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MW-137--

Split Spoon
CME-85

31' bgs
--

Navajo Refining Company

Anna Gutierrez

--

--

11/19/2014
National EWP

Hollow Stem Auger
Matt Cain

Navajo Refinery
Artesia, New Mexico

TX000836.0008
MW-137.dat

Rotosonic Analytical.ldfx
CAB

** - Analytical Sample taken; bgs = below ground surface; amsl = above mean sea level;
NA = not applicable/available;

Well completed as a stick up well with 4 bollards

Stick-up (4'' ags)

Grout (0'-6' bgs)

4" OD PVC
Casing

Bentonite Seal
(6'-8' bgs)

GW Encountered
at 14.5' bgs during
drilling

8/16 Oglebay
Silica (8'-31' bgs)

4" OD 0.020"
Slot Screen (10'-
30' bgs)

**

**

**

**

SILTY CLAY, light gray, moist, soft, low plasticity, no odor, very stiff.

SILTY CLAY, light gray, dry, very stiff, no plasticity, crumbles  and flakes, hydrocarbon odor, angular - subangular.

SILTY CLAY, medium gray, wet, loose, no plasticity, stiff, hydrocarbon odor.

CLAYEY GRAVELS, medium gray, wet, poorly sorted, angular to sub-angular, (1-3 cm) cobbles, very strong
hydrocarbon odor.

SILTY CLAY, pinkish gray, dry, firm, medium to high plasticity, no odor.
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MEMO 

To: 

Pamela Krueger 

Copies: 

 

From:  

Mark Lupo 
 

 

Date: ARCADIS Project No.: 

May 27, 2015 TX000836.0007 

Subject:  

Statistical Comparison between Dissolved and Total Concentrations of Metals, 
Navajo Refinery, Artesia, New Mexico 
 

 

Groundwater samples of metallic constituents collected at the Navajo Refinery at Artesia New Mexico is 

generally collected for two analyses: filtered samples representing dissolved concentrations, and unfiltered 

samples representing total concentrations.  The subject of this memo is the statistical comparison of 

dissolved and total concentrations of the metals.  Specifically, the analysis was made to address the 

question as to whether total concentration data was sufficient for characterizing the groundwater.  If the 

concentrations measured without filtering were greater than the dissolved concentrations, then measuring 

only the total concentrations would be protective and conservative. 

To answer this question, a series of comparisons were made to determine if the mean of the dissolved 

data was statistically lower than the mean of the total concentration data.  The statistical correlations of 

the total and dissolved data were also examined. 

The metals in questions were arsenic, barium, chromium, iron, lead, manganese, nickel, selenium, and 

vanadium.  Only data points were used in this analysis for which there were pairs of data collected in the 

same sampling event.  Duplicates were ignored to preserve statistical independence; in cases in which 

there were duplicate data points, only parent data points were used.  There were 313 available data points 

from three annual sampling events from 2012 to 2014. 

ARCADIS U.S., Inc. 

100 E Campus View Blvd 

Suite 200 

Columbus 

Ohio 43235-1447 

Tel 614 985 9100 
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The method of analysis was to compare the means and the variances of the data.  A student’s t-test could 

not be used to compare the means.  The data had a distribution that approximated lognormality, but it was 

decided to use non-parametric tests to be safe.  Thus, the Mann-Whitney U test was used to compare the 

means, and the Kruskal-Wallis test was used to compare the variances.  Testing was conducted using all 

of the data, and with smaller data sets that omitted data pairs for which both members were non-

detections.  The results of these tests are summarized in Table 1. 

When the tests were requested, it was thought that the Mann-Whitney tests might show that the total data 

was statistically elevated with respect to the dissolved data.  This result would strengthen the case for 

discontinuing the filtered samples, since having only the total concentrations would be protective and 

conservative.  Table 1 shows that the arithmetic mean of the total data set was always higher than the 

mean of the dissolved data.  Although the means were higher for the total concentrations for all nine 

metals, the mean was not statistically different for any metal except chromium.  Statistical difference can 

be damped out by pairs of non-detections.  Data pairs in which both analyses resulted in non-detection 

were removed and a second analysis was made for each metal.  Only for chromium and iron were the 

means found to be statistically elevated for the total concentrations versus the dissolved concentrations.   

However, Table 1 also shows that the dissolved and total data for the other metals are correlated. This 

means that the dissolved result can be estimated from the total result.  An equation can be used to 

estimate the dissolved concentration of the form 

Cd = (Ct * a) + b 

where Cd is the dissolved concentration, Ct is the total concentration, a is the slope, and b is the intercept.  

Table 2 provides values of a and b for each metal for which the mean of the total data was not statistically 

elevated with respect to the dissolved data.  It should be noted that the slopes are less than 1.0 for all of 

the metals listed.  This indicates that the result of performing this calculation will result in a lower 

concentration for the dissolved concentration for most detected values.  The cross-over concentration 

below which the dissolved concentration would be greater than the total concentration is also given on 

Table 2.  In every case, the cross-over concentrations are less than the regulatory threshold value. 

The correlations are presented in Figures 1 to 19.  It can be seen that the dissolved and total 

concentrations are well correlated for the metals that have total concentrations that are greater than the 

dissolved, but for which that greater magnitude is not statistically significant.  Thus, one can see that it is 

safe to collect only the total concentration, and that the dissolved value is not needed. 

It should be noted that the correlation for the lead data is poor.  This weak correlation is caused by the low 

detection frequency.  Lead was only detected in the dissolved samples 7.0 percent (%) of the time.  The 

maximum lead concentration detected in the 313 filtered samples was 0.0125 mg/L, which is less than the 

Maximum Contaminant Level (MCL) promulgated by the United States Environmental Protection Agency 
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(USEPA).  For this reason, the poor correlation between total and dissolved concentrations for lead is not 

a concern. 

In conclusion, it should not be necessary to collect samples that are both filtered and unfiltered.  The 

dissolved concentrations are lower than the total concentrations.  For two metals, this difference is 

statistically significant.  For six metals, there is strong correlation between the dissolved and total data.  A 

fitted equation will always yield a lower concentration for the dissolved value, except when the 

concentrations are lower than the regulatory threshold anyway.  The remaining metal is lead, which was 

only detected in filtered samples 7% of the time, and never above its MCL.   

 

 



Table 1.  Comparing the Dissolved and Total Concentrations of Nine Metals
Navajo Refinery, Artesia, New Mexico

Adjusted
Detection Arithmetic Arithmetic

Data Rate (%) Meana Meanb Statistical Correlation Correlation

Metal Points Detections Percent mg/L mg/L Significancec Coefficient Coefficientb

Arsenic, total 313 201 64.2% 0.02327 0.03402
Arsenic, dissolved 313 206 65.8% 0.02049 0.02938 none 97.0% 96.7%
Barium, total 313 278 88.8% 0.1884 0.1986
Barium, dissolved 313 291 93.0% 0.1633 0.1721 none 98.9% 98.9%
Chromium, total 313 34 10.9% 0.00611 0.02732 Total is
Chromium, dissolved 313 21 6.7% 0.00310 0.00632 elevated 32.2% 25.0%
Iron, total 313 173 55.3% 1.848 3.222 Total is

Iron, dissolved 313 128 40.9% 1.250 2.154 elevatedb 78.6% 74.8%
Lead, total 313 32 10.2% 0.00323 0.00516
Lead, dissolved 313 22 7.0% 0.00264 0.00296 none 61.4% 29.5%
Manganese, total 313 285 91.1% 0.7766 0.8527
Manganese, dissolved 313 278 88.8% 0.7475 0.8207 none 98.7% 98.7%
Nickel, total 63 29 46.0% 0.00630 0.00980
Nickel, dissolved 63 30 47.6% 0.00609 0.01035 none 96.1% 94.4%
Selenium, total 313 97 31.0% 0.00666 0.01046
Selenium, dissolved 313 96 30.7% 0.00623 0.01062 none 93.1% 94.6%
Vanadium, total 63 38 60.3% 0.01062 0.01482
Vanadium, dissolved 63 39 61.9% 0.01037 0.01449 none 97.0% 93.4%

Footnotes:

mg/L: Milligrams per liter

a.  Non-detects were replaced by one half of the detection limit.

b.  Based upon dissolved-total data pairs with at least on detection.

c.  Based on a Mann-Whitney test (or a t-test if the data were parametric).



Table 2.  Slope and Intercept for Computing the Dissolved Concentration from the and Total Concentration
Navajo Refinery, Artesia, New Mexico

Regulatory
Slope Intercept Cross-over Threshold

Metal (Dimensionless) (mg/L) (mg/L) (mg/L) Comment
Arsenic 0.8040 0.0018 0.0092 0.010
Barium 0.8959 -0.0055 n.a. 1.000
Lead 0.4448 0.0012 0.0022 0.015 Poor correlation, low detection rate
Manganese 0.9553 0.0056 0.1253 0.200
Nickel 0.9356 0.0002 0.0031 0.200
Selenium 0.9800 -0.0002 n.a. 0.050
Vanadium 0.9637 0.0001 0.0028 0.063

Footnotes:

mg/L: Milligrams per liter.

The crossover is the total concentration above which the predicted dissolved concentration will always be

     less than the total concentration.  If the cross-over point was a negative value, then "n.a." was recorded.

The regulatory threshold concentrations are from the New Mexico Environment Department (NMED).

n.a.  Not applicable; negative concentrations are not possible.
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Figure 1.  Dissolved versus Total Arsenic Concentration ‐ All Data
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Figure 2.  Dissolved versus Total Arsenic Concetration ‐ Detections
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Figure 3.  Dissolved versus Total Barium Concetration ‐ All Data
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Figure 4.  Dissolved versus Total Barium Concentration ‐ Detections



y = 0.0817x + 0.0026
R² = 0.1037

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0 0.05 0.1 0.15 0.2 0.25 0.3

D
is
so
lv
ed

 C
on

ce
nt
ra
tio

n 
(m

g/
L)

Total Concentration (mg/L)

Figure 5.  Dissolved versus Total Chromium Concentration ‐ All Data
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Figure 6.  Dissolved versus Total Chromium Concentration ‐ Detections
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Figure 7.  Dissolved versus Total Iron Concentration ‐ All Data
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Figure 8.  Dissolved versus Total Iron Concentration ‐ Detections
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Figure 9.  Dissolved versus Total Iron Concentration ‐ Detections, Severe 
Outliers Removed
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Figure 10.  Dissolved versus Total Lead Concentration ‐ All Data
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Figure 11.  Dissolved versus Total Lead Concentration ‐ Detections
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Figure 12.  Dissolved versus Total Manganese Concentration  ‐ All Data
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Figure 13.  Dissolved versus Total Manganese Concentration ‐ Detections
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Figure 14.  Dissolved versus Total Nickel Concentration ‐ All Data
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Figure 15.  Dissolved versus Total Nickel Concentration ‐ Detections
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Figure 16.  Dissolved versus Total Selenium Concentration ‐ All Data
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Figure 17.  Dissolved versus Total Selenium Concentration ‐ Detections
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Figure 18.  Dissolved versus Total Vanadium Concentation ‐ All Data
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Figure 19.  Dissolved versus Total Vanadium Concentration ‐ Detections



TCEQ REGULATORY GUIDANCE 
Remediation Division 
RG-366/TRRP-27 ● January 2010 

TEXAS COMMISSION ON ENVIRONMENTAL QUALITY  •  PO BOX 13087  •  AUSTIN, TX 78711-3087 
T h e  T C E Q  is  a n  e q ua l  o p p o r t u n i t y  e m p l oye r .  T h e  a g e nc y d o e s  n o t  a l l o w  d i s c r im in a t i o n  o n  t h e  b a s i s  o f  r a c e ,  c o l o r ,  r e l i g i o n ,  n a t i o n a l  o r i g i n ,  s e x ,  
d i s a b i l i t y ,  a g e ,  s e x u a l  o r i e n t a t i o n ,  o r  v e t e r a n  s t a t us .  I n  c om p l i a n c e  w i t h  t h e  A m e r i c a ns  w i t h  D i s a b i l i t i e s  A c t ,  t h i s  d o c um e n t  m a y b e  r e q u e s t e d  i n  
a l t e r n a t e  f o rm a ts  b y  c o n t a c t i n g  t h e  T C EQ  a t  5 1 2 - 2 3 9 - 0 0 2 8 ,  f ax  5 1 2 - 2 3 9- 4 4 8 8 ,  o r  1 - 8 0 0 - R E L A Y-T X  (T D D ) ,  o r  b y  w r i t i n g  P O  B o x  1 3 0 8 7 ,  A u s t i n  T X  
7 8 7 1 1 - 3 0 8 7 .  W e a u th o r i ze  yo u  t o  u s e  o r  r e p r o d uc e  a n y o r i g i n a l  m a t e r i a l  c o n t a i n e d  i n  t h i s  p u b l i c a t i o n  —  t h a t  i s ,  a n y m a t e r i a l  we  d i d  n o t  o b t a i n  f r om  
o t h e r  s o u rc e s .  P l e a s e  a c k n o w l e d g e  t h e  T C E Q  a s  yo u r  s o u rc e .  P r i n t e d  o n  r ec yc l e d  p a p e r .  

Development of Human Health 
PCLs for Total Petroleum 

Hydrocarbon Mixtures 

Overview of this Document 

Objectives: Describes the process to establish PCLs for total petroleum hydrocarbon mixtures 

Audience: Environmental Professionals and the Regulated Community 

References: The Texas Risk Reduction Program (TRRP) rule, together with conforming changes to 
related rules, is contained in 30TAC Chapter 350. The TRRP rule was initially published in 
the September 17, 1999 Texas Register (24 TexReg 7413-7944) and was amended in 2007 
(effective March 19, 2007; 32 TexReg 1526-1579). 

Find links for the TRRP rule and preamble, Tier 1 PCL tables, and other TRRP information 
at: www.tceq.state.tx.us/remediation/trrp/.  

TRRP guidance documents undergo periodic revision and are subject to change. 
Referenced TRRP guidance documents may be in development. Links to current versions 
are at: www.tceq.state.tx.us/remediation/trrp/guidance.html. 

Contact: TCEQ Remediation Division Technical Support Section - 512-239-2200, or 
techsup@tceq.state.tx.us 

For mailing addresses, refer to: www.tceq.state.tx.us/about/directory/ 

 

Please note that the Texas Risk Reduction Program (TRRP) does not 
require that total petroleum hydrocarbon (TPH) be evaluated as a 
chemical of concern (COC) at an affected property. The COCs to be 
evaluated under the TRRP, including TPH, are decided by the person 
undertaking the corrective action in coordination with the applicable 
TCEQ program area. See TCEQ guidance document Selecting Target COCs 
(RG-366/TRRP-10) for further information. If you or the TCEQ program 
area determine that TPH is an applicable COC for an affected property, 
then this document should be followed to guide the development of 
appropriate PCLs for the TPH mixture(s) at the affected property.  

http://www.tceq.state.tx.us/remediation/trrp/index.html
http://www.tceq.state.tx.us/remediation/trrp/guidance.html
http://www.tceq.state.tx.us/about/directory/


Development of Human Health PCLs for Total Petroleum Hydrocarbon Mixtures TCEQ publication RG-366/TRRP-27  

Introduction 

This guidance document describes a process to establish human health-
based protective concentration levels (PCLs) for total petroleum 
hydrocarbons (TPH) in accordance with 30 TAC §350.76(g) of the Texas 
Risk Reduction Program (TRRP) rule. In many instances, the ability to 
establish PCLs for TPH will be a convenient tool to evaluate the 
protectiveness of a mass of petroleum hydrocarbons comprised of 
potentially hundreds of individual chemicals of concern (COCs), many of 
which lack the toxicity and chemical/physical property information 
needed for PCL development. 

The development of TPH PCLs is dependent on the composition of the 
petroleum hydrocarbon product since different hydrocarbon products 
have different compositions. Therefore, the development of PCLs must be 
able to reflect the composition of the TPH in question. Contrasts in 
composition reflect differences in the relative percentages of toxic COCs 
and mobile COCs in the petroleum hydrocarbon product, both of which 
directly influence the derived PCL. The gross composition of a petroleum 
hydrocarbon product can be characterized by the chromatographic 
profiles or fingerprints generated using analytical gas chromatography 
techniques over a defined boiling point range. As shown in Figure 1, 
petroleum hydrocarbon products such as gasoline, diesel, motor oil, and 
jet fuel do not have the same compositions as reflected by the contrasts in 
the gas chromatographic fingerprints for the different products. 
Additionally, as illustrated by the gas chromatograms for the fresh and 
weathered gasoline in Figure 1, the products can change dramatically 
upon release into the environment due to environmental weathering and 
commingling with other petroleum hydrocarbon products (see the Product 
Composition and Weathering section at the end of this document for 
further discussion of this topic). Because the original petroleum 
hydrocarbon product may have weathered upon release to the 
environment or mixed with other petroleum hydrocarbon products such 
that the composition in the environmental medium may be dissimilar to 
the original product, the term “TPH mixture” will typically be used in 
following text in lieu of the term “petroleum hydrocarbon product.” 

General Overview 

To address issues of insufficient toxicity and chemical/physical property 
information for all potential COCs, the overwhelming number of COCs 
comprising petroleum hydrocarbon products, and the variability in the 
composition of the TPH, a process that closely follows the work of the 

2 January 2010 
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national Total Petroleum Hydrocarbon Criteria Working Group1 is 
described in this guidance to establish TPH PCLs. A general overview of 
the process is illustrated in Figure 2 and is briefly summarized here.   

When TPH is established as an applicable COC, samples from 
environmental media affected with TPH are collected during the affected 
property assessment for laboratory analysis using a gas chromatography 
method (TCEQ Method 1005). The analytical results are used to determine 
the extent of TPH-affected property, compositional distribution of the 
hydrocarbons in the TPH, and the magnitude of TPH concentrations in 
each affected environmental medium. Gas chromatography fingerprints 
for the different samples collected from the TPH source areas (that is areas 
of highest TPH concentrations in an environmental medium) are then 
compared to determine if the gross hydrocarbon composition of the TPH 
changes across the sampled area. When the gas chromatographic 
fingerprints indicate that different petroleum hydrocarbon products 
(Figure 1) were released in different areas of the affected property, then 
PCLs need to be established for each of those different TPH compositions 
for application in the respective source area for that petroleum 
hydrocarbon product and associated affected areas.  

                                                      
1 The TPH Criteria Working Group is a consortium of industry, academia, and governmental 
representatives who have worked since 1993 to develop evaluation methods for TPH. Information on the 
working group and publications can be found at http://www.aehs.com. 

http://www.aehs.com/
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Figure 1. Chromatograms showing contrasts between the compositions of different 
petroleum hydrocarbon mixtures. 

 

Based on chromatograms from TCEQ Method 1005 analysis, the sample 
with the highest concentration that is representative of the TPH in the 
source area(s) is selected and fractionated using a second laboratory 
analysis method (TCEQ Method 1006) into seven aliphatic boiling point 
ranges and six aromatic boiling point ranges of petroleum hydrocarbons 
(Figures 2 and 3). Subsequently, the concentration of each boiling point 
range is determined, and the mass fraction of each boiling point range 
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relative to the total mass of the TPH mixture is determined by dividing the 
concentration of each boiling point range by the total concentration of the 
TPH mixture. Tier 1, 2, or 3 PCLs are then derived for each boiling point 
range for each complete or reasonably anticipated to be completed 
exposure pathway as defined in 30 TAC §350.71(c) by using surrogate 
toxicity factors and surrogate chemical/physical properties (Tables 1 and 
2) that represent the toxicity and mobility of the hydrocarbon compounds 
comprising that boiling point range. By following this procedure, each 
boiling point range is essentially treated as a COC. Once a PCL is 
established for each of the boiling point ranges comprising the TPH 
mixture for each exposure pathway, a PCL is then established for the TPH 
mixture itself (Figures 2 and 3). The PCL for the TPH mixture for a given 
exposure pathway is established by taking the inverse weighted average of 
the sum of the individual PCLs determined for each boiling point range 
for that same exposure pathway. The PCL for each boiling point range is 
weighted according to the mass of each specific boiling point range in the 
TPH mixture. The PCLs established for the TPH mixture for each 
exposure pathway for an affected environmental medium are then 
compared to determine the critical, that is, the lowest TPH PCL for that 
environmental medium. The critical TPH PCL for each environmental 
medium is then compared to the TPH concentrations within that 
environmental medium using the TPH results originally measured with 
TCEQ Method 1005 to determine where the critical PCLs are exceeded. 
The volume of the environmental medium with TPH concentrations in 
excess of the critical TPH PCL is defined as the PCL exceedance (PCLE) 
zone(s) and is to be addressed by a response action (Figure 2). 

A detailed step-by-step explanation of the process is provided in the 
Procedural Steps to Establish PCLs for TPH Mixtures section of this 
document. In that more detailed explanation, screening procedures are 
introduced that may prevent the need to establish site-specific PCLs for 
the TPH at an affected property. 

The TPH PCLs developed using this document provide an estimate of 
acceptable aggregate risk based on noncarcinogenic effects only. In 
addition to establishing PCLs for TPH, you typically will need to address 
individual COCs such as benzene, ethylbenzene, toluene, xylenes, 
polycyclic aromatic hydrocarbons, and other key petroleum hydrocarbon 
COCs, including metals in accordance with the requirements of the 
program area.  

The process for setting PCLs for ecological receptors can be found in the 
TCEQ document Guidance for Conducting Ecological Risk Assessments at 
Remediation Sites in Texas (RG-263). In general, the process to calculate 
TPH PCLs for ecological receptors would be the same, but different 
surrogate toxicity factors would likely be assigned to the boiling point 
ranges. Therefore, consult with the TCEQ ecological risk assessment 
experts in the Technical Support Section for more information on 
ecological risk assessments. 
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TPH PCLs and the Tiered PCL Development Process 

The TRRP establishes a three-tiered framework for PCL development. The 
development of TPH PCLs fits within that framework. PCLs for the aliphatic 
and aromatic boiling point ranges can be established under Tiers 1, 2, or 3 as 
referenced in Figure 2. Non-site-specific PCLs for the aliphatic and aromatic 
boiling point ranges are established under Tier 1. The Tier 1 PCLs for the 
aliphatic and aromatic boiling point ranges can be downloaded from the TRRP 
Web page and used to calculate Tier 1 PCLs for the TPH mixture as described 
above and later in this document. For information on the use of the Tier 1 TPH 
PCL Tables, see the TCEQ guidance document Proper Use of the Tier 1 PCL 
Tables (RG-366/TRRP-23). Alternatively, site-specific PCLs for the boiling point 
ranges, which consider characteristics of the affected property, lateral 
transport, and more appropriate natural attenuation factor models, may be 
established under Tiers 2 or 3 (see 30 TAC §350.75(a)-(d)). The Tier 2 or 3 PCLs 
for the different boiling point ranges can then be used to establish Tier 2 or 3 
PCLs for the TPH mixture.  

For each TPH source area with a distinctly different composition, analyze a 
representative sample using TCEQ Method 1006 to determine the composition and 
mass fraction of each aliphatic and aromatic boiling point range (see Figure 3). 

Determine the Tier 1, 2 or 3 PCL for each aliphatic and aromatic boiling point range 
in the TPH mixture for each complete or reasonably anticipated exposure pathway 
for each affected environmental medium (see §350.71(c)). 

Using inverse weighted averaging of the mass fraction of each boiling point range in 
the mixture, calculate the PCL(s) for the TPH mixture for each complete and 
reasonably anticipated exposure pathway for the affected environmental media. 

Compare the TPH PCL to the representative TPH concentrations from the affected 
environmental medium as determined from TCEQ Method 1005 and determine the 
PCL exceedance zones. 

Conduct a response action for each TPH PCL exceedance zone.

Compare the gas chromatography fingerprints to determine if there are different TPH 
source areas. 

Identify the environmental media affected by the TPH, delineate the extent, and 
characterize TPH source areas using TCEQ Method 1005. 

 
Figure 2. Overview of PCL Development Process. 
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Default versus Site-Specifically Determined TPH Mixture 
Compositions 

As discussed previously, the composition of a petroleum hydrocarbon 
mixture is important to the development of PCLs. Therefore, the TCEQ 
may define, when appropriate and feasible, default compositions for 
various petroleum hydrocarbon mixtures in order to establish Tier 1 PCLs 
for the TPH mixtures (not just for the aliphatic and aromatic boiling point 
ranges). Providing PCLs for TPH mixtures may lessen the need to 
fractionate samples, which expedites the process and reduces costs. A 
default composition for transformer mineral oil has been adopted for the 
TRRP and Tier 1 PCLs for transformer mineral oil have been established 
accordingly. Default compositions for other TPH mixtures such as 
gasoline and diesel may be adopted by the TCEQ over time as sufficient 
information becomes available. When default compositions for TPH 
mixtures are adopted, you may use that default composition as long as it 
is used only for the same TPH mixture it is intended to represent. 
Laboratories can typically evaluate a gas chromatography fingerprint and 
determine the probable original petroleum hydrocarbon product unless it 
is mixed or so weathered so as to be unrecognizable. When a default 
composition for a TPH mixture has not been adopted for the particular 
TPH mixture under consideration, and the screening criteria discussed in 
Step 4 below are failed, then you will need to determine the site-specific 
TPH mixture composition using TCEQ Method 1006.  

Analytical Methods for TPH  

The measurement of TPH is a method-defined parameter, meaning that 
the composition and concentration of TPH is determined by the 
procedures followed in the analytical method. As introduced earlier, the 
TCEQ has developed two analytical methods for TPH. TCEQ Methods 
1005 and 1006 should be used for determining concentrations of TPH, for 
establishing PCLs, and/or determining the composition of TPH for PCL 
development. If you wish to use an alternate method, then you must first 
submit a proposal to use an alternate method to the TCEQ and include in 
that proposal the data needed to validate the alternate method against 
TCEQ Method 1005 and 1006 as the reference methods. Once an alternate 
method has been approved for use under TRRP, the method, or reference 
to the method, will be placed on the TRRP Web page for others to use. 

TCEQ Method 1005 

Analytical results from TCEQ Method 1005 are primarily intended to be 
used to: 
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  determine the composition and concentration of the TPH at the 
affected property, 

  identify source areas, and 

 determine compliance with the established critical TPH PCLs. 

 

Additionally, the results from the method may also be used as a screening 
tool to determine whether or not the development of PCLs for the TPH 
mixture is warranted as discussed under Steps 3 and 4 of the next section 
of this document. 

TCEQ Method 1005 is an n-pentane extraction followed by a gas 
chromatography/flame ionization detection (GC/FID) analysis method that 
measures the concentration of hydrocarbons between n-C6 and n-C35. The 
laboratory includes a normal (n-) C12 alkane marker and an n-C28 alkane 
marker to aid the data user in evaluating the distribution of the 
hydrocarbons in the TPH based on the chromatographic profile. Results 
from TCEQ Method 1005 are reported as concentrations for the C6 -C12 
boiling point range, the C12 -C28 boiling point range, the C28 -C35 boiling 
point range when applicable, and the sum of the concentration of the two 
or three boiling point range concentrations. TCEQ Method 1005 can be 
downloaded from www.tceq.state.tx.us/remediation/analysis.html. 

TCEQ Method 1006 

As discussed earlier, the analytical results from TCEQ Method 1006 are to 
be used to determine the concentrations of seven aliphatic boiling point 
ranges and six aromatic boiling point ranges of the TPH mixture in order 
to support development of TPH PCLs (Figure 3). The PCL for a TPH 
mixture is dependent upon the mass fraction represented by each boiling 
point range. Only the sample(s) to be used to represent the composition 
for the source area(s) need to be subjected to analysis using TCEQ Method 
1006. Relative to TCEQ Method 1005, TCEQ Method 1006 is more 
expensive and therefore the agency is trying to minimize the use of the 
method to the extent possible. 
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Assess and characterize the extent of 
environmental media affected with TPH 
and identify distinct TPH source areas 

Fractionate the TPH 
mixture

Aliphatic Fraction 
 
C6 Aliphatic 
 
>C6 – C8 Aliphatic 
 
>C8 – C10 Aliphatic 
 
>C10 – C12 Aliphatic 
 
>C12 – C16 Aliphatic 
 
>C16 – C21 Aliphatic 
 
>C21 – C35 Aliphatic 

Aromatic Fraction 
 

>C7 – C8 Aromatic 
 
>C8 – C10 Aromatic 
 
>C10 – C12 Aromatic 
 
>C12 – C16 Aromatic 
 
>C16 – C21 Aromatic 
 
>C21 – C35 Aromatic 

TCEQ Method 1005 

TCEQ Method 1006 

Establish PCLs for the 
TPH mixture and 
determine the critical

Determine compliance 
with critical PCLs

TCEQ Method 1005 

 
Figure 3. The applicability of TCEQ Methods 1005 and 1006 and boiling point ranges. 

 

TCEQ Method 1006 uses a silica gel fractionation of the n-pentane extract 
to separate the TPH into the aliphatic hydrocarbon fraction and the 
aromatic hydrocarbon fraction and includes the analysis of each of these 
fractions by GC/FID. The GC/FID analysis of the fractions separates each 
fraction into discrete boiling point ranges based on normal alkane 
markers. TCEQ Method 1006 can be downloaded from 
www.tceq.state.tx.us/remediation/analysis.html. 

Procedural Steps to Establish PCLs for TPH Mixtures 

This section details the steps to establish PCLs for TPH mixtures. The 
section also discusses a screening step using the TCEQ Method 1005 data 
to avoid unwarranted development of PCLs for the TPH mixture. Figure 4 
provides a decision framework that illustrates the process described in 
this section and identifies critical decision points. However, process Steps 
8 and 9 are only cursorily addressed in Figure 4. A spreadsheet may be 
downloaded from the TRRP Web page that calculates the TPH mixture 
PCLs. 
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Step 1 Field Sampling 

If TPH is an applicable COC, begin by collecting a sufficient number of 
samples for analysis using TCEQ Method 1005 to determine the 
concentrations and extent(s) of TPH in the environmental medium and to 
evaluate the number of source areas at the affected property to satisfy 
§350.51 requirements. Ensure that an adequate sample volume is 
collected from each sample point to allow for any subsequent analysis 
using TCEQ Method 1006 (see the documentation for TCEQ Method 1006 
for specifics regarding required sample volume). As noted in Table 1 
under footnote 4, the TCEQ Method 1005 and 1006 analyses can be 
truncated at C28 when there does not appear to be significant mass of 
hydrocarbons in the >C28 boiling point range based on the TCEQ Method 
1005 chromatogram, and it is anticipated that the TPH is composed of 
lighter hydrocarbons (for example, gasoline, diesel, and not transformer 
mineral oil or used motor oil). 

Step 2 Source Area Identification 

Use TCEQ Method 1005 data to identify TPH source areas. To determine 
the number of source areas of TPH and the volume of environmental 
media impacted by those sources, collect samples from the suspected 
source areas for TCEQ Method 1005 analysis. Compare TCEQ Method 
1005 chromatograms to one another to determine if the chromatographic 
profile of the TPH is consistent across the affected property. A change in 
the distribution of the TPH in the TCEQ Method 1005 chromatographic 
profile, independent of concentration, may indicate the presence of a 
different source. For example, in Figure 5 three samples were collected 
and analyzed using TCEQ Method 1005. As can be seen the 
chromatographic profiles for samples 1 and 2 are the same, indicating the 
same source TPH mixture. However, the chromatographic profile for 
sample 3 is different, indicating a different TPH mixture. Therefore, in the 
example the affected property includes at least two suspected sources of 
TPH and therefore PCLs will need to be set for the two different TPH 
mixtures for application at the respective source area and associated 
affected area. 

Step 3 Compare TCEQ Method 1005 Results to Tier 1 TPH PCLs for the 
TPH Mixture 

If Tier 1 TPH PCLs are available in the TRRP Tier 1 PCL Tables for the 
specific default composition TPH mixture (for example, Tier 1 PCLs for 
the default composition for transformer mineral oil), then compare the 
TPH concentration measurements obtained from TCEQ Method 1005 to 
the applicable Tier 1 TPH PCLs for the TPH mixture.  
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Steps 1 & 2:  Analyze samples with TCEQ Method 1005 and identify source areas.   

 
Step 3: 

Are default composition Tier 1  
PCLs for the TPH mixture exceeded or 

not available? 

Step 4: 
Are TCEQ Method 1005 screening 

 criteria exceeded? 

 
Set Tier 2/3  

PCLs for default composition mixture  
or TCEQ Method 1005 

Screen.   

Remediate?

Set 
Tier 2/3 PCLs 

for boiling point 
range? 

PCLs exceeded?

Remediate? 

No Further 
Action 

Response 
Action 

Step 5: 
Fractionate with TCEQ 

Method 1006. 

Step 6: 
Set Tier 2/3 PCLs for boiling 

point range. 

Step 6-7: 
Set Tier 1, 2, or 3 PCLs  

for TPH mixture. 

PCLs 
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Figure 4. Decision framework for TPH PCL development process. 
 

If the Tier 1 PCLs are not exceeded, then no further action is necessary to 
address the TPH (Figure 4). If the Tier 1 PCLs are exceeded, then you have 
several alternatives: 

 conduct a response action in accordance with Remedy Standard A or 
B; 

 develop Tier 2 or 3 PCLs for the boiling point ranges and recalculate 
the PCLs for the TPH mixture using the same default composition; or 
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 proceed to Step 5; fractionate samples and then proceed to Steps 6 
and 7 and establish Tier 1, 2, or 3 PCLs considering the site-specific 
composition of the TPH mixture(s) at the affected property. 

 

If the relevant Tier 1 PCLs for the specific mixture are unavailable, then 
proceed to Step 4. 

 
Figure 5. Map view of affected property with sampling locations for TPH samples and 

corresponding TCEQ Method 1005 chromatographic profiles. 

Step 4 TCEQ Method 1005 Results Screening 

Compare the concentration measurement for the C6-C12 range obtained 
from the TCEQ Method 1005 results for each sample to the Tier 1 PCLs for 
the aromatic >C8-C10 boiling point range appropriate for the exposure 
pathways applicable to the affected environmental medium as defined in 
§350.71(c). Then compare the concentration measurement for the C12-C28 

range, or C12-C35 range if applicable, obtained from the TCEQ Method 1005 
results for each sample to the Tier 1 PCLs for the aromatic >C12-C16 
boiling point range appropriate for the exposure pathways applicable to 
the affected environmental medium as defined in §350.71(c). The 
development of a PCL for the TPH mixture is only warranted for those 
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samples where the TCEQ Method 1005 levels exceed the aromatic >C8-C10 
boiling point range and the aromatic >C12-C16 boiling point range Tier 1 
PCLs. 

If either of these Tier 1 boiling point range PCLs are exceeded when 
compared to TCEQ Method 1005 results, you have several alternatives 
(Figure 4):  

 conduct a response action in accordance with Remedy Standard A or 
B; 

 proceed to Step 6; develop Tier 2 or 3 PCLs for the aromatic >C8-C10 
and aromatic >C12-C16 boiling point ranges and re-compare the TCEQ 
Method 1005 results to those PCLs; or  

 proceed to Step 5; fractionate samples and then proceed to Steps 6 
and 7 and establish Tier 1, 2, or 3 PCLs considering the site-specific 
composition of the TPH mixture(s) at the affected property. 

Step 5 Fractionate Selected TPH Samples 

Select and analyze the sample with the highest TPH concentration from 
the source area(s) using TCEQ Method 1006 to determine the appropriate 
PCLs to apply to the source area and its associated affected area. 
Typically, only a single sample needs to be analyzed from each source 
area by TCEQ Method 1006. However, for an affected property where 
different TPH products have been released, multiple TPH samples may 
need to be analyzed using TCEQ Method 1006 to ensure representative 
analysis and to establish PCLs for each of the identified TPH source areas. 
The sample with the highest TPH concentration is needed to allow 
adequate quality assurance recovery results. The concentration and mass 
fraction of each boiling point range in each fraction as shown in Figure 3 
should be reported. The mass fraction for each boiling point range of the 
TPH mixture is determined by dividing the concentration of each boiling 
point range by the total concentration of the TPH mixture. 

Step 6 Establish the PCLs for Each Aliphatic and Aromatic Boiling 
Point Range 

Tier 1 PCLs for the aliphatic and aromatic boiling point ranges are 
available in the Tier 1 PCL Tables for the standard exposure pathways 
listed in §350.71(c). The PCLs were calculated using the Tier 1 PCL 
equations provided in Figure: 30 TAC §350.75(b)(1) of the TRRP rule. The 
surrogate COCs that are to be used to define the toxicity factors for each 
fraction are presented in Table 1. The COC chemical/physical properties 
for the boiling point ranges have been extracted from Figure: 30 TAC 
§350.73(e) of the TRRP rule and are provided in this guidance document 
as Table 2. For Tiers 2 and 3, site-specific PCLs can be established for 
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each boiling point range provided the requirements of §350.75 are 
followed. 

Please note that for the >C16-C21 and >C21-C35 aliphatic boiling point 
ranges, two different toxicity surrogates are provided. Be certain to use the 
correct toxicity surrogate. If the TPH is a transformer mineral oil, then use 
the surrogates for transformer mineral oil releases (for transformer mineral 
oil releases, >C16-C21 and >C21-C35 boiling point ranges only) noted in 
Table 1. Otherwise, use the white mineral oils toxicity surrogate. 

Step 7 Establish the PCLs for the TPH Mixture.  

To establish the PCL for the complete TPH mixture (i.e., the whole 
product), for each exposure pathway calculate the inverse weighted 
average using Equations 1-1 and 1-2. For the soil-to-groundwater PCL 
(GWSoil), adjustments are needed to account for solubility limitations. 
Therefore, use Equations 2-1 through 2-5 for this exposure pathway.  

Step 8 Select the Critical PCL 

For each environmental medium affected by TPH, select the lowest of the 
PCLs established for the different applicable exposure pathways as the 
critical PCL. 

Step 9 Compare Critical PCL to Representative TPH Concentrations 

Compare the established critical PCL for the relevant source area as 
determined by TCEQ Method 1005 to representative TPH concentrations 
to identify any exceedances. For all exceedances, you should either 
pursue a response action under Remedy Standard A or B, or further 
evaluate TPH PCLs under Tier 2 or 3 if you have not already done so. 

Table 1.  Hydrocarbon Fractions and Toxicity Factors. 

Boiling Point Range Surrogate for Oral RfD Surrogate for Inhalation RfC 

C6 Aliphatic 
n-hexane n-hexane1 

commercial hexane2 

>C6-C8 Aliphatic n-hexane 
n-hexane1 

commercial hexane2 

>C8-C10 Aliphatic C9-C17 aliphatics dearomatized white spirits 

>C10-C12 Aliphatic C9-C17 aliphatics dearomatized white spirits 

>C12-C16 Aliphatic C9-C17 aliphatics dearomatized white spirits 

>C16-C21 Aliphatic white mineral oils ---- 

>C16-C21 Aliphatic 3 transformer mineral oil ---- 

>C21-35 Aliphatic4 white mineral oil ---- 
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Boiling Point Range Surrogate for Oral RfD Surrogate for Inhalation RfC 

>C21-C35 Aliphatic 3 transformer mineral oil ---- 

>C7-8 Aromatic ethylbenzene ethylbenzene 

>C8-C10 Aromatic multiple aromatic compounds high flash aromatic naphtha 

>C10-C12 Aromatic multiple aromatic compounds high flash aromatic naphtha 

>C12-C16 Aromatic multiple aromatic compounds multiple aromatic compounds 

>C16-C21 Aromatic pyrene ---- 

>C21-C35 
3 Aromatic pyrene ---- 

1. For mixtures with greater than 53% n-hexane content. 
2. For mixtures with less than 53% n-hexane content. 
3. For Transformer Mineral Oil only 
4. The person may truncate the analysis at C28 when there does not appear to be significant mass of >C28 based 

on the gas chromatogram and the product is anticipated to be a lighter hydrocarbon (for example, gasoline, 
diesel, not transformer mineral oil or used motor oil). 

 

Table 2. COC Properties for TPH Boiling Point Fractions. 

Boiling Point 
Range 

Physical 
State 

M.W. 
(g/mole)

H ' 
(cm3-

H2O/cm3-air) 

Log 
Koc 

Dair 
(cm2/s) 

Dwat 
(cm2/s) 

Solubility 
(mg/l) 

Vapor 
Pressure 
(mm Hg) 

C6  Aliphatic liquid 81 3.3E+01 2.9 1.0E-01 1.0E-05 3.6E+01 2.7E+02 

>C6-C8  Aliphatic liquid 100 5.0E+01 3.6 1.0E-01 1.0E-05 5.4E+00 4.8E+01 

>C8-C10  Aliphatic liquid 130 8.0E+01 4.5 1.0E-01 1.0E-05 4.3E-01 4.8E+00 

>C10-C12  Aliphatic liquid 160 1.2E+02 5.4 1.0E-01 1.0E-05 3.4E-02 4.8E-01 

>C12-C16  Aliphatic liquid 200 5.2E+02 6.7 1.0E-01 1.0E-05 7.6E-04 3.6E-02 

>C16-C35  Aliphatic liquid 270 4.9E+03 8.8 1.0E-01 1.0E-05 2.5E-06 8.4E-04 

>C7-C8  Aromatic liquid 92 2.76E-01 2.15 8.7E-02 8.6E-06 5.3E+02 2.82E+01 

>C8-C10  Aromatic liquid 120 4.8E-01 3.2 1.0E-01 1.0E-05 6.5E+01 4.8E+00 

>C10-C12  Aromatic liquid 130 1.4E-01 3.4 1.0E-01 1.0E-05 2.5E+01 4.8E-01 

>C12-C16  Aromatic liquid 150 5.3E-02 3.7 1.0E-01 1.0E-05 5.8E+00 3.6E-02 

>C16-C21  Aromatic liquid 190 1.3E-02 4.2 1.0E-01 1.0E-05 6.5E-01 8.4E-04 

>C21-C35  Aromatic solid 240 6.7E-04 5.1 1.0E-01 1.0E-05 6.6E-03 3.3E-07 

M.W. = molecular weight       H ' = Henry’s Law Constant     Log Koc = logarithmic organic carbon partition coefficient

Dair = diffusivity in air    Dwat = diffusivity in water 
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Equations for calculating PCLs 

TPH PCL equations for all exposure pathways other than GWSoil 




i

i
Mixture TPH

PCL

MF
HI

PCL                      (1-1) 











i

i
Mixture TPH MF

PCL
MINPCL                   (1-2) 

Use (1-1) and (1-2) then set PCLTPH Mixture as the lesser of the two. 

Explanation of terms for Equations 1-1 and 1-2: 

PCLTPH Mixture = the generic reference for the PCL for the TPH mixture for 
the exposure pathway of interest 

HI = hazard index; HI must be < 10 (see §350.76(g)(8)). 

MFi = mass fraction of the TPH boiling point range i (Note:  varies with 
TPH mixture, must be calculated for each boiling point range each time 
assumed TPH mixture composition is changed) 

PCLi = the PCL for TPH boiling point range i from the Tier 1 PCL Tables 
(or calculated for Tier 2 or 3) 

MIN = minimum (PCLi/MFi) for all TPH boiling point ranges. 

TPH PCL Equations for GWSoil 

Theoretical Maximum    iiiii PCLKswSxHQ /           (2-1) 

Mole Fraction xi =    iiii MWMFSUMMWMF ///         (2-2) 

Theoretical Maximum HI =  ... hi HQHQSUM       (2-3) 

If each Theoretical Maximum HQi < 1 and the Theoretical Maximum HI 
is < 10, then the TPH is protective of the underlying groundwater and a 
GWSoil PCL does not need to be calculated for the TPH mixture. If the 
SoilRes concentration is exceeded in the soils, then presence of mobile 
NAPL is indicated [see TCEQ document Risk-Based NAPL Management 
RG-366/TRRP-32]. 

Otherwise, use Equation (2-4) OR (2-5) then set PCLTPH Mixture as the lesser 
of the two. 
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


i

i
Mixture TPH

PCL

MF
HI

PCL
                     (2-4) 











i

i
Mixture TPH MF

PCL
MINPCL                (2-5) 

Explanation of terms for Equations 2-1 through 2-5: 

PCLTPH Mixture = the generic reference for the PCL for the TPH mixture for 
the exposure pathway of interest 

HI = hazard index; HI must be < 10 (see §350.76(g)(8)). 

HQi = hazard quotient of boiling point range i; HQ must be < 1 (see 
§350.76(g)(8)).  

SUM = summation 

MFi = mass fraction of boiling point range i (Note: varies with TPH 
mixture, must be calculated for each boiling point range each time 
assumed TPH mixture composition is changed) 

MWi = molecular weight of boiling point range i 

PCLi = the PCL for boiling point range i from the Tier 1 PCL Tables (or 
calculated for Tier 2 or 3) 

MIN = minimum (PCLi/MFi) for all boiling point ranges 

xi = mole fraction for boiling point range i; (Note: varies with TPH 
mixture, must be calculated for each boiling point range each time 
assumed TPH mixture composition is changed) 

Si = solubility of TPH boiling point range i (mg/l) (see Table 2) 

Mixture TPH kgmg 000,10
kg

mg
 000,000,1

Res.sat
Soil

b

T
Res 







 



  

Res.sat = (10,000 mg/kg x ρb)/(1,000,000 mg/kg x ρ x θT), Tier 1 default: 
0.045 

ρ = density of the non-aqueous phase liquid (g/cm3) Tier 1 default: 1 

θT = total soil porosity (cm3-pore space/cm3-soil) = 1- (ρb/ρs) Tier 1 default: 
0.37 

ρb = soil bulk density (g/cm3), Tier 1 default: 1.67 

ρs = particle density (g/cm3), Tier 1 default: 2.65 

 
  asbdws

b
sw HK

K



'soil - kgmg

OH - Lmg
 2










  
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Ksw = Soil-leachate partition factor for COC (Note: varies with affected 
property parameter assumptions and not TPH mixture, therefore, may 
vary only under Tier 2 or 3); Kd = soil-water partition coefficient (cm3-
water/g-soil) (see Table 2); Kd = Koc x foc 

θws = Volumetric water content of vadose zone soils (cm3-water/cm3-soil), 
Tier 1 default: 0.16 

Koc = soil organic carbon-water partition coefficient (cm3-water/g-carbon) 
(see Table 2) 

foc = fraction of organic carbon in soil (g-carbon/g-soil), Tier 1 default: 
0.002 

H′ = dimensionless Henry’s Law Constant (see Table 2) 

θas = volumetric air content of vadose zone soils (cm3-air/cm3-soil), Tier 1 
default: 0.21. 
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Case Study For Setting TPH PCLs for a TPH Mixture  

For this case study, it is assumed that field sampling has been conducted 
(Step 1), the source area has been identified (Step 2), the TCEQ Method 
1005 analytical results have been compared to the default composition 
Tier 1 TPH PCLs where available (Step 3), the TCEQ Method 1005 
screening level PCLs have been exceeded (Step 4), and the TPH mixture 
has been fractionated by TCEQ Method 1006 (Step 5). The provided Tier 1 
PCLs for each boiling point range are being used to determine the site-
specific TPH mixture PCL (Step 6). The case study begins with examples 
on how to establish the PCLs for the site-specific mixture (Step 7). 

The analytical results (presented in Table 3) were obtained from the 
fractionation of the TPH mixture using TCEQ Method 1006. 

Table 3. Mass Fraction for Each Aliphatic and Aromatic Boiling Point Range (determined 
from Step 5). 

Boiling Point Range Mass Fraction (MFi) Concentration (Ci)  (mg/kg) 

C6 Aliphatic 0.00E+00 0 

>C6-C8 Aliphatic 6.40E-04 0.32 

>C8-C10 Aliphatic 3.04E-03 1.52 

>C10-C12 Aliphatic 7.72E-03 3.86 

>C12-C16 Aliphatic 1.81E-01 90.62 

>C16-C21 Aliphatic 5.96E-01 297.79 

>C21-C35 Aliphatic 2.09E-01 104.74 

>C7-C8 Aromatic 0.00E+00 0 

>C8-C10 Aromatic 0.00E+00 0 

>C10-C12 Aromatic 0.00E+00 0 

>C12-C16 Aromatic 8.00E-04 0.4 

>C16-C21 Aromatic 1.30E-03 0.65 

>C21-C35 Aromatic 2.20E-04 0.11 

Sum Aliphatic Fraction 0.998 498.85 

Sum Aromatic Fraction 0.002 1.16 

Total TPH 1.00 500.01 

Step 5. Determine the mass fraction (MFi) of each TPH aliphatic and 
aromatic boiling point range. 

The mass fraction (MFi) of each TPH aliphatic and aromatic boiling point 
range must first be calculated using the following equation:                  

January 2010 19 



Development of Human Health PCLs for Total Petroleum Hydrocarbon Mixtures TCEQ publication RG-366/TRRP-27  

TPHTotal

C
 MF i

i   

For example, calculate MFi  for the >C21-C35 aliphatic boiling point range 
using the results from Table 3, above: 

012.09E
mg/kg 500.01

mg/kg 104.74

TPH Total

C
 MF i

i   

Step 6. Determine the Tier 1 PCLs (PCLi) for each exposure pathway 
for each aliphatic and aromatic boiling point range 

In this example, the human health PCL (TotSoilComb) and soil-to-
groundwater PCL (GWSoil) are calculated for surface soil, based on 
residential land uses and 0.5 acre source area assumptions. The Tier 1 
PCLs for each boiling point range for these exposure pathways are 
presented in Tables 4 and 5, respectively. 

PCLs have already been calculated for the two exposure pathways being 
considered for each aliphatic and aromatic boiling point range for Tier 1. 
Those PCLs were used here. The Tier 1 PCLs were calculated using the 
PCL equations as presented in Figure: 30 TAC §350.75(b)(1), the toxicity 
information presented in Table 1, and the COC chemical/physical 
properties presented in Table 2 of this document. To establish Tier 2 or 3 
PCLs for the individual boiling point fractions, site-specific information 
would be used in accordance with §350.75(c) and (d) in lieu of Tier 1 
default assumptions. 

Step 7 Determine the PCL for the TPH mixture (PCLTPH Mixture). 

Use Equations (1-1) through (2-5) as appropriate for the particular 
exposure pathway to determine the PCLTPH mixture. 

The Surface Soil Human Health Exposure Pathway (TotSoilComb) 

1. Calculate MFi, MFi/PCLi, PCLi/MFi 

The mass fraction (MFi), and the ratios of MFi/PCLi  and PCLi/MFi, must 
first be calculated. The results for this example are presented in Table 4. 

2. Calculate TotSoilComb using Equations (1-1) and (1-2) and set the PCL as 
the lesser of the two. 

A. From Equation (1-1) and Table 4:   

mg/kg 501.27E
kg/mg 057.86E

10

PCL

MF
HI

SoilPCL

i

i
Comb

Tot
TPHMixture 





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B. From Equation (1-2) and Table 4: 

mg/kg 041.54E
MF

PCL
MINSoilPCL

i

i
Comb

Tot
TPHMixture 








  

The minimum of the two PCLs is 1.54E+04 mg/kg (TotSoilComb for the TPH 
mixture). 

The soil-to-groundwater (GWSoil) pathway 

To determine the soil-to-groundwater PCL (GWSoil) for the TPH mixture, 
the same criteria as above must be met. That is, HQi must be ≤1 and HI 
must be ≤10. However, the effective solubility of the TPH mixture 
components should be considered when determining GWSoil. Therefore, 
Equations (2-1) through (2-5) are used.  

The potential for the TPH mixture to generate unprotective leachate is 
limited by the solubility of the mixture. If HQi ≤1 for each boiling point 
range and HI ≤10, then the leachate is protective for the underlying 
groundwater because of solubility limits and the GWSoil PCL does not need 
to be calculated for the TPH mixture. The reason the GWSoil PCL does not 
need to be calculated is that the TPH mixture cannot dissolve enough 
TPH into the groundwater to exceed the groundwater PCLs, regardless of 
the concentrations of that TPH mixture in the soils. However, irregardless 
of whether or not the development of the GWSoil PCL is warranted in 
consideration of solubility limits, if the TPH mixture concentration in 
soils at the affected property exceeds the Tier 1 SoilRes value of 10,000 
mg/kg, then the presence of mobile non-aqueous phase liquids (NAPLs) is 
indicated [see RG-366/TRRP-32 Risk-Based NAPL Management].  All 
calculation results for this GWSoil example are presented in Table 5. 

Table 4. Calculation results for the TPH mixture Case Example for TotSoilComb Residential 
Land Use (0.5 acre). 

Boiling Point Range MFi 

TotSoilComb 
PCLi  

(mg/kg) 

MFi/PCLi 

(mg/kg)-1 
PCLi/MFi 
(mg/kg) 

HQi 

C6 Aliphatic - 1.90E+03 - - - 

> C6-C8 Aliphatic 6.40E-04 1.90E+03 3.39E-07 2.95E+06 5.23E-03 

> C8-C10 Aliphatic 3.04E-03 2.20E+03 1.38E-06 7.24E+05 2.13E-02 

> C10-C12 Aliphatic 7.72E-03 2.10E+03 3.68E-06 2.72E+05 5.68E-02 

> C12-C16 Aliphatic 1.81E-01 2.80E+03 6.47E-05 1.54E+04 1.00E+00 

> C16-C21 Aliphatic 5.96E-01 1.30E+05 - - - 

> C21-C35 Aliphatic* 2.09E-01 1.10E+05 7.32E-06 1.37E+05 2.15E-05 

> C7-C8 Aromatic - 4.80E+03 - - - 

> C8-C10 Aromatic - 1.60E+03 - - - 
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Boiling Point Range MFi 

TotSoilComb 
PCLi  

(mg/kg) 

MFi/PCLi 

(mg/kg)-1 
PCLi/MFi 
(mg/kg) 

HQi 

> C10-C12 Aromatic - 1.90E+03 - - - 

> C12-C16 Aromatic 8.00E-04 2.30E+03 3.48E-07 2.88E+06 5.37E-03 

> C16-C21 Aromatic 1.30E-03 1.90E+03 6.84E-07 1.46E+06 1.06E-02 

> C21-C35 Aromatic 2.20E-04 1.90E+03 1.16E-07 8.64E+06 1.79E-03 

  SUM = 7.86E-05        1.54E+04  

    HI = 1.10E+00 

*  > C16-C21 Aliphatic and C21-C35 Aliphatic are lumped for convenience because the toxicity surrogate is the 
same for both boiling point ranges for the TPH mixture.  

 

1. Determine the theoretical maximum HQi and HI for the TPH mixture: 

A. Calculate the mole fraction (xi) for each boiling point range using 
Equation (2-2). 

017.50E
(g/mol) 033.98E

g/mol 270

012.09E 015.96E

i
MW

i
MF

i
MW

i
MF

aliphatic 
35

C - 
16

C 
i

X 






 














 

B. Calculate the hazard quotient (HQ) for each boiling point range using 
Equation (2-1). 

052.15E
mg/kg 051.10E x soil)-mg/kgwater/ -(mg/l 077.92E

mg/l 062.5E x 017.50E

PCLK

SX
aliphatic 

35
C - 

16
C HQ

swi

i
i 





i

 

C. Calculate the hazard index (HI) using Equation (2-3).  

0010.1.....)HQHQHQ( HI 321   

As shown in Table 5, HQi ≤ 1 for each boiling point fraction and HI ≤10, 
therefore the TPH mixture does not pose a threat to the underlying 
groundwater, and therefore GWSoil does not need to be calculated. 
However, in order to to provide a complete set of example calculations, 
GWSoil PCLs are calculated using Equations (2-4) and (2-5) even though it 
is not warranted in this particular case study. 

2. Determine GWSoil as the lesser of PCLs calculated from Equations (2-4) 
and (2-5). 

Solving for Equation (2-4): 
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mg/kg 059.35E
(kg/mg) 051.07E

10

PCL

MF
HI

SoilPCL

i

i

GW
TPHMixture 





 

Solving for Equation (2-5): 

mg/kg 052.50E
MF

PCL
MINSoilPCL

i

iGW
Mixture TPH 








  

Table 5. Calculation results for GWSoil for the TPH mixture Case Example. 

Boiling Point 
Range 

MFi 
MFi/ 

MWi 

GWSoil 
PCLi 

(mg/kg) 
xi 

MFi/ 

PCLi 

(mg/kg)-1 

PCLi/ 

MFi 
(mg/kg) 

HQi 

C6 Aliphatic - - 1.70E+02 - - - - 

> C6-C8 Aliphatic 6.40E-04 6.40E-06 4.20E+02 1.61E-03 1.52E-06 6.57E+05 2.96E-04 

> C8-C10 Aliphatic 3.04E-03 2.34E-05 3.60E+03 5.88E-03 8.47E-07 1.18E+06 5.17E-05 

> C10-C12 Aliphatic 7.72E-03 4.82E-05 2.50E+04 1.21E-02 3.05E-07 3.28E+06 8.43E-06 

> C12-C16 Aliphatic 1.81E-01 9.06E-04 4.90E+05 2.28E-01 3.67E-07 2.72E+06 3.54E-06 

> C16-C21 Aliphatic 5.96E-01 - 1.00E+06 - - - - 

> C21-C35 Aliphatic 2.09E-01 2.98E-03 1.00E+06 7.49 E-01 8.05E-07 1.24E+06 1.94E-06 

> C7-C8 Aromatic - - 2.00E+01 - - - - 

> C8-C10 Aromatic - - 6.50E+01 - - - - 

> C10-C12 Aromatic - - 1.00E+02 - - - - 

> C12-C16 Aromatic 8.00E-04 5.33E-06 2.00E+02 1.34E-03 4.00E-06 2.50E+05 3.94E-04 

> C16-C21 Aromatic 1.30E-03 6.84E-06 4.70E+02 1.72E-03 2.77E-06 3.62E+05 7.56E-05 

> C21-C35 Aromatic 2.20E-04 9.17E-07 3.70E+03 2.30E-04 5.95E-08 1.68E+07 1.04E-07 

 SUM= 3.98E-03   MIN= 2.50E+05  

    SUM = 1.07E-05 HI = 8.31E-04 

Step 8. Choose the Critical Surface Soil PCL for this TPH mixture 
example. 

To determine the critical PCL, the PCLs for each of the exposure pathways 
applicable to the affected environmental medium must be compared. 
Table 6 below presents all the residential PCLs prescribed in the Tier 1 
PCL table that would apply for surface and subsurface soils. 

The critical PCL is the lowest of the pathway specific PCLs. For this TPH 
mixture, the critical surface soil PCL is 1.54E+04 mg/kg (the lower of 
TotSoilComb and GWSoil), assuming mobile NAPL is not present in soils and 
SoilRes is not limiting. 
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Table 6. Critical PCLs for TPH mixture for Residential Soil Exposures. 

Exposure 
Pathway: 

TotSoilComb (mg/kg) AirSoilInh-V (mg/kg) GWSoil* (mg/kg)  

PCL: 1.54E+041 2.65E+042 2.50E+053  

  Critical PCL for Surface Soils: 1.54E+04 

  Critical PCL for Subsurface Soils: 2.65E+04 

1 applies to surface soil only 
2 applies to subsurface soil only 
3 applies to surface and subsurface soils 
* the GWSoil PCL was not actually required for this particular example 

24 January 2010 



TCEQ publication RG-366/TRRP-27 Development of Human Health PCLs for Total Petroleum Hydrocarbon Mixtures 

Frequently Asked Questions  

Question 1: When do I consider TPH in my assessment? 

Answer 1: You make the decision to include TPH in an assessment in 
conjunction with the applicable program area. In addition, the TCEQ 
guidance document Selecting Target COCs (RG-366/TRRP-10) provides 
further information on selecting chemicals of concern for analysis. 

 

Question 2: Are TCEQ Methods 1005 and 1006 the only methods that can 
be used to determine concentrations of TPH in environmental media? 

Answer 2: Other methods can be used. However, to use an alternate 
method, a proposal to use an alternate method that includes the data 
needed to validate the alternate method against TCEQ Method 1005 and 
1006 as the reference methods must be submitted to the agency. Once the 
use of an alternate method has been approved, additional proposals to use 
that method will not be needed. The TCEQ will update a list of additional 
methods and will have the list available on the TRRP Web page. See 
Question 5 below for a related matter. 

 

Question 3: When do I compare site data directly to boiling point range 
PCLs listed in the Tier 1 PCL tables versus calculating a PCL for the entire 
TPH mixture? 

Answer 3: The only time the PCLs included in the Tier 1 PCL tables for 
the boiling point ranges (e.g., >C8-C10 aromatic) should be directly 
compared to TCEQ Method 1005 results is when conducting the TCEQ 
Method 1005 screen as explained earlier in Step 4. 

 

Question 4: Is there double counting of compounds when there is COC-
specific analytical data (for example, benzene concentrations in soil) and 
assessment of TPH is required? 

Answer 4:  The TPH approach described in this document only addresses 
the noncarcinogenic effects of each fraction. The toxicity endpoint of 
concern for benzene and the carcinogenic polycyclic aromatic 
hydrocarbons is different than that of TPH as a mixture. For benzene, 
TCEQ Method 1006 does not characterize the C6 aromatic fraction, which 
is the fraction of interest for benzene. Double counting might be a concern 
when using historical data. For example, some petroleum hydrocarbons 
are detected in both the Method 8015 gasoline range organics and diesel 
range organics analyses. Concentrations of individual VOCs or SVOCs 
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should be characterized by methods such as EPA Methods 8260 or 8270, 
respectively. 

  

Question 5: Is it possible to use historical data yielded from other (non-
TCEQ Method 1005 or 1006) analytical methods?  

Answer 5: The use of historical data collected prior to the implementation 
of the TRRP rule will be evaluated on a case-by-case basis, which will 
consider the assumptions being made in interpreting the data to ensure 
that those data meet project objectives. The historical data should allow 
for the qualitative evaluation of the distribution of hydrocarbons within 
the mixture and quantitation of the mixture between the C6-C28, or when 
applicable, C6-C35boiling point ranges. The data should provide 
quantitation of the petroleum hydrocarbons within each of the boiling 
point ranges for each fraction listed in Table 1.  

Question 6: How do I develop Tier 2 PCLs? 

Answer 6: To calculate Tier 2 PCLs for the TPH mixture, calculate Tier 2 
PCLs for each boiling point range present in the TPH mixture using site-
specific information in the Tier 2 PCL equations in accordance with 
§350.75(c). Then use Equations (1-1) through (2-5) in this document to 
develop Tier 2 TPH PCLs for the TPH mixture using the Tier 2 PCLs 
developed for each boiling point range. 
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Product Composition and Weathering 

Once a petroleum hydrocarbon product (e.g., gasoline, diesel, etc.) has 
been released into the environment, the chemical composition (i.e., the 
petroleum hydrocarbon makeup) can change over time. This change could 
be attributed to the commingling of different petroleum hydrocarbon 
mixtures released into the same area resulting in a new mixed 
composition of TPH, or environmental weathering of the petroleum 
hydrocarbons. For example, a release of gasoline onto the soil in the 
month of July will undergo significant changes within the first five hours 
after the release due to the volatility of the petroleum hydrocarbons in the 
gasoline. The extent and rate of change in the released mixture depends 
on the type of petroleum hydrocarbons that make up the TPH, the number 
of mixtures that contributed to the TPH source area (source area as 
defined by 30 TAC §350.4(a)(84)), prevailing weather conditions, fate and 
transport aspects such as the rate of biodegradation and the potential of 
the TPH to undergo partitioning as it interacts with environmental media 
into which it is released.  

You can use chemical analysis of a product by gas chromatography to 
determine the specific mixture of hydrocarbons in that product so that a 
PCL can be developed. The chemical analysis is based on a comparison of 
the boiling point ranges for the petroleum hydrocarbons in the product 
relative to the boiling points for the normal alkane hydrocarbon series. 
This series extends from normal methane (n-C1) and to beyond normal 
hexatriacontane (n-C36). For example, the TPH in crude oil is composed of 
petroleum hydrocarbons between the boiling point ranges from n-C1 to 
beyond n-C34. Refined products from crude oil include: (1) gasolines 
which characteristically have TPH composed of hydrocarbons between 
the boiling point ranges of normal hexane (n-C6) and normal dodecane (n-
C12); (2) diesel fuels with TPH characteristically composed of 
hydrocarbons found between the boiling point ranges of normal octane (n-
C8) and normal heneicosane (n-C21); and (3) motor oils having a 
characteristic TPH composition from normal octadecane (n-C18) to beyond 
n-C36. 
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