.

Concern 2: The framework may exacerbate the problem of “paralysis by analysis,” both 
because the analytic burdens will increase with the need to evaluate numerous options and 
because risk assessments may show that uncertainties are too great to permit discrimination 
among various options.

The committee proposed earlier that the framework will help risk assessments to come to 
closure by focusing on the information needed to discriminate among risk-management op-
tions rather than focusing on the information needed to “get the number right.” However, it 
could be argued that the need to quantify benefits among multiple potential risk-management 
options, including tradeoffs and multimedia considerations, will greatly expand the ana-
lytic requirements of a given assessment, especially given that the uncertainties in a simpler 
assessment may prove too large for discrimination among options. That is an important 
concern, but many of the more analytically complex components (for example, cumulative 
risk assessment and multimedia exposure) would be needed for any risk assessment with 
a similar scope, regardless of what risk-management options are under consideration, and 
the marginal time to evaluate multiple risk-management options should be relatively small 
once a model has been constructed to evaluate the benefit of one option appropriately. In 
addition, if the uncertainties are too large for discrimination among options on a risk basis, 
it would imply simply that other considerations are central in the risk-management decisions 
or that further research is required. 

Concern 3: The framework will not lead to better decisions and public-health protection, 
because the process does not provide for equal footing for competing interest groups.

Although the committee proposes that the framework will enhance public participa-
tion and will reduce asymmetries among stakeholders by focusing on early development of 
risk-management options, there would continue to be asymmetries in the ability of different 
stakeholders to get options “on the table,” given issues of political power and imbalance in 
available information. More generally, the framework could potentially be manipulated if 
the set of options evaluated were constrained inappropriately. In addition, the importance of 
risk assessment is not reduced in the framework, so the technical imbalance would remain. 
The concern is relevant, but it is not introduced by the framework, but rather is endemic to 
processes that bring together government, communities, and industries to debate decisions 
that will have serious economic and public-health effects. The framework could improve on 
the current practice provided there is substantive stakeholder involvement throughout the 
process, if stakeholder groups have sufficient technical expertise (which can be developed 
over time through efforts by EPA and others), and if EPA formally addresses all suggested 
options in writing (either by evaluating them quantitatively or by discussing qualitatively 
how they are strictly dominated by other options and therefore do not need to be consid-
ered). The potential for manipulation is not created by the framework and in fact would 
be reduced by it: risk managers can now implicitly reduce the option set by asking risk 
assessors to evaluate the benefits of a preselected control scenario, and a public process to 
explicitly construct a wide-ranging set of options seems preferable. As a component of the 
development and implementation of the framework, EPA should propose guidelines for the 
options-development step of Phase I, focusing explicitly on stakeholder participation and 
formal processes for transparent selection of risk-management options to study. 
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Concern 4: The framework breaks down the firewall between risk assessment and risk man-
agement, creating a potential for manipulation.

That the framework allows assessors to see the choices facing the decision-maker does 
not imply that they would be involved in risk management, nor does it imply that deci-
sion-makers would have license or opportunity to impose their will on the analysis. The 
framework empowers risk assessment to drive the engine that determines which options 
perform best in the presence of uncertainty, variability, and public preferences, but it does not 
empower risk assessors to impose their preferences on the analysis. It will remain important 
in the framework to have clear risk-assessment guidelines (see, for example, Chapters 3, 5, 
and 7) that can be used to conduct the assessments needed to evaluate options.

Increasing the interaction between risk assessors and risk managers requires that there 
be further protection against the possibility that identified or preferred policy options will 
bias the evaluation of risks or, even more problematically, that risk managers will influence 
the content of the risk assessment to support preferred risk-management options. Ensuring 
the integrity of evaluations along the continuum of the risk-assessment–risk-management 
discussion fundamentally rests on maintaining an effective system of governance in EPA 
and other organizations applying risk assessment. The governance process should have the 
following elements:

•	 Clarity and accountability of roles and responsibilities. The extent to which risk 
assessors and risk managers understand their roles and are evaluated on the basis of their 
fulfilling their responsibilities will assist in mitigating concerns about potential compromise 
of scientific or policy-related assessments.

•	 Greater transparency of the process. Making information about the assumptions 
used and judgments reached in risk-assessment and policy deliberations more widely avail-
able is itself an important safeguard against abuse.

•	 Documentation of the process. There needs to be appropriate documentation of the 
rules and milestones of the process and of the relevant information base at all important 
stages of risk-assessor–risk-manager deliberations.

•	 O�ersight and periodic re�iew. EPA should submit selected decisions each year for 
independent review to ensure the integrity of the risk-assessment–risk-management process. 
Independent reviewers should issue a public report on their findings.

As mentioned above, the problems can occur with the current (conceptual or institu-
tional) “firewall” between assessment and management. A risk manager who keeps analysts 
in the dark about the choices can still order them to “make the risk look smaller (bigger).” 
Safeguards against any form of manipulation of the risk-assessment process, whether related 
to the framework or not, must be in place; it seems to the committee that a process that 
emphasizes evaluation of risk-management options will by definition involve broader par-
ticipation, which implies more “sunshine” and less opportunity for the type of manipulation 
that the Red Book committee was justifiably concerned with. 

CONCLUSIONS AND RECOMMENDATIONS

Some features of the framework may be evident in EPA programs, but its full imple-
mentation will require a substantial transition period. The committee believes that the 
long-term utility of risk assessment as a decision-support tool requires that EPA operate 
in the proposed framework (or a very similar one) and so urges the agency to begin the 

E27.274

http://www.nap.edu/12209


Science and Decisions: Advancing Risk Assessment

Copyright National Academy of Sciences. All rights reserved.

2�6 SCIENCE AND DECISIONS: ADVANCING RISK ASSESSMENT

transition. It is perhaps useful to conceive of the transition process as involving a period of 
experimentation and development of carefully selected “demonstration projects” to illustrate 
the application of the framework. Selection of a few important environmental problems to 
which the framework would be applied in full (with formal and time-limited stakeholder 
involvement at all stages) would constitute a learning period for agency assessors, managers, 
and stakeholders. Lessons from such demonstration projects could be recorded and used to 
improve the framework and its application. The committee believes strongly that gradual 
adoption of the framework will do much to improve the analytic power and utility of risk 
assessment and will reveal this power and utility to a much wider audience; its credibility 
and general acceptability will thereby be enhanced.

In summary, we recommend the following:

•	 The technical framework for risk assessment presented in the Red Book should 
remain intact but should be embedded in a broader framework in which risk assessment is 
used principally to help to discriminate among risk-management options. 

•	 The framework for risk-based decision-making (Figure 8-1) should have as its core 
elements a problem-formulation and scoping phase in which the available risk-management 
options are identified, a planning and assessment phase in which risk-assessment tools are 
used to determine risks under existing conditions and with proposed options, and a manage-
ment phase in which risk and nonrisk information is integrated to inform choices among 
options. 

•	 EPA should develop multiple guidance documents relevant to the framework, includ-
ing a more expansive development of the framework itself (with explicit steps to determine 
the appropriate scope of the risk assessment), formal provisions for stakeholder involvement 
at all stages, and methods for options development that ensure that a wide array of options 
will be formally evaluated.

•	 EPA should phase in the use of the framework with a series of demonstration projects 
that apply the framework and that determine the degree to which the approach meets the 
needs of the agency risk managers, and how risk-management conclusions differ as a result 
of the revised orientation. 
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Toward Improved Risk-Based Decision-Making

The Framework for Risk-Based Decision-Making is designed to improve risk assess-
ment by enhancing the value of risk assessment to policy-makers, expanding stakeholder 
participation, and more fully informing the public, Congress, and the courts about the basis 
of Environmental Protection Agency (EPA) decisions. That will require building on EPA’s 
decision-making practices to expand consideration of options and developing a long-term 
strategy for renewal. To shape such a strategy, this chapter identifies three categories of 
prerequisites of successful transition to the framework:

•	 Adopting transition rules. The most successful experiences and practices that govern 
current risk assessment and risk-management decision-making in EPA and other institutions 
offer models for introducing agency leaders and staff to new issues and processes and for 
integrating new principles and practices into the framework outlined in Chapter 8.

•	 Managing institutional processes. Management issues include consideration of le-
gal impediments to implementing the framework, changes in organizational structure, and 
strengthening institutional capacity, for example, skills, training and other forms of knowl-
edge-building, and resources.

•	 Pro�iding leadership and management. The transition will require support, including 
guidance and resources, from the EPA leadership community, the executive and legislative 
branches of government, and key stakeholders.

Those and related implementation recommendations signify the committee’s recognition 
that assembling, evaluating, and interpreting information called for in the framework intro-
duce major changes in EPA’s various risk-assessment and decision-making processes. Some 
aspects of the framework (for example, new approaches to communication and participa-
tion) may not require major new investment in the short term; however, for an institution 
as large and diverse as EPA, the availability and allocation of resources—funding, time, and 
personnel—are central aspects of sustaining any institutional arrangements for agencywide 
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change of the magnitude outlined in Chapter 8.1 As in all enterprises, funding is a rate-limit-
ing and quality-determining step. 

TRANSITION TO THE FRAMEWORk FOR RISk-bASED DECISION-MAkINg

Improving the utility of risk assessment to include upfront problem formulation and 
scoping and planning with an expanded array of options requires several practical steps to 
ensure that risk assessors and risk managers have a clear understanding of their roles and 
responsibilities and have sufficient guidance to administer them effectively. As a beginning, 
EPA should examine the key functions and attributes of its decision-making processes in 
relation to those recommended in this report. Although many activities are comparable (for 
example, hazard assessment and dose-response assessment), others, such as life-cycle assess-
ment, will be new in many agency programs and will need to be integrated into the process 
of assessing risks and the options for managing them.

Historically, even though EPA risk assessment is generally linked to decision-making, 
guidance arising out of National Research Council risk-assessment reports has been directed 
mainly to improving agency risk assessments with little attention to future decision-mak-
ing. The framework focuses attention on improving the utility of risk assessments to better 
inform decision-making. To implement the framework, the agency will need inno�ati�e and 
instructi�e guidance that informs its scientists, economists, lawyers, regulatory staff, senior 
managers, and policy makers of their roles and, most important, fosters interaction among 
them. Principles, examples, and practices drawn from “success stories” in which EPA and 
other entities have used processes similar to those proposed for the framework offer starting 
points for such guidance. Selected risk-based decision-making scenarios that provide realistic 
illustrations of how the framework can work can be especially instructive.

The framework promotes greater attention to and use of risk-related information from 
such fields as economics, psychology, and sociology—disciplines not usually involved to a 
great extent in EPA assessments. While those fields may not be central in the risk assessment 
itself, the framework integrates a variety of information in constructing risk-management 
decisions. Increased emphasis on those fields in the framework requires extending the kind 
of robust peer-review practices historically required by statute or policy for risk assessment 
to cost and benefit analyses, community impact assessments, life-cycle analyses, and related 
information.2 The objective would be to give decision-makers, stakeholders, and the public 
confidence in, and understanding of, the insights and limitations of evaluations. Improved 
peer review of analyses will also add an important dimension of transparency.

INSTITUTIONAL PROCESSES

The framework presents opportunities for EPA to review and realign some institutional 
processes to foster consistent approaches to using risk assessment and other analyses (in-

1 This committee comment is prompted by recent congressional testimony on the impact of budget cuts on EPA’s 
capacity to meet the demands of risk assessment as currently practiced (Renner 2007). The budget cuts generate 
serious concern about the agency’s capacity to undertake the advanced analyses recommended in this report and 
to implement a new, more data-intensive framework without concerted attention to funding and staffing as part 
of governmentwide and EPA strategic planning and annual budget processes.

2 As in traditional risk assessment, peer reviewers would be experts in the discipline under review—sociolo-
gists for societal impacts, economists for economic impacts, and so on. However, especially valuable would be the 
addition of peer reviewers, expert in multiple disciplines, that can evaluate the risk and benefit-cost analyses that 
inform different decision options. 
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cluding technical and economic) to better inform risk-management decisions across EPA’s 
various programs. Several processes warrant consideration.

Statutory Authority

The committee believes that it has achieved its goal of recommending substantial im-
provements that can be accomplished by refining and refocusing institutional processes with-
in existing statutory authority. Committee recommendations for expanding risk-assessment 
activities to give more emphasis to, for example, cumulative risk, quantitative uncertainty 
and variability analysis, and harmonizing analyses for cancer and noncancer end points call 
for state-of-the-science improvements that easily fall within the agency’s existing authority: 
for more than 20 years, EPA has regularly incorporated state-of-the-science improvements 
of this kind to develop and amend general risk-assessment guidelines and conduct individual 
assessments. 

The committee’s more far-reaching recommendations—such as broad-based discussion of 
risk-management options early in the process, extensive stakeholder participation through-
out the process, and consideration of life-cycle approaches in a broader array of agency 
programs—can be viewed as common-sense extensions throughout the agency as a whole 
of practices that are now limited to selected programs or are unevenly and incompletely 
implemented. For example, EPA’s Guidelines for Ecological Risk Assessment contemplates 
the kind of options-informed risk-assessment planning envisioned by the framework (EPA 
1998, p. 10): 

Risk assessors and risk managers both consider the potential value of conducting a risk as-
sessment to address identified problems. Their discussion explores what is known about the 
degree of risk, what management options are a�ailable to mitigate or pre�ent it, and the value 
of conducting a risk assessment compared with other ways of learning about and addressing 
environmental concerns [emphasis added].

Focused attention on integrated agencywide implementation of that and other existing 
guidance related to cumulative risk assessment, criteria for departing for defaults, and life-
cycle analysis would lead to some of the improvements contemplated by the framework 
without new legislative initiatives.

Structural Change

In keeping with EPA’s media-based organizational structure, agency decision-making 
processes are compartmentalized in line with media- and statute-specific environmental prob-
lems, legal requirements, case law, and programmatic history. This approach parallels EPA 
statutes but takes little cognizance of current understanding of the multimedia, cumulative-
risk characteristics of environmental pollution and the need for multidisciplinary, cross-pro-
gram, and cross-agency analyses of scientific issues and regulatory options. The committee’s 
major recommendation that EPA move to a consistent and transparent process that ensures 
the right questions are being asked of the assessment will therefore require new approaches 
to coordination, communication, and framing of environmental-protection options. 

To adapt its current decision-making process to the framework, EPA should establish an 
options-development team composed of Senior Executive Service environmental profession-
als from the major regulatory programs, the Office of Environmental Information, the Office 
of General Counsel, the Office of Research and Development, and other relevant offices. The 
team’s primary responsibilities would include identifying prospective decisions (or categories 
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of decisions) for which risk assessments will be needed and providing risk assessors with 
contextual information on the problem under review and the regulatory or other options 
then3 under consideration. To provide guidance for EPA risk assessors and managers and 
information for stakeholders and the public, essential team functions would include

•	 Developing criteria for defining and selecting high-priority risk assessments for 
continuing attention by the team.

•	 Defining a suite of preliminary decision-making options that identify critical factors 
and suggest bounds for individual risk assessments. 

•	 Providing an explicit statement of the problem that the agency is attempting to 
solve.

•	 Ensuring consideration of risk tradeoffs.
•	 Maintaining a system for tracking accountability in the preparation of individual 

risk assessments and the options-development process’s contribution to and impact on the 
use of each assessment in decision-making. 

The options-informed process recommended in this report recognizes both regulatory 
and nonregulatory options and gives EPA the flexibility to define options narrowly or 
broadly, depending on the nature and extent of the problem to be solved. The nature and 
scope of the options can be expected to vary from one problem to the next.

Skills, Training, and knowledge-building 

Many risk assessments involve a complex, data-intensive, and multidisciplinary analyses. 
The data come from studies on highly inbred laboratory animals and from genetically diverse 
human populations, and basic monitoring data come from environmental media and sophis-
ticated analyses of biochemical mechanisms, cancer pathology, and exposure pathways. Such 
analyses demand a multidisciplinary and scientifically sophisticated workforce, experienced 
not only in the underlying disciplines but in special aspects of the risk-assessment process. 

Quantitative uncertainty analysis and cumulative risk assessment, for example, may well 
require expertise not now available in EPA or the larger scientific community in the numbers 
and experience levels needed to implement recommendations in this report. As a result, imple-
menting many committee recommendations will require new expertise, and EPA may need 
to expand its programs to draw on expertise in other federal agencies and private entities. In 
all cases, training will be necessary on a continuing basis to ensure that staff are conversant 
with advances in disciplines that contribute to risk assessment and decision-making. 

Training of managers and decision-makers on risk-assessment issues is essential for the 
assessor-manager discussion at the core of problem formulation and scoping, planning, and 
subsequent decision-making. Those senior participants in the process can participate fully 
and knowledgeably only if they are conversant with risk-assessment issues and methods. Such 
training is also essential for communication between senior agency officials, stakeholders, 
and other members of the public. It is equally important for technical staff to be trained to 
understand and appreciate the nontechnical factors that shape some risk-management and 
decision-making issues. 

3 As discussed in Chapter 3, the iterative nature of the overall process calls for continuing evaluation of options 
as a risk assessment proceeds. The initial set of options can therefore be expected to evolve through revision, dele-
tion, and addition.
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LEADERSHIP AND MANAgEMENT

Because the development of the framework has agencywide application, it is critical 
for the EPA top-leadership to participate in the development and implementation of the 
framework. The leadership and participation by the EPA administrator and assistant admin-
istrators, Congress, other arms of the executive branch (for example, the Office of Science 
and Technology Policy, the White House, and the Office of Management and Budget), and 
major stakeholders, including other federal agencies, will be essential for improvements in 
EPA’s decision-making processes. 

In this context, leadership attention to several management objectives will be critical:

•	 Developing explicit policies that commit EPA to implementing an options-informed 
process for risk assessment and risk management.

•	 Funding to implement these policies, including budgets adequate for preparing guid-
ance and other documents, for training to prepare EPA personnel to undertake implementa-
tion activities, and for developing an expanded knowledge base and institutional capacity 
for more timely results.

•	 Adopting a common set of evaluation factors—applicable to all programs—for as-
sessing the outcomes of policy decisions and the efficacy of the framework.

Other activities can advance the agency’s implementation program. Ideally, the program 
would include a system of workshops for managers and staff to create a learning culture 
that emphasizes acquiring new knowledge, professional development, and decision-making 
practices and tools aimed at effective problem-solving. In this regard, a serious commitment 
to a consistent process for implementing the framework would include evaluating senior 
managers, in part, on the pace and success of applying new principles and practices in in-
dividual programs. Committed leadership would also pursue opportunities for partnerships 
and cooperative relationships with stakeholder organizations to expand the universe of op-
tions for problem-solving beyond traditional regulation. 

 In summary, informed and, in some cases, ground-breaking governance are intended 
to improve EPA risk-assessment processes, focus the assessment on the relevant questions, 
discourage political interference or pre-determined policy biases, and promote senior-level 
oversight of the timeliness, relevance, and impact of decision-making. The present report 
presents a major opportunity for EPA to re-examine its decision-making processes, innovate 
reforms, and expedite change that takes account of 21st century scientific developments, the 
faster pace of the global marketplace, and the needs of contemporary policy-making. 

CONCLUSIONS AND RECOMMENDATIONS

The committee was given a broad charge to develop scientific and technical recommenda-
tions for improving risk-analysis approaches used by EPA. In its evaluation, the committee 
focused on the scientific underpinnings of risk assessment and its role in decision-making. 

Risk assessment is at a crossroads, and the credibility of this essential tool is being 
challenged by stakeholders who have the potential to gain or lose from the outcome of an 
assessment. Although there appears to be an expanding need for risk-based decisions, the 
science underlying risk assessment and the decision contexts in which risk assessments are 
being used are increasingly complex, and the value and relevance of risk assessment are being 
questioned. The context of risk decisions has evolved since the development of the framework 
in the 1983 National Research Council report Risk Assessment in the Federal Go�ernment: 
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Managing the Process (NRC 1983), known as the Red Book, and challenges now often 
include broad consideration of multiple health and ecologic effects, costs and benefits, and 
risk-risk tradeoffs. The growing complexity of the process is compounded by the ever-chang-
ing nature of the science underlying many of the assumptions concerning measurement of 
adverse effects, exposures, dose and response, and uncertainty in the characterization of risks. 
As the science has advanced, so has the need to consider the social impacts of risk decisions 
to ensure that risk assessment is relevant to stakeholder concerns.

The following conclusions and recommendations aim to provide guidance to improve 
the scientific and technical basis of risk estimates, to address the characterization of vari-
ability and uncertainty, and ultimately to broaden the focus of risk analysis toward the 
development of improved public-health and environmental decisions. Implementation of the 
committee’s recommendations will help to ensure that risk assessments are consistent with 
current and evolving scientific understanding and relevant to the various risk-management 
missions of EPA. 

Design of Risk Assessment

The process of planning risk assessment and ensuring that its level and complexity are 
consistent with the needs to inform decision-making can be thought of as the “design” of 
risk assessment. The committee encourages EPA to focus greater attention on design in 
the formative stages of risk assessment, specifically on planning and scoping and problem 
formulation, as articulated in EPA guidance for ecologic and cumulative risk assessment 
(EPA 1998, 2003). Good design involves bringing risk managers, risk assessors, and various 
stakeholders together early in the process to determine the major factors to be considered, 
the decision-making context, and the timeline and depth needed and to ensure that the right 
questions are being asked in the context of the assessment. 

Increased emphasis on planning and scoping and on problem formulation has been 
shown to lead to risk assessments that are more useful and better accepted by decision-makers 
(EPA 2002, 2003, 2004); however, incorporation of these stages in risk assessment has been 
inconsistent, as noted by their absence from various EPA guidance documents (EPA 2005a, 
b). An important element of planning and scoping is definition of a clear set of options for 
consideration in decision-making where appropriate. This should be reinforced by the up-
front involvement of decision-makers, stakeholders, and risk assessors, who together can 
evaluate whether the design of the assessment will address the identified problems. 

Recommendation: Increased attention to the design of risk assessment in its formative 
stages is needed. The committee recommends that planning and scoping and problem 
formulation, as articulated in EPA guidance documents (EPA 1998, 2003), should be 
formalized and implemented in EPA risk assessments. 

Uncertainty and variability

Addressing uncertainty and variability is critical for the risk-assessment process. Un-
certainty stems from lack of knowledge, so it can be characterized and managed but not 
eliminated. Uncertainty can be reduced by the use of more or better data. Variability is an 
inherent characteristic of a population, inasmuch as people vary substantially in their ex-
posures and their susceptibility to potentially harmful effects of the exposures. Variability 
cannot be reduced, but it can be better characterized with improved information. 

There have been substantial differences among EPA’s approaches to and guidance for 
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addressing uncertainty in exposure and dose-response assessment. EPA does not have a con-
sistent approach to determine the level of sophistication or the extent of uncertainty analysis 
needed to address a particular problem. The level of detail for characterizing uncertainty 
is appropriate only to the extent that it is needed to inform specific risk-management deci-
sions appropriately. It is important to address the required extent and nature of uncertainty 
analysis in the planning and scoping phases of a risk assessment. Inconsistencies in the treat-
ment of uncertainty among components of a risk assessment can make the communication 
of overall uncertainty difficult and sometimes misleading.

Variability in human susceptibility has not received sufficient or consistent attention in 
many EPA health risk assessments although there are encouraging exceptions, such as those 
for lead, ozone, and sulfur oxides. For example, although EPA’s 2005 Guidelines for Car-
cinogen Risk Assessment (EPA 2005a) acknowledges that susceptibility can depend on one’s 
stage in life, this requires greater attention in practice, particularly for specific population 
groups that may have greater susceptibility because of their age, ethnicity, or socioeconomic 
status. The committee encourages EPA to move toward the long-term goal of quantifying 
population variability more explicitly in exposure assessment and dose-response relation-
ships. An example of progress that moves towards this goal is EPA’s draft risk assessment of 
trichloroethylene (EPA 2001; NRC 2006), which considers how differences in metabolism, 
disease, and other factors contribute to human variability in response to exposures.

Recommendation: EPA should encourage risk assessments to characterize and commu-
nicate uncertainty and variability in all key computational steps of risk assessment—for 
example, exposure assessment and dose-response assessment. Uncertainty and variability 
analysis should be planned and managed to reflect the needs for comparative evalua-
tion of the risk-management options. In the short term EPA, should adopt a “tiered” 
approach for selecting the level of detail to be used in the uncertainty and variability 
assessments, and this should be made explicit in the planning stage. To facilitate the 
characterization and interpretation of uncertainty and variability in risk assessments, 
EPA should develop guidance to determine the appropriate level of detail needed in un-
certainty and variability analyses to support decision-making and should provide clear 
definitions and methods for identifying and addressing different sources of uncertainty 
and variability.

Selection and Use of Defaults

Uncertainty is inherent in all stages of risk assessment, and EPA typically relies on as-
sumptions when chemical-specific data are not available. The 1983 Red Book recommended 
the development of guidelines to justify and select from among the available inference op-
tions, the assumptions—now called defaults—to be used in agency risk assessments to ensure 
consistency and avoid manipulations in the risk-assessment process. The committee acknowl-
edges EPA’s efforts to examine scientific data related to defaults (EPA 1992, 2004, 2005a), 
but recognizes that changes are needed to improve the agency’s use of them. Much of the 
scientific controversy and delay in completion of some risk assessments has stemmed from 
the long debates regarding the adequacy of the data to support a default or an alternative 
approach. The committee concludes that established defaults need to be maintained for the 
steps in risk assessment that require inferences and that clear criteria should be available for 
judging whether, in specific cases, data are adequate for direct use or to support an inference 
in place of a default. EPA, for the most part, has not yet published clear, general guidance 
on what level of evidence is needed to justify use of agent-specific data and not resort to a 

E27.283

http://www.nap.edu/12209


Science and Decisions: Advancing Risk Assessment

Copyright National Academy of Sciences. All rights reserved.

TOWARD IMPROVED RISK-BASED DECISION-MAKING 26�

default. There are also a number of defaults (missing or implicit defaults) that are engrained 
in EPA risk-assessment practice but are absent from its risk-assessment guidelines. For ex-
ample, chemicals that have not been examined sufficiently in epidemiologic or toxicologic 
studies are often insufficiently considered in or are even excluded from risk assessments; 
because no description of their risks is included in the risk characterization, they carry no 
weight in decision-making. That occurs in Superfund-site and other risk assessments, in 
which a relatively short list of chemicals on which there are epidemiologic and toxicologic 
data tends to drive the exposure and risk assessments.

Recommendation: EPA should continue and expand use of the best, most current science 
to support and revise default assumptions. EPA should work toward the development 
of explicitly stated defaults to take the place of implicit defaults. EPA should develop 
clear, general standards for the level of evidence needed to justify the use of alternative 
assumptions in place of defaults. In addition, EPA should describe specific criteria that 
need to be addressed for the use of alternatives to each particular default assumption. 
When EPA elects to depart from a default assumption, it should quantify the implications 
of using an alternative assumption, including how use of the default and the selected 
alternative influences the risk estimate for risk-management options under consideration. 
EPA needs to more clearly elucidate a policy on defaults and provide guidance on its 
implementation and on evaluation of its impact on risk decisions and on efforts to protect 
the environment and public health. 

A Unified Approach to Dose-Response Assessment 

A challenge to risk assessment is to evaluate risks in ways that are consistent among 
chemicals, that account adequately for variability and uncertainty, and that provide informa-
tion that is timely, efficient, and maximally useful for risk characterization and risk manage-
ment. Historically, dose-response assessments at EPA have been conducted differently for 
cancer and noncancer effects, and the methods have been criticized for not providing the 
most useful results. Consequently, noncancer effects have been underemphasized, especially 
in benefit-cost analyses. A consistent approach to risk assessment for cancer and noncancer 
effects is scientifically feasible and needs to be implemented. 

For cancer, it has generally been assumed that there is no dose threshold of effect, and 
dose-response assessments have focused on quantifying risk at low doses and estimating a 
population risk for a given magnitude of exposure. For noncancer effects, a dose threshold 
(low-dose nonlinearity) has been assumed, below which effects are not expected to occur 
or are extremely unlikely in an exposed population; that dose is a reference dose (RfD) or 
a reference concentration (RfC)—it is thought “likely to be without an appreciable risk of 
deleterious effects” (EPA 2002).

EPA’s treatment of noncancer and low-dose nonlinear cancer end points is a major step 
by the agency in an overall strategy to harmonize cancer and noncancer approaches to dose-
response assessment; however, the committee finds scientific and operational limitations in 
the current approaches. Noncancer effects do not necessarily have a threshold, or low-dose 
nonlinearity, and the mode of action of carcinogens varies. Background exposures and under-
lying disease processes contribute to population background risk and can lead to linearity at 
the population doses of concern. Because the RfD and RfC do not quantify risk for different 
magnitudes of exposure but rather provide a bright line between possible harm and safety, 
their use in risk-risk and risk-benefit comparisons and in risk-management decision-making 
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is limited. Cancer risk assessments usually do not account for differences among humans in 
cancer susceptibility other than possible differences in early-life susceptibility. 

Scientific and risk-management considerations both support unification of cancer and 
noncancer dose-response assessment approaches. The committee therefore recommends a 
consistent, unified approach for dose-response modeling that includes formal, systematic 
assessment of background disease processes and exposures, possible vulnerable populations, 
and modes of action that may affect a chemical’s dose-response relationship in humans. That 
approach redefines the RfD or RfC as a risk-specific dose that provides information on the 
percentage of the population that can be expected to be above or below a defined accept-
able risk with a specific degree of confidence. The risk-specific dose will allow risk managers 
to weigh alternative risk options with respect to that percentage of the population. It will 
also permit a quantitative estimate of benefits for different risk-management options. For 
example, a risk manager could consider various population risks associated with exposures 
resulting from different control strategies for a pollution source and the benefits associated 
with each strategy. The committee acknowledges the widespread applications and public-
health utility of the RfD; the redefined RfD can still be used as the RfD has been to aid 
risk-management decisions.

Characteristics of the committee’s recommended unified dose-response approach include 
use of a spectrum of data from human, animal, mechanistic, and other relevant studies; a 
probabilistic characterization of risk; explicit consideration of human heterogeneity (includ-
ing age, sex, and health status) for both cancer and noncancer end points; characterization 
(through distributions to the extent possible) of the most important uncertainties for cancer 
and noncancer end points; evaluation of background exposure and susceptibility; use of 
probabilistic distributions instead of uncertainty factors when possible; and characterization 
of sensitive populations. 

The new unified approach will require implementation and development as new chemi-
cals are assessed or old chemicals are reassessed, including the development of test cases to 
demonstrate proof of concept. 

Recommendation: The committee recommends that EPA implement a phased-in ap-
proach to consider chemicals under a unified dose-response assessment framework that 
includes a systematic evaluation of background exposures and disease processes, possible 
vulnerable populations, and modes of action that may affect human dose-response rela-
tionships. The RfD and RfC should be redefined to take into account the probability of 
harm. In developing test cases, the committee recommends a flexible approach in which 
different conceptual models can be applied in the unified framework. 

Cumulative Risk Assessment

EPA is increasingly asked to address broader public-health and environmental-health 
questions involving multiple exposures, complex mixtures, and vulnerability of exposed 
populations—issues that stakeholder groups (such as communities affected by environmental 
exposures) often consider to be inadequately captured by current risk assessments. There 
is a need for cumulative risk assessments as defined by EPA (EPA 2003)—assessments that 
include combined risks posed by aggregate exposure to multiple agents or stressors; aggre-
gate exposure includes all routes, pathways, and sources of exposure to a given agent or 
stressor. Chemical, biologic, radiologic, physical, and psychologic stressors are considered 
in this definition (Callahan and Sexton 2007). 

The committee applauds the agency’s move toward the broader definition in making 
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risk assessment more informative and relevant to decisions and stakeholders. However, in 
practice, EPA risk assessments often fall short of what is possible and is supported by agency 
guidelines in this regard. Although cumulative risk assessment has been used in various con-
texts, there has been little consideration of nonchemical stressors, vulnerability, and back-
ground risk factors. Because of the complexity of considering so many factors simultaneously, 
there is a need for simplified risk-assessment tools (such as databases, software packages, 
and other modeling resources) that would allow screening-level risk assessment and could 
allow communities and stakeholders to conduct assessments and thus increase stakeholder 
participation. Cumulative human health risk assessment should draw greater insights from 
ecologic risk assessment and social epidemiology, which have had to grapple with similar 
issues. A recent National Research Council report on phthalates addresses issues related to 
the framework within which dose-response assessment can be conducted in the context of 
simultaneous exposures to multiple stressors (NRC 2008). 

Recommendation: EPA should draw on other approaches, including those from ecologic 
risk assessment and social epidemiology, to incorporate interactions between chemical 
and nonchemical stressors in assessments; increase the role of biomonitoring, epide-
miologic, and surveillance data in cumulative risk assessments; and develop guidelines 
and methods for simpler analytical tools to support cumulative risk assessment and to 
provide for greater involvement of stakeholders. In the short-term, EPA should develop 
databases and default approaches to allow for incorporation of key nonchemical stress-
ors in cumulative risk assessments in the absence of population-specific data, considering 
exposure patterns, contributions to relevant background processes, and interactions with 
chemical stressors. In the long-term, EPA should invest in research programs related 
to interactions between chemical and nonchemical stressors, including epidemiologic 
investigations and physiologically based pharmacokinetic modeling. 

Improving the Utility of Risk Assessment

Given the complexities of the current problems and potential decisions faced by EPA, 
the committee grappled with designing a more coherent, consistent, and transparent pro-
cess that would provide risk assessments that are relevant to the problems and decisions at 
hand and that would be sufficiently comprehensive to ensure that the best available options 
for managing risks were considered. To that end, the committee proposes a framework for 
risk-based decision-making (see Figure 9-1). The framework consists of three phases: I, 
enhanced problem formulation and scoping, in which the available risk-management op-
tions are identified; II, planning and assessment, in which risk-assessment tools are used to 
determine risks under existing conditions and under potential risk-management options; and 
III, risk management, in which risk and nonrisk information is integrated to inform choices 
among options. 

The framework has at its core the risk-assessment paradigm (stage 2 of phase II) estab-
lished in the Red Book (NRC 1983). However, the framework differs from the Red Book 
paradigm, primarily in its initial and final steps. The framework begins with a “signal” of 
potential harm (for example, a positive bioassay or epidemiologic study, a suspicious disease 
cluster, or findings of industrial contamination). Under the traditional paradigm, the ques-
tion has been, What are the probability and consequence of an adverse health (or ecologic) 
effect posed by the signal? In contrast, the recommended framework asks, implicitly, What 
options are there to reduce the hazards or exposures that have been identified, and how can 
risk assessment be used to evaluate the merits of the various options? The latter question 
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focuses	 on	 the	 risk-management	 options	 (or	 interventions)	 designed	 to	 provide	 adequate	
public-health	 and	 environmental	 protection	 and	 to	 ensure	 well-supported	 decision-mak-
ing.	Under	 this	 framework,	 the	questions	posed	arise	 from	early	and	careful	planning	of	
the	types	of	assessments	(including	risks,	costs,	and	technical	feasibility)	and	the	required	
level	of	scientific	depth	that	are	needed	to	evaluate	the	relative	merits	of	the	options	being	
considered.�	Risk	management	involves	choosing	among	the	options	after	the	appropriate	
assessments	have	been	undertaken	and	evaluated.

The	framework	begins	with	enhanced	problem	formulation	and	scoping	(phase	 I),	 in	
which	risk-management	options	and	the	types	of	technical	analyses,	including	risk	assess-
ments,	needed	to	evaluate	and	discriminate	among	the	options	are	identified.	Phase	II	consists	
of	three	stages:	planning,	risk	assessment,	and	confirmation	of	utility.	Planning	(stage	1)	is	
done	to	ensure	that	the	level	and	complexity	of	risk	assessment	(including	uncertainty	and	
variability	analysis)	are	consistent	with	the	goals	of	decision-making.	After	risk	assessment	
(stage	2),	stage	3	evaluates	whether	the	assessment	was	appropriate	and	whether	it	allows	
discrimination	among	the	risk-management	options.	If	the	assessment	is	not	determined	to	
be	adequate,	 the	framework	calls	 for	a	return	to	planning	(phase	II,	 stage	1).	Otherwise,	
phase	III	(risk	management)	is	undertaken:	the	relative	health	or	environmental	benefits	of	the	
proposed	risk-management	options	are	evaluated	for	the	purpose	of	reaching	a	decision.	

The	framework	systematically	identifies	problems	and	options	that	risk	assessors	should	
evaluate	at	the	earliest	stages	of	decision-making.	It	expands	the	array	of	impacts	assessed	
beyond	individual	effects	(for	example,	cancer,	respiratory	problems,	and	individual	species)	
to	include	broader	questions	of	health	status	and	ecosystem	protection.	It	provides	a	formal	
process	for	stakeholder	involvement	throughout	all	stages	but	has	time	constraints	to	en-
sure	that	decisions	are	made.	It	increases	understanding	of	the	strengths	and	limitations	of	
risk	assessment	by	decision-makers	at	all	levels,	for	example,	by	making	uncertainties	and	
choices	more	transparent.	

The	committee	is	mindful	of	concerns	about	political	 interference	in	the	process,	and	
the	framework	maintains	the	conceptual	distinction	between	risk	assessment	and	risk	man-
agement	articulated	in	the	Red	Book.	It	is	imperative	that	risk	assessments	used	to	evalu-
ate	risk-management	options	not	be	 inappropriately	 influenced	by	the	preferences	of	risk	
managers.	

With	a	focus	on	early	and	careful	planning	and	problem	formulation	and	on	the	options	
for	managing	the	problem,	implementation	of	the	framework	can	improve	the	utility	of	risk	
assessment	 for	decision-making.	Although	some	aspects	of	 the	 framework	are	achievable	
in	the	short	term,	its	full	implementation	will	require	a	substantial	transition	period.	EPA	
should	phase	 in	 the	 framework	with	a	series	of	demonstration	projects	 that	apply	 it	and	
that	determine	 the	degree	 to	which	 it	meets	 the	needs	of	 the	agency	 risk	managers,	how	
risk-management	conclusions	differ	as	a	result	of	 its	application,	and	 the	effectiveness	of	
measures	to	ensure	that	risk	managers	and	policy-makers	do	not	inappropriately	influence	
the	scientific	conduct	of	risk	assessments.

Recommendation: To make risk assessments most useful for risk-management deci-
sions, the committee recommends that EPA adopt a framework for risk-based decision- 
making (see Figure 9-1) that embeds the Red Book risk-assessment paradigm into a 
process with initial problem formulation and scoping, upfront identification of risk-
management options, and use of risk assessment to discriminate among these options. 

�	The	committee	notes	that	not	all	decisions	require	or	are	amenable	to	risk	assessment	and	that	in	most	cases	
one	of	the	options	explicitly	considered	is	“no	intervention.”	
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Stakeholder Involvement 

Many stakeholders believe that the current process for developing and applying risk as-
sessments lacks credibility and transparency. That may be partly because of failure to involve 
stakeholders adequately as active participants at appropriate points in the risk-assessment 
and decision-making process rather than as passive recipients of the results. Previous Na-
tional Research Council and other risk-assessment reports (NRC 1996; PCCRARM 1997) 
and comments received by the committee (Callahan 2007; Kyle 2007) echo such concerns.

The committee agrees that greater stakeholder involvement is necessary to ensure that 
the process is transparent and that risk-based decision-making proceeds effectively, efficiently, 
and credibly. Stakeholder involvement needs to be an integral part of the risk-based deci-
sion-making framework, beginning with problem formulation and scoping. 

Although EPA has numerous programs and guidance documents related to stakeholder 
involvement, it is important that it adhere to its own guidance, particularly in the con-
text of cumulative risk assessment, in which communities often have not been adequately 
involved. 

Recommendation: EPA should establish a formal process for stakeholder involvement 
in the framework for risk-based decision-making with time limits to ensure that deci-
sion-making schedules are met and with incentives to allow for balanced participation 
of stakeholders, including impacted communities and less advantaged stakeholders.

Capacity-building

Improving risk-assessment practice and implementing the framework for risk-based deci-
sion-making will require a long-term plan and commitment to build the requisite capacity 
of information, skills, training, and other resources necessary to improve public-health and 
environmental decision-making. The committee’s recommendations call for considerable 
modification of EPA risk-assessment efforts (for example, implementation of the risk-based 
decision-making framework, emphasis on problem formulation and scoping as a discrete 
stage in risk assessment, and greater stakeholder participation) and of technical aspects of 
risk assessment (for example, unification of cancer and noncancer dose-response assessments, 
attention to quantitative uncertainty analysis, and development of methods for cumulative 
risk assessment). The recommendations are tantamount to “change-the-culture” transforma-
tions in risk assessment and decision-making in the agency.

EPA’s current institutional structure and resources may pose a challenge to implementa-
tion of the recommendations, and moving forward with them will require a commitment 
to leadership, cross-program coordination and communication, and training to ensure 
the requisite expertise. That will be possible only if leaders are determined to reverse the 
downward trend in budgeting, staffing, and training and to making high-quality, risk-based 
decision-making an agencywide goal.

Recommendation: EPA should initiate a senior-level strategic re-examination of its risk-
related structures and processes to ensure that it has the institutional capacity to imple-
ment the committee’s recommendations for improving the conduct and utility of risk 
assessment for meeting the 21st century environmental challenges. EPA should develop 
a capacity building plan that includes budget estimates required for implementing the 
committee’s recommendations, including transitioning to and effectively implementing 
the framework for risk-based decision-making.
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Appendix A

Biographic Information on the  
Committee on Improving Risk Analysis 

Approaches Used by the  
Environmental Protection Agency

Thomas A. burke (Chair) is associate dean for public health practice and professor of health 
policy and management at the Johns Hopkins University Bloomberg School of Public Health.  
He holds joint appointments in the Department of Environmental Health Sciences and the 
School of Medicine Department of Oncology. Dr. Burke is also director of the Johns Hopkins 
Risk Sciences and Public Policy Institute. His research interests include environmental epide-
miology and surveillance, evaluation of population exposures to environmental pollutants, 
assessment and communication of environmental risks, and application of epidemiology and 
health risk assessment to public policy. Before joining the university, Dr. Burke was deputy 
commissioner of health for New Jersey and director of science and research for the New 
Jersey Department of Environmental Protection. In New Jersey, he directed initiatives that 
influenced the development of national programs, such as Superfund, the Safe Drinking 
Water Act, and the Toxics Release Inventory. Dr. Burke is a member of the U.S. EPA Sci-
ence Advisory Board. He was the inaugural chair of the Advisory Board to the director of 
the Centers for Disease Control and Prevention National Center for Environmental Health 
and served two terms on the National Research Council Board on Environmental Studies 
and Toxicology. He has served on several National Research Council committees; he was 
chair of the Committee on Human Biomonitoring for Environmental Toxicants and the 
Committee on Toxicants and Pathogens in Biosolids Applied to Land and a member of the 
Committee on the Toxicological Effects of Methyl Mercury. In 2003, he was designated a 
lifetime national associate of the National Academies. He received his PhD in epidemiology 
from the University of Pennsylvania. 

A. john bailer is distinguished professor in the Department of Mathematics and Statistics, 
an affiliate member of the Department of Zoology, an affiliate member of the Department 
of Sociology and Gerontology, and a research fellow in the Scripps Gerontology Center at 
Miami University in Oxford, OH. His research interests include the design and analysis of 
environmental and occupational health studies and quantitative risk estimation. Dr. Bailer 
is a fellow of the American Statistical Association (ASA), a fellow of the Society for Risk 
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Analysis, and a recipient of the ASA Statistics and the Environment Distinguished Achieve-
ment Medal. He serves on the National Research Council Committee on Spacecraft Exposure 
Guidelines and has served on other National Research Council committees, including the 
Committee to Review the OMB Risk Assessment Bulletin and the Committee on Toxicologic 
Assessment of Low-Level Exposures to Chemical Warfare Agents. He also has served as a 
member of the Report on Carcinogens Subcommittee and the Technical Reports Review 
Subcommittee of the Board of Scientific Counselors of the National Toxicology Program. He 
received his PhD in biostatistics from the University of North Carolina at Chapel Hill.

john M. balbus is the chief health scientist at Environmental Defense and adjunct professor 
of environmental health sciences at Johns Hopkins University. His expertise is in epidemiol-
ogy, toxicology, and risk science. He spent 7 years at George Washington University, where 
he was the founding director of the Center for Risk Science and Public Health and served as 
acting chair of the Department of Environmental and Occupational Health; he was also an 
associate professor of medicine at the university. Dr. Balbus has served as a member of the 
Environmental Protection Agency (EPA) Children’s Health Protection Advisory Committee, 
as a core panel member of EPA’s Voluntary Children’s Chemical Exposure Program, and on 
EPA review committees for air-toxics research, computational toxicology, and climate-change 
research. He serves on the National Research Council’s Board on Environmental Studies 
and Toxicology. Dr. Balbus received his MD from the University of Pennsylvania and his 
BA from Harvard University.

joshua T. Cohen is a research associate professor at Tufts Medical Center in the Institute 
for Clinical Care Research and Health Policy Studies. Dr. Cohen’s research focuses on the 
application of decision analytic techniques to public-health risk-management problems with 
an emphasis on the characterization and analysis of uncertainty. He was the lead author 
on a study comparing the risks and benefits associated with changes in population fish-
consumption patterns, an analysis of the risks and benefits associated with cellular-phone 
use during driving, and a study comparing the costs and health impacts of advanced diesel 
and compressed natural-gas urban-transit buses. He also has played a key role in a risk as-
sessment of bovine spongiform encephalopathy (“mad cow disease”) in the United States. 
Dr. Cohen served on the National Research Council Committee on EPA’s Exposure and 
Human Health Reassessment of TCDD and Related Compounds and was a member of the 
Environmental Protection Agency Clean Air Science Advisory Committee that reviewed the 
agency’s evaluation of risks associated with lead. He earned his PhD in decision sciences 
from Harvard University.

Adam M. Finkel is professor of environmental and occupational health at the University 
of Medicine and Dentistry of New Jersey School of Public Health and executive director of 
the Penn Program on Regulation at the University of Pennsylvania Law School. From 2004 
to 2007, he was also a visiting professor at Princeton University’s Woodrow Wilson School 
of Public and International Affairs. His research interests include quantitative risk assess-
ment of health hazards in the workplace and general environment, regulatory design and 
policy, scientific-integrity issues, human susceptibility to carcinogenesis, and occupational 
and environmental regulation and enforcement. From 1995 to 2005, he was a senior execu-
tive at the U.S. Occupational Safety and Health Administration (OSHA), serving as OSHA’s 
national director of regulatory programs and later as chief OSHA administrator in the six-
state Rocky Mountain region, based in Denver, CO. He has developed methods to quantify 
and communicate uncertainties in risk and cost estimation and to explore the variation in 
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environmental and medical risks that people face because of differences in susceptibility, 
exposure, and other factors. Dr. Finkel received his ScD in environmental health sciences 
from the Harvard School of Public Health.

gary ginsberg is a senior toxicologist in the Division of Environmental Epidemiology at the 
Connecticut Department of Public Health, an assistant clinical professor at the University 
of Connecticut School of Medicine, and an adjunct faculty member at the Yale University 
School of Medicine. Dr. Ginsberg is involved with the use of toxicology and risk-assessment 
principles to evaluate human exposures to chemicals in air, water, soil, food, and the work-
place. He provides risk-assessment expertise to the department and other state agencies in 
standard-setting and site-remediation projects. Dr. Ginsberg is a member of the Federal Ad-
visory Committee on Children’s Health Protection, which reports to the administrator of the 
Environmental Protection Agency. He served on the National Research Council Committee 
on Human Biomonitoring for Environmental Toxicants. He received his PhD in toxicology 
from the University of Connecticut.

bruce k. Hope is a senior environmental toxicologist in the Air Quality Division of the 
Oregon Department of Environmental Quality. Dr. Hope’s expertise includes preparation 
and review of human, ecologic, and probabilistic risk assessments; exposure modeling; 
development of air-toxics benchmarks and risk-assessment strategies; and evaluation and 
communication of health and environmental risk associated with chemical releases. He has 
been an adjunct faculty member of the Oregon Health & Science University, where he taught 
courses in risk communication, toxicology, and risk assessment. Dr. Hope served on a number 
of Environmental Protection Agency (EPA) Science Advisory Board committees. Recently, he 
served as a panelist in the Workshop on Ecological Risk Assessment—An Evaluation of the 
State-of-the-Practice and on EPA’s Regulatory Environmental Modeling Guidance Advisory 
Panel. He received his PhD in biology from the University of Southern California.

jonathan I. Levy is an associate professor of environmental health and risk assessment in 
the Department of Environmental Health and the Department of Health Policy and Man-
agement at the Harvard School of Public Health and an affiliate of the Harvard Center 
for Risk Analysis. His research interests include quantitative risk assessment with a focus 
on air-pollution–related health risks in urban environments, development of quantitative 
measures of environmental equity suitable for risk assessment and benefit-cost analyses, 
and development and application of exposure models for multiple pollutants in urban low-
income settings. Dr. Levy previously served on the National Research Council Committee 
on the Effects of Changes in New Source Review Programs for Stationary Sources of Air 
Pollutants. He received his ScD from the Harvard School of Public Health in environmental 
science and risk management.

Thomas E. Mckone is senior staff scientist and deputy department head at the Lawrence 
Berkeley National Laboratory and an adjunct professor and researcher at the University of 
California, Berkeley School of Public Health. Dr. McKone’s research interests include the 
use of multimedia compartment models in health-risk assessments, chemical transport and 
transformation in the environment, and measuring and modeling the biophysics of contami-
nant transport from the environment into the microenvironments with which humans have 
contact and across the human-environment exchange boundaries—skin, lungs, and gut. One 
of Dr. McKone’s most recognized achievements was his development of the CalTOX risk-
assessment framework for the California Department of Toxic Substances Control. He has 
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been a member of several National Research Council committees, including the Committees 
on Environmental Decision Making: Principles and Criteria for Models, EPA’s Exposure and 
Human Health Reassessment of TCDD and Related Compounds, Toxicants and Pathogens 
in Biosolids Applied to Land, and Toxicology. Dr. McKone was recently appointed by Cali-
fornia Governor Arnold Schwarzenegger to the California Scientific Guidance Panel. He is 
a fellow of the Society for Risk Analysis, former president of the International Society of 
Exposure Analysis, and a member the Organizing Committee for the International Life-Cycle 
Initiative, a joint effort of the UN Environment Program and the Society for Environmental 
Toxicology and Chemistry. He earned his PhD in engineering from the University of Cali-
fornia at Los Angeles.

gregory M. Paoli is a co-founder and principal risk scientist at Risk Sciences International 
based in Ottawa, Canada. He has experience in the development and application of risk analysis 
methods in diverse risk domains including microbiologic, toxic, and nutritional hazards, cli-
mate-change adaptation, air quality, drinking water, engineering devices, risk-based sampling 
and inspection, and a number of comparative risk assessment applications. His consulting ac-
tivities also include risk management and risk communication, primarily for public-sector cli-
ents. Mr. Paoli previously served on the National Research Council Committee on the Review 
of the USDA E. coli 0157:H7 Farm-to-Table Process Risk Assessment. He serves on numer-
ous expert panels including expert consultations convened by the World Health Organization 
(JEMRA), advisory panels of Canada’s National Roundtable on the Environment and the Econ-
omy, Health Canada’s Expert Advisory Committee on Antimicrobial Resistance Risk Assess-
ment and the Canadian Standards Association’s Technical Committee on Risk Management.  
Mr. Paoli is a member of the editorial board of Risk Analysis and served as a councilor of 
the Society for Risk Analysis. Mr. Paoli earned a master of applied science degree in systems 
design engineering from the University of Waterloo.

Charles Poole is associate professor in the Department of Epidemiology at the University 
of North Carolina School of Public Health. Previously, he was with the Boston University 
School of Public Health. Dr. Poole’s work focuses on the development and use of epidemio-
logic methods and principles, including problem definition, study design, data collection, 
statistical analysis, and interpretation and application of research results. His research ex-
perience includes studies in environmental and occupational epidemiology. Dr. Poole was 
an epidemiologist in the Environmental Protection Agency Office of Pesticides and Toxic 
Substances for 5 years and worked for a decade as an epidemiologic consultant. Dr. Poole 
was a member of the Institute of Medicine Committee on Gulf War and Health: Review of 
the Literature on Pesticides and Solvents and the National Research Council Committees 
on Estimating the Health-Risk-Reduction Benefits of Proposed Air Pollution Regulations, 
on Fluoride in Drinking Water, and on the Review the OMB Risk Assessment Bulletin. He 
received his ScD in epidemiology from the Harvard School of Public Health.

joseph v. Rodricks is a founding principal of ENVIRON International Corporation. Dr. 
Rodricks has expertise in toxicology and risk analysis and in their uses in regulation. He 
was formerly deputy associate commissioner for health affairs and toxicologist for the Food 
and Drug Administration, and he is now a visiting professor at the Johns Hopkins University 
Bloomberg School of Public Health. Dr. Rodricks’s experience includes chemical products 
and contaminants in foods, food ingredients, air and water pollution, hazardous wastes, the 
workplace, consumer products, and medical devices and pharmaceutical products. He has 
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consulted for manufacturers, government agencies, and the World Health Organization. He 
has more than 150 publications on toxicology and risk analysis, and he has lectured nation-
ally and internationally on these topics. He has been a diplomate of the American Board of 
Toxicology since 1982. Dr. Rodricks has served on numerous National Research Council and 
Institute of Medicine committees and currently serves on the Board on Environmental Studies 
and Toxicology. He earned his PhD in biochemistry from the University of Maryland. 

bailus Walker, jr., (IOM) is professor of environmental and occupational medicine at 
Howard University College of Medicine. His research interests include lead toxicity, envi-
ronmental carcinogenesis, and the social and economic dimensions of environmental-risk 
management strategies. He was the commissioner of public health for the Commonwealth 
of Massachusetts and, earlier, state director of public health for Michigan. In other regula-
tory and service work, Dr. Walker was director of the Health Standards Division of the 
U.S. Occupational Safety and Health Administration (OSHA). In academe, his assignments 
have included being a professor of environmental health and toxicology at the University at 
Albany, State University of New York at Albany, and dean of the Faculty of Public Health 
at the University of Oklahoma Health Sciences Center, Oklahoma City. Dr. Walker has also 
served as chairman of the Board of Scientific Counselors of the Agency for Toxic Substance 
and Disease Registry and is senior science adviser on environmental health to the National 
Library of Medicine. He is a past president of the American Public Health Association and 
a Distinguished Fellow of the Royal Society of Health (London, England) and the American 
College of Epidemiology. Dr. Walker is a member of the Institute of Medicine and served for 
two terms on the Board of Environmental Studies and Toxicology (BEST) of the National 
Research Council. In addition, he served on a number of other National Research Council 
committees, including being chair of the Committee on Toxicology and a member of the 
Committee on Estimating Mortality Risk Reduction Benefits from Decreasing Tropospheric 
Ozone Exposure. Dr. Walker received his PhD in occupational and environmental medicine 
from the University of Minnesota at Minneapolis.

Terry F. yosie is president and CEO of the World Environment Center, a nonprofit, non-
advocacy organization whose mission is to advance sustainable development through the 
private sector in partnership with government, nongovernment organization, academic, and 
other stakeholders. From 2001 through 2005, Dr. Yosie served as the American Chemistry 
Council’s vice president for the Responsible Care initiative, a performance program that 
includes environmental, health, and safety management; product stewardship; security; and 
other aspects of the business value chain. He has about 25 years of professional experience 
in managing and analyzing the use of scientific information in the setting of environmental 
standards. He was the first executive director of the Clean Air Scientific Advisory Commit-
tee, which is responsible for reviewing the scientific basis of national ambient air quality 
standards. He served as director of the Environmental Protection Agency (EPA) Science 
Advisory Board from 1981 to 1988 and instituted policies and procedures for enhancing the 
use of scientific information in regulatory decision-making. Dr. Yosie was vice president for 
health and environment at the American Petroleum Institute and executive vice president of 
Ruder Finn consultancy, where he was responsible for the firm’s environmental-management 
practice. He has served on a number of National Research Council committees and boards, 
including the Committee to Review the Structure and Performance of the Health Effects 
Institute, the Committee on Research Priorities for Airborne Particulate Matter, and the 
Board on Environmental Studies and Toxicology. He is the author of about 60 publications 
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on the use of scientific information in the development of public health and environmental 
policies. He earned his doctorate from the College of Humanities and Social Sciences at 
Carnegie Mellon University in 1981.

Lauren Zeise is chief of the reproductive and cancer hazard assessment branch of the Califor-
nia Environmental Protection Agency. Her current work focuses on cancer and reproductive 
hazard risk assessments, assessment methods, cumulative impact analysis, and the California 
Environmental Chemical Biomonitoring Program. She has served on advisory boards of 
the U.S. Environmental Protection Agency, the World Health Organization, the Office of 
Technology Assessment, and the National Institute of Environmental Health Sciences. She 
has also served on several Institute of Medicine and National Research Council committees, 
including the Committees on Risk Characterization, on Toxicity Testing and Assessment of 
Environmental Agents, on Comparative Toxicology of Naturally Occurring Carcinogens, on 
Copper in Drinking Water, and on Review of EPA’s Research Grants Program. Dr. Zeise is a 
member of the National Research Council Board on Environmental Studies and Toxicology. 
She received her PhD from Harvard University.
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Appendix B

Statement of Task of the Committee on 
Improving Risk Analysis Approaches Used by the 

Environmental Protection Agency

An NRC committee will develop scientific and technical recommendations for improv-
ing the risk analysis approaches used by the Environmental Protection Agency (EPA).  
Taking into consideration past evaluations and ongoing studies by the NRC and others, 
the committee will conduct a scientific and technical review of EPA’s current risk analysis 
concepts and practices. The committee will consider analyses applied to contaminants 
in all environmental media (water, air, food, soil) and all routes of exposure (ingestion, 
inhalation, and dermal absorption). The committee will focus primarily on human health 
risk analysis and will comment on the broad implications of its findings and recommenda-
tions to ecological risk analysis.  In making recommendations, the committee will indicate 
practical improvements that can be made in the near term (2-5 years) and improvements 
that would be made over a longer term (10-20 years).  The committee will address topics 
such as the following:

•	 Increased role for probabilistic analysis in risk analysis, including the potential 
expanded role for expert elicitation.

•	 Scientific bases for and alternatives to default assumption choices made in areas of 
uncertainty.

•	 Quantitative characterization of uncertainty resulting from all steps in the risk 
analysis.

•	 Approaches for assessing cumulative risk resulting from multiple exposures to con-
taminant mixtures, involving multiple sources, pathways, routes. 

•	 Variability in receptor populations, especially sensitive subpopulations and critical 
life stages.

•	 Biologically relevant modes of action for estimating dose-response relationships, and 
quantitative implications of different modes.

•	 Improvements in environmental transport and fate models, exposure models, physi-
ologically based pharmacokinetic (PBPK) models, and dose-response models.
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•	 How the concepts and practices of ecological risk analysis can help inform and 
improve the concepts and practices of human health risk analysis, and vice versa.

•	 Scientific basis for derivation of uncertainty factors.
•	 Use of value-of-information analyses and other techniques to identify priorities and 

approaches for research to obtain relevant data to increase the utility of risk analyses.
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Timeline of Selected Environmental Protection  
Agency Risk-Assessment Activities
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TAbLE C-1  Timeline of Selected EPA Risk-Assessment Activities
Date and Title of Milestone Commentsa

EPA 1976 Interim 
Procedures and Guidelines 
for Health Risk and 
Economic Impact 
Assessments of Suspected 
Carcinogens

First agency “inference” guidelines on cancer risk. “How likely is the 
risk to occur, and if it does occur, what are the consequences? How 
likely is an agent to be a human carcinogen? How much cancer might 
be produced by the agent if it remains unregulated?”

NRC 1983 Risk 
Assessment in the Federal 
Go�ernment: Managing the 
Process

Seminal risk-assessment report that established the four organizing 
principles for government risk efforts: hazard identification, dose-
response assessment, exposure assessment, and risk characterization. 
Report also recommended that uniform inference guidelines be 
developed and that regulatory agencies take steps to establish and 
maintain a clear distinction between risk-assessment and risk-
management activities.

Definition of Risk Assessment: characterization of potential adverse 
health effects of human exposure to environmental hazards.

EPA 1984 Risk Assessment 
and Management: 
Framework for Decision 
Making

EPA’s response to NRC (1983), Risk Assessment in the Federal 
Go�ernment: Managing the Process. Discusses EPA’s activities to address 
recommendations in the 1983 NRC report, including establishing the 
Risk Assessment Forum and efforts to develop six risk-assessment 
guidelines. Risk-management activities were expanded to include 
cost-effectiveness tools that could be used in risk management, the 
importance of strengthening communication in risk management, 
and risk-management principles, such as consistency of approach in 
making decisions. Prompted training program for EPA senior managers 
with emphasis on the distinction between risk-assessment and risk-
management activities.  

Definition of Risk Assessment: In simplest sense, population risks 
posed by toxic pollutants are a function of two measurable factors: 
hazard and exposure. To cause a risk, a chemical has to be both toxic 
(present as intrinsic hazard) and present in the human environment 
at some substantial level (provide opportunity for human exposure). 
Risk assessment interprets evidence on the two points, judging whether 
an adverse effect will occur and (if appropriate) making the necessary 
calculations to estimate the extent of total effects.

1984 Risk Assessment 
Forum Charter

In 1984, the Risk Assessment Forum (RAF) is established in response 
to an NRC (1983) recommendation “to promote consensus on risk 
assessment issues.” RAF convenes risk-assessment experts to study and 
report on risk-assessment issues. RAF has produced risk-assessment 
guidelines, technical panel reports on special risk-assessment issues, and 
peer-consultation and peer-review workshops (EPA 2002a). 

OSTP 1985 Chemical 
Carcinogens: Re�iew of the 
Science and Its Associated 
Principles

Report details 31 principles developed by interagency group for 
carcinogenicity evaluations in regulatory settings.

EPA 1986a Memorandum: 
Establishment of the Risk 
Assessment Council

The Risk Assessment Council is established in 1986 by Lee Thomas to 
“oversee virtually all aspects of the Agency’s risk assessment process, 
to identify issues and problems with that process” (EPA 1986a), and 
to ensure that EPA programs use risk assessment in a consistent and 
scientifically credible fashion. 
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Date and Title of Milestone Commentsa

EPA 1986b Guidelines 
for Carcinogen Risk 
Assessment

The 1986 guidelines, developed to address an NRC (1983) 
recommendation to craft cancer inference guidelines, incorporate 
concepts and approaches established since the previous cancer guidelines 
were released in 1976. 

EPA 1986c Guidelines 
for Mutagenicity Risk 
Assessment

The guidelines state that “a consistent approach to the evaluation of 
mutagenic risk from chemical substances arises from the authority 
conferred upon the Agency by a number of statutes to regulate potential 
mutagens” (EPA 1986c, p. 2).

Definition of Risk Assessment: Risk assessment comprises hazard 
identification, dose-response assessment, exposure assessment, and 
risk characterization (NRC 1983). Hazard identification is qualitative 
risk assessment, dealing with the inherent toxicity of a chemical 
substance. A qualitative mutagenicity assessment answers the question 
of how likely an agent is to be a human mutagen. The three remaining 
components constitute quantitative risk assessment, which provides a 
numerical estimate of the public-health consequences of exposure to 
an agent. The quantitative mutagenicity risk assessment deals with the 
question of how much mutational damage is likely to be produced by 
exposure to a given agent under particular exposure scenarios.

EPA 1986d Guidelines for 
Chemical Mixtures Risk 
Assessment 

Details agency approaches to assessing risks posed by complex chemical 
mixtures with supplementary update in EPA (2000a).

EPA 1987 Unfinished 
Business: A Comparati�e 
Assessment of 
En�ironmental Problems 

Assesses agency resource allocations relative to magnitude of risks and 
protection gained.

“Many new [environmental] problems are difficult to evaluate; many 
involve toxic chemicals that can cause cancer or birth defects at levels 
of exposure that are hard to detect; and many involve persistent 
contaminants that can move from one environment medium to another, 
causing further damage even after controls have been applied for one 
medium. The complexity and gravity of these issues make it particularly 
important that EPA apply its finite resources where they will have the 
greatest effect. Thus, the Administrator of EPA commissioned a special 
task force of senior career managers and technical experts to assist him 
and other policy makers in the task. The assignment was to compare 
the risks currently associated with major environmental problems” (EPA 
1987, p. xiii).

EPA 1989 Risk Assessment 
Guidance for Superfund 
(RAGS)

Provides guidance on conducting site-specific risk assessments at 
Superfund sites. About four pages are devoted to planning and scoping.
See EPA 1989 Risk Assessment Guidance for Superfund, Vol. 1—
Human Health E�aluation Manual, Parts A-E; Baseline Assessment (EPA 
1989), Community Involvement (EPA 1999); Preliminary Remediation 
Goals (EPA 1991a); Remedial Alternatives (EPA 1991b); Standardized 
Planning and Reporting, and Dermal Risk Assessment (EPA 2001).

TAbLE C-1 Continued

Continued

E27.304

http://www.nap.edu/12209


Science and Decisions: Advancing Risk Assessment

Copyright National Academy of Sciences. All rights reserved.

286 SCIENCE AND DECISIONS: ADVANCING RISK ASSESSMENT

Date and Title of Milestone Commentsa

NRC 1989 Impro�ing Risk 
Communication

Risk communication is a two-way process involving participation of and 
information exchange between the scientist and the public.

Definition of Risk Assessment: Generally refers to characterization of 
potential adverse effects of exposures to hazards.

Characterization of potential adverse effects of exposures to hazards; 
includes estimates of risk and of uncertainties in measurements, analytic 
techniques, and interpretive models; quantitative risk assessment 
characterizes risk in numerical representations.

EPA SAB 1990 Reducing 
Risk: Setting Priorities 
and Strategies for 
En�ironmental Protection

Science Advisory Board peer review of 1987’s Unfinished Business—
“National policy affecting the environment must become more 
integrated and more focused on opportunities for environmental 
improvement than it has been in the past. . . . Integration in this 
case means that government agencies should assess the range of 
environmental problems of concern and then target protective efforts 
at the problems that seem to be the most serious. . . . The concept of 
environmental risk can help the nation develop environmental policies 
in a consistent and systematic way” (EPA SAB 1990, pp. 1-2).

1990 Amendments to the 
Clean Air Act

To expedite control of air toxics, Congress switches EPA’s approach 
from a risk-assessment–oriented program to a technology-oriented 
regulatory approach with a mandate to study “residual risks” posed by 
189 air toxics 8 y after technology controls are put into place. 

EPA 1991c Guidelines for 
De�elopmental Toxicity 
Risk Assessment

Guidelines outline principles and methods to characterize risks 
posed by environmental exposures during human development. They 
address relationship between maternal and developmental toxicity, 
characterization of health-related database for developmental-toxicity 
risk assessment, use of reference dose or reference concentration for 
developmental toxicity, and use of benchmark dose. 

Definition of Risk Assessment: Process by which scientific judgments 
are made concerning the potential for toxicity to occur in humans.

EPA 1991d Alpha2u-
Globulin: Association with 
Chemically Induced Renal 
Toxicity and Neoplasia in 
the Male Rat 

EPA’s Risk Assessment Forum is among first to describe animal tumors 
not found in humans; related volume on thyroid follicular-cell tumors is 
published in 1998.

EPA 1992a Guidance on 
Risk Characterization for 
Risk Managers and Risk 
Assessors

Agencywide guidance includes a statement of confidence about data 
and methods used to develop assessment; need to provide basis of 
greater consistency and comparability in risk assessments across agency 
programs; and role of professional scientific judgment in overall 
statement of risk. 

EPA 1992b De�eloping a 
Work Scope for Ecological 
Assessments 

Develops a framework for ecologic risk assessment. Describes process 
in detail and demonstrates how it could be applied to broad array of 
situations. Defines ecologic risk assessment as “a process that evaluates 
the likelihood that adverse ecological effects may occur or are occurring 
as a result of exposure, to one or more stressors” (EPA 1992b).

EPA 1992c Guidelines for 
Exposure Assessment 

Guidelines, which pertain to both human and wildlife exposures 
to chemicals, provide general information on exposure assessment, 
including definitions and guidance on planning, conducting exposure-
assessment studies, presenting results, and characterizing uncertainty. 
State that exposure estimates will be fully detailed in risk assessments, 
including assumptions, uncertainties, and rationale for each.
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Date and Title of Milestone Commentsa

EPA 1992d Dermal 
Exposure Assessment:
Principles and Applications

Summarizes current state of knowledge regarding dermal exposure 
to water, soil, and vapors; presents methods for estimating dermal 
absorption stemming from contact with these media; and elaborates on 
their associated uncertainties. Focuses on evaluating exposures from 
waste-disposal sites or contaminated soils. 

EPA 1993 Memorandum: 
Creation of a Science 
Policy Council 

Science Policy Council (SPC) is created in 1993 to replace RAC 
and is chaired by assistant administrator for Office of Research 
and Development (ORD). It is tasked with an expanded mission to 
“implement and ensure the success of selected initiatives recommended 
by external advisory bodies such as the National Research Council and 
the Science Advisory Board, as well as others such as the Congress, 
industry and environmental groups, and Agency staff.” SPC has 
developed a number of guidance documents and policies for the agency.

NRC 1993a Pesticides in 
the Diets of Infants and 
Children 

Concluded that children consume more air, water, and food on a body-
weight basis than adults and engage in other behaviors that make them 
more susceptible to environmental exposures, including hand-to-mouth 
and object-to-mouth behaviors. The publication of this report is one of the 
factors that prompted the 1996 Food Quality Protection Act for pesticides. 

NRC 1993b Issues in Risk 
Assessment

This report examines the scientific basis, inference assumptions, 
and regulatory uses o and research needs in risk assessment in two 
parts. First, use of maximum tolerated dose in animal bioassays for 
carcinogenicity addresses whether the maximum tolerated dose should 
continue to be used in carcinogenesis bioassays. Second, two-stage 
models of carcinogenesis, stems from efforts to identify improved means 
of cancer risk assessment that has resulted in the development of a 
mathematical dose-response model.

EPA 1994a Guidance 
Manual for the IEUBK 
Model for Lead in Children

Given that there is no reference dose for lead, the EPA risk reduction 
goal for contaminated sites is to limit the probability of a child’s blood 
lead concentration exceeding 10 μg/dL to 5% or less after cleanup. 
Blood lead concentration can be correlated with exposure and adverse 
health effects. The Integrated Exposure Uptake Biokinetic Model for 
Lead in Children is used to predict blood lead concentration and the 
probability of a child’s blood lead concentration exceeding 10 μg/dL, 
considering a multimedia exposure scenario and toxicokinetics.

NRC 1994 Science 
and Judgment in Risk 
Assessment 

Report makes a variety of recommendations to EPA, many directed 
at the Office of Air and Radiation, including that EPA explicitly 
identify each use of a default option in risk assessments, the agency 
should conduct quantitative analyses of uncertainty, that risk managers 
be given characterizations of risk that are both qualitative and 
quantitative, and that EPA make uncertainties explicit and present them 
as accurately and fully as is feasible and needed for risk-management 
decision-making.

Definition of Risk Assessment: Risk assessment entails evaluation of 
information on the hazardous properties of substances, on the extent of 
human exposure to them, and on the characterization of the resulting 
risk. Risk assessment is not a single, fixed method of analysis. Rather, 
it is a systematic approach to organizing and analyzing scientific 
knowledge and information on potentially hazardous activities or 
on substances that might pose risks under specified conditions. In 
brief, according to the Red Book, risk assessment can be divided into 
four steps: hazard identification, dose-response assessment, exposure 
assessment, and risk characterization.
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Date and Title of Milestone Commentsa

EPA 1994b Interim 
Methods for De�elopment 
of Inhalation Reference 
Concentrations (RfCs)

Provides guidance on how to model lung dosimetry across species 
for setting RfCs. The method includes consideration of respiratory 
anatomy, physiochemical properties of the agent, and portal-of-entry 
considerations, such as comparative pulmonary toxicity.

EPA 1994c Report of the 
Agency Task Force on 
En�ironmental Regulatory 
Modeling: Guidance, 
Support Needs, Draft 
Criteria and Charter

The report concludes that there is a need for training, additional 
technical support, and agency guidance on external peer review of 
environmental regulatory modeling, among others. 

EPA 1995 Memorandum: 
Policy for Risk 
Characterization at the 
U.S. En�ironmental 
Protection Agency 

Reaffirms the principles and guidance in the agency’s 1992 policy 
(Guidance on Risk Characterization for Risk Managers and Risk 
Assessors). The policy statement and associated guidance were designed 
to “ensure that critical information from each stage of a risk assessment 
is used in forming conclusions about risk and that this information is 
communicated from risk assessors to risk managers (policy makers), 
from middle to upper management, and from the Agency to the public” 
(EPA 1995, p. 1). Policy and guidance discuss key aspects of risk 
characterization, including the need to bridge risk assessment and risk 
management, discuss confidence and uncertainties in data, and present 
several types of risk information. Emphasizes the need for an iterative 
approach to risk assessment and makes recommendations for promoting 
clarity, comparability, and consistency in risk assessment.

EPA 1996 Guidelines for 
Reproducti�e Toxicity Risk 
Assessment

Guidance provides principles and procedures to be used when 
conducting risk assessments for reproductive toxicity. 

1996 Passage of Food 
Quality Protection Act 
(FQPA)

Modernizes pesticide risk assessment by requiring accelerated licensing 
reviews, consideration of aggregate pesticide exposure (drinking 
water, residential, lawn, and food uses), and sophisticated analysis 
and regulation of cumulative risk of chemicals that share a mode of 
toxic action. In addition, mandates developing screens for potential 
“endocrine disruptors.” FQPA also requires EPA to invoke an additional 
safety factor of 2-10 to account for children’s risks in regulating 
pesticides when data are lacking.

1996 Passage of Safe 
Drinking Water Act 
amendments

Requires explicit consideration of susceptible subpopulations in setting 
maximum contaminant levels for drinking-water pollutants in addition 
to consideration of technical feasibility and costs. SDWA mandates 
“endocrine disruptor” screens and tests.

NRC 1996 Understanding 
Risk: Informing Decisions 
in a Democratic Society

Recommends that risk characterization be a “decision-driven activity, 
directed toward informing choices and solving problems” (NRC 1996, 
p. 155). Also recommends a focus on problem formulation during the 
initial stages of risk-assessment planning.

EPA 1997a Guiding 
Principles for Monte Carlo 
Analysis

Documents EPA’s position “that such probabilistic analysis techniques 
as Monte Carlo analysis, given adequate supporting data and credible 
assumptions, can be viable statistical tools for analyzing variability 
and uncertainty in risk assessments” (EPA 1997a, p. 1) and presents 
an initial set of principles to guide the agency in using probabilistic 
analysis tools.  
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Date and Title of Milestone Commentsa

EPA 1997b Policy for Use 
of Probabilistic Analysis 
in Risk Assessment at 
the U.S. En�ironmental 
Protection Agency

Includes guiding principles to support the use of various techniques for 
characterizing variability and uncertainty and defines eight conditions 
for acceptance. The conditions are required “for ensuring good scientific 
practice in quantifying uncertainty and variability” (EPA 1997b, p. 1).

PCCRARM 1997a 
Framework for 
En�ironmental Health Risk 
Management—Volume 1

The commission was tasked under Section 303 of the Clean Air 
Act Amendments of 1990 to investigate the policy implications and 
appropriate uses of risk assessment and risk management in regulatory 
programs.

PCCRARM 1997b Risk 
Assessment and Risk 
Management in Regulatory 
Decision-Making—
Volume 2

The Commission on Risk Assessment and Risk Management helped 
to stimulate agency policies, legislation, and private-sector activities 
that improved risk assessment and risk management. Commission’s 
recommendations are cited in EPA policy changes on probabilistic 
analysis, risk characterization, and cumulative risk. The Food Quality 
Protection Act and the Safe Drinking Water Act Amendments of 1996 
reflect commission proposals. 

“To make an effective risk management decision, risk managers and 
other stakeholders need to know what potential harm a situation poses 
and how great is the likelihood that people or the environment will be 
harmed. Gathering and analyzing this information is referred to as risk 
assessment. The nature, extent, and focus of a risk assessment should 
be guided by the risk management goals” (PCCRARM 1997b, p. 19). 
“For this reason, the Commission recommends that a risk assessment 
characterize the scientific aspects of a risk and note its subjective, 
cultural, and comparative dimensions [see “How Should Risks Be 
Analyzed?” on page 24]. While this expands risk assessment beyond its 
traditional, more narrowly scientific scope, including these additional 
dimensions will help educate all stakeholders about key factors affecting 
the perception of risk” (p. 21).

EPA 1997c Guidance 
on Cumulati�e Risk 
Assessment—Part 1, 
Planning and Scoping

1997 memorandum from Science Policy Council states: “This guidance 
directs each office to take into account cumulative risk issues in 
scoping and planning major risk assessments and to consider a broader 
scope that integrates multiple sources, effects, pathways, stressors and 
populations for cumulative risk analyses in all cases for which relevant 
data are available” (EPA 1997d).

EPA 1997e Exposure 
Factors Handbook

The purposes of the handbook are to: “(1) summarize data on human 
behaviors and characteristics which affect exposure to environmental 
contaminants, and (2) recommend values to use for these factors” (EPA 
1997e, p. 1). 

Executive Order 
13045 1997 Protection 
of Children From 
En�ironmental Health 
Risks and Safety Risks

Primary directive to federal agencies and departments to “make it a 
high priority to identify and assess environmental health risks and 
safety risks that may disproportionately affect children.” States that 
those agencies should “ensure that policies, programs, activities, 
and standards address disproportionate risks to children that result 
from environmental health risks or safety risks” [Sec. 1-101(a)(b)]. 
Establishes Task Force on Environmental Health Risks and Safety Risks 
to Children.

EPA 1998a Guidelines 
for Neurotoxicity Risk 
Assessment

Guidelines provide principles and procedures for evaluating neurotoxic 
risks due to chemical exposures. 
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Date and Title of Milestone Commentsa

EPA 1998b Guidelines for 
Ecological Risk Assessment

Guidelines incorporate slight modifications to the process described 
in 1992 (De�eloping a Work Scope for Ecological Assessments). They 
emphasize the importance of problem formulation in the risk-assessment 
process as recommended in the 1996 NRC report Understanding 
Risk. They state: “During planning, risk managers and risk assessors 
are responsible for coming to agreement on the goals, scope, and 
timing of a risk assessment and the resources that are available and 
necessary to achieve the goals. Together they use information on the 
area’s ecosystems, regulatory requirements, and publicly perceived 
environmental values to interpret the goals for use in the ecological risk 
assessment. . . . The characteristics of an ecological risk assessment are 
directly determined by agreements reached by risk managers and risk 
assessors during planning dialogues. These agreements are the products 
of planning. They include (1) clearly established and articulated 
management goals, (2) characterization of decisions to be made within 
the context of the management goals, and (3) agreement on the scope, 
complexity, and focus of the risk assessment, including the expected 
output and the technical and financial support available to complete it” 
(EPA 1998b, pp. 13-15). Guidelines state that many of the difficulties 
with risk assessment can be traced back to issues with problem 
formulation.

Successful ecologic risk assessment is more likely if there is an up-front 
discussion of what is at risk, what the assessment end points are, how 
they are measured, and what constitutes unacceptable risk.

NSTC 1999 Ecological 
Risk Assessment in the 
Federal Go�ernment

Developed by interagency work group under auspices of Committee on 
Environment and Natural Resources to discuss major uses of ecologic 
risk assessment by federal agencies. The report discussed “examples 
of current ecological risk assessment areas (established uses), potential 
uses where components of ecological risk assessment are used, and 
related ecological assessments and other scientific evaluations that 
might benefit from the use of ecological risk assessment methodologies.  
Recommendations were made to improve the science, enhance 
information transfer, and improve risk management coordination” 
(NSTC 1999, p. 10-5).

EPA 2000b Risk 
Characterization: Science 
Policy Council Handbook

Handbook provides a “single, centralized body of risk characterization 
implementation guidance for Agency risk assessors and risk managers 
to help make the risk characterization process transparent and the risk 
characterization products clear, consistent and reasonable” (EPA 2000b, 
p. vii). It implements EPA’s 1992a Guidance on Risk Characterization 
for Risk Managers and Risk Assessors and its 1995 Policy for Risk 
Characterization. The handbook emphasizes the need for planning 
in the risk assessment process and clearly displaying all relevant 
information and policy choices, and it reinforces general guidance on 
variability and uncertainty, including distinguishing between them.

EPA 2000c Benchmark 
Dose Technical Guidance 
Document 

Provides guidance on the “application of the benchmark dose approach 
to determining the point of departure (POD) for linear or nonlinear 
extrapolation of health effects data. Guidance discusses computation of 
benchmark doses and benchmark concentrations (BMDs and BMCs) and 
their lower confidence limits, data requirements, dose-response analysis, 
and reporting requirements” (EPA 2000c, p.1). Guidance provides an 
alternative to reliance on no-observed-adverse-effect levels as a POD.
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Date and Title of Milestone Commentsa

EPA SAB 2000 Toward 
Integrated En�ironmental 
Decision-Making 

Effort by EPA’s SAB. Attempt at integrating ecology, human health, and 
economic valuation to develop holistic assessments.

EC 2000 First Report on 
the Harmonisation of Risk 
Assessment Procedures

Report of the Scientific Steering Committee Working Group on 
Harmonisation of Risk Assessment Procedures in the Scientific 
Committees advising the European Commission in human and 
environmental health.

Definition of Risk Assessment: Process of evaluation that includes 
identification of attendant uncertainties, of the likelihood and severity 
of adverse effects/ or events occurring in humans or the environment 
after exposure under defined conditions to a risk sources. A risk 
assessment comprises hazard identification, hazard characterization, 
exposure assessment, and risk characterization.

EPA 2002b A Re�iew of 
the Reference Dose and 
Reference Concentration 
Processes

Provides comprehensive guidance on setting reference values and 
recommends different exposure metrics (subchronic and acute) for IRIS.

OMB 2002 OMB 
Guidelines for Ensuring 
and Maximizing the 
Quality, Utility, and 
Integrity of Information 
Disseminated by Federal 
Agencies

Establishes governmentwide standards for the quality of data used and 
disseminated by the federal government. EPA releases its own guidelines 
for information quality based on OMB’s guidelines in same year (see 
below). 

EPA 2002c Guidelines for 
Ensuring and Maximizing 
the Quality, Objecti�ity, 
Utility, and Integrity of 
Information Disseminated 
by the En�ironmental 
Protection Agency

Developed in response to OMB’s information-quality guidelines. 
EPA’s guidelines discuss EPA’s procedures developed for “ensuring 
and maximizing the quality of information [EPA] disseminate[s]” 
and “administrative mechanisms for EPA pre-dissemination review of 
information products” (EPA 2002c, p. 3). 

EPA 2002d OSWER Draft 
Guidance for E�aluating 
the Vapor Intrusion to 
Indoor Air Pathway from 
Groundwater and Soils

“Vapor intrusion is the migration of volatile chemicals from the 
subsurface into overlying buildings. Volatile chemicals in buried wastes 
and/or contaminated groundwater can emit vapors that may migrate 
through subsurface solids and into air spaces of overlying buildings” 
(EPA 2002d, p. 4). “In extreme cases, the vapors may accumulate in 
dwellings or occupied buildings to levels that may pose near-term safety 
hazards… [or] acute health effects” (p. 5).

EPA 2003a A Summary of 
General Assessment Factors 
for E�aluating the Quality 
of Scientific and Technical 
Information

Document was developed to “raise the awareness of the information-
generating public about EPA’s ongoing interest in ensuring and 
enhancing the quality of information available for Agency use. Further, 
it complements the Guidelines for Ensuring and Maximizing the 
Quality, Objecti�ity, Utility, and Integrity of Information Disseminated 
by the En�ironmental Protection Agency (EPA Information Quality 
Guidelines). This summary of Agency practice is also an additional 
resource for Agency staff as they evaluate the quality and relevance of 
information, regardless of source” (EPA 2003a, p. iv).
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Date and Title of Milestone Commentsa

EPA 2003b Framework 
for Cumulati�e Risk 
Assessment

Framework was developed to provide a consistent approach to 
cumulative risk assessment and identifies basic elements of the process, 
including a flexible structure for conducting and evaluating cumulative 
risk assessments and providing definitions for key terms. It also 
describes the three main phases of cumulative risk assessment: planning, 
scoping, and problem formulation; analysis; and risk characterization. 
Discusses planning and scoping as one distinct activity and problem 
formulation as another.

EPA 2003c Human Health 
Research Strategy

Strategy presents a conceptual framework for human health research 
by ORD and includes two strategic research directions to be pursued 
over the next 5-10 y: (1) research to improve the scientific foundation 
of human health risk assessment, including harmonizing cancer and 
noncancer risk assessments, assessing aggregate and cumulative risk, and 
determining risk to susceptible human subpopulations; and (2) research 
to enable evaluation of public-health outcomes of risk-management 
decisions.

EPA 2004a Boron and 
Compounds

EPA’s IRIS assessment for boron and compounds is the first for an 
oral reference dose that includes a nondefault value for interspecies 
extrapolation and the first IRIS assessment that divides the uncertainty 
factor for intraspecies uncertainty (UFH) into toxicokinetic and 
toxicodynamic components; the assessment also develops a nondefault 
value for intraspecies variability (DeWoskin et al. 2007).

EPA 2004b An 
Examination of EPA Risk 
Assessment Principles and 
Practices

EPA staff paper that includes recommendations as to how EPA could 
strengthen and improve its risk-assessment practices.

Definition of Risk Assessment: Referring to the NRC Red Book, this 
document defines it as “a process in which information is analyzed to 
determine if an environmental hazard might cause harm to exposed 
persons and ecosystems” (EPA 2004b, p. 2). 

EPA 2004c Air Toxics 
Risk Assessment Reference 
Library

Provides “descriptions of the major methods and technical tools that are 
commonly used to perform air toxics risk assessments. Specifically, the 
manual attempts to cover all the common basic technical approaches 
that are used to evaluate: how people in a particular place (e.g., a city 
or neighborhood) may be exposed; what chemicals they may be exposed 
to and at what levels; how toxic those chemicals are; and how likely 
it is that the exposures may result in adverse health outcomes. Topics 
include uncertainty and variability, basic toxicology and dose-response 
relationships, air toxics monitoring and modeling, emissions inventory 
development, multipathway risk assessment, and risk characterization” 
(EPA 2004c, Vol.1, Part 1, p. 1-5). It provides separate and extensive 
guidance on planning and scoping and on problem formulation and 
discusses them as distinct activities. 

States that “planning and scoping may be the most important step 
in the risk assessment process. Without adequate planning, most risk 
assessments will not succeed in providing the type of information that 
risk management needs to make a well-founded decision” (EPA2004c, 
Vol. 1, Part 2, p. 5-9).
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Date and Title of Milestone Commentsa

EPA 2005a Guidelines 
for Carcinogen Risk 
Assessment

Revises cancer guidelines, inviting mechanistic data review and 
consideration of early-life exposures (mutagens trigger additional safety 
factors).

Does not discuss planning and scoping or problem formulation. 

Definition of Risk Assessment: Page 1-3: Publications by the Office 
of Science and Technology (OSTP 1985) and the National Research 
Council (NRC 1983, 1994) provide information and general 
principles about risk assessment. Risk assessment uses available 
scientific information on the properties of an agent

 
and its effects in 

biologic systems to provide an evaluation of the potential for harm 
as a consequence of environmental exposure. The 1983 and 1994 
NRC documents organize risk-assessment information into hazard 
identification, dose-response assessment, exposure assessment, and risk 
characterization. This structure appears in these cancer guidelines, with 
additional emphasis on characterization of evidence and conclusions in 
each part of the assessment. 

EPA 2005b Human Health 
Risk Assessment Protocol 
for Hazardous Waste 
Combustion Facilities

The protocol is an “approach for conducting multi-pathway, site-
specific human health risk assessments on Resource Conservation and 
Recovery Act hazardous waste combustors” (EPA 2005b, p. 1-1). Does 
not discuss planning and scoping or problem formulation. 

Expansion of IRIS program Planned expansion of the Integrated Risk Information System (IRIS) 
program with toxicity-assessment reviews to include broader input 
of federal partners, OMB, and other parties. (See Risk Policy Report 
2005a,b) 

EPA 2005c Aging 
and Toxic Response: 
Issues Rele�ant to Risk 
Assessment

Identifies data gaps and research needs to assist ORD in characterizing 
risks to the aging population from exposure to environmental toxicants.

EPA 2006a Child-
Specific Exposure Factors 
Handbook

Provides non-chemical-specific data on exposure factors for childhood 
age groups with respect to breast-milk ingestion, food ingestion, 
drinking-water ingestion, soil ingestion, hand-to-mouth and object-
to-mouth activity, such dermal exposure factors as surface areas and 
soil adherence, inhalation rates, duration and frequency in different 
locations and various microenvironments, duration and frequency of 
consumer-product use, and body weight.

OMB 2006 Proposed Risk 
Assessment Bulletin

Was developed in an effort to “enhance the technical quality and 
objectivity of risk assessments prepared by federal agencies by 
establishing uniform, minimum standards” (OMB 2006, p. 3). Includes 
language related to conducting uncertainty analyses, seven standards 
for conducting general risk assessments, and nine special standards for 
influential risk assessments.

Definition of Risk Assessment: Risk assessment refers to a document 
that assembles and synthesizes scientific information to determine 
whether a potential hazard exists and/or the extent of possible risk to 
human health, safety, or environment.
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Date and Title of Milestone Commentsa

GAO 2006 Human Health 
Risk Assessmentg

GAO evaluated EPA’s progress in human risk assessment since release 
of the 1994 NRC report Science and Judgment. Indicates that EPA has 
strengthened its risk-assessment process by, for example, increasing 
planning for assessments, using new methods, developing guidance 
documents, improving its ability to characterize variability, and 
initiating steps to address cumulative risk. However, improvements 
are needed, including in the planning process, training for staff, and 
transparency in documenting analytic choices. 

2006 EPA Changes to 
development of risk ranges 
for estimates in IRIS 
database

Office of Research and Development sets priorities for development of 
risk ranges for estimates in IRIS chemical risk value database to reflect 
uncertainty (see Risk Policy Report 2006a,b).

2006 European Parliament 
passes REACH legislation 
(Registration, Evaluation 
and Authorisation of 
Chemicals)

Sweeping new chemical regulation (REACH) places burden of assessing 
safety on industry for high-production-volume chemicals.

NRC 2007 Scientific 
Re�iew of the Proposed 
Risk Assessment Bulletin 
from the Office of 
Management and Budget

Reviews OMB 2006 and recommends that it be withdrawn. One 
criticism concerned OMB’s definition of risk assessment as documents 
that synthesize science. Recommends reverting to NRC Red Book 
definition as a process involving hazard identification, dose-response 
assessment, exposure assessment, and risk characterization. 

2006 EPA Immunotoxicity 
Guidelines, In development 
(personal communication, 
EPA’s Mary Jane Selgrade 
12/15/06)

First-time effort will address challenging subject of immune-system 
biology and toxicants.

EPA 2006b Framework for 
Assessing Health Risks of 
En�ironmental Exposures 
to Children

Emphasizes need to account for potential exposures to environmental 
agents during all stages of development and to consider relevant adverse 
health outcomes that may occur as a result of such exposures.

EPA SAB 2007 
Consultation on Enhancing 
Risk Assessment Practice 
and Updating EPA’s 
Exposure Guidance 

The SAB recommends that the Agency “incrementally replace the 
current system of single-point uncertainty factors with a set of 
distributions, using probabilistic methods.”

 aIncluded are definitions of risk assessment cited in the documents to illustrate the various definitions discussed 
in Chapter 3.
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Appendix D

Environmental Protection Agency Response to 
Recommendations from Selected NRC Reports: 

Policy, Activity, and Practice

Table D-1 was developed as an information resource to illustrate the kinds of policies 
and activities that the Environmental Protection Agency (EPA) has undertaken in response 
to previous National Research Council recommendations (NRC 1983, 1994, 1996) for the 
list of bulleted topics presented below. This is not a comprehensi�e re�iew. Rather, it presents 
representative recommendations from these key National Research Council reports, begin-
ning with the so-called Red Book; related EPA policies as reflected in guidance documents 
and other materials; and related implementation activities, along with an assessment of some 
of these guidance documents and implementation activities as summarized in a 2006 report 
from the Government Accountability Office (GAO). 

Many of the individual National Research Council reports and EPA documents address 
the risk-assessment issues below repeatedly and with some variations in a single report. As 
a result, passages quoted or summarized in the table are highly selected “snapshots” and are 
not the only examples for the indicated topic in a given report. In addition, the “response” 
to recommendations in the table is considered somewhat loosely, as it simply considers 
whether EPA addressed the issue at some point in time. For a full picture on any topic of 
interest, the committee advises readers to begin with pages cited in the table and to look 
beyond those citations for related information. Note also that several National Research 
Council recommendations and EPA policy statements cover multiple topics (such as both 
“risk characterization” and “uncertainty” or both “models” and “defaults”). Several issues 
are therefore discussed under several topic headings.1,2 

1 Empty cells indicate only that the committee could not easily identify and isolate a representative quotation, 
not that related policies or implementation activities do not exist.

2 As explained in Chapter 2, the report cited as “NRC 1994” (Science and Judgment in Risk Assessment) gave 
special attention to issues arising under the Clean Air Act Amendments of 1990, and many of the recommenda-
tions in that report focused on air issues. A recommendation directed mainly to the air program is designated by 
“(Directed to Air Program).” Similarly, a recommendation directed mainly to the IRIS program is designated by 
“(Directed to IRIS Program).”
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•	 Aggregate and Cumulative Risk
•	 Default Assumptions and Options
•	 Distinguishing and Linking Risk Assessment and Risk Management
•	 Distinguishing Science and Science Policy
•	 Exposure Assessment (and Methods Validation)
•	 Health-Risk and Toxicity Assessment for Cancer and Other End Points 
•	 Inference Guidelines
•	 Interagency and Outside Collaboration
•	 Iterative Approach to Risk Assessment
•	 Models and Model Validation
•	 Peer Review and Expert Panels
•	 Priority-Setting and Data-Needs Management
•	 Problem Formulation and Ecologic Risk Assessment
•	 Public Review and Comment; Public Participation
•	 Risk Characterization
•	 Risk Communication in Relation to Risk Management
•	 Uncertainty Analysis and Characterization
•	 Variability and Differential Susceptibility 
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Appendix E

Environmental Protection Agency  
Program and Region Responses to  

Questions from the Committee

In January 2007 the NRC committee sent EPA a list of questions (see below) to gather 
additional information on their risk assessment practices. EPA responses were provided by 
the Office of Air and Radiation (OAR); Office of Prevention, Pesticides, and Toxic Substances 
(OPPTS), Region 2; and the Office of Solid Waste and Emergency Response (OSWER); and 
the Office of Water (OW). The EPA responses do not represent the views of the committee 
on these issues. 

QUESTIONS FOR EPA FROM THE NRC COMMITTEE

Give an example of a risk assessment from your office that you would consider an example 
of “best practice,” and an example of a risk assessment that you think could have been 
improved (and if so, how). 

What improvement in EPA risk assessment practices would you find particularly helpful in 
the short term (2-5 years) and in the longer term (10-20 years)? If these improvements were 
to be implemented, how do you foresee the changes impacting your office?

Please describe the risk assessment paradigm(s) used by your office. Do these paradigms 
adequately address environmental problems faced by the country? If not, how might current 
paradigms be modified or new paradigms identified to address these problems?

Describe problems that arise when using risk assessment to support regulatory decision 
making. Do you encounter similar problems when using risk assessment in non-regulatory 
decisions? Please provide specific examples to illustrate your points.

How would you recommend improving the presentation of EPA risk assessments for 
decision-making?
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How have you addressed and communicated uncertainty in risk assessments?

Please discuss the adequacy of default assumption choices, and efforts to use alternatives to 
these default assumptions.

Please describe the ways in which children and potentially unique or vulnerable populations 
are specifically considered in your office’s risk assessments. Please provide examples.

AgENCy RESPONSES TO QUESTIONS

OFFICE OF AIR AND RADIATION (OAR)

Current Practice

•	 Statutory basis/current approach and paradigms for risk assessment (specific to each 
program office)

	 -	Examples and best practices
	 -	Gaps and problems
•	 Uncertainty analysis
	 -	Examples
	 -	Communication of risk and uncertainty
•	 Sensitive and vulnerable subpopulations (e.g., children, elderly, tribes, endangered 

species)
	 -	Examples of physical attributes and unique exposures that impact risk
	 -	Problems and challenges
•	 Challenges for risk assessment in a regulatory process
	 -	Examples
	 -	Problems and challenges

general Comment

The 2004 Agency document “An Examination of EPA Risk Assessment Principles and 
Practices” (EPA 2004a) provides a good resource for understanding the Agency as well as 
OAR’s approach to risk assessment. Consistent to the focus of the NAS committee charge 
this response does not address ecological risk assessment. Protection of ecosystems from 
adverse impacts from of air pollution is an important mission of our Office and we could 
provide additional information in this area if requested. 

There are two programs within OAR that best illustrate the use of risk assessment in our 
Office. First, are assessment activities that support the development of national ambient air 
quality standards (NAAQS) for the 6 “criteria” air pollutants, and, second, those conducted 
in consideration of emissions controls for hazardous air pollutants (HAPs or air toxics).

National Ambient Air Quality Standards (NAAQS)

The “criteria” air pollutants are the six pollutants—ozone, particulate matter, carbon 
monoxide, nitrogen dioxide, sulfur dioxide and lead—the presence of which in the ambient 
air results from numerous or diverse sources, and for which there are established public 
health concerns at historic ambient levels. These pollutants have been extensively studied 
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over time and health-based National Ambient Air Quality Standards (NAAQS) have been 
developed for each. Human exposure and/or health risk assessments and ecological risk as-
sessments are performed during the periodic reviews of these standards.

The process under which exposure and/or risk assessments are performed for the cri-
teria pollutants is largely driven by statutory language and legislative history and involves 
substantial external peer and public review. Each NAAQS review includes a full review of 
the underlying scientific database which supports the quantitative exposure and/or risk as-
sessments (for an example, see the Air Quality Criteria for Ozone and Other Photochemical 
Oxidants [EPA 2008a]). The health-effects databases for criteria pollutants are generally 
very rich and include: epidemiological studies of normal exposures to the ambient mix of 
air pollutants, controlled-human exposure studies, and animal studies (short- and long-term 
exposures). Risk assessments for criteria air pollutants also benefit from extensive exposure 
related information including monitoring data and well developed exposure models. 

Hazard characterization involves a weight-of-evidence approach, using all relevant in-
formation and considering the nature and severity of effects, patterns of human exposure, 
nature and size of sensitive populations, the kind and degree of uncertainties, and the con-
sistency or coherence across all types of available evidence. “Dose”-response evaluations are 
based on the nature of available evidence from human studies, generally with no discern-
able thresholds (effects observed at current ambient concentrations). For example, for PM, 
ambient concentration-response functions are employed, for ozone, exposure-response and 
concentration-response relationships are used and for CO and lead, internal dose-metrics 
are used. When ambient concentration-response functions are used, simulations of “just 
meeting” alternative standards are used to examine levels of risk. When exposure or internal 
dose-response metrics are used, exposure modeling is relied upon that includes air quality 
monitoring/modeling and simulations of “just meeting” alternative standards, pollutant 
concentrations within relevant microenvironments (home, yard, car, office), amount of time 
in different microenvironments and level of exertion (time-activity and breathing rate data), 
population demographics (census data, commuting patterns), probabilistic assessment (in-
cluding uncertainty and variability), and sensitivity analyses. This modeling provides the abil-
ity to identify, and characterize exposure distributions for sensitive and/or at risk groups. 

Risk characterization for criteria pollutants includes both qualitative and quantitative 
approaches. There is an integration of evidence on acute and chronic health effects (strengths, 
weaknesses, uncertainties). Expert judgments are made on adversity of effects (severity, dura-
tion, frequency). There are qualitative and quantitative assessments of population exposures 
of concern and/or risks to public health. The risk characterizations are primarily based on 
available evidence from human studies and “real-world” air quality and exposure analyses; 
no need for traditional “uncertainty” or “safety” factors.

Risk assessments and characterizations for criteria pollutants, while considering the gen-
eral population, include focus on the susceptible and/or the more highly exposed subpopu-
lations (e.g., asthmatics and children are groups focused on in the current ozone NAAQS 
review). However, exposures and risks do not focus on maximum exposed individuals or 
maximum individual risk given the legislative history indicating that standards are to protect 
most of the sensitive population group but not the most sensitive individual. 

Uncertainty in criteria pollutant risk assessments is routinely addressed using proba-
bilistic assessment (including uncertainty and variability) and sensitivity analyses. For an 
example of the type of exposure and risk assessments conducted for the NAAQS reviews 
see the final OAQPS Staff Paper for Ozone (EPA 2008b) and the human exposure, health 
risk assessment, and exposure, risk and impacts assessment for vegetation technical support 
documents (EPA 2008c). 
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Risk assessments for criteria pollutants generally include quantitative sensitivity analy-
ses of exposure and health risk estimates as mentioned above, and also include qualitative 
discussion of contributing uncertainties. 

key Issues and Challenges

Key issues and challenges in carrying out quantitative risk assessments for criteria pol-
lutants have included: (1) how to appropriately reflect and characterize model uncertainty, 
especially with respect to the shape and location of concentration-response relationships 
for which epidemiological studies are often failing to discern population thresholds, even 
at ambient levels approaching background levels; and (2) how to appropriately address 
and consider multi-pollutant health effect models and to disentangle the likely interaction 
among air pollutants, many of which are correlated and come from common sources (e.g., 
combustion of fossil fuels) in causing various health effects. 

In the area of exposure analysis, these challenges include how to use the human activity 
data base which consists of over 20,000 individual daily diaries to construct human activity 
sequences over months or an entire year. There is very little longitudinal data, so it is difficult 
to know if we are appropriately taking into account the repeated activities that individuals 
engage in. There also are few exposure field studies that include representative population 
sampling that would allow evaluation of the regulatory exposure models used by EPA in its 
NAAQS assessments. In addition, there are challenges in determining how “just meeting” 
hourly or daily standards will affect the overall distribution of pollutant concentrations 
across all hours and days. For non-threshold pollutants, the choice of method used in simu-
lating attainment can have potentially large impacts on the estimated risks.

Hazardous Air Pollutants

The hazardous air pollutants (HAPs or “air toxics”) are 187 substances listed in CAA 
(e.g., benzene, methylene chloride, cadmium compounds, etc.) which have been associated 
with, or for which data suggest, the potential for serious adverse health and/or environmen-
tal effects, and for which there are specific source-based statutory requirements. Although 
several HAPs have substantial health and/or ecological effects data bases, most others have 
very limited data, much of it based solely on knowledge of health effects on exposed animals 
rather than humans. HAPs are regulated through source-oriented technology and risk-based 
emissions standards.

HAP risk assessments are performed for consideration of risk-based emissions standards 
(residual risk standards) for source categories for which technology-based controls have 
already been applied (a good example of which may be found in the docket supporting the 
proposed residual risk rule for the source category called “Halogenated Solvent Cleaners” 
(look in ICF International 2006). Rather than focusing on the risks associated with expo-
sure to an individual chemical, these risk assessments commonly examine cumulative risks 
associated with exposures resulting from the combination of pollutants emitted by a par-
ticular type of industry. By statutory language and regulatory history, these risk assessments 
include both a maximum individual risk (i.e., presuming an individual were exposed to the 
maximum level of a pollutant for a lifetime), as well as a characterization of a representa-
tive population risk. 

HAP risk assessments may also be performed for other programmatic purposes. For 
example, national-scale assessments have been performed based on the 1996 and 1999 
emissions inventories as part of the National Air Toxics Assessment (NATA) activities (EPA 
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2002a, 2003a). As another example, risk assessments may be performed to support deci-
sions on petitions to list or delist individual HAPs or source categories from Clean Air Act 
regulatory consideration.

The scope of HAP risk assessments varies with the characteristics of the pollutants and 
sources being assessed. Inhalation and, as appropriate, other routes of exposure are assessed, 
and both chronic and acute time scales are considered. Ecological risks are also considered 
for residual risk decision-making. Routinely, a tiered approach is employed for efficiency, 
with lower tiers using simpler, more conservative tools and assumptions to identify important 
sources and pollutants, and higher tiers using more refined tools and site-specific data to 
determine where emission controls may be appropriate. Lower-tier risk assessments generally 
support decisions not to regulate or assist decisions to focus resources on a small number 
of stressors and sources for next iteration. They alone generally do not support decisions to 
mandate additional control of emissions. Such decisions, which can have significant economic 
implications, usually require more refined assessment.

Hazard and dose-response assessments for HAPs generally rely on the most current 
existing assessments that have undergone scientific peer review and public review. The dose-
response metrics used are acute or chronic reference concentrations (RfCs), and cancer inha-
lation unit risk (IUR) estimates. The sources for these values include U.S. EPA (e.g., IRIS), 
U.S. ATSDR, California EPA, etc. The common qualities across the sources employed are: 
development under a defined scientific process, use of independent external peer review, and 
a reflection of the state of knowledge at the time of the assessment.

Risk assessments for HAPs routinely include, as a first step, derivation of risk estimates 
for conservative exposure scenarios (e.g., continuous lifetime exposure). Where this first 
step suggests risks in a range of potential concern, more refined assessments which utilize 
more of the available data are performed. The most refined assessments attempt to provide a 
probabilistic distribution of risk (including uncertainty and variability) and sensitivity analy-
ses. The use of probabilistic assessments is currently limited to certain exposure assessment 
variables (i.e., those describing daily activity and long-term migration behaviors), and does 
not typically include variables describing emission rates, release conditions, meteorology, 
fate and transport, or dose-response.

Consideration of the most exposed receptors (individuals) is accomplished by estimat-
ing chronic exposures at the Census block level and acute exposures at the offsite location 
with the highest 1-hour concentration. OAR in its HAPs assessment is a user of Hazard/
Dose response information (e.g., such as that produced under the IRIS program). Thus, 
consideration of sensitive subpopulations is considered in so far as it is explicitly built into 
the dose-response metrics that EPA uses to estimate risk (i.e., where data supporting such 
distinctions are available). Unit risk estimates typically incorporate protective low-dose 
extrapolation assumptions and are based on statistical upper confidence limits. Reference 
concentrations employ uncertainty factors that account for differences among species, within 
human populations, and database deficiencies (e.g., failure to identify no-effect doses and 
absence of chronic studies). These uncertainty factors are intended to ensure that the refer-
ence concentration represents an exposure that is likely to be without appreciable risk of 
adverse effects in human populations, including sensitive sub-populations.

Risk assessments for HAPs may include quantitative sensitivity analyses of exposure 
as mentioned above, and also include qualitative discussion of contributing uncertainties. 
However, the dose response information provided in IRIS (or other sources of dose response 
information) typically does not have information suitable quantitative analysis of either 
uncertainty or variability. 
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key Issues and Challenges

Key issues and challenges in carrying out risk assessments for hazardous air pollutants 
include both lack of data and how to appropriately reflect and characterize uncertainty and 
variability in assessments. 

As described above, risk assessments for the HAP program decisions routinely address 
multiple pollutant exposure and risk for multiple similar sources. Limitations associated with 
current assessments may contribute to uncertainties in resultant risk estimates. Examples 
of these are listed below as areas where improvements in risk assessment methods, tools or 
inputs might lead to reduced uncertainty in risk estimates.

•	 As described above, the single greatest challenge in risk analysis for most hazard-
ous air pollutants is the need to rely primarily on animal or limited human data for the 
development of hazard and dose response assessments. The interpretation and implications 
of such data for potential risk is typically one of the greatest sources of uncertainty in such 
assessments. 

•	 One of the significant sources of uncertainty to risk assessments is the source char-
acterization, including emissions estimates. This is particularly true for source categories that 
have large numbers of sources and where “representative” data may not exist. For modeling 
purposes, source data should include site-specific release parameter/characterization infor-
mation as well as better source emission estimates. For example, such parameters include 
map coordinates, release heights and temperatures, emissions data measured or estimated 
(and approved) directly by the facilities, annual and maximum hourly emission rates, and 
quantitative estimates of the uncertainties associated with each. 

•	 We are limited in methods to consider the effects on source-specific exposure of 
longer-term population mobility. While such data on migration behavior on a local scale are 
available, they have not been developed into tools or analyses that are readily applicable to 
our risk assessment methods.

•	 Atmospheric deposition data, which would contribute to improved/enhanced assess-
ment of non-inhalation exposures and risk, are limited.

•	 Methods for estimating and presenting uncertainty in a manner easily understood 
by decision makers are limited. 

•	 Use of the Agency’s traditional exposure-response assessments (e.g., cancer unit risk 
factors and RfCs) contribute to our limitations with regard to incorporating quantitative 
uncertainty and variability of response into risk estimates.

•	 Limitations with regard to spatial coverage of air toxics monitoring networks 
affect performance evaluation capabilities for local-scale air modeling used in HAP risk 
assessments. 

•	 Our ability to evaluate mixtures and potential interactions (other than that provided 
under EPA’s current mixtures guidance) is limited. 

•	 Because of the number of hazardous air pollutants emitted from the many sources 
considered and the time required for updating the hazard and dose-response assessments, the 
development of those updated assessments can not kept up with the need to make regulatory 
decisions. Thus, OAR is often confronted with making such decisions with out the benefit 
of final IRIS assessments. 
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Future Directions: Addressing gap, Limitations, and Needs

Both the Criteria and Hazardous air pollutant program operate under the risk assessment 
paradigm developed by the NRC in its 1983 “Red Book” report. The overall approach to 
risk assessment in the Hazardous Air pollutant program has also been guided by the 1994 
NRC report, “Science and Judgment,” which, for example, outlined a tiered approach to 
the assessment of risk from toxics air emissions from affected sources. We believe the basic 
paradigm for risk assessment remains sound.

In developing recommendations for improvements, we ask that the Committee consider 
that the agency must operate within mandated timeframes and growing resource constraints. 
Thus, any guidance on prioritization of recommendations or on those circumstances where 
potentially more resource intensive approaches are suggested, would be useful.

The “key issues and challenges” discussions in Part I of this submission (for both the 
NAAQS process and hazardous air pollutants) pro�ide useful insight into areas where the 
Committee might focus in looking at future directions and needs. In addition to those points 
we would add the following few comments:

The issue of needed data and tools for improving NAAQS assessments are to some extent 
addressed in the NAAQS review process. Of particular note is the role played by our external 
scientific review group, the Clean Air Scientific Advisory Committee (CASAC), that explic-
itly identifies policy-relevant research needs to improve our capabilities for the next cycle of 
review. This has led to a continuous improvement in our assessment capabilities.

Within the NAAQS program the application of additional methods for uncertainty 
analysis (e.g. expert elicitation) has particular promise in this program. However, the Agency 
is still in an early stage of considering how best to incorporate such approaches into its as-
sessments, where appropriate, and how to consider such assessments relative to data driven 
assessments. Whatever approaches are adopted to characterize uncertainties, it is important 
to communicate how much weight to accord across the distribution of exposure and/or risk 
estimates, and not simply provide lower and upper uncertainty bounds.

OFFICE OF PREvENTION, PESTICIDES AND TOxIC SUbSTANCES (OPPTS)

Current Practice: Risk Assessment at the EPA

Statutory basis/Current Approach and Paradigms for Risk Assessment (Specific ro Each 
Program Office)

A response to this question can be found at our websites (EPA 2008d,e) along with 
current practices and recommendations to improve risk assessment (EPA 2002b, 2007a, 
2008f).

Very briefly, as an example, the passage of the 1996 Food Quality Protection Act re-
quires that EPA consider, among other things, the best available data and information on 
the following: aggregate exposure to the pesticide (including exposure from food, water, 
and residential pesticide uses to a single pesticide), cumulative effects from other pesticides 
sharing a common mechanism of toxicity (including exposure from food, water, and resi-
dential pesticide uses to a multiple pesticides), whether there is an increased susceptibility 
from exposure to the pesticide to infants and children, and whether the pesticide produces 
an effect in humans similar to an effect produced by a naturally occurring estrogen, or other 
endocrine effects. 

Like other EPA offices, OPPTS relies on the basic 4 component NAS paradigm from the 
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Red Book/Science and Judgment) (NRC 1983, 1994) in assessing aggregate and cumulative 
risks (hazard, dose response, exposure assessment and risk characterization). OPPTS fol-
lows EPA approaches for risk assessment described in Agency risk assessment guidelines. In 
order to reduce the application of default assumptions and default uncertainty/extrapolation 
factors, in the areas of animal to human extrapolation and high to low dose extrapola-
tion, OPPTS has used physiologically based pharmacokinetic (PBPK) models, data-derived 
uncertainty factors, and mode of action data, and human biomonitoring data in their risk 
assessments. OPPTS has been a leader in developing and implementing newer and sophisti-
cated approaches and tools such as probabilistic methods for assessing exposures in food, 
water, and from residential pathways. Key examples of the implementation of all of these 
approaches include the Organophosphate Pesticide (OP) and N-methyl carbamate cumulative 
risk assessments (EPA 2002c, 2007b), PFOA draft risk assessment (EPA 2005a), and draft 
lead risk assessment (EPA 2007c). 

It should be noted that not all assessments need to be of the same depth and scope. 
We use an iterative and tiered process that considers exposure and sensitivity analyses to 
balance resources against the need to refine the assessment and reduce uncertainty where 
appropriate. 

Uncertainty Analysis

OPPTS uses sensitivity analyses in the exposure component of risk assessments, par-
ticularly in those assessments that inform or support potentially consequential actions (e.g., 
pesticides and major industrial compounds). As noted below, OPPTS is working closely with 
ORD to develop more advanced methods of quantitative uncertainty analysis (e.g., 2-dimen-
sional Monte Carlo). For example, OPPTS and ORD are planning to discuss science issues 
surrounding the implementation of 2-dimensional Monte Carlo into ORD’s SHEDs model 
(Stochastic Human Exposure and Dose Simulation Model) with the FIFRA Science Advisory 
Panel in 2007. Current methods for the hazard component provide some quantitative mea-
sure of experimental data variability. For example, in the cumulative risk assessments for 
the OP and N-methyl carbamate pesticides, OPPTS quantified upper and lower confidence 
bounds on potency estimates for each chemical. For those risk assessments that utilize PBPK 
models, uncertainty/sensitivity analysis of the input parameters can be performed. Currently, 
however, uncertainty due to missing toxicological data is qualitatively described and estab-
lished methods for quantifying that uncertainty are lacking. 

Sensitive and vulnerable Subpopulations (e.g., Children, Elderly, Tribes, Endangered 
Species)

A response to this question can be extracted from NCEA’s Framework for Children’s 
Health Risk Assessment (EPA 2006) and the RAF document on the RfD/RfC methodology 
(EPA 2002b) which OPPTS uses as guidance. For pesticides, it should be noted however, that 
the FQPA includes the statutory requirement of an additional 10X safety factor to protect 
infants and children. This 10X factor can only be reduced or removed if it is determined that 
the hazard and exposure analyses are protective of infants and children. OPP’s guidance for 
implementing the FQPA factor can also be found via the web (EPA 2002d).

OPP also assesses the potential effect of pesticides to non-target species, including feder-
ally listed threatened and endangered species (listed species) and habitat deemed critical to 
their survival. The assessment is conducted consist with scientific methodology described in 
EPA’s Overview Document (EPA 2004b) and endorsed by the U.S. Fish and Wildlife Service 
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and National Marine Fisheries Service (FWS/NMFS 2004). This assessment results in an 
“effects determination” for a species—a determination of whether a particular pesticide’s 
use has “no effect,” is “not likely to adversely affect,” or is “likely to adversely affect” the 
listed species on a geographically specific basis. Consistent with Departments of Interior and 
Commerce regulations governing federal agency responsibilities relative to listed species, EPA 
consults with the U.S. Fish and Wildlife Service and National Marine Fisheries Service (the 
Services), as appropriate, for any determination other than “no effect.” Consultation and 
resulting input from the Services, informs OPPs decision on whether changes to the pesticide’s 
registration are necessary to ensure protection of federally listed threatened or endangered 
species and their critical habitat. 

Challenges for Risk Assessment in a Regulatory Process

There are many challenges for risk assessment in a regulatory process. One key issue is 
the training of staff to implement new tools (e.g., MOA analyses) and prepare risk charac-
terizations that provide transparent weight of evidence analyses. Another one is account-
ing for missing toxicological data via quantitative uncertainty analyses and to move the 
evaluation of toxicological effects into probabilistic and multi- endpoint analyses. Lastly, an 
important overall direction for OPPTS is to improve and refine how we integrate all avail-
able and relevant toxicology, human studies/epidemiology, biomonitoring, and exposure 
information into a paradigm that balances resources with the needs of the risk assessment 
(i.e., sustainable).

Future Directions: Addressing gap, Limitations, and Needs

Issues to be Addressed: Needed Improvements and Recommendations

Short-term: 2-� years

OPPTS is working closely with ORD to develop more advanced methods of quantitative 
uncertainty analysis (e.g., 2-dimensional Monte Carlo) and incorporating these into exposure 
models. As knowledge expands, these methods will need further refinement and improve-
ments. There is a need to continue to promote the development of PBPKmodels and other 
approaches which allow for the replacement of default assumptions uncertainty/extrapola-
tion and to develop methods to quantify uncertainty and variability for the hazard/effects 
component of risk assessment.

Long-term: 10-20 years

Replacement or reduction of animal testing and moving toward an “integrated” risk 
paradigm by improving QSAR approaches, developing methods for interpreting and incor-
porating “omics” data, in silico, etc approaches into risk analyses. 

Address Media-Specific Needs for Risk Assessment, For Example:

Do Current Paradigms Adequately Address En�ironmental Problems Faced by the Country? 

See above response to short and long term needs. OPPTS continues to develop and use 
alternatives to defaults by incorporating PBPK modeling and data derived uncertainty fac-
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tors, mode of action data, probabilistic exposure modeling, and biomonitoring data. For 
example, As an alternative to the RfD, OPPTS also uses characterization of risk for specific 
age groups and evaluates exposures across different durations of exposure (e.g., single day 
to lifetime). 

REgION 2 AND THE OFFICE OF SOLID WASTE AND EMERgENCy RESPONSE

Introduction

This report is primarily based on Chapter 5 of EPA’s Office of the Science Advisor’s 
Staff Paper titled: “Risk Assessment Principles and Practices” (EPA 2007a). The Chapter 
provides information regarding current practices for site and chemical specific risk assess-
ments in EPA’s Office of Solid Waste and Emergency Response (OSWER). As described on 
the OSWER homepage (EPA 2008g): 

OSWER provides policy, guidance and direction for the Agency’s solid waste and emergency 
response programs. We develop guidelines for the land disposal of hazardous waste and 
underground storage tanks. We provide technical assistance to all levels of government to 
establish safe practices in waste management. We administer the Brownfields program which 
supports state and local governments in redeveloping and reusing potentially contaminated 
sites. We also manage the Superfund program to respond to abandoned and active hazardous 
waste sites and accidental oil and chemical releases as well as encourage innovative technolo-
gies to address contaminated soil and groundwater.

This chapter provides a perspective on site-specific risk assessments conducted within 
the Superfund program. 

Current Practice

Statutory basis/Current Approach and Paradigms for Risk Assessment (Specific to Each 
Program Office)

The Superfund Program

To understand the Superfund program and its application in OSWER and the Regions it 
is important to first take a look at the legislation that governs this regulatory program. The 
Comprehensive Environmental Response Compensation and Liability Act (CERCLA) was 
enacted in 1980 and is commonly referred to as the Superfund program. The Act was amend-
ed in 1986 under the Superfund Amendments and Reauthorization Act of 1986. These laws 
require that action selected to remedy hazardous waste sites be protective of human health 
and the environment. The National Oil and Hazardous Substances Pollution Contingency 
Plan, or NCP, establishes the overall approach for determining appropriate remedial action 
at Superfund sites across the country and mandates that a risk assessment is performed to 
characterize current and potential threats to human health and the environment (40 CFR § 
300.430 (d)(4)[2004]). The preamble to the NCP (55 Fed. Reg. 8709[1990]) provides more 
detail on the general goals and approach for Superfund risk assessments. 

The Superfund process involves a number of steps as shown in Figure E-1 from site 
discovery, listing on the National Priorities List (NPL), Remedial Investigation and Feasibil-
ity Study (RI/FS), Record of Decision (ROD) to final NPL deletion. Within the Superfund 
program, the range of activities at sites includes Removal Actions where actions are neces-
sary in a short timeframe and longer remedial investigations of complex sites. This discus-
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FIgURE E-1 Community involvement activities at NPL sites. Source: EPA 2001a.

sion will concentrate primarily on the latter type of investigation, i.e., sites that are on the 
NPL. Currently, across the country, there are 1,557 current and deleted sites on the NPL. 
The NPL is the list of national priorities among the known releases or threatened releases 
of hazardous substances, pollutants, or contaminants throughout the United States and its 
territories. The NPL is intended primarily to guide the EPA in determining which sites war-
rant further investigation. Further details regarding the Superfund program are available on 
the Superfund homepage (EPA 2008h).

At each site risk assessments are developed to assess both human health and ecological 
risks during the RI/FS. The risk information is used to determine whether remedial action 
is needed at the site. All decisions at Superfund sites must meet the nine criteria provided in 
Table E-1. The Threshold Criteria that must be met at all sites are protection of public health 
and the environment and meeting the Applicable or Relevant and Appropriate Requirements 
(ARARs) or statutory requirements. Risk assessment plays a critical role in determining that 
these criteria are met.

Risk Assessment in the Superfund Program

The Superfund program uses risk assessment to determine whether remedial action 
is necessary at a specific site and to determine the levels of remedial action where actions 
are required. The program protects human health and the environment from current and 
potential future threats posed by uncontrolled hazardous substances releases. Decisions at 
Superfund sites involve consideration of cancer risks, non-cancer health hazards, and site-
specific information associated with both current and future land use conditions. Consider-
ation of future land use and future risks is included in the risk assessment because CERCLA 
mandates that remedies are protective in the long-term.

The human health and ecological risk assessments developed at sites follow peer-re-
viewed guidelines, policies and guidance specific to the OSWER program as well as those 
for the Agency. The OSWER documents regarding risk assessment are available online (EPA 
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2008i). The guidance provides an overall approach to developing risk assessments at a wide 
variety of sites across the country. The site specific risk assessments include assessment of 
contamination in multiple media (air, surface and groundwater, soil, fish, etc.) that occurs 
during the Remedial Investigation phase where the nature and extent of contamination are 
determined. Typically, site-specific risk assessments evaluate exposures to multiple chemi-
cals through multiple routes of exposure (i.e., ingestion, inhalation, dermal contact, etc.). 
Receptors evaluated at sites include young children, adolescents, and adults depending and 
the current and future landuse. 

Within the Superfund program we follow the basic risk assessment paradigm developed 
in the 1983 Framework document, i.e. the four steps of hazard identification, dose response 
assessment, exposure analysis, and risk characterization. Over the years, this paradigm has 
been expanded to include Problem Formulation, communication with risk managers, and 
early and continuous community involvement. On a site-specific basis evaluations regarding 
exposures and the availability of site-specific information (i.e., site-specific chemical sam-
pling, activity patterns, creel surveys, etc.) are evaluated for inclusion in the risk assessment. 
For toxicity values, Superfund primarily relies on EPA’s National Center for Environmental 
Assessment (NCEA) and the Superfund Technical Support Center assessments. 

A typical Superfund site does not exist. Sites range from small contaminated parcels 
where groundwater and soil are impacted to large contaminated river systems or lakes that 
cover hundreds of miles. In general, most sites include multiple media, multiple chemicals, 
and multiple exposure pathways that are evaluated to determine the risks to the Reason-

TAbLE E-1 Nine Evaluation Criteria for Superfund Remedial Alternatives
THRESHOLD CRITERIA

O�erall protection of human health and the en�ironment determines whether an alternative eliminates, 
reduces, or controls threats to public health and the environment through institutional controls, 
engineering controls, or treatment. 

Compliance with ARARs evaluates whether the alternative meets federal and state environmental 
statutes, regulations, and other requirements that pertain to the site, or whether a waiver is justified. 

PRIMARy bALANCINg CRITERIA
Long-term effecti�eness and permanence considers the ability of an alternative to maintain protection 
of human health and the environment over time. 

Reduction of toxicity, mobility, or �olume of contaminants through treatment evaluates an alternative’s 
use of treatment to reduce the harmful effects of principal contaminants, their ability to move in the 
environment, and the amount of contamination present. 

Short-term effecti�eness considers the length of time needed to implement an alternative and the risks 
the alternative poses to workers, residents, and the environment during implementation. 

Implementability considers the technical and administrative feasibility of implementing the alternative, 
including factors such as the relative availability of goods and services. 

Cost includes estimated capital and annual operation and maintenance costs, as well as present worth 
cost. Present worth cost is the total cost of an alternative over time in terms of today’s dollar value. 
Cost estimates are expected to be accurate within a range of +50% to -30%. 

MODIFyINg CRITERIA
State acceptance considers whether the state agrees with the EPA’s analyses and recommendations, 
as described in the RI/FS and Proposed Plan. 

Community acceptance considers whether the local community agrees with EPA’s analyses and 
preferred alternative. Comments received on the Proposed Plan are an important indicator of 
community acceptance. 
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ably Maximally Exposed individual or RME individual. The RME individual is defined as 
someone who is exposed to the highest exposure that is reasonably expected to occur at a 
Superfund site. As described in the National Contingency Plan, the regulation under which 
the Superfund program acts, the RME will

result in an overall exposure estimate that is conservative but within a realistic range of 
exposures. Under this policy, EPA defines “reasonable maximum” such that only potential 
exposures that are likely to occur will be included in the assessment of exposures. The Super-
fund program has always designed its remedies to be protective of all individuals and envi-
ronmental receptors that may be exposed to a site; consequently, EPA believes it is important 
to include all reasonably expected exposures in its risk assessments….

Uncertainty Analysis, Default Assumptions, Use of Alternatives, Probabilistic Risk 
Assessment and Communication of Risk, and Evaluation of Alternative Remediation 
Strategies and Superfund Process Post Remedial Investigation

Uncertainty Analysis. Within the Superfund program uncertainty in the risk assessments 
is addressed by discussing risks to the Reasonably Maximally Exposed Individual and the 
Central Tendency or average exposed individual. As described above, decisions are based on 
the RME individual. The presentation of the risks to the RME and CTE individual provides 
a bounding estimate of risks. In addition, site-specific risk assessment provide a qualitative 
discussion of uncertainties such as data limitations, where toxicity data is missing, where risk 
is potentially overestimated based on the data i.e., a screening level assessment, and discuss 
the impacts of these risk estimates. Risks are typically compared to the risk range identified 
in the National Contingency Plan or NCP, the Superfund regulation.

Default Assumptions

Risk assessments incorporate both default assumptions and site-specific information. The 
supplemental guidance document, “Standard Default Exposure Factors” (OSWER Directive 
9285.6-03, March 25, 1991), presents the Superfund program’s default exposure factors for 
calculating RME exposure estimates (EPA 1991a). This guidance was developed in response 
to requests that EPA make Superfund risk assessments more transparent and their assump-
tions more consistent. However, the guidance clearly states that the defaults should be used 
where “there is a lack of site-specific data or consensus on which parameter to choose, given 
a range of possibilities.” These default exposure assumptions are supplemented with data 
from the Exposure Factors Handbook (EPA 1997a), and Child Specific Exposure Factors 
Handbook (EPA 2002e) where EPA compiled and analyzed scientific literature on exposure 
to develop ranges of exposure variables for risk assessments. 

Table E-2 (EPA 2004a, Table 5-1) presents examples of default exposure values and the 
percentile of the population the values represent, as well as the peer reviewed studies sup-
porting these assumptions. The RME approach uses default values designed to estimate the 
exposure of a high-end individual in the 90th percentile of exposure or above (EPA 1992). 
Consistent with this guidance, relevant default assumptions for various activity levels and 
age groups are used for drinking water consumption rates, soil ingestion rates, residence 
times, body weight, and inhalation rates. The table illustrates the range of percentiles—some 
defaults included the 50th

 
percentile (e.g., body weight), 80th, 90th, and 95th percentiles.

Although the Superfund program routinely uses default assumptions to assess the risk 
to the RME individual at many sites, the characteristics of the surrounding population 
change from site to site. For example, the distributions of individual residence times will 
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vary depending on whether the site is located in a rural or an urban area. Individuals in rural 
communities are likely to have longer residence times than individuals in urban communities. 
Thus, a default value of 30 years may fall at the 80th percentile for farmers but above the 
95th percentile for renters in an urban setting. The extent to which a single default value 
will impact the final exposure estimate depends on the values and variabilities of all the 
parameters used to estimate exposure. The goal is to estimate an individual exposure that 
actually occurs and is above the 90th

 
percentile. In some cases, use of default assumptions 

may produce an estimate near the 90th percentile; in others, the estimate may be higher in 
the range.

In general, Superfund’s default factors are designed to be reasonably protective of the 
majority of the exposed population. The assumptions used in Superfund’s risk assessments 
are consistent with the 90th percentile or above and the Agency’s exposure assessment 
guidelines (EPA 1992). Default exposure factors used to assess the RME are a mix of aver-
age and high-end estimates (see Table E-1). The use of these default exposure assumptions 
does not automatically result in an overestimation of exposures. The Principles and Practices 
Document (EPA 2004a) provides several other examples that may be of interest to the reader 
regarding exposure assumptions.

Probabilistic Risk Assessment Guidance

Development of the OSWER probabilistic risk assessment guidance illustrates the process 
used in the Superfund program to develop guidance to address uncertainty (EPA 2001b). In 
that case, Superfund identified the emerging science, developed an EPA workgroup to evalu-
ate the available science and its application within the Superfund program, released the draft 
guidance document for public comment, and conducted an external peer review before the 
document was completed. The guidance document provides program-specific information 
regarding the conduct of probabilistic risk assessments and supplements the earlier policy on 
this issue (EPA 1997b). In addition, EPA has developed training courses on the application 
of this methodology within the Superfund program. To date, probabilistic risk assessment 

TAbLE E-2 Examples of Default Exposure Values With Percentiles  
Exposure Pathway Percentile Source of Data

Drinking water consumption:  
2 liters/day 

90th Approximately a 90th percentile value (EPA 2000). 

Soil ingestion rate for children:  
200 mg/day 

65th Analyses and distributions constructed by Stanek 
and Calabrese (1995a,b, 2000) places the 200 mg 
ingestion rate around the 65th percentile of average 
daily intakes throughout the year. The Stanek and 
Calabrese analyses suggests that ingestion rates for 
children in the top 10% (i.e., the high end) of the 
distribution would be greater than 1,000 mg/day. 

Residence duration: 30 years 90th 80th  
90th–95th 

For home owners, farms, and rural populations; 30 
years is greater than the 95th percentile residence 
time for renters and urban populations. 

Body weight: 70 kg 50th For males and females 18 to 75 years old (NCHS 
1987) 

Source: EPA 2004a, p. 100, Table 5-1.
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methods have been used or are being developed at several sites to evaluate exposures in rela-
tion to both cancer risks and non-cancer health hazards (TAM Consultants, Inc. 2000). 

For example, at one regional site, a point estimate was presented along with the results 
from a probabilistic risk assessment to provide a comparison of results. As part of the com-
munity involvement, results from both assessments were shared and the results discussed 
regarding the relative impacts of varying exposure assumptions in a probabilistic assessment 
on the decision. The Region presented the data incorporating the point estimate and show-
ing that when other exposure assumptions were used the risk remained above the risk range 
described for Superfund above. We found that it was important to work with the community 
before the final risk results from both the point estimate and probabilistic assessment were 
presented to highlight this tool and its application (i.e., what kind of data was used, why this 
technique was included, how the results of the deterministic and probabilistic risk assessment 
were comparable, and how this information is used in the decision-making process). 

E�aluation of Alternati�e Remedial Strategies

Risk assessment is one of several tools used to inform risk management decisions. Risk 
managers weigh a number of factors, including uncertainties in exposure and risk estimates, 
when developing health and environmental protective decisions. EPA considers a variety of 
alternatives to protect human health and the environment at sites and evaluates them by 
considering the balancing criteria and modifying criteria presented in Table E-1 (i.e., long-
term effectiveness, use of treatment, short-term effectiveness, implementability, and cost). 
EPA then proposes a protective, cost-effective remedy that is, compliant with the Applicable 
or Relevant and Appropriate Requirements (ARAR), which it may modify based on state 
and public comments (see also CERCLA § 121, 42 U.S.C. § 9621[1986] and 40 CFR § 
300.430[e][9]). CERCLA establishes a preference for remedial actions in which treatment 
permanently and significantly reduces the volume, toxicity, or mobility of the hazardous 
substances, pollutants, and contaminants is a principal element [CERCLA § 121 (b)(1)]. 
This paragraph goes on to require a consideration of permanent solutions and alternative 
treatment technologies or resource recovery technologies in the remedy selection process. 
CERCLA also directs Superfund to consider long-term maintenance costs, potential for future 
remedial actions if the remedy should fail. CERCLA § 121(b)(1) also establishes as one of 
the fundamental remedy selection criteria that we select remedies that “utilize permanent 
solutions and alternatives to treatment technologies or resource recovery technologies to the 
maximum extent practicable.” For evaluating and selecting remedies, the NCP at 40 CRF§ 
300.430 (e) (9) (C) [long-term effectiveness and permanence ] and (D) [reduction of toxic-
ity, mobility, or volume through treatment] require consideration of “magnitude of residual 
risk...;” “adequacy and reliability of controls such as containment systems and institutional 
controls..;” “...the degree to which alternative employ recycling or treatment that reduces 
toxicity, mobility, or volume..;” “...the amount of hazardous material that will be destroyed, 
treated or recycled...;” “...the type and quantity of treatment residuals considering the persis-
tence, toxicity, mobility, and propensity to bioaccumulate...;” “the degree to which treatment 
reduces the inherent hazards posed by principal threats at the site.”

EPA initiatives are also looking at cross-program coordination in EPA’s Land Revitaliza-
tion Office, to return contaminated land to safe and beneficial uses (EPA 2007d). 
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Superfund Process Following Remedial In�estigation

Following the completion of the Remedial Investigation (RI) during which the risk assess-
ment is conducted, EPA develops a feasibility study (FS) that evaluates remedial alternatives 
for action at the site (EPA 1988). Among other objectives, the FS evaluates the risks in the 
absence of remedial actions or institutional controls. This provides a baseline for compari-
son with other remedial alternatives. The FS includes the development of Remedial Action 
Objectives, including Preliminary Remediation Goals (PRGs) that are developed based on 
the RME exposure assumptions used in the risk assessment. The PRGs provide concentration 
levels that are protective of the RME individual who is currently exposed or may be exposed 
in the future. EPA’s guidance “The Role of the Baseline Risk Assessment” provides further 
information regarding risk management decisions on sites (EPA 1991b).

During the FS, remedial alternatives are developed to achieve the program goals through 
a variety of different methods, generally including containment and treatment alternatives. 
The alternatives reflect the scope and complexity of the site problem. The Superfund program 
evaluates these alternatives using nine criteria described by the NCP (see Table E-1). The 
criteria address protectiveness, effectiveness, implementability, and acceptability issues. The 
criteria were derived from remedy selection criteria provided by Congress in SARA 121. The 
detailed analysis consists of an assessment of the individual alternatives against each of the 
nine evaluation criteria and a comparative analysis focusing upon the relative performance 
of each alternative against those criteria. In addition to viable remedial alternatives, EPA 
evaluates a no-action remedial alternative at all sites. The no-action alternative provides a 
baseline for comparison of the various alternatives that are appropriate for a specific site. 
All of this information is provided in a Proposed Plan, which is released with the RI/FS for 
public review and comment.

EPA provides opportunities for community involvement and public review of this infor-
mation. A public meeting is held to discuss the proposed remedial alternatives and to obtain 
comments. Public comments are addressed at the meeting and in the Response to Comments 
that is developed as part of the Record of Decision (ROD). The ROD identifies remedial 
actions that have been selected for the site. 

Following the ROD, EPA begins the remedial design process and the implementation 
of construction. Depending on the nature of the remedial actions and the amount of time 
required to complete the construction, EPA may conduct 5-year reviews to determine the 
protectiveness of the remedy (EPA 2001c). Throughout this process, information is shared 
with the community regarding the progress of the remedial actions. 

Sensitive and vulnerable Subpopulations (e.g., Children, Elderly, Tribes, Endangered 
Species)

Children

A common question asked of EPA is why Superfund risk assessments evaluate “dirt eat-
ing kids”: Why should Superfund sites be cleaned up to levels such that children can safely 
“eat” the soil there? Actually, EPA does not typically assume that children are eating the dirt; 
rather, EPA assumes that they are exposed to contaminants through the course of normal 
activities of play on the ground, exposure to dust in the home, and incidentally through 
mouthing behavior (EPA 1996, 2005b).

It is commonly observed that young children suck their thumbs or put toys and other 
objects in their mouths. This behavior occurs especially among children from 1 to 3 years 
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old (Charney et al. 1980; Behrman and Vaughan 1983). This “hand-to-mouth” exposure is 
well documented in the scientific literature for children under 6, and is especially prevalent 
among children 1½ to 3 years old, a critical period for brain development. This time period 
is of special concern regarding potential exposure, since children may be at special risk of 
exposure to specific chemicals, e.g., lead (CDC 1991). Superfund experience has taught us 
that children do incur exposures to contaminated soil, as is evident at lead-contaminated sites 
in which elevated blood levels occur in children residing at those sites (EPA 1996, 2005b).

Scientists agree that because of this behavior, children may incidentally or accidentally 
take in soil and dust (Calabrese et al. 1989; Davis et al. 1990; van Wijnen et al. 1990). Where 
children are likely to be exposed to contaminated soils (in residential areas, for example), 
it is appropriate for EPA to evaluate potential risks and set cleanup levels that will protect 
children for this widely recognized pathway of exposure, especially during this sensitive 
developmental period in the child’s lifetime.

The basis of EPA’s default soil ingestion rate is generally a point of contention. EPA has 
developed soil ingestion rates that are used as “default exposure assumptions” for adults 
and children. For young children (6 years or younger), the Superfund program default value 
is 200 milligrams of soil and dust ingested per day (EPA 1991a, 1996). EPA’s risk estimates 
address the “incidental” ingestion that might occur when a child puts a hand or toy in his 
or her mouth, or eats food that has touched a dusty surface. Although this default assump-
tion is often presented as an overly conservative value, the amount (200 milligrams per day) 
represents a small amount of soil ingested. It is less than 1/100 of an ounce (or one-fifth of 
the contents of a single-serving packet of sugar) a day. This peer reviewed value is applied 
in estimates of RME exposures (EPA 1989a, 1991a, 1997a).

In Superfund risk assessments, this soil ingestion rate for young children is combined 
with site-specific assumptions about exposure frequency (days per year) to estimate an 
average intake over the 6-year exposure period. Exposure frequency varies depending on 
site-specific current and future land uses. Soil ingestion studies report daily averages; the 
amount of soil ingested cannot be prorated on an hourly basis. Also, soil ingestion is episodic 
in nature and dependent upon a child’s activity patterns, so prorating by time is not always 
appropriate. This is a common misapplication of soil ingestion rates in risk assessment.

Some children deliberately eat soil and other non-food items (a behavior known as 
pica). Pica behavior has been identified in children at rates of up to 5,000 milligrams per day 
(Calabrese et al. 1991; ATSDR 1996, 2001). The Agency for Toxic Substances and Disease 
Registry uses this pica ingestion rate when calculating Environmental Media Evaluation 
Guides, which are used to select contaminants of concern at hazardous waste sites (ATSDR 
1996). EPA itself does not routinely address this form of exposure unless site-specific in-
formation is available. The default soil ingestion rate of 200 milligrams per day applied in 
Superfund risk assessments is intended to ensure reasonable protection of children in cases 
where they are likely to become exposed to contaminated soils and dust associated with a 
Superfund site. 

At sites, depending on land use consideration may also be given to evaluating risks to 
adolescent trespasser. The adolescent trespasser is typically older than the young child de-
scribed above (i.e., 10 to 18 years) and has shorter exposure frequency and duration than 
the young child resident. 

Sensiti�e Populations

Assessment of fish consumption patterns is an area where young children and sensitive 
subpopulations may be exposed to contaminants. In some cases site-specific surveys have 
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been conducted to evaluate the consumption patterns for specific populations that the pub-
lished surveys do not capture. These surveys found considerably higher consumption rates 
among these populations than if the standard default assumptions from the 1997 Exposure 
Factors Handbook were used (EPA 1997a). For example, a 3½-year site-specific creel survey 
(Toy et al. 1996) included information on whether or not adults harvested fish and shellfish 
from Puget Sound. The survey included 190 adults and 69 children between the ages of 0 
and 6. The study found that tribal seafood consumption rates were considerably higher than 
Exposure Factors Handbook values. Among the Squaxin, the average consumption rate was 
72.8 grams per day and the 90th percentile ingestion rate was 201.6 grams per day. Among 
the Tulalips, the average consumption rate was 72.7 grams per day and the 90th percentile 
was 192.3 grams per day. Other site-specific consumption surveys found similar differences 
in consumption rates (Chiang 1998; EPA 2001d; Sechena et al. 2003). 

In cases where EPA has conducted individual surveys to identify fish consumption rates, 
EPA has found it important to include the community in the process (EPA 1999a). EPA and 
other agencies (both private and governmental) have spent considerable resources and time 
to plan and implement these studies. The surveys (Chiang 1998; EPA 2001d; Sechena et al. 
2003) were all conducted using one-on-one interviews, as opposed to creel or mail surveys. 
The people conducting the interviews were always specially trained members of the ethnic 
group or community being surveyed. 

Challenges for Risk Assessment in the Regulatory Process

The challenges faced in developing risk assessments include: 

Communication of Complex Scientific Concepts

This was an issue identified by Bill Farland when he was with the Agency. Within the 
Superfund program there is extensive communication with the community regarding the 
remedial investigation, risk assessment, remedial actions, and Superfund process. One of the 
challenges that is faced at all sites is the explanation of complex scientific concepts such as 
hydrodynamic modeling, groundwater issues, changes in the understanding of the toxicity 
of chemicals, and application of ranges of toxicity values. 

Training of Risk Assessors/Risk Managers in New Scientific Ad�ancements

With the advances in areas such as genomics, other “omics,” nanotechnology, under-
standing of mutagenic modes of action, and all of the emerging areas of science there are new 
challenges in training staff in these emerging areas, especially risk managers who are often 
more accustomed to addressing engineering concepts and questions. The challenge is how to 
provide adequate background information in these areas and bring both risk assessors and 
managers up to speed with consideration of the current time and resource constraints. The 
use of the Hazardous Waste Clean-Up Information (CLU-IN) Web Site provides information 
about innovative treatment and site characterization technologies to the hazardous waste 
remediation community; web based seminars, annual meetings, conference calls etc. have 
proven effective and are continuing to be used. Another part of this challenge is knowing 
what to do with the information that is developed. For example, using genomics to deter-
mine that some member of a population at a site may be particularly susceptible does not 
indicate a regulatory response to that information is appropriate or necessary. In some cases, 
there may not be the regulatory authority to act or to do the population sampling necessary 
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to determine biomarkers. Typically, the Agency for Toxic Substances and Disease Registry 
(ATSDR) is responsible for taking clinical samples. 

Lack of Toxicity Data

At sites, there are typically a number of chemicals that can not be assessed quantitatively 
in the assessment based on a lack of peer-reviewed toxicity values. Typically these chemicals 
are addressed qualitatively in the risk assessment. Development of peer-reviewed toxicity 
data to include in the quantification of cancer risks and non-cancer health hazards obviously 
is quite important in the development of risk assessments. 

Future Directions: Addressing gaps, Limitations, and Needs

Issues to be Addressed in the Short Term (2-5 years) and the Long Term (10-20 years)

Overarching challenges for EPA including OSWER are to address the need to reach 
regulatory conclusions in a timely and cost effective manner with limited data and limited 
resources for analyses. In addition, EPA needs to develop transparent, clear, consistent, and 
reasonable presentations and procedures to support and explain its analyses. Briefly noted 
here are a few key areas.

Planning and Scoping

Over the last several years, as noted in the EPA Staff Paper, EPA has increasingly empha-
sized the importance of identifying as early as possible in our processes, through dialogue 
between risk assessors and risk managers, the scope and level of effort that is appropriate 
for a planned assessment. And that this may need to be done repeatedly. It seems likely that 
greater reliance on these interactions and efforts will play an increasingly important role as 
assessments continue to grow in complexity, and in the amount of review and scrutiny that 
they may receive.

Toxicity Data

In the Superfund program, we rely on NCEA including the Integrated Risk Information 
System (IRIS) and the Superfund Technical Support Section as the source for toxicity values. 
Typically, regions do not develop site-specific toxicity values. OSWER has defined a hierar-
chy for using other toxicity values when these are not available (EPA 2003b). In brief, such 
sources should be the most current, with a basis that is transparent and publicly available, 
and that has been peer reviewed. Sources for these toxicity values include California toxicity 
values, ATSDR minimal risk levels, and others. In the absence of toxicity values we rely on 
a qualitative discussion of the uncertainties in the risk assessment. 

The current developments in the areas of Informatics, gene arrays and related areas hold 
the possibility of improving our understanding of Quantitative Structure Activity Relation-
ships (QSAR) and so to reduce uncertainty, to help bound potential toxicity values and to 
reduce the need to conduct toxicity tests to support those values. 

In addition, as noted above, this is another area where early identification of data gaps 
and needs would allow for the possibility of data generation to support the assessment.
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Short-Term Exposures

Toxicity values and analyses are needed for short-term and mid-term exposures. These 
toxicity values are important in Removal Actions at sites.

Mixtures

Typically at Superfund sites we evaluate exposures to multiple chemicals through mul-
tiple pathways. EPA program offices and regional risk assessors have a great need for both 
assessment information and risk assessment methods to evaluate human health and ecological 
risks from exposure to chemical mixtures. 

Exposure Assumptions

Superfund recognizes the most accurate way to characterize potential site-specific expo-
sures to populations around Superfund sites would be to conduct a detailed census of each 
site considering both current and future land uses. Theoretically, this should involve inter-
viewing all potentially exposed individuals regarding their lifestyles, daily patterns, water 
usage, consumption of local fish and game and procedures, working locations and exposure 
conditions while collecting environmental samples. Although site-specific data are collected 
on environmental media (e.g., soil, groundwater air, etc.) as appropriate during the Remedial 
Investigation, such collection has significant limitations. The three almost insurmountable 
difficulties are time, expense and intrusion on privacy. In the absence of site-specific infor-
mation, Superfund relies on the Standard Default Exposure Factors and the Exposure Fac-
tors Handbook as sources for exposure information for use at sites. The Exposure Factors 
Handbook and its updates have been very important sources of information on exposures 
to a variety of populations (i.e., children, anglers, and others) through multiple media. The 
recent addition of the Child-specific Handbook has also been helpful in understanding risks 
to sensitive populations such as children. Because we assess future potential risks, we often 
want information that can not be directly measured such as potential changes in behavior 
following remediation of an area.

Probabilistic Risk Assessment

Superfund has developed peer-reviewed specific guidance for conducting site-specific 
probabilistic risk assessment. At all sites, both the RME and CTE (or average exposures) 
are evaluated to provide a range of risks and inform the risk management decision. The 
RME, however, under the NCP is the basis for the decision. In some cases, site-specific as-
sessments have used the tiered approach in the guidance beginning with a deterministic risk 
assessment and then progressing to a more refined technique such as the one dimensional 
and two dimensional analysis. At the present time, site-specific probabilistic risk assessments 
have been conducted at several sites to examine exposure assessments. 

Superfund is currently working on the Risk Assessment Forum project to look at the 
application and use of probabilistic risk assessment in decision making. The project is also 
looking at ways to better communicate the application of these techniques to risk managers 
to help identify areas where this technique is more applicable.
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Impro�ing Communication

Consistent with EPA Superfund goals of improving the transparency of the process, 
the methods for summarizing risk information are found in the RAGS Part D (EPA 2001e). 
Superfund continues to update guidance documents to improve the transparency of risk 
information. 

With the advancements in science described above, there are new challenges associated 
with the summarization and presentation of data. With advances in Geographic Informa-
tion Systems it is possible to demonstrate areas within and exceeding specific risk ranges. 
Current ongoing activities to digitize data locations with samples will facilitate the process 
of process of providing this data for further analysis.. 

EPA guidance and educational materials help illustrate the ways that citizens can be 
involved in the risk assessment process (EPA 1999a,b). For example: Community-specific 
information on fishing preferences helped to identify exposure areas for sampling and fish 
species consumed by people who fish in a contaminated bay. Information from farmers on 
pesticide applications helped EPA determine why certain contaminants were present in an 
aquifer. Discussions with farmers about certain harvesting practices helped EPA refine ex-
posure models and assumptions at another site (EPA 1999b). 

EPA uses a range of communication tools to include the community in the Superfund 
process. These include newsletters, fact sheets, site-specific home pages, public meetings, 
public availability sessions, and 1-800- numbers to contact EPA staff. EPA strives to com-
municate information about the RI, the results of the risk assessment, proposed actions at 
the site, and the proposed and final decisions for remedial actions. The Record of Decision 
(ROD) includes a responsiveness summary that addresses comments including those from the 
community. During the period of the remedial action, communication with the community 
continues, including updates during the 5-year review process. 

OFFICE OF WATER (OW)

Current Practice

Statutory basis/Current Approach and Paradigms for Risk Assessment (Specific to Each 
Program Office)

Office of Water (OW) follows the 1983 paradigm for human health risk assessments for 
chemicals and radiation, as explicated in the published U.S. EPA Risk Assessment Guidelines 
and other Agency guidance. 

OW also does assessment of human health risk from microbial disease, from consum-
ing drinking water, using water for recreation, and consuming aquatic organisms, and from 
contact with waste water. The paradigm for microbial risk assessment involving host/para-
site interactions is still evolving. There is an EPA Risk Assessment panel that is developing 
Guidelines based on a proposed framework and collaboration with other Agencies. And 
important component of the microbial disease assessment is risk/risk tradeoff, such as was 
considered in the development of linked drinking water regulations for limitation of microbes 
and disinfection by-products. Lastly, OW engages in ecological risk assessment, following 
the paradigm published in the Guidelines for Ecological Risk Assessment (Figure E-2) (EPA 
1998). 

The Risk Assessment “Staff Paper” (EPA 2004a) compiles many of the general and 
specific risk assessment practices used by OW.
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Office of Water operates under several pieces of enabling legislation. We have obliga-
tions under the following:

•	 Safe Drinking Water Act (Amended 1996)
•	 Clean Water Act 
•	 Food Quality Protection Act (1996) (FQPA)
•	 Beaches Environmental and Coastal Health Act (BEACH Act) (2000)
•	 Coastal Zone Management Act
•	 Endangered Species Act

FQPA amended the Federal Insecticide, Fungicide and Rodenticide Act (FIFRA) in 1996; 
this was specifically to highlight risks to children from pesticides. As pesticides are found 
in drinking water source waters, OW adopts the risk assessments done under FQPA by the 
Office of Pesticides Programs, at least as far as hazard identification and dose response; 
exposure assessment will differ given the purview of the legislation under which the risk 
assessment is conducted.

The BEACH act is a 2000 amendment to the Clean Water Act (CWA). These changes 
set new requirements for recreational criteria and standards for coastal areas and the Great 
Lakes.

The Endangered Species Act requires that EPA engage in consultation with the U.S. Fish 
and Wildlife Service on any actions which may affect endangered plant or animal species. 

The major pieces of enabling legislation for water programs are the CWA and the Safe 
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FIgURE E-2 The framework for ecological risk assessment (Modified from EPA 1998).
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Drinking Water Act (SDWA) as amended in 1996. SDWA deals with all uses of water from 
the tap, but only tap water (albeit from source to last public connection). Under SDWA, 
EPA establishes a list of chemical and microbial contaminants for potential regulation. EPA 
is obliged to revise this list on a regular basis; furthermore, EPA must make regulatory deci-
sions on five agents on the list every five years. The bases for regulation are illustrated in 
Figure E-3. In order to regulate a contaminant in drinking water, EPA must establish the 
following: the contaminant can adversely affect public health; the contaminant occurs or is 
likely to occur in public water systems at levels that can affect public health; and there is a 
meaningful opportunity for public health improvement as a result of the regulation. 

In answering these questions OW conducts quantitative risk assessments to determine 
nonenforceable Maximum contaminant level goals (MCLGs). OW then sets enforceable 
Maximum contaminant levels (MCLs) as close as technically feasible to the MCLGs after 
taking costs into consideration.

SDWA also requires that EPA conduct a Health Risk Reduction and Cost Analysis 
(HRCCA) for each proposed rule. There are seven elements of the HRRCA

1. Quantifiable and non-quantifiable health risk reduction benefits;
2. Quantifiable and non-quantifiable health risk reduction benefits form reduction in 

co-occurring contaminants;
3. Quantifiable and non- quantifiable costs; 
4. Incremental costs and benefits;
5. Effects of the contaminant on the general population as well as sensitive subpopula-

tions including infants, children, pregnant women, the elderly, individuals with a history of 
serious illness or others that may be at greater risk;

6. Any increase in health effects as a result of compliance including co-occurring 
contaminants;

Figure E-3.eps
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FIgURE E-3 Conditions for regulation under SDWA 1996.
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7. The quality and extent of information, the uncertainties in the analyses and factors 
with respect to the degree and nature of the risk.

After completion of the HRCCA, analysis of technical feasibility of contaminant control, 
and determining appropriate monitoring, OW may propose and promulgate a National 
Primary Drinking Water Rule (NPDWR). These rules must be reviewed every six years by 
OW to determine if there is sufficient reason (e.g. new data, new risk assessment methods) 
to revise the rule. 

The CWA provides broad outlines for controlling discharges to ambient waters from 
point sources of pollution and diffuse sources of contamination (e.g. run-off from agricultural 
lands, mining sites, etc). CWA requires that States and authorized Tribes designate uses for 
waterbodies (such as drinking water source water, fishable/swimable waterbody). The States 
then are required to take specific actions to ensure that those uses are attained; such as setting 
standards, issuing permits, defining total maximum daily loads of a contaminant to a water 
body. Under CWA, OW publishes ambient water quality criteria (AWQC) for both human 
health and aquatic life. These are risk assessments that the States and Tribes may choose to 
adopt; EPA determines whether State or Tribal standards are scientifically justified. 

In deriving national AWQC, OW follows EPA published methodologies including the 
Methodology for Deri�ing Ambient Water Quality Criteria for the Protection of Human 
Health (EPA 2000), and the Guidelines for Deri�ing Numerical National Water Quality 
Criteria for the Protection of Aquatic Organisms and Their Uses (EPA 1985). The latter 
document is being updated. The Human Health Methodology is being expanded through 
Technical Support Documents. A series of technical documents deals with bioaccumulation 
through aquatic food webs, as human health criteria specifically identify consumption of con-
taminated seafood as a pathway in exposure assessment. The Human Health Methodology 
also describes the concept of relative source contribution (RSC), a method for apportioning 
the “allowable risk” such as an RfD over all plausible routes of exposure. OW also applies 
the RSC in calculating MCLGs under SDWA. For example in the risk assessment for chlo-
roform, inhalation of vapors and concentrations in foods were considered in developing the 
MCLG. Ultimately the EPA default process had to be used in the chloroform RSC, as there 
were insufficient data on which to base a specific value. 

Other examples of best practices can be seen in the economic analyses in support of 
NPDWRs such as the 2005 Long Term 2 Enhanced Surface Water Treatment Rule (LT2) and 
the 2006 Groundwater Rule (GWR). Both of these rules were based on assessment of human 
risk from a variety of microbial contaminants including protozoa, bacteria and viruses. 

Uncertainty Analysis

Regarding the presentation of alternative risk estimates SDWA says the following:

The Administrator shall, in a document made available to the public in support of a 
regulation promulgated under this section, specify, to the extent practicable:

1. Each population addressed by any estimate of public health effects; 
2. The expected risk or central estimate of risk for the specific populations; 
3. Each appropriate upper-bound or lower-bound estimate of risk … (OW; SDWA 

§ 300g-1 (b)(3)).

OW describes areas of uncertainty and variability in the risk assessment documents 
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supporting our regulatory and other risk management decisions. Some of these analyses in-
cluded quantitative estimates of uncertainty and variability; this is most commonly done for 
exposure data. Recent economic analyses done in support of SDWA include assessments of 
uncertainty in occurrence or exposure data (for example, LT2, the arsenic NPDWR, GWR). 
Discussion of uncertainty in dose response assessment was published in the context of these 
rules as well. In addition OW discussed uncertain the effectiveness of drinking water treat-
ment (LT2) as well as uncertainty in the measurements or indicators used in risk-targeted 
regulatory strategies (LT2 and GWR). These analyses are peer-reviewed and subject to public 
comment before publication of the final economic analysis.

OW has published sensitivity analyses and presentations of alternative risk estimates; 
for example in the Regulatory Impact Analysis (RIA) supporting the Arsenic NPDWR. Note 
that the preamble to this rule also included an extensive discussion of uncertainty in the dose 
response data and modeling. OW has also used published uncertainty analyses; for example, 
the assessment of variability in pharmacokinetic parameters presented by NRC (2000) was 
incorporated into the reference dose for methylmercury used in the AWQC (EPA 2001f). 

OW uses default procedures and assumptions as indicated in EPA documents including 
the 2005 Cancer Guidelines and Supplemental Guidance (EPA 2005c,d) and the Staff Paper 
(EPA 2004a). OW has also published analyses that permit the use of distributional ap-
proaches to exposure assessment; for example, analyses of Continuing Study of Food Intake 
by Individuals (CSFII) data on consumption of water from public water systems, in beverages 
and so on. This report also supports the use of 2l/day for adult exposure assessment as a 
reasonable default when distributional approaches are not warranted (EPA 2004c). 

Sensitive and vulnerable Subpopulations (e.g., Children, Elderly, Tribes, Endangered 
Species)

The SDWA Amendments mandate that EPA consider risks to groups within the general 
population that are identified as being at greater risk of adverse health effects; these include 
children, the elderly, and people with serious illness (Safe Drinking Water Act [1996]). To this 
end OW includes consideration of appropriate susceptible populations in the risk assessment 
documents supporting risk management. This is always described in the preamble to regula-
tions (for, example Disinfection By-products Stage 1). For example specific consideration of 
immunocompromised persons was highlighted in the Long Term Enhanced Surface Water 
Treatment Rules. 

OW specifically recommends that States and authorized Tribes use waterbody specific 
population and exposure data in their derivation of criteria and standards. OW recommends 
use of default exposure factors only in absence of any relevant data (EPA 2000). OW is 
conscious of Native American and other traditional lifestyles that may result in exposure 
parameters different from those considered to be the norm. The American Indian Environ-
mental Office (AEIO/OW) and EPA Tribal Science Council are among the groups pursuing 
these issues.

Challenges for Risk Assessment in a Regulatory Process

Under the SDWA, costs vs. benefits of regulation are a factor in the choice to regulate 
or not as well as in the limits set by an MCL. An illustration of the methods and challenges 
of benefits assessment is the RIA for the arsenic NPDWR. It should be noted that identified 
but not quantified, and quantified but not monetized, benefits are difficult to characterize and 
compare with monetized benefits. Given that the standard non-linear low dose extrapola-
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tion procedure, calculation of an RfD, does not provide an estimate of risk, this is a major 
challenge. In the GWR economic analysis, OW made the case using a semi-quantitative 
approach that monetized benefits might be more than five-fold greater than those used, if 
bacterial disease could be better quantified. 

Under the Clean Water Act, OW publishes AWQC for human health; these risk assess-
ments do not consider the cost or technological feasibility of meeting these criteria. However, 
demonstration of quantifiable, monetized benefits has become increasingly important in the 
acceptance of any risk management choice. The problem of assessing benefits of an ecosystem 
remains a very serious one. 

The major problem in conduct of OW risk assessments is insufficient resources. Chief 
among the resource lack is the lack of data. None of the enabling legislation for water pro-
grams provide a means to require that ecological or health effect data be generated. OW 
can establish requirements for monitoring of various kinds, depending on the law, but there 
is no way to acquire health effects data. There is further a requirement in SDWA that data 
serving as the basis for regulation be peer-reviewed and publicly available. OW risk assess-
ments are most often limited by paucity of usable data on health effects and occurrence of 
contaminants in food and water. 

Data to support microbial dose response assessment are lacking and are likely not to 
be forthcoming. New human challenge studies are extremely unlikely to be conducted, and 
even if available may not be usable by EPA given recent restrictions on use of human stud-
ies. Those studies that are complete may not be applicable to assessment of exposure in the 
general population for these reasons. 

•	 The studies administered laboratory strains of microbes; that is healthy infectious 
organisms grown or concentrated from specific hosts. Environmental organisms are of more 
diverse origin and may be more or less potent than laboratory strains.

•	 Challenge studies are conducted in healthy volunteers, usually one gender, and only 
of a limited age range (typically 20-50).

Another challenge in assessing microbial pathogens is lack of data and models on second-
ary transmission. Dynamic disease transmission modeling is developing as a useful tool. 

Time is also a limited resource. SDWA risk assessments must be done to deadlines for 
regulation proposal, promulgation and review. For both CWA and SDWA actions, there 
are often court-ordered deadlines to be met. OW may not delay these actions to await data 
generation or method development. 

Under SDWA OW is concerned with contaminant mixtures in drinking water in response 
to requirements of the Safe Drinking Water Act Amendments of 1996, including mixtures 
of DBPs and of Contaminant Candidate List chemicals (e.g., organotins, pesticides, metals, 
pharmaceuticals). Information and methods are being developed to better evaluate the toxic 
mode of action, the risk posed by drinking water mixtures, exposure estimates for mixtures 
via multiple routes, and the relative effectiveness of advanced treatment technologies (EPA 
2003c,d). 

Whole-mixture studies are routinely used in ecological risk assessments. The Agency 
has developed subchronic toxicity tests for whole aqueous effluents and for contaminated 
ambient waters, sediments, and soils (EPA 1989b, 1991c, 1994a). Furthermore, the effects 
of mixtures in aquatic ecosystems are evaluated using bioassessment techniques that are 
equivalent to epidemiology, but more readily employed (Barbour et al. 1999). Similar bio-
assessment methods are sometimes used at Superfund sites (EPA 1994b). These empirical 
approaches to assessing ecological risks from mixtures are employed in National Pollutant 
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Discharge Elimination System permitting and the development of Total Maximum Daily 
Loads, and are often used in Superfund baseline ecological risk assessments.

Many uncertainty analyses account for parameter uncertainty, but ignore model uncer-
tainty. When only one model can reasonably explain or be fit to the data, then there is need 
only to account for uncertainty in that specific model’s parameter values. For example, a 
dose-response relationship might be known to be exponential, and data are used to esti-
mate and characterize uncertainty about the exponential model’s single parameter (r). If it 
is uncertain whether the model is exponential, beta-Poisson, or some other form, then the 
data are used to characterize uncertainty about the model as well as the models’ parameter 
values. In OW’s GWR and LT2 rules, model uncertainty was explored in sensitivity analyses; 
these showed that the choice of model did not significantly alter the results. Dealing with 
model uncertainty may be a significant challenge in future analyses under these conditions: 
(a) data do not clearly point to a single preferred model; or (b) the regulatory outcome or 
estimate is sensitive to model choice.

Future Directions: Addressing gaps, Limitations, and Needs

The 1983 NRC paradigm for human health risk assessment for chemicals and radiation 
remains adequate. The 1998 paradigm for ecological risk assessment remains adequate. We 
look forward to a federal peer-reviewed, published microbial risk assessment paradigm.

Water programs need improved dose response methods, in particular for microbial 
disease causing agents. 

While OW would like to see increased use of data from “omic” technologies, there is 
an enormous amount of work in that field to be done before such use will be either practi-
cal or will stand the test of the courts. Probably the first accepted use of “omics” in water 
programs will be in microbial source tracking and in rapid detection of contaminants (rather 
than in risk assessment).

Improved and accepted methods for quantifying ecological benefit, and human health 
benefits (beyond value of a statistical life), will be immediately useful. 

Means to assess the utility and the lessons learned from various types of uncertainty 
analyses will be immediately useful, as will improved methods for communicating uncertainty 
to both decision makers and the (litigious) public. 

The major limitations in applying any new risk assessment methods will be lack of data 
(particularly health and ecological effects data); and degree of acceptance of new methods 
by stakeholders.
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Appendix F

Case Studies of the Framework for  
Risk-Based Decision-Making

In Chapter 8, we proposed a framework for risk-based decision-making in which an 
initial problem formulation and scoping phase is used to develop the analytic scope neces-
sary to compare intervention options, risks and costs under existing conditions and with 
proposed interventions are assessed, and risk-management options are analyzed to inform 
decisions. We provide here three brief examples to demonstrate how the approach in Figure 
8-1 might lead to a process and an outcome different from those of a conventional application 
of risk assessment. The examples are not meant to capture specific and current regulatory 
decisions in all their technical detail (and are perhaps caricatures of current decision-making 
paradigms) but are meant simply to illustrate some types of problems and how the frame-
work would, in principle, address them. Similarly, while these examples would in principle 
involve multiple state and federal agencies under a variety of regulatory structures, they are 
meant to be more abstract examples of how the approach in Figure 8-1 would address risk 
management decisions.

A CASE STUDy OF ELECTRICITy gENERATION

Suppose that a new peaking power plant has been proposed to be sited in a low-income 
neighborhood that already contains other power-generating capacity or sources of similar 
pollutants. A conventional application of risk-assessment methods in this context might 
lead the proponent of the power plant to conduct analyses to determine whether the facility 
would contribute to exceedances of predefined risk thresholds—for example, greater than 
a 10-6 risk from air toxics for the maximally exposed person, a violation of ambient air 
quality standards for criteria pollutants. Issues related to alternative sites would typically be 
addressed in a separate part of the analysis, with argument of why the selected site is prefer-
able, and no formal evaluations of alternative technologies and their implications for costs 
or benefits would be considered. Environmental-justice issues would typically be discussed 
but with no functional connection to the risk assessment or decision. 

The questions addressed by risk assessment applied in that fashion attempt to determine 
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whether there will be a “significant” problem if the plant is built with the proposed orien-
tation. That sets up an adversarial relationship between the plant proponent and the local 
community in which the community is attempting to understand the intricacies of the risk 
assessment (which may have shown no “significant” increases in health risks) and is often 
operating under the assumption that the analysis has been manipulated in ways that the 
community does not understand or has not appropriately taken account of exposure and 
susceptibility conditions in the community. Whether the power plant is ultimately sited or not 
and whether the risk assessment represents best practice or not, this approach does not make 
optimal use of the insights that risk assessment can provide in that it focuses on only one 
alternative other than the status quo and provides limited information to stakeholders. 

An alternative orientation following Figure 8-1 would still use risk-assessment methods 
but as part of Phase I would instead ask about the best approach to fulfill a given societal 
need that would minimize net impacts (including health impacts, costs, and other dimen-
sions). With this orientation, the regulatory body that would be permitting the proposed 
facility would first determine the societal objective of the facility, which could be to decrease 
the projected gap between electricity supply and demand in the region during periods of high 
electricity use. That objective could be met in numerous ways, including energy-efficiency 
efforts by the utility’s suppliers or customers, increased use of existing power plants, dif-
ferent storage technologies to meet peak power needs, or new power plants using different 
technologies (that is, alternative fuels and control technologies) in different locations. A do-
nothing strategy and its implications would also be evaluated. Risk assessment can play a 
key role in distinguishing among the various options considered in combination with other 
methods and information. 

In phase I, the set of possible interventions would be determined collectively by all 
stakeholders with the end points that could inform decision-making (for example, effects on 
electricity cost per kilowatt-hour, population risk, distribution of risk among defined sub-
populations, life-cycle impacts, and probability of blackouts and brownouts). Stakeholders 
may mutually decide that some end points are unimportant or that some should get greater 
weight than others, and this will inform the choice of methods. 

A comprehensive consideration of options at the outset would ensure that all relevant 
stakeholders were present, avoiding NIMBY outcomes in which an alternative site is chosen 
in a community that has not been involved in the process. The risk assessments and economic, 
technical, and other analyses would be oriented around the proposed interventions and 
would allow for explicit consideration of the tradeoffs among different desirable attributes 
of the decision and upfront transparency about the solution set, methods, and criteria for 
decision-making. For example, a clear presentation of the probability of blackouts under 
the do-nothing strategy and with alternative new facilities would help to demonstrate the 
importance of new capacity. 

One possible criticism of this approach is that stakeholder participation and evaluation 
of multiple competing options require substantial effort and could lead to delays in deci-
sion-making. However, the current paradigm often leads to intractable debates about minute 
details of the risk assessment (Did the proponent use the right dispersion model? Were emis-
sions estimated appropriately? Where would the maximally exposed person live?) without 
consideration of whether a choice among options would be influenced by these details. 
An upfront investment of time and effort in developing options and scoping the problem 
should reduce debate and antagonism considerably in the long term, should reduce analytic 
effort by focusing it on the end points that would help to discriminate among options, and 
should allow more coordinated planning of multiple projects with the same general aims. It 
could also be argued that explicit presentation of the tradeoffs among cost, risk, blackout 
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probability, and equity would make decisions impossible because stakeholders would weigh 
these components differently, and there are no obvious bright-line distinctions. However, 
the current decision paradigm considers some of the factors implicitly while ignoring others 
without any explicit attempt to set priorities, so it is hard to argue that better understand-
ing of the implications of decisions would not be beneficial. A final critique could be that 
stakeholders are ultimately concerned with the decision rather than the method. If this ap-
proach resulted in a conclusion that building the power plant in the low-income community 
were the optimal solution, residents of the community would be unhappy; if this approach 
resulted in a decision not to build a new facility, the proponents of the power plant would 
be unhappy (even if the process and analysis were transparent and agreed on). That may be 
impossible to avoid, but upfront consideration of scoping and decision criteria will at least 
reassure stakeholders that the criteria were not determined post hoc, and the rationale for 
the decision will be clearly presented. 

A CASE STUDy OF DECISION SUPPORT FOR DRINkINg-WATER SySTEMS

Decision-makers and stakeholders seeking safe drinking water carry out their work in the 
face of a daunting array of microbial, chemical, climatic, operational, security and financial 
hazards. The capacity of risk assessment to support the societal goal of the provision of safe 
drinking water is an example of the critical need to reorient current risk-assessment practices 
away from the support of a series of disconnected single-hazard standard-setting processes 
and toward the provision of analytic support to facilitate the integration of complex health, 
ecologic, engineering, and economic elements of decision-making involved in providing safe 
drinking water. 

Risk-assessment activities that are directed toward the safety of drinking water primar-
ily support standard-setting exercises. The setting of such standards does not represent the 
types of more concrete system-design risk-management decisions that have direct physical, 
biologic, and chemical impacts on the safety of drinking water, representing distal decisions 
with ambiguous connections to risk reduction rather than proximal decisions with clear 
causal connections to risk reduction. 

It is now generally understood that drinking water is best protected by an integrated 
risk-management approach in which multiple barriers are applied to protect against expo-
sure to the hazards. The intervention options for drinking-water risk management include 
a complex set of decisions that affect system components that include sewage treatment, 
source-water selection and protection, multiple stages of water treatment, investments in 
operator training and information-management systems, changes in laboratory and moni-
toring practices, protection of the water in the distribution system, household water-use 
practices, and the capacity for effective emergency response that needs to be engaged when 
other barriers fail. It is inevitably a complex design problem to reduce risk from multiple 
sources that are subject to numerous competing constraints. The constraints include the 
fact that reducing some risks can increase others (the now classic problem of toxicity from 
disinfection byproducts that are produced in some processes aimed at reducing microbial 
risks or in choosing among sources of raw water that have varied microbial and chemical 
risk profiles). Other constraints include financial resources available in the short term and 
long term, the political and economic implications of issuing boil-water advisories, and the 
need to provide adequate protection to highly susceptible sub-populations (for example, in 
the case of persons with HIV/AIDS and the risk of cryptosporidiosis). 

The societal goal is ultimately not to set standards themselves but rather to minimize 
the net risk associated with the provision of drinking water given the aforementioned risks 
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and constraints. To that end, a series of decisions are made by the owners and operators of 
drinking-water systems. Some are discrete events, such as major investments in watershed 
protection, water-treatment technology, or construction of pipelines from distant water 
sources; some are continuous processes, such as treatment adjustments based on monitoring 
or customer complaints related to aesthetic properties of water. 

It is obvious that those decisions would ideally be made in the presence of the most 
complete understanding of their implications that can reasonably be provided. The decisions 
are complex, and the selected actions will inevitably balance competing public goals. In this 
context, the present committee’s goal for the conduct of risk assessment is the assembly and 
provision of information that describes (quantitatively and qualitatively) the implications 
of a set of intervention options, the characterization of the implications in the form of risk 
measures, and the characterization of the net risk that would be predicted in connection 
with the decision-maker’s choice of a particular change in the water-management system. 
In the recommended framework in Figure 8-1, the Environmental Protection Agency (EPA), 
subject to the continuing reality of standard-setting processes required by statute, would 
orient risk-assessment activities toward providing risk-informed decision-support tools to 
the more proximal risk managers and stakeholders. With the help of this reoriented form of 
risk assessment, locally accountable decision-makers and stakeholders would be empowered 
by EPA’s decision-support tools to make risk-informed decisions in designing and operating 
drinking-water systems. 

A CASE STUDy OF METHyLENE CHLORIDE IN TWO SECTORS

The third example is based loosely on the regulatory response during the 1990s to the 
problems posed by methylene chloride (MeCl2), a ubiquitous solvent that is a neurotoxin 
and a rodent carcinogen and that exacerbates carboxyhemoglobin formation. The example 
considers some of the likely costs and benefits of various interventions to reduce MeCl2 
risks in the workplace and in the general environment; its main point is to show that the 
outcome would depend heavily on how the regulatory agency chose to formulate the problem 
and potential intervention options. It also emphasizes that a too-narrow formulation of the 
problem, without consideration of intervention options at the outset, could exacerbate or 
fail to identify risk-risk tradeoffs. 

A conventional application of risk-assessment methods might attempt to determine the 
allowable MeCl2 concentration in ambient air to meet a defined risk threshold. In this case, 
the risk assessment supports a distal decision to set a risk-specific concentration. However, 
nothing would prevent facilities from complying with the standard by transferring the MeCl2 
risk to other chemicals or populations. They could substitute an unregulated (but potentially 
more toxic) solvent or simply change the production conditions so that less MeCl2 is emit-
ted from stack and fugitive emission points but more is released into the workplace. Other 
tradeoffs are also possible; for example, the allegation has been made in the aircraft sector 
that one compliance strategy (reduction in the frequency of stripping and repainting) can 
lead to an increased safety risk if it compromises the airworthiness of the craft. 

An alternative strategy could involve finding the best available technology to control 
MeCl2 emissions. In this case, the exercise is reduced to arranging the existing control tech-
niques in order of efficiency and choosing either the “best available technology” (the single 
most efficient) or some “good enough available technology,” as is done in the Maximum 
Achievable Control Technology (MACT) program under the Clean Air Act, which seeks to 
mandate the technology that corresponds to the average of the best-performing 12% of all 
current sources. As with any purely technology-based decision, the absolute risk reduction 

E27.421

http://www.nap.edu/12209


Science and Decisions: Advancing Risk Assessment

Copyright National Academy of Sciences. All rights reserved.

APPENDIX F 403

achieved may be insufficient to be acceptable, or it might be too stringent in that its costs 
outweigh its benefits. In spite of the simplicity of the approach, it is unlikely to yield the 
optimal solution, and firms could still respond to the technology mandate by adverse sub-
stitution, risk-shifting, plant closure, or some other action.

If the committee’s framework for risk-based decision-making (Figure 8-1) were used 
instead, the initial problem-formulation step could determine that the goal is to minimize 
the total impacts of the production and use of the products that currently consume MeCl2 
(such as assembled foam and repainted aircraft). Risk assessments (and economic and other 
analyses) would be used to compare the residual risks and economic costs of control of 
each of a set of possible interventions. If the analytic question is asked about the process or 
function rather than about the substance, the set of interventions can be more expansive, 
and risk-risk tradeoffs can be minimized (or at least confronted explicitly). 

Hypothetically, both EPA and the Occupational Safety and Health Administration might 
agree that for foam assembly, local ventilation plus carbon adsorption is the optimal solution 
for controlling MeCl2 or any similar solvent that might be substituted for it. Similarly, for 
aircraft repainting, the optimal solution might involve requiring (or encouraging) the use of 
nontoxic abrasive material rather than a volatile solvent to remove the old paint layer.

The framework in Figure 8-1 could also allow the agencies to think more expansively 
and to seek global rather than local optima. Setting aside questions of agency scope, if the 
societal function were redefined as providing air travel rather than providing frequently 
repainted aircraft, intervention options might emerge for discussion that included changing 
the incentives to repaint so often, and this might broaden the analysis to include the impacts 
of jet-fuel use (fuel savings resulting from the coating, rather than painting, of planes). Even 
broader discussions of incentives for reducing the need for air travel might ensue; it is only the 
makeup of the involved participants and their preferences, subject to time and other logistical 
constraints, that dictates the scope of the interventions contemplated in this paradigm. 
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Abstract

Objective: To summarize existing literature on the mental health impact of the Flint Water Crisis.

Methods: In March 2020, we searched five databases for literature exploring the psychological 

consequences of the crisis. Main findings were extracted.

Results: 132 citations were screened and eleven included in the review. Results suggest a 

negative psychological effect caused by the water crisis, including anxiety and health worries, 

exacerbated by lowered trust in public health officials, uncertainty about the long-term impacts 

of the crisis, financial hardships, stigma, and difficulties seeking help. There was evidence that 

concerns about tap water continued even after the state of emergency was lifted.

Conclusions: With a possible compound effect to residents of Flint with the recent COVID-19 

pandemic, the results highlight the need for more resources for psychological health interventions 

in Flint as well as a need for local governments and health authorities to regain the trust of those 

affected by the Flint Water Crisis.

Keywords

Mental Health; Flint Water Crisis; Public Health; Literature Review; Psychological Warfare

Introduction

The city of Flint is the urban center of Genesee County, Michigan, USA with a population 

of over 95,000 according to 2018 estimates and accounting for 25% of Genesee County’s 

population1. On 25th April 2014, Flint changed its municipal water supply source from Lake 

Huron to the Flint River as a cost-saving measure2. However, the Flint River water was not 

treated with corrosion control chemicals to ensure the more acidic river water did not cause 

corrosion of water distribution pipes. By summer 2014, Flint residents had begun reporting 

changes in the smell, taste and appearance of their water as well as health effects such as 

skin rashes and hair loss. However, officials insisted the water was safe and dismissed the 
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idea of a link between water quality and health problems, and residents continued to use tap 

water. Meanwhile, the supply pipes continued corroding, leaching lead into the water3.

In September 2015, water experts discovered very high levels of lead in the tap water of 

some Flint homes4 and a local pediatrician found increases in children’s blood lead levels 

corresponding with the time of the switch in water sources5. The state re-evaluated its 

water-testing data, discovering elevated levels of contaminants including bacteria and lead 

in Flint’s drinking water, and concluded that the water was, in fact, unsafe3,6. Although 

the water source was switched back to the Lake Huron source in October 2015, a state of 

emergency was declared at both the state and federal level in January 2016 which was in 

effect until August 2016. Despite the state of emergency having been lifted, according to 

media reports many residents remain fearful of Flint’s water, feeling they have not received 

any explanation for why the crisis was allowed to happen, and still lack trust in public health 

officials7.

Naturally, the crisis has raised concerns about the physical health of Flint residents. Lead 

exposure can lead to high blood pressure, heart disease, damage to the brain and kidneys, 

and infertility8. Lead exposure is particularly harmful for children, putting them at greater 

risk of brain and nervous system damage, slowed development and behavioral problems9. 

In addition to physical health concerns, there are also potential mental health consequences 

of the crisis which cannot be overlooked. Previous research suggests that experiencing a 

disaster or public health emergency – particularly one that is human-induced - can lead to 

mental health disorders and substantial negative effects on levels of stress10. Psychological 

consequences can occur not only during and in the short-term aftermath of a disaster or 

crisis but can also affect both adults and children for years after11,12.

Residents of Flint may be particularly at risk of adverse mental health consequences due 

to the city’s long-standing social and economic vulnerabilities. Almost half of Flint’s 

residents live below the federal poverty level1 and Flint has consistently been rated one 

of the most violent cities in the US13,14. Flint also has a long history of racial segregation, 

with environmental racism believed to be a contributor to the water crisis15. Disadvantaged 

communities are more likely to be vulnerable to adverse mental health outcomes especially 

after a disaster and have more barriers to treatment16. Therefore, the mental health of Flint 

residents is of particular concern.

Despite the risk to Flint residents in terms of their mental health, the psychological impact 

of the crisis has received little attention in the literature, and human-focused recovery 

efforts have been minimal in comparison to the recovery of physical infrastructure17. But 

the mental health impact from the Flint Water Crisis may be a long-lasting legacy for 

generations to come in the community, as has been seen in other post-disaster communities: 

for example, the fallout of the Chernobyl Nuclear Power Plant in Pripyat, Ukraine led 

to gaps in providing mental health care and the impact of this has been labelled as the 

largest public health problem caused by the accident18. In fact, the media have frequently 

compared the Flint situation with the Chernobyl disaster19,20 while researchers have labelled 

the Flint Water Crisis more ‘insidious’ than Chernobyl21, which causes concern as to the 

potential long-lasting impact of the crisis. Past disasters in other communities have shown 

Brooks and Patel Page 2

Disaster Med Public Health Prep. Author manuscript; available in PMC 2022 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

E28.2



the importance of resilience, which includes the ability to return to self-sufficiency and 

sustain relatively stable psychological and physical functioning after a traumatic event22. 

This highlights the importance of considering the level of resilience in Flint’s community 

and how this can be improved. It is important that the psychological consequences of the 

crisis are not overlooked - particularly now, with the ongoing coronavirus (COVID-19) 

pandemic. Flint has the highest number of COVID-19 cases in Genesee County: as of 04 

May 2020, Flint had recorded 644 cases (representing 39.5% of Genesee County cases), 

followed by Flint Township with 125 (7.6% of Genesee County’s cases), despite Flint only 

making up 25% of Genesee County’s total population23. The psychological consequences 

of the unprecedented lockdown of communities in order to reduce transmission is likely 

to be substantial24, and may be particularly so for communities which have yet to fully 

recover from a past crisis and are now faced with another one. Taking account of the lessons 

learned from the fallout from the Chernobyl disaster and with the current situation with the 

COVID-19 pandemic, applying such learnings of past crises are important for responding 

and serving the populations affected by COVID-19 and prior disasters.

We aimed to systematically review the published literature on the psychological impact of 

the Flint water crisis, specifically focusing on characterizing the mental health impact of the 

crisis and the factors associated with this impact.

Methods

Search strategy

On 27th March 2020, the following search strategy was used to search titles and abstracts 

in five databases (Medline, PsycInfo, Embase, Global Health and Web of Science) from 

inception to 2020 Week 12:

1. Flint

2. Water

3. Mental health

4. Behavioural health

5. Behavioral health

6. Psycholog*

7. Consequence*

8. Impact*

9. 3 OR 4 OR 5 OR 6 OR 7 OR 8

10. 1 AND 2 AND 9

The asterisk symbol is used as a truncation command on the Ovid databases 

– so for example, ‘psycholog*’ would search for ‘psycholog’ as a root term 

with any ending, thus would capture both ‘psychology’ and ‘psychological’; 

‘consequence*’ would capture both ‘consequence’ and ‘consequences’.

Brooks and Patel Page 3

Disaster Med Public Health Prep. Author manuscript; available in PMC 2022 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

E28.3



Inclusion criteria

To be included in the review, studies had to: i) include primary data; ii) be published in 

peer-reviewed journals; iii) be written in English; and iv) report on either the psychological 

consequences of the Flint water crisis or factors associated with psychological outcomes as a 

result of the crisis.

Screening

One author ran the search strategy on all databases and downloaded resulting citations 

to EndNote version X9 (Thomson Reuters, New York, USA) where duplicates were 

automatically removed. Both authors then independently screened all titles for relevance to 

the review, excluding any which were clearly not relevant. This was followed by screening 

of abstracts. The full texts of all citations still remaining were obtained and screened for 

relevance against the inclusion criteria. Finally, the reference lists of included papers were 

hand-searched for additional relevant studies. Any discrepancies in included papers between 

authors were resolved through discussion.

Data extraction and synthesis

A spreadsheet was designed in order to systematically extract data from the literature. 

The following data was extracted: year of study, design and measures used, number of 

participants, demographic information of participants, and key results. Data extraction 

was carried out by both authors independently and then their results compared, to ensure 

accuracy. Thematic analysis25 was used to synthesize the data by coding it and organizing it 

into themes.

Results

Database searches yielded 216 articles. After 84 duplicates were removed, 132 articles 

remained for screening. Title screening removed 101 of these; abstract screening removed 

another 15; and 16 full texts were reviewed. Five were excluded, leaving eleven included in 

the review (Figure I). Table I summarizes the design and participant information for each 

study and Table II summarizes the evidence for each of the themes found in the literature.

Impact on mental health

Participants directly affected by the water crisis reported symptoms of poor mental health 

in general26, post-traumatic stress disorder17, depression27, anxiety or stress27,28,29, sleep 

problems27,30, fear28, aggressiveness27, trouble concentrating27, emotional outbursts27, 

decreased appetite27, and exacerbation of pre-existing health conditions28. A longitudinal 

study31 of thirty expert panelists (from health services, schools and researchers in Genesee 

County) believed the water crisis was increasing stress, anxiety and to a lesser extent 

depression among Flint’s population, and that residents had been left feeling angry, defeated 

and on edge. They also believed that effects of stress were not limited to Flint residents 

and that those outside of Flint could also be stressed due to knowing people affected by the 

crisis.
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A cross-sectional study of 180 Flint residents comparing indicators of psychological 

wellbeing in Flint after the water crisis with similar indicators in Michigan before the 

crisis27 found higher negative quality of life indicators in Flint after the crisis than in both 

2012 and 2014, as well as significantly higher poor mental health and a significantly higher 

number of people reporting that physical or mental health had limited their usual activities 

than in 2013–2015.

However, a longitudinal study (looking at data for almost two hundred residents over 

three years) published in 202032 showed some improvements in health outcomes over the 

years post-crisis: for adults aged 21 and over, aggressiveness, depressed mood, emotional 

outbursts, and anxiety/stress were lower in 2018 than they were in 2016, and for those 

aged under 21, there were significant declines in aggressiveness, emotional outbursts and 

problems in school. However, there were no significant changes in reports of trouble 

concentrating, decreased appetite or sleep problems for those aged 21 and over; or sleep 

problems, decreased appetite, depressed mood or anxiety/stress for those under 21.

Risky behaviors

Kruger33 in a cross-sectional study of over seven hundred people found that those who 

experienced poorer quality tap water demonstrated higher rates of risk-taking behavior: 

in particular, poorer water quality experiences were associated with higher likelihood of 

tobacco smoking, higher self-reported HIV risk, higher likelihood of being involved in a 

physical fight and less healthy diet. Increased substance use and nicotine use were also noted 

in two other studies27,34 while the longitudinal study by Sneed et al.32 found no significant 

decrease in substance use over the years after the crisis, 2016–2018. Cuthbertson et al.’s31 

participants believed that the mental health effects of the crisis could spill over into other 

areas of behavioral health, and could increase abuse, alcohol misuse, illicit drug use and 

prescription drug misuse.

Demographic factors associated with mental health outcomes

Participants felt that the entire community would be affected by the stress of the crisis, but 

particularly those in low-income African-American populations31. Kruger et al.17 found that 

younger age and fewer years of continuous education were associated with higher PTSD 

symptoms and likelihood of screening positive for PTSD.

Distrust in public health officials

Cuthbertson et al.’s31 participants (thirty expert panelists from health and education services 

in Genesee County) felt mental health consequences were related not only to the water 

contamination itself but to distrust of authority figures and lack of confidence in the 

government. Participants suggested the crisis had created distrust among city and state 

leadership; residents had lost trust in political officials and community leaders. This led 

to a feeling of abandonment, due to no one taking responsibility for the water problems, 

which exacerbated mental health problems. Decreased trust in officials was also noted 

in other studies27,28,29,33,35. This decrease in trust may be due to feeling overlooked by 

decision-makers27. In terms of what could be done to restore trust in the government, 

participants suggested removing local elected officials, more honesty from elected officials, 
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improving transparency and communication with residents, and fixing the water situation35. 

Furthermore, 7.9% of participants in this study did not know how trust could be restored, 

and 10.9% felt nothing could be done to restore it.

Media

Stress was related to news coverage finding high levels of lead in the blood of Flint 

children31. In the same study, the increase in attention from the media was reported as 

causing an increase in stress as many interpreted it as an indicator that something much 

worse was unfolding, something over which they had no power.

Living with uncertainty

Participants cited various sources of uncertainty leading to stress: lack of knowledge about 

where to find lead testing for children in order to assess the potential impact of the crisis 

on their children31; uncertainty of knowing if they had been exposed to lead as well as 

the unknown severity of effects of lead exposure31; feeling that the crisis was not over and 

would never be fixed27,29; and uncertainty of the long-term effects of the crisis28,29. Sneed et 

al.32 found a slight decrease between 2016–2018 in the percentage of participants feeling the 

crisis would never be fixed; however, this was not statistically significant.

Finances

Participants frequently reported financial concerns and hardships27,28,29,31,34. Financial 

concerns appeared to be higher among Flint residents after the crisis than previously 

reported in Michigan in 2012 and 201427. These increased concerns were due to Flint 

residents paying extremely high water bills for unusable water31; decreased property 

values28,29,31; lacking funds to relocate31; decreases in the local economy28,31; decreases 

in tourism29; and additional monthly expenses such as buying bottled water and water filters, 

doctor appointments, and buying gasoline to travel to appointments or to pick up water 

safety supplies34. Sneed et al.’s32 study showed no significant change in financial concern in 

the years post-crisis, 2016–2018.

Stigma

Participants in one study31 (thirty expert panelists from Genesee County) reported a sense 

of divide between Flint residents and other communities, suggesting others were trying 

to distance themselves from Flint. For example, biological parents of foster children were 

reported to be demanding that children not be placed in Flint homes. Similarly, Flint-based 

community partners and university researchers in another study using both workshops and 

surveys to assess Flint residents’ views28 found that negative consequences from the stigma 

of poverty and social failures associated with Flint could lead to stress and participants in a 

third study29 also reported experiencing stigma from non-Flint residents.

Continued concerns about water

In one cross-sectional study of 180 Flint residents27, over 60% of participants reported fear 

regarding drinking or cooking with filtered tap water, and over half reported ‘a lot of’ fear 

around bathing and brushing teeth with unfiltered tap water. As a result of the water crisis, 
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more than three quarters had reduced their water usage in some way, including decreased 

duration and frequency of baths and showers and changing bathing methods altogether, for 

example using baby wipes or hand sanitizer for washing. Participants in another study35 

(a cross-sectional study of 405 Flint residents) also reported low trust in water safety, 

which was a significant predictor of considering leaving the city (p<0.001). Sneed et al.’s 

longitudinal study32 found that fears related to drinking and cooking with tap water did not 

significantly decrease between 2016–2018; however, there were much larger decreases in 

fears of bathing and brushing teeth.

Difficulties seeking help

One study of 180 adults living in Flint27 found that only approximately half of those 

participants who felt they needed help for behavioral health concerns actually sought help. 

They reported barriers to seeking help such as finding it difficult to trust in the healthcare 

system or healthcare providers; finding services too expensive; having no transportation; 

being disabled or housebound; concerns about what others would think; and lack of health 

insurance.

Impact on education

Participants believed the crisis had led to decreases in educational attainment, and reported 

concerns about educational attainment and delinquency in Flint’s youth in the years to 

come28. Participants in this study suggested that a long-term monitoring plan for children 

exposed to lead was necessary, along with the development of family support programs in 

schools.

Coping strategies

The majority of Heard-Garris et al.’s34 participants (consisting of 133 drug-using Flint 

residents) reported using positive coping mechanisms such as active coping, venting, 

positive reframing, planning, humor, distraction, emotional support seeking, advice-seeking, 

acceptance, and turning to religion or faith. Negative coping mechanisms such as denial 

and disengagement were also reported by more than half of the participants, and over 40% 

reported self-blame.

Discussion

The negative effects caused by the water crisis on Flint’s residents have created a variety of 

mental health issues in the affected population. Studies found in this review suggest various 

degrees of anxiety, depression, post-traumatic stress, sleep problems and worries about 

physical health existing in the affected population. Additionally, negative coping strategies 

such as smoking and alcohol misuse, and risky health behaviors appeared to be response 

reactions of those affected by the crisis. Whilst more research into risky behaviors in Flint 

pre-crisis is needed in order to ascertain the extent to which these behaviors are related to the 

crisis, it is highly possible that they are exacerbated by worsening mental health due to the 

crisis, which participants themselves believed to be the case31. The negative mental health 

consequences of the crisis may have been exacerbated by lowered trust in public health 

and government officials, heightened uncertainty about the long-term impacts of the crisis 
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and the appropriate course of action to resolve emerging issues, and increased amount of 

financial hardships caused by the crisis. The results of this review also suggest that perceived 

stigma from others in the community and in the population at large, along with difficulties 

seeking help, could prevent those affected from improving their respective situation. This 

review also found evidence that concerns and doubt about the tap water in Flint, Michigan 

continued even after the state of emergency was lifted.

However, there are some positive implications from this review, as the major stressors 

identified can be targeted with interventions and consequently their impact lessened. For 

example, negative coping strategies such as smoking and alcohol misuse and risky health 

behaviors can be addressed in the Flint community through public health interventions and 

programs. Programs that enable peer and group support have been effective in establishing 

and enabling changes in these behaviors36,37. Additionally, in a longitudinal study of the 

first three years after the crisis, improvements in mental health outcomes as well as a 

decline in fears of using tap water for bathing and brushing teeth were seen, which suggest 

public health messages surrounding water usage for these purposes were well-received32. 

However, other concerns related to the crisis remain unchanged, such as financial worries 

and an overall concern that the crisis will never be fixed. Use of evidence-informed 

interventions can reduce these concerns, enhance wellbeing, and improve functioning for 

affected individuals38. Despite progression in some beliefs, community efforts to reduce 

psychological distress are still warranted.

The psychological consequences of the Flint water crisis may generalize to other disasters, 

and support findings from similar incidents involving environmental contamination based 

on past disasters. For example, studies that examined the long-term mental health 

consequences of the Chernobyl nuclear power plant disaster showed the affected populations 

developed an exaggerated sense of presumed exposure and danger due to Chernobyl over 

time, which fueled an increased level of anxiety and perpetual stigmatization through 

the generations39,40,41,42. Besides similar results found in this review with impact on 

mental health and stigmatization, the themes of distrust in government officials and risky 

behaviors were also seen among populations affected by Chernobyl42,43. There were more 

depression, anxiety, and overall concerns specifically about children’s well-being among the 

affected populations even decades after the incident – this brings heightened urgency for 

further investigations and longitudinal studies related to the Flint Water Crisis, to inform 

interventions to address any long-term mental health identified.

Additionally, the COVID-19 pandemic creates a possible compound effect to those affected 

by the Flint Water Crisis, as they now face coping with another emergency while still 

recovering from another. Despite being over three years since the crisis was considered to 

be over, the communities, as seen in this review, are still reeling from the mental health 

impact which could be exposed further with the pandemic. Although coronavirus infects 

people regardless of income, the low-income communities in Michigan have been deeply 

affected, especially in Genesee County23. This highlights the issue of how Michigan is 

segregated by income and race, which have previously been cited as factors responsible 

for the Water Crisis44,45 and may also be crucial factors in the high caseload of confirmed 

COVID-19 patients in Flint; it has been reported that racial capitalism in Flint is shaping 
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health inequalities in the pandemic46. To our knowledge there is not yet any peer-reviewed 

published research specifically focused on the mental health impact of COVID-19 on Flint 

residents; however, the mental health impacts of lockdown are likely to be felt across the 

globe24 and there have been media reports that the pandemic has had a particularly negative 

impact on Flint residents47.

There are several implications for policy and practice based on the findings of this review. 

First, rebuilding trust in official communication and science within the Flint community will 

enhance ongoing efforts to resolve the gaps that were caused by the initial crisis. Local 

government and public health officials need to ensure they regain the trust of residents along 

with engaging and involving the Flint community and its members in recovery efforts. 

For example, ensuring transparency, seeking community input, and enabling two-way 

communication with the public on resolving issues will allow trust to be built institutionally. 

Having government and public health officials being held accountable, demonstrating 

integrity by admitting to mistakes, and seeking input from respected outside experts will 

bridge their past leadership woes and connect with the communities they are serving48.

In Flint, efforts are being made to provide urgent mental health services. Psychological 

first aid training for people interested in helping others cope with the water emergency has 

been provided by the Flint Community Resilience Group31 and the Flint RECAST program 

educates residents about trauma49. However, there remain concerns about whether enough 

is being done and whether people would actually seek psychological help50. Mental health 

services need to be readily available and ramped up in the Flint community. Government and 

public health officials should identify and strengthen resources for mental health services for 

affected residents, and conduct follow-up mental health assessments to evaluate change over 

time. Additional mental health interventions should also occur in Flint, especially to address 

the current COVID-19 pandemic as this may have a profound mental health impact24,51,52. 

However, economic factors, such as access and costs, need to be considered when 

implementing mental health interventions. An increase of educational media campaigns 

and handouts can also enhance the mental health interventions by emphasizing the potential 

long-term mental health implications of the crisis, providing contact information for support 

groups and readily available mental health services. All trust-building and mental health 

services done in the Flint community will build infrastructure and enhance the efforts if 

future crises arise.

Future research in Flint should go beyond the profound societal effects caused by the crisis 

and create opportunities to resolve the disadvantages for the Flint community to become an 

example of a community that can bounce back and be resilient from future public health 

emergencies. Despite the concept of community resilience having been variously defined 

by researchers, government officials and public health practitioners without a unifying 

meaning, several themes found across the definitions align with the results found in this 

review and help to prioritize future research53. Community participatory research examining 

crisis communication, leadership and resources can help build trust and evidence-based 

infrastructure and working relationships between officials and Flint community members. 

With a compound effect of the current impact caused by the COVID-19 pandemic, 

maladaptive coping strategies and risky health behaviors may need urgent attention to 
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manage the distressing emotions and community memory of compounded crises38. Facing 

multiple public health emergencies can cause inherent challenges for communities but 

establishing evidence-based mental health interventions can help to enhance their resilience.

Limitations

The majority of studies reviewed were cross-sectional and thus indicate associations, rather 

than causal relationships; very few studies were longitudinal, so the long-term effects of 

the Flint Water Crisis are unclear. Much of the included research was conducted while the 

crisis was ongoing: the full impact of the crisis may therefore be under-estimated, due to 

the speed with which data was collected. The majority of studies did not compare rates of 

mental health problems between Flint and other populations, or pre-Water Crisis rates in 

Flint, making it difficult to truly ascertain the impact of the crisis on mental health; one 

study27 which did compare rates of psychological distress in Flint with pre-crisis rates of 

psychological distress in Michigan suggested mental health significantly worsened during 

the crisis and it would be useful to know if other studies could replicate this finding. Other 

factors, such as the economic recession or personal circumstances, could also have affected 

mental health. Additionally, much of the data in the included papers was obtained via 

self-reports, which may not necessarily be reliable. In terms of the review process itself, the 

decision to include only peer-reviewed literature and not grey literature may mean that the 

data reviewed in this article is subject to publication bias.

Conclusion

Literature on the impact of the Flint Water Crisis suggests considerable psychological 

consequences to Flint residents, exacerbated by mistrust in officials and financial difficulties. 

While Flint struggles to recover from this crisis, the city has also seen a much higher 

rate of COVID-19 than other parts of Genesee County, meaning Flint residents now have 

two disasters to cope with. Our review highlights the urgent need for more mental health 

resources for the people of Flint, such as services providing help for anxiety, depression and 

post-traumatic stress disorder; mental health assessments; and support groups.
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Figure I. 
Flow Diagram of Search Strategy
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Table I.

Characteristics of studies included in the review

Study Design and measures Participants

Cuthbertson et al. 
(2016)31

12 monthly surveys with questions about changes in 30 behavioral 
health related issues and open-response questions about new issues and 
community events since the previous survey.

30 expert panelists from health services, 
substance use prevention, health-related 
NGOs, disability service organizations, 
schools and researchers in Genesee 
County.

Fortenberry et al. 
(2018)27

Cross-sectional; 2-page questionnaire addressing household 
demographics, communications, water sources and uses, behavioral 
health concerns, access and perceived barriers to behavioral 
health services, chronic disease diagnoses, self-reported physical 
health consequences, and individual-level behavioral health concerns. 
Questions from PHQ-2 and GAD-2 to assess depression and anxiety 
symptoms.

180 Flint residents over the age of 18. Of 
households interviewed: 88.3% had one 
or more members aged 21–64, 60.5% had 
one or more 20 or younger, 25.3% had one 
or more 65+. Average number of people 
living in household was 3 (range 1–10). 
Mean age 49.5 years. 69.2% female.

Gray et al. (2017)28 2-hour modelling workshops using Mental Modeler software and 
follow-up cultural consensus survey.

42 in workshops; 137 survey participants.

Heard-Garris et al. 
(2017)34

Cross-sectional; survey focusing on exposure, consequences and coping 
strategies.

133 drug users; mean age 26.1; 52% 
female.

Kruger et al. 
(2017a)17

Cross-sectional; Short Screening Scale for PTSD 786 Genesee Country residents; mean age 
51; 72% female.

Kruger et al. 
(2017b)26

Cross-sectional; survey including mental and physical health items from 
the CDC’s Behavioral Risk Factor Surveillance System with items on 
self-reported health and mental health.

277 residents of Flint aged 18+; 69% 
female; mean age 48 (range 18–94).

Kruger et al. 
(2017c)30

Cross-sectional; Survey asking about sleep quality overall during the 
past month and sleep length during a typical night.

834 Genesee County residents.

Kruger (2018)33 Cross-sectional; Survey including several scales relevant to life history 
theory.

701; mean age 49, range 18–94; 70.9% 
female.

Morckel & Terzano 
(2019)35

Cross-sectional; Survey asking about levels of concern about water 
crisis, likelihood of leaving the city, perception of water quality, 
concerns about housing, levels or trust in government, and basic health 
indicators.

405 Flint residents.

Singer et al. (2017)29 Community-based ‘mental modelling’ workshops using Fuzzy 
Cognitive Mapping and Mental Modeler software to capture beliefs 
about causes, consequences and solutions to the water crisis; survey 
asking participants to rank the trustworthiness and usefulness of 
information sources.

36 Flint residents and officials.

Sneed et al. (2020)32 Community Assessment for Public Health Emergency Response 
(CASPER) assessments over three years; Survey to assess household 
and individual level self-reported behavioral health concerns, access to 
behavioral health services, physical health concerns, and water-related 
resource needs.

180 in 2016, 176 in 2017, 193 in 2018.
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Toolkit
HOME

This Interstate Technology and Regulatory Council (ITRC) online document includes
a brief overview of risk communication (Section 1), walks through the steps in
developing a communication plan and stakeholder outreach activities (Section 4),
presents an overview of risk communication concepts (Section 2), and applies these
principles in case studies (Section 5) to facilitate risk communication plan
development. Section 3.2 includes a summary of the tools included in the
appendices (See Section 6 Additional Information) to facilitate risk communication
plan development and stakeholder outreach activities. This toolkit is applicable to
current, immediate, and emerging environmental issues and concerns. Examples of
various tools, as presented in this toolkit, were developed by issue-speci�c ITRC
teams; however, they are generally applicable to environmental issues and concerns.
Additional examples will be developed by ITRC teams going forward and linked to the
web document in the future. This toolkit will be updated with links to case studies
published by future ITRC teams.

A short Risk Communication Toolkit fact sheet summarizing the information in this
online document is available.

Document navigation is provided with the menu on the left, or above on a mobile
devic

Training

Risk Communication Training Workshop
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Companion to this web-based guidance, ITRC has developed a Risk Communication
Training Workshop that can be attended live or viewed on demand. Below is a
recorded version of the Risk Communication Training Workshop adopted for online
viewing. 

Risk Communication Training WorkshopRisk Communication Training Workshop

PFAS Risk Communication

As part of the PFAS team training videos, a Risk Communication video has been
developed. 

ITRC PFAS Risk CommunicationITRC PFAS Risk Communication

Published by the Interstate Technology & Regulatory Council, June 2020
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About ITRC

The Interstate Technology and Regulatory Council (ITRC) is a state-led coalition
working to reduce barriers to the use of innovative environmental technologies and
approaches so that compliance costs are reduced and cleanup e�cacy is
maximized. ITRC produces documents and training that broaden and deepen
technical knowledge and expedite quality regulatory decision making while
protecting human health and the environment. With private and public sector
members from all 50 states and the District of Columbia, ITRC truly provides a
national perspective. More information on ITRC is available at www.itrcweb.org.

ITRC is a program of the Environmental Research Institute of the States (ERIS), a
501(c)(3) organization incorporated in the District of Columbia and managed by the
Environmental Council of the States (ECOS). ECOS is the national, nonpro�t,
nonpartisan association representing the state and territorial environmental
commissioners. Its mission is to serve as a champion for states; to provide a
clearinghouse of information for state environmental commissioners; to promote
coordination in environmental management; and to articulate state positions on
environmental issues to Congress, federal agencies, and the public.

Disclaimer

This material was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned rights. Reference herein to
any speci�c commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state

10/18/24, 12:21 PM About ITRC – Risk Communication Toolkit

https://rct-1.itrcweb.org/about-itrc/ 1/3E29.4

https://rct-1.itrcweb.org/
http://www.itrcweb.org/


or re�ect those of the United States Government or any agency thereof and no
o�cial endorsement should be inferred.

The information provided in documents, training curricula, and other print or
electronic materials created by the Interstate Technology and Regulatory Council
(“ITRC” and such materials are referred to as “ITRC Materials”) is intended as a
general reference to help regulators and others develop a consistent approach to
their evaluation, regulatory approval, and deployment of environmental technologies.
The information in ITRC Materials was formulated to be reliable and accurate.
However, the information is provided “as is” and use of this information is at the
users’ own risk.

ITRC Materials do not necessarily address all applicable health and safety risks and
precautions with respect to particular materials, conditions, or procedures in speci�c
applications of any technology. Consequently, ITRC recommends consulting
applicable standards, laws, regulations, suppliers of materials, and material safety
data sheets for information concerning safety and health risks and precautions and
compliance with then-applicable laws and regulations. ITRC, ERIS and ECOS shall
not be liable in the event of any con�ict between information in ITRC Materials and
such laws, regulations, and/or other ordinances. The content in ITRC Materials may
be revised or withdrawn at any time without prior notice.

ITRC, ERIS, and ECOS make no representations or warranties, express or implied,
with respect to information in ITRC Materials and speci�cally disclaim all warranties
to the fullest extent permitted by law (including, but not limited to, merchantability or
�tness for a particular purpose). ITRC, ERIS, and ECOS will not accept liability for
damages of any kind that result from acting upon or using this information.

ITRC, ERIS, and ECOS do not endorse or recommend the use of speci�c technology
or technology provider through ITRC Materials. Reference to technologies, products,
or services offered by other parties does not constitute a guarantee by ITRC, ERIS,
and ECOS of the quality or value of those technologies, products, or services.
Information in ITRC Materials is for general reference only; it should not be construed
as de�nitive guidance for any speci�c site and is not a substitute for consultation
with quali�ed professional advisors.
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Navigating this Website
Frequently Asked Questions

How does the navigation work?
▼Read less

For the left-hand navigation, to open or close a topic, click on it. On a mobile device
the menu appears as three dashed lines at the top of the page. Click on it to open the
menu.

How do I view separate parts of the document in separate screens?
▼Read less

Open the section of interest. Right click on the link for the second section of interest.
Select “Open link in a new window with navigation”. This approach works for any link
you wish to view in a separate window.

What is the suggested citation for this document?
▼Read less

Permission is granted to refer to or quote from this publication with the customary
acknowledgment of the source. The suggested citation for this document is as
follows:

ITRC (Interstate Technology & Regulatory Council). 2020. Risk Communication
Toolkit RCT-1. Washington, D.C.: Interstate Technology & Regulatory Council.
https://rct-1.itrcweb.org/

Can I bookmark parts of this guidance?
▼Read less

You can bookmark sections of this guidance. Each section has a unique URL, so it
can be shared, emailed, or saved in the browser bookmarks (as you would save a
normal browser favorite or bookmark).
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How do I print from this document?
▼Read less

To print material from the website, use the Print this page link at the bottom of each
page.

Permission is granted to refer to or quote from this publication with the customary acknowledgment of the source (see suggested
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Risk Communication

Toolkit
HOME

1 Introduction

The USEPA de�nes “risk communication” as the process of informing people about
potential hazards to their person, property, or community. Risk communication is a
science-based approach for communicating effectively in situations of high stress,
high concern, or controversy ( ⊳). Effective risk communication
provides people the best available scienti�c, public health, and environmental
information about potential hazards so that they can make informed choices. This is
best delivered in language easily understood from trusted sources. Risk
communication projects can address a wide variety of issues ranging in scale and
complexity. The tools provided in this document are intended to be su�ciently
diverse and �exible to cover the development and implementation of a wide range of
communication plans regardless of their size, complexity, or timeline. The toolkit
should be used by parties (for example, responsible parties, regulatory or site
managers, risk assessors, or stakeholders) tasked with community engagement
while facing an issue of potential public concern.

This document includes a brief overview of risk communication, walks through the
steps in developing a communication plan, presents an overview of risk
communication concepts, applies these principles in case studies, and includes
various tools (as appendices) to facilitate risk communication plan development.
This toolkit is applicable to current, immediate, and emerging environmental issues
and concerns. Examples of various tools, as presented in this toolkit, were developed
by issue-speci�c ITRC teams; however, they are generally applicable to
environmental issues and concerns. Additional examples will be developed by ITRC
teams going forward and linked to the web document in the future. This toolkit will
be updated with links to case studies published by future ITRC teams.

Risk communication can be particularly challenging when dealing with contaminants
of emerging concern where science is rapidly evolving. Communicators must
grapple with competing interpretations of uncertain science and risk management
strategies, while earning community trust and promoting meaningful engagement.
Other environmental concerns that pose an immediate risk to public health are also

USEPA 2019c [63]
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challenging, such as the detection of harmful cyanobacteria in a recreational
waterbody. The ability to communicate potential and immediate risks to human
health and the environment is a vital component in facilitating community
participation and decision making.

A common misconception among environmental professionals is that risk
communication occurs only after a crisis or emergency. In fact, it requires consistent
communication through multiple avenues well before public concern develops. It is
often in the form of a dialogue between the risk managers and the affected
community. The heart of good risk communication is building trust among all
participants by providing the best available scienti�c, public health, and
environmental information about current and emerging environmental issues and
their hazards in a manner that is easily understandable for the public to make
informed choices.

The following toolkit sections provide guidance to perform the risk communication
planning process for both simple and complex risk management public outreach.
Review of risk communication fundamentals, the planning process, and examples of
engagement tools will aid in communication strategy development. The type of
hazard and severity of the risk may dictate the level of effort needed to complete the
risk communication planning process. However, this toolkit can be used for both
general and speci�c risk communication activities that encompass immediate to
long-term environmental issues and concerns. Throughout this document, examples,
tips, and links to issue-speci�c information are provided as good starting points to
communicate risk.

The discipline of community engagement is interwoven with risk communication
and associated planning. Therefore, this toolkit touches upon community
engagement and techniques, providing some examples, but is not all-encompassing.
Some resources on community engagement are provided in this document.

Approaches to Risk Communication
From ⊳):
“No one approach to risk communication can be applied equally well to all the
purposes, audiences, and situations for which risk is being communicated. Instead
approaches to risk communication come from a variety of disciplines, each of which
can provide insight to those who are communicating the risk. Understanding the
various approaches and their implications can provide us with a repertoire of ways to

Lundgren and McMakin (2013 [35]

10/18/24, 12:23 PM 1. Introduction – Risk Communication Toolkit

https://rct-1.itrcweb.org/1-introduction/ 2/3E29.10

https://rct-1.itrcweb.org/references/#_ENREF_35


develop our risk communication efforts, giving us a greater chance of success than
if we were communicating without this knowledge.” (pg. 21)

⊳ provides summaries of the following
approaches in chapter 2:
●       communication process approach
●       National Research Council’s approach
●       mental models approach
●       crisis communication approach
●       convergence communication approach
●       three-challenge approach
●       social constructionist approach
●       hazard plus outrage approach
●       mental noise approach
●       social network contagion approach
●       social ampli�cation of risk approach
●       social trust approach
●       evolutionary theory approach
●       extended parallel process model approach
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Risk Communication Toolkit HOME

2. Risk Communication Fundamentals
Introduction

Risk communication is a process that involves the following steps ( ⊳):

Identifying, understanding, and engaging your audience and stakeholders
De�ning clear messages that provide the information you want to convey with an understanding of, and
respect for, the concerns and perceptions of the audience and stakeholders
Selecting the appropriate communication methods to deliver those messages

The term “stakeholder” is de�ned broadly by ITRC as members of environmental organizations, community
advocacy groups, tribal entities, or other groups that are concerned or involved with environmental issues, or
concerned citizens who are not a member of any organization or group. Public stakeholders, such as
advocacy groups, often speak for the communities that are affected by environmental issues. In this
document, a differentiation is made between the public, stakeholders, and interested parties (which may
include state regulators and past or current owners or operators of or contributors to contaminated sites).
Understanding stakeholder context (demographics, a�liations, perception, and concerns) and identifying
various opportunities for involvement and participation is a vital and important �rst step to developing a risk
communication strategy.

Additional information on levels for public involvement are provided in Appendix H – Communication
Methods Summary Table and International Association for Public Participation (IAP2) spectrum of public
involvement accessed at: https://www.iap2.org/page/pillars

Stakeholders share greater ownership of outcomes when they can participate in the remedial action process,
as illustrated in ⊳ Region 7 Leading Environmentalism and Forwarding Sustainability
(L.E.A.F.S.) Awards. Environmental regulators and responsible parties also bene�t from informed, constructive
stakeholder involvement because it can help them make better decisions, reduce the likelihood of costly and
time-consuming repetitive work, and allow those in affected communities to have a voice in governing the
long-term use of land, water, and other resources. Stakeholders, such as long-time residents, often have
unique local knowledge as well as a major stake in the environmental management decision outcome.

To learn more about stakeholder perspective, see the individual Stakeholder Perspectives section of the ITRC
Technical and Regulatory Guidance documents, for example:

PFAS Technical and Regulatory Guidance Document, Section 13, Stakeholder Perspectives.

The fundamentals of risk communication discussed in this section include stakeholder engagement,
understanding risk perspectives and earning trust in a community, timing of information sharing, and methods
for interacting with and explaining risk in a community. Additionally, this section describes challenges unique
to risk communication.

2.1 Stakeholder Engagement

Covello and Allen 1988 [14]

USEPA (2019a) [61]
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Developing site or project-speci�c characterization, mitigation, and remediation strategies for communities
and tribal organizations can be controversial. This is understandable as issues of health and safety are of
deep importance to communities. How a community and the stakeholders within that community view risk
management efforts proposed by an outside agency will depend on myriad factors including the stakeholder’s
trust in the agency, the nature of the hazard itself, and a range of stakeholder characteristics such as
numeracy and scienti�c literacy. Therefore, early and effective stakeholder engagement is important.
Stakeholder engagement should emphasize timely access to data, transparency, and responsiveness to
stakeholder questions and concerns.

Effective stakeholder engagement not only reduces impediments to the completion of projects according to
schedule, but also helps responsible parties and regulators make more informed decisions. One of the best
ways for regulators and responsible parties to reach stakeholders is to identify members of the stakeholder
groups who are willing to act as liaisons between the community and the regulators. There are �ve key
components to establishing dialogues with communities ( ⊳):

1. How communities see risk
2. Earning trust and credibility
3. Considering when and how to release information
4. Interacting with communities
5. Explaining risk

Attention to each of these components is critical to successful stakeholder engagement. In addition, it is
essential for decision makers to understand stakeholder needs and risk perceptions to effectively
communicate the potential risks, exposure pathways, and mitigation strategies of emerging issues and
concerns, such as Per- and poly�uoroalkyl substances (PFAS), 1,4-Dioxane, and Harmful cyanobacterial
blooms (HCBs).

2.2 How Communities See Risk

People evaluate and understand risk differently, depending on the inherent characteristics of the risk itself.
Table 2-1 shows how different characteristics of the risk can affect how acceptable the risk is to people
( ⊳). These characteristics are interrelated to individual risk
perception factors discussed in Section 2.8. Communications can help people frame the risk and address
issues that are of greatest concern to communities. The more you understand the view or perceptions of the
affected people and communities, the better you will be able to address their needs.

Table 2-1. Risk characteristics that in�uence level of acceptance

 Source (Adapted from: USEPA 2007a)

More Acceptable Less Acceptable

Voluntary Involuntary

Controlled by individual Controlled by others

Clear bene�ts Little or no clear bene�t

Fairly distributed Unfairly distributed

Hance, Chess, and Sandman 1991 [20]

Slovic, Fischhoff, and Lichtenstein 1982 [47]
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Natural Human-made

Generated by a trusted source Generated by an untrusted source

Familiar Exotic

Affects adults Affects children

Stakeholders who perceive a risk as unacceptable or less acceptable are more likely to express emotional
outrage when confronted with news about a hazard in their community. Practitioners need to acknowledge,
honor, and address this emotion to facilitate constructive and meaningful dialogue.

2.3 Earning Trust and Credibility

Trust is a major factor in effective stakeholder engagement and risk communication. Continuing engagement
and transparency from the start sets the stage for successful trust building. Distrust can easily form due to,
but not limited to, lack of information, inability to reach decision makers, inconsistency among several site risk
management strategies, and inconsistent or contradictory media. In addition, practitioners should keep in
mind that trust is in�uenced by history and previous interactions with regulatory agencies and potential
responsible parties. Engagement and partnership with a community representative group or liaison, local
health practitioners, and academic institutions can assist with building trust among the public and community
stakeholders ( ⊳; ⊳; ⊳)

▼Read less

Trust building is an underlying theme that is discussed throughout this document. These are some general
considerations for building trust:

● Involve the public early in the process, to enhance transparency and better engage the community.
● Express shared goals with stakeholders, even if they are just on the most basic mission level.
● Listen to stakeholders – their concerns are legitimate and important.
● Pay attention to the process: keep to established timelines and proposed milestones to the extent feasible.
Aside from managing the regulatory and technical components, ensure that your organization keeps abreast
of perceptions and circulating information in the community.
● Establish or identify a community liaison to assist with communication and enhance the sense of alliance.
● Use locally recognized support when possible.
● Explain regulatory procedures and document review times with stakeholders, and be explicit about where
and when their input is requested.
● Deliver on recommendations and actions within the time frame communicated.
● Provide information to meet both the lead organization’s and stakeholders’ needs, and follow up when
information is promised.
● Provide clear action steps for the community as needed (for example, switch to bottled water; talk with a
medical professional).

2.4 Considering When and How to Release Information

If people are at risk, don’t wait to release information. If the lead organizations are exploring a potential risk,
explain this to the public.  Release information before sharing it with the media.  Impacted individuals and

NJDEP 2014 [40] Council of Australian Governments 2018 [13] ATSDR 2011 [3]
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families want to hear directly from decision makers about environmental concerns and hazards in their
community prior to learning about it through media channels. Practitioners should make an effort to inform
the community and other impacted stakeholders directly and periodically to facilitate trust building.  Taking
these actions helps maintain control of the message and interpretation of the data. If you don’t trust the data,
discuss procedures and what’s being done.

With respect to presentation of information, consider the stakeholders who will be receiving it; keep content
simple and streamlined. When feasible, authors should provide summaries and roadmaps pointing to key
�ndings or recommendations. Additionally, technical documents should be easily accessible and offered in
both printed and, if possible, searchable standard electronic formats. Many facilities have dedicated websites,
which stakeholders can visit to download current documents, as well as earlier site documents referenced in
current documents.

2.5 Interacting with Communities

Involving stakeholders early in decision-making can support better decisions. If stakeholder groups are
present, determine how they may play a role in stakeholder engagement. Recognize that people’s values and
feelings are a legitimate aspect of an issue and listen and acknowledge such feelings.

Ensure that risk communicators are adept at interacting with stakeholders in a public forum, and that the
communication team has staff with a sound technical basis and credibility in the subject matter. If possible,
agency and responsible party representatives should be consistent throughout the life of the project.

Stakeholders often do not distinguish among government agencies, and few understand how agencies are
organized. Consequently, they may not understand lines of decision-making authority. Designate time to
provide an overview of the process, including policy document requirements and timeframes, best
opportunities and milestones to provide stakeholder feedback, and organizational structures and interagency
relationships.

Providing the opportunity or funding for independent scienti�c, technical, and health consultants to support
affected stakeholder groups can foster better understanding of technical information and further engagement
and empowerment. Stakeholders are more trusting of independent consultants that they help direct. In
addition, agencies and responsible parties can engage third party academic institutions to assist with
stakeholder outreach. A case study presents an example of this approach in response to groundwater
contamination in the PFAS Technical and Regulatory Guidance Document, see Section 14.3.6.4.  

2.6 Explaining Risk

Explaining risk information about any concern affecting communities is often challenging and complicated,
particularly for environmental hazards, emerging contaminants and immediate public health risks. Generally,
the ITRC technical and regulatory guidance documents are geared toward a technical audience, and it may
take some time to educate stakeholders. Explaining scienti�c concepts, such as potentially complex
chemistry, data and knowledge gaps, and current knowledge of health effects is fundamental to building trust.
Stakeholders want to know if an exposure will cause or has caused a health impact(s). Thus, risk
communication must inform on the basics of the risk assessment process so that stakeholders understand
that health effects can be caused by multiple environmental and anthropogenic factors. Education on risk
assessment basics can also inform stakeholders on how unacceptable risk can be reduced by risk mitigation
activities.
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When explaining risk assessment, the entire process must be discussed, including complicated formulas and
assumptions. Key concepts such as excess lifetime cancer risk and noncancer health effects, the foundations
of risk assessment, and environmental pathways should be presented. Sometimes it is easier to explain risk
reduction than quantitative risk. Stakeholders may be confused by or not trust numerical projections of risk,
such as excess lifetime cancer risk, but they easily understand when an exposure pathway is blocked.

Take into account stakeholders’ concerns; give them as much consideration as you do the numbers. Realize
that stakeholders determine what an acceptable voluntary risk is, not the lead organization. It is also
important that stakeholders are informed that regulatory agencies do determine “acceptable” risk levels upon
which decisions to clean up or not clean up a site are based. Keep in mind that different people see risk in
different ways.  Avoid risk comparisons especially if the risk is unknown and being imposed on stakeholders.
They want control and choices. They want to feel safe and they want a role in decision making on issues that
affect them.

Section 4.5 and Section 4.6.1 provide resources to help simplify technical content and complex processes or
regulations into laymen’s terms so that these concepts are clear to the public. Most stakeholders will not have
the background to easily grasp these concepts, and it may take multiple modes and mediums of
communication over a period of time to effectively communicate the associated risks.

Academia can also serve a role in public education. Bennington College decided to open the doors of its
science classrooms to the problem of PFAS contamination impacting the Hoosick Falls, New York,
community. The college developed and offered a new introductory class on per�uorooctanoic acid (PFOA) to
local communities free of charge. More information about this case study is presented in the PFAS Technical
and Regulatory Guidance Document, see Section 15.4.1.

2.7 Challenges to Risk Communication

Many general challenges to risk communication are applicable to any environmental situation. Some are
highlighted in this section.

▼Read less

● Risk communicators need to develop and deliver key messages that adequately respond to stakeholder
concerns and communicate how data gaps are being addressed.
● The regulatory agency is obligated to take actions in accordance with statutes. These actions may not be
consistent with the stakeholders’ preferred choice and expectations.
● Stakeholders have diverse backgrounds, education, needs, and interests and thus �lter information through
different lenses, yielding different results. Relevant social factors include level of understanding, primary
language, preference in communication mode, accessibility of information and engagement events,
socioeconomic status, environmental justice and other community vulnerabilities, and prioritization of basic
needs versus potential hazards.
● It is important to establish trust in the agency or entity addressing the issue or concern. Distrust in either
can result in stakeholders not accepting proposed risk management activities and time frames. Unique
community histories, such as those of tribal nations and environmental justice communities, may result in
complex relationships with government and site owners. Misunderstanding and lack of acknowledgment of
community values and/or implications of risk management activities can exacerbate poor stakeholder
relationships.
● Community history with the polluted property and owners/operators can play an important role in
stakeholder sentiment. A site may have cultural value and/or have been a major employer in the region for
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generations. Communities, including workers, sometimes tend to accept environmental costs if the source of
pollution is an entity that provides jobs or other economic bene�ts. Once the employer closes, neighbors and
former employees tend to resent closure, so they elevate their environmental concerns: “The polluter left town,
leaving behind only pollution.”
● Stakeholders may be affected by consideration of cultural commitments and mitigation of detrimental
impacts due to site actions. Risk communications must account for cultural diversity and differences in
spiritual relationships with the environment.
● Given the complexity of the uncertainties for any speci�c project, it may be di�cult to evaluate and quantify
risk reduction.
● Stakeholders may learn that they have been unknowingly exposed to an environmental hazard for what
could be a long period of time before the hazard was identi�ed. This involuntary risk can result in outrage and
distrust felt by the affected stakeholders.
● Determination of the severity of potential risks to human and ecological health from exposure to
anthropogenic background versus localized sources in affected stakeholders.
● A speci�c individual’s health conditions may not be de�nitively attributable to chemical exposures.
● Evolving scienti�c research and understanding of risk assessment can lead to changes of toxicity values
over time, requiring recalculation of risks.
● Exposure pathways, extent of contamination, and contaminated media (including drinking and irrigation
water from a potable source, surface soil, dust, agriculture, and aquatic biota) are complex and vary among
sites and projects.
● Estimation of cumulative and aggregate exposures and risk are complex and vary among sites and projects.
● It is challenging to clearly and concisely communicate scienti�c factors and parameters used to develop
risk-based standards and maximum contaminant level (MCLs), including site-speci�c receptors, exposure
factors, and uncertainty factors, as well as the legal and statutory requirements for standard setting and
rulemaking.

2.7.1 Emerging Concerns: Additional Risk Communication Challenges

Emerging concerns and issues, such as PFAS, 1,4-dioxane, and HCBs, pose unique challenges to
implementing risk communication in a meaningful and effective manner. Different sources often put forth
divergent information about the potential severity and uncertainty associated with exposure and adverse
health impacts and the need for treatment or response actions. For example, people will do their own research
that may result in con�icting information. Communicators need to be prepared to explain the choices and
decisions made regardless of the con�icting information.

▼Read less

Some additional issues may include:
● “An emerging concern” implies that it is the subject of intensive investigation and the amount of relevant
information is increasing. Thus, our understanding and information about hazard, exposure, and risk are
emerging and evolving. This can challenge us to rethink determinations of protective approaches within very
short time frames.
● A project team has to summarize information in the face of disagreements among experts over the
interpretation of available science and the magnitude of uncertainty in the risk assessment; the project team
is communicating about risks when the risks are not fully known or characterized.
● For some groups of chemicals and mixtures—for example, PFAS ⊳ and petroleum
hydrocarbons ⊳—numerous compounds exist, yet not all can be measured, and there is
reliable toxicological information only for a small subset of these chemicals that have been studied in
su�cient detail to support risk assessment and remedial decision making.

(ITRC 2020) [30]

(ITRC 2018) [28]
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● Federal and state standards, guidance, and policies are not uniform and may not be available for the
emerging environmental issue or concern.
● Identi�cation of responsible parties may be di�cult, depending on the speci�c emerging environmental
issue or concern, because data and information collection may not be complete.
● Depending on the speci�c environmental issue or concern, effective mitigation by established treatment or
response technologies may be available or may still be in development.
● There may not be consensus between responsible parties and federal and state regulatory agencies on
health risks or on the risk assessment and management strategy. Consistent messaging is essential for
successful risk communication and to best help those in need. Section 4.5 includes guidance on message
development.
● If stakeholders are in debate about the level of risk, then communicate by informing the public that all
parties are striving to get the risk estimate “right” but that there may be a delay in taking action until parties
have agreed upon the best “right number” that is appropriate for the hazard and exposure scenario of concern.
● Communities that may be impacted will likely request an interim measure, such as an alternate water
source, to alleviate concerns of potential continuing exposure. Interim measures coupled with public outreach
and community involvement can be a cost-effective risk management strategy in the short term.
● Public outreach should include information on measures being taken as well as associated milestones for
future actions toward making a more informed risk management decision that reduces risk to an acceptable
level while using limited resources e�ciently and integrating stakeholder values and community needs.

2.8 Risk Perception Factors

It is essential for decision makers to learn and understand the risk perception of stakeholders in order to
effectively communicate the potential risks, exposure pathways, and mitigation strategies of emerging and
persistent contaminants, such as 1,4-dioxane, or immediate public health risks, such as HCBs.

Perceived risk related to a hazard can be either ampli�ed (heightened) or attenuated (diminished) relative to
the current scienti�c understanding of the risk. The degree of risk attenuation or risk ampli�cation in�uences
how stakeholders view the legitimacy of experts and affects their compliance with policies and protective
measures. Risk ampli�cation can also in�uence or be caused by a stakeholder’s level of outrage (

⊳). The type and degree of stakeholder risk perception is shaped by site-speci�c physical,
psychological, and sociological factors. These risk perception factors contribute to the manner by which the
public perceives a risk, which include voluntariness, controllability, familiarity, fairness, catastrophic potential,
reversibility, equity, and effects on vulnerable populations (for example, children and pregnant women). Table
2-2 present the three key dimensions of risk perception factors ( ⊳).

Table 2-2. Risk perception factors*

Place and Locality Trust and Communication Agency and Power

Knowledge of sources and site

history

Cultural commitments

Stigmatized community

Sense of a personal safe place

Presence of other hazards

Accountability and interest of

stakeholders

Role of information transfer

Complexity of subject matter

Differences in understanding

Presence of vulnerable populations

 

Demographics

Capability to respond to hazard

Sense of hopelessness and

powerlessness

Social distrust

Stakeholder history with proponent  

Sandman
2013 [46]

Bickerstaff 2004 [4]
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* These factors are interrelated to risk characteristics that in�uence acceptance, as discussed in Section 2.2. 

Consideration of risk perception factors among stakeholders can assist decision makers in re�ning public
education and outreach material and modes of delivery to promote understanding, maximize knowledge
transfer, and meet the speci�c needs of the stakeholders ( ⊳; 

⊳; ⊳). Risk perception factors relating to the hazard can be identi�ed by conducting
surveys, interviews, and focus groups ( ⊳; 

⊳; ⊳; ⊳; ⊳) Vandermoere
( ⊳). These engagement methods can also be used to conduct a risk hazard analysis to
evaluate perceived severity of the risk to a hazard(s) and applicable risk management strategy(ies). As a �rst
step, publicly available databases can be used to perform an initial community assessment of basic
demographic information, including number of single-parent homes and families with preschool children,
number of young and elderly adults, disposable incomes, and primary and secondary languages. Focus
groups can also inform practitioners on where, what, when, and with whom they need to communicate.

The environmental management community is acting largely on the basis of growing evidence of health risks
and general precaution as our understanding of exposure and associated risk is continuously rede�ned.
Determination of community-speci�c risk ampli�cation and attenuation factors can help practitioners better
understand stakeholder context and site-speci�c factors contributing to stakeholders’ perceived risk of
proposed risk management strategies. Practitioners, responsible parties, community members, and other
stakeholders should be cognizant that their statements, actions, and behaviors can unknowingly amplify or
attenuate perceived risk. Furthermore, individuals, and sometimes stakeholder groups, may have their own
agendas and knowingly amplify or attenuate perceived risk. These parties and organizations often use
disruptive tactics as partially discussed in Section 4.5.1.3

2.8.1 Role of Risk Perception for Stakeholders

In a scenario of risk ampli�cation, stakeholders perceive their risk to a hazard as a major concern although
experts assess the hazard as carrying a lesser degree of risk (for example, low or moderate) (

⊳). Most of the time, risk perception is heightened by uncertainties and variability among
policies and standards due to developing sampling methodologies, analytical procedures, new scienti�c
information on health effects, risk assessment evaluations, and treatment technologies ( ⊳),
and regulatory changes, as well as overall con�dence/trust in the proponent or agency that is communicating
risk. Additional human health and exposure factors that may in�uence risk perception are summarized in
Section 2.7.

A heightened sense of risk may result in opposition to proposed risk management strategies, such as source
control (in which there is scienti�c uncertainty pertaining to the “safe” level of exposure if any without risk). To
address risk ampli�cation challenges, it is important to build trust within the community by maintaining
transparent communication of uncertainties and variabilities early in the project life cycle ( ⊳,

⊳). New data, �ndings, and research on emerging environmental issues and concerns should be
shared regularly with impacted stakeholders. Current knowledge, including uncertainties and information
about variability of potential susceptibility to health effects in individuals with the same exposures, should be
conveyed accurately in an understandable manner.

Risk assessment factors selected and how they may differ among other state and federal standards should
be clearly communicated to the public, as this is often a point of confusion and concern. In Section 8.3 of

Bickerstaff 2004 [4] Kasperson and Kasperson
1996 [31] USEPA 2005 [52]

Botzen, Aerts, and Van Den Bergh 2009 [7] Burger and Gochfeld
1991 [9] Chappells et al. 2014 [12] Harclerode, Lal, et al. 2016 [21] Weber et al. 2001 [68]

Vandermoere 2008 [67]

Kasperson and
Kasperson 1996 [31]

NGWA 2017 [39]

USEPA 2005 [52]

2007 [53]
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the PFAS Technical and Regulatory Guidance Document, differences in available regulatory and guidance
values for PFOA and PFOS are discussed, including a summary of risk assessment factors (for example,
critical effect, study exposure duration, reference dose, receptor, ingestion rate, and normalization factors).

Uncertainties in individual exposure and susceptibility and variability in regulatory guidance can cause the
affected individuals to lose con�dence in current scienti�c knowledge. Therefore, a risk communication
project team (see Section 4.1.1.3) should communicate these uncertainties and variabilities to the affected
individuals in collaboration with risk assessors, project managers, community involvement coordinators, and
community leaders/active members to develop site-speci�c messaging. It is important to understand that
standards for the same chemical often differ depending on the entity setting them. This is not unexpected,
because standard setting guidance is not simply a mathematical formula. Risk assessment approaches used
in standard-setting processes include best professional judgment in the selection of the factors involved.

In addition, a collaborative effort can be made to develop performance metrics, supplemental to cleanup
standards, that evaluate how the risk management action will lead to measurable increased protection for
public health and the environment, thus leading to the development of targets or objectives (

⊳) that offer reductions in risk. These metrics are referred to as
secondary risk management performance metrics and can be used to communicate and evaluate success of
a proposed risk management strategy, as well as assist with alleviating stakeholder concerns associated with
uncertainty. For example, applicable secondary risk management performance metrics that could be applied
are reduction in contaminant bioavailability/loading, source control/removal, and mitigation of exposure
pathways ( ⊳; ⊳; 

⊳).

Risk ampli�cation can be heightened when stakeholders perceive that they have limited control over risk.
Explicit efforts of site managers and regulators to share control reduces outrage and risk ampli�cation
( ⊳). Therefore, public participation is essential to create an atmosphere of collaboration. In
situations where an open public forum is met by public outrage, it important to be compassionate and lend a
listening ear. Acknowledgement and documentation of questions that cannot be answered communicates
transparency and can be a �rst step toward building trust. In contrast, in a risk attenuation scenario, experts
judge hazards as relatively serious although stakeholders do not pay, or pay comparatively little, attention to
that risk event ( ⊳). This diminished sense of risk results in challenges in
stakeholder participation in risk assessment and management activities (for example, “Why do we need to
spend money/do testing, etc., for this?”). To address risk attenuation challenges, site-speci�c risk perception
factors related to inaction can be identi�ed via stakeholder engagement and integrated into a communication
plan ( ⊳; ⊳; ⊳). See also the
PFAS Technical and Regulatory Guidance Document, Section 14.1

2.8.2 Role of Risk Perception for Decision Makers

Due to the evolving science of diverse emerging environmental issues and concerns, project managers, risk
assessors, and risk communicators can also get caught in between those who amplify risk and those who
deny risk. As noted, uncertainty in the toxicity and exposure can lead to lack of consensus on how to evaluate
risk and proposed risk management strategies. Due to risk ampli�cation, there may be an elevated demand to
take action to reduce potential risks beyond what is even technically, operationally, and/or �nancially feasible.
However, the underlying uncertainty feeding this risk ampli�cation may also lead to opposition to proposed
risk management strategies from some decision makers prior to establishment of the “right number” to
dictate such action. When communicating with the public, it is essential to avoid or minimize downplaying or

Hadley,
Arulanantham, and Gandhi 2015 [19]

NGWA 2017 [39] Harclerode, Macbeth, et al. 2016 [22] Hadley, Arulanantham, and Gandhi 2015
[19]

Sandman 2013 [46]

Kasperson and Kasperson 1996 [31]

NGWA 2017 [39] Harclerode et al. 2015 [23] Harclerode, Macbeth, et al. 2016 [22]
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embellishing risk due to lack of consensus on risk levels among decision makers. Strategies should be
implemented to navigate disagreements and craft an approach to communicate a risk management plan that
is most likely to be reasonable and protective. One strategy is to consider and incorporate stakeholder needs
and values, placing greater weight on them when risk management is considered. A second strategy is to
develop secondary risk management objectives as mentioned in Section 2.8.1. These highlight the
importance of formulating a robust risk communication plan, as well as consideration of stakeholder risk
perception as part of the risk communication process.
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Risk Communication

Toolkit
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3. Risk Communication Toolkit
Introduction

This risk communication toolkit is a document intended to be updated regularly by
existing and future ITRC teams as signi�cant information, new technology, and
additional resources become available for emerging environmental issues and
concerns. Potential updates may include additional resources, engagement tools
and links to examples and case studies, as well as integrating new section topics to
update the risk communication toolkit. The risk communication planning process
shown in Figure 4-1 is designed generally to cover a range of current, immediate,
and emerging environmental issues and concerns. The initial toolkit version was a
collaboration among the following ITRC technical teams:

Per- and Poly�uoroalkyl Substances (PFAS)
1,4-dioxane
Harmful Cyanobacterial Blooms (HCBs)

3.1 Caution Statement About Using the Toolkit

Methods and tools presented should be used as guidance to assist practitioners in
performing meaningful and effective risk communication. It is essential to choose
appropriate and applicable tools that are in alignment with project-speci�c
communication plan goals and objectives (Section 4.2.1). Environmental issues and
concerns could require immediate, short-term, and/or long-term responses.
Practitioners should be aware and �exible in their communications planning efforts,
particularly in time-critical situations (such as during a cyanobacterial bloom or
impacted drinking water supply).

The contents presented are not �ll-in-the-blank documents; rather, the text and
materials should be used for general reference only. This document should not be
construed as de�nitive guidance for any speci�c site or project and is not a
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substitute for consultation with quali�ed professional advisors to develop project-
speci�c communication plans.

3.2 Risk Communication Toolkit Contents

This toolkit is applicable to current, immediate, and emerging environmental issues
and concerns. Examples presented in this toolkit were developed by issue-speci�c
guidance teams but may be applicable to any environmental concern. This risk
communication toolkit contains the following elements:

Risk Communication Plan Description and Template (Appendix A)
Sample SMART Goals (with PFAS-Speci�c Example) (Appendix B)
Audience/Stakeholder Identi�cation Guide (with PFAS Example) (Appendix C)
Key Message Mapping Guide (with PFAS-Speci�c Example) (Appendix D)
Guidance for Writing Press Releases (with PFAS-Speci�c Examples) (Appendix
E)
Guidance for Writing Analytical Results Letters (Appendix F)
Social Factors Vision Board (with PFAS-Speci�c Example) (Appendix G)
Communication Methods Summary Table (Appendix H)
Analytical Data Package Public Information Fact Sheet (with PFAS-Speci�c
Example) (Appendix I)
Tracking Form for Media Correspondence (Appendix J)

The tables presented in the communication plan serve as examples or templates for
documenting site-speci�c activities. Appendix A presents the record keeping tables
for the generic Risk Communication Plan. Subsequent appendices provide issue-
speci�c examples to illustrate and inform practitioners of the risk communication
planning process. Users can update the toolkit’s planning template and example
tools to develop and document a risk communication project that is speci�c to the
site characteristics and community context and needs. For emergency response
situations, the user of this document should contact the applicable agency or lead
organization’s incident management or o�ce of emergency management to
determine the short-term risk communication action plan. Going forward, ITRC
teams may develop additional examples, case studies, and tools that will be offered
for external review with their teams’ documents, �nalized, and then linked to this risk
communication document. As team documents are published, there will be links
across the �nal web documents.
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Risk Communication Toolkit HOME

4. Communication Plan Description
Introduction

Communication plans can be simple or complex depending on the requirements of the site or project. Not
all situations will require implementing all of the steps at the same level of detail. The tools included in this
communication plan template are examples to be considered and used as applicable for different
situations. Document users should consider what aspects of the plan template could be useful for their
project. A complete and robust plan is more likely to result in effectively communicating a message.
Consider the communication plan to be a living document; as situations or projects change, update the
plan and share with the project team.

Establishing a communications plan can accomplish the following:
• Develop shared goals and objectives for the issue or problem at hand.
• Clarify the relationships between stakeholders, messages, methods, activities and materials.
• De�ne staff members, stakeholders and others’ roles and responsibilities in the process.
• Develop effective messages using stakeholder input.
• Promote consistent use of messages by staff and stakeholders.
• Identify applicable engagement methodologies and tools to meet objectives.
• Evaluate the success of your efforts and determine follow-up action items.

This plan template, adapted from the work of ⊳, facilitates development of project-
speci�c communication plans to be developed at each stakeholder engagement and/or outreach phase of
a project. Of note, the NJDEP 2014 document relied on the work of Caron Chess, Billie Jo Hance, and Peter
Sandman, Environmental Communication Research Program, Cook College, Rutgers University, as
published by the New Jersey Department of Environmental Protection. Having a communication plan
supports an ongoing stakeholder engagement process, identi�es communication methods and tools, and
acts as a record keeping form to achieve meaningful and effective risk communication. A communication
plan supports the �ve principles of risk communication: building trust and credibility, explaining risk,
interacting with communities, understanding how communities see risk, and understanding when to
release information. Communication planning also supports reassessment of communication methods
and approaches to improve or help craft better, more effective messages. Figure 4-1 presents the iterative
eight step process of risk communication. In addition, the communication plan incorporates ways to
ensure effective stakeholder engagement. The success of a risk communication plan depends on building
a working relationship between stakeholders and those conducting and overseeing the project. Appendix A
provides a risk communication plan template that users may �nd helpful to download and �ll-in as they
developed their own risk communication plan. The template includes a brief description of each risk
communication planning step.

NJDEP (2014) [40]
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Figure 4-1. Communication plan process diagram
Source: Modi�ed from  ( ⊳)

 

4.1 Step 1: Identify the Issue/Concern

Communication planning begins when an issue or concern involving an agency or organization and the
public emerges. The lead organization’s management identi�es a communication coordinator.
Subsequently, management and the coordinator discuss the nature of the issue, the roles and
responsibilities of the communication team, and identify those people in the organization who may need to
be involved in the issue. Internal work groups may consist of people across different programs or functions,
press or public relations groups, or in state agencies or organizations, depending on the circumstances.

The �rst step is to understand the regulatory requirements, relevant policy and science-based perspective
on the issue and the community context. Community context can be understood based on the project
team’s knowledge and publicly available information, including media sources, community forums,
interactions between staff and stakeholders (email, calls) and municipal demographic data.

Follow these steps as the issue is identi�ed:

Brie�y describe why you need to communicate about a speci�c issue, concern, or about speci�c
information.
De�ne the problem you are trying to solve with communication.
Summarize context, facts, and events surrounding the issue including:

site characteristics (for example, new release/source, existing source/site, contaminated media,
exposure routes, potential acute and chronic exposures, location near residential properties,
remote location) and assessment of affected community(s) including exposed sensitive
populations (for example, schools, daycare)
scienti�c and health information (what is known or not known)
political/local government information (what is known or not known) 

NJDEP 2014 [40]
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geographic information system (GIS) information (for example, geospatial data on sources and
potential receptors)

4.1.1 Tools

Several different tools are available to identify the issue or concern. Document users should consider which
tools will be valuable to their speci�c issue or concern.

4.1.1.1       Issue List Template

It is important to document the information described in the bullets above for a speci�c site. Throughout
the risk communication process, additional issues may be identi�ed. Keeping an ongoing issues list helps
to track and prioritize the open issues and concerns for a site. The new issues are added into the risk
communication planning process. The issues list should include characterization of the community,
environmental issue(s) of concern, and unique challenges of performing risk communication and public
outreach due to emerging and/or immediate public health risk(s). The communication plan template,
provided in Appendix A, includes a table to summarize the environmental issue/concern.

4.1.1.2 Develop an Issue Pro�le

The pro�le should include the characteristics of the community as well as the characteristics of the
environmental concern (for example, drinking water contaminant).  The lead organization is likely to know
this information. It may not be comprehensive. Below is a list of sample questions to assist with creating a
comprehensive pro�le of the environmental issue and developing the risk communication plan. In the case
of emerging contaminants, because the risk is typically unknown and uncertain, imposed upon the
community, and exotic in nature, the community will likely view this as a greater risk, and the public is likely
to be more fearful, outraged, and demanding of immediate solutions. Additional or different questions may
be relevant for a particular site or situation. The environmental issue pro�le can be in any form – narrative,
bullets, or table, as in the communication plan template presented in Appendix A.

▼Read less

Information for the issue pro�le can be developed based on different sets of factors, adapted from 
⊳:

Environmental/Regulatory Factors
• Is this an emerging contaminant?
• What environmental media are impacted?
• What other projects is the regulator/responsible party working on in the area?
• What other environmental problems exist in the area or occurred previously?
• How did the agency, organization or responsible party respond to these other problems?
• What were the community’s or stakeholders’ perceptions of how the agency, organization or responsible
party responded?
• Are the health impacts known?
• Is the source known?
• Is it a long-term or short-term issue?
• Can immediate protective measures that can be taken?
• What is the extent of the contamination?
• How long has the problem been present?

NJDEP
(2014) [40]
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Community/Socioeconomic Factors
• How big is the community?
• What is its economic base?
• What are its social networks?
• What is its political structure?
• What are the demographic characteristics?
• Who are the key leaders?
• Who are the affected stakeholders?
• What are the priorities of key leaders?
• What are the concerns of residents?
• What groups or individuals are already involved?
• Who are their leaders?
• What is the scienti�c literacy of the community?
4.1.1.3 Form a Communication Team

Communication is best accomplished through a team approach. The team will consist of anyone in the
lead organization who would contribute to the development of an outreach plan. This will include technical
personnel, communication experts, and project managers who may be familiar with the community or the
environmental issue or concern. It is bene�cial to also include the following decision makers and impacted
parties as part of the communication team: a representative of each regulatory agency, responsible party,
property owner, and stakeholder group (for example, a water purveyor and a community liaison).

The team will vary from situation to situation depending on the issues and the community affected. Select
a communications lead to coordinate with the technical experts, decision makers, and other key personnel.
Identify roles and responsibilities for communication team members and the communication lead. Identify
an approval process and chain of command for group actions. 

▼Read less

Communications lead tasks may include, adapted from ⊳:
● Develop and track the communication strategy.
● Coordinate information gathering, development, and review of communication activities and products.
● Participate in all internal and external meetings on the site.
● Consult on communication best practices throughout planning, development, implementation, and
evaluation processes.
● Help technical staff present technical information clearly and in plain language.
● Be a liaison between community/stakeholders and leadership/project manager
● Incorporate audience concerns into the process.
● Develop appropriate communication methods as identi�ed in the audience assessment to meet the
needs of stakeholders.
● Implement and evaluate the agreed upon strategy. Follow up on remaining stakeholder questions or
concerns identi�ed through evaluations.

When building a team, consider including other stakeholder agencies and departments from the beginning
that could be directly and indirectly affected by the communication strategy and community input, for
example, local and regional health departments, water purveyors, �sh and wildlife representatives, local and
state government o�cials, toxicologists or other scientists specializing in a particular environmental issue

NJDEP 2014 [40]

10/18/24, 12:39 PM 4. Communication Plan Description – Risk Communication Toolkit

https://rct-1.itrcweb.org/4-communication-plan-description/ 4/23E29.28

https://rct-1.itrcweb.org/references/#_ENREF_40


or remedial activities, water enforcement and permitting programs, and local public health professionals. In
addition, a trained facilitator or someone assigned to work with the public may be an appropriate team
member to assist with capacity building among decision makers and with audiences. Including the broad
range of participants in your team will facilitate building relationships and collaborative work with your
partner agencies, stakeholders, and community. This ensures that other points of view are represented in
your communication and contributes shared intellectual and physical resources to the project. It also builds
support for common communication objectives and consistent use of messages across disciplines,
contributing to a uni�ed voice. Partners can then develop complementary agency, stakeholder, or
community-speci�c communication plans as well.
A team list table is provided in the communication plan template in Appendix A.

4.1.1.4 Agenda for First Communication Team Planning Meeting

It is important that when the communication team meets for the �rst time, there is a clear road map on
how the team will work together and what needs to be accomplished. This introductory meeting will likely
not address all the issues associated with the problem. As such, be prepared for the items from the �rst
meeting to carry over into subsequent meetings.  Assignments on who will be responsible for what tasks
should be determined.

▼Read less

Below is a suggestion for an agenda for a �rst meeting ( ⊳:
● Present and clearly identify the issue (science and technical matters that are relevant to the particular
immediate/emerging environmental concern or issue).
● De�ne roles and responsibilities of communication team.
● Have group members share their knowledge of the issue.
● Decide if others should be part of the work group.
● Identify communication goals.
● Acknowledge regulatory program requirements and policies, and identify constraints.
● Try to identify the stakeholders and assess their concerns.
● Discuss actions stakeholders can take to improve their engagement, knowledge and safety.
● Discuss the messages you want to send to audiences.
● Discuss the best methods to send these messages.
● Decide who will coordinate the communication activities.
● Assign whatever tasks you feel are needed at this time, with deadlines for doing them.
● Plan how you will evaluate whether the strategy achieved the goal.
● Identify gaps in the communication team and actions to address them.

4.2 Step 2: Set Goals and Objectives

In establishing a risk communication plan, it is essential to create measurable goals and objectives for the
risk communication outreach effort based on what needs to be ful�lled as an agency or organization, as
well as the needs of the public. During this step, consider possible methods for how the team will evaluate
whether communication was effective.

Working through the issue identi�cation step will help begin goals formulation. Goals are general guidelines
that explain what you want to achieve. Goals are brief and clear statements of outcomes to be reached
within a measurable and achievable time frame. Examples of goals may include raising awareness,

NJDEP 2014 [40]
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increasing knowledge, and promoting an action or intention. Goals do not state how to do something, but
rather what the results will look like.  

Objectives are the speci�c strategies or steps taken to reach your goal. They are speci�c, measurable, and
have a de�ned completion date; they are the “who, what, when, where, and how” of reaching the goal.
Different contexts sometimes use goals and objectives interchangeably, based on a speci�c project; users
may choose to use one or the other, or both.

The communication team uses goals to develop messages and materials. Goals that relate to how
stakeholders will be involved in the process should re�ect core values for public participation, such as
those set by the International Association of Public Participation (IAP2)
(https://www.iap2.org/page/corevalues). The IAP2 has established the following core values for the
practice of public participation:

The public should have a say in decisions about actions that could affect their lives.
Public participation includes the promise that the public’s contribution will in�uence the decision.
Public participation promotes sustainable decisions by recognizing and communicating the needs
and interests of all participants, including decision makers.
Public participation seeks out and facilitates the involvement of those potentially affected by or
interested in a decision.
Public participation seeks input from participants in designing how they participate.
Public participation provides participants with the information they need to participate in a
meaningful way.

Public participation communicates to participants how their input affects the decisions. In scenarios where
trust between the community and decision makers is broken, inclusion of a third, neutral party to facilitate
and assist with public engagement can help address and potentially overcome distrust. Examples of
relevant neutral third parties include academic institutions, public health professionals, and community
interest groups. Engagement of community leaders, such as tribal council leaders and local organizations,
also assist with building a uni�ed front among stakeholder groups and regulatory agencies to maximize
public trust. Additional resources on community engagement include ATSDR Principles of Community
Engagement  ( ⊳) and the International Association of Public Participation spectrum of
public involvement (https://www.iap2.org/page/pillars).

The PFAS Little Hocking Case Study (PFAS Technical and Regulatory Guidance Document, Section 15.4.1)
provides an example of general principles set up by the community advisory group.

4.2.1 SMART Goals and Objectives

Types of goals and objectives to consider include the standard communication goals presented in the
following bullet list. Goals and objectives should be developed using the SMART (speci�c, measurable,
attainable, relevant and timely) approach.

⊳ includes additional information about SMART objectives. Examples of SMART Goals and
Objectives are presented in Appendix B

The following sections provide information about communication goals are adapted from
⊳ and ⊳.

ATSDR 2011 [3]

ITRC (2011) [27]

 NJDEP 2014
[40] Hance, Chess and Sandman 1991 [20]
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4.2.1.1 Universal Goals and Objectives

▼Read less

● Establish and maintain dialogue with affected stakeholders.
● Build and maintain agency, organization or responsible party credibility with affected stakeholders.
● Coordinate actions within and between agencies and responsible parties so that messaging to
stakeholders is consistent by all communicators from the various agencies.
● Avoid unnecessary con�icts with stakeholders.

4.2.1.2 Process Goals and Objectives

▼Read less

● Involve affected stakeholders as early and as often as possible.
● Provide opportunities for stakeholder input, and involvement in the decision-making process on decisions
that affect them.
● Seek input from stakeholders in designing how they participate.
● Provide stakeholders with the information they need to participate in a meaningful way.
● Follow through on commitments and communicate to stakeholders how their input affected the decision.

4.2.1.3 Information Goals and Objectives

▼Read less

Adapted from ⊳:

● Provide stakeholders with the data they need to understand the issue.

● Explain what the agency, organization or responsible party has done, is doing, and plans to do about the
problem, and what it cannot do, and why.

● Answer stakeholder questions and concerns.

● Provide a summary of the project’s sequence of events and regulatory or statutory milestones.

● Solicit feedback to ensure that the lead organization is responding to stakeholder concerns.

4.2.1.4 Legally Mandated Goals

▼Read less

● Provide appropriate advance notice and explain the process for stakeholder input and agency,
organization or responsible party response.

The communication plan template in Appendix A includes a table to identify SMART goals and possible
evaluation methods

4.3 Step 3: Identify Communities & Constraints

Learn who will be most affected by the information and their level of interest, knowledge and concern.
Some of this may already be known through the issue pro�le step. This step will help provide any missing
information. Additionally, don’t assume that the communication team knows what people are concerned

NJDEP (2014) [40]
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about; community stakeholders may not be concerned with the actual risk, but the perceived risk.
Recognize that people may be skeptical that the lead organization is telling the truth, cares about them, and
is willing to work with them. Research the full range of opinions and concerns including general attitude,
knowledge and perceptions about the issue, the message and the messenger. This can be accomplished
by regularly asking community leaders and the stakeholders you are working with if there are other groups
of individuals who are missing from the outreach and who should be involved. For contaminant- or issue-
speci�c information on stakeholders, see the associated section on Stakeholder Perspectives for example:

PFAS Technical and Regulatory Guidance Document, Section 13, Stakeholder Perspectives.

Also, identify and develop solutions to address constraints that may hinder stakeholders or communities
from participating in the communication process. Examples of constraints include travel to remote
locations, limited access to the internet, and inability to attend community engagement events.

Include people from various groups, such as residents, academia, government, and non-pro�ts. Be sure to
consider internal organization/agency stakeholders and external communities. Consider cultural diversity,
including language diversity (non-English speakers), socioeconomic diversity, and vulnerable populations.
Determine if sensitive populations are present, such as children or pregnant women.

Academic institutions can serve as a liaison to the community and assist with data collection and
interpretation to address a community’s immediate needs. This third-party relationship also serves as a
platform for the community to participate in citizen science and answer questions encouraged by curiosity
and interest (such as �uctuations in well contaminant concentrations and presence in local foods).
Academic institutions can also assist with providing data in situations where, for example, the regulatory
authority cannot disclose information due to pending litigation.

A technical advisor is another form of third party that can assist with relaying the community’s perspective
to decision makers in addition to relaying the technical information to the community. All third parties
should attend site information sessions and partake in advisory boards to keep well-informed and facilitate
continuous dialogue with decision makers.

4.3.1 Audience/Stakeholder Assessment Tools

▼Read less

Appendix C includes an audience/stakeholder identi�cation and mapping tool. In addition, there are publicly
available data-driven tools to assist with audience/stakeholder assessment, including the following from
USEPA and ArcGIS:

EPA EnviroMapper: https://enviro.epa.gov/enviro/em4ef.home
EPA Environmental Justice Screening and Mapping Tool (EJScreen): https://www.epa.gov/ejscreen
ArcGIS (or other global information system [GIS] system) in conjunction with demographic data from
US Census and state/municipal entities, for example:

https://www.usa.gov/statistics
https://www.maryland-demographics.com/
https://bniaj�.org/

ESRI Tapestry: https://doc.arcgis.com/en/esri-demographics/data/tapestry-segmentation.htm
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These tools provide information that may assist with understanding stakeholders, including:

identifying additional vulnerabilities that may in�uence communication and response
determining the most effective outreach strategies
considering the timing and location of outreach (for example, if most families in the target community
are led by a single parent, it may be useful to consider using schools for outreach)
considering if there is a role for a community advisory group for the issue

Once stakeholders are identi�ed, determine individuals who can serve as stakeholder leads or affected
community liaisons. Consider if a third party, such as a technical advisory group or local academic
institution, is relevant and applicable.
4.3.1.1 Questions to Help Identify Target Communities

▼Read less

Below is a set of questions that may help you to identify stakeholders with whom you will be
communicating. Once you have the answers to these questions, the information can be used to develop a
targeted outreach plan that addresses the speci�c concerns of speci�c stakeholders. Adapted from 

⊳:

Who is likely to be affected directly by agency, organization, or responsible party action?
Who was previously involved in this issue?
Who might have important ideas, information or opinions?
Has the agency, organization or responsible party heard the full range of opinions on the issue?
Who wants to know what the agency, organization or responsible party is doing without commenting
on their proposals or actions?
Who are important community leaders?
Who is likely to be angry if not consulted or alerted to the issue?
Are there sensitive populations that may be affected? (for example, adjacent schools, day care
facilities, hospitals, environmental justice communities)  

4.3.1.2 Examples of Stakeholders

▼Read less

The following list of potential stakeholders is adapted from ⊳:

GOVERNMENT

Federal or state agencies and associated divisions
County agencies
Municipal agencies
Federal, state, tribal, or local elected o�cials
Sewerage authorities
Regional planning commissions
Emergency responders
Agency advisory committees

ENVIRONMENTALISTS

NJDEP
2014 [40]

Hance, Chess, and Sandman (1991) [20]
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National groups
Statewide groups
County groups
Municipal groups
Groups for speci�c issues (for example, Superfund, siting, hiking, �shing, watersheds, natural
resources)
Groups with speci�c functions (for example, legal, research, lobbying, organizing)

EDUCATION

Colleges
Agricultural extension
Public and private schools
Students and student organizations
Preschool-age programs

GEOGRAPHICAL NEIGHBORS

Local residents
Local businesses
Neighboring townships
International border communities

CIVIC

League of Women Voters
Associations and clubs (for example, Kiwanis, Elks)
Environmental commissions
Senior citizen groups
Ethnic groups

PROFESSIONAL AND TRADE

Health: health o�cers, doctors, and nurses
Technical: laboratories, sanitarians, engineers, biologists, and chemists
Business: real estate professionals, planners, water purveyors, chamber of commerce, industry and
small business
Agriculture

MEDIA

Press
Radio
TV/cable
Social media
Project website

4.3.1.3 Stakeholder and Communities Communications Worksheet
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▼Read less

A list of people who are part of the communication landscape should be developed and maintained
throughout the project.

The communication plan template, provided in Appendix A, includes a table to identify and track speci�c
messages or anticipated communication activities for each stakeholder group.

4.4 Step 4: Assess Stakeholders/Communities

Stakeholder engagement should not be an afterthought, but rather integrated into the project staff
requirements, budgets, and timetables from the beginning of the project. Project managers and their
technical and legal teams should communicate with the public early on, and community involvement
specialists—for organizations that have them—should be included in internal technical meetings so they are
able to provide timely, accurate information about the public to the communication team.

Assess the needs of the targeted groups by learning what information they want, how they are likely to
react to the information you share, what their potential interests/concerns are, how they will likely expect to
be involved in the decision-making process, and what methods of communication are used in each
community. Learn the technical literacy and knowledge of the community, and its cultural traditions and
priorities. Focus your assessment for each group to help prioritize concerns relevant to risk exposure and
management.

Individual stakeholder groups and individuals themselves process information in a variety of modes and
mediums. An effective risk communication strategy takes this factor into consideration and encompasses
multiple forms of outreach. In addition to informative materials, such as fact sheets, stakeholder meetings
and interactive sessions (such as poster presentations, question and answer sessions) can be held to
involve individuals in the learning and understanding process. Prior to selection of method, an
audience/stakeholder assessment should be conducted to determine how a community communicates
and to learn what tool is the most effective to use.

Agencies and other responsible parties sometimes prematurely conclude that there is minimal stakeholder
interest at a site because of low attendance at o�cial public meetings or open houses.
Audience/stakeholder assessment can help determine strategies for reaching people who may be unaware
of the issue. This assessment may also identify areas where residents have limited English-language
capability so that translation needs can be included in the communication plan. Audience/stakeholder
assessment can be used to identify where funding may be needed for community relations, advisory
boards, and independent technical assistance. Investing in audience assessment pays off in better
decisions and smoother progress, and potentially positive public recognition of the project. Finally,
audience/stakeholder assessment supports identifying environmental justice communities potentially
affected by the site or project.

Community education about the science of the issue or concern may be part of the assessment. The PFAS
document includes information about Bennington College’s program to provide community education
about PFAS (see PFAS Technical and Regulatory Guidance Document, Section 15.4.1). In addition, the case
studies linked in Section 5 provide illustrations of different communication approaches to meet stakeholder
needs and concerns.

4.4.1 Tools
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4.4.1.1 Ways to Identify Community Concerns

▼Read less

Initial outreach to identify concerns can take the form of one-on-one meetings with community leaders and
elected o�cials, a discussion with existing community groups, meetings, a survey, a site visit to better
understand the community, or some combination of activities. This level of engagement lends itself to
learning the concerns, knowledge and needs of the community and how they communicate, and identifying
the trusted leaders.

4.4.1.2 Questions to Ask Communities

▼Read less

The following list of questions to ask communities was adapted from a 
⊳:

What type of interaction would you like with the agency, organization or responsible party?
How do you feel about interactions so far?
What answers do you want?
What technical information do you need?
Do you have comments for the record?
How can the agency, organization or responsible party respond better to your concerns?
How do you get your information?
What kinds of risks do you think you are exposed to?
What health and lifestyle concerns do you have?
What questions do you have about the data relating to the site or issue?
What information on agency, organization, or responsible party procedures do you need?
What information about risk management do you need?
Is there information already available that you wonder if it is true or accurate?
Are there rumors spreading that you are not sure about?

4.4.1.3 Questions Communities May Ask You

▼Read less

Interactions with the people of an affected community can provide you with background information about
the community and their potential concerns. Although this is useful in preparing for interaction with people
and ultimately preparing answers to questions you know will be asked, it is important to be genuine and not
appear as though you have pat answers or prepared statements. In the case of emerging contaminants
there are often many unknowns, therefore you may not have answers for all questions. The purpose of
understanding community concerns is to be able to convey uncertainty as well as what is known. This is a
critical component in establishing trust and credibility with that community. This is a dialogue. The
following list of questions communities may ask you was adapted from 

⊳:

HEALTH AND LIFESTYLE CONCERNS

Will you provide drinking water?
What is the danger to my health and that of my family?

Hance, Chess, and Sandman.
(1991) [20]

Hance, Chess, and Sandman.
(1991) [20]
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Can I drink my water, eat produce from my garden?
What can I do to �nd out if my health has been affected?
What can I do to reduce the impact of past exposure?
What can I do to prevent further exposure?
What effects could there be on my children or my/my partner’s ability to become pregnant?
We are already at risk because of X. Will Y increase our risk?
How will we be protected in an accident/release?
How will this affect our quality of life, property values?
How will we be compensated for the loss of property value or losses due to interruptions of our
homes/businesses?
What is the danger to my pets and/or livestock?

PROCESS CONCERNS

How will we be involved in decision making?
How and how often will you communicate with us?
Why should we trust you?
How and when can we reach you?
Who else is involved in this situation?
When will we hear from you?
When and how can we get more information?

RISK MANAGEMENT

When will the problem be corrected?
Why did you let this happen and what will you do about it?
Why do you favor the selected cleanup method?
What are other options for correcting the problem?
Why are you moving so slowly to correct the problem?
What other agencies are involved and what are their roles?
What kind of oversight will we have?

DATA CONCERNS

How sure are you of the risk?
What is the worst-case scenario?
What do the risk assessment numbers mean and how did you get them?
What documentation or support for your conclusions do you have?
What other opinions on this issue exist?

4.5 Step 5: Identify Messages

A message is information you want or need to share with stakeholders about the issue or concern, a
question that you need them to answer, or both. It is linked to the case- or project-speci�c SMART goals
and objectives to help build trust and facilitate a shared understanding and experience in the risk
management strategy (refer to Section 4.2). A message addresses key points about the issue that were
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learned through the audience/stakeholder assessment. You start with the stakeholders and their concerns.
Effective messages re�ect what your target group needs are, as well as what you need to communicate.

In the case of emerging contaminants, elements of a message are likely to include what is known and
unknown about a contaminant; acknowledgement of uncertainty; commitment to share new information
when it is learned; explanation of how decisions will be made with respect to protecting public health and
remediating the problem.

A key message may encompass saying “no” to a stakeholder request that may be �nancially or technically
infeasible. Working collaboratively with stakeholders will inform practitioners on information and data
needed to support decisions. In addition, if engaged early, stakeholders will be informed of project
limitations and likely have a better understanding of constraints.

4.5.1 Tools

Various communication tools are described in the following sections.

4.5.1.1 Message Map Tool

▼Read less

Message mapping is a process for conveying the critical information concisely. The objective is that the
message is simple, yet comprehensive enough, and includes the most pertinent information relevant to
your issue.

The team should collaborate on message mapping so they can agree on the contents of the main message
and ensure that the science is accurate and the information is presented in a way that is most useful and
responsive to stakeholder needs.

When developing messages, we should take into account that when people are stressed, they may have
di�culty hearing, understanding, and remembering information. They may lose as much as 80% of the
information communicated to them, become distrustful, and focus more on the negative aspects of the risk
than the potential for a positive outcome. There are a few key templates to consider when developing a
mapped message ( ⊳).
Twenty-seven words is the average length of an opening paragraph in print media, both hardcopy (for
example a newspaper) and electronic (for example a web-based news site). Nine seconds is the average
duration of a sound bite in broadcast media. On average, the opening paragraph of a news story or a sound
bite on broadcast media contains three messages ( ⊳). This is
explained further below.

Everything in Threes

● Rule of Three Template
● Primacy/Recency Template
● 27/9/3 Template

Rule of Three Template

● Three key messages
● Key message repeated three times

Covello, Minamyer, and Clayton 2007 [15]

Covello, Minamyer, and Clayton 2007 [15]
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● Each message supported by three supporting messages

Primacy/Recency Template

● State the most important messages �rst and last
● In high stress situations, listeners tend to remember that which they hear �rst and last
● Messages in the middle of a list are often not heard or remembered.

27/9/3 Template

● 27 words – the average length of the opening paragraph in the print media
● 9 seconds – the average duration of a sound bite in the broadcast media
● 3 messages – the average number of messages reported in both print and broadcast media
4.5.1.2 Message Development Questions

▼Read less

The following are questions for the communication team to consider as you develop messages and answer
questions from the communities, adapted from ⊳:

What information must be conveyed?
● Does the message convey agency, organization or responsible party views?
● Does the message answer stakeholders’ questions?
● Does the message re�ect the audience/stakeholder assessment?
● Are technical terms explained?
● Can graphics help explain points?
● Are graphics clear and simple or do they need explanation?
● Was the message pre-tested with members of the intended stakeholders?
● Are you prepared for questions that may arise? If not, have you identi�ed appropriate experts to assist
you?

An example, Key Message Mapping for PFAS, can be found in Appendix D. A blank worksheet to assist in
constructing mapped messages is presented here.

Message Mapping Worksheet

Message development starts with a question, responds with three key ideas, is no more than 27 words, and
takes no longer than 9 seconds to deliver.  The goal of a mapped message is to provide focused, targeted
information immediately that can then be expanded upon as communication continues.

Message Map Worksheet Source: ( ⊳; ⊳)

Stakeholder:   Question/Concern/Issue:  

Key Message/Fact 1: Key Message/Fact 2: Key Message/Fact 3:

Keywords: Supporting Facts 1.1    
Keywords: Supporting Facts

2.1  

Keywords: Supporting

Facts 3.1  

Hance, Chess, and Sandman.(1991) [20]

Covello, Minamyer, and Clayton 2007 [15] USEPA 2007 [53]
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Keywords: Supporting Facts 1.2

                                              

Keywords: Supporting Facts

2.2  

Keywords: Supporting

Facts 3.2  

Keywords: Supporting Facts 1.3    
Keywords: Supporting Facts

2.3  

Keywords: Supporting

Facts 3.3  

See also this website for a template of the message mapping worksheet:
https://www.orau.gov/cdcynergy/erc/content/activeinformation/resources/Covello_message_mapping.
pdf

4.5.1.3 Messaging to Address Rumors and Inaccurate or Misleading Information in the
Public Sphere

▼Read less

Good planning and communication activities can help you prepare for the potential need to counteract
misleading information, inaccurate information, or rumors. Risk communicators need to be aware of this
misleading information and respond when necessary. These are strategies and actions (

⊳) that may be helpful:

Invest time in building a network of support to help counter inaccurate claims and disseminate
accurate information.
Identify key people who can use credible outlets to disseminate consistent messages. For instance,
ask trusted local o�cials or community members to be the conduit for credible information to
counter rumors.
When forming messages, avoid repeating or acknowledging the fake news content.

Communication activities include making information available in a variety of formats and delivering high-
quality information as early as possible.

Sensationalized media can be a challenge to successful risk communication. Additional strategies that can
be implemented to mitigate such a scenario are:

Host press conferences to control messaging and reward media that report fairly and accurately by
providing access to scientists.
Share with media that distorted or sensationalized the content provided through the lead organization
point of contact.
Develop and share schedule and protocol for releasing information to impacted parties and the
public.
Develop a social media presence with stakeholders to provide accurate information.

4.6 Step 6: Select Communication and Engagement Methods

When selecting communication and engagement methods, consider how you will connect your message to
your stakeholders or communities. Include who it will go to (community members, neighborhood groups,
city o�cials) and the type of communication (email, print, social media). Choose your communication and
engagement tool based on how stakeholders receive information in their community. The best tool

Lundgren and
McMakin 2018 [36]
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depends on what information you need to share, the information needs of the targeted group like formats
that are accessible (for example, various languages, braille, audio, large print), and how fast the message
needs to get out.

More than one communication and engagement tool may be useful in delivering messages. An
assessment of how the stakeholders or communities communicate can help you choose a suitable
method to send your message. Use your audience/stakeholder assessment to inform your choice. For
example, if the target group is a neighborhood association with a newsletter or regular meetings, an article
in their newsletter or a presentation at their meeting might work. If these forums are not available, you may
need to set up a special meeting through association leaders, go door to door, or mail a noti�cation (

⊳).

Once the communication and engagement tools are chosen, the communication team may form a
subteam to facilitate the development and implementation of communication and engagement products or
projects. This subteam is an optional addition to the communication team that can provide issue-speci�c
technical support and direct contact and collaboration within the community.

The subteam may include public information o�cers, local government administrators, website
managers/owners, graphic designers, a communication facilitator, and other support roles, depending on
the tools chosen. If a subteam can’t be formed, a community liaison is another approach to provide
connection for ongoing communication between the community and the project team.

It is essential to keep in mind that engagement and communication is collaborative. Stakeholders are
informed while simultaneously informing decision makers of their needs and concerns and providing input
that contributes to more sustainable risk management. Stakeholder engagement methods, such as
surveys, design charrettes, workshops, focus groups, multicriteria decision analysis, and vision boarding,
can aid in capturing and evaluating audience input.

It should be noted that although traditional written and mass communication methods are effective for
communication information, techniques that include the opportunity for stakeholders to interact in-person
and one-on-one are often more effective at building trust and working through outrage and emotion.

4.6.1        Tools

Guidance is included in this toolkit for press releases and summary letters:

Appendix E – Guidance for Writing Press Releases

Appendix F – Guidance for Writing Analytical Results Summary Letters

Appendix I Analytical Data Package Public Information Fact Sheet

Appendix J – Tracking Form of Media Correspondence

Vermont Department of Environmental Protection staff complete an email form whenever they are
contacted by the media (Appendix J). This form is �lled out as soon as possible after responding to
reporters and media inquiries, and the form is emailed to agency supervisors, upper management, and
anyone else who may be involved with the project. A main goal of the form is to maintain consistent
messaging if multiple people are interviewed by the media, so that the same messages are reinforced and
not contradicted.

NJDEP
2014 [40]
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Additional information about communication methods, such as Fact Sheets, Frequently Asked Questions,
Active Repositories, and Social Factors Vision Boards are included in this section.

4.6.1.1       Fact Sheets and Frequently Asked Questions (FAQs)

▼Read less

To achieve effective risk communication, it is essential for public education materials to be presented in a
clear and simple manner that is understandable by nonscientists and speaks to a broad audience.
Common rules of thumb include writing at a sixth-grade comprehension level, using simple terminology,
and providing materials in multiple languages for nonnative speakers. Over the past few years,
environmental and public health agencies, nonpro�t advisory groups, trade associations, and regulatory
agencies have prepared numerous fact sheets and frequently asked questions (FAQ) documents on diverse
emerging and immediate environmental issues and concerns to inform stakeholders, including concerned
residents, agricultural and recreational entities, water purveyors, end users, public health professionals, and
others. These public education materials are typically available on the organization’s website. Examples
include:

Agency for Toxic Substances and Disease Registry (ATSDR) FAQs
PFAS https://www.atsdr.cdc.gov/toxfaqs/TF.asp?id=1116&tid=237
1,4-Dioxane https://www.atsdr.cdc.gov/toxfaqs/tf.asp?id=954&tid=199

Centers for Disease Control and Prevention (CDC), Harmful Algal Bloom–Associated Illness
https://www.cdc.gov/harmful-algal-blooms/about/index.html
USEPA, Basic Information on PFAS https://www.epa.gov/pfas/basic-information-pfas
USEPA, Communicating about Cyanobacterial Blooms and Toxins in Recreational Waters
https://www.epa.gov/cyanohabs/communicating-about-cyanobacterial-blooms-and-toxins-
recreational-waters
California Water Quality Monitoring Council Pets, Livestock and Harmful Algal Blooms FAQs
https://mywaterquality.ca.gov/habs/resources/domestic_animals.html

Fact sheets, FAQs, and other public outreach material should be distributed in multiple modes to maximize
audience reach and increase opportunity for engagement. Recommended modes of distribution include
mailings, websites, local municipal health departments, public health professional o�ces, public libraries,
and information booths at community events.

4.6.1.2       Active Centralized Information Repository

▼Read less

Unlike a “passive” repository of site documentation at a central location, an “active” repository refers to a
platform that remains up to date on site �ndings and enables two-way exchange of information among
decision makers and the impacted community. A common platform for an active repository is a centralized
website that contains a complete compilation of site documentation (among all agencies), frequent
updates on site activities, health information and regulatory policy, and a depiction of the conceptual site
model (such as a source-exposure pathway graphic and geologic maps). Web-based GIS tools and other
forms of data visualization can be used to help communicate about the site, including the conceptual site
model. The website should also contain a platform to facilitate stakeholder involvement by providing an
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opportunity for them to ask questions, submit information, and join a listserv (an application that
distributes messages to subscribers on an electronic mailing list).

Examples of a centralized website for emerging or immediate environmental issues and concerns such as
PFAS and HCBs include:

Michigan Department of Environment, Great Lakes and Energy, Michigan PFAS Action Response
Team (MPART): https://www.michigan.gov/pfasresponse/

Michigan agencies representing health, environment, and other branches of state government have joined
together to investigate sources and locations of PFAS contamination, to take action to protect people’s
drinking water, and to keep the public informed as we learn more about this emerging contaminant.

 

Vermont Department of Environmental Conservation (VDEC), Vermont PFOA Contamination
Response: https://dec.vermont.gov/pfas/pfoa

Numerous Vermont agencies, including VDEC, Department of Health (VDH), Emergency Management,
Agency of Agriculture, and Agency of Education, have joined together to investigate and address PFAS
contamination in Vermont. VDEC and VDH have created and maintained web pages to push information
out to the public as it becomes available.

California State Water Resources Control Board, Per- and Poly�uoroalkyl Substances,
waterboards.ca.gov/pfas

Various California agencies, including, but not limited to, the State and Regional Water Resources Control
Boards, the Department of Toxic Substances Control, and the O�ce of Environmental Health Hazard
Assessment, are working together to investigate sources and locations of PFAS contamination and to take
action to ensure the protection of drinking water supplies. The California State Water Resources Control
Board maintains a public webpage and listserv to ensure that public information is e�ciently shared with all
interested parties.

California Water Quality Monitoring Council, California Harmful Algal Blooms (HABs) Portal:
https://mywaterquality.ca.gov/habs/index.html

The California HABs Portal is the central resource for freshwater and estuarine HABs for the state. HABs
can pose a health risk to people and animals, harm aquatic ecosystems, and limit the use of drinking and
recreational water bodies due to the toxins, odors, and scums or mats they can produce. The portal is an
informational resource for the public and also functions as a tool to support coordination with statewide
partners to address HABs. The content is developed by the California Cyanobacteria and HAB Network and
participating state agencies.

Florida Department of Health, HABs: Harmful Algal Blooms
http://www.�oridahealth.gov/environmental-health/aquatic-toxins/harmful-algae-
blooms/index.html
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Florida’s Department of Health website provides information for other agencies and the public about HABs,
their health symptoms, information regarding red tide and shell�sh consumption, in-depth blue-green algae
(HCB) information, updates, and mapping tools.

But be aware, not all community members have access to the internet, and depending upon the project, it
may be appropriate to hold regular meetings and/or o�ce hours to provide more than one mode for
stakeholders to obtain information and engage with decision makers. 

4.6.1.3 Social Factors Vision Board

▼Read less

A vision board can be used as a medium for stakeholders to rate their level of importance and/or interest
on applicable social factors. Identi�ed factors can then be used in further development of SMART goals
and key messages, and selection of engagement methods as part of the communication process. The
overall objective is to gain deeper insight into stakeholder concerns, values, and preferred communication
methods to facilitate knowledge transfer and capacity building toward a successful risk management
strategy.

A basic guide to the tool and PFAS-speci�c examples of vision boards is provided in Appendix G.

4.6.1.4 Methods to Consider for Communication

The following list of various communication methods is adapted from 
⊳:

Written or audio/visual materials Informal meetings

●       Pamphlets ●       “Open” work meetings

●       Letters ●       Workshops

●       Postcards ●       Advisory committees

●       Newsletters ●       Special events

●       Periodic updates ●       Conferences

●       Displays ●       Courses

●       Fact sheets  ●       Door to door

●       Flyers ●       Brainstorming

●       Door-hangers ●       Suggestion boxes

●       Educational materials ●       Telephone/conference calls

●       Webinars ●       Open house with experts at the table

●       Question and answer sheets Mass media

Hance, Chess, and Sandman (1991)
[20]
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●       Placards in mass transit ●       News conferences

●       Videos ●       News releases

●       Slide shows ●       Letters to the editor

●       Audio tapes ●       Talk shows

●       Articles in organizations’ Newsletters ●       Call-in shows

●       Inserts in mass mailings ●       Feature articles

●       Polls ●       Press brie�ngs

Person to person ●       Public service announcements

●       Presentations at meetings ●       Display advertisements in newspapers

●       Drop-in or availability sessions ●       Legal notices

●       Public hearings/meetings ●       Social media

●       Project o�ce open to the public  

●       Site visits or site tours  

●       24/7 hotline  

 

4.6.1.5 Communication Method List Template

▼Read less

A communication methods summary table (Appendix H) aids method selection based on the target
stakeholder groups and the purpose of communication. Use this table to plan and document methods and
speci�c details to manage development of materials. This is particularly helpful when multiple developers
are using multiple methods.

The communication plan template provided in Appendix A includes a communication and engagement
tools table to document the target group, message, type of communication, cost, material development
lead person, and evaluation.

4.7 Step 7: Implement Strategies

Plan the tasks needed to develop and disseminate communication products. Arrange the tasks on a
timeline and assign responsibility for each task. Communicate the strategy and timeline to the
communication team and partners.
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Coordinating action for simple and complex strategies can be challenging. The communication plan
template in Appendix A provides a framework for organizing all the tasks in the order they are due. This is
intended to be a living document that is updated and customized throughout implementation of the risk
communication plan for any site-speci�c situation.

4.8 Step 8: Evaluate, Debrief, and Follow Up

Communication efforts are almost never “done.” There may be periods of time when there is not a need for
active communication efforts, depending on community concerns and ongoing site activities. By setting up
a long-term communication plan, you have a clear path for follow-up, as needed.

Throughout the risk communication effort, interim evaluation and insights can be gained by con�rming
messages and methods with internal and external target groups. Outcome evaluation, done at the
conclusion of the effort, answers the following questions, adapted from ( ⊳):

Did the strategy used meet the goals and objectives?
Were the needs of the communities met?
Was the intended message received and understood?
Was the method used appropriate for this case and community?
Are there questions that require follow-up?

In addition to interim evaluation as the project progresses, the internal communication team should
reconvene at the conclusion of the risk communication effort and debrief.

Determining success can be challenging. The following examples give some guidance on how to identify
successes.

Plan: Consider how you will know if your communication efforts were successful. Use the SMART goals
developed in Step 2 to guide your evaluation plan development.

Follow Up: Gather and review information from evaluations to inform follow-up tasks. Examples of items
that may need follow-up include possible policy changes, additional communication needs identi�ed
through the evaluation process, or a new audience that has been identi�ed. Assign a leader to each follow-
up item. 

Long-term Communication Efforts: Determine and communicate to communities and stakeholders how
new information and monitoring or remediation site progress will be disseminated to the affected
community. Communicate successes and case studies that will help inform improvements to
communication activities.

Identify data you might already be gathering that can be used to evaluate effectiveness (for example,
number of phone calls, social media engagement, website tra�c, percentage of answered questions,
percentage of community subgroups engaged)
Review process used to develop communication activities—what went well, what did not, how to
improve for current and future projects
Decide how often to evaluate communication efforts
Assign responsibility for evaluation design, completion, and response/follow-up
Determine how to use and share results of the evaluation(s)

NJDEP 2014 [40]
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Document and maintain engagement with portions of the community that are not bene�ting from the
risk communication strategy

Evaluate whether trust and capacity building were accomplished and how they will be maintained.

4.8.1 Tools

4.8.1.1 Evaluation Plan Template

The communication plan template provided in Appendix A, can be used, along with the information
developed throughout the communication planning process, to understand if you were able to reach your
communication goals.

4.8.1.2 Evaluation Follow-up Task Template

The communication plan template provided in Appendix A, along with the information developed through
the evaluation above, can help determine whether you were able to reach your communication goals and to
identify follow-up actions.

4.8.1.3 Long-term Communication Efforts

For some sites it will be important to implement long-term communication efforts. Some examples of
those efforts are:

Community succession training to facilitate knowledge transfer and communication of long-term
community needs and identi�cation of future community liaisons.
Identi�cation of opportunities for community education and empowerment.

Integrate follow-up to stakeholder concerns in the project’s long-term monitoring plan. Examples of
applicable concerns to follow up on include property value loss, loss of sense of safe place, and paying
homage to historic relics of former industry.

4.9 Training for Practitioners

It is important for the communication and project teams to be informed on the best available information
or state of the science on the particular environmental issue or concern so they can properly plan and
implement risk communication. ITRC documents, workshops, and webinars are available resources.
Current information about training is available on the ITRC website https://www.itrcweb.org/Training.

Permission is granted to refer to or quote from this publication with the customary acknowledgment of the source (see suggested citation and disclaimer). This web site
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ITRC is sponsored by the Environmental Council of the States.
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5. Case Studies
Introduction

Risk communication case studies have been prepared by various ITRC teams and
will be published as part of their technical and regulatory guidance documents. Links
to the published case studies are provided in Table 5-1.

Table 5-1. Risk communication case studies

Case Study

Name
State Issue Environmental Issue/Concern

Little Hocking

Water

Association

(LHWA) PFAS

Tech Reg

Section 15.4.1

OH PFAS

The LHWA is a rural water authority that serves

several small communities with a total population

of approximately 12,000 residents in 4,000

households. The water intake wells for the LHWA

are located directly across the Ohio River from a

Te�on production plant that used ammonium

per�uorooctanoate (APFO, the ammonium salt of

PFOA). The community-�rst strategy used

produced effective results in motivating actions by

individuals, government, and industry which led to

a signi�cant, measurable reduction in residents’

blood PFOA levels.

Washington

County PFAS

MN PFAS The most widespread PFAS compound found in

the region is PFBA. Additional prominent

compounds include PFOS, PFOA, and PFHxS,
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Tech Reg

Section 15.4.3

PFPeA, PFHxA, and PFBS, which were always

present as a mixture. More than 1,800 private

wells, four major aquifers, eight municipal water

supply systems, and more than 150 square miles

of groundwater were affected by the

contamination. This impacted the drinking water

supply of more than 140,000 residents.

Bennington

College

Community

Education

PFAS Tech Reg

Section

14.3.6.4

VT PFAS

Academia can serve a role in public education.

Bennington College decided to open the doors of

its science classrooms to the problem of PFAS

contamination impacting the Hoosick Falls, NY

community. The college developed and offered a

new introductory class on PFOA to local

communities free of charge.
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Acronyms
CERCLA

        Comprehensive Environmental Response, Compensation and Liability Act

CSM

          conceptual site model

DNAPL

            dense nonaqueous phase liquid

FAQ

           frequently asked questions

GIS

            geographic information system

HAB

            harmful algal blooms

HCB

            harmful cyanobacterial blooms

ITRC

            Interstate Technology & Regulatory Council

L.E.A.F.S.

            Leading Environmentalism and Forwarding Sustainability
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LNAPL

            light nonaqueous phase liquid

LOAEL

            lowest-observed-adverse-effect level

MCL

            maximum contaminant level

MCLG

            maximum contaminant level goal

PFAS

            per- and poly�uoroalkyl substances

RCRA           

            Resource Conservation and Recovery Act

RfV

            reference value

SMART

            speci�c, measurable, attainable, relevant, and timely

USEPA

            United States Environmental Protection Agency

UST

            underground storage tanks

VDEC           

            Vermont Department of Environmental Conservation

VDH
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            Vermont Department of Health
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Glossary
A

Acceptable risk

The acceptability of a risk depending on scienti�c data, social, economic, and political factors, and the perceived
bene�ts or threat arising from exposure to an agent ( ⊳). Also, the likelihood of suffering
disease or injury that will be tolerated by an individual, group, or society ( ⊳).

Aggregate risk

Risk resulting from a combined risk aggregate exposure (multipathway exposure) to a single agent. The combined
risk from aggregate exposures to multiple agents or stressors is called cumulative risk. A stressor is any
physical, chemical, or biological entity that can induce an adverse response ( ⊳).

Anthropogenic background

Natural and human-made substances that are present in the environment as a result of human activities but not
speci�cally related to the substances of concern at the site ( ⊳). Anthropogenic background is
differentiated from naturally occurring background as the latter are substances present in the environment in
forms that have not been in�uenced by human activity.

Aquatic biota

Creatures of all genera and species that reside in, on, or near an aquatic environment.

Audience

Speci�c members of the broader public who are impacted by the risk. These may include technically trained
academics, residents, business owners, elected o�cials, students, parents, etc.

B

Bioavailability

The individual physical, chemical, and biological interactions that determine the exposure of plants and animals to
chemicals associated with soils and sediments ( ⊳). Bioavailability is the portion of the total
quantity of a chemical present in a medium (air, soil, water, diet) that is absorbed by a living organism (

⊳) and reaches the central (blood) compartment, whether exposure occurs via the gastrointestinal
tract, skin, or lungs ( ⊳).

C

Carcinogen

A substance or agent that produces or incites cancerous growth.

Conceptual site model (CSM)

IPCS/OECD 2004 [25]

USEPA 2019e [66]

USEPA 2003 [52]

USEPA 2018a [60]

ITRC 2018 [29]

Klassen
2013 [34]

NEPI 2000 [39]
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A representation of the site that summarizes and helps project planners visualize and understand available
information. The CSM is the primary planning and decision-making tool used to identify the key issues and the
data necessary to transition a project from characterization through post-remedy. It documents current site
conditions and serves to conceptualize the relationships among chemicals in environmental media, sources,
and receptors through consideration of potential or actual migration and exposure pathways ( ⊳).

Cumulative risk

The combined risks to human health from the environment from multiple agents or stressors. The combined risks
from aggregate exposures (combined exposure of an individual (or de�ned population) to a single chemical via
relevant exposure routes, exposure pathways, and exposure media) to multiple chemicals.

Cyanobacteria

Sometimes incorrectly referred to as blue-green algae, cyanobacteria are frequently found in freshwater systems.
Some produce cyanotoxins. The release of these toxins in an algal bloom into the surrounding water produces
harmful effects, including health effects ( ⊳).

D

1,4-Dioxane

A clear volatile liquid used primarily as a solvent. It is subject to federal and state regulations. ⊳
has found that 1,4-dioxane is a likely human carcinogen. Several federal government agencies have identi�ed
or regulated 1,4-dioxane as a hazardous substance since the early 1980s. However, 1,4-dioxane became an
environmental contaminant of emerging concern only in the early 2000s after EPA reassessed the toxicity of
1,4-dioxane and began developing cleanup guidelines for various media. In 2008, EPA included 1,4-dioxane in
the Safe Drinking Water Act Candidate Contaminant List ( ⊳, ⊳, ⊳)

E

Emerging chemicals

Chemicals in the environment and biota that have been identi�ed by chemists and toxicologists through improved
detection and may pose a human health risk.

Emerging concern

An issue that is the subject of intensive investigation. The available information is increasing, so our
understanding about hazard, exposure, and risk is emerging and evolving.

Emerging contaminant or concern

Pollutants that have been detected in the environment and may cause ecological or human health impacts, and
typically are not regulated under current environmental laws. Refers to many different kinds of chemicals,
including medicines, personal care or household cleaning products, lawn care and agricultural products,
among others.

Emerging environmental concern

An environmental issue that is the subject of intensive investigation. The available information is increasing, so
our understanding and information of hazard, exposure, and risk is emerging and evolving.

Emerging issues

ITRC 2019 [30]

USEPA 2019d [65]

USEPA (2013) [57]

USEPA 2008 [54] 2009 [55] 2017 [58]
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A variety of concerns that encompass the spectrum of contaminants, their behavior, and techniques to manage
them, including regulatory limitations.

Environmental professional

A practitioner in the environmental remediation or risk management discipline, with a focus on environmental
hazards of concern. Can include scientists, engineers, geologists, community outreach specialists, regulatory
representatives, researchers, and technical liaisons.

Excess lifetime cancer risk

The additional or extra risk of developing cancer due to exposure to a toxic substance incurred over the lifetime of
an individual ( ⊳)

Exposure pathway

The physical course or path that a chemical or pollutant takes from the source, via air, soil, water, and food to
humans, animals, and the environment ( ⊳). Each exposure pathway includes a source or
release from a source, an exposure point, and an exposure route.

Exposure route

The way a chemical or pollutant enters an organism after contact, for example, by ingestion, inhalation, or dermal
absorption.

Exposure scenario

Exposures and risks are de�ned by the exposure scenario of interest and describe exposed populations’ activities
that may affect exposure and the duration (time frame) over which exposure may occur. Exposure scenario is a
set of facts, data, assumptions, and professional judgment about how an exposure occurs or does not occur.
An exposure scenario includes the (1) chemicals in environmental media and their sources; (2) exposed
populations (or receptors); (3) migration of chemicals in environmental media from sources to receptors; and
(4) routes of exposure (ingestion, dermal contact, inhalation). ( ⊳ ⊳)

H

Harmful cyanobacterial blooms (HCBs)

Algal blooms with the potential to harm human health or aquatic ecosystems are also referred to as harmful algal
blooms or HABs. Cyanobacterial HABs or HCBs that produce toxins are emerging environmental concerns and
can harm people, animals, aquatic ecosystems, the economy, drinking water supplies, property values, and
recreational activities, including swimming and commercial and recreational �shing.  See de�nition of
cyanobacteria above ( ⊳).

Hazard

A condition or physical situation with a potential for an undesirable consequence, such as harm to life or limb
( ⊳). For a single chemical in environmental medium, the hazard is estimated by a hazard level
(hazard quotient, HQ). The hazard level represents the ratio of an exposure level by a chemical (e.g., maximum
concentration) to a toxicity reference value (RfV), generally a noncancer RfV (e.g., oral reference dose or
inhalation reference concentration), or a screening value selected for the risk assessment for that substance
(e.g., lowest-observed-adverse-effect level [LOAEL] or no-observed-adverse-effect-level [NOAEL]). If the

US DOE 2020 [50]

USEPA 2003 [51]

ITRC 2015; [69] USEPA 2020 [67]

USEPA 2019d [65]

ITRC 2005 [26]
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exposure level is higher than the toxicity value (HQ>1), then there is the potential for risk to the receptor. The
hazard level for a group of multiple contaminants is estimated using a hazard index.

Health risk

Risk in which an adverse event or substance affects human health ( ⊳).

Human health risk analysis

Analysis to determine the effects of chemical contamination on human health to understand whether current or
future chemical exposures will pose a health risk to a broad population such as a city or community (

⊳).

Human health risk assessment (HHRA)

The process of characterizing the nature and magnitude of health risks to humans from exposure to chemicals
and other stressors that may be present in the environment ( ⊳).

Individual susceptibility

The marked variability in the manner in which individuals will respond to a given exposure to a toxic agent (
⊳).

Interested parties

Responsible parties, state regulators, and owners and operators of contaminated site who have a vested interest
or are impacted in some way by a situation or issue.

L

LC50

The concentration of a material in an environmental medium that causes 50% mortality of a group of test
organisms after a certain period of exposure. This measurement end point is most often used in acute
laboratory toxicity tests. For example, in �sh LC50 is the acute �sh toxicity expressed as the concentration in
water that kills 50% of a test batch of �sh within a continuous period of exposure (hours).

Liaison

An individual or go-between who is a link between groups of people and serves as a conduit for communication of
information.

M

Maximum contaminant level (MCL)

The maximum amount of a chemical that is allowed before a health effect occurs. MCLs are drinking water
standards established under the Safe Drinking Water Act. “MCLs are set at levels that are protective of human
health and are set as close to MCLGs as is feasible taking into account available treatment technologies and
the costs to large public water systems.” Consistent with Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) and the National Contingency Plan (NCP), MCLs typically are
relevant and appropriate when establishing remediation objectives for contaminated groundwater that is or
may be used as drinking water ( ⊳).

Maximum contaminant level goals (MCLG)

ITRC 2005 [26]

ITRC
2011 [27]

USEPA 2012 [57]

US
DOE 2020 [48]

USEPA 1988 [50]
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Strictly health‐based levels established under the Safe Drinking Water Act that do not take cost or feasibility into
account. As health goals, MCLGs are established at levels at which no known or anticipated adverse effects on
the health of persons occur and which allow an adequate margin of safety ( ⊳).

Mitigation

Corrective actions taken to minimize or reduce harm that has been caused to the environment.

Mitigation strategies

Techniques that are employed to reduce negative impact to the environment.

N

Noncancer health effect

Health impacts from exposure to a chemical or substance that does not result in a cancer outcome but can cause
other health impacts such as neurological damage.

P

Per- and poly�uoroalkyl substances (PFAS)

A family of chemicals largely characterized as having a molecule that has a non-�uorine atom (typically hydrogen
or oxygen) attached to at least one, but not all, carbon atoms, while at least two of the remaining carbon atoms
in the carbon chain tail are fully �uorinated ( ⊳).

Perceptions

Interpretation of a circumstance or event not necessarily based on facts, but rather based on fears, preconceived
notions, or other unfounded beliefs.

Per�uorinated chemical

A subset of PFAS. These chemicals have carbon chain atoms that are totally �uorinated. Examples are
per�uorooctanoate (PFOA) and per�uorooctane sulfonate (PFOS) ( ⊳).

Petroleum hydrocarbons

Any mixture of hydrocarbons found in crude oil. There are several hundred of these compounds, but not all occur
in any one sample.

Public

A people as a whole; a populace having common interests.

Public health

“The science and art of preventing disease, prolonging life and promoting health through the organized efforts and
informed choices of society, organizations, public and private, communities and individuals.” – CEA Winslow
( ⊳). Public health is concerned with threats to health based on population health analysis. Public
health incorporates the interdisciplinary approaches of epidemiology, biostatistics and health services,
environmental health, community health, behavioral health, health economics, public policy, insurance
medicine and occupational health (occupational medicine).

USEPA 1988 [49]

ITRC 2020 [30]

Buck et al. 2011 [8]

CDC 2018 [10]
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R

Receptor

An individual, plant, or animal that has the potential to be exposed to a contaminant in the environment media
( ⊳).

Regulatory agencies

Agencies are part of the executive branch of state and federal governments that are tasked with and have
authority to execute the law through regulations and statutes. Regulations usually must be authorized by a
statute and are subordinate to statutes; however, regulations have the same legal force as statutes.

Regulatory framework and variability

The laws and regulations that outline the legal requirements to be met in a particular program such as CERCLA,
commonly known as Superfund, Resource Conservation and Recovery Act (RCRA), underground storage tanks
(USTs), brown�elds, state cleanup programs, etc. Each of these programs outlines requirements and guidance.

Remedial action

Those actions consistent with permanent remedy taken instead of, or in addition to, removal action in the event of
a release or threatened release of a hazardous substance into the environment to prevent or minimize the
release of hazardous substances so that they do not migrate to cause substantial danger to present or future
public health and welfare or the environment (40 CFR 300.50).

Remediation

The act or process of abating, cleaning up, containing, or removing a substance (usually hazardous or infectious)
from an environment.

Responsible parties

Owners and operators responsible for environmental contamination.

Risk

The potential for realization of unwanted, adverse consequences to human life, health, property, or the
environment. Estimation of risk is usually based on the expected value of the conditional probability of the
event occurring multiplied by the consequence of the event, given that it has occurred ( ⊳).

Risk ampli�cation or social ampli�cation of risk

Distortion of the seriousness of a risk caused by public concern about the risk and/or about an activity
contributing to the risk ( ⊳; ⊳).

Risk analysis

The scienti�c process of de�ning and analyzing the dangers to human health and ecology as well as other risks
associated with a site of contamination or remediation project. Once they are quanti�ed, it is easy to compare
with existing action levels, and appropriate actions can be conducted to manage the risk ( ⊳).

Risk assessment

ITRC 2019 [29]

ITRC 2005 [26]

DHS 2010 [16] USEPA 2018b [62]

ITRC 2011 [27]
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An organized process used to describe and estimate the likelihood of adverse health outcomes from
environmental exposures to chemicals. The four steps are hazard identi�cation, dose-response assessment,
exposure assessment, and risk characterization ( ⊳). Also,
the process of de�ning and analyzing the dangers to human health and ecology as well as other risks
associated with a remediation project.

Risk-based corrective action (RBCA)

A streamlined approach through which exposure and risk assessment practices are integrated with traditional
components of the corrective action process to ensure that appropriate and cost-effective remedies are
selected and that limited resources are allocated properly ( ⊳).

Risk-based criteria

Default or site-speci�c cleanup values that have been derived from available human health or ecological risk-
based data.

Risk-based screening level (RSL)

Risk-based concentrations derived from standardized equations combining exposure information assumptions
with USEPA toxicity data. The agency considers them to be protective for humans (including sensitive groups)
over a lifetime. They are calculated without site-speci�c information. They may be recalculated using site-
speci�c data ( ⊳).

Risk-based standards

Risk-based levels or criteria that are promulgated and enforceable at contaminated sites.

Risk communication

The means by which a communicator establishes dialogues with communities and provides a mechanism for
stakeholders to participate in the process of decision making about potential hazards to their person, property,
or community. The purpose of risk communication is to give people good information about potential hazards
that allows them to make sound choices ( ⊳).

Risk management

The process that evaluates how to protect public health by deciding whether and how to manage risks. This
process requires legal, economic, and behavioral factors, and consideration of human health and welfare
effects of each management action and alternatives ( ⊳).

Risk management performance metrics

Quanti�es how an action will lead to measurable increased protection for public health and the environment, thus
leading to the development of targets or objectives that offer reductions in risk and unsustainable impacts.

Risk perception or perceived risk

Involves the in�uence of subjective factors on how risks are understood and valued. Characteristics of a hazard
and the subjective context of the perceiver (qualitative personal views) are as important as the objective
(quanti�ed) risk in in�uencing an individual’s perception of risk ( ⊳).

Route of exposure (aka exposure route)

Presidential/Congressional Commission 1997 [45]

ASTM 2015 [2]

USEPA 2019b [63]

USEPA 2019c [64]

USEPA 2000 [50]

ITRC 2015 [69]
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The way that a human or ecological receptor comes into contact with a chemical. In environmental contexts, the
routes are most commonly ingestion (oral), inhalation, or dermal, or for aquatic organisms, direct contact.

S

Site or project-speci�c characterization

Before cleanup decisions can be made, some level of characterization is necessary to ascertain the nature and
extent of contamination at a site and to gather information necessary to support selection and implementation
of appropriate remedies. Tools to support good site characterization include conceptual site models,
innovative site characterization technologies, tailored data quality objectives, and use of existing information to
streamline each investigation ( ⊳).

Social distrust

A belief that others (for example, individuals, government, business) will not accept their own responsibility and
act to alleviate pollution problems.

Social factors

Include level of understanding, primary language, preference in communication mode, accessibility of information
and engagement events by speci�c groups of people.

Social network or group

A collection of people or groups of people who interact with one another and share a certain feeling of unity.

Source control

Refers to a range of actions (e.g., removal, treatment in place, containment) designed to protect human health and
the environment by eliminating or minimizing migration of or exposure to signi�cant contamination (

⊳).

Stakeholder

A person, group, or organization that is affected, potentially affected, or has any interest in a project or a project’s
outcome, either directly or indirectly ( ⊳).

Stakeholder engagement

The way an organization involves people or organizations who may be affected by its decisions or who can
in�uence how decisions are (or can be) carried out ( ⊳).

Statutes

Laws enacted by the legislative branch of a government; law or body of laws promulgated by a state legislature.

T

Toolkit

A process to plan and implement a risk communication strategy that starts with goal setting and carries through
to implementation and evaluation. The process includes engagement tools and examples, resources, and case
studies for emerging environmental issues and concerns.

USEPA 2019e [66]

USEPA
2019e [66]

Presidential/Congressional Commission 1997 [44]

FEMA 2019 [18]
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Toxicity values or toxicity reference value (TRV)

A reference point (generally a dose or concentration) below which exposures are not likely to result in an adverse
event/effect given a speci�c range of time ( ⊳).

U

Uncertainty factors

In predicting toxicity reference values, uncertainty factors are used to extrapolate toxicological data from animal
experiments to humans, interindividual variability, and high-to low-dose exposures and to compensate for a
de�ciency in knowledge ( ⊳).

V

Vulnerable populations

Social groups that experience health disparities as a result of a lack of resources and increased exposure to risk
due to their �nancial circumstances, place of residence, health, age, or personal characteristics. This may also
include racial and ethnic minorities, the economically disadvantaged, and those with chronic health conditions.

( ⊳) de�nes vulnerable populations as including anyone who:

•has di�culty communicating

•has di�culty accessing medical care

•may need help maintaining independence

•requires constant supervision

•may need help accessing transportation

Permission is granted to refer to or quote from this publication with the customary acknowledgment of the source (see suggested citation and disclaimer). This web site is owned

by ITRC • 1250 H Street, NW • Suite 850 • Washington, DC 20005 • (202) 266-4933 • Email: itrc@itrcweb.org • Terms of Service, Privacy Policy, and Usage Policy ITRC is sponsored
by the Environmental Council of the States.

ITRC 2018 [28]

Institue of Medicine 2013 [24]

CDC 2020 [11]
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Document Feedback
Have any feedback on our technical documents that you would like to share?

Please complete the survey below with any comments you have on our technical
guidance.

ITRC Document
Feedback

1. Email Address

* 2. ITRC Document Name

* 3. Feedback
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Create your own user feedback survey

Wish to contact us directly? 

Please visit ITRC’s Contact Page or email us at itrc@itrcweb.org.
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ITRC & Environmental Justice/Diversity
Equity & Inclusion
ITRC & Environmental Justice – A Commitment to Our
Values

Environmental Justice is making its way to the forefront of today’s environmental
community following
decades of documentation detailing the disproportionate burden placed on low-
income and minority
communities by pollution and environmental hazards. Failure to address EJ
concerns has led to grave
consequences for low-income or minority communities; without a voice, human
health in these
communities can suffer greatly as a result of poorly informed environmental
decision-making.

De�ned by the United States Environmental Protection Agency (EPA) as “…the fair
treatment and
meaningful involvement of all people regardless of race, color, national origin, or
income, with respect
to the development, implementation, and enforcement of environmental laws,
regulations, and
policies,” EJ can only be achieved when everyone has “the same degree of protection
from
environmental and health hazards, and equal access to the decision-making process
to have a healthy
environment in which to live, learn, and work.” (USEPA, 2020a). Since its inception in
the early 1980s,
the �eld of EJ has grown to encompass a broad spectrum of other environmentally
inclusive subjects,
concerns and, ultimately, legislation; some of the terminology commonly used today
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includes Social
Equity, Social Impact, and Environmental Equity.

Signed on February 16th, 1994, Executive Order 12898 o�cially recognized EJ on a
federal level, directing
agencies to focus attention on the environmental and human health effects of
federal actions on
minority and low-income populations (USEPA 2020b). Further executive action has
been seen recently
with the signing of Executive Order 13990, on January 20, 2021, which established
White House and
Inter-Agency Environmental Justice Councils, as well as the Justice40 Initiative for
federal identi�cation
and investment in disadvantaged communities (Federal Register, 2021). Another
milestone was met
when New Jersey became the �rst state in the nation to adopt legislation on
permitting requirements
based on EJ. Signed on September 18, 2020, Senate Bill 232 requires the New Jersey
Department of
Environmental Protection “to evaluate the environmental and public health impacts
of certain facilities
on overburdened communities when reviewing certain permit applications.”
(O’Connor, 2020).

ITRC will continue to develop reference material for project managers and
environmental professionals
to consider in the use of current and future ITRC guidance materials in
environmental decision-making
and project design. ITRC will include the principals of EJ in future environmental
products – working
towards our mission while paying express attention to our core values of diversity,
equity, inclusion and
transparency. ITRC is excited to be a part of addressing environmental justice and
bringing more voices
to addressing the national and local environmental challenges.

ITRC Organizational Diversity, Equity & Inclusion
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Diversity, equity, inclusion and transparency are embodied within the core values of
ITRC. They are
ful�lled in the pursuit of ITRC’s mission and vision. ITRC’s Membership Code of
Conduct requires every
member to bene�t from team consensus and collaboration. ITRC requires diverse
perspectives that
provide the knowledge and skills to address all environmental challenges in pursuit
of developing
innovative products.
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