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Notes: Even though the DL/2 substitution method has been incorporated in ProUCL, its use is not 
recommended due to its poor performance. The DL/2 substitution method has been retained in ProUCL 
5.1 for historical and comparison purposes. NERL-EPA, Las Vegas strongly recommends avoiding the 
use of this method even when the percentage ofNDs is as low as 5% to 10%. 

1.11.2 ProUCL Does Not Distinguish between Detection Limits, Reporting limits, or 
Method Detection Limits 

ProUCL 5.1 (and all previous versions) does not make distinctions between method detection limits 
(MDLs), adjusted MDLs, sample quantitation limits (SQLs), reporting limits (RLs), or DLs. Multiple 
DLs (or RLs) in ProUCL mean different values of the detection limits. It is user's responsibility to 
understand the differences between these limits and use appropriate values (e.g., DLs) for nondetect 
values below which the laboratory cannot reliably detect/measure the presence of the analyte in collected 
samples (e.g., soil samples). A data set consisting of values less than the DLs (or MDLs, RLs) is 
considered a left-censored data set. ProUCL uses statistical methods available in the statistical literature 
for left-censored data sets for computing statistics of interest including mean, sd, UCL, and estimates of 
BTVs. 

The user determines which qualifiers (e.g., J, U, UJ) will be considered as nondetects. Typically, all 
values with U or UJ qualifiers are considered as nondetect values. It is the user's responsibility to enter a 
value which can be used to represent a ND value. For NDs, the user enters the associated DLs or RLs 
( and not zeros or half of the detection limits). An indicator column/variable, D _ x taking a value, 0, for all 
nondetects and a value, 1, for all detects is assigned to each variable, x, with NDs. It is the user's 
responsibility to supply the numerical values for NDs (should be entered as reported DLs) not qualifiers 
(e.g., J, U, B, UJ). For example, for thallium with nondetect values, the user creates an associated column 
labeled as D _thallium to tell the software that the data set will have nondetect values. This column, 
D_thallium consists of only zeros (0) and ones (1); zeros are used for all values reported as NDs and ones 
are used for all values reported as detects. 

1.12 Samples with Low Frequency of Detection 

When all of the sampled values are reported as NDs, the EPC term and other statistical limits should also 
be reported as a ND value, perhaps by the maximum RL or the maximum RL/2. The project team will 
need to make this determination. Statistics (e.g., UCL95) based upon only a few detected values (e.g.,< 
4) cannot be considered reliable enough to estimate EPCs which can have a potential impact on human 
health and the environment. When the number of detected values is small, it is preferable to use ad hoc 
methods rather than using statistical methods to compute EPCs and other upper limits. Specifically, for 
data sets consisting of< 4 detects and for small data sets (e.g., size< 10) with low detection frequency 
(e.g., < 10%), the project team and the decision makers should decide, on a site-specific basis, how to 
estimate the average exposure (EPC) for the constituent and area under consideration. For data sets with 
low detection frequencies, other measures such as the median or mode represent better estimates (with 
lesser uncertainty) of the population measure of central tendency. 

Additionally, when most (e.g.,> 95%) of the observations for a constituent lie below the DLs, the sample 
median or the sample mode (rather than the sample average) may be used as an estimate of the EPC. Note 
that when the majority of the data are NDs, the median and the mode may also be represented by a ND 
value. The uncertainty associated with such estimates will be high. The statistical properties, such as the 
bias, accuracy, and precision of such estimates, would remain unknown. In order to be able to compute 
defensible estimates, it is always desirable to collect more samples. 
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2.7 Editing 

Click on the Edit menu item to reveal the following drop-down options. 

Edit I Stats/ Sam pl:e Sitzes I~ 

Configure Displ.ay • 
Cut Ctrl+X 

Pa.51:e Ctrl+V 

Header Name 

• Cut option: similar to a standard Windows Edit option, such as in Excel. It performs standard 
edit functions on selected highlighted data (similar to a buffer). 

• Copy option: similar to a standard Windows Edit option, such as in Excel. It performs typical 
edit functions on selected highlighted data (similar to a buffer). 

Paste option: similar to a standard Windows Edit option, such as in Excel. It performs typical 
edit functions of pasting the selected (highlighted) data to the designated spreadsheet cells or 
area. 

2.8 Handling Nondetect Observations and Generating Files with Nondetects 

• Several modules of Pro UCL (e.g., Statistical Tests, Upper limits/BTVs, UCLs/EPCs) handle 
data sets containing ND observations with single and multiple DLs. 

• The user informs the program about the status of a variable consisting of NDs. For a variable 
with ND observations ( e.g., arsenic), the detected values, and the numerical values of the 
associated detection limits (for less than values) are entered in the appropriate column 
associated with that variable. No qualifiers or flags (e.g., J, B, U, UJ, X) should be entered in 
data files with ND observations. 

• Data for variables with ND values are provided in two columns. One column consists of 
numerical values of detected observations and numerical values of detection limits ( or 
reporting limits) associated with observations reported as NDs; and the second column 
represents their detection status consisting of only O (for ND values) and 1 (for detected 
values) values. The name of the corresponding variable representing the detection status 
should start with d _, or D _ (not case sensitive) and the variable name. The detection status 
column with variable name starting with a D _ ( or a d _) should have only two values: 0 for 
ND values, and 1 for detected observations. 

• For example, the header name, D _ Arsenic is used for the variable, Arsenic having ND 
observations. The variable D _ Arsenic contains a 1 if the corresponding Arsenic value 
represents a detected entry, and contains a O if the corresponding entry represents a ND entry. 
If this format is not followed, the program will not recognize that the data set has NDs. An 
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example data set illustrating these points is given as follows. ProUCL does not distinguish 
between lowercase and uppercase letters. 

!~ t 

0 

Arsenic 

1 

2 0.07 76.8 

3 0 0.11 0 17.2 95.5 Surface 

4 5.4 0.2 0 19.4 113 Surface 

5 9.2 0.61 1 15.3 266. Surface 

6 6.2 ' 0.12 30.8 80.9 Surface 

7 5.7 1 0.04 29.4 80.4 ' Surface 

8 5.8 0.06 1 13.8 89.2 Surface 

9 8.5-, 0.99 18.9 182 ' S~ rface 

10 5651 0.125 , 17.25 80.41S urface_ 

11 5.4 0.18 17.2 91 . 9 1 Subsurface 

12 5 51 0.21 16.3 11 2 S uh surf ace 

13 5.9 0.29 16.8 172 ' Subsurfa ce 

14 5.1 0.44 17.1 99 Subsurfac e 

15 5.2 0.12 10.3 9 0. 7 sUbsurface 

76 4.5 0 0.055 1 15.1 66. 3 Subsurfac e 

17 6.1 0.055 24.3 75 S ubsurf -Elce 

18 6.1 0.21 18 185 Subsurface 

19 6.8 0.67 16.9 184 ' Subsurf-Elce 

20 5 , oi 12 68.4 1 S._;bsurf ace 

21 0.8 

22 0.26 

23 0.97 

24 0.05 1 

iJl 0.26 £ 
Caution 

• Care should be taken to avoid any misrepresentation of detected and nondetected values. 
Specifically, do not include any missing values (blanks, characters) in the D _ column 
(detection status column). If a missing value is located in the D column (and not in the 
associated variable column), the corresponding value in the variable column is treated as a 
ND, even if this might not have been the intention of the user. 

• It is mandatory that the user makes sure that only a 1 or a O are entered in the detection status 
D _ column. If a value other than a O or a 1 ( such as qualifiers) is entered in the D _ column 
(the detection column), results may become unreliable, as the software defaults to any 
number other than O or 1 as a ND value. 

• When computing statistics for full uncensored data sets without any ND values, the user 
should select only those variables (from the list of available variables) that contain no ND 
observations. Specifically, ND values found in a column chosen for the summary statistics 
(full-uncensored data set) will be treated as a detected value; whatever value (e.g., detection 
limit) is entered in that column will be used to compute summary statistics for a full
uncensored data set without any ND values. 

• It is mandatory that the header name of a nondetect column associated with a variable such as 
XYZ should be D _ XYZ ( or d _ Xyz). No other characters or blanks are allowed. However, the 
header ( column) names are not case sensitive. If the nondetect column is not labeled properly, 
methods to handle nondetect data will not be activated and shown. 



• Two-Sample Hypotheses: When using two-sample hypotheses tests (WMW test, Gehan test, 
and T-W test) on data sets with NDs, both samples or variables (e.g., site-As, Back-As) 
should be specified as having NDs, even though one of the variables may not have any ND 
observations. This means that a ND column (with O = ND, and 1 = detect) should be provided 
for each variable (here D _site-As, and D _Back-As) to be used in this comparison. lf a 
variable (e.g., site-As) does not have any NDs, still a column with label D _site-As should be 
included in the data set with all entries = I (detected values). 

• The sample data set given on the previous page illustrates points related to this option and 
issues listed above. The data set contains some ND measurements for arsenic and mercury. It 
should be noted that mercury concentrations are used to illustrate the points related to ND 
observations; arsenic and zinc concentrations are used to illustrate the use of the group 
variable, Group (Surface, Subsurface). 

• If for mercury, one computes summary statistics (assuming no ND values) using "Full" data 
set option, then all ND values (with "O" entries in D _ Mercury column) will be treated as 
detected values, and summary statistics will be computed accordingly. 

2.10 Summary Statistics for Data Sets with Nondetect Observations 

• To compute statistics of interest (e.g., background statistics, GOF test, UCLs, WMW test) for 
variables with ND values, one should choose the ND option, With NDs, from the available 
menu options such as Stats/Sample Sizes, Graphs, Statistical Tests, Upper Limits/BTVs, 
and UCLs/EPCs. 

• The NDs option of these modules gets activated only when your data set contains NDs. 

• For data sets with NDs, the Stats/Sample Sizes module of Pro UCL 5.0 computes summary 
statistics and other general statistics such as the KM mean and KM standard deviation based 
upon raw as well as log-transformed data. 

File Edit Stats/ Sample Sizes Graphs Statistical Tests Uppe, Limits/BTVs UCLs/E.PCs Windows Help 

Navigation Genera l Statistics Fu ll (w/o ND,) • 5 6 7 

Name 

WorkSheet.xls 
Well 10.xls 
WMW-with NDs.xls 

Imputed NDs using ROS Methods 

DQOs. Based Sample Sizes 

2 

3 

4 

5 8 

17 

,, 
0 

With NDs 

0 

0 

1 t 
• The General Statistics/With NDs option also provides simple statistics ( e.g., % NDs, Max 

detect, Min detect, Mean) based upon detected values. The statistics computed in log-scale 
(e.g., sd of log-transformed detected values) may help a user to determine the degree of 
skewness (e.g., mild, moderate, high) of a data set based upon detected values. These 
statistics may also help the user to choose the most appropriate method ( e.g., KM bootstrap-t 
UCL or KM percentile bootstrap UCL) to compute UCLs, UPLs, and other limits used to 
compute decision statistics. 
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• All other parametric and nonparametric statistics and estimates of population mean, variance, 
percentiles (e.g., KM, and ROS estimates) for variables with ND observations are provided in 
other menu options such as Upper Limits/BTVs and UCLs/EPCs. 

2.11 Warning Messages and Recommendations for Data Sets with an 
Insufficient Amount of Data 

82 

• ProUCL provides warning messages and recommendations for data sets with an insufficient 
amount of data for calculating meaningful estimates and statistics of interest. For example, it 
is not desirable to compute an estimate of the EPC term based upon a discrete ( as opposed to 
composite or ISM) data set of size less than 5, especially when NDs are also present in the 
data set. 

• However, to accommodate the computation of UCLs and other limits based upon ISM data 
sets, ProUCL 5.0 allows users to compute UCLs, UPLs, and UTLs based upon data sets of 
sizes as small as 3. The user is advised to follow the guidance provided in the ITRC ISM 
Technical Regulatory Guidance Document (2012) to select an appropriate UCL95 to estimate 
the EPC term. Due to lower variability in ISM data, the minimum sample size requirements 
for statistical methods used on ISM data are lower than the minimum sample size 
requirements for statistical methods used on discrete data sets. 

• It is suggested that for data sets composed of observations resulting from discrete sampling, 
at least 10 observations should be collected to compute UCLs and various other limits. 

• Some examples of data sets with insufficient amount of data include data sets with less than 3 
distinct observations, data sets with only one detected observation, and data sets consisting of 
all nondetects. 

• Some of the warning messages generated by ProUCL 5.0 are shown as follows. 

UCL Statistics fo.- lklcensored lul Data Sets 

User Selected Options 

Date/ fime of Computation 3/ 13/ 2013 9:26:43 PM 

From File Not-enough-data-set>:ls 

Full Precision OFF 

Confidence Coefficient 95 7. 

Number of Bootstrap Ope@lions 2000 

l{ 

General Statistics 

Total Number of Observations 2 Number of Distinct Observations 2 

Number of Missing Observations D 

Minimum 2 Mean 4. 5 

Maximum 7 Median· 4.5 

W aming: This data set only has 2 observations! 

Data set is too small to compute reliable and meaningful statistics and estimates! 

The data set fo.- va,iable" was not ~sed! 

It is suggested to collect al least 8 to 10 observations before using these statistical methods! 

II possil,le. COfllJUe and collect Data Quality Objectives (DQO) based sample size and analytical resuts. 
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UCL Statistics lo.- Data Sets with Non-Detects 

User Selected Options 

Date/nme of Computation J/ 13/2013 9:27:39 PM 

From Flle Nots,nough.cfata-set.xls 

Full Precision OFF 

Confidence Coefficient 95% 

Number of Bootstrap Operations 2000 

y 

General Slal:istics 

Total Number of Observations 7 Number of Distinct Observations 

Number of Detects 2 Number of Non-Detects 

Number of Distinct Detects 2 Number of Distinct Non-Detects 

Minimum De1:ect 10 Minimum Non-Detect 

Maximum Detect 13 Maximum Non-Detect 

Variance Detects 4.5 Percent Non-Detects 

Mean Detects 11 .5 SD Detects 

Median Detects 11.5 0/ Detects 

Skewness Detects N/ A Kurtosis Detects 

Mean of Logged Detects 2.434 SD of Logged Detects 

Warning: Data set has only 2 Detected Values. 

This is not enough to compde meanindul or reliable siatistics and estimates-. 

Normal GOF Test on Detects Only 

Not Enough Data to Petform GOF Test 

Backi,ot.nd Statistics lo.- Data Sets with Non-Detects 

Use.. Selected Options 

From File Not=ough.cfata-set_a .xls 

Full Precision OFF 

Confidence Coefficient 95% 

Coverage 95% 

Different or Future K Observations 1 

Number of Bootstrap Operations 2000 

yy 

General Statistics 

Total Number of Observations 

Number of Distinct Observations 6 t Number of Detects 0 

Number of Distinct Detects 0 

Minimum Detect N/ A 

Maximum Detect N/A 

Variance Detected N/ A 

Mean Detected N/ A 

Mean of Detected Logged Data N/ A 

Number of Missing Observations 

Number of Non-Detects 

Number of Distinct Non-Detects 

Minimum Non-Detect 

Maximum Non-Detect 

Percent Non-Detects 

SD Detected 

SD of Detected Logged Data 

Warning : All observations are Non-Detects (NDs). therefore all - islics and estimates should also be NDs! 

6 

5 

4 

5 

71.43¾ 

2.121 

0.184 

NIA 

0.186 

0 

7 

6 

13 

1oor. 
N/ A 

N/ A 

Specifically. sample mean. UC:Ls. UPLs. and oth...- statistics are also NDs lying below the largest detection limit ! 

The Project Team may decide lo use altemaliYe site specific values lo estimate environmental parameter., (e.g .. EPC. BTV). 

The data set for Yaliable yy was nol processed! 
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