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APPENDIX F-1
Evaluation of Lead in Surface Water in Goose Prairie Creek
The original background evaluation for lead in surface water in Goose Prairie Creek, as
presented in Appendix F, resulted in conflicting lines of evidence as to whether lead in surface
water was naturally occurring, or present as the result of contamination. The original
interpretation of the data, using professional judgment, was that lead appeared to be mostly
present as the result of natural processes. However, given the fact that Goose Prairie Creek
traverses and receives run-off from the Industrial Sub-Area, which is an area of intense historical
use at Longhorn, and that lead is an expected chemical of concern for an army ammunition plant,
it was agreed that additional investigation was necessary before lead in surface water was
definitively determined to be background-related. During the Response to Comment Meeting in
Austin on June 22, 2007, Shaw agreed to conduct additional sampling to determine whether lead
in surface water was background-related. The results of this supplemental background
evaluation is presented in this Appendix F-1.
The goal of this supplemental evaluation of lead in Goose Prairie Creek surface water was to
collect and compare samples from both on-site and background locations during the same time
frame and under the same sampling conditions. In the original evaluation presented in
Appendix F, background samples were collected in 2004 and compared with on-site samples
collected as many as 11 years previously. Although it is common for there to be a disparity in
the time frame between when background sampling takes place and when samples are collected
as part of historical investigations, this adds some degree of uncertainty to the comparison. In
surface water, for example, water parameters critical for determining chemical concentration
equilibria between sediment and the water column (e.g., pH, oxidation-reduction potential,
hardness, etc.), physical perturbation of the sediment and surface water resulting from recent rain
events, and other factors may result in natural variability in background concentrations over the
span of many years that could result in “false positive” identification of a chemical as being
present as the result of contamination rather than as a naturally occurring element in the medium.
Therefore, the supplemental background study focused exclusively on data that were collected in
the same time frame (i.e., July 21 and 22, 2007) to determine whether lead in surface water in
Goose Prairie Creek is background-related.
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1.0 Methodology
The sample collection and data analysis methodology described in the Baseline Ecological Risk
Assessment Surface Water Sampling Plan for Goose Prairie Creek (Shaw, 2007) was followed
for this exercise. A total of 32 samples were collected in July, 2007. Sixteen samples (eight
filtered and eight unfiltered) were collected both from eight sample locations in the Goose Prairie
Creek watershed as well as eight previously established and utilized background locations
(sample locations are presented in Shaw, 2007). Water was present at all locations during the
sampling event. Weather conditions were typical for July in east Texas, with mostly sunny skies
and light afternoon rain. No severe weather (i.e., heavy storms) occurred during the sampling
period. Filtered and unfiltered samples were collected from each location. Filtering was
conducted in the field using a peristaltic pump and disposable polyethylene tubing. An
equipment rinse sample was collected from an unused section of tubing to verify no
contamination was produced from the tubing itself. Field duplicates were collected from
BKGSW09 and a matrix spike/matrix spike duplicate (MS/MSD) sample was collected from
BKGSW11. These samples were collected only for quality control purposes, and were not used
to quantify lead in the background dataset.
During sample collection, a “clean hands/dirty hands” sampling approach was used to reduce the
chances of cross contamination (TCEQ, 2003). Samples were sent to the laboratory for sevenday rapid-turnaround analysis. Analytes included metals (lead, aluminum, iron, and manganese
only) and hardness. The metals analyses were conducted using Method 6020, which was able to
obtain the reporting limit necessary to meet the TCEQ water quality standard for lead of 0.0005
mg/L. A list of the samples collected for the lead evaluation is presented in Table F-1-1.

2.0 Results
A summary of the analytical data and some of the comparisons between the on-site and
background unfiltered and filtered samples is presented in Table F-1-2 and Table F-1-3. As
expected, filtered sample concentrations were lower overall than unfiltered samples, as unfiltered
samples contain lead that is associated with filterable, suspended particles in addition to lead that
is in solution. The maximum detected concentrations (MDC) for on-site filtered and unfiltered
were higher than the background MDCs, but the mean concentrations were similar to
background. All MDCs from both the on-site and background datasets exceeded the TCEQ
water quality criteria of 0.0005 mg/L.
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Several lines of evidence were used to compare on-site to background concentrations and
determine if lead in surface water is naturally occurring, including the following:
•

Wilcoxon rank sum (WRS) test

•

Comparison of upper tails (“bright line” test)

•

Box and whisker plots

•

Geochemical evaluation.

The results of these evaluations are described briefly in the following sections. For a complete
description of these techniques, please see Appendix F.
Unless otherwise noted, the results presented in this section pertain to the unfiltered samples, as
data from unfiltered samples are typically evaluated in risk assessments. The data from filtered
samples present additional information pertaining to contributions of total concentration load in
the water column from turbidity, and other anecdotal data that assist in interpreting data,
especially for the geochemical evaluation, as described below.
A summary of all of the analytical data collected for this supplemental background evaluation is
presented in Table F-1-4.

2.1 Wilcoxon Rank Sum Test Results
The WRS test involved a statistical comparison between on-site and background sample medians
to determine whether they are from the same population. The WRS test compares the medians
of two data sets and is sensitive to slight but pervasive contamination, but it is not sensitive to
localized or more extreme hot-spot situations. The test is nonparametric, meaning that it does
not require that assumptions be made regarding the type of distribution (normal, lognormal, etc.),
and it is valid for a wide variety of data distributional shapes.
The null hypothesis of this test is that the two datasets are from the same population. A standard
Type I error (p-level) of 0.05 was selected as the threshold criterion for rejecting the null
hypothesis and adopting the alternate hypothesis, i.e., the populations are significantly different
from each other. If the p-level is greater than 0.05, then there is no reasonable justification to
reject the null hypothesis at the 95 percent confidence level. It can therefore be concluded that
the medians of the two data sets are similar and can be assumed to be drawn from the same
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population. If the p-level is less than 0.05, then the medians of the two distributions are
significantly different at the 95 percent confidence level.
The WRS test resulted in a p-value of 0.172, which indicates that the difference between the
medians is not significantly different (Table F-1-3). Therefore, the null hypothesis is accepted,
and the conclusion of the WRS test is that the concentrations of lead detected in Goose Prairie
Creek are naturally occurring.

2.2 Bright Line Test Results
The second method of comparison consisted of a “bright line” test, where concentrations in onsite samples were compared with upper-bound concentrations from the background dataset. To
represent the upper-bound of naturally occurring concentrations, upper tolerance limits (UTL)
and upper prediction limits (UPL) were calculated for the background unfiltered and filtered
samples. For unfiltered samples, the MDC for lead in on-site surface water samples exceeded
both the background UTL and UPL. For filtered samples, the MDC exceeded the UTL, but not
the UPL (Table F-1-3). The exceedances of the “bright line” (when they occurred) were due to
elevated lead in the unfiltered and filtered samples from location GPWSW02, which contained
lead concentrations approximately one order of magnitude greater than the next highest sample
(0.0224 mg/L unfiltered; 0.0141 mg/L filtered). The elevated lead in this sample was evaluated
further in the geochemical evaluation (see below).

2.3 Box and Whisker Plot Results
A quick, robust graphical method to visualize and compare two or more groups of data is the box
plot comparison. These plots provide a summary view of the entire data set, including the
overall location and degree of symmetry. The box encloses the central 50 percent of the data
points so that the top of the box represents the 75th percentile and the bottom of the box
represents the 25th percentile. The median of the data set is represented by a small box within the
larger box. The upper whisker extends outward from the box to the maximum point, and the
lower whisker extends to the minimum point. Nondetect results are set equal to one-half of the
reporting limit for plotting purposes.
Box plots of site and background data are placed side by side to visually compare the
distributions and qualitatively determine whether the data sets are similar or distinct.
Accordingly, the box plots are a necessary adjunct to the WRS test. As described previously, the
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WRS test may indicate that the medians of the site and background data sets are significantly
different. Examination of the box plots will confirm whether that difference is caused by site
data that are shifted higher or lower relative to background.
Box plots are provided in Figure F-1-1. These plots reveal a high degree of overlap for the
interquartile ranges of the two distributions, although the site maximum and minimum lie above
the corresponding background values.

2.4 Geochemical Evaluation Results
The finding of higher concentrations in on-site as opposed to background samples does not in
itself indicate that contamination is present. Given two datasets from the same population (as
indicated by the WRS test), and assuming that the lead is naturally occurring, there is an equal
chance that the highest concentrations of lead will be in the on-site dataset or the off-site
(background) dataset. To determine whether the elevated on-site concentrations were present
due to contamination or due to natural conditions, a geochemical evaluation of lead in surface
water samples was used as a final line of evidence for evaluating whether on-site lead
concentrations were background-related. The geochemical evaluation considers the various
processes that control element concentrations. Elevated concentrations of inorganic constituents
in groundwater and surface water samples may be due to naturally high dissolved concentrations,
the presence of suspended particulates in the samples, reductive dissolution, or contamination
resulting from site activities. The results of the geochemical evaluation are summarized below.
The complete geochemical evaluation report – including methodology and appropriate references
– is presented in Attachment F-1-1 of this Interim Deliverable.
The pH readings for the site samples range from 6.11 to 7.32, with a median of 7.20 and mean of
7.03. These values indicate neutral conditions at the site sample locations. Turbidity
measurements for the site samples range from 19 to 1,006 nephelometric turbidity units (NTU),
with a median of 34 NTU and mean of 157 NTU. Although one sample had a significant mass
of suspended particulates (1,006 NTU for the sample from location GPWSW02), the remaining
samples did not (65 NTU or less).
Dissolved oxygen (DO) readings for the site samples range from 1.14 to 7.64 mg/L, with a
median of 7.16 mg/L and mean of 5.82 mg/L; and the oxidation-reduction potential (ORP)
readings range from -60 to +112 millivolts (mV), with a median of +83 mV and mean of +63
mV. These measurements indicate moderate to oxidizing conditions at the sample locations.
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Field measurements of pH, turbidity, DO, and ORP are also available for the background
samples. The background pH readings range from 6.23 to 7.25, with a median of 7.08 and mean
of 6.98. These values indicate neutral conditions at the background sample locations.
Background turbidity measurements range from 5.3 to 39.6 NTU, with a median of 24 NTU and
mean of 22 NTU; these values indicate that the background samples did not contain a significant
mass of suspended particulates. The DO readings for the background samples range from 2.44
to 8.46 mg/L, with a median of 5.64 mg/L and mean of 5.67 mg/L; and the ORP readings range
from +31.8 to +177 mV, with a median of +104 mV and mean of +96 mV. These measurements
indicate moderate to oxidizing conditions at the background sample locations.
Examination of aluminum and iron concentrations is a useful starting point in the geochemical
evaluation of inorganic data. For surface water characterized by neutral-range pH and
intermediate to oxidizing redox conditions, a significant proportion of the detectable aluminum
and iron are expected to be present in particulate form. Unfiltered aluminum and iron
concentrations are typically highly correlated under these conditions due to the presence of
suspended aluminum-bearing clay minerals and iron oxide minerals. Samples obtained from
low-redox areas, however, will have higher Fe/Al ratios because iron becomes soluble under
reducing conditions, whereas aluminum does not. A plot of unfiltered aluminum versus
unfiltered iron concentrations thus serves as a qualitative indicator of the abundance of
suspended particulates in the samples, as well as a qualitative indicator of the redox conditions in
the surface water system being sampled (Figure F-1-2). A generally linear trend with a positive
slope is typically observed when the aluminum and iron concentrations are present in particulate
form, and just such a trend is observed in Figure F-1-2 for the background samples and most of
the site samples. The site sample with the highest aluminum concentration (GPWSW02-072107;
3.49 mg/L Al) also has the highest iron (17.7 mg/L), and it lies on the trend established by the
other samples. This sample also has the highest turbidity, as seen in the plot of unfiltered
aluminum concentrations versus turbidity (Figure F-1-3). The elevated aluminum and iron in
this sample are due to a high mass of suspended particulates such as clays and iron oxides.
An additional line of evidence is provided by a comparison of filtered versus unfiltered splits.
Only three of the filtered splits in the site data set contain detectable aluminum, and one of these
samples has a low filtered/unfiltered Al ratio (0.085). All eight filtered splits contain detectable
iron, but the majority of filtered/unfiltered Fe ratios are below 1. These observations suggest that
aluminum and some portion of the iron in the site samples are present as filterable, suspended
clays and iron oxides.
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The site samples exhibit positive correlations for aluminum versus iron and aluminum versus
turbidity, as well as a decrease in aluminum and iron concentrations after filtration, in most
cases. The majority of site Al/Fe ratios – including that of the sample with the highest aluminum
and iron concentrations – are similar to those of the background samples. These observations
support the contention that aluminum and iron in the site samples are associated with suspended
particulates.
Lead. Lead was detected in all eight site samples, at concentrations ranging from 0.0015 to
0.0224 mg/L. Lead is commonly present as the divalent cation and has an affinity to adsorb on
clays, which tend to maintain a net negative surface charge under neutral-pH conditions. As a
result of this behavior, positive correlations between lead and aluminum concentrations are often
observed for uncontaminated samples. A plot of lead versus aluminum in the site and
background samples is provided in Figure F-1-4. The samples form a common trend with a
positive slope, and the site samples have Pb/Al ratios that are consistent with those of the
background samples.
Another perspective on the data is provided in a plot of lead concentrations versus the
corresponding Pb/Al ratios (Figure F-1-5). If a site sample contained excess lead from a
contaminant source, it would have an anomalously high Pb/Al ratio relative to background and
would lie to the right of the background samples in the ratio plot. However, all of the site
samples – including GPWSW02-072107, which contains the highest lead of the two data sets
(0.0224 mg/L) – have Pb/Al ratios that are within the background range.
Figure F-1-6 depicts the unfiltered lead concentrations versus the corresponding
filtered/unfiltered ratios. Most of the site samples exhibited a significant decrease in lead upon
filtration, with filtered/unfiltered ratios below 1. The lead concentrations are also positively
correlated with turbidity (Figure F-1-7). These observations provide additional lines of
evidence to support the contention that lead in the site samples is associated with suspended
particulates.
The site samples exhibit consistent Pb/Al ratios, a decrease in lead after filtration, and a positive
correlation for lead versus turbidity. All of these observations suggest a natural source for their
lead concentrations.
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3.0 Summary of Lead Evaluation
Comparisons of on-site lead concentrations to background levels failed the bright line test due to
elevated concentrations of lead in sample GPWSW02. However, a statistical comparison of
central tendencies using the WRS test resulted in the conclusion that there was no significant
difference between on-site and background lead concentrations. Visual inspection of
concentration distributions in the box-and-whisker plots reinforce the conclusion that the MDC
of on-site samples is elevated, but other distribution parameters (medians and interquartile
ranges) are similar between the background and on-site datasets. The geochemical evaluation
indicated that the lead detected in Goose Prairie Creek surface water is naturally occurring (see
Attachment F-1-1). This includes the on-site sample with elevated lead concentrations
(GPWSW02).
The conclusion of this supplemental background evaluation is that lead in Goose Prairie Creek
surface water is associated with natural background conditions.

4.0 References
Shaw, 2007, Baseline Ecological Risk Assessment Surface Water Sampling Plan for Goose
Prairie Creek, Longhorn Army Ammunition Plant, Karnack, Texas, July.
TCEQ, 2003, Surface Water Quality Monitoring Procedures, Volume I (http://www.tceq.state.
tx.us/comm_exec/forms_pubs/pubs/rg/rg-415/rg-415.html), December.
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Table F-1-1
Sample Summary for Lead Evaluation in
Goose Prairie Creek and Background Surface Water
Location
GPWSW02
GPCSW06
50SW03
46SW07
35AWSW01
32SW19
29SW27
29SW22
BKGSW07
BKGSW05
BKGSW09
BKGSW09
BKGSW08
BKGSW04
BKGSW01
BKGSW11
BKGSW14

Sample Number a
GPWSW02-072107
GPCSW06-072107
50SW03-072107
46SW07-072107
35AWSW01-072107
32SW19-072107
29SW17-072107
29SW22-072107
BKGSW07-072207
BKGSW05-072207
BKGSW09-072207
BKGSW09-072207-D
BKGSW08-072207
BKGSW04-072207
BKGSW01-072207
BKGSW11-072207
BKGSW14-072207

Sample Type b
On-Site
On-Site
On-Site
On-Site
On-Site
On-Site
On-Site
On-Site
Background
Background
Background
Background/ Duplicate
Background
Background
Background
Background
Background

Date
07/21/07
07/21/07
07/21/07
07/21/07
07/21/07
07/21/07
07/21/07
07/21/07
07/22/07
07/22/07
07/22/07
07/22/07
07/22/07
07/22/07
07/22/07
07/22/07
07/22/07

Analyses c
Metals, General Chemistry
Metals, General Chemistry
Metals, General Chemistry
Metals, General Chemistry
Metals, General Chemistry
Metals, General Chemistry
Metals, General Chemistry
Metals, General Chemistry
Metals, General Chemistry
Metals, General Chemistry
Metals, General Chemistry
Metals, General Chemistry
Metals, General Chemistry
Metals, General Chemistry
Metals, General Chemistry
Metals, General Chemistry
Metals, General Chemistry

Notes:
a

Both filtered and unfiltered analyses were run for each sample.

b

Field duplicates were not included in the surface water evaluation.

c

Metals included only lead, aluminum, iron, and manganese; General Chemistry included hardness.
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Table F-1-2
Summary of Lead in Surface Water in Goose Prairie Creek
and Background Samples

Chemical
On-Site Lead (Unfiltered)
On-Site Lead (Filtered)

Detection
Frequency
8/ 8
8/ 8

Percent
Detection
100
100

7/ 8
7/ 8

87.5
87.5

Background Lead (Unfiltered)
Background Lead Filtered)

Range of Values, mg/L
Detected Concentrations
Reporting Limits
Statistical
a
Minimum
Maximum
Minimum
Maximum Distribution
0.0015 - 0.0224
0.0005 - 0.0005
NP
0.000258 - 0.0141
0.0005 - 0.0005
NP
0.000594 - 0.00778
0.000287 - 0.000801

0.0005 - 0.0005
0.0005 - 0.0005

L
N

Mean
mg/L
5.00E-03
2.42E-03

95% UCL
mg/L
7.64E-03
4.16E-03

ESV d
mg/L
5.00E-04
5.00E-04

Lead in
Surface Water
Exceeds ESV?
Yes
Yes

2.52E-03
5.28E-04

3.72E-03
6.30E-04

5.00E-04
5.00E-04

Yes
Yes

b,c

Notes:
a

Statistical distribution: NP = Nonparametric (distribution failed both normal and lognormal test); N = Normal distribution; L = Lognormal distribution

c

The 95% upper confidence limit (UCL) calculated using bootstrapping with 5000 replications.

c

The screening concentration used to calculate the HQ screen is the 95% UCL, or the MDC if detection frequency is five or less.
TCEQ surface water quality standard for lead using site-specific hardness

d

COPEC

chemical of potential ecological concern

ESV

ecological screening value

Hqscreen

screening-level hazard quotient

MDC

maximum detected concentration

TCEQ

Texas Commission on Environmental Quality

mg/L

milligrams per liter
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Table F-1-3
Comparison of Lead in Goose Prairie Creek Sediment to Background

Analyte

Pass / Fail (Wilcoxon
Rank Sum)

Lead (unfiltered)
Lead (filtered)

Pass
NA

e

On-Site Concentrations (mg/L)
Screening
Maximum Detected
Concentration
(95% UCL)
Concentration a
7.64E-03
4.16E-03

Background Concentrations
(mg/L)
Distribution of
Background Data b

UTL c

UPL c,d

Pass / Fail
Comparison to UTL?

Pass / Fail
Comparison to UPL?

L
N

1.45E-03
2.81E-03

1.49E-02
2.05E-02

Fail
Fail

Fail
Pass

2.24E-02
1.41E-02

Notes:
a
b

Maximum detected concentration in on-site surface water samples collected in July, 2007.
Distribution of July, 2007 background data set. L = Lognormal Distribution, N = Normal Distribution

c

UTLs and UPLs calculates as described in Appendix F.

d

UPLs calculated using the same dataset as the UTLs.

e

P-value = 0.172

MDC

maximum detected concentration

NA

not applicable; the Wilcoxon Rank Sum test was only conducted on unfiltered data.

UPL

upper prediction limit

UTL

upper tolerance limit

mg/L

milligram per liter
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Table F-1-4
Analytical Data for Lead Evaluation in
Goose Prairie Creek and Background Surface Water

Test Group
FIELD TESTS
FIELD TESTS
FIELD TESTS
FIELD TESTS
FIELD TESTS
FIELD TESTS
GEN CHEMISTRY
GEN CHEMISTRY
METALS
METALS
METALS
METALS
METALS-DISS
METALS-DISS
METALS-DISS
METALS-DISS

LOCATION_CODE
SAMPLE_NO
SAMPLE_DATE
SAMPLE_PURPOSE
Parameter
Units
Dissolved Oxygen
ppm
Oxygen Reduction Potential
mV
pH
PH UNITS
Specific Conductivity
mS/cm
Temperature
Deg C
Turbidity
NTU
Hardness
mg/L
Hardness
mg/L
Aluminum
mg/L
Iron
mg/L
Lead
mg/L
Manganese
mg/L
Aluminum
mg/L
Iron
mg/L
Lead
mg/L
Manganese
mg/L

MARC No. W912QR-04-D-0027, TO No. DS02
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29SW22
29SW22-072107
21-Jul-07
REG
Result Qual ValQual
7.62
99.4
7.18
0.184
29.87
33.5
54
0.791
4.55
0.00155
0.54
0.1 U
0.337
0.000374 J
0.511

U

29SW27
29SW27-072107
21-Jul-07
REG
Result Qual ValQual
7.51
111.8
7.27
0.183
31.35
65.2
54
0.863
4.17
0.00738
0.384
0.1 U
0.355
0.000448 J
0.367
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U

32SW19
32SW19-072107
21-Jul-07
REG
Result Qual ValQual
7.64
35.8
7.27
0.191
28.13
25.9
58
0.378
2.73
0.00199
0.126
0.1 U
0.459
0.000351 J
0.113

U

35ASW01
35ASW01-072107
21-Jul-07
REG
Result Qual ValQual
4.68
102.6
7.32
0.202
26.32
33.9
92
0.752
1.73
0.00189
0.622
0.0641 J
0.477
0.000258 J
0.648

46SW07
46SW07-072
21-Jul-07
REG
Result Qual
3.61
102.4
6.83
0.137
26.53
19.3
56
0.553
2.44
0.00168
0.212
2.64
3.69
0.00297
0.583
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Table F-1-4
Analytical Data for Lead Evaluation in
Goose Prairie Creek and Background Surface Water

Test Group
FIELD TESTS
FIELD TESTS
FIELD TESTS
FIELD TESTS
FIELD TESTS
FIELD TESTS
GEN CHEMISTRY
GEN CHEMISTRY
METALS
METALS
METALS
METALS
METALS-DISS
METALS-DISS
METALS-DISS
METALS-DISS

LOCATION_CODE7
SAMPLE_NO2107
SAMPLE_DATE7
SAMPLE_PURPOSE
Parameter
Units
ValQual
Dissolved Oxygen
ppm
Oxygen Reduction Potential
mV
pH
PH UNITS
Specific Conductivity
mS/cm
Temperature
Deg C
Turbidity
NTU
Hardness
mg/L
Hardness
mg/L
Aluminum
mg/L
Iron
mg/L
Lead
mg/L
Manganese
mg/L
Aluminum
mg/L
Iron
mg/L
Lead
mg/L
Manganese
mg/L
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50SW03
50SW03-072107
21-Jul-07
REG
Result Qual ValQual
7.22
66.3
7.22
0.18
25.9
22.8
52
0.656
3.56
0.0015
0.146
0.1 U
0.451
0.000514
0.13

U
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BKG-SW01
BKGSW01-072207
22-Jul-07
REG
Result Qual ValQual
8.46
176.7
7.25
0.099
26.86
39.6
28
0.768
6.26
0.00778
0.497
0.276
3.47
0.000801
0.444

BKG-SW04
BKGSW04-072207
22-Jul-07
REG
Result Qual ValQual
5.59
110.4
7.16
0.654
26.37
8.8
88
0.1 U
0.707
0.0005 U
0.185
0.1 U
2.19
0.000768
0.207

U
U
U

BKG-SW05
BKGSW05-072207
22-Jul-07
REG
Result Qual ValQual
5.61
31.8
6.96
0.129
26.86
25.5
30
0.352
3.92
0.00136
0.37
0.0653 J
1.22
0.000482 J
0.316
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BK
BKGS
2
Result
5.66
53.7
7.25
0.135
26.17
23.3
32
0.531
4.08
0.0022
0.333
0.1
0.967
0.0005
0.31
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Table F-1-4
Analytical Data for Lead Evaluation in
Goose Prairie Creek and Background Surface Water

Test Group
FIELD TESTS
FIELD TESTS
FIELD TESTS
FIELD TESTS
FIELD TESTS
FIELD TESTS
GEN CHEMISTRY
GEN CHEMISTRY
METALS
METALS
METALS
METALS
METALS-DISS
METALS-DISS
METALS-DISS
METALS-DISS

LOCATION_CODE KG-SW07
SAMPLE_NOSW07-072207
SAMPLE_DATE22-Jul-07
SAMPLE_PURPOSE REG
Parameter
Units
Qual ValQual
Dissolved Oxygen
ppm
Oxygen Reduction Potential
mV
pH
PH UNITS
Specific Conductivity
mS/cm
Temperature
Deg C
Turbidity
NTU
Hardness
mg/L
Hardness
mg/L
Aluminum
mg/L
Iron
mg/L
Lead
mg/L
Manganese
mg/L
Aluminum
mg/L
U
U
Iron
mg/L
Lead
mg/L
U
U
Manganese
mg/L
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BKG-SW08
BKGSW08-072207
22-Jul-07
REG
Result Qual ValQual
4.31
103.8
6.87
0.296
28.71
39.3
100
0.1 U
1.5
0.00585
5.44
0.202
10.8
0.000574
5.78

U
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BKG-SW09
BKGSW09-072207
22-Jul-07
REG
Result Qual ValQual
5.99
77.2
7.12
0.209
28.37
24.2
64
0.458
2.94
0.00143
0.388
0.198
1.76
0.000529
0.378

BKG-SW09
BKGSW09-072207-D
22-Jul-07
FD
Result Qual ValQual

BKG-SW11
BKGSW11-072207
22-Jul-07
REG
Result Qual ValQual
2.44
103.2
6.23
0.144
26.94
5.3

62
0.433
2.87
0.000806
0.398
0.1 U
0.326
0.0005 U
0.367

U
U

60
0.18
2.61
0.000594
1.54
0.173
2.57
0.000535
1.55
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Table F-1-4
Analytical Data for Lead Evaluation in
Goose Prairie Creek and Background Surface Water

Test Group
FIELD TESTS
FIELD TESTS
FIELD TESTS
FIELD TESTS
FIELD TESTS
FIELD TESTS
GEN CHEMISTRY
GEN CHEMISTRY
METALS
METALS
METALS
METALS
METALS-DISS
METALS-DISS
METALS-DISS
METALS-DISS

MARC No. W912QR-04-D-0027, TO No. DS02
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LOCATION_CODE
SAMPLE_NO
SAMPLE_DATE
SAMPLE_PURPOSE
Parameter
Units
Dissolved Oxygen
ppm
Oxygen Reduction Potential
mV
pH
PH UNITS
Specific Conductivity
mS/cm
Temperature
Deg C
Turbidity
NTU
Hardness
mg/L
Hardness
mg/L
Aluminum
mg/L
Iron
mg/L
Lead
mg/L
Manganese
mg/L
Aluminum
mg/L
Iron
mg/L
Lead
mg/L
Manganese
mg/L

BKG-SW14
BKGSW14-072207
22-Jul-07
REG
Result Qual ValQual
7.3
111.2
7.03
0.436
29.1
11.6
156
0.215
1.75
0.000658
0.0853
0.1 U
0.153
0.000287 J
0.108

Page 4 of 4

U

GPCSW06
GPCSW06-072107
21-Jul-07
REG
Result Qual ValQual
7.1
46.6
7.07
0.164
25.67
48.7
54
0.917
3.91
0.00158
0.233
0.1 U
0.818
0.000326 J
0.257

U

GPWSW02
GPWSW02-072107
21-Jul-07
REG
Result Qual ValQual
1.14
-59.9
6.11
0.261
23.34
1006.2
104
3.49
17.7
0.0224
6.74
3.88
16.6
0.0141
5.79
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Figure F-1-2. Aluminum vs. Iron in Unfiltered Surface Water,
Goose Prairie Creek
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Figure F-1-3. Aluminum vs. Turbidity in Unfiltered Surface
Water, Goose Prairie Creek
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Figure F-1-4. Lead vs. Aluminum in Unfiltered Surface
Water
Goose Prairie Creek
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Figure F-1-5. Lead vs. Pb/Al Ratios in Unfiltered Surface
Water, Goose Prairie Creek
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Figure F-1-6. Unfiltered Lead vs. Filtered/Unfiltered Ratios
in Surface Water, Goose Prairie Creek
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Figure F-1-7. Lead vs. Turbidity in Unfiltered Surface Water
Goose Prairie Creek
0.1

Lead (mg/L)

0.01

0.001

0.0001
1

10

100

Turbidity (NTU)

MARC No. W912QR-04-D-0027, TO No. DS02
Longhorn Army Ammunition Plant, Karnack, Texas

Page 4 of 4

1,000

10,000
2007 Site

2007 BG

Shaw Project No. 117591
11/9/2007

00050436

Installation-Wide BERA
Volume I – Appendix F-1, Attachment 1

Shaw Environmental, Inc.

APPENDIX F-1
Attachment 1
1.0 Introduction
This report provides the results of the geochemical evaluations of lead concentrations in surface
water samples from Goose Prairie Creek at Longhorn Army Ammunition Plant, Karnack, Texas.
Previous geochemical evaluation of the 1993-1998 surface water data concluded that the sample
from location 32SW19 had an anomalously high Pb/Al ratio that may reflect contamination.
Four other samples could not be included in the previous geochemical evaluation because they
lacked the appropriate reference element data; however, their lead concentrations exceeded the
background screening value and were considered suspect. Additional samples were collected at
Goose Prairie Creek in July 2007, and those data are evaluated in this report to determine if their
lead concentrations are naturally occurring or reflect potential anthropogenic input.
Site samples included in the evaluation consist of eight filtered and unfiltered surface water
samples collected from Goose Prairie Creek on July 21, 2007. Background samples were
collected from eight locations on July 22, 2007 and are used for comparative purposes in the
evaluation. All of the samples were analyzed for lead and the primary reference elements
required for geochemical evaluation (aluminum, iron, and manganese). Unless otherwise noted,
results presented are for the unfiltered samples. All Figure references are to the figures presented
in Interim Deliverable 4.

2.0 Geochemical Evaluation Methodology
The geochemical evaluation considers the various processes that control element concentrations.
Elevated concentrations of inorganic constituents in groundwater and surface water samples may
be due to naturally high dissolved concentrations, the presence of suspended particulates in the
samples, reductive dissolution, or contamination resulting from site activities. The effects of
suspended particulates are discussed below.
Effects of Suspended Particulates. Under natural conditions, metals concentrations are
commonly controlled through adsorption on suspended particulates. The most common
suspended particulates in groundwater and surface water samples are clay minerals, hydrous
aluminum oxides (Al2O3•nH2O), and aluminum hydroxides [Al(OH)3], hereafter referred to as
“clays”; and iron oxide (Fe2O3), hydrous iron oxide, iron hydroxide [Fe(OH)3], and iron
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oxyhydroxide (FeO•OH) minerals, hereafter referred to as “iron oxides.” Aluminum is a primary
component of all clay minerals, which have low solubilities over the neutral pH range (6 to 8).
Measured concentrations of aluminum greater than approximately 1 milligram per liter (mg/L)
indicate the presence of suspended clay minerals (Hem, 1985; Stumm and Morgan, 1996); the
higher the aluminum concentration, the greater the mass of suspended clay minerals in the
sample. Iron oxides also have very low solubilities under neutral pH conditions, as long as the
redox conditions are moderate to oxidizing. Measured iron concentrations above approximately
1 mg/L under neutral-pH, moderate to oxidizing redox conditions indicate the presence of
suspended iron oxides (Hem, 1985).
The presence of suspended clays or iron oxides in surface water samples has particular
importance in the interpretation of trace element concentrations. Most clay particles maintain a
negative surface charge under neutral pH conditions, and have a strong tendency to adsorb
positively charged (cationic) aqueous species. Iron oxides display the opposite behavior; they
maintain a positive surface charge under neutral pH conditions, and have a strong tendency to
adsorb negatively charged (anionic) aqueous species.
Lead is usually present in surface water as the divalent cation and thus tends to concentrate on
clay surfaces (Electric Power Research Institute, 1984; Brookins, 1988). This elemental
association is manifested as a positive correlation between lead and aluminum concentrations for
uncontaminated samples, and can be visualized on a scatter plot of lead (y-axis) versus
aluminum (x-axis). If surface water samples exhibit a common trend with a positive slope
(consistent Pb/Al ratios), then it is most likely that the lead concentrations are due to the
presence of suspended clay minerals in the samples and are natural. If a sample plots above the
trend established by the other samples, then that sample has an anomalously high Pb/Al ratio,
and most likely contain excess lead that cannot be explained by these natural processes.
Ratio plots are also a useful tool for interpreting the relationship between trace and major
elements and for identifying anomalous samples that may contain a component of contamination.
Ratio plots display trace element concentrations on the y-axis and trace/major element ratios on
the x-axis, and they are employed in conjunction with correlation plots in those cases where it is
not immediately apparent which site samples have anomalously high elemental ratios on the
correlation plots. However, ratio plots must be used with care when depicting aqueous data. For
samples from low-redox areas, redox-sensitive elements (such as arsenic, iron, and manganese)
are expected to display a higher degree of scatter on correlation plots and, hence, a wider range
of ratios on ratio plots.
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In addition to the evaluation of trace-versus-major element correlations, the effects of suspended
particulates can be assessed via the evaluation of element-versus-turbidity correlations,
evaluation of element-versus-total suspended solids (TSS) correlations, and comparison of
filtered versus unfiltered splits. Evaluations of turbidity and TSS measurements provide
additional lines of evidence that support the conclusions drawn from the evaluation of traceversus-major element correlations. However, turbidity and TSS measurements are qualitative
and cannot distinguish between suspended iron oxides, clay minerals, and natural organic
material. Consequently, they do not provide the mechanistic information afforded by the
correlations of trace elements versus aluminum or trace elements versus iron. In addition,
turbidity readings are affected by the size and shape of suspended particulates. Comparisons of
filtered versus unfiltered splits of samples are highly informative and permit the identification of
elements that are present as suspended particulates versus those that are in true solution. Filtered
splits were obtained for the 2007 Goose Prairie Creek and background samples, and a
comparison of filtered versus unfiltered splits is included in the geochemical evaluation below.

3.0 Geochemical Evaluation of Lead in the Goose Prairie Creek
Surface Water Samples
The pH readings for the site samples range from 6.11 to 7.32, with a median of 7.20 and mean of
7.03. These values indicate neutral conditions at the site sample locations. Turbidity
measurements for the site samples range from 19 to 1,006 nephelometric turbidity units (NTU),
with a median of 34 NTU and mean of 157 NTU. Although one sample had a significant mass
of suspended particulates (1,006 NTU for the sample from location GPWSW02), the remaining
samples did not (65 NTU or less). Dissolved oxygen (DO) readings for the site samples range
from 1.14 to 7.64 mg/L, with a median of 7.16 mg/L and mean of 5.82 mg/L; and the oxidationreduction potential (ORP) readings range from -60 to +112 millivolts (mV), with a median of
+83 mV and mean of +63 mV. These measurements indicate moderate to oxidizing conditions
at the sample locations.
Field measurements of pH, turbidity, DO, and ORP are also available for the background
samples. The background pH readings range from 6.23 to 7.25, with a median of 7.08 and mean
of 6.98. These values indicate neutral conditions at the background sample locations.
Background turbidity measurements range from 5.3 to 39.6 NTU, with a median of 24 NTU and
mean of 22 NTU; these values indicate that the background samples did not contain a significant
mass of suspended particulates. The DO readings for the background samples range from 2.44
to 8.46 mg/L, with a median of 5.64 mg/L and mean of 5.67 mg/L; and the ORP readings range
MARC No. W912QR-04-D-0027, TO No. DS02
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from +31.8 to +177 mV, with a median of +104 mV and mean of +96 mV. These measurements
indicate moderate to oxidizing conditions at the background sample locations.
Examination of aluminum and iron concentrations is a useful starting point in the geochemical
evaluation of inorganic data. For surface water characterized by neutral-range pH and
intermediate to oxidizing redox conditions, a significant proportion of the detectable aluminum
and iron are expected to be present in particulate form. Unfiltered aluminum and iron
concentrations are typically highly correlated under these conditions due to the presence of
suspended aluminum-bearing clay minerals and iron oxide minerals. Samples obtained from
low-redox areas, however, will have higher Fe/Al ratios because iron becomes soluble under
reducing conditions, whereas aluminum does not. A plot of unfiltered aluminum versus
unfiltered iron concentrations thus serves as a qualitative indicator of the abundance of
suspended particulates in the samples, as well as a qualitative indicator of the redox conditions in
the surface water system being sampled (Figure 2). A generally linear trend with a positive
slope is typically observed when the aluminum and iron concentrations are present in particulate
form, and just such a trend is observed in Figure 2 for the background samples and most of the
site samples. The site sample with the highest aluminum concentration (GPWSW02-072107;
3.49 mg/L Al) also has the highest iron (17.7 mg/L), and it lies on the trend established by the
other samples. This sample also has the highest turbidity, as seen in the plot of unfiltered
aluminum concentrations versus turbidity (Figure 3). The elevated aluminum and iron in this
sample are due to a high mass of suspended particulates such as clays and iron oxides.
An additional line of evidence is provided by a comparison of filtered versus unfiltered splits.
Only three of the filtered splits in the site data set contain detectable aluminum, and one of these
samples has a low filtered/unfiltered Al ratio (0.085). All eight filtered splits contain detectable
iron, but the majority of filtered/unfiltered Fe ratios are below 1. These observations suggest that
aluminum and some portion of the iron in the site samples are present as filterable, suspended
clays and iron oxides.
The site samples exhibit positive correlations for aluminum versus iron and aluminum versus
turbidity, as well as a decrease in aluminum and iron concentrations after filtration, in most
cases. The majority of site Al/Fe ratios – including that of the sample with the highest aluminum
and iron concentrations – are similar to those of the background samples. These observations
support the contention that aluminum and iron in the site samples are associated with suspended
particulates and are natural.
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Lead. Lead was detected in all eight site samples, at concentrations ranging from 0.0015 to
0.0224 mg/L. As noted previously, lead has an affinity to adsorb on clays, and thus positive
correlations between lead and aluminum concentrations are commonly observed for
uncontaminated samples. A plot of lead versus aluminum in the site and background samples is
provided in Figure 4. The samples form a common trend with a positive slope, and the site
samples have Pb/Al ratios that are consistent with those of the background samples.
Another perspective on the data is provided in a plot of lead concentrations versus the
corresponding Pb/Al ratios (Figure 5). If a site sample contained excess lead from a
contaminant source, it would have an anomalously high Pb/Al ratio relative to background and
would lie to the right of the background samples in the ratio plot. However, all of the site
samples – including GPWSW02-072107, which contains the highest lead of the two data sets
(0.0224 mg/L) – have Pb/Al ratios that are within the background range.
Figure 6 depicts the unfiltered lead concentrations versus the corresponding filtered/unfiltered
ratios. Most of the site samples exhibited a significant decrease in lead upon filtration, with
filtered/unfiltered ratios below 1. The lead concentrations are also positively correlated with
turbidity (Figure 7). These observations provide additional lines of evidence to support the
contention that lead in the site samples is associated with suspended particulates.
The site samples exhibit consistent Pb/Al ratios, a decrease in lead after filtration, and a positive
correlation for lead versus turbidity. All of these observations suggest a natural source for their
lead concentrations.

4.0 Conclusions
Lead data from the July 2007 Goose Prairie Creek surface water sampling event were evaluated
using geochemical techniques. Geochemical evaluation indicates that the detected
concentrations of lead in the site samples are most likely natural. The available data do not
indicate lead contamination in the 2007 site samples.
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APPENDIX F
ECOLOGICAL BACKGROUND EVALUATION

F.1 Introduction
The list of chemicals carried forward as constituents of potential ecological concern (COPEC)
may be reduced at the end of Step 3 if they are determined to be either naturally occurring (e.g.,
inorganic chemicals) or ubiquitous anthropogenic chemicals that are widespread at relatively low
(ambient) concentrations (e.g., polynuclear aromatic hydrocarbons [PAH]).
Therefore,
chemicals detected on site were compared to background concentrations to determine whether
they should be considered final COPECs.
The background data set used for the Longhorn Army Ammunition Plant (LHAAP) ecological
background evaluation was comprised of background samples for soil, sediment, and surface
water that were recently collected as part of a background study the primary purpose of which
was to support the ecological risk assessment. Meetings and conference calls were held with
LHAAP stakeholders to identify appropriate background locations and collection methodologies.
The soil (Shaw, 2004a) and surface water/sediment (Shaw, 2004b) background reports present
the findings of the background study and comprise the sources of the data used for the ecological
background evaluation. The BERA background evaluation in this Appendix, and also the
information preserved in Appendix I, has been modified from the previous Step 3 report per
comments received from stakeholders (see Attachment 4 for background-specific comments and
responses, as well as information in Appendix K).
The background data were reorganized slightly from how they were presented in the background
reports for use in the ecological background evaluation. It should be noted that the soil
background data were collected from two depths (0 to 0.5 feet below ground surface [bgs] and
1.5 to 2.5 feet bgs) and are presented separately in the soil background report (Shaw, 2004a).
Because the on-site soil database consisted of soil from approximately 0 to 3 feet bgs, the data
for the two background soil depths were combined to form a single data set in order to present a
more valid comparison to the depths that were used for the on-site data.
The background sample report for surface water and sediment presented data for both filtered
and unfiltered surface water, as well as data from samples collected in stream and lake locations
(Shaw, 2004b). Only the unfiltered surface water data were used in the ecological background
evaluation to match the type of data collected on site. Because all on-site surface water and most
of the on-site sediment data were from streams, only the background data collected from streams
were used for the ecological background evaluation.
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F.2 Background Chemicals
The list of chemicals for which background parameters were established and that may be
considered “background chemicals” in soil and sediment includes the following (Shaw, 2004a;
2004b):
• Metals, including mercury
• Inorganic anions, including cyanide
• Dioxins/furans, PAHs, pesticides, polychlorinated biphenyls, and Silvex (a herbicide),

which represent anthropogenic compounds likely to be present in background as a
result of non-site related activities.
The list of background chemicals in surface water includes the following (Shaw, 2004b):
• Metals, including mercury
• Inorganic anions, including cyanide
• PAHs, which represent anthropogenic compounds likely to be present in background

as a result of non-related activities.
All other chemicals were considered potentially related to operations at LHAAP and are not
subjected to a background evaluation. Chemicals identified as preliminary constituents of
concern (COPECs) that were included in this list of potential background chemicals were
subjected to a background evaluation using multiple lines of evidence to determine whether they
were background-related.

F.3 Methodologies Used for Background Comparisons
The comparison of on-site concentrations to background concentrations was originally
conceptualized in the ecological risk assessment work plan as being a two-step process using
both a Wilcoxon Rank Sum (WRS) test and a “bright-line” test (or an “upper tails” test). Both
tests have different strengths and weaknesses. The WRS test is a robust test that uses a statistical
comparison of medians to determine whether two data sets are from the same population.
However, because it is a nonparametric test that uses ranks rather than actual concentrations, it is
unable to detect “hot spot” contamination. The bright-line test is used for the identification of
hot spots, as it compares the on-site maximum detected concentration (MDC) to a representative
background concentration, such as an upper tolerance limit (UTL) or upper prediction limit
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(UPL). These WRS and bright-line tests, used in tandem, are useful tools to determine whether a
chemical at a site is related to background.
The LHAAP data set, however, had several unique properties that may reduce the ability of these
tests to determine whether a chemical is truly background-related. First, the large discrepancy
between the sample size of the background data sets and the on-site data sets, particularly for soil
(e.g., the Industrial Sub-Area has more than 600 soil samples for some metals, compared with
only 56 background samples), may be somewhat problematic. For example, in situations where
the number of on-site samples is substantially larger than the background data set, high
concentrations detected on site may represent contamination, but it may also represent the upper
tail of the distribution of background concentrations that simply were not captured in the much
smaller background data set. This could result in one or both background statistical tests failing
simply due to a discrepancy in sample size. The discrepancy in sample size is more likely to
affect the bright-line test, which is essentially a comparison of upper tails.
Another potential problem is that the on-site LHAAP database is comprised of many data sets
from various studies that were combined without regard to purpose, or whether they are
appropriate for use in a statistical comparison to background concentrations. By combining
these data sets, elevated intra-data set variability may be introduced due to various study designs
(e.g., random versus biased sampling plans), analytical methods, natural variability in soil types
from samples collected from different soil depths and different geographic locations, etc. Even
though the WRS test is nonparametric, which means that it does not place any assumption on the
distributions of the data sets, the WRS test may be affected by some of these factors. For
example, the inclusion of samples with elevated detection limits could actually cause values
associated with nondetect results (estimated at half the detection limit) to result in a finding that
the on-site population is significantly higher than background.
Unfortunately, a thorough examination of all the individual data sets that comprise the LHAAP
database, including separate background comparisons, is not within the scope of this ecological
background evaluation. Therefore, due to the complexity of the data sets, additional lines of
evidence were included during Step 3 to determine whether a chemical was background-related.
Visual comparisons of box-and-whisker plots representing the range of on-site and background
data were used as a tool for determining the degree of overlap of concentration ranges between
the two data sets. The MDCs and 95% upper confidence limits (UCL) were also compared with
median Texas background concentrations for metals (TCEQ, 2001). Finally, inorganic
chemicals were also subjected to a geochemical analysis as part of the background evaluation at
LHAAP.
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The following lines of evidence were used to determine whether a chemical was backgroundrelated:
• WRS test
• Comparison of on-site MDCs with background UPLs/UTLs
• Comparison of MDCs and 95% UCLs with Texas Commission on Environmental

Quality (TCEQ) median background concentrations
• Box-and-whisker plots
• Geochemical analysis
These approaches are described in greater detail in the following subsections. The results of the
WRS test and comparisons to the UPL and UTL are presented in Tables F-1 (Industrial Sub-Area
soil), F-2 (Low Impact Sub-Area soil), F-3 (Waste Sub-Area soil), F-4 (surface water: all four
watersheds), and F-5 (sediment: all four watersheds). The following attachments to this
appendix are also included:
• Attachment 1: Full WRS Test Results
• Attachment 2: Box-and-Whisker Plots
• Attachment 3: Geochemical Analysis Reports

Interpretations of these results are presented in the selection of final COPECs discussion in
Section 10.0 of the main report.

F.3.1 Wilcoxon Rank Sum Test
The WRS test was performed on each metal exhibiting greater than 50 percent detections in both
the site and background data set. The WRS test is sensitive to small differences in the medians
of the two distributions, but is not sensitive to hot spots.
The Statistica® software package was used to perform the WRS test. The rank-sum test in the
Statistica® software package is called the Mann-Whitney test, which is equivalent to the WRS
test (Sokal and Rohlf, 1981).
The difference between the medians of the site data and the background data was considered
significant at a Type 1 error (p-level) less than 0.05 (p < 0.05). Because the Statistica® software
package automatically runs the test as a two-tailed test, a finding with p < 0.05 indicates that the
on-site data are significantly different from background, but provides no indication as to whether
the on-site data are significantly higher (which would indicate the possible presence of
contamination) or lower than background. Although the latter scenario would be unlikely, it is
possible. Therefore, the box-and-whisker plots were used to determine whether the on-site
median was above or below background levels for p < 0.05.

MARC No. W912QR-04-D-0027, TO No. DS02
Longhorn Army Ammunition Plant, Karnack, Texas

4

Shaw Project No. 117591
11/8/2007

00050448

Installation-Wide BERA
Volume I – Appendix F

Shaw Environmental, Inc.

With the exception of lead in surface water samples from Goose Prairie Creek (for which the onsite data were found to be significantly lower than background), the on-site median was higher
than background in all cases where p < 0.05.
The WRS test compares two data set and tests the null hypothesis that the samples were drawn
from populations having the same medians. A p-level (Type I) error involves rejecting the null
hypothesis (data are less than or equal to background) when it is true. If the test yields a
probability of a p-level less than 0.05, then there is a statistically significant difference between
the medians at the 95-percent confidence level (p being the probability of erroneously
concluding that the difference between the medians is due to an actual difference between the
site and the background concentrations rather than to random chance). This outcome can occur
if the site data are shifted higher or lower than the background data. If the site data are shifted
higher relative to background, further evaluation of the chemical in question is warranted. If the
site data do not indicate that site concentrations may be greater than background (e.g. shifted
lower relative to background), the chemical is interpreted as being background-related.
If the p-level is greater than 0.05, then the medians of the two distributions are not significantly
different at the 95-percent confidence level. It can therefore be concluded that (i) the medians of
the two data sets are not different and (ii) the samples are drawn from the same population.
The WRS test is not performed on data sets containing 50 percent or more nondetects. The
medians of such data sets are unknown, and hence the test results would not be sufficiently
robust to yield reliable results.
A summary of the results of the WRS test are provided in Tables F-1 through F-5. The full
results of the WRS tests are presented in Attachment 1.

F.3.2 Comparison of Upper Tails (Bright Line Test)
The MDC of each chemical was compared to a background concentration that was considered
representative of the upper tail of naturally occurring or ubiquitous anthropogenic compounds.
UTLs were selected in the Step 3 ecological risk assessment work plan (Jacobs, 2003) as the
concentrations that would be used to compare on-site MDCs. No comments that objected to the
use of UTLs for this purpose were received from the regulatory agencies on the work plan.
However, the Texas Commission on Environmental Quality (TCEQ) recently suggested the use
of UPLs rather than UTLs as the representative background value in correspondence sent to the
LHAAP Site Manager dated August 24, 2004. Because there is no formal published guidance
from TCEQ advising against the use of UTLs or indicating a preference for UPLs, both UTLs
and UPLs are utilized in Step 3 as representative background concentrations for LHAAP.
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F.3.2.1 Upper Tolerance Limits
UTLs were calculated for background chemicals in soil, surface water, and sediment. The UTLs
for these media are presented in the appropriate background reports (Shaw, 2004a; 2004b). As
previously discussed, the surface (0 to 0.5 feet bgs) and subsurface (1.5 to 2.5 feet bgs)
background samples were combined for comparison to on-site total soil concentrations.
Distributions were re-run and UTLs were recalculated for this total soil background data set
using the same formulas and methodologies presented in the Soil Background Report (Shaw,
2004a).
Comparisons of the on-site MDCs to the background UTLs are presented in Tables F-1 through
F-5.

F.3.2.2 Upper Prediction Limits
Based on TCEQ recommendations, UPLs were also calculated for the background data sets.
UPLs were calculated for each set of data using the following equation from the U.S.
Environmental Protection Agency (USEPA) (1992):

⎛ 1 1⎞
UPL = χ + (tS ) ⎜⎜
+ ⎟⎟
m
n⎠
⎝
Where:
UPL

χ
t

S
m
n

= upper prediction limit
= arithmetic mean of sample population
= value of the t-distribution for 95% confidence (1-α = 0.95) with n - 1
degrees of freedom
= standard deviation of sample population
= number of future samples (assumed to be 1 for comparison of individual
samples)
= number of samples in sample population

The above equation was used for normally and lognormally distributed data sets. For
lognormally distributed data, this equation was applied to natural logarithms of the
concentrations and the UPL concentrations were calculated as the retransformation of the values
calculated by the equation. For nonparametric data sets (i.e., data sets that could not be defined
as normal or lognormal), the MDC of the background data set was adopted as the nonparametric
UPL. Comparisons of the on-site MDCs to the background UPLs are presented in Tables F-1
through F-5.

F.3.2.3 Box-and-Whisker Plots
A quick, robust, graphical method recommended by the USEPA to visualize and compare two or
more groups of data is the box-and-whisker plot comparison (USEPA, 1989; 1992). Box-and-
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whisker plots provide a summary view of an entire data set, including the overall location and
degree of symmetry. The box encloses the central 50percent of the data points so that the top of
the box represents the 75th percentile and the bottom of the box represents the 25th percentile.
The small box within the larger box represents the median of the data set. The upper whisker
extends upward from the box to the maximum value, and the lower whisker extends downward
from the box to the minimum value.
The box-and-whisker plots for all chemicals with elevated concentrations are provided in
Attachment 2.

F.3.2.4 Comparisons to Texas Median Background Concentrations (Soil)
The MDCs and 95% UCLs for inorganic chemicals were also compared with the median Texas
background concentrations provided in TCEQ guidance (TCEQ, 2001). Texas background
concentrations are available only for soil. Under the Texas Risk Reduction Program, chemicals
detected in soil below the Texas-specific background concentrations do not require remediation,
even if they are bioaccumulative (TCEQ, 2001; Texas Administrative Code 350.51[1] and
350.71[k]).

F.3.2.5 Geochemical Evaluations
A geochemical analysis examines the naturally occurring relationships of trace elements with
specific soil-forming minerals or reference elements. In simplified terms, concentrations in site
soil that are present due to natural background conditions exhibit a linear relationship with their
reference element(s), while chemicals present as the result of contamination deviate from this
linear pattern. Because it is not the magnitude of the concentration detected but the ratio of the
trace element to the reference element that is important, the geochemical evaluation was
considered a useful tool for the LHAAP background analysis, particularly to determine whether
elevated concentrations detected on site are simply within the upper tail of naturally occurring
distributions or are potentially present due to a release at the site.
The geochemical evaluation is based on the natural association of trace elements with specific
minerals in the soil matrix. As an example, arsenic in most uncontaminated oxic soils is almost
exclusively associated with iron oxide minerals (Bowell, 1994; Schiff and Weisberg, 1997).
(The term “iron oxide” is used here to include oxides, hydroxides, oxyhydroxides, and hydrous
oxides of iron.) This association of arsenic with iron oxides is a result of the adsorptive behavior
of this particular trace element in an oxic soil environment. Arsenic is present in oxic soil pore
fluid as negatively charged oxyanions (HAsO4–2, H2AsO4–) (Brookins, 1988). These anions
have strong affinities to adsorb on the surfaces of iron oxides, which maintain a strong positive
surface charge (Electric Power Research Institute, 1986). If a soil sample has a high percentage
of iron oxides, then it is expected to have a proportionally higher concentration of arsenic. The
absolute concentrations of arsenic and iron can vary at a site by several orders of magnitude, but
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the arsenic/iron ratios in the samples are usually quite constant as long as no contamination is
present (Daskalakis and O'Connor, 1995). If a sample has some naturally occurring arsenic plus
additional arsenic from a herbicide or some other source, then it will have an anomalously high
ratio relative to the other uncontaminated samples. These ratios thus serve as a highly effective
technique for identifying contaminated samples.
The geochemical evaluation includes the generation of plots in which, for example, arsenic
concentrations in a set of samples are plotted on the y-axis, and the corresponding iron
concentrations are plotted on the x-axis. The slope of a best-fit line through the samples is equal
to the average arsenic-to-iron background ratio. If the samples with the highest arsenic
concentrations plot on the same linear trend as the other samples, then it is most probable that the
elevated concentrations are natural and caused by the preferential enrichment of iron oxides in
those samples. If the site samples with elevated arsenic concentrations plot above the trend
displayed by the uncontaminated samples, then this is evidence that those samples have an
excess contribution of arsenic, and contamination may be indicated.
Each trace element is plotted against an appropriate major reference element to which the trace
element is associated. Each trace element is associated with one or more minerals in the soil
matrix. Arsenic, vanadium, and selenium form anionic species in solution and are associated
with iron oxides, which maintain a positive surface charge. Chromium can be present as
multiple species with different charges, which results in its distribution on several different
sorptive surfaces, including clays and iron oxides. This element is evaluated against aluminum
or iron. Divalent metals such as barium, cadmium, lead, and zinc tend to form cationic species
in solution and are attracted to clay mineral surfaces, which maintain a negative surface charge.
These trace elements are evaluated against aluminum, which is a major component of clay
minerals. Barium, cobalt, and lead are also often adsorbed on manganese oxides, so these
elements can be evaluated against manganese (Kabata-Pendias, 2001).
The geochemical evaluations for chemicals at LHAAP are provided in Attachment 3.
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Table F-1
Comparison of Chemicals of Potential Concern (COPEC) in Soil to Background
Industrial Sub-Area
Background Concentrations
(mg/kg)

Analyte
Aluminum
Cadmium
Chromium
Copper
Iron
Lead
Mercury
Nickel
Selenium
Strontium
Vanadium
Zinc
Nitrate
Sulfate
2,3,7,8-TCDD TEQ
1,2,3,4,6,7,8-Heptachlorodibenzofuran
HpCDD
1,2,3,4,7,8,9-Heptachlorodibenzofuran
1,2,3,4,7,8-Hexachlorodibenzofuran
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin
1,2,3,6,7,8-Hexachlorodibenzofuran
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin
1,2,3,7,8-Pentachlorodibenzofuran
1,2,3,7,8-Pentachlorodibenzo-p-dioxin
2,3,4,6,7,8-Hexachlorodibenzofuran
2,3,4,7,8-Pentachlorodibenzofuran
Octachlorodibenzofuran
Octachlorodibenzo-p-dioxin
2,3,7,8-TCDD
4,4-DDE
4,4-DDT

Pass / Fail (Wilcoxon
Rank Sum)

Maximum Detected
Concentration a (mg/kg)

Distribution of
Background Data b

UTL c

UPL d

Fail
NA e
Fail
Fail
Fail
Fail
NA e
Fail
NA e
Fail
Fail
Fail
NA e
NA e
Pass f
NA e
Pass
NA e
NA e
NA e
Pass
NA e
NA e
NA e
NA e
NA e
NA e
NA e
Pass
NA e
NA e
NA e

4.04E+04
3.75E+01
1.94E+02
1.46E+03
1.20E+05
1.74E+03
1.05E+02
5.48E+01
1.85E+02
7.13E+03
7.59E+01
2.58E+03
5.15E+01
5.40E+03
9.34E-05
6.70E-04
2.49E-03
3.33E-05
7.46E-05
3.35E-05
1.74E-04
1.53E-05
7.44E-05
3.92E-05
5.56E-06
2.75E-05
3.30E-05
1.96E-03
1.61E-02
1.16E-05
6.18E-01
1.85E-01

Log
Log/NP
Log
Log
Log
Log
Log
Log
Log
Log
Log
Log
Log/NP
Log/NP
Log
Log/NP
Log
Log/NP
Log/NP
Log/NP
Log/NP
Log/NP
Log/NP
Log/NP
Log/NP
Log/NP
Log/NP
Log/NP
Log
Log/NP
Log/NP
Log/NP

2.38E+04
1.40E+00
3.55E+01
1.04E+01
3.49E+04
2.03E+01
1.34E-01
1.13E+01
6.96E+00
3.17E+01
5.29E+01
2.94E+01
4.30E+00
1.60E+02
4.41E-06
1.15E-05
5.54E-05
2.05E-07
1.17E-06
1.26E-06
2.65E-06
6.30E-07
2.98E-06
2.00E-07
8.68E-07
8.33E-07
4.38E-07
2.31E-05
8.55E-03
1.53E-07
3.80E-03
6.40E-03

1.89E+04
1.40E+00
2.90E+01
8.37E+00
2.79E+04
1.78E+01
1.10E-01
9.40E+00
5.61E+00
2.48E+01
4.44E+01
2.45E+01
4.30E+00
1.60E+02
3.96E-06
1.15E-05
4.36E-05
2.05E-07
1.17E-06
1.26E-06
2.65E-06
6.30E-07
2.98E-06
2.00E-07
8.68E-07
8.33E-07
4.38E-07
2.31E-05
5.28E-03
1.53E-07
3.80E-03
6.40E-03

g
g
g
g
g
g
g
g
g
g
g
g
g
g
g

Pass / Fail Comparison Pass / Fail Comparison
to UTL?
to UPL?
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail

Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail

Notes and Abbreviations:
a

Maximum detected concentration in on-site total soil data set (0-3 feet)

b

Distribution of background total soil background data set, which used the combined depth intervals (i.e., 0-0.5 feet and 1.5-2.5 feet) from Shaw, 2004, Final Background Soil Study Report,
Longhorn Army Ammunition Plant, July. Log = lognormal; Log/NP = Lognormal, but because the dataset had >15% nondetects, a non-parametric UTL and UPL were calculated (i.e., MDC).

c

An upper tolerance limit (UTL) with 95% coverage at 95% confidence was calculated for normally or lognormally distributed data with 15% or fewer nondetects. If greater than 15% of the data
are nondetects, or if the data distribution is undefined, the maximum detected concentration (MDC) is used as the UTL. The MDC for a data set with 56 samples has 95% coverage
with 95% confidence. (EPA, 1989, Statistical Analysis of Ground-water Monitoring Data at RCRA Facilities – Interim Final Guidance. Office of Solid Waste, Washington, DC. PB89-151047

d

UPLs calculated using the same dataset as the UTLs (Shaw, 2004a).The MDC was used as the UPL for nonparametric data sets or for datasets with greater than 15% nondetects.

e

WRS test was not performed for analytes with 50% or more nondetects in either the background or on-site datasets.

f

P-value for WRS test was p = 0.054, which is only marginally higher than the cutoff level of significance of p = 0.05.

g

Individual dioxin congeners are presented for informational purposes only. Decisions regarding background evaluation are made using the 2,3,7,8-TCDD TEQ, which incorporates information from all congeners.

MDC
NA
UPL
UTL
mg/kg

maximum detected concentration
not applicable
upper prediction limit
upper tolerance limit
milligram per kilogram
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Table F-2
Comparison of Chemicals of Potential Concern (COPEC) in Soil to Background
Low Impact Sub-Area
Background Concentrations
(mg/kg)

Analyte
Cadmium
Chromium
Iron
Lead
Manganese
Mercury
Nickel
Strontium
Vanadium
Zinc
Nitrate
Sulfate
2,3,7,8-TCDD TEQ
1,2,3,4,6,7,8-Heptachlorodibenzofuran
HpCDD
1,2,3,4,7,8,9-Heptachlorodibenzofuran
1,2,3,4,7,8-Hexachlorodibenzofuran
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin
1,2,3,6,7,8-Hexachlorodibenzofuran
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin
1,2,3,7,8-Pentachlorodibenzofuran
1,2,3,7,8-Pentachlorodibenzo-p-dioxin
2,3,4,6,7,8-Hexachlorodibenzofuran
2,3,4,7,8-Pentachlorodibenzofuran
Octachlorodibenzofuran
Octachlorodibenzo-p-dioxin
2,3,7,8-TCDD
4,4-DDE
4,4-DDT

Pass / Fail (Wilcoxon
Rank Sum)

Maximum Detected
Concentration a
(mg/kg)

Distribution of
Background Data b

UTLs c

UPLs d

NA e
Pass
Pass
Fail
Fail
Pass
Fail
Fail
Pass
Fail
NA e
NA e
Fail
NA e
Pass
NA e
NA e
NA e
NA e
NA e
NA e
NA e
NA e
NA e
NA e
NA e
Pass
NA e
NA e
NA e

6.08E+00
5.94E+01
4.84E+04
1.97E+02
5.44E+03
2.31E-01
2.95E+01
5.18E+01
5.30E+01
4.99E+02
5.33E+00
4.90E+03
9.40E-06
ND
2.42E-04
ND
ND
3.40E-06
1.03E-05
ND
1.60E-05
ND
ND
ND
ND
2.80E-05
4.31E-03
ND
5.24E-02
6.37E-02

Log/NP
Log
Log
Log
Log
Log
Log
Log
Log
Log
Log/NP
Log/NP
Log
Log/NP
Log
Log/NP
Log/NP
Log/NP
Log/NP
Log/NP
Log/NP
Log/NP
Log/NP
Log/NP
Log/NP
Log/NP
Log
Log/NP
Log/NP
Log/NP

1.40E+00
3.55E+01
3.49E+04
2.03E+01
2.24E+03
1.34E-01
1.13E+01
3.17E+01
5.29E+01
2.94E+01
4.30E+00
1.60E+02
4.41E-06
1.15E-05
5.54E-05
2.05E-07
1.17E-06
1.26E-06
2.65E-06
6.30E-07
2.98E-06
2.00E-07
8.68E-07
8.33E-07
4.38E-07
2.31E-05
6.58E-03
1.53E-07
3.80E-03
6.40E-03

1.40E+00
2.90E+01
2.79E+04
1.78E+01
1.34E+03
1.10E-01
9.40E+00
2.48E+01
4.44E+01
2.45E+01
4.30E+00
1.60E+02
3.96E-06
1.15E-05
4.36E-05
2.05E-07
1.17E-06
1.26E-06
2.65E-06
6.30E-07
2.98E-06
2.00E-07
8.68E-07
8.33E-07
4.38E-07
2.31E-05
5.28E-03
1.53E-07
3.80E-03
6.40E-03

f
f
f
f
f
f
f
f
f
f
f
f
f
f
f

Pass / Fail Comparison Pass / Fail Comparison
to UTL?
to UPL?
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Pass
Fail
Fail
Fail

Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Pass
Fail
Fail
Fail

Notes and Abbreviations:
a

Maximum detected concentration in on-site total soil data set (0-3 feet)

b

Distribution of background total soil background data set, which used the combined depth intervals (i.e., 0-0.5 feet and 1.5-2.5 feet) from Shaw, 2004, Final Background Soil Study Report,
Longhorn Army Ammunition Plant, July. Log = lognormal; Log/NP = Lognormal, but because the dataset had >15% nondetects, a non-parametric UTL and UPL were calculated (i.e., MDC).

c

An upper tolerance limit (UTL) with 95% coverage at 95% confidence was calculated for normally or lognormally distributed data with 15% or fewer nondetects. If greater than 15% of the data
are nondetects, or if the data distribution is undefined, the maximum detected concentration (MDC) is used as the UTL. The MDC for a data set with 56 samples has 95% coverage
with 95% confidence. (EPA, 1989, Statistical Analysis of Ground-water Monitoring Data at RCRA Facilities – Interim Final Guidance . Office of Solid Waste, Washington, DC. PB89-151047.

d

UPLs calculated using the same dataset as the UTLs (Shaw, 2004a).The MDC was used as the UPL for nonparametric data sets or for datasets with greater than 15% nondetects.

e

WRS test was not performed for analytes with 50% or more nondetects in either the background or on-site datasets.

f

Individual dioxin congeners are presented for informational purposes only. Decisions regarding background evaluation are made using the 2,3,7,8-TCDD TEQ, which incorporates information from all congeners.

MDC
NA
ND
UPL
UTL
mg/kg

maximum detected concentration
not applicable
not detected
upper prediction limit
upper tolerance limit
milligram per kilogram

MARC No. W912QR-04-D-0027, TO No. DS02
Longhorn Army Ammunition Plant, Karnack, Texas

Page 1 of 1

Shaw Project No. 117591
11/7/2007

00050457
Installation-Wide BERA
Volume I - Appendix F

Shaw Environmental, Inc.

Table F-3
Comparison of Chemicals of Potential Concern (COPEC) in Soil to Background
Waste Sub-Area
Background Concentrations (mg/kg)
Maximum Detected
Distribution of
Pass / Fail (Wilcoxon
Rank Sum)
Concentration a (mg/kg) Background Data

Analyte
Aluminum
Barium
Cadmium
Chromium
Copper
Iron
Lead
Mercury
Nickel
Selenium
Strontium
Vanadium
Zinc
Nitrate
Sulfate
2,3,7,8-TCDD TEQ
1,2,3,4,6,7,8-Heptachlorodibenzofuran
HpCDD
1,2,3,4,7,8,9-Heptachlorodibenzofuran
1,2,3,4,7,8-Hexachlorodibenzofuran
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin
1,2,3,6,7,8-Hexachlorodibenzofuran
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin
1,2,3,7,8-Pentachlorodibenzofuran
1,2,3,7,8-Pentachlorodibenzo-p-dioxin
2,3,4,6,7,8-Hexachlorodibenzofuran
2,3,4,6,7,8-Pentachlorodibenzofuran
Octachlorodibenzofuran
Octachlorodibenzo-p-dioxin
2,3,7,8-TCDD
4,4-DDE
4,4-DDT

f
f
f
f
f
f
f
f
f
f
f
f
f
f
f

Pass
Fail
NA e
Fail
Fail
Pass
Fail
NA e
Fail
NA e
Fail
Pass
Fail
NA e
NA e
Fail
e
NA
Pass
NA e
NA e
NA e
NA e
Pass
NA e
NA e
NA e
NA e
NA e
NA e
Pass
NA e
NA e
NA e

b

UTL c

UPL d

Pass / Fail Comparison to Pass / Fail Comparison to
UTL?
UPL?

2.15E+04
2.05E+04
7.33E+00
5.96E+01
5.31E+01
2.60E+04
1.29E+03

Log
Log
Log/NP
Log
Log
Log
Log

2.38E+04
1.36E+02
1.40E+00
3.55E+01
1.04E+01
3.49E+04
2.03E+01

1.89E+04
1.16E+02
1.40E+00
2.90E+01
8.37E+00
2.79E+04
1.78E+01

Pass
Fail
Fail
Fail
Fail
Pass
Fail

Fail
Fail
Fail
Fail
Fail
Pass
Fail

1.10E+00
3.40E+01
1.94E+00
7.10E+01
4.33E+01
2.50E+02
1.18E+01

Log
Log
Log
Log
Log
Log
Log/NP

1.34E-01
1.13E+01
6.96E+00
3.17E+01
5.29E+01
2.94E+01
4.30E+00

1.10E-01
9.40E+00
5.61E+00
2.48E+01
4.44E+01
2.45E+01
4.30E+00

Fail
Fail
Pass
Fail
Pass
Fail
Fail

Fail
Fail
Pass
Fail
Pass
Fail
Fail

3.82E+03
1.98E-04
1.30E-03
1.16E-02
1.40E-06
2.50E-06
1.30E-06
2.64E-04
4.31E-06
7.01E-06
3.60E-07
ND
2.15E-06
4.41E-06
8.12E-03
1.19E-01
ND
5.77E-03
3.77E-04

Log/NP
Log
Log/NP
Log
Log/NP
Log/NP
Log/NP
Log/NP
Log/NP
Log/NP
Log/NP
Log/NP
Log/NP
Log/NP
Log/NP
Log
Log/NP
Log/NP
Log/NP

1.60E+02
4.41E-06
1.15E-05
5.54E-05
2.05E-07
1.17E-06
1.26E-06
2.65E-06
6.30E-07
2.98E-06
2.00E-07
8.68E-07
8.33E-07
4.38E-07
2.31E-05
6.58E-03
1.53E-07
3.80E-03
6.40E-03

1.60E+02
3.96E-06
1.15E-05
4.36E-05
2.05E-07
1.17E-06
1.26E-06
2.65E-06
6.30E-07
2.98E-06
2.00E-07
8.68E-07
8.33E-07
4.38E-07
2.31E-05
5.28E-03
1.53E-07
3.80E-03
6.40E-03

Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Pass

Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Pass

Notes and Abbreviations:
a

Maximum detected concentration in on-site total soil data set (0-3 feet).

b

Distribution of background total soil background data set, which used the combined depth intervals (i.e., 0-0.5 feet and 1.5-2.5 feet) from Shaw, 2004, Final Background Soil Study Report,
Longhorn Army Ammunition Plant, July. Log = lognormal; Log/NP = Lognormal, but because the dataset had >15% nondetects, a non-parametric UTL and UPL were calculated (i.e., MDC).

c

An upper tolerance limit (UTL) with 95% coverage at 95% confidence was calculated for normally or lognormally distributed data with 15% or fewer nondetects. If greater than 15% of the data
are nondetects, or if the data distribution is undefined, the maximum detected concentration (MDC) is used as the UTL. The MDC for a data set with 56 samples has 95% coverage
with 95% confidence. (EPA, 1989, Statistical Analysis of Ground-water Monitoring Data at RCRA Facilities – Interim Final Guidance . Office of Solid Waste, Washington, DC. PB89-151047.

d

UPLs calculated using the same dataset as the UTLs (Shaw, 2004a).The MDC was used as the UPL for nonparametric data sets or for datasets with greater than 15% nondetects.

e

WRS test was not performed for analytes with 50% or more nondetects in either the background or on-site datasets.

f

Individual dioxin congeners are presented for informational purposes only. Decisions regarding background evaluation are made using the 2,3,7,8-TCDD TEQ, which incorporates information from all congeners.

MDC
NA
ND
UPL
UTL
mg/kg

maximum detected concentration
not applicable
not detected
upper prediction limit
upper tolerance limit
milligram per kilogram
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Table F-4
Comparison of Chemicals of Potential Concern (COPEC) in Surface Water to Background

Concentration
(mg/L)

Distribution of
Background Data b

e

Harrison Bayou

2,3,7,8-TCDD TEQ
Aluminum
Barium
Chromium
Copper
Iron
Lead
Manganese
Selenium
Sulfate
Thallium
Vanadium
Nitrate
Nitrate/Nitrite

1.42E-08
6.40E+01
1.18E+00
8.50E-02
1.00E-01
9.15E+01
5.95E-02
1.77E+00
6.00E-03
2.86E+02
1.10E-03
1.50E-01
4.74E+00
2.04E+02

NA
NP
Normal
NP
NP
Log
NP
Log
NP
Log
NA
NP
NP
NAe

NA
7.91E+00
1.38E-01
8.80E-03
4.60E-03
2.05E+01
5.20E-03
1.39E+00
4.10E-03
5.25E+01
NAe
1.72E-02
3.60E-01
e
NA

NA
7.91E+00
1.19E-01
8.80E-03
4.60E-03
9.19E+00
5.20E-03
6.45E-01
4.10E-03
3.67E+01
NAe
1.72E-02
3.60E-01
e
NA

--Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
--Fail
Fail
---

--Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
--Fail
Fail
---

e

Goose Prairie Creek

2,3,7,8-TCDD TEQ
Aluminum
Barium
Copper
Iron
Lead
Manganese
Nitrate
Nitrate/Nitrite
Selenium
Sulfate
Thallium
Zinc
bis(2-Ethylhexyl)phthalate

NA
Pass
NAf
NAf
Pass
Pass
Pass
NAf
NAf
NAf
Fail
NAe
Fail
NAf

1.29E-08
1.10E+01
2.20E+00
4.40E-02
1.20E+01
6.90E-02
1.20E+00
3.78E+01
1.20E-01
6.00E-03
4.88E+01
3.10E-03
4.70E-01
5.30E-01

NAe
NP
Normal
NP
Log
NP
Log
NP
NAe
NP
Log
e
NA
Normal
e
NA

NAe
7.91E+00
1.38E-01
4.60E-03
2.05E+01
5.20E-03
1.39E+00
3.60E-01
NAe
4.10E-03
5.25E+01
e
NA
3.34E-02
e
NA

NAe
7.91E+00
1.19E-01
4.60E-03
9.19E+00
5.20E-03
6.45E-01
3.60E-01
NAe
4.10E-03
3.67E+01
e
NA
2.63E-02
e
NA

--Fail
Fail
Fail
Pass
Fail
Pass
Fail
--Fail
Pass
--Fail
---

--Fail
Fail
Fail
Fail
Fail
Fail
Fail
--Fail
Fail
--Fail
---

Central Creek

2,3,7,8-TCDD TEQ
Aluminum
Barium
Cadmium
Copper
Iron
Lead
Manganese
Nitrate
Nitrate/Nitrite
Sulfate
Vanadium

NAe
Pass
Fail
NAf
NAf
Pass
NAf
Pass
NAf
NAf
Fail
NAf

1.22E-08
1.79E+01
3.75E-01
5.74E-03
2.80E-02
1.59E+01
3.40E-02
1.17E+00
5.47E+00
9.40E-02
1.49E+01
3.75E-02

NA
NP
Normal
NAe
NP
Log
NP
Log
NP
NAe
Log
NP

NA
7.91E+00
1.38E-01
NAe
4.60E-03
2.05E+01
5.20E-03
1.39E+00
3.60E-01
NAe
5.25E+01
1.72E-02

NA
7.91E+00
1.19E-01
NAe
4.60E-03
9.19E+00
5.20E-03
6.45E-01
3.60E-01
NAe
3.67E+01
1.72E-02

--Fail
Fail
--Fail
Pass
Fail
Pass
Fail
--Pass
Fail

--Fail
Fail
--Fail
Fail
Fail
Fail
Fail
--Pass
Fail

Saunders
Branch

Background Concentrations
(mg/L)

Barium
Lead
Nitrate
Sulfate

Pass
NAf
NAf
Fail

4.30E-01
3.00E-03
9.00E-02
5.00E+00

Normal
NP
NP
Log

1.38E-01
5.20E-03
3.60E-01
5.25E+01

1.19E-01
5.20E-03
3.60E-01
3.67E+01

Fail
Pass
Pass
Pass

Fail
Pass
Pass
Pass

Watershed

Analyte

Pass / Fail (Wilcoxon
Rank Sum)
NA
Pass
Fail
NAf
NAf
Pass
NAf
Fail
NAf
Pass
NAe
NAf
Pass
NAf

e

e

UTL c
e

e

UPL d
e

e

Pass / Fail
Pass / Fail
Comparison to UTL? Comparison to UPL?

Notes and Abbreviations:
a

Maximum detected concentration in on-site surface water data set.
Distribution of background surface water data set from Shaw, 2004, Draft Background Surface Water and Sediment Study Report, Longhorn Army Ammunition Plant, August

b

c

Log = lognormal; Normal = normal; NP = nonparametric.
An upper tolerance limit (UTL) with 95% coverage at 95% confidence was calculated for normally or lognormally distributed data with 15% or fewer nondetects. If greater than 15% of the data

are nondetects, or if the data distribution is undefined, the maximum detected concentration (MDC) is used as the UTL. The MDC for a data set with 18 samples has 85% coverage
with 95% confidence. (EPA, 1989, Statistical Analysis of Ground-water Monitoring Data at RCRA Facilities – Interim Final Guidance. Office of Solid Waste, Washington, DC. PB89-151047.
UPLs calculated using the same dataset as the UTLs (Shaw, 2004b).The MDC was used as the UPL for nonparametric data sets or for datasets with greater than 15% nondetects.
e
Background surface water data not available for this chemical.
f
WRS test was not performed for analytes with 50% or more nondetects in either the background or on-site datasets.
d

MDC
mg/L
NA
UPL
UTL

maximum detected concentration
milligrams per liter
not applicable
upper prediction limit
upper tolerance limit
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Table F-5
Comparison of Chemicals of Potential Concern (COPEC) in Sediment to Background
Background Concentrations (mg/kg)

Goose Prairie Creek

Harrison Bayou

Watershed

MARC No. W912QR-04-D-0027, TO No. DS02
Longhorn Army Ammunition Plant, Karnack, Texas

Analyte

Pass / Fail (Wilcoxon
Rank Sum)

Maximum Detected
Concentration a
(mg/kg)

Aluminum
Barium
Cadmium
Copper
Mercury
Nickel
Selenium
Sulfate
Thallium
Vanadium
Zinc
Nitrate
Acetone
bis(2-Ethylhexyl)phthalate
2,3,7,8-TCDD TEQ
1,2,3,4,6,7,8-Heptachlorodibenzofuran
1,2,3,4,6,7,8-HPCDD
1,2,3,4,7,8-Hexachlorodibenzofuran
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin
1,2,3,4,7,8,9-Heptachlorodibenzofuran
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin
1,2,3,6,7,8-Hexachlorodibenzofuran
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin
1,2,3,7,8,9-Hexachlorodibenzofuran
1,2,3,7,8-Pentachlorodibenzo-p-dioxin
1,2,3,7,8-Pentachlorodibenzofuran
2,3,4,6,7,8-Hexachlorodibenzofuran
2,3,4,7,8-Pentachlorodibenzofuran
Octachlorodibenzofuran
Octachlorodibenzo-p-dioxin
Aluminum
Barium
Cadmium
Copper
Lead
Mercury
Nickel
Selenium
Sulfate
Thallium
Vanadium
Zinc
4,4'-DDD
4,4'-DDT
Dieldrin
Aroclor 1254
Acetone
Carbon disulfide
p-Cymene
2,3,7,8-TCDD TEQ
1,2,3,4,6,7,8-Heptachlorodibenzofuran
1,2,3,4,6,7,8-HpCDD
1,2,3,4,7,8-Hexachlorodibenzofuran
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin
2,3,7,8-Tetrachlorodibenzofuran
Octachlorodibenzofuran
Octachlorodibenzo-p-dioxin

Pass
Fail
NAe
Fail
NAf
Fail
NAf
NAf
NAe
Pass
Fail
NAf
NAf
NAe
Fail
NAf
Pass
NAf
NAe
NAe
NAf
NAf
NAf
NAe
NAe
NAe
NAf
NAe
NAf
NAf
Fail
Fail
NAe
Fail
Fail
NAf
Fail
Fail
Fail
NAe
Fail
Fail
NAe
NAe
NAe
NAe
NAf
NAe
NAe
Pass
NAe
Pass
NAe
NAe
NAe
NAe
NAe
Pass

1.50E+04
2.03E+03
1.83E-01
1.59E+01
1.50E-01
2.60E+01
3.41E+00
2.34E+02
1.60E+00
4.51E+01
5.80E+01
2.26E+00
1.46E-01
3.69E-01
1.41E-05
1.00E-05
8.64E-04
1.44E-06
1.60E-06
1.20E-06
1.11E-05
5.40E-07
8.50E-06
4.40E-07
8.70E-07
3.20E-07
1.10E-06
4.20E-07
4.45E-05
1.99E-03
3.04E+04
4.51E+02
1.03E+00
3.87E+01
5.42E+02
1.66E+00
4.90E+01
5.03E+00
1.17E+01
2.69E+00
7.70E+01
5.70E+02
6.55E-03
7.45E-03
7.05E-03
2.80E-01
1.35E+00
5.99E-02
4.12E-02
2.25E-06
5.59E-06
3.92E-05
2.51E-06
1.16E-06
1.39E-06
N. Avail.
1.76E-05
4.44E-03

g
g
g
g
g
g
g
g
g
g
g
g
g
g
g

g
g
g
g
g
g
g
g

Distribution of
Background Data b

UTL c

UPL d

Normal
Log
NAe
Log
Normal
Log
Log
NP
NAe
Log
Log
NP
NP
NAe
Log
NP
Log
Log
NAe
NAe
Log
Log/NP
Log/NP
NAe
NAe
NAe
NP
NAe
Log
Log
Normal
Log
NAe
Log
Normal
Normal
Log
Log
NP
NAe
Log
Log
NAe
NAe
NAe
NAe
NP
NAe
NAe
Log
NP
Log
Log
Log
Log/NP
NAe
Log
Log

1.38E+04
4.39E+02
NAe
4.47E+01
6.41E-02
9.67E+01
2.04E+01
8.47E+01
NAe
9.64E+01
1.31E+02
1.60E+00
1.08E-01
NAe
2.03E-06
2.38E-06
3.66E-05
5.87E-07
NAe
NAe
1.17E-06
4.96E-07
4.15E-07
NAe
NAe
NAe
8.98E-07
NAe
1.10E-05
6.16E-03
1.38E+04
4.39E+02
NAe
4.47E+01
1.64E+01
6.41E-02
9.67E+01
2.04E+01
8.47E+01
NAe
9.64E+01
1.31E+02
NAe
NAe
NAe
NAe
1.08E-01
NAe
NAe
2.03E-06
2.38E-06
3.66E-05
5.87E-07
1.17E-06
4.15E-07
NAe
1.10E-05
6.16E-03

1.10E+04
2.29E+02
NAe
1.81E+01
5.17E-02
3.51E+01
8.99E+00
8.47E+01
NAe
5.23E+01
5.97E+01
1.60E+00
1.08E-01
NAe
1.58E-06
2.38E-06
2.00E-05
3.83E-07
NAe
NAe
7.01E-07
4.96E-07
4.15E-07
NAe
NAe
NAe
8.98E-07
NAe
5.19E-06
2.50E-03
1.10E+04
2.29E+02
NAe
1.81E+01
1.36E+01
5.17E-02
3.51E+01
8.99E+00
8.47E+01
NAe
5.23E+01
5.97E+01
NAe
NAe
NAe
NAe
1.08E-01
NAe
NAe
1.58E-06
2.38E-06
2.00E-05
3.83E-07
7.01E-07
4.15E-07
NAe
5.19E-06
2.50E-03
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Pass / Fail
Pass / Fail
Comparison to UTL? Comparison to UPL?
Fail
Fail
--Pass
Fail
Pass
Pass
Fail
--Pass
Pass
Fail
Fail
--Fail
Fail
Fail
Fail
----Fail
Fail
Fail
------Fail
--Fail
Pass
Fail
Fail
--Pass
Fail
Fail
Pass
Pass
Pass
--Pass
Fail
--------Fail
----Fail
Fail
Fail
Fail
Pass
Fail
--Fail
Pass

Fail
Fail
--Pass
Fail
Pass
Pass
Fail
--Pass
Pass
Fail
Fail
--Fail
Fail
Fail
Fail
----Fail
Fail
Fail
------Fail
--Fail
Pass
Fail
Fail
--Fail
Fail
Fail
Fail
Pass
Pass
--Fail
Fail
--------Fail
----Fail
Fail
Fail
Fail
Fail
Fail
--Fail
Fail
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Table F-5
Comparison of Chemicals of Potential Concern (COPEC) in Sediment to Background
Background Concentrations (mg/kg)

Analyte

Pass / Fail (Wilcoxon
Rank Sum)

Maximum Detected
Concentration a
(mg/kg)

Aluminum
Barium
Cadmium
Copper
Nickel
Mercury
Selenium
Sulfate
Thallium
Vanadium
Zinc
Nitrate
Acetone
p-Cymene
Carbon disulfide
Isobutanol
Isopropylbenzene
2,3,7,8-TCDD TEQ
1,2,3,4,6,7,8-Heptachlorodibenzofuran
1,2,3,4,6,7,8-HpCDD
1,2,3,4,7,8-Hexachlorodibenzofuran
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin
2,3,7,8-Tetrachlorodibenzofuran
Octachlorodibenzofuran
Octachlorodibenzo-p-dioxin
Aluminum
Barium
Cadmium
Copper
Nickel
Manganese
Mercury
Selenium
Strontium
Sulfate
Vanadium
Zinc
Nitrate
Acetone
bis(2-Ethylhexyl)phthalate
Carbon disulfide
Chloride
2,3,7,8-TCDD TEQ
1,2,3,4,6,7,8-Heptachlorodibenzofuran
1,2,3,4,6,7,8-HpCDD
Octachlorodibenzofuran
Octachlorodibenzo-p-dioxin

Pass
Fail
NAe
Fail
Pass
NAf
NAf
NAf
NAe
Pass
Fail
NAf
NAf
NAe
NAe
NAe
NAe
Fail
NAf
Pass
NAf
NAf
NAe
NAf
NAf
Fail
Pass
NAe
Fail
Pass
Pass
Pass
Fail
NAf
Fail
Pass
Fail
NAf
NAf
NAe
NAe
NAe
NAf
NAf
NAf
NAf
NAf

1.75E+04
3.84E+02
6.27E+00
1.67E+01
2.31E+01
2.31E-01
2.31E+00
8.86E+01
4.11E+00
3.34E+01
8.24E+01
5.00E-01
1.24E+00
4.80E-02
6.10E-02
6.10E-02
6.63E-03
1.38E-05
1.40E-05
5.60E-04
1.53E-06
1.90E-05
6.10E-07
3.70E-05
1.80E-02
1.63E+04
2.68E+02
2.56E-01
1.62E+01
1.71E+01
4.88E+02
1.49E-01
1.73E+00
4.25E+01
3.00E+01
3.34E+01
6.04E+01
2.36E+00
1.08E+00
4.43E-01
1.77E-01
8.90E+01
6.98E-06
1.30E-05
2.60E-04
2.50E-05
9.40E-03

Saunders Branch

Central Creek

Watershed

g
g
g
g
g
g
g

g
g
g
g

Distribution of
Background Data b

UTL c

UPL d

Normal
Log
NAe
Log
Log
Normal
Log
NP
NAe
Log
Log
NP
NP
NAe
NAe
NAe
NAe
Log
NP
Log
Log
Log/NP
NAe
Log
Log
Normal
Log
NAe
Log
Log
Log
Normal
Log
Log
NP
Log
Log
NP
NP
NAe
NAe
NAe
Log
NP
Log
Log
Log

1.38E+04
4.39E+02
NAe
4.47E+01
9.67E+01
6.41E-02
2.04E+01
8.47E+01
NAe
9.64E+01
1.31E+02
1.60E+00
1.08E-01
NAe
NAe
NAe
NAe
2.03E-06
2.38E-06
3.66E-05
5.87E-07
4.15E-07
NAe
1.10E-05
6.16E-03
1.38E+04
4.39E+02
NAe
4.47E+01
9.67E+01
5.74E+03
6.41E-02
2.04E+01
7.92E+01
8.47E+01
9.64E+01
1.31E+02
1.60E+00
1.08E-01
NAe
NAe
NAe
2.03E-06
2.38E-06
3.66E-05
1.10E-05
6.16E-03

1.10E+04
2.29E+02
NAe
1.81E+01
3.51E+01
5.17E-02
8.99E+00
8.47E+01
NAe
5.23E+01
5.97E+01
1.60E+00
1.08E-01
NAe
NAe
NAe
NAe
1.58E-06
2.38E-06
2.00E-05
3.83E-07
4.15E-07
NAe
5.19E-06
2.50E-03
1.10E+04
2.29E+02
NAe
1.81E+01
3.51E+01
1.92E+03
5.17E-02
8.99E+00
3.95E+01
8.47E+01
5.23E+01
5.97E+01
1.60E+00
1.08E-01
NAe
NAe
NAe
1.58E-06
2.38E-06
2.00E-05
5.19E-06
2.50E-03

Pass / Fail
Pass / Fail
Comparison to UTL? Comparison to UPL?
Fail
Pass
--Pass
Pass
Fail
Pass
Fail
--Pass
Pass
Pass
Fail
--------Fail
Fail
Fail
Fail
Fail
--Fail
Fail
Fail
Pass
--Pass
Pass
Pass
Fail
Pass
Pass
Pass
Pass
Pass
Fail
Fail
------Fail
Fail
Fail
Fail
Fail

Fail
Fail
--Pass
Pass
Fail
Pass
Fail
--Pass
Fail
Pass
Fail
--------Fail
Fail
Fail
Fail
Fail
--Fail
Fail
Fail
Fail
--Pass
Pass
Pass
Fail
Pass
Fail
Pass
Pass
Fail
Fail
Fail
------Fail
Fail
Fail
Fail
Fail

Notes and Abbreviations:
a

Maximum detected concentration in on-site sediment data set.

b

Distribution of background sediment data set from Shaw, 2004, Draft Background Surface Water and Sediment Study Report, Longhorn Army Ammunition Plant, August
Log = lognormal; Log/NP = lognormal, but because the dataset had >15% nondetects, a non-parametric UTL and UPL were calculated (i.e., MDC); Normal = normal; NP = nonparametric.

c

An upper tolerance limit (UTL) with 95% coverage at 95% confidence was calculated for normally or lognormally distributed data with 15% or fewer nondetects. If greater than 15% of the data
are nondetects, or if the data distribution is undefined, the maximum detected concentration (MDC) is used as the UTL. The MDC for a data set with 18 samples has 85% coverage
with 95% confidence. (EPA, 1989, Statistical Analysis of Ground-water Monitoring Data at RCRA Facilities – Interim Final Guidance. Office of Solid Waste, Washington, DC. PB89-151047

d

UPLs calculated using the same dataset as the UTLs (Shaw, 2004b).The MDC was used as the UPL for nonparametric data sets or for datasets with greater than 15% nondetect

e

Background sediment data not available for this chemical

f

WRS test was not performed for analytes with 50% or more nondetects in either the background or on-site datasets

f

Individual dioxin congeners are presented for informational purposes only. Decisions regarding background evaluation are made using the 2,3,7,8-TCDD TEQ, which incorporates information from all congener

g

WRS test was not performed for analytes with only 1 on-site sample

MDC

maximum detected concentration

UTL

upper tolerance limit

NA

not applicable

mg/kg

milligram per kilogram

UPL

upper prediction limit
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Box-and-Whisker Plots
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APPENDIX F
Attachment 3, Section 1
Geochemical Evaluation of Metals in Soil Samples from the
Industrial Sub-Area, Longhorn Army Ammunition Plant

1.0

Introduction

This report provides the results of a geochemical evaluation of inorganic constituents in soil
samples from the Industrial Sub-Area at Longhorn Army Ammunition Plant, Karnack, Texas.
Seven elements in the site data set failed statistical comparison to background, and a
geochemical evaluation was performed to determine if the elevated concentrations are naturally
occurring or if they contain a component of contamination.
Site samples included in the evaluation consist of 621 regular soil samples and 85 field duplicate
soil samples collected over an eleven-year period from March 1993 through February 2004. The
samples were obtained various from depths ranging from 0 to 4 feet below ground surface. It
should be noted that 600 samples were analyzed for the 23 target analyte list (TAL) metals
(including aluminum, iron, and manganese). The remaining 106 samples were analyzed for a
subset of metals, including antimony, arsenic, barium, cadmium, chromium, lead, mercury,
nickel, selenium, silver, and thallium. Installation-wide background data for TAL metals in soil
are provided in the background study report (Shaw Environmental, Inc., 2004) and are used in
the following evaluation.

2.0

Geochemical Evaluation Methodology

Statistical site-to-background comparisons for trace elements in soil commonly have high falsepositive error rates. A large number of background samples is required to adequately
characterize the upper tails of most trace element distributions, which are typically right skewed
and span a wide range of concentrations, but such a large background data set is not always
feasible. Higher false-positive error rates are expected if the site sample size is greater than the
background sample size. The presence of estimated concentrations and nondetects with differing
reporting limits can also cause statistical comparison tests to fail.
Statistical tests consider only the absolute concentrations of individual elements, and they
disregard the interdependence of element concentrations and the geochemical mechanisms
controlling element behavior. However, it is well established that trace elements are naturally
associated with specific soil-forming minerals, and the preferential enrichment of a sample with
these minerals will result in elevated trace element concentrations. It is thus important to be able
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to identify these naturally high concentrations and distinguish them from potential
contamination.
Recent publications indicate that geochemical evaluations are assuming a larger role in
environmental investigations (e.g., U.S. Environmental Protection Agency [EPA], 1995; Barclift,
et al., 2000; U.S. Navy, 2002 and 2003; Myers and Thorbjornsen, 2004). A properly executed
geochemical evaluation can reveal the mechanisms responsible for naturally high element
concentrations, and it can identify the samples with anomalously high concentrations that may
reflect site-related contamination. This section describes the geochemical evaluation techniques
that were employed in the Industrial Sub-Area soil investigation.
Trace elements naturally associate with specific soil-forming minerals, and geochemical
evaluations are predicated on these known associations. For example, in most uncontaminated
oxic soils, arsenic exhibits an almost exclusive association with iron oxide minerals (Bowell,
1994; Schiff and Weisberg, 1997). Arsenic exists in oxic soil pore fluid as oxyanions such as
HAsO4–2 and H2AsO4– (Brookins, 1988), and these negatively charged species have a strong
affinity to adsorb on iron oxides, which tend to maintain a net positive surface charge (Electric
Power Research Institute, 1986). This association is expressed as a positive correlation between
arsenic concentrations and iron concentrations for uncontaminated samples: soil samples with a
low percentage of iron oxides will contain proportionally lower arsenic concentrations, and soil
samples that are enriched in iron oxides will contain proportionally higher arsenic
concentrations. Although there is variability in the absolute concentrations of arsenic and iron in
soil at a site, the As/Fe ratios of the samples will be relatively constant if no contamination is
present (Daskalakis and O’Connor, 1995). Samples that contain excess arsenic from an
contaminant source (e.g., arsenic-bearing compounds such as the chemical warfare agent lewisite
or certain herbicides) will exhibit anomalously high As/Fe ratios compared to the
uncontaminated samples.
To perform the geochemical evaluation, correlation plots are constructed to explore the
elemental associations and identify potentially contaminated samples.
The detected
concentrations of the trace element of interest (dependent variable) are plotted against the
detected concentrations of the reference element (independent variable), which represents the
mineral to which the trace element may be adsorbed. In the case of arsenic, the arsenic
concentrations for a given set of samples would be plotted on the y-axis and the corresponding
iron concentrations would be plotted on the x-axis. If no contamination is present, then the
samples will exhibit a generally linear trend and the samples with the highest arsenic
concentrations will lie on this trend. This indicates that the elevated arsenic is due to the
preferential enrichment of iron oxides in those samples, and that the arsenic has a natural source.
If, however, the samples with high arsenic concentrations have low or moderate iron
concentrations (anomalously high As/Fe ratios), then they will lie above the linear trend
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established by the other samples. This would indicate that the anomalous samples contain excess
arsenic beyond that which can be explained by the natural iron oxide content, and such samples
may contain a component of contamination.
The reference elements against which trace elements are evaluated reflect the affinity that the
trace elements have for specific minerals. The concentrations of iron, aluminum, and manganese
serve as qualitative indicators of the amounts of iron oxide, clay, and manganese oxide minerals
in the soil samples. Along with arsenic, selenium and vanadium are present in oxic soil pore
fluid as anions, and have an affinity to adsorb on iron oxides, which tend to maintain a net
positive surface charge. Concentrations of arsenic, selenium, or vanadium in a set of samples
can be evaluated through comparison to the corresponding iron concentrations. Barium,
cadmium, lead, and zinc are typically present in soil as divalent cations and have an affinity to
adsorb on clay minerals, which tend to maintain a net negative surface charge. Concentrations of
barium, cadmium, lead, or zinc can be evaluated through comparison to the corresponding
aluminum concentrations. Manganese oxides have a strong affinity to adsorb barium, cobalt, and
lead (Kabata-Pendias, 2001), so concentrations of these elements can be compared to the
corresponding manganese concentrations, as long as there is enough manganese present in the
soil to form discrete manganese oxides.
It is important to note that some trace elements have very strong affinities for a particular type of
mineral, whereas other elements will partition themselves between several minerals. For
instance, vanadium has a particularly strong affinity for iron oxides, so correlation coefficients
for vanadium versus iron in uncontaminated samples are usually very high, and this is expressed
on a correlation plot as a highly linear trend. In contrast, chromium will form several co-existing
aqueous species with different charges [Cr(OH)2+, Cr(OH)30, and Cr(OH)4–] that will adsorb on
several different types of minerals including clays and iron oxides. This behavior will yield
lower correlation coefficients for chromium versus iron or chromium versus aluminum relative
to the coefficients observed for vanadium versus iron, and more scatter may be observed on the
correlation plots. Some elements are more selective than others with respect to adsorption on
specific mineral surfaces, and this selectivity is dependent on site-specific conditions, including
soil pH, redox conditions, and concentrations of competing elements.
Ratio Plots. Site samples with a trace element present as a contaminant will exhibit
anomalously high trace-versus-major element ratios compared to background trace-versus-major
element ratios. These elevated ratios may not always be apparent in log-log correlation plots,
especially at the upper range of concentrations. Therefore, ratio plots – which depict trace
element concentrations on the y-axis and trace/major element ratios on the x-axis – are employed
in conjunction with correlation plots in those cases where it is not immediately apparent which
site samples have anomalously high elemental ratios on the correlation plots. The ratio plots
permit easy identification of samples with anomalously high elemental ratios relative to
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background, and they have high resolution over the entire concentration range. The presence of
an anomalously high elemental ratio is not definitive proof of site-related contamination;
however, such samples are discussed in the text and, unless otherwise noted, are flagged as
representing potential site-related contamination. This is a conservative approach.
It is also important to note that there is natural variability as well as analytical uncertainty in the
elemental ratios of uncontaminated soil and sediment samples. Trace/major element ratios are
calculated from two uncertain analytical results, so the resulting uncertainties in the ratios can
produce some scatter in the points on a ratio plot. This is especially true when estimated (“J”qualified) analytical results are used. This can be seen on many of the plots that show more
scatter of the points at the lower concentration range, where analytical uncertainties are higher
and analytical results are reported with fewer significant figures.
On ratio plots, vertical trends should only be expected in those cases where the trace element
adsorption is a linear process, and where the trace element concentrations are controlled
exclusively by adsorption on a given mineral type. Nonvertical trends are much more common
in ratio plots, however, because adsorption processes often are not linear and because trace
elements often have affinities for more than one type of sorptive surface. Nonlinear adsorption
of a trace element on mineral surfaces will manifest itself as a curve rather than a straight line on
a correlation plot, and as a non-vertical trend on a ratio plot. In addition, the presence of
competing ions in soil or sediment and differences in pH and redox conditions among the sample
locations can add to the natural variability of elemental ratios.
Ratio plots may also be prepared for the major elements (e.g., aluminum versus Al/Fe ratios).
However, adsorption is not the dominant process controlling major element concentrations. For
example, aluminum and iron concentrations covary largely because they are controlled by the
abundance of fine-grained minerals in the samples. The plots thus reflect physical effects, rather
than chemical effects such as adsorption. Linearity is often not observed in major-versus-major
element correlation plots and associated ratio plots.

3.0

Results of the Geochemical Evaluation of Multiple Elements in Soil

This section presents the results of the geochemical evaluation of aluminum, cadmium,
chromium, lead, selenium, vanadium, and zinc in soil samples from the Industrial Sub-Area.
Antimony was added to the list of elements requiring geochemical evaluation, following
completion and regulatory review of the draft version of this report, and the antimony evaluation
is provided at the end of this section. Correlation plots are provided in Attachment 1. Table 1
lists the samples identified as containing anomalously high element concentrations.
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As previously noted, 600 of the 706 site soil samples were analyzed for the TAL metals
(including the primary reference elements aluminum, iron, and manganese). Accordingly, these
are the only samples that can be examined during the geochemical evaluation. For ease of
description in this report, these samples are referred to as the “TAL samples.” The remaining
106 samples were analyzed for only selected trace elements and, lacking data for the primary
reference elements, cannot be included in the correlation plots. These samples are referred to
hereafter as the “non-TAL samples.”
Aluminum
Aluminum is a primary component of common soil-forming minerals such as clays, feldspars,
and micas. Aluminum also substitutes for ferric iron in iron oxide minerals, and can adsorb on
iron oxide surfaces (Cornell and Schwertmann, 2003). The iron in the site samples is dominantly
present as iron oxides, which are common soil-forming minerals and which occur as discrete
mineral grains or as coatings on silicate minerals (Cornell and Schwertmann, 2003). Clays and
iron oxides tend to exist as very fine particles, so both aluminum and iron are enriched in
samples with finer grain sizes. A plot of aluminum versus iron concentrations provides a
qualitative indicator of the relative abundance of clay and iron oxide minerals in the ISA soil
samples (Figure 1). As seen in the plot, the background samples and most of the site samples
form a common trend with a positive slope. Most of the site samples with high aluminum
concentrations also contain high iron concentrations, and lie on the background trend.
Aluminum in these samples is natural. Site sample LH-S02-02-1 lies below the trend and
exhibits an anomalously low Al/Fe ratio relative to the other samples; however, the aluminum
concentration in this sample (54.6 mg/kg) is well below the background range. There are seven
site samples with slightly elevated Al/Fe ratios relative to background, and which lie slightly
above the background trend. These samples are most likely naturally enriched in clays relative
to the background samples.
Potassium is a common component of soil-forming minerals such as clays, often occurring as
part of the mineral structure and as loosely adsorbed cations. Clays are characterized by large
surface-area-to-volume ratios and strong negative surface charges. As a result, the major cations,
such as potassium, are attracted to these mineral surfaces and take part in cation exchange
reactions. Positive correlations between aluminum and potassium concentrations are thus
typically observed for uncontaminated soil samples. A plot of aluminum versus potassium
reveals a common trend with a positive slope for the ISA and background samples (Figure 2).
The site samples with the highest aluminum concentrations also contain high potassium content,
and lie on the trend established by the other samples. This indicates a natural source for the
elevated aluminum concentrations in the ISA samples.
Conclusion
Aluminum detected in the site soil samples is naturally occurring.
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Cadmium
Cations such as copper (Cu2+), cadmium (Cd2+), and nickel (Ni2+) have an affinity to adsorb on
the surfaces of iron oxides under the pH range of typical soils (5 to 8 standard units), with
adsorption increasing as pH approaches neutrality (Cornell and Schwertmann, 2003). The
cations bind to surface hydroxyl groups (OH–), giving rise to metal-surface complexes. Because
of this affinity for cation adsorption, positive correlations are commonly observed for cadmium
versus iron concentrations in uncontaminated soil samples. Samples that contain a high
proportion of iron oxides are therefore expected to contain naturally high concentrations of
cations such as cadmium. Figure 3 provides a plot of cadmium versus iron concentrations for
the site and background samples. Most of the background samples form a weak linear trend with
a positive slope, with cadmium concentrations generally increasing as the iron concentrations
increase. Many of the site samples lie on or slightly above this trend and exhibit Cd/Fe ratios
that are consistent with those of the background samples. Cadmium in these samples has a
natural source.
There are many other site samples with elevated cadmium that lie above the general background
trend in Figure 3. Their Cd/Fe ratios exceed the maximum Cd/Fe ratio of 1.98E-04, but they
form a linear trend with a positive slope. The Cd/Fe ratios of these samples span a narrow range
(2.2E-04 to 3.69E-04) (Figure 4). These samples, which were collected in June 1993, have
higher reporting limits than the background samples. Available site reporting limits for that
sampling event range from 1 to 10 mg/kg (mean of 2.1 mg/kg), which are an order of magnitude
higher than the background reporting limits of 0.39 to 0.48 mg/kg (mean of 0.43 mg/kg). The
higher site reporting limits likely explains the slightly higher site Cd/Fe ratios relative to
background. The strong linear trend formed by the June 1993 samples indicates that the
cadmium is associated with iron oxides at a relatively constant ratio and is natural.
Four site samples lie above the linear site trend in Figure 3. These samples have higher Cd/Fe
ratios relative to the other site and background samples (Figure 4), which indicates that they may
contain a component of contamination (Table 1).
There are 106 non-TAL soil samples in the Industrial Sub-Area data set that were analyzed for
cadmium and which could not be included in the geochemical evaluation. One hundred percent
of the non-TAL samples are nondetect for cadmium.
Conclusion
Cadmium concentrations in four TAL samples are anomalously high and may contain a
component of contamination (Table 1). Cadmium detected in the other TAL soil samples is
naturally occurring. The non-TAL samples are 100 percent nondetect for cadmium.
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Chromium
As noted in Section 2.0, chromium can form several co-existing aqueous species with different
charges [Cr(OH)2+, Cr(OH)30, and Cr(OH)4–] and thus it can adsorb on several different types of
minerals, including iron oxides (Kabata-Pendias, 2001). As a result, positive correlations for
chromium versus iron are commonly observed for uncontaminated soil samples. The
background samples form a generally linear trend with a positive slope in a plot of chromium
versus iron, and most of the site samples lie on this trend (Figure 5). Most of the site samples
with high chromium concentrations also contain proportionally higher iron, and they lie on the
trend established by the other samples. Chromium in these samples is associated with iron
oxides at ratios consistent with those of the background samples and is natural.
There are several samples that lie above the background trend in Figure 5. These samples
exhibit anomalously high Cr/Fe ratios relative to the background samples, which suggests that
they contain excess chromium beyond that which can be explained by their natural iron oxide
content. This conclusion is supported by a comparison of the site and background Cr/Fe ratios
(Figure 6). Although most of the site samples exhibit Cr/Fe ratios that are within the
background range, fourteen samples have Cr/Fe ratios that exceed the background range. These
samples may contain a component of contamination (Table 1).
There are 106 non-TAL soil samples in the Industrial Sub-Area data set that were analyzed for
chromium and which could not be included in the geochemical evaluation. Four non-TAL
samples exceed the background upper prediction limit (UPL) for chromium, and the chromium
concentrations in these samples should be considered suspect (Table 1).
Conclusion
Chromium concentrations in fourteen TAL samples are anomalously high and may contain a
component of contamination (Table 1). Chromium detected in the other TAL soil samples is
naturally occurring. Four non-TAL samples exceed the background screening value for
chromium; the chromium concentrations in these samples should be considered suspect
(Table 1).
Lead
Manganese oxides are naturally occurring minerals in soil, and are present as discrete mineral
grains or as coatings on other minerals. Manganese oxides have a strong affinity to adsorb
divalent cations (such as Ba2+, Co2+, and Pb2+), due to the large surface area and high negative
surface charges of these minerals (Drever, 1997; Post, 1999). If a soil sample contains a high
proportion of manganese oxides, then it is expected to contain high concentrations of manganese
and associated trace elements such as lead. A plot of lead versus manganese reveals a common
trend with a positive slope for the background samples and many of the site samples (Figure 7).
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Most of the site samples exhibit Pb/Mn ratios that are consistent with those of the background
samples, indicating a natural source for their lead concentrations.
Many other site samples contain elevated lead but only moderate amounts of manganese, and
they lie above the background trend of Figure 7. These samples contain an excess amount of
lead beyond that which can be explained by their natural manganese oxide content. This
conclusion is supported by a comparison of the site and background Pb/Mn ratios (Figure 8).
Although most of the site samples exhibit Pb/Mn ratios that are within the background range,
nineteen samples have Pb/Mn ratios that exceed the background range. These samples may
contain a component of contamination (Table 1).
There are 106 non-TAL soil samples in the Industrial Sub-Area data set that were analyzed for
lead and which could not be included in the geochemical evaluation. Eleven non-TAL samples
exceed the background UPL for lead, and the lead concentrations in these samples should be
considered suspect (Table 1).
Conclusion
Lead concentrations in nineteen TAL samples are anomalously high and may contain a
component of contamination (Table 1). Lead detected in the other TAL soil samples is naturally
occurring. Eleven non-TAL samples exceed the background screening value for lead; the lead
concentrations in these samples should be considered suspect (Table 1).
Selenium
Selenium is typically present in oxic soil pore fluid as oxyanions and has a strong affinity to
adsorb on iron oxides, which tend to maintain a net positive surface charge (Kabata-Pendias,
2001). Positive correlations between selenium and iron concentrations are thus commonly
observed for uncontaminated soil samples. A plot of selenium versus iron is provided in
Figure 9. The background samples form a linear trend with a positive slope, and most of the site
samples lie on or below this trend. Approximately half of the site detections (114 of 219
samples) are estimated (J-qualified) values below the reporting limit, and such values are highly
uncertain. Additionally, the available site reporting limits range from 0.14 to 2 mg/kg (mean of
0.83 mg/kg), and these values are one order of magnitude below the background reporting limits,
which range from 9.7 to 12 mg/kg (mean of 10.8 mg/kg). The uncertainty associated with
estimated values and the difference in reporting limits between the two data sets likely explains
the difference between the site and background Se/Fe ratios. However, the Se/Fe ratios of these
site samples are within the background range, indicating a natural source for their selenium
concentrations.
Site sample 49SB13(0-0.5) (2.33 mg/kg Se) has an anomalously high Se/Fe ratio and lies above
the linear background trend. There may be a component of contamination in this sample
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(Table 1). It is important to note that this selenium concentration is below the background mean
of 2.36 mg/kg.
There are 106 non-TAL soil samples in the Industrial Sub-Area data set that were analyzed for
selenium and which could not be included in the geochemical evaluation. Detected
concentrations of selenium in these samples are below the background UPL.
Conclusion
The selenium concentration in TAL sample 49SB13(0-0.5) is anomalously high and may contain
a component of contamination (Table 1). Selenium detected in the other TAL samples is
naturally occurring. All selenium detections in the non-TAL samples are below the background
screening value.
Vanadium
As discussed in Section 2.0, vanadium is typically present in oxic soil pore fluid as oxyanions
and has a strong affinity to adsorb on iron oxides, which tend to maintain a net positive surface
charge (Kabata-Pendias, 2001).
A positive correlation between vanadium and iron
concentrations is expected for uncontaminated samples under those conditions. The site and
background samples form a common linear trend with a positive slope in a plot of vanadium
versus iron (τ = 0.72 for the site samples) (Figure 10). The site samples with the highest
vanadium concentrations also contain proportionally higher iron concentrations, and they lie on
the trend established by the background samples. These observations indicate that vanadium in
the site samples is associated with iron oxides at ratios consistent with those of the background
samples and is natural.
Conclusion
Vanadium detected in the site soil samples is naturally occurring.
Zinc
Zinc in soil is commonly associated with iron oxides (Kabata-Pendias, 2001), so a positive
correlation for zinc versus iron is expected for uncontaminated samples. The background
samples and most of the site samples form a common trend with a positive slope in a plot of zinc
versus iron (Figure 11). Most of the site samples with high zinc concentrations also contain
high iron concentrations, and they lie on the background trend. Zinc in these samples is
associated with iron oxides at ratios consistent with those of the background samples and is
natural.
There are many site samples with elevated zinc that lie above the background trend in Figure 11.
These samples exhibit anomalously high Zn/Fe ratios relative to the background samples, which
suggests that they contain excess zinc beyond that which can be explained by the natural iron
oxide content. This conclusion is supported by a comparison of the site and background Zn/Fe
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ratios (Figure 12). Although most of the site samples exhibit Zn/Fe ratios that are within the
background range, 84 samples have Zn/Fe ratios that exceed the background range. These
samples may contain a component of contamination (Table 1).
Conclusion
Zinc concentrations in 84 site samples are anomalously high and may contain a component of
contamination (Table 1). Zinc detected in the other site soil samples is naturally occurring.
Antimony
Antimony has geochemical behavior similar to that of arsenic and, like arsenic, it has an affinity
to adsorb on the surfaces of iron oxides (Kabata-Pendias, 2001). Positive correlations between
antimony and iron concentrations are thus commonly observed in uncontaminated soil samples.
A plot of detected antimony versus iron concentrations in the Industrial Sub-Area and
background samples is provided in Figure 13. The background samples and some of the site
samples form a common trend with a positive slope in the plot. Some of the site samples have
Sb/Fe ratios that are within the background ratio range (Figure 14); this suggests that antimony
in these samples is associated with iron oxides at ratios consistent with those of the background
samples, and that it is natural.
Twenty-seven site samples have high antimony concentrations but low to moderate iron, and
they lie above the background trend in Figure 13. They exhibit anomalously high Sb/Fe ratios
relative to the background samples (Figure 14), which suggests that they contain excess
antimony beyond that which can be explained by the natural iron oxide content. These samples
may contain a component of contamination (Table 1).
There are 106 non-TAL soil samples in the Industrial Sub-Area data set that were analyzed for
antimony and which could not be included in the geochemical evaluation. Eight non-TAL
samples have antimony concentrations that exceed the background screening value of 1.6 mg/kg,
and these concentrations should be considered suspect (Table 1).
Conclusion
The antimony concentrations of 27 site TAL samples are anomalously high and may contain a
component of contamination (Table 1). Antimony detected in the other TAL samples is
naturally occurring. Antimony concentrations in eight non-TAL samples exceed the background
screening value and should be considered suspect (Table 1).

4.0

Summary

Aluminum, antimony, cadmium, chromium, lead, selenium, vanadium, and zinc in the Industrial
Sub-Area soil data set failed statistical comparison to background. A geochemical evaluation
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was performed to determine if the elevated site concentrations could be explained as the result of
natural processes.
A total of 600 site samples were analyzed for TAL metals, including the reference elements –
such as aluminum and iron – that are required for geochemical evaluation. The remaining 106
samples were analyzed for only antimony, arsenic, barium, cadmium, chromium, lead, mercury,
nickel, selenium, silver, and thallium. Accordingly, these non-TAL samples could not be
included in the geochemical evaluation to determine if their concentrations have a natural source.
Geochemical evaluation indicates that all detected concentrations of aluminum and vanadium in
the TAL soil samples are naturally occurring. Concentrations of antimony, cadmium, chromium,
lead, selenium, and zinc are anomalously high in at least one TAL sample each (Table 1). These
concentrations may contain a component of contamination.
Eight non-TAL samples contain antimony concentrations that exceed the corresponding
background screening value, four non-TAL samples contain chromium concentrations above the
corresponding background screening value, and eight non-TAL samples contain lead
concentrations above the corresponding background screening value (Table 1). These
concentrations should be considered suspect. The non-TAL samples are either nondetect or
below the background screening value for cadmium and selenium.

5.0
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Table 1
Soil Samples With Anomalously High Element Concentrations
Industrial Sub-Area
Sample

Sample

Depth
Interval

a

Sample

TAL or

Anomalous

Sample Number

Purpose

Non-TAL

Element(s) b

Location

Date

MAM-W250-SS

2/24/2004

0 - 0.5

MAM-W250-SS

REG

Zinc

MAM-W220-SS

2/24/2004

0 - 0.5

MAM-W220-SS

REG

Zinc

MAM-W220-SS

2/24/2004

0 - 0.5

MAM-W220-SS-QC

FD

Zinc

MAM-P2571-SS

2/25/2004

0 - 0.5

MAM-P2571-SS

REG

Zinc

MAM-P2571-SS

2/25/2004

0 - 0.5

MAM-P2571-SS-QC

FD

Zinc

MAM-P2237-SS

2/24/2004

0 - 0.5

MAM-P2237-SS

REG

Zinc

MAM-GP150-SS

2/25/2004

0 - 0.5

MAM-GP150-SS

REG

Zinc

LHSMW64

10/5/1994

0 - 0.5

LHS-MW64

REG

Zinc

LHSMW60

10/5/1994

0 - 0.5

LHS-MW60

REG

Antimony

LHSMW36

10/4/1994

0 - 0.5

LHS-MW36

REG

Zinc

LHSMW05

9/30/1994

0 - 0.5

LHS-MW5

REG

Chromium, Zinc

LHSMW02

9/30/1994

0 - 0.5

LH-S04-02

7/9/1993

0 - 2

LH-S98-01

6/26/1993

LH-S95-01

6/26/1993

LH-S94-01

LHS-MW2

REG

Zinc

LH-S04-02_1

REG

Antimony

0.5 - 1.5

LH-S98-01_1

REG

Antimony

0.5 - 1.5

LH-S95-01 QC

FD

Zinc

8/20/1993

0.5 - 1.5

LH-S94-01_1

REG

Cadmium, Chromium

LH-S86-01

7/27/1993

0.5 - 2

LH-S86-01 QC

FD

Zinc

LH-S86-01

7/27/1993

0.5 - 2

LH-S86-01_1

REG

Lead

LH-S67-01

8/6/1993

0.5 - 2

LH-S67-01_1

REG

Antimony
Antimony

LH-S61-02

8/6/1993

1 - 3

LH-S61-02_1

REG

LH-S55-01

7/12/1993

0 - 2

LH-S55-01 QC

FD

Zinc

LH-S55-01

7/12/1993

0 - 2

LH-S55-01_1

REG

Antimony, Zinc

LH-S53-02

7/13/1993

0.5 - 1.5

LH-S53-02_1

REG

Zinc

LH-S41-01

6/25/1993

0.5 - 1.5

LH-S41-01_1

REG

Zinc

LH-S39-01

6/26/1993

0.5 - 1.5

LH-S39-01 QC

FD

Zinc

LH-S39-01

6/26/1993

0.5 - 1.5

LH-S39-01_1

REG

Zinc

LH-S38-01

6/26/1993

0.5 - 1.5

LH-S38-01_1

REG

Antimony

LH-S32-01

6/25/1993

0.5 - 2.5

LH-S32-01_1

REG

Antimony

LH-S31-01

7/21/1993

0.5 - 1

LH-S31-01_1

REG

Antimony

LH-S30-01

6/25/1993

0.5 - 2.5

LH-S30-01_1

REG

Antimony

LH-S29-02

6/25/1993

0 - 2

LH-S29-02_1

REG

Antimony

LH-S29-01

6/25/1993

0.5 - 2.5

LH-S29-01_1

REG

Antimony

LH-S27-02

6/24/1993

0.5 - 1.5

LH-S27-02 _1

REG

Zinc

LH-S24-01

6/25/1993

0.5 - 2

LH-S24-01_1

REG

Cadmium, Chromium

LH-S22-01

6/25/1993

0.5 - 2.5

LH-S22-01_1

REG

Antimony, Zinc

LH-S20-01

6/25/1993

2 - 4

LH-S20-01_2

REG

Zinc

LH-S19-02

8/6/1993

1 - 1.5

LH-S19-02_1

REG

Zinc

LH-S19-01

8/6/1993

1.5 - 2

LH-S19-01_1

REG

Chromium

LH-S15-01

7/8/1993

0.5 - 1.5

LH-S15-01_1

REG

Antimony

LH-S15-02

7/8/1993

0.5 - 1.5

LH-S15-02_1

REG

Antimony

LH-S14-01

7/8/1993

0.5 - 1.5

LH-S14-01_1

REG

Zinc

LH-S123-01

6/26/1993

0.5 - 1.5

LH-S123-01_1

REG

Cadmium

LH-S121-01

8/4/1993

0.5 - 1.5

LH-S121-01_1

REG

Antimony
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Table 1
Soil Samples With Anomalously High Element Concentrations
Industrial Sub-Area
Sample

Sample

Depth
Interval

a

Sample Number

Sample

TAL or

Anomalous

Purpose

Non-TAL

Element(s) b

Location

Date

LH-S118-02

7/8/1993

0 - 2

LH-S118-02_1

REG

LH-S117-01

8/4/1993

0.5 - 2

LH-S117-01_1

REG

Zinc

LH-S112-01

7/8/1993

0 - 2

LH-S112-01_1

REG

Antimony

LH-S111-01

7/8/1993

0 - 2

LH-S111-01_1

REG

Antimony
Antimony, Lead

Antimony

LH-S111-01

7/8/1993

2 - 4

LH-S111-01_2

REG

LH-S09-01

6/26/1993

0.5 - 1.5

LH-S09-01 QC

FD

Antimony

LH-S10-01

6/26/1993

0.5 - 2.5

LH-S10-01_1

REG

Antimony

LH-S101-01

6/26/1993

0.5 - 1.5

LH-S101-01_1

REG

Antimony, Zinc

LH-S072-01

8/4/1993

0.5 - 1

LH-S072-01_1

REG

Zinc

LH-S026-02

8/8/1993

0.5 - 1

LH-S026-02_1

REG

Chromium, Lead, Zinc

LH-S026-02

8/8/1993

LH-S026-02_2

REG

Lead

LH-S026-01

8/8/1993

0.5 - 1

LH-S026-01 QC

FD

Chromium, Zinc

LH-S026-01

8/8/1993

0.5 - 1

LH-S026-01_1

REG

Chromium, Zinc

LH-S025-02

8/6/1993

1.5 - 2

LH-S025-02_2

REG

Zinc

LH-S025-01

8/6/1993

0.5 - 1

LH-S025-01 QC

FD

Antimony, Chromium, Zinc

LH-S025-01

8/6/1993

0.5 - 1

LH-S025-01_1

REG

Antimony, Chromium, Zinc

LH-S021-02

8/6/1993

0.5 - 1

LH-S021-02_1

REG

Chromium, Lead, Zinc

LH-S021-02

8/6/1993

2 - 2.5

LH-S021-02_2

REG

Chromium, Zinc

LH-S021-01

8/6/1993

1 - 1.5

LH-S021-01 QC

FD

Zinc

LH-S01-01

6/26/1993

0.5 - 1.5

LH-S01-01_1

REG

Antimony

LH-S017-02

8/8/1993

0.5 - 1

LH-S017-02_1

REG

Zinc

LH-S017-02

8/8/1993

2.5 - 3

LH-S017-02_2

REG

Zinc

LH-S017-01

8/8/1993

0.5 - 1.5

LH-S017-01 QC

FD

Zinc

LH-DL95-01

6/26/1993

2 - 2.5

LH-DL95-01

REG

Lead

1 - 1.5

LH-DL723-01

6/26/1993

1 - 2

LH-DL723-01

REG

Cadmium, Chromium, Zinc

LAP-028

7/11/2000

0 - 0.5

LAP-028A

REG

Zinc

LAP-027

7/11/2000

0 - 0.5

LAP-027A

REG

Zinc

LAP-027

7/11/2000

1 - 1.5

LAP-027B

REG

Lead

LAP-026

7/11/2000

0 - 0.5

LAP-026A

REG

Lead, Zinc

LAP-025

7/11/2000

0 - 0.5

LAP-025A

REG

Zinc

LAP-024

7/11/2000

0 - 0.5

LAP-024A

REG

Zinc

LAP-022

7/11/2000

0 - 0.5

LAP-022A

REG

Zinc

LAP-0211

7/11/2000

0 - 0.5

LAP-0211

REG

Zinc

LAP-0210

7/11/2000

0 - 0.5

LAP-0210

REG

Zinc

FWS-231

9/9/2003

0 - 0.5

CL231DUP

FD

Zinc

FWS-231

9/9/2003

0 - 0.5

CLNWR231

REG

Zinc

FWS-221

9/9/2003

0 - 0.5

CLNWR221

REG

Zinc

FWS-190

9/9/2003

0 - 0.5

CLNWR190

REG

Zinc

FWS-177

9/9/2003

0 - 0.5

CLNWR177

REG

Zinc

FWS-167

9/9/2003

0 - 0.5

CLNWR167

REG

Zinc

FWS-165

9/9/2003

0 - 0.5

CLNWR165

REG

Zinc

FWS-161

9/9/2003

0 - 0.5

CLNWR161

REG

Zinc

FWS-160

9/9/2003

0 - 0.5

CLNWR160

REG

Zinc
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Table 1
Soil Samples With Anomalously High Element Concentrations
Industrial Sub-Area
Sample

Sample

Depth
Interval

a

Sample

TAL or

Anomalous

Sample Number

Purpose

Non-TAL

Element(s) b

Location

Date

FWS-133

9/9/2003

0 - 0.5

CLNWR133

REG

FWS-131

9/9/2003

0 - 0.5

CL131DUP

FD

Zinc

FWS-131

9/9/2003

0 - 0.5

CLNWR131

REG

Zinc

FWS-128

9/9/2003

0 - 0.5

CLNWR128

REG

Zinc

Zinc

FWS-117

9/9/2003

0 - 0.5

CLNWR117

REG

Zinc

49SB36

12/7/2000

0 - 0.5

49SB36(0-0.5)

REG

Lead

49SB35

12/7/2000

0 - 0.5

49SB35(0-0.5)

REG

Lead

49SB35

12/7/2000

0 - 0.5

49SB35(0-0.5)QC

FD

Lead

49SB31

12/3/2000

0 - 0.5

49SB31(0-0.5)

REG

Zinc

49SB31

12/3/2000

1 - 2

49SB31(1-2)

REG

Zinc

49SB30

12/2/2000

0 - 0.5

49SB30(0-0.5)

REG

Lead

49SB30

12/2/2000

0 - 0.5

49SB30(0-0.5)QC

FD

Lead

49SB27

12/2/2000

0 - 0.5

49SB27(0-0.5)

REG

Lead, Zinc

49SB27

12/2/2000

1 - 2

49SB27(1-2)

REG

Zinc

49SB25

12/2/2000

0 - 0.5

49SB25(0-0.5)

REG

Zinc

49SB19

12/2/2000

0 - 0.5

49SB19(0-0.5)

REG

Lead

49SB18

12/2/2000

0 - 0.5

49SB18(0-0.5)

REG

Lead

49SB15

12/2/2000

0 - 0.5

49SB15(0-0.5)

REG

Zinc

49SB14

12/2/2000

0 - 0.5

49SB14(0-0.5)

REG

Lead

49SB13

12/2/2000

0 - 0.5

49SB13(0-0.5)

REG

Selenium

49SB12

12/2/2000

0 - 0.5

49SB12(0-0.5)

REG

Lead

49SB09

12/3/2000

0 - 0.5

49SB09(0-0.5)

REG

Zinc

49SB09

12/3/2000

1 - 2

49SB09(1-2)QC

FD

Zinc

49SB08

12/3/2000

0 - 0.5

49SB08(0-0.5)

REG

Zinc

49SB08

12/3/2000

1 - 2

49SB08(1-2)

REG

Zinc

49SB07

12/3/2000

0 - 0.5

49SB07(0-0.5)

REG

Zinc

49SB07

12/3/2000

0 - 0.5

49SB07(0-0.5)QC

FD

Zinc

49SB07

12/3/2000

1 - 2

49SB07(1-2)

REG

Zinc

49SB02

12/3/2000

1 - 2

49SB02(1-2)

REG

Zinc

49SB01

12/3/2000

1 - 2

49SB01(1-2)QC

FD

Zinc

47SB03

7/27/1998

0 - 0.5

C-47SB03(0-0.5)-9807

REG

Antimony, Chromium, Zinc

32SS02

7/26/1998

0 - 0.5

32SS02(0-0.5)

REG

32SB07

5/18/1993

0 - 2

32SB07(0-2)QC

REG

Non-TAL

32SB12

5/25/1993

0 - 2

32SB12(0-2)

REG

Non-TAL

Lead

32SB05

5/29/1993

0 - 2

32SB05(0-2)

REG

Non-TAL

Chromium

29WL10

4/29/1995

0 - 0

29WL10(CONTS)

REG

Non-TAL

Lead

29WL09

4/29/1995

0 - 0

29WL09(CONTS)

REG

Non-TAL

Chromium, Lead

29WL06

4/30/1995

0 - 0

29WL06(CONTS)

REG

Non-TAL

Antimony, Lead

29SS03

7/25/1998

0 - 0.5

29SS03(0-0.5)

REG

29SS02

7/25/1998

0 - 0.5

29SS02(0-0.5)

REG

29SB75

4/16/1995

0 - 0

29SB75(000.0)

REG

29SB75

4/16/1995

0 - 0

29SB75(000.0)QC

FD

Non-TAL

Antimony

29SB73

4/15/1995

0 - 0

29SB73(000.0)

REG

Non-TAL

Antimony

Lead, Zinc
Lead

Zinc
Zinc
Non-TAL

Antimony
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Table 1
Soil Samples With Anomalously High Element Concentrations
Industrial Sub-Area
Sample

Sample

Depth
a

Sample

TAL or

Anomalous

Sample Number

Purpose

Non-TAL

Element(s) b

Location

Date

Interval

29SB62

4/15/1995

0 - 0

29SB62(000.0)

REG

Non-TAL

Antimony

29SB61

4/15/1995

0 - 0

29SB61(000.0)

REG

Non-TAL

Antimony

29SB59

4/15/1995

0 - 0

29SB59(000.0)

REG

Non-TAL

Antimony

29SB54

4/14/1995

0 - 0

29SB54(000.0)

REG

Non-TAL

Antimony

29SB15

6/3/1993

0 - 2

29SB15-(0-2)

REG

Non-TAL

Lead

29SB09

5/28/1993

0 - 2

29SB09(0-2)

REG

Non-TAL

Chromium

29SB07

5/19/1993

0 - 2

29SB07(0-2)

REG

Non-TAL

Lead

29SB05

5/27/1993

0 - 2

29SB05(0-2)

REG

Non-TAL

Chromium

08SB05

12/7/2000

0 - 0.5

08SB05(0-0.5)

REG

08SB01

12/6/2000

1 - 3

08SB01(1-3)

REG

Zinc

04SB03

12/14/2000

0 - 0.5

04SB03(0-0.5)

REG

Zinc

01SB27

3/17/1993

0 - 2.5

LH01-SB27 0-2.5

REG

Non-TAL

01SB25

3/16/1993

0 - 2.5

LH01-SB25 0-2.5

REG

Non-TAL

Lead

01MW03

12/7/1993

0 - 0

LH01A-MW03-2001

REG

Non-TAL

Lead

01A-SB03

12/14/1993

2.5 - 2.5

LH01A-SB03-2002

REG

Non-TAL

Lead

Chromium, Zinc

Lead

Notes and Abbreviations:
a

Foot [feet] below ground surface.

b

Non-TAL samples could not be subjected to geochemical evaluation due to a lack of reference element data. The non-TAL samples

listed above contain element concentrations above the corresponding background screening value.
FD
field duplicate
REG regular
TAL
target analyte list
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Figure 1. Aluminum vs. Iron in ISA Soil
Longhorn Army Ammunition Plant
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Figure 2. Aluminum vs. Potassium in ISA Soil
Longhorn Army Ammunition Plant
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Figure 3. Cadmium vs. Iron in ISA Soil
Longhorn Army Ammunition Plant
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Figure 4. Cadmium vs. Cd/Fe Ratios in ISA Soil
Longhorn Army Ammunition Plant
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Figure 5. Chromium vs. Iron in ISA Soil
Longhorn Army Ammunition Plant
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Figure 6. Chromium vs. Cr/Fe Ratios in ISA Soil
Longhorn Army Ammunition Plant
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Figure 7. Lead vs. Manganese in ISA Soil
Longhorn Army Ammunition Plant
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Figure 8. Lead vs. Pb/Mn Ratios in ISA Soil
Longhorn Army Ammunition Plant
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Figure 9. Selenium vs. Iron in ISA Soil
Longhorn Army Ammunition Plant
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Figure 10. Vanadium vs. Iron in ISA Soil
Longhorn Army Ammunition Plant
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Figure 11. Zinc vs. Iron in ISA Soil
Longhorn Army Ammunition Plant
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Figure 12. Zinc vs. Zn/Fe Ratios in ISA Soil
Longhorn Army Ammunition Plant
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Figure 13. Antimony vs. Iron in ISA Soil
Longhorn Army Ammunition Plant
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Figure 14. Antimony vs. Sb/Fe Ratios in ISA Soil
Longhorn Army Ammunition Plant
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APPENDIX F
Attachment 3, Section 2
Geochemical Evaluation of Metals in Soil Samples from the
Low Impact Sub-Area, Longhorn Army Ammunition Plant

1.0

Introduction

This report provides the results of a geochemical evaluation of inorganic constituents in soil
samples from the Low Impact Sub-Area at Longhorn Army Ammunition Plant, Karnack, Texas.
Six elements in the site data set failed statistical comparison to background, and a geochemical
evaluation was performed to determine if the elevated concentrations are naturally occurring or if
they contain a component of contamination.
The site data set consists of 148 soil samples collected over a ten-year period from March 1993
to September 2003. The samples were obtained from various depths ranging from 0 to 3 feet
below ground surface. It should be noted that 124 samples were analyzed for all or most of the
23 target analyte list (TAL) metals (including aluminum and iron). The remaining 24 samples
were analyzed for only antimony, arsenic, barium, cadmium, chromium, lead, mercury, nickel,
selenium, silver, and thallium. Installation-wide background data for TAL metals in soil are
provided in the background study report (Shaw Environmental, Inc., 2004) and are used in the
following evaluation.

2.0

Geochemical Evaluation Methodology

Statistical site-to-background comparisons for trace elements in soil commonly have high falsepositive error rates. A large number of background samples is required to adequately
characterize the upper tails of most trace element distributions, which are typically right skewed
and span a wide range of concentrations, but such a large background data set is not always
feasible. Higher false-positive error rates are expected if the site sample size is greater than the
background sample size. The presence of estimated concentrations and nondetects with differing
reporting limits can also cause statistical comparison tests to fail.
Statistical tests consider only the absolute concentrations of individual elements, and they
disregard the interdependence of element concentrations and the geochemical mechanisms
controlling element behavior. However, it is well established that trace elements are naturally
associated with specific soil-forming minerals, and the preferential enrichment of a sample with
these minerals will result in elevated trace element concentrations. It is thus important to be able
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to identify these naturally high concentrations and distinguish them from potential
contamination.
Recent publications indicate that geochemical evaluations are assuming a larger role in
environmental investigations (e.g., U.S. Environmental Protection Agency, 1995; Barclift, et al.,
2000; U.S. Navy, 2002 and 2003; Myers and Thorbjornsen, 2004). A properly executed
geochemical evaluation can reveal the mechanisms responsible for naturally high element
concentrations, and it can identify the samples with anomalously high concentrations that may
reflect site-related contamination. This section describes the geochemical evaluation techniques
that were employed in the Warehouse Area soil investigation.
Trace elements naturally associate with specific soil-forming minerals, and geochemical
evaluations are predicated on these known associations. For example, in most uncontaminated
oxic soils, arsenic exhibits an almost exclusive association with iron oxide minerals (Bowell,
1994; Schiff and Weisberg, 1997). Arsenic exists in oxic soil pore fluid as oxyanions such as
HAsO4–2 and H2AsO4– (Brookins, 1988), and these negatively charged species have a strong
affinity to adsorb on iron oxides, which tend to maintain a net positive surface charge (EPRI,
1986). This association is expressed as a positive correlation between arsenic concentrations and
iron concentrations for uncontaminated samples: soil samples with a low percentage of iron
oxides will contain proportionally lower arsenic concentrations, and soil samples that are
enriched in iron oxides will contain proportionally higher arsenic concentrations. Although there
is variability in the absolute concentrations of arsenic and iron in soil at a site, the As/Fe ratios of
the samples will be relatively constant if no contamination is present (Daskalakis and O’Connor,
1995). Samples that contain excess arsenic from an contaminant source (e.g., arsenic-bearing
compounds such as the chemical warfare agent lewisite or certain herbicides) will exhibit
anomalously high As/Fe ratios compared to the uncontaminated samples.
To perform the geochemical evaluation, correlation plots are constructed to explore the
elemental associations and identify potentially contaminated samples.
The detected
concentrations of the trace element of interest (dependent variable) are plotted against the
detected concentrations of the reference element (independent variable), which represents the
mineral to which the trace element may be adsorbed. In the case of arsenic, the arsenic
concentrations for a given set of samples would be plotted on the y-axis and the corresponding
iron concentrations would be plotted on the x-axis. If no contamination is present, then the
samples will exhibit a generally linear trend and the samples with the highest arsenic
concentrations will lie on this trend. This indicates that the elevated arsenic is due to the
preferential enrichment of iron oxides in those samples, and that the arsenic has a natural source.
If, however, the samples with high arsenic concentrations have low or moderate iron
concentrations (anomalously high As/Fe ratios), then they will lie above the linear trend
established by the other samples. This would indicate that the anomalous samples contain excess
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arsenic beyond that which can be explained by the natural iron oxide content, and such samples
may contain a component of contamination.
The reference elements against which trace elements are evaluated reflect the affinity that the
trace elements have for specific minerals. The concentrations of iron, aluminum, and manganese
serve as qualitative indicators of the amounts of iron oxide, clay, and manganese oxide minerals
in the soil samples. Along with arsenic, selenium and vanadium are present in oxic soil pore
fluid as anions, and have an affinity to adsorb on iron oxides, which tend to maintain a net
positive surface charge. Concentrations of arsenic, selenium, or vanadium in a set of samples
can be evaluated through comparison to the corresponding iron concentrations. Barium,
cadmium, lead, and zinc are typically present in soil as divalent cations and have an affinity to
adsorb on clay minerals, which tend to maintain a net negative surface charge. Concentrations of
barium, cadmium, lead, or zinc can be evaluated through comparison to the corresponding
aluminum concentrations. Manganese oxides have a strong affinity to adsorb barium, cobalt, and
lead (Kabata-Pendias, 2001), so concentrations of these elements can be compared to the
corresponding manganese concentrations, as long as there is enough manganese present in the
soil to form discrete manganese oxides.
It is important to note that some trace elements have very strong affinities for a particular type of
mineral, whereas other elements will partition themselves between several minerals. For
instance, vanadium has a particularly strong affinity for iron oxides, so correlation coefficients
for vanadium versus iron in uncontaminated samples are usually very high, and this is expressed
on a correlation plot as a highly linear trend. In contrast, chromium will form several co-existing
aqueous species with different charges [Cr(OH)2+, Cr(OH)30, and Cr(OH)4–] that will adsorb on
several different types of minerals including clays and iron oxides. This behavior will yield
lower correlation coefficients for chromium versus iron or chromium versus aluminum relative
to the coefficients observed for vanadium versus iron, and more scatter may be observed on the
correlation plots. Some elements are more selective than others with respect to adsorption on
specific mineral surfaces, and this selectivity is dependent on site-specific conditions, including
soil pH, redox conditions, and concentrations of competing elements.
Ratio Plots. Site samples with a trace element present as a contaminant will exhibit
anomalously high trace-versus-major element ratios compared to background trace-versus-major
element ratios. These elevated ratios may not always be apparent in log-log correlation plots,
especially at the upper range of concentrations. Therefore, ratio plots – which depict trace
element concentrations on the y-axis and trace/major element ratios on the x-axis – are employed
in conjunction with correlation plots in those cases where it is not immediately apparent which
site samples have anomalously high elemental ratios on the correlation plots. The ratio plots
permit easy identification of samples with anomalously high elemental ratios relative to
background, and they have high resolution over the entire concentration range. The presence of
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an anomalously high elemental ratio is not definitive proof of site-related contamination;
however, such samples are discussed in the text and, unless otherwise noted, are flagged as
representing potential site-related contamination. This is a conservative approach.
It is also important to note that there is natural variability as well as analytical uncertainty in the
elemental ratios of uncontaminated soil and sediment samples. Trace/major element ratios are
calculated from two uncertain analytical results, so the resulting uncertainties in the ratios can
produce some scatter in the points on a ratio plot. This is especially true when estimated (“J”qualified) analytical results are used. This can be seen on many of the plots that show more
scatter of the points at the lower concentration range, where analytical uncertainties are higher
and analytical results are reported with fewer significant figures.
On ratio plots, vertical trends should only be expected in those cases where the trace element
adsorption is a linear process, and where the trace element concentrations are controlled
exclusively by adsorption on a given mineral type. Nonvertical trends are much more common
in ratio plots, however, because adsorption processes often are not linear and because trace
elements often have affinities for more than one type of sorptive surface. Nonlinear adsorption
of a trace element on mineral surfaces will manifest itself as a curve rather than a straight line on
a correlation plot, and as a non-vertical trend on a ratio plot. In addition, the presence of
competing ions in soil or sediment and differences in pH and redox conditions among the sample
locations can add to the natural variability of elemental ratios.
Ratio plots may also be prepared for the major elements (e.g., aluminum versus Al/Fe ratios).
However, adsorption is not the dominant process controlling major element concentrations. For
example, aluminum and iron concentrations covary largely because they are controlled by the
abundance of fine-grained minerals in the samples. The plots thus reflect physical effects, rather
than chemical effects such as adsorption. Linearity is often not observed in major-versus-major
element correlation plots and associated ratio plots.

3.0

Results of the Geochemical Evaluation of Multiple Elements in Soil

This section presents the results of the geochemical evaluation of cadmium, chromium, lead,
manganese, vanadium, and zinc in soil samples from the Low Impact Sub-Area. Antimony was
added to the list of elements requiring geochemical evaluation, following completion and
regulatory review of the draft version of this report, and the antimony evaluation is provided at
the end of this section. Correlation plots are provided in Attachment 1. Table 1 lists the
samples identified as containing anomalously high element concentrations.
As previously noted, 124 of the 148 site soil samples were analyzed for TAL metals (including
the primary reference elements aluminum and iron). Accordingly, these are the only samples
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that can be examined during the geochemical evaluation. For ease of description in this report,
these samples are referred to as the “TAL samples.” The remaining 24 samples were analyzed
for only eleven trace elements. These samples lack data for the primary reference elements and
thus cannot be included in the correlation plots. These samples are referred to hereafter as the
“non-TAL samples.”
Cadmium
Cations such as copper (Cu2+), cadmium (Cd2+), and nickel (Ni2+) have an affinity to adsorb on
the surfaces of iron oxides under the pH range of typical soils (5 to 8 standard units), with
adsorption increasing as pH approaches neutrality (Cornell and Schwertmann, 2003). The
cations bind to surface hydroxyl groups (OH–), giving rise to metal-surface complexes. Because
of this affinity for cation adsorption, positive correlations are commonly observed for cadmium
versus iron concentrations in uncontaminated soil samples.
The iron detected in the site soil samples is dominantly present as iron oxides, which are
common soil-forming minerals and which occur as discrete mineral grains or as coatings on
silicate minerals (Cornell and Schwertmann, 2003). Aluminum is a primary component of
common soil-forming minerals such as clays, feldspars, and micas. Aluminum also substitutes
for ferric iron in iron oxide minerals, and can adsorb on iron oxide surfaces (Cornell and
Schwertmann, 2003). Clays and iron oxides tend to exist as very fine particles, so both
aluminum and iron are enriched in samples with finer grain sizes. A plot of aluminum versus
iron concentrations provides a qualitative indicator of the relative abundance of clay and iron
oxide minerals in the site and background soil samples (Figure 1). The aluminum and iron
concentrations are within the background ranges and most of the site samples exhibit Al/Fe ratios
that are consistent with those of the background samples. These observations suggest a natural
source for the aluminum and iron in the site samples. Samples that plot in the upper end of the
trend are preferentially enriched in clays and iron oxides relative to the other samples, and thus
they are expected to contain naturally higher concentrations of associated trace elements such as
cadmium.
Figure 2 provides a plot of cadmium versus iron concentrations for the site and background
samples. Most of the background samples form a weak linear trend with a positive slope, with
cadmium concentrations generally increasing as the iron concentrations increase. Most of the
site samples lie on or slightly above this trend and exhibit Cd/Fe ratios that are consistent with
those of the background samples. Cadmium in these samples most likely has a natural source.
Sample LAP-81130, however, contains the highest cadmium concentration of both site and
background data sets (6.08 mg/kg) but only moderate iron content (as well as only moderate
manganese and low aluminum), and it lies well above the general trend of the other samples.
Elevated cadmium in this sample should be considered suspect (Table 1).
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There are 20 non-TAL soil samples in the Low Impact Sub-Area data set that were analyzed for
cadmium and which could not be included in the geochemical evaluation. However, all 20 of
these samples are nondetect for cadmium (maximum reporting limit of 1 mg/kg).
Conclusion
The cadmium concentration in sample LAP-81130 is anomalously high relative to the
corresponding reference element concentrations and may contain a component of contamination
(Table 1). Cadmium detected in the other TAL soil samples is naturally occurring. Cadmium
was not detected in the 20 non-TAL samples that were analyzed for the element.
Chromium
As noted in Section 2.0, chromium can form several co-existing aqueous species with different
charges [Cr(OH)2+, Cr(OH)30, and Cr(OH)4–] and thus it can adsorb on several different types of
minerals, including clays and iron oxides (Kabata-Pendias, 2001). As a result, positive
correlations for chromium versus aluminum and chromium versus iron are commonly observed
for uncontaminated soil samples. The background samples form a linear trend with a positive
slope in a plot of chromium versus iron, and most of the site samples lie on this trend (Figure 3).
Most of the site samples with high chromium concentrations also contain proportionally higher
iron, and lie on the trend established by the other samples. Chromium in these samples is
associated with iron oxides at ratios consistent with those of the background samples, and is
natural. Site sample LAP-31M2 contains the highest iron concentration of the site and
background data sets (59.4 mg/kg) but only moderately high iron (as well as only moderate
aluminum and manganese) and it lies above the linear trend in Figure 3. This sample contains
an excess amount of chromium beyond that which can be explained by natural processes, given
the available data, and it may contain a component of contamination.
There are 21 non-TAL soil samples in the Low Impact Sub-Area data set that were analyzed for
chromium. These samples lack data for the primary reference elements (aluminum, iron) and
thus could not be included in the geochemical evaluation to determine if their chromium
concentrations have a natural source. However, the chromium concentrations detected in the
non-TAL samples are below the corresponding background upper prediction limit (UPL) of 29
mg/kg.
Conclusion
The chromium concentration in sample LAP-31M2 is anomalously high relative to the
corresponding reference element concentrations and may contain a component of contamination
(Table 1). Chromium detected in the other TAL samples is naturally occurring. Chromium
concentrations detected in the non-TAL samples are all below the background UPL.
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Lead
Lead has an affinity to adsorb on the surfaces of iron oxides (Kabata-Pendias, 2001), so a
positive correlation between lead and iron concentrations is often observed in uncontaminated
soil samples. A plot of lead versus iron is provided in Figure 4. Most of the site samples lie on
the trend established by the background samples. Lead in these site samples is associated with
iron oxides at ratios consistent with those of the background samples and is natural. However,
there are several site samples that appear to have anomalously high Pb/Fe ratios relative to
background.
Another perspective of the data is provided in Figure 5, which displays the lead concentrations
of the site and background samples (y-axis) versus their corresponding Pb/Fe ratios (x-axis). If a
sample contains excess lead from a contaminant source, then it will exhibit an anomalously high
Pb/Fe ratio relative to background and will plot to the right of the background samples in
Figure 5. The ten site samples with Pb/Fe ratios of 0.0052 and higher are outside the
background range, and the elevated lead in these samples should be considered suspect
(Table 1).
There are 23 non-TAL soil samples in the Low Impact Sub-Area data set that were analyzed for
lead. These samples lack data for the primary reference elements (aluminum, iron) and thus
could not be included in the geochemical evaluation to determine if their lead concentrations
have a natural source. The lead concentrations in non-TAL samples C940822-XXSB16-N00 (29
mg/kg) and LH11-SB06 (0-2) (22 mg/kg) exceed the background UPL of 17.8 mg/kg and should
be considered suspect. Lead concentrations in the other non-TAL samples are below the
background UPL.
Conclusion
Lead concentrations in ten TAL samples are anomalously high relative to the corresponding
reference element concentrations and may contain a component of contamination (Table 1).
Lead detected in the other TAL samples is naturally occurring. Lead concentrations in non-TAL
samples C940822-XXSB16-N00 and LH11-SB06 (0-2) exceed the background screening value
and should be considered suspect (Table 1). Lead concentrations detected in the other non-TAL
samples are below the background screening value.
Manganese
Manganese is commonly present in soil as manganese oxide minerals. In addition to being
present in the form of manganese oxides, manganese (as the divalent cation Mn2+) can adsorb on
the surfaces of iron oxides and can replace Fe2+ and Mg2+ in silicate and oxide minerals (KabataPendias, 2001; Cornell and Schwertmann, 2003). Plots of manganese versus aluminum and
manganese versus iron provide qualitative indicators of the relative abundances of manganese
oxides, clays, and iron oxides in the site and background samples (Figures 6 and 7). Positive
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correlations for manganese versus aluminum and manganese versus iron are not observed for the
background samples, which is not unusual considering that these elements are not always
geochemically associated. Most of the site samples with high manganese concentrations exhibit
high aluminum and/or iron concentrations, and they exhibit Mn/Al and Mn/Fe ratios that are
within the background range (Figures 8 and 9). These observations suggest a natural source for
manganese in most of the site samples. Sample CLNWR218, however, contains elevated
manganese (2,955 mg/kg) but low aluminum and iron, and its Mn/Al and Mn/Fe ratios exceed
those of the background samples (Figures 8 and 9). Elevated manganese in this sample should
be considered suspect (Table 1).
Conclusion
The manganese concentration in sample CLNWR218 is anomalously high and may contain a
component of contamination (Table 1). Manganese detected in the other site samples is
naturally occurring.
Vanadium
As discussed in Section 2.0, vanadium is typically present in oxic soil pore fluid as oxyanions
and has a strong affinity to adsorb on iron oxides, which tend to maintain a net positive surface
charge (Kabata-Pendias, 2001).
A positive correlation between vanadium and iron
concentrations is expected for uncontaminated samples under those conditions. The site and
background samples form a common linear trend with a positive slope in a plot of vanadium
versus iron (τ = 0.75 for the site samples) (Figure 10). The site samples with the highest
vanadium concentrations also contain proportionally higher iron concentrations, and they lie on
the linear trend established by the background samples. These observations indicate that
vanadium in the site samples is associated with iron oxides at ratios consistent with those of the
background samples and is natural.
Conclusion
Vanadium detected in the site samples is naturally occurring.
Zinc
Zinc in soils is commonly associated with iron oxides (Kabata-Pendias, 2001), so a positive
correlation between zinc and iron concentrations is expected for uncontaminated samples. The
background samples and most of the site samples form a common trend with a positive slope in a
plot of zinc versus iron (Figure 11). Some of the site samples with high zinc concentrations also
contain high iron concentrations and lie on the background trend. Zinc in these samples is
associated with iron oxides at ratios consistent with those of the background samples and is
natural.
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There are many samples with elevated zinc that lie above the background trend in Figure 11.
These samples exhibit anomalously high Zn/Fe ratios relative to the background samples, which
suggests that they contain excess zinc beyond that which can be explained by the natural iron
oxide content. This conclusion is supported by a comparison of the site and background Zn/Fe
ratios (Figure 12). The 33 site samples with Zn/Fe ratios of 0.0043 and higher are outside the
background range, and the elevated zinc in these samples should be considered suspect
(Table 1).
Conclusion
Zinc concentrations in 33 site samples are anomalously high relative to the corresponding
reference element concentrations and may contain a component of contamination (Table 1).
Zinc detected in the other site samples is naturally occurring.
Antimony
Antimony has geochemical behavior similar to that of arsenic and, like arsenic, it has an affinity
to adsorb on the surfaces of iron oxides (Kabata-Pendias, 2001). Positive correlations between
antimony and iron concentrations are thus commonly observed in uncontaminated soil samples.
A plot of detected antimony versus iron concentrations in the Low Impact Sub-Area and
background samples is provided in Figure 13. The site and background samples form a common
trend with a positive slope in the plot. The site samples with high antimony concentrations
contain proportionally higher iron and lie on the background trend. All of the site samples have
Sb/Fe ratios that are within the background ratio range, as seen in Figure 14. These observations
suggest that antimony in the site TAL samples is associated with iron oxides at ratios consistent
with those of the background samples, and that it is natural.
Twenty non-TAL soil samples in the Low Impact Sub-Area data set were analyzed for antimony
but could not be included in the geochemical evaluation due to a lack of reference element
analyses. However, all 20 of these samples are nondetect for antimony (maximum reporting
limit of 1.2 mg/kg).
Conclusion
Antimony detected in the site TAL samples is naturally occurring. The non-TAL samples are
nondetect for antimony.

4.0

Summary

Cadmium, chromium, lead, manganese, vanadium, and zinc in the Low Impact Sub-Area soil
data set failed statistical comparison to background. A geochemical evaluation was performed to
determine if the elevated site concentrations could be explained as the result of natural processes.
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Most of the site samples were analyzed for TAL metals, which includes the reference elements –
such as aluminum and iron – that are required for geochemical evaluation. Twenty-four samples
were analyzed for only antimony, arsenic, barium, cadmium, chromium, lead, mercury, nickel,
selenium, silver, and thallium. Accordingly, these non-TAL samples could not be included in
the geochemical evaluation to determine if their concentrations have a natural source.
Geochemical evaluation indicates that all detected concentrations of antimony and vanadium in
the site samples are naturally occurring. Anomalously high concentrations of cadmium,
chromium, lead, manganese, and zinc are present in at least one TAL sample each. These
concentrations are elevated with respect to their corresponding reference element concentrations
and may contain a component of contamination (Table 1).
The non-TAL samples are 100 percent nondetect for antimony and cadmium. Chromium
concentrations detected in the non-TAL samples are all below the corresponding background
screening value. Lead concentrations in non-TAL samples C940822-XXSB16-N00 and LH11SB06 (0-2) exceed their corresponding background screening value and should be considered
suspect (Table 1). Lead concentrations in the other non-TAL samples are below the background
screening value.

5.0
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Table 1
Soil Samples With Anomalously High Element Concentrations
Low Impact Sub-Area
Location

Sample No.

Sample Date

Depth Interval a

FWS-110

CLNWR110

9-Sep-03

0 - 0.5

Zinc

FWS-142

CLNWR142

9-Sep-03

0 - 0.5

Zinc

FWS-150

CLNWR150

9-Sep-03

0 - 0.5

Zinc

FWS-151

CLNWR151

9-Sep-03

0 - 0.5

Lead, Zinc

FWS-155

CLNWR155

9-Sep-03

0 - 0.5

Lead, Zinc

FWS-156

CLNWR156

9-Sep-03

0 - 0.5

Lead

FWS-174

CLNWR174

9-Sep-03

0 - 0.5

Zinc

FWS-175

CLNWR175

9-Sep-03

0 - 0.5

Zinc

FWS-185

CLNWR185

9-Sep-03

0 - 0.5

Lead, Zinc

FWS-186

CLNWR186

9-Sep-03

0 - 0.5

Zinc

FWS-200

CLNWR200

9-Sep-03

0 - 0.5

Zinc

FWS-201

CLNWR201

9-Sep-03

0 - 0.5

Zinc

FWS-212

CLNWR212

9-Sep-03

0 - 0.5

Lead, Zinc

FWS-214

CLNWR214

9-Sep-03

0 - 0.5

Zinc

FWS-217

CLNWR217

9-Sep-03

0 - 0.5

Lead

FWS-218

CLNWR218

9-Sep-03

0 - 0.5

Manganese

FWS-226

CLNWR226

9-Sep-03

0 - 0.5

Zinc

FWS-232

CLNWR232

9-Sep-03

0 - 0.5

Zinc

FWS-235

CLNWR235

9-Sep-03

0 - 0.5

Zinc

FWS-237

CLNWR237

9-Sep-03

0 - 0.5

Zinc

FWS-239

CLNWR239

9-Sep-03

0 - 0.5

Zinc

FWS-242

CLNWR242

9-Sep-03

0 - 0.5

Lead, Zinc

LAP-31M1

LAP-31M1

12-Jul-00

0 - 0.5

Lead

LAP-31M2

LAP-31M2

12-Jul-00

0 - 0.5

Chromium, Lead

TAL or Non-TAL

Anomalous Element(s) b

LAP-39M1

LAP-39M1

12-Jul-00

0 - 0.5

Lead, Zinc

LAP-81103

LAP-81103

10-Jul-00

0 - 0.5

Zinc

LAP-81105

LAP-81105

10-Jul-00

0 - 0.5

Zinc

LAP-81109

LAP-81109

11-Jul-00

0 - 0.5

Zinc

LAP-81124

LAP-81124

10-Jul-00

0 - 0.5

Zinc

LAP-81127

LAP-81127

10-Jul-00

0 - 0.5

Zinc

LAP-81129

LAP-81129

11-Jul-00

0 - 0.5

Zinc

LAP-81130

LAP-81130

12-Jul-00

0 - 0.5

Cadmium, Zinc

LAP-81146

LAP-81146

12-Jul-00

0 - 0.5

Zinc

LAP-81147

LAP-81147

12-Jul-00

0 - 0.5

Zinc

LAP-81152

LAP-81152

12-Jul-00

0 - 0.5

Zinc

LAP-81155

LAP-81155

12-Jul-00

0 - 0.5

Zinc

LAP-81156

LAP-81156

12-Jul-00

0 - 0.5

Zinc

LAP-81158

LAP-81158

12-Jul-00

0 - 0.5

11SB06

LH11-SB06 (0-2)

4-Mar-93

0 - 2

Non-TAL

Lead

XXSB16

C940822-XXSB16-N00

22-Aug-94

0 - 0

Non-TAL

Lead

Zinc

Notes and Abbreviations:
a

Feet below ground surface.

b

Non-TAL samples could not be subjected to geochemical evaluation due to a lack of reference element data. The non-TAL samples

listed above contain element concentrations above the corresponding background screening values.
TAL target analyte list
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Figure 1. Aluminum vs. Iron in Soil, Low Impact
Sub-Area, Longhorn Army Ammunition Plant
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Figure 2. Cadmium vs. Iron in Soil, Low Impact
Sub-Area, Longhorn Army Ammunition Plant
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Figure 3. Chromium vs. Iron in Soil, Low Impact SubArea, Longhorn Army Ammunition Plant
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Figure 4. Lead vs. Iron in Soil, Low Impact Sub-Area
Longhorn Army Ammunition Plant
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Figure 5. Lead vs. Pb/Fe Ratios in Soil, Low Impact SubArea, Longhorn Army Ammunition Plant
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Figure 6. Manganese vs. Aluminum in Soil, Low Impact
Sub-Area, Longhorn Army Ammunition Plant
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Figure 7. Manganese vs. Iron in Soil, Low Impact
Sub-Area, Longhorn Army Ammunition Plant
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Figure 8. Manganese vs. Mn/Al Ratios in Soil, Low Impact
Sub-Area, Longhorn Army Ammunition Plant
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Figure 9. Manganese vs. Mn/Fe Ratios in Soil, Low Impact
Sub-Area, Longhorn Army Ammunition Plant
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Figure 10. Vanadium vs. Iron in Soil, Low Impact
Sub-Area, Longhorn Army Ammunition Plant
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Figure 11. Zinc vs. Iron in Soil, Low Impact Sub-Area
Longhorn Army Ammunition Plant
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Figure 12. Zinc vs. Zn/Fe Ratios in Soil, Low Impact SubArea, Longhorn Army Ammunition Plant
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Figure 13. Antimony vs. Iron in Soil, Low Impact SubArea, Longhorn Army Ammunition Plant
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Figure 14. Antimony vs. Sb/Fe Ratios in Soil, Low Impact
Sub-Area, Longhorn Army Ammunition Plant
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APPENDIX F
Attachment 3, Section 3
Geochemical Evaluation of Metals in Soil Samples from the
Waste Sub-Area, Longhorn Army Ammunition Plant

1.0

Introduction

This report provides the results of a geochemical evaluation of inorganic constituents in soil
samples from the Waste Sub-Area at Longhorn Army Ammunition Plant, Karnack, Texas.
Seven elements in the site data set failed statistical comparison to background, and a
geochemical evaluation was performed to determine if the elevated concentrations are naturally
occurring or if they contain a component of contamination.
Site samples included in the evaluation consist of 100 regular soil samples and 12 field duplicate
soil samples collected over a ten-year period from April 1993 through September 2003. The
samples were obtained from various depths ranging from 0 to 3 feet below ground surface. It
should be noted that 26 samples were analyzed for all or most of the 23 target analyte list (TAL)
metals (including aluminum, iron, and manganese). The remaining 86 samples were analyzed
for only antimony, arsenic, barium, cadmium, chromium, lead, mercury, nickel, selenium, silver,
and thallium. Installation-wide background data for TAL metals in soil are provided in the
background study report (Shaw Environmental, Inc., 2004) and are used in the following
evaluation.

2.0

Geochemical Evaluation Methodology

Statistical site-to-background comparisons for trace elements in soil commonly have high falsepositive error rates. A large number of background samples is required to adequately
characterize the upper tails of most trace element distributions, which are typically right skewed
and span a wide range of concentrations, but such a large background data set is not always
feasible. Higher false-positive error rates are expected if the site sample size is greater than the
background sample size. The presence of estimated concentrations and nondetects with differing
reporting limits can also cause statistical comparison tests to fail.
Statistical tests consider only the absolute concentrations of individual elements, and they
disregard the interdependence of element concentrations and the geochemical mechanisms
controlling element behavior. However, it is well established that trace elements are naturally
associated with specific soil-forming minerals, and the preferential enrichment of a sample with
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these minerals will result in elevated trace element concentrations. It is thus important to be able
to identify these naturally high concentrations and distinguish them from potential
contamination.
Recent publications indicate that geochemical evaluations are assuming a larger role in
environmental investigations (e.g., U.S. Environmental Protection Agency, 1995; Barclift, et al.,
2000; U.S. Navy, 2002 and 2003; Myers and Thorbjornsen, 2004). A properly executed
geochemical evaluation can reveal the mechanisms responsible for naturally high element
concentrations, and it can identify the samples with anomalously high concentrations that may
reflect site-related contamination. This section describes the geochemical evaluation techniques
that were employed in the Waste Sub-Area soil investigation.
Trace elements naturally associate with specific soil-forming minerals, and geochemical
evaluations are predicated on these known associations. For example, in most uncontaminated
oxic soils, arsenic exhibits an almost exclusive association with iron oxide minerals (Bowell,
1994; Schiff and Weisberg, 1997). Arsenic exists in oxic soil pore fluid as oxyanions such as
HAsO4–2 and H2AsO4– (Brookins, 1988), and these negatively charged species have a strong
affinity to adsorb on iron oxides, which tend to maintain a net positive surface charge (EPRI,
1986). This association is expressed as a positive correlation between arsenic concentrations and
iron concentrations for uncontaminated samples: soil samples with a low percentage of iron
oxides will contain proportionally lower arsenic concentrations, and soil samples that are
enriched in iron oxides will contain proportionally higher arsenic concentrations. Although there
is variability in the absolute concentrations of arsenic and iron in soil at a site, the As/Fe ratios of
the samples will be relatively constant if no contamination is present (Daskalakis and O’Connor,
1995). Samples that contain excess arsenic from an contaminant source (e.g., arsenic-bearing
compounds such as the chemical warfare agent lewisite or certain herbicides) will exhibit
anomalously high As/Fe ratios compared to the uncontaminated samples.
To perform the geochemical evaluation, correlation plots are constructed to explore the
elemental associations and identify potentially contaminated samples.
The detected
concentrations of the trace element of interest (dependent variable) are plotted against the
detected concentrations of the reference element (independent variable), which represents the
mineral to which the trace element may be adsorbed. In the case of arsenic, the arsenic
concentrations for a given set of samples would be plotted on the y-axis and the corresponding
iron concentrations would be plotted on the x-axis. If no contamination is present, then the
samples will exhibit a generally linear trend and the samples with the highest arsenic
concentrations will lie on this trend. This indicates that the elevated arsenic is due to the
preferential enrichment of iron oxides in those samples, and that the arsenic has a natural source.
If, however, the samples with high arsenic concentrations have low or moderate iron
concentrations (anomalously high As/Fe ratios), then they will lie above the linear trend
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established by the other samples. This would indicate that the anomalous samples contain excess
arsenic beyond that which can be explained by the natural iron oxide content, and such samples
may contain a component of contamination.
The reference elements against which trace elements are evaluated reflect the affinity that the
trace elements have for specific minerals. The concentrations of iron, aluminum, and manganese
serve as qualitative indicators of the amounts of iron oxide, clay, and manganese oxide minerals
in the soil samples. Along with arsenic, selenium and vanadium are present in oxic soil pore
fluid as anions, and have an affinity to adsorb on iron oxides, which tend to maintain a net
positive surface charge. Concentrations of arsenic, selenium, or vanadium in a set of samples
can be evaluated through comparison to the corresponding iron concentrations. Barium,
cadmium, lead, and zinc are typically present in soil as divalent cations and have an affinity to
adsorb on clay minerals, which tend to maintain a net negative surface charge. Concentrations of
barium, cadmium, lead, or zinc can be evaluated through comparison to the corresponding
aluminum concentrations. Manganese oxides have a strong affinity to adsorb barium, cobalt, and
lead (Kabata-Pendias, 2001), so concentrations of these elements can be compared to the
corresponding manganese concentrations, as long as there is enough manganese present in the
soil to form discrete manganese oxides.
It is important to note that some trace elements have very strong affinities for a particular type of
mineral, whereas other elements will partition themselves between several minerals. For
instance, vanadium has a particularly strong affinity for iron oxides, so correlation coefficients
for vanadium versus iron in uncontaminated samples are usually very high, and this is expressed
on a correlation plot as a highly linear trend. In contrast, chromium will form several co-existing
aqueous species with different charges [Cr(OH)2+, Cr(OH)30, and Cr(OH)4–] that will adsorb on
several different types of minerals including clays and iron oxides. This behavior will yield
lower correlation coefficients for chromium versus iron or chromium versus aluminum relative
to the coefficients observed for vanadium versus iron, and more scatter may be observed on the
correlation plots. Some elements are more selective than others with respect to adsorption on
specific mineral surfaces, and this selectivity is dependent on site-specific conditions, including
soil pH, redox conditions, and concentrations of competing elements.
Ratio Plots. Site samples with a trace element present as a contaminant will exhibit
anomalously high trace-versus-major element ratios compared to background trace-versus-major
element ratios. These elevated ratios may not always be apparent in log-log correlation plots,
especially at the upper range of concentrations. Therefore, ratio plots – which depict trace
element concentrations on the y-axis and trace/major element ratios on the x-axis – are employed
in conjunction with correlation plots in those cases where it is not immediately apparent which
site samples have anomalously high elemental ratios on the correlation plots. The ratio plots
permit easy identification of samples with anomalously high elemental ratios relative to
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background, and they have high resolution over the entire concentration range. The presence of
an anomalously high elemental ratio is not definitive proof of site-related contamination;
however, such samples are discussed in the text and, unless otherwise noted, are flagged as
representing potential site-related contamination. This is a conservative approach.
It is also important to note that there is natural variability as well as analytical uncertainty in the
elemental ratios of uncontaminated soil and sediment samples. Trace/major element ratios are
calculated from two uncertain analytical results, so the resulting uncertainties in the ratios can
produce some scatter in the points on a ratio plot. This is especially true when estimated (“J”qualified) analytical results are used. This can be seen on many of the plots that show more
scatter of the points at the lower concentration range, where analytical uncertainties are higher
and analytical results are reported with fewer significant figures.
On ratio plots, vertical trends should only be expected in those cases where the trace element
adsorption is a linear process, and where the trace element concentrations are controlled
exclusively by adsorption on a given mineral type. Nonvertical trends are much more common
in ratio plots, however, because adsorption processes often are not linear and because trace
elements often have affinities for more than one type of sorptive surface. Nonlinear adsorption
of a trace element on mineral surfaces will manifest itself as a curve rather than a straight line on
a correlation plot, and as a non-vertical trend on a ratio plot. In addition, the presence of
competing ions in soil or sediment and differences in pH and redox conditions among the sample
locations can add to the natural variability of elemental ratios.
Ratio plots may also be prepared for the major elements (e.g., aluminum versus Al/Fe ratios).
However, adsorption is not the dominant process controlling major element concentrations. For
example, aluminum and iron concentrations covary largely because they are controlled by the
abundance of fine-grained minerals in the samples. The plots thus reflect physical effects, rather
than chemical effects such as adsorption. Linearity is often not observed in major-versus-major
element correlation plots and associated ratio plots.

3.0

Results of the Geochemical Evaluation of Multiple Elements in Soil

This section presents the results of the geochemical evaluation of aluminum, barium, cadmium,
chromium, lead, vanadium, and zinc in soil samples from the Waste Sub-Area. Antimony was
added to the list of elements requiring geochemical evaluation, following completion and
regulatory review of the draft version of this report, and the antimony evaluation is provided at
the end of this section. Correlation plots are provided in Attachment 1. Table 1 lists the
samples identified as containing anomalously high element concentrations.
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As previously noted, 26 of the 112 site soil samples were analyzed for all or most of the TAL
metals (including the primary reference elements aluminum, iron, and manganese).
Accordingly, these are the only samples that can be examined during the geochemical
evaluation. For ease of description in this report, these samples are referred to as the “TAL
samples.” The remaining 86 samples were analyzed for only eleven trace elements. These
samples lack data for the primary reference elements and thus cannot be included in the
correlation plots, and they are referred to hereafter as the “non-TAL samples.”
Aluminum
Aluminum is a primary component of common soil-forming minerals such as clays, feldspars,
and micas. Aluminum also substitutes for ferric iron in iron oxide minerals, and can adsorb on
iron oxide surfaces (Cornell and Schwertmann, 2003). The iron in the site samples is dominantly
present as iron oxides, which are common soil-forming minerals and which occur as discrete
mineral grains or as coatings on silicate minerals (Cornell and Schwertmann, 2003). Clays and
iron oxides tend to exist as very fine particles, so both aluminum and iron are enriched in
samples with finer grain sizes. A plot of aluminum versus iron concentrations provides a
qualitative indicator of the relative abundance of clay and iron oxide minerals in the site and
background soil samples (Figure 1). As seen in the plot, the site and background samples form a
common trend with a positive slope. The site samples with high aluminum concentrations also
have high iron content, and they lie on the background trend. The site samples exhibit Al/Fe
ratios that are similar to those of the background samples, indicating that the aluminum is
natural. It is important to note that clays and iron oxides adsorb specific trace elements (as
discussed in Section 2.0), so the samples that plot on the upper end of the trend in Figure 1 –
including some of the site samples – are expected to contain proportionally higher concentrations
of trace elements.
Conclusion
Aluminum detected in the site soil samples is naturally occurring.
Barium
Manganese oxides are naturally occurring minerals in soil, and are present as discrete mineral
grains or as coatings on other minerals. Manganese oxides have a strong affinity to adsorb
divalent cations (such as Ba2+, Co2+, and Pb2+), due to the large surface area and high negative
surface charges of these minerals. If a soil sample contains a high proportion of manganese
oxides, then it is expected to contain high concentrations of manganese and associated trace
elements such as barium. A plot of barium versus manganese reveals a common trend with a
positive slope for most of the site and background samples (Figure 2). Most of the site samples
exhibit Ba/Mn ratios that are similar to those of the background samples, and the barium in these
samples has a natural source. Samples 17SS22(1-3)-980820 and C-17SS26(1-3)-980820,
however, contain the highest barium concentrations of the samples on the plot (820 mg/kg and
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960 mg/kg, respectively), but they contain relatively low manganese (as well as only moderate
amounts of aluminum and iron) and lie above the trend formed by the other samples.
Another perspective of the data sets is provided in Figure 3, which displays the barium
concentrations of the site and background samples versus their corresponding Ba/Mn ratios. If a
sample contains excess barium from a contaminant source, then it will exhibit an anomalously
high Ba/Mn ratio relative to background and will plot to the right of the background samples in
Figure 3. Most of the site samples exhibit Ba/Mn ratios that are within the background range.
Samples 17SS22(1-3)-980820 and C-17SS26(1-3)-980820 have Ba/Mn ratios that exceed the
maximum background Ba/Mn ratio, and the elevated barium in these samples should be
considered suspect (Table 1).
There are 86 non-TAL soil samples in the Waste Sub-Area data set that were analyzed for
barium and which could not be included in the geochemical evaluation. Forty-three of these
samples exceed the background upper prediction limit (UPL) of 116 mg/kg.
Conclusion
Barium concentrations in samples 17SS22(1-3)-980820 and C-17SS26(1-3)-980820 are
anomalously high relative to the corresponding reference element concentrations and may
contain a component of contamination (Table 1). Barium detected in the other TAL samples is
naturally occurring. Forty-three non-TAL samples exceed the background screening value for
barium, and these concentrations should be considered suspect (Table 1).
Cadmium
Cations such as copper (Cu2+), cadmium (Cd2+), and nickel (Ni2+) have an affinity to adsorb on
the surfaces of iron oxides under the pH range of typical soils (5 to 8 standard units), with
adsorption increasing as pH approaches neutrality (Cornell and Schwertmann, 2003). The
cations bind to surface hydroxyl groups (OH–), giving rise to metal-surface complexes. Because
of this affinity for cation adsorption, positive correlations are commonly observed for cadmium
versus iron concentrations in uncontaminated soil samples. Samples that contain a high
proportion of iron oxides are therefore expected to contain naturally high concentrations of
cations such as cadmium. Figure 4 provides a plot of cadmium versus iron concentrations for
the site and background samples. Most of the background samples form a weak linear trend with
a positive slope, with cadmium concentrations generally increasing as the iron concentrations
increase. The site samples lie on or slightly above this trend and exhibit Cd/Fe ratios that are
consistent with those of the background samples. Cadmium in these samples most likely has a
natural source.
Another perspective of the data sets is provided in Figure 5, which displays the cadmium
concentrations of the site and background samples versus their corresponding Cd/Fe ratios. If a
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site sample contains excess cadmium from a contaminant source, then it will exhibit an
anomalously high Cd/Fe ratio relative to background and will plot to the right of the background
samples in Figure 5. However, no such samples are observed. All of the site samples exhibit
Cd/Fe ratios that are within the background range.
There are 86 non-TAL soil samples in the Waste Sub-Area data set that were analyzed for
cadmium and which could not be included in the geochemical evaluation. Three of these
samples exceed the background UPL of 1.4 mg/kg.
Conclusion
Cadmium detected in the TAL soil samples is naturally occurring. Three non-TAL samples
exceed the background screening value for cadmium, and these concentrations should be
considered suspect (Table 1).
Chromium
As noted in Section 2.0, chromium can form several co-existing aqueous species with different
charges [Cr(OH)2+, Cr(OH)30, and Cr(OH)4–] and thus it can adsorb on several different types of
minerals, including iron oxides (Kabata-Pendias, 2001). As a result, positive correlations for
chromium versus iron are commonly observed for uncontaminated soil samples. The
background samples form a linear trend with a positive slope in a plot of chromium versus iron,
and most of the site samples lie on this trend (Figure 6). Most of the site samples with high
chromium concentrations also contain proportionally higher iron, and they lie on the trend
established by the other samples. Chromium in these samples is associated with iron oxides at
ratios consistent with those of the background samples and is natural.
The exception is site sample LH-S116-02_1, which contains relatively high chromium (27.9
mg/kg) but only moderate iron and lies slightly above the background trend in Figure 6. This
sample exhibits an anomalously high Cr/Fe ratio relative to the background samples, which
suggests that it contains excess chromium beyond that which can be explained by the natural iron
oxide content. This conclusion is supported by a comparison of the site and background Cr/Fe
ratios (Figure 7). Elevated chromium in this sample should be considered suspect (Table 1). It
should be noted that this chromium concentration is below the maximum background
concentration of 34.6 mg/kg, so any contamination, if present, would not be significant.
There are 86 non-TAL soil samples in the Waste Sub-Area data set that were analyzed for
chromium and which could not be included in the geochemical evaluation. Seven of these
samples exceed the background UPL of 29 mg/kg.
Conclusion
The chromium concentration in TAL sample LH-S116-02_1 is anomalously high relative to the
corresponding reference element concentrations and may contain a component of contamination
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(Table 1). Chromium detected in the other TAL samples is naturally occurring. Seven nonTAL samples exceed the background screening value for chromium, and these concentrations
should be considered suspect (Table 1).
Lead
Manganese oxides are naturally occurring minerals in soil, and are present as discrete mineral
grains or as coatings on other minerals. Manganese oxides have a strong affinity to adsorb
divalent cations (such as Ba2+, Co2+, and Pb2+), due to the large surface area and high negative
surface charges of these minerals (Drever, 1997; Post, 1999). If a soil sample contains a high
proportion of manganese oxides, then it is expected to contain high concentrations of manganese
and associated trace elements such as lead. A plot of lead versus manganese reveals a common
trend with a positive slope for most of the site and background samples (Figure 8). Site sample
17SS22(0-0.5)A contains the highest lead concentration of the site and background samples (238
mg/kg), but along with the other site samples it exhibits a Pb/Mn ratio that is within the
background range of Pb/Mn ratios (Figure 9). Lead in the site samples is associated with
manganese oxides at ratios consistent with those of the background samples and is natural.
Lead often substitutes for calcium in carbonate minerals (Kabata-Pendias, 2001). If a sample is
preferentially enriched in carbonate minerals, it will contain naturally high concentrations of
calcium and associated elements such as lead. A plot of lead versus calcium is provided in
Figure 10. As seen in the plot, sample 17SS22(0-0.5)A contains the second-highest calcium
concentration of the site samples (7,300 mg/kg) and lies on the trend established by the other
samples. The Pb/Ca ratio of this sample is well within the background range of Pb/Ca ratios
(Figure 11). These observations also support the conclusion that the elevated lead in the sample
17SS22(0-0.5)A has a natural source.
There are 86 non-TAL soil samples in the Waste Sub-Area data set that were analyzed for lead
and which could not be included in the geochemical evaluation. Twenty-nine of these samples
exceed the background UPL of 17.8 mg/kg.
Conclusion
Lead detected in the TAL soil samples is naturally occurring. Twenty-nine non-TAL samples
exceed the background screening value for lead, and these concentrations should be considered
suspect (Table 1).
Vanadium
As discussed in Section 2.0, vanadium is typically present in oxic soil pore fluid as oxyanions
and has a strong affinity to adsorb on iron oxides, which tend to maintain a net positive surface
charge (Kabata-Pendias, 2001).
A positive correlation between vanadium and iron
concentrations is expected for uncontaminated samples under those conditions. The site and
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background samples form a common linear trend with a positive slope in a plot of vanadium
versus iron (τ = 0.77 for the site samples) (Figure 12). The site samples with the highest
vanadium concentrations also contain proportionally higher iron concentrations, and they lie on
the linear trend established by the background samples. These observations indicate that
vanadium in the site samples is associated with iron oxides at ratios consistent with those of the
background samples and is natural.
Conclusion
Vanadium detected in the site samples is naturally occurring.
Zinc
Zinc in soil is commonly associated with iron oxides (Kabata-Pendias, 2001), so a positive
correlation for zinc versus iron is expected for uncontaminated samples. The background
samples and most of the site samples form a common trend with a positive slope in a plot of zinc
versus iron (Figure 13). Most of the site samples with high zinc concentrations also contain
high iron concentrations and lie on the background trend. Zinc in these samples is associated
with iron oxides at ratios consistent with those of the background samples and is natural.
Site sample 17SS22(0-0.5)A contains the highest zinc concentration of the site and background
samples (190 mg/kg) but only moderately high iron, and it lies above the background trend in
Figure 13. Zinc is associated with carbonate minerals and it has an affinity for calciumexchange sites in soil minerals (Kabata-Pendias, 2001), so zinc and calcium concentrations often
covary in uncontaminated samples. A plot of zinc versus calcium is provided in Figure 14. As
seen in the plot, sample 17SS22(0-0.5)A contains the second-highest calcium concentration of
the site samples (7,300 mg/kg) and lies on the linear trend formed by the other samples. The
Zn/Ca ratio of this sample is well within the background range of Zn/Ca ratios (Figure 15).
These observations indicate a natural source for the elevated zinc in sample 17SS22(0-0.5)A.
Conclusion
Zinc detected in the site soil samples is naturally occurring.
Antimony
Antimony has geochemical behavior similar to that of arsenic and, like arsenic, it has an affinity
to adsorb on the surfaces of iron oxides (Kabata-Pendias, 2001). As a result of this behavior,
positive correlations between antimony and iron concentrations are commonly observed in
uncontaminated soil samples. A plot of detected antimony versus iron concentrations in the
Waste Sub-Area and background samples is provided in Figure 16. One of the two site TAL
samples with detectable antimony has an Sb/Fe ratio that is consistent with those of the
background samples, and it lies on the background trend in the plot. Antimony in this sample is
most likely natural. Site sample LH-S116-02_1 has the highest antimony concentration of the
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two data sets (4.2 mg/kg) but relatively low iron content, and it lies above the background trend
in Figure 16. The anomalously high Sb/Fe ratio of this sample may reflect contamination
(Table 1).
There are 86 non-TAL soil samples in the Waste Sub-Area data set that were analyzed for
antimony and which could not be included in the geochemical evaluation. The two antimony
detections in these samples are below the background screening value of 1.6 mg/kg.
Conclusion
The antimony concentration of TAL sample LH-S116-02_1 is anomalously high and may
contain a component of contamination (Table 1). The two antimony detections in the non-TAL
samples are below the background screening value.

4.0

Summary

Aluminum, antimony, barium, cadmium, lead, vanadium, and zinc in the Waste Sub-Area soil
data set failed statistical comparison to background. A geochemical evaluation was performed to
determine if the elevated site concentrations could be explained as the result of natural processes.
Twenty-six site samples were analyzed for TAL metals, which includes the reference elements –
such as aluminum, iron, manganese, and calcium – that are required for geochemical evaluation.
The remaining 86 samples were analyzed for only antimony, arsenic, barium, cadmium,
chromium, lead, mercury, nickel, selenium, silver, and thallium. Accordingly, these non-TAL
samples could not be included in the geochemical evaluation to determine if their concentrations
have a natural source.
Geochemical evaluation indicates that all detected concentrations of aluminum, cadmium, lead,
vanadium, and zinc in the TAL soil samples are naturally occurring. The barium concentrations
in samples 17SS22(1-3)-980820 and C-17SS26(1-3)-980820 and the antimony concentration in
sample LH-S116-02_1 are anomalously high and may contain a component of contamination
(Table 1). Forty-three non-TAL samples contain barium concentrations that exceed the
corresponding background screening value, three non-TAL samples contain cadmium above the
corresponding background screening value, seven non-TAL samples contain chromium above
the corresponding background screening value, and twenty-nine non-TAL samples contain lead
above the corresponding background screening value (Table 1). These concentrations should be
considered suspect.
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Table 1
Soil Samples With Anomalously High Element Concentrations
Waste Sub-Area
Sample

Depth

Sample

Location

Date

17SS26
17SS22
LH-S116-02
16SB06
16SB04
16SB05
16SB04
12WW06
12WW05
12WW02
16WW03
16WW05
16WW06
16WW09
16WW11
16WW10
17SB01
17SB02
17SB04
17SB06
17SB01
17SB03
17SB05
17WW01
12SB01
12SB02
17SS14
17SS14
17SS17
17SS18
17SS19
17SS01
17SS02
17SS05
17SS08
17SS13
17SS13
18SS12
18SS12
18SS24
17SS15
17SS10
18SS02
18SS03
18SS15
18SS18
18SS21
18SS22
18SS01
18SS07
18SS08
18SS09
18SS10
18SS16
18SS19
18SS20

8/20/1998
8/20/1998
7/7/1993
4/15/1993
4/16/1993
4/16/1993
4/17/1993
4/18/1993
4/19/1993
4/28/1993
5/4/1993
5/4/1993
5/5/1993
5/5/1993
5/13/1993
5/14/1993
5/15/1993
5/15/1993
5/15/1993
5/15/1993
5/15/1993
5/16/1993
5/16/1993
5/16/1993
6/1/1993
6/1/1993
3/1/1995
3/1/1995
3/1/1995
3/2/1995
3/2/1995
3/3/1995
3/3/1995
3/3/1995
3/3/1995
3/4/1995
3/4/1995
3/5/1995
3/5/1995
3/5/1995
3/5/1995
3/15/1995
3/17/1995
3/17/1995
3/17/1995
3/18/1995
3/18/1995
3/18/1995
3/19/1995
3/19/1995
3/19/1995
3/19/1995
3/19/1995
3/19/1995
3/19/1995
3/19/1995

a

3
3
2
2
4
2
1
2
1.5
2
2
2
2
2
2
2
2
2
2
2
2.5
2
2
2
2
2
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0
0
0
0.5
0.5
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Interval
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2.5
0
0
0
1
1
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0
0
0
0.5
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

-

Sample

TAL or

Anomalous

Sample Number

Purpose

Non-TAL

Element(s) b

C-17SS26(1-3)-980820
17SS22(1-3)-980820
LH-S116-02_1
16SB06(0-2)
16SB04(0-4)
16SB05(0-2)QC
16SB04A(0-1)
12WW06(0-2)
12WW05(0-1.5)
C930428-12WW02-N02
16WW03(0-2)
16WW05(0-2)
16WW06(0-2)
16WW09A(0-2)
16WW11(0-2)
16WW10(0-2)QC
17SB01(0-2)
17SB02(0-2)
17SB04(0-2)
17SB06(0-2)
17SB01(02)
17SB03(0-2)
17SB05(0-2)
17WW01(0-2)
12SB01(1.0-2.0)
12SB02(1.0-2.0)
17SS14(000.0)
17SS14(000.0)QC
17SS17(000.0)
17SS18(000.0)
17SS19(000.0)
17SS01(000.0)
17SS02(000.0)
17SS05(000.0)
17SS08(000.0)
17SS13(000.0)
17SS13(000.0)QC
18SS12(000.0)
18SS12(000.0)QC
18SS24(000.0)
17SS15(000.0)
17SS10(000.0)
18SS02(000.0)
18SS03 (000.0)
18SS15(000.0)
18SS18(000.0)
18SS21 (000.0)QC
18SS22(000.0)
18SS01(000.0)
18SS07(000.0)
18SS08(000.0)
18SS09(000.0)
18SS10(000.0)
18SS16 (000.0)
18SS19 (000.0)
18SS20(000.0)

REG
REG
REG
REG
REG
FD
REG
REG
REG
REG
REG
REG
REG
REG
REG
FD
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
FD
REG
REG
REG
REG
REG
REG
REG
REG
FD
REG
FD
REG
REG
REG
REG
REG
REG
REG
FD
REG
REG
REG
REG
REG
REG
REG
REG
REG

Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL

Barium
Barium
Antimony, Chromium
Lead
Barium, Lead
Lead
Barium, Lead
Lead
Barium
Barium
Chromium
Barium, Chromium
Barium
Barium
Barium
Barium, Chromium
Barium
Lead
Barium, Cadmium, Chromium, Lead
Lead
Barium
Barium
Barium
Barium, Chromium, Lead
Barium, Lead
Chromium
Barium, Lead
Barium, Lead
Lead
Barium, Lead
Barium
Barium, Lead
Barium, Lead
Barium, Cadmium, Chromium, Lead
Barium, Lead
Barium, Lead
Barium, Lead
Barium
Barium
Barium
Barium
Barium, Cadmium, Lead
Barium
Barium, Lead
Barium, Lead
Barium
Lead
Barium, Lead
Barium
Barium, Lead
Barium
Barium, Lead
Barium
Lead
Barium
Barium, Lead

Notes and Abbreviations:
a
b

Foot [feet] below ground surface.
Non-TAL samples could not be subjected to geochemical evaluation due to a lack of reference element data. The non-TAL samples

listed above contain element concentrations above the corresponding background screening values.
FD
field duplicate
REG regular
TAL target analyte list
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Figure 1. Aluminum vs. Iron in WSA Soil
Longhorn Army Ammunition Plant
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Figure 2. Barium vs. Manganese in WSA Soil
Longhorn Army Ammunition Plant
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Figure 3. Barium vs. Ba/Mn Ratios in WSA Soil
Longhorn Army Ammunition Plant
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Figure 4. Cadmium vs. Iron in WSA Soil
Longhorn Army Ammunition Plant
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Figure 5. Cadmium vs. Cd/Fe Ratios in WSA Soil
Longhorn Army Ammunition Plant
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Figure 6. Chromium vs. Iron in WSA Soil
Longhorn Army Ammunition Plant
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Figure 7. Chromium vs. Cr/Fe Ratios in WSA Soil
Longhorn Army Ammunition Plant
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Figure 8. Lead vs. Manganese in WSA Soil
Longhorn Army Ammunition Plant
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Figure 9. Lead vs. Pb/Mn Ratios in WSA Soil
Longhorn Army Ammunition Plant
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Figure 10. Lead vs. Calcium in WSA Soil
Longhorn Army Ammunition Plant
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Figure 11. Lead vs. Pb/Ca Ratios in WSA Soil
Longhorn Army Ammunition Plant
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Figure 12. Vanadium vs. Iron in WSA Soil
Longhorn Army Ammunition Plant
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Figure 13. Zinc vs. Iron in WSA Soil
Longhorn Army Ammunition Plant
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Figure 14. Zinc vs. Calcium in WSA Soil
Longhorn Army Ammunition Plant
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Figure 15. Zinc vs. Zn/Ca Ratios in WSA Soil
Longhorn Army Ammunition Plant
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Figure 16. Antimony vs. Iron in WSA Soil
Longhorn Army Ammunition Plant
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APPENDIX F
Attachment 3, Section 4
Geochemical Evaluations of Selected Elements in Sediment and
Surface Water Samples from Four Watershed Areas
Longhorn Army Ammunition Plant

1.0

Introduction

This report provides the results of a geochemical evaluation of selected inorganic constituents in
sediment and surface water samples from the Central Creek, Goose Prairie Creek, Harrison
Bayou, and Saunders Branch watershed areas of the Longhorn Army Ammunition Plant
(LHAAP), Karnack, Texas. Elements in the site data sets that failed statistical comparison to
background were retained for geochemical evaluation to determine if the elevated concentrations
are naturally occurring or if they contain a component of contamination. The elements of
concern in sediment and surface water at these four watersheds are:
Central Creek: Aluminum, barium, cadmium, copper, iron, lead, mercury,
nickel, thallium, vanadium, zinc.
Goose Prairie Creek: Aluminum, barium, cadmium, copper, iron, lead,
mercury, nickel, silver, thallium, vanadium, zinc.
Harrison Bayou: Aluminum, barium, cadmium, chromium, copper, iron, lead
(surface water only), mercury, nickel, thallium, vanadium, zinc.
Saunders Branch: Aluminum, barium, cadmium, copper, mercury, nickel,
vanadium, zinc (sediment only, for all eight elements).
The methodology used in the geochemical evaluation is provided in Section 2.0. The subsequent
sections provide the results of the sediment evaluation (Section 3.0), surface water evaluation
(Section 4.0), a summary of the results (Section 5.0), and references (Section 6.0). Sediment
and surface water samples identified as containing anomalous element concentrations are listed
in Tables 1 and 2.

2.0

Geochemical Evaluation Methodology

Statistical site-to-background comparisons for trace elements in sediment and surface water
commonly have high false-positive error rates. A large number of background samples is
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required to adequately characterize the upper tails of most trace element distributions, which are
typically right skewed and span a wide range of concentrations, but such a large background data
set is not always feasible. Higher false-positive error rates are expected if the site sample size is
greater than the background sample size. The presence of estimated concentrations and
nondetects with differing reporting limits can also cause statistical comparison tests to fail.
Statistical tests consider only the absolute concentrations of individual elements, and they
disregard the interdependence of element concentrations and the geochemical mechanisms
controlling element behavior. However, it is well established that trace elements are naturally
associated with specific minerals in sediment and specific types of suspended particulates in
surface water, and the preferential enrichment of a sample with these minerals will result in
elevated trace element concentrations. It is thus important to be able to identify these naturally
high concentrations and distinguish them from potential contamination.
Recent publications indicate that geochemical evaluations are assuming a larger role in
environmental investigations (e.g., U.S. Environmental Protection Agency, 1995; Barclift, et al.,
2000; U.S. Navy, 2002 and 2003; Myers and Thorbjornsen, 2004). A properly executed
geochemical evaluation can reveal the mechanisms responsible for naturally high element
concentrations, and it can identify the samples with anomalously high concentrations that may
reflect site-related contamination. The following sections describes the geochemical evaluation
techniques that were employed for sediment and surface water in the watershed areas.

2.1

Methodology for Sediment

Trace elements naturally associate with specific minerals that are common to sediment, and
geochemical evaluations are predicated on these known associations. For example, in most
uncontaminated oxic sediment, arsenic exhibits an almost exclusive association with iron oxide
minerals (Bowell, 1994; Schiff and Weisberg, 1997). Arsenic exists in oxic sediment pore fluid
as oxyanions such as HAsO4–2 and H2AsO4– (Brookins, 1988), and these negatively charged
species have a strong affinity to adsorb on iron oxides, which tend to maintain a net positive
surface charge (Electric Power Research Institute [EPRI], 1986). (In this report the term “iron
oxide” encompasses oxides, hydroxides, oxyhydroxides, and hydrous oxides of iron.) This
association is expressed as a positive correlation between arsenic concentrations and iron
concentrations for uncontaminated samples: sediment samples with a low percentage of iron
oxides will contain proportionally lower arsenic concentrations, and sediment samples that are
enriched in iron oxides will contain proportionally higher arsenic concentrations. Although there
is variability in the absolute concentrations of arsenic and iron in sediment at a site, the As/Fe
ratios of the samples will be relatively constant if no contamination is present (Daskalakis and
O’Connor, 1995). Samples that contain excess arsenic from a contaminant source (e.g., an

MARC No. W912QR-04-D-0027, TO No. DS02
Longhorn Army Ammunition Plant, Karnack, Texas

2

Shaw Project No. 117591
11/9/2007

00050914

Installation-Wide BERA
Volume I – Appendix F, Attachment 3, Section 4

Shaw Environmental, Inc.

arsenic-bearing herbicide) will exhibit anomalously high As/Fe ratios compared to the
uncontaminated samples.
To perform the geochemical evaluation, correlation plots are constructed to explore the
elemental associations and identify potentially contaminated samples.
The detected
concentrations of the trace element of interest (dependent variable) are plotted against the
detected concentrations of the reference element (independent variable), which represents the
mineral to which the trace element may be adsorbed. In the case of arsenic, the arsenic
concentrations for a given set of samples would be plotted on the y-axis and the corresponding
iron concentrations would be plotted on the x-axis. If no contamination is present, then the
samples will exhibit a generally linear trend and the samples with the highest arsenic
concentrations will lie on this trend. This indicates that the elevated arsenic is due to the
preferential enrichment of iron oxides in those samples, and that the arsenic has a natural source.
If, however, the samples with high arsenic concentrations have low or moderate iron
concentrations (anomalously high As/Fe ratios), then they will lie above the linear trend
established by the other samples. This would indicate that the anomalous samples contain excess
arsenic beyond that which can be explained by the natural iron oxide content, and such samples
may contain a component of contamination.
The reference elements against which trace elements are evaluated reflect the affinity that the
trace elements have for specific minerals. The concentrations of iron, aluminum, and manganese
serve as qualitative indicators of the amounts of iron oxide, clay, and manganese oxide minerals
in the sediment samples. Along with arsenic, selenium and vanadium are present in oxic
sediment pore fluid as anions, and have an affinity to adsorb on iron oxides, which tend to
maintain a net positive surface charge. Concentrations of arsenic, selenium, or vanadium in a set
of samples can be evaluated through comparison to the corresponding iron concentrations.
Barium, cadmium, lead, and zinc are typically present in water as divalent cations and have an
affinity to adsorb on clay minerals, which tend to maintain a net negative surface charge.
Concentrations of barium, cadmium, lead, or zinc can be evaluated through comparison to the
corresponding aluminum concentrations. Manganese oxides have a strong affinity to adsorb
barium, cobalt, and lead (Kabata-Pendias, 2001), so concentrations of these elements can be
compared to the corresponding manganese concentrations, as long as there is enough manganese
present in the sediment to form discrete manganese oxides.
Over a limited range of concentrations, the adsorption of a trace element on a mineral surface
can usually be described by a linear isotherm. Over a wider range of concentrations, a twoparameter curved fit (such as a Freundlich or Langmuir isotherm) may be more appropriate for
some trace elements. In this report the elemental correlations are referred to as “linear trends,”
although though there may be some degree of curvature to the natural relationship.
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It is important to note that some trace elements have very strong affinities for a particular type of
mineral, whereas other elements will partition themselves between several minerals. For
instance, vanadium has a particularly strong affinity for iron oxides, so correlation coefficients
for vanadium versus iron in uncontaminated samples are usually very high, and this is expressed
on a correlation plot as a highly linear trend. In contrast, chromium will form several co-existing
aqueous species with different charges [Cr(OH)2+, Cr(OH)30, and Cr(OH)4–] that will adsorb on
several different types of minerals including clays and iron oxides. This behavior will yield
lower correlation coefficients for chromium versus iron or chromium versus aluminum relative
to the coefficients observed for vanadium versus iron, and more scatter may be observed on the
correlation plots. Some elements are more selective than others with respect to adsorption on
specific mineral surfaces, and this selectivity is dependent on site-specific conditions, including
pH of the water in contact with sediment, redox conditions, and concentrations of competing
elements. For these reasons, a trace element may be associated with iron or manganese oxides at
one site, and associated with clay minerals at another site, depending on the site-specific water
chemistry and sediment mineralogy.

2.2

Methodology for Surface Water

Surface water samples often contain elevated concentrations of inorganic constituents. Common
reasons for these elevated concentrations include naturally high dissolved concentrations, the
presence of suspended particulates in the samples, or contamination resulting from site activities.
One primary mechanism that is examined in this geochemical evaluation for surface water is the
presence of suspended particulates.
The presence of trace elements adsorbed on suspended particulates can greatly increase trace
element concentrations as reported by an analytical laboratory. These adsorbed trace elements
are not in true solution, and can be removed by settling or filtration. Samples containing trace
elements adsorbed on suspended clay particulates should show a positive correlation with
aluminum concentrations, and samples containing trace elements adsorbed on suspended iron
oxides should show a positive correlation with iron concentrations. These correlations are
evaluated by generating x-y plots of the concentrations of an elevated trace metal versus
aluminum or iron (depending on the trace element).
The most common suspended particulates in surface water samples are clay minerals, hydrous
aluminum oxides (Al2O3•nH2O), and hydroxides [Al(OH)3]; and iron oxide (Fe2O3), iron
hydroxide [Fe(OH)3], and iron oxyhydroxide (FeO•OH) minerals, collectively referred to as
“iron oxides.” All clay minerals contain aluminum and have low solubilities over a neutral pH
range of 6 to 8. Measured concentrations of aluminum in excess of ~1 milligram per liter (mg/L)
indicate the presence of suspended clay minerals, with higher aluminum concentrations being a
qualitative indicator of the mass of suspended clay minerals. Iron also has a very low solubility
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under neutral pH and moderate to oxidizing redox conditions, so that measured iron
concentrations in excess of ~1 mg/L under these conditions indicate the presence of suspended
iron oxides.
The presence of suspended clay or iron oxides in groundwater samples has particular importance
in the interpretation of trace element concentrations. Most clay particles maintain a negative
surface charge under neutral pH conditions, and have a strong tendency to adsorb positively
charged (cationic) aqueous species. Iron oxides display the opposite behavior, maintaining a
positive surface charge under neutral pH conditions, and have a strong tendency to adsorb
negatively charged (anionic) aqueous species.
Barium, lead, and zinc are usually present in surface water as divalent cations (Ba+2, Pb+2, Zn+2)
and thus tend to concentrate on clay surfaces (EPRI, 1984; Brookins, 1988). Arsenic, selenium,
and vanadium are usually present under oxidizing conditions as oxyanions (HAsO4–2, HSeO3–,
H2VO4–), and thus tend to concentrate on iron oxide surfaces (Bowell, 1994; Hem, 1985;
Pourbaix, 1974; Brookins, 1988).
Chromium can be present in surface water as a mixture of aqueous species with different charges
such as Cr(OH)2+, Cr(OH)3o, and Cr(OH)4– (EPRI, 1984). The positive, neutral, and negative
charges on these species result in the distribution of chromium on several different types of
sorptive surfaces, including clay and iron oxide minerals.
As an example, the concentrations of zinc (y-axis) can be plotted against aluminum (x-axis) for
site and background samples. If the site and background samples display a common linear trend,
then it is most likely that the elevated zinc concentrations are due to the presence of suspended
clay minerals in the samples. The slope of a best-fit line through the points is equal to the
average zinc/aluminum ratio. If some site samples plot above the trend established by the
background samples, then those site samples have an anomalously high zinc/aluminum ratio, and
most likely contain excess zinc that cannot be explained by these natural processes.
If the concentrations of trace elements in unfiltered samples are correlated with aluminum or
iron, then they are most likely adsorbed to the surfaces of suspended particulates. If these
correlations are linear, then the elevated concentrations are most likely natural.

2.3

Comparison of Lake and Stream Data Sets

The installation-wide background sediment and surface water samples were collected from
streams at LHAAP as well as from Clinton Lake (Shaw Environmental, Inc., 2004). Although
the absolute ranges of concentrations of elements in the lake and stream sediment samples may
vary, the elemental ratios do not show significant differences (Attachment 1). Likewise, the
elemental ratios of the lake and stream surface water samples show a marked similarity.
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Differences in the ranges of concentrations in lake versus stream samples are expected for
sediment (due to grain size effects) and surface water (due to turbidity effects) as discussed
below. However, the common trace/major element ratios indicate a common source for the trace
elements in the lake and stream samples, and justify their aggregation for the purposes of
geochemical evaluation.
Sediment. Aluminum is a primary component of common minerals such as clays, feldspars,
and micas. Iron oxides are also common in sediment and they occur as discrete mineral grains or
as coatings on silicate minerals (Cornell and Schwertmann, 2003). Clays and iron oxides tend to
exist as very fine particles, so both aluminum and iron are enriched in samples with finer grain
sizes. A plot of aluminum versus iron concentrations can thus be used to qualitatively assess the
relative abundance of these minerals in the background sediment samples (Figure 1-1,
Attachment 1). Calcium and magnesium typically covary in uncontaminated sediment samples,
due to their presence in carbonate and clay minerals and because magnesium substitutes for
calcium in minerals (Figure 1-2). Trace elements such as chromium and vanadium have an
affinity to adsorb on the surfaces of iron oxides, and positive correlations for chromium versus
iron and vanadium versus iron are typically observed for uncontaminated samples (Figures 1-3
and 1-4).
Trends with different slopes would be expected in these correlation plots if the lake and stream
data sets represented distinct populations with significantly different sediment compositions. As
seen in Figures 1-1 through 1-4, however, the lake samples maintain the same elemental ratios
as the stream samples and they lie on the trend established by the stream samples. This suggests
that it is appropriate to combine the two data sets in the geochemical evaluations performed for
LHAAP site-to-background comparisons. The lake samples tend to exhibit higher absolute
concentrations of aluminum, iron, and trace elements. This likely reflects the difference in water
velocity between the two types of water bodies. Clinton Lake likely represents a lower-energy
environment in which finer particles can settle out of suspension. A higher proportion of finegrained clay and iron oxide minerals are thus expected in lake sediment samples, which
translates to higher concentrations of aluminum and iron and proportionally higher
concentrations of associated trace elements. Stream sediment samples tend to have a lower
proportion of fine clays and oxides, and are enriched with coarser quartz grains that have very
low trace element content.
Surface Water. As explained in Section 2.2, detected concentrations of aluminum and iron
under circumneutral pH and moderate to oxidizing conditions reflects the presence of suspended
particulates such as clays and iron oxides. These particulates have an affinity to adsorb specific
trace elements. If a surface water sample contains a high proportion of suspended particulates,
then it will contain elevated concentrations of aluminum, iron, and associated trace elements.
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The LHAAP background lake and stream surface water data sets exhibit a greater difference in
absolute concentrations of elements than is observed in the background sediment data sets
(Figures 1-5 through 1-7, Attachment 1). However, this is largely an effect of the greater
turbulence and, hence, higher proportion of suspended solids present in flowing streams versus
lakes. The elemental ratios of the lake and stream samples are similar, and the lake samples lie
on the trends established by the stream samples in the correlation plots (Attachment 1).
Differences in concentrations between the two data sets reflect differences in suspended load.
The similar elemental ratios of the two data sets suggest a common origin, and indicate that they
can be combined for purposes of geochemical evaluation in the LHAAP site-to-background
comparisons.

3.0

Results of the Geochemical Evaluation of Multiple Elements in
Sediment Samples from Four Watershed Areas

This section presents the results of the geochemical evaluation of selected elements in sediment
samples from Central Creek (3.1), Goose Prairie Creek (3.2), Harrison Bayou (3.3), and
Saunders Branch (3.4) watershed areas. Correlation plots are provided in Attachment 1.
Table 1 lists the samples identified as containing anomalous element concentrations.

3.1

Central Creek Sediment

A total of 60 sediment samples were obtained from the Central Creek watershed. The samples
represent various depth intervals from 0 to 1.5 feet below ground surface (bgs). Thirty-two of
these samples were analyzed for the full 23-element Target Analyte List (TAL) suite which
includes aluminum, iron, and manganese (referred to as the “TAL samples”), and the remaining
28 samples were analyzed for a limited subset of the TAL list (referred to as the “non-TAL
samples”). Installation-wide background data for TAL metals in sediment based on 27 samples
are provided in the background study report (Shaw Environmental, Inc., 2004) and are used in
the following evaluation.
Aluminum
Aluminum is a primary component of common minerals in sediment such as clays, feldspars, and
micas. Aluminum also substitutes for ferric iron in iron oxide minerals, and can adsorb on iron
oxide surfaces (Cornell and Schwertmann, 2003). Iron in the site samples is dominantly present
as iron oxides, which are common in sediment and occur as discrete mineral grains or as coatings
on silicate minerals (Cornell and Schwertmann, 2003). Clays and iron oxides tend to exist as
very fine particles, so both aluminum and iron are enriched in samples with finer grain sizes. A
plot of aluminum versus iron concentrations provides a qualitative indicator of the relative
abundance of clay and iron oxide minerals in the Central Creek sediment samples (Figure 1).
As seen in the plot, the background and site samples form a common linear trend with a positive
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slope.
The site samples with high aluminum concentrations also contain high iron
concentrations, and lie on the background trend, indicating a natural source for the elevated
aluminum concentrations in the sediment samples.
Conclusion
Aluminum detected in the site sediment samples is naturally occurring.
Barium
Barium exists in solution as the divalent cation Ba+2, and has an affinity to adsorb on negatively
charged Al-bearing clay surfaces in sediment (EPRI, 1984). A positive correlation between
barium and aluminum is thus expected in the absence of contamination. Figure 2 shows the
correlation between barium versus aluminum for the background and TAL site samples. As seen
in the plot, the background and site samples form a common trend with a positive slope. The
TAL site samples with high barium concentrations (including the maximum Ba concentration of
367 mg/kg) also contain high aluminum concentrations, and lie on the background trend,
indicating a natural source for the elevated barium concentrations in the sediment samples.
There is however, one non-TAL site sample with a barium concentration of 384 mg/kg that does
not appear on Figure 2 because it was not analyzed for aluminum. The barium concentration in
this sample exceeds the background screening value of 229 mg/kg, so this sample should be
considered suspect (Table 1).
Conclusion
Barium detected in the TAL samples is naturally occurring. Barium detected in the non-TAL
site sediment sample from location 12SD03 exceeds the background screening value and should
be considered suspect.
Cadmium
Cadmium exists in dilute surface water as the divalent cation Cd+2, and has a specific affinity to
adsorb on manganese oxide surfaces in sediment (EPRI, 1984). Figure 3 shows the correlation
between cadmium versus manganese for the background and TAL site samples. Most of the
detected concentration are estimated (J-flagged) values so their positions are somewhat
uncertain. In addition, there are differences in reporting limits between the site and background
samples, so they do not fall on exactly the same trend. Most of the TAL site samples form a
generally linear trend with a positive slope, and lie below the background samples. The
exception is sample CLNWR118 from location FWS-118, which has elevated cadmium (14.2
mg/kg) but only moderate manganese. Non-TAL sample number 12SD10 (000.0) from location
12SD10 with a cadmium concentration of 6.27 mg/kg does not appear on Figure 3 because it
was not analyzed for manganese. This sample could not be evaluated, but should be considered
as suspect due to its high cadmium concentration relative to the two detected background
concentrations of 0.15 and 0.31 mg/kg.
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Conclusion
One TAL sample from location FWS-118 has an anomalous cadmium concentration and should
be considered suspect (Table 1). A second non-TAL sample from location 12SD10 should also
be considered suspect.
Copper
Copper can exist in dilute surface water as the cations Cu+ or Cu+2, with the divalent form
predominating under oxidizing conditions. Both forms have an affinity to adsorb on Al-bearing
clay surfaces in sediment (EPRI, 1984). Figure 4 shows the correlation between copper versus
aluminum for the background and TAL site samples. As seen in the plot, the background and
most of the site samples form a common linear trend with a positive slope. There is however,
one site sample with the maximum copper concentration of 23.1 mg/kg (sample number
CLNWR118 from location FWS-118)
that appears above the liner trend on the figure. An
additional perspective is provided in Figure 5, which shows copper concentrations versus Cu/Al
ratios. This view of the data confirms that the sample with the maximum copper concentration
has an anomalously high Cu/Al ratio, and should be considered suspect.
Conclusion
One sample from location FWS-118 has an anomalous copper concentration and should be
considered suspect (Table 1).
Iron
Iron minerals are common components of sediment, and include oxides, hydroxides, and
oxyhydroxides of varying degrees of crystallinity and hydration. These minerals occur as
discrete grains or as coatings on silicate minerals (Cornell and Schwertmann, 2003). Clays and
iron oxides tend to exist as very fine particles, so both aluminum and iron are enriched in
samples with finer grain sizes. A plot of aluminum versus iron concentrations provides a
qualitative indicator of the relative abundance of clay and iron oxide minerals in the Central
Creek sediment samples (Figure 1). As seen in the plot, the background and site samples form a
common linear trend with a positive slope. The site samples with high iron concentrations also
contain high aluminum concentrations, and lie on the background trend, indicating a natural
source for the elevated iron concentrations in the sediment samples.
Conclusion
Iron detected in the site sediment samples is naturally occurring.
Lead
Lead exists in dilute surface water as the Pb+2 cation, and has an affinity to adsorb on Al-bearing
clay surfaces in sediment (EPRI, 1984). Figure 6 shows the correlation between lead versus
aluminum for the background and TAL site samples. As seen in the plot, the background and
most of the site samples form a common trend with a positive slope. There are two samples that
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fall slightly above the trend, but the lead concentrations in these samples are below the maximum
background concentration. An additional perspective is provided in Figure 7, which shows lead
concentrations versus Pb/Al ratios. This view of the data confirms that all of the TAL site
samples, including the two samples with maximum lead concentrations of 31.6 mg/kg, have
Pb/Al ratios that are below the maximum background Pb/Al ratio. There are however, seven
non-TAL samples that have lead concentrations greater than the background screening value of
13.6 mg/kg. These non-TAL samples could not be evaluated because they were not analyzed for
aluminum, and their elevated lead concentrations should be considered suspect (Table 1).
Conclusion
All of the lead concentrations detected in the TAL samples are naturally occurring. Seven nonTAL samples listed in Table 1 could not be evaluated but should be considered suspect.
Mercury
Mercury is present in dilute oxic surface water as the Hg+2 cation, and has an affinity to adsorb
on Al-bearing clay minerals in sediment. Figure 8 shows the correlation between mercury and
aluminum for the background and TAL samples. As seen in the plot, the background and site
samples form a common linear trend with a positive slope. An additional perspective is provided
in Figure 9, which shows mercury concentrations versus Hg/Al ratios. This view of the data
confirms that all of the TAL site samples, including the sample with the maximum mercury
concentration of 0.231 mg/kg, have Hg/Al ratios that are below the maximum background Hg/Al
ratio. Mercury concentrations in the non-TAL samples are all below the background screening
value.
Conclusion
Mercury detected in the site sediment samples is naturally occurring.
Nickel
Manganese oxides are naturally occurring minerals in sediment, and are present as discrete
mineral grains or as coatings on other minerals. Manganese oxides have a strong affinity to
adsorb specific divalent cations (including Ni+2), due to the large surface area and high negative
surface charges of these minerals (EPRI, 1984). If a sediment sample contains a high proportion
of manganese oxides, then it is also expected to contain a naturally high concentration of nickel.
A plot of nickel versus manganese reveals a common, generally linear trend with a positive slope
for most of the background samples and site samples (Figure 10). The site samples exhibit
Ni/Mn ratios that are consistent with those of the background samples, indicating a natural
source for their nickel concentrations. Nickel concentrations in the non-TAL samples are all
below the background screening value.
Conclusion
Nickel detected in the site sediment samples is naturally occurring.
MARC No. W912QR-04-D-0027, TO No. DS02
Longhorn Army Ammunition Plant, Karnack, Texas

10

Shaw Project No. 117591
11/9/2007

00050922

Installation-Wide BERA
Volume I – Appendix F, Attachment 3, Section 4

Shaw Environmental, Inc.

Thallium
Two of the 55 site samples analyzed for thallium had detectable concentrations of 1.74 and 4.11
mg/kg. None of the 28 background samples had detectable thallium concentrations, however,
the reporting limits in the background samples range from 1.3 to 22 mg/kg with a mean of 8.2
mg/kg, compared to the site reporting limits which are in the range of 1 mg/kg. Thallium
concentrations observed in the site samples would be nondetectable in the background samples
based on these differences in reporting limits. Both of the site samples with detectable thallium
concentrations are non-TAL samples, so they could not be evaluated.
Conclusion
There is no direct evidence for thallium contamination in the site samples.
Vanadium
As discussed in Section 2.0, vanadium is typically present in oxic surface water as oxyanions
that have a strong affinity to adsorb on iron oxides in sediment, which tend to maintain a net
positive surface charge (Kabata-Pendias, 2001). A positive correlation between vanadium and
iron concentrations is expected for uncontaminated samples under those conditions. The site and
background samples form a common linear trend with a positive slope in a plot of vanadium
versus iron (Figure 11). The site samples with the highest vanadium concentrations also contain
proportionally higher iron concentrations, and they lie on the linear trend established by the
background samples. These observations indicate that vanadium in the site samples is associated
with iron oxides at ratios consistent with those of the background samples and is natural. NonTAL samples were not analyzed for vanadium.
Conclusion
Vanadium detected in the site sediment samples is naturally occurring.
Zinc
Zinc is typically present in oxic surface water as the divalent cation Zn+2, which has a strong
affinity to adsorb on Al-bearing clay minerals in sediment (EPRI, 1984). A positive correlation
between zinc and aluminum concentrations is expected for uncontaminated samples under those
conditions. The site and background samples form a common linear trend with a positive slope
in a plot of zinc versus aluminum (Figure 12). The site samples with the highest zinc
concentrations also contain proportionally higher aluminum concentrations, and they lie on the
linear trend established by the background samples. These observations indicate that zinc in the
site samples is associated with clay minerals at ratios consistent with those of the background
samples and is natural. Zinc concentrations in the non-TAL samples were all below the
background screening value.
Conclusion
Zinc detected in the site sediment samples is naturally occurring.
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Goose Prairie Creek Sediment

A total of 81 sediment samples were obtained from the Goose Prairie Creek watershed. The
samples represent various depth intervals from 0 to 1.5 feet bgs. Sixty-five of these samples
were analyzed for the full 23-element TAL suite which includes aluminum, iron, and manganese
(referred to as the “TAL samples”), and the remaining 16 samples were analyzed for a limited
subset of the TAL list (referred to as the “non-TAL samples”). Installation-wide background
data for TAL metals in sediment based on 27 samples are provided in the background study
report (Shaw Environmental, Inc., 2004) and are used in the following evaluation.
Aluminum
Aluminum is a primary component of common minerals in sediment such as clays, feldspars, and
micas. Aluminum also substitutes for ferric iron in iron oxide minerals, and can adsorb on iron
oxide surfaces (Cornell and Schwertmann, 2003). Iron in the site samples is dominantly present
as iron oxides, which are common in sediment and occur as discrete mineral grains or as coatings
on silicate minerals (Cornell and Schwertmann, 2003). Clays and iron oxides tend to exist as
very fine particles, so both aluminum and iron are enriched in samples with finer grain sizes. A
plot of aluminum versus iron concentrations provides a qualitative indicator of the relative
abundance of clay and iron oxide minerals in the Goose Prairie Creek sediment samples
(Figure 13). As seen in the plot, the background and site samples form a common, generally
linear trend with a positive slope. The site samples with high aluminum concentrations also
contain high iron concentrations, and lie on the background trend, indicating a natural source for
the elevated aluminum concentrations in the sediment samples.
Conclusion
Aluminum detected in the site sediment samples is naturally occurring.
Barium
Barium exists in solution as the divalent cation Ba+2, and has an affinity to adsorb on negatively
charged Al-bearing clay surfaces in sediment (EPRI, 1984). A positive correlation between
barium and aluminum is thus expected in the absence of contamination. Figure 14 shows the
correlation between barium versus aluminum for the background and TAL site samples. As seen
in the plot, the background and site samples form a common linear trend with a positive slope.
The TAL site samples with high barium concentrations (including the maximum Ba
concentration of 451 mg/kg) also contain high aluminum concentrations, and lie on the
background trend, indicating a natural source for the elevated barium concentrations in the
sediment samples. Barium concentrations in the non-TAL samples are all below the background
screening value.
Conclusion
Barium detected in the site sediment samples is naturally occurring.
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Cadmium
Cadmium exists in surface water as the divalent cation Cd2+, and has an affinity to adsorb on the
surfaces of iron oxides under the pH range of typical sediment (5 to 8 standard units), with
adsorption increasing as pH approaches neutrality (Cornell and Schwertmann, 2003). The
cations bind to surface hydroxyl groups (OH–), giving rise to metal-surface complexes. Because
of this affinity for cation adsorption, positive correlations are commonly observed for cadmium
versus iron concentrations in uncontaminated sediment samples. Samples that contain a high
proportion of iron oxides are therefore expected to contain naturally high concentrations of
cations such as cadmium. Figure 15 provides a plot of cadmium versus iron concentrations for
the TAL site and background samples. As seen in the plot, the background and TAL site
samples form a common trend with a positive slope. The TAL site samples with high cadmium
concentrations (including the maximum Cd concentration of 1.03 mg/kg) also contain high iron
concentrations, and lie on the background trend, indicating a natural source for the elevated
cadmium concentrations in the sediment samples. A plot of cadmium versus Cd/Fe ratios is
provided as Figure 16. This plot confirms that the TAL site samples have Cd/Fe ratios that are
within the range of the background ratios. All 16 non-TAL samples are nondetect for cadmium.
Conclusion
Cadmium detected in the site sediment samples is naturally occurring.
Copper
Copper can exist in dilute surface water as the cations Cu+ or Cu+2, with the divalent form
predominating under oxidizing conditions. Both forms have an affinity to adsorb on Al-bearing
clay surfaces in sediment (EPRI, 1984). Figure 17 shows the correlation between copper versus
aluminum for the background and TAL site samples. As seen in the plot, the background and
most of the site samples form a common linear trend with a positive slope. There are however,
several site samples that plot slightly above the linear trend, suggesting the presence of some
excess copper in these samples. Figure 18 shows the copper concentrations versus Cu/Al ratios.
This view of the data confirms that four samples have anomalously high Cu/Al ratios relative to
background, and should be considered suspect. Sample numbers and locations are provided in
Table 1. It should be noted that three of these anomalous samples have copper concentrations
that are below the maximum background concentration of 23.7 mg/kg. Copper concentrations in
the non-TAL samples are all below the background screening value.
Conclusion
Four samples listed in Table 1 have anomalous copper concentrations and should be considered
suspect.
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Iron
Iron minerals are common components of sediment, including oxides, hydroxides, and
oxyhydroxides of varying degrees of crystallinity and hydration. These minerals occur as
discrete grains or as coatings on silicate minerals (Cornell and Schwertmann, 2003). Clays and
iron oxides tend to exist as very fine particles, so both aluminum and iron are enriched in
samples with finer grain sizes. A plot of aluminum versus iron concentrations provides a
qualitative indicator of the relative abundance of clay and iron oxide minerals in the Central
Creek sediment samples (Figure 13). As seen in the plot, the background and site samples form
a common trend with a positive slope. The site samples with high iron concentrations also
contain high aluminum concentrations, and lie on the background trend, indicating a natural
source for the elevated iron concentrations in the sediment samples. Linear correlations between
iron versus several other trace elements (including cadmium, thallium, and vanadium) provide
independent confirmation of the lack of iron contamination in these samples. Non-TAL samples
were not analyzed for iron.
Conclusion
Iron detected in the site sediment samples is naturally occurring.
Lead
Lead exists in dilute surface water as the Pb+2 cation, and has an affinity to adsorb on Al-bearing
clay surfaces in sediment (EPRI, 1984). Figure 19 shows the correlation between lead versus
aluminum for the background and TAL site samples. As seen in the plot, the background and
most of the site samples form a common trend with a positive slope. There are, however, ten
TAL samples that fall above the linear trend. These samples can be more clearly seen in
Figure 20, which shows lead concentrations versus Pb/Al ratios. The anomalous samples with
Pb/Al ratios greater than the maximum background ratio of 0.0093 plot to the right of the
background samples. In addition to the ten anomalous TAL samples, there are also thirteen nonTAL samples with lead concentrations that that exceed the background UPL of 13.6 mg/kg, and
should be considered suspect (Table 1).
Conclusion
Ten TAL samples have anomalous lead concentrations and should be considered suspect, and an
additional thirteen non-TAL samples exceed the background screening value and should also be
considered suspect. These samples are listed in Table 1.
Mercury
Mercury is present in dilute oxic surface water as the Hg+2 cation, and has an affinity to adsorb
on Al-bearing clay minerals in sediment. Figure 21 shows the correlation between mercury and
aluminum for the background and TAL samples. As seen in the plot, there are a number of
samples that fall above the trend established by the background samples. An additional
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perspective is provided in Figure 22, which shows mercury concentrations versus Hg/Al ratios.
This view of the data identifies 13 samples with Hg/Al ratios that exceed the maximum
background ratio. These TAL samples should be considered to be suspect. Two non-TAL
samples exceed the background UPL screening value of 0.051 mg/kg and should also be
considered suspect (Table 1).
Conclusion
Thirteen TAL samples have anomalous mercury concentrations and should be considered
suspect. An additional two non-TAL samples exceed the background screening value and should
be considered suspect. These samples are listed in Table 1.
Nickel
Nickel has a specific affinity to adsorb on iron and manganese oxide minerals that are present in
sediment (EPRI, 1984). If a sediment sample contains a high proportion of iron oxides, then it is
also expected to contain high concentrations of nickel. Figure 23 shows the correlation between
nickel and iron in the background and TAL samples. A linear trend is evident, with the
exception of one site sample with a nickel concentration of 37 mg/kg that falls above the trend.
This sample (number 50SD07-981111, from location 50SD07) should be considered suspect.
Nickel concentrations in the non-TAL samples are all below the background screening value.
Conclusion
One TAL sample from location 50SD07 has an anomalous nickel concentration and should be
considered suspect (Table 1).
Silver
Silver in dissolved in surface water has an affinity to adsorb on Al-bearing clay particles that are
present in sediment. Samples with higher aluminum concentrations would thus be expected to
have naturally elevated silver concentrations. Figure 24 shows the correlation between silver
versus aluminum. Background samples are not shown because they were all nondetect.
However, the average reporting limit for the background samples (2 mg/kg) is higher than the
average for the site samples (1 mg/kg). The site samples with non-estimated concentrations
define a weak linear trend. There are a number of site samples with low, estimated (J-flagged)
silver concentrations that plot below the trend, which contributes to the poor linearity. Sample
number GPWSD03-981201 (location GPWSD03) has a silver concentration of 15 J mg/kg and
plots above the trend formed by the other samples. Elevated silver in this sample should be
considered suspect. The non-TAL samples all have nondetectable silver concentrations.
Conclusion
The silver concentration in one TAL sample from location GPWSD03 should be considered
suspect (Table 1).
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Thallium
Thallium has an affinity to adsorb on iron oxide minerals in sediment, so a positive correlation
between thallium and iron is expected in the absence of contamination. Figure 25 shows the
correlation between thallium and iron in the TAL samples. Background samples all had
nondetectable thallium concentrations. However, the average background reporting limit of 8.2
mg/kg is higher than the average site sample reporting limit of 3.4 mg/kg. The strong correlation
visible in the figure (τ = 0.81) indicates that all of the TAL samples have constant Tl/Fe ratios.
No contamination is evident in these samples. The non-TAL samples all have nondetectable
thallium concentrations.
Conclusion
Thallium detected in the site sediment samples is naturally occurring.
Vanadium
As discussed in Section 2.1, vanadium is typically present in oxic surface water as oxyanions
that have a strong affinity to adsorb on iron oxides in sediment, which tend to maintain a net
positive surface charge (Kabata-Pendias, 2001). A positive correlation between vanadium and
iron concentrations is expected for uncontaminated samples under those conditions. The site and
background samples form a common linear trend with a positive slope in a plot of vanadium
versus iron (Figure 26). The site samples with the highest vanadium concentrations also contain
proportionally higher iron concentrations, and they lie on the linear trend established by the
background samples. These observations indicate that vanadium in the site samples is associated
with iron oxides at ratios consistent with those of the background samples and is natural. NonTAL samples were not analyzed for vanadium.
Conclusion
Vanadium detected in the site sediment samples is naturally occurring.
Zinc
Zinc is typically present in oxic surface water as the divalent cation Zn+2, which has a strong
affinity to adsorb on Al-bearing clay minerals in sediment (EPRI, 1984). A positive correlation
between zinc and aluminum concentrations is expected for uncontaminated samples under those
conditions. Figure 27 shows the correlation between zinc and aluminum concentrations. The
background samples form a linear trend with a positive slope. Most of the site samples fall on
the background trend, but there are several samples with higher zinc concentrations that fall
above the trend.
An additional perspective is provided in Figure 28, which shows zinc
concentrations versus Zn/Al ratios. This plot reveals that there are eight TAL samples with
Zn/Al ratios that exceed the maximum background ratio of 0.012. These samples should be
considered suspect. One non-TAL sample has a zinc concentration of 70.5 mg/kg, which
exceeds the background UPL of 59.7 mg/kg, so it should be considered suspect (Table 1).
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Conclusion
Eight TAL samples have anomalous zinc concentrations and should be considered suspect, and
an additional non-TAL sample should also be considered suspect. These samples are listed in
Table 1.

3.3

Harrison Bayou Sediment

A total of 49 sediment samples were obtained from the Harrison Bayou watershed. The samples
represent various depth intervals from 0 to 1 foot bgs. Thirteen of these samples were analyzed
for the full 23-element TAL suite which includes aluminum, iron, and manganese (referred to as
the “TAL samples”), and the remaining 36 samples were analyzed for a limited subset of the
TAL list (referred to as the “non-TAL samples”). Installation-wide background data for TAL
metals in sediment based on 27 samples are provided in the background study report (Shaw
Environmental, Inc., 2004) and are used in the following evaluation.
Aluminum
Aluminum is a primary component of common minerals in sediment such as clays, feldspars, and
micas. Aluminum also substitutes for ferric iron in iron oxide minerals, and can adsorb on iron
oxide surfaces (Cornell and Schwertmann, 2003). Iron in the site samples is dominantly present
as iron oxides, which are common in sediment and occur as discrete mineral grains or as coatings
on silicate minerals (Cornell and Schwertmann, 2003). Clays and iron oxides tend to exist as
very fine particles, so both aluminum and iron are enriched in samples with finer grain sizes. A
plot of aluminum versus iron concentrations provides a qualitative indicator of the relative
abundance of clay and iron oxide minerals in the Harrison Bayou sediment samples (Figure 29).
As seen in the plot, the background and site samples form a common linear trend with a positive
slope.
The site samples with high aluminum concentrations also contain high iron
concentrations, and lie on the background trend, indicating a natural source for the elevated
aluminum concentrations in the sediment samples.
Conclusion
Aluminum detected in the site sediment samples is naturally occurring.
Barium
Barium exists in solution as the divalent cation Ba+2, and has an affinity to adsorb on negatively
charged Al-bearing clay surfaces in sediment (EPRI, 1984). A positive correlation between
barium and aluminum is thus expected in the absence of contamination. Figure 30 shows the
correlation between barium versus aluminum for the background and TAL site samples. As seen
in the plot, the background samples and most of the site samples form a common trend with a
positive slope. Most of the TAL site samples with high barium concentrations also contain high
aluminum concentrations, and lie on the background trend, indicating a natural source for the
elevated barium concentrations in the sediment samples. The exception is a TAL site sample
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from location 17SD13 with a barium concentration of 720 mg/kg that appears above the trend
established by the other samples, and should be considered suspect. There are also 11 non-TAL
samples with barium concentrations that exceed the background UPL screening value of 228.5
mg/kg, and these concentrations should also be considered suspect (Table 1).
Conclusion
One TAL sample has an anomalous barium concentration, and an additional 11 non-TAL
samples should be considered suspect. These samples are listed in Table 1.
Cadmium
Cadmium exists in dilute surface water as the divalent cation Cd+2, and has a specific affinity to
adsorb on manganese oxide surfaces in sediment (EPRI, 1984). Figure 31 shows the correlation
between cadmium versus manganese for the background and TAL site samples. The two
background concentrations are estimated (J-flagged), and the TAL site samples are not validated
but are at or below their respective reporting limits, so these concentrations are uncertain. A
strong linear trend is not evident; however, the site concentrations are within the range of the
background concentrations, so there is no evidence for contamination in the site TAL samples.
The non-TAL samples all have nondetectable concentrations of cadmium.
Conclusion
Cadmium detected in the site sediment samples is naturally occurring.
Chromium
As noted in Section 2.1, chromium can form several coexisting aqueous species with different
charges [Cr(OH)2+, Cr(OH)30, and Cr(OH)4–] and it can thus adsorb on several different types of
minerals, including iron oxides (Kabata-Pendias, 2001). As a result, positive correlations for
chromium versus iron are commonly observed in uncontaminated soil samples. The background
samples form a linear trend with a positive slope in a plot of chromium versus iron, and the TAL
site samples lie on this trend (Figure 32). The site samples with high chromium concentrations
also contain proportionally higher iron, and they lie on the trend established by the other
samples. Chromium in these samples is associated with iron oxides at ratios consistent with
those of the background samples and is natural. Two non-TAL samples have chromium
concentrations that are above the background UPL of 29.3 mg/kg, so they should be considered
suspect (Table 1).
Conclusion
Chromium detected in the TAL site sediment samples is naturally occurring. Two non-TAL
samples from locations 16SD03 and 18SD02 exceed the background UPL and should be
considered suspect.
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Copper
Copper can exist in dilute surface water as the cations Cu+ or Cu+2, with the divalent form
predominating under oxidizing conditions. Both forms have an affinity to adsorb on Al-bearing
clay surfaces in sediment (EPRI, 1984). Figure 33 shows the correlation between copper versus
aluminum for the background and TAL site samples. As seen in the plot, the background and
site samples form a common linear trend with a positive slope. There is one site sample with a
copper concentration of 13.7 mg/kg that appears slightly above the trend, but the copper
concentration is well below the maximum background concentration of 23.7 mg/kg, so any
contamination in this sample, if present, would not be significant. Copper concentrations in the
non-TAL samples are either nondetectable or are less than the background screening value.
Conclusion
Copper detected in the site sediment samples is naturally occurring.
Iron
Iron minerals are common components of sediment, and includes oxides, hydroxides, and
oxyhydroxides of varying degrees of crystallinity and hydration. These minerals occur as
discrete grains or as coatings on silicate minerals (Cornell and Schwertmann, 2003). Clays and
iron oxides tend to exist as very fine particles, so both aluminum and iron are enriched in
samples with finer grain sizes. A plot of aluminum versus iron concentrations provides a
qualitative indicator of the relative abundance of clay and iron oxide minerals in the Central
Creek sediment samples (Figure 29). As seen in the plot, the background and site samples form
a common linear trend with a positive slope. The site samples with high iron concentrations also
contain high aluminum concentrations, and lie on the background trend, indicating a natural
source for the elevated iron concentrations in the sediment samples. Linear correlations between
iron versus several other trace elements (including chromium and vanadium) provide
independent confirmation of the lack of iron contamination in these samples. Iron was not
analyzed in the non-TAL samples.
Conclusion
Iron detected in the site sediment samples is naturally occurring.
Mercury
Mercury is present in dilute oxic surface water as the Hg+2 cation, and has an affinity to adsorb
on Al-bearing clay minerals in sediment. Figure 34 shows the correlation between mercury and
aluminum for the background and TAL samples. As seen in the plot, the background and TAL
site samples form a common trend with a positive slope. The Hg/Al ratios of the site samples are
similar to those of the background samples, which indicates a natural source for the mercury
detected in the TAL samples. One non-TAL site sample from location 17SD03 has a mercury
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concentration that exceeds the background UPL screening value and should be considered
suspect (Table 1).
Conclusion
Mercury detected in the TAL site sediment samples is naturally occurring. One non-TAL site
sample has a mercury concentration that exceeds the background UPL screening value and
should be considered suspect.
Nickel
Nickel is mostly present in surface water as the divalent cation Ni+2, and has an affinity to adsorb
on Al-bearing clay particles that are present in sediment (EPRI, 1984). Figure 35 shows the
correlation between nickel and aluminum for the background and TAL site samples. As seen in
the plot, the TAL site samples and most of the background samples form a common linear trend
with a positive slope. This indicates a natural source for the nickel detected in the TAL site
samples. Nickel concentrations in the non-TAL site samples are all well below the background
screening value.
Conclusion
Nickel detected in the site sediment samples is naturally occurring.
Thallium
Two of the 41 site samples analyzed for thallium had detectable concentrations of 1.6 and 1.83
mg/kg. These concentrations are only slightly above their respective reporting limits. None of
the 28 background samples had detectable thallium concentrations; however, reporting limits in
the background samples range from 1.3 to 22 mg/kg with a mean of 8.2 mg/kg, compared to the
site reporting limits which average 0.9 mg/kg. Thallium concentrations observed in the site
samples would be nondetectable in the background samples based on these differences in
reporting limits. Both of the site samples with detectable thallium concentrations are non-TAL
samples, so they could not be evaluated.
Conclusion
There is no direct evidence for thallium contamination in the site samples.
Vanadium
As discussed in Section 2.1, vanadium is typically present in oxic surface water as oxyanions
that have a strong affinity to adsorb on iron oxides in sediment, which tend to maintain a net
positive surface charge (Kabata-Pendias, 2001). A positive correlation between vanadium and
iron concentrations is expected for uncontaminated samples under those conditions. The site and
background samples form a common linear trend with a positive slope in a plot of vanadium
versus iron (Figure 36). The site samples with the highest vanadium concentrations also contain
proportionally higher iron concentrations, and they lie on the linear trend established by the
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background samples. These observations indicate that vanadium in the site samples is associated
with iron oxides at ratios consistent with those of the background samples and is natural.
Vanadium was not analyzed in the non-TAL samples.
Conclusion
Vanadium detected in the site sediment samples is naturally occurring.
Zinc
Zinc is typically present in oxic surface water as the divalent cation Zn+2, which has a strong
affinity to adsorb on Al-bearing clay minerals in sediment (EPRI, 1984). A positive correlation
between zinc and aluminum concentrations is expected for uncontaminated samples under those
conditions. The site and background samples form a common trend with a positive slope in a
plot of zinc versus aluminum (Figure 37). All of the TAL samples have Zn/Al ratios that are
consistent with those of the background samples, which indicates a natural source for their zinc
concentrations. Zinc concentrations in the non-TAL site samples are all less than the
background screening value.
Conclusion
Zinc detected in the site sediment samples is naturally occurring.

3.4

Saunders Branch Sediment

A total of 20 sediment samples were obtained from the Saunders Branch watershed. The
samples represent various depth intervals from 0 to 1.5 feet bgs, plus one sample obtained at a
depth of 5 feet bgs. Eight of these samples were analyzed for the full 23-element TAL suite
which includes aluminum, iron, and manganese (referred to as the “TAL samples), and the
remaining 12 samples were analyzed for a limited subset of the TAL list (referred to as the “nonTAL samples). Installation-wide background data for TAL metals in sediment based on 27
samples are provided in the background study report (Shaw Environmental, Inc., 2004) and are
used in the following evaluation.
Aluminum
Aluminum is a primary component of common minerals in sediment such as clays, feldspars, and
micas. Aluminum also substitutes for ferric iron in iron oxide minerals, and can adsorb on iron
oxide surfaces (Cornell and Schwertmann, 2003). Iron in the site samples is dominantly present
as iron oxides, which are common in sediment and occur as discrete mineral grains or as coatings
on silicate minerals (Cornell and Schwertmann, 2003). Clays and iron oxides tend to exist as
very fine particles, so both aluminum and iron are enriched in samples with finer grain sizes. A
plot of aluminum versus iron concentrations provides a qualitative indicator of the relative
abundance of clay and iron oxide minerals in the Saunders Branch sediment samples
(Figure 38). As seen in the plot, the background and site samples form a common linear trend
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with a positive slope. The site samples with high aluminum concentrations also contain high
iron concentrations, and lie on the background trend, indicating a natural source for the elevated
aluminum concentrations in the sediment samples.
Conclusion
Aluminum detected in the site sediment samples is naturally occurring.
Barium
Barium exists in solution as the divalent cation Ba+2, and has an affinity to adsorb on negatively
charged Al-bearing clay surfaces in sediment (EPRI, 1984). A positive correlation between
barium and aluminum is thus expected in the absence of contamination. Figure 39 shows the
correlation between barium versus aluminum for the background and TAL site samples. As seen
in the plot, the background and TAL site samples form a common trend with a positive slope. A
different perspective is provided in Figure 40 which shows barium concentration versus Ba/Al
ratios. This figure verifies that the Ba/Al ratios in the TAL site samples are within the same
range as the background ratios. The barium concentration in one non-TAL sample (381.1
mg/kg) exceeds the background UPL of 228.6 mg/kg, so it should be considered suspect
(Table 1).
Conclusion
Barium detected in the TAL site sediment samples is naturally occurring. One non-TAL sample
from location 18SD16 should be considered suspect.
Cadmium
Cadmium exists in dilute surface water as the divalent cation Cd+2, and has a specific affinity to
adsorb on manganese oxide surfaces in sediment (EPRI, 1984). Figure 41 shows the correlation
between cadmium versus manganese for the background and TAL site samples. The two
background detections are estimated (J-flagged) concentrations, and the five TAL site detections
are also estimated concentrations that are below the reporting limits, so all of these
concentrations are uncertain. A strong linear trend is not evident; however, the site
concentrations are within the range of the background concentrations, so there is no evidence for
contamination in the site TAL samples. The non-TAL samples all have nondetectable
concentrations of cadmium.
Conclusion
Cadmium detected in the site sediment samples is naturally occurring.
Copper
Copper can exist in dilute surface water as the cations Cu+ or Cu+2, with the divalent form
predominating under oxidizing conditions. Both forms have an affinity to adsorb on Al-bearing
clay surfaces in sediment (EPRI, 1984). Figure 42 shows the correlation between copper versus
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aluminum for the background and TAL site samples. As seen in the plot, the background and
TAL site samples form a common linear trend with a positive slope, indicating natural
conditions. Copper concentrations in the non-TAL samples are either nondetectable or are less
than the background screening value.
Conclusion
Copper detected in the site sediment samples is naturally occurring.
Mercury
Mercury is present in dilute oxic surface water as Hg+2 cation, and has an affinity to adsorb on
Al-bearing clay minerals in sediment. Figure 43 shows the correlation between mercury and
aluminum for the background and TAL samples. As seen in the plot, the TAL site samples fall
within the general trend of the background samples, indicating a common Hg/Al ratio in all of
the samples. An additional perspective is provided in Figure 44, which shows mercury
concentrations versus Hg/Al ratios. This view of the data confirms that the Hg/Al ratios in the
TAL site samples are within the background range. The non-TAL samples are either nondetect
or are below the background screening value.
Conclusion
Mercury detected in the site sediment samples is naturally occurring.
Nickel
Nickel is mostly present in surface water as the divalent cation Ni+2, and has an affinity to adsorb
on Al-bearing clay particles that are present in sediment (EPRI, 1984). Figure 45 shows the
correlation between nickel and aluminum for the background and TAL site samples. As seen in
the plot, the TAL site samples and most of the background samples form a common linear trend
with a positive slope. This indicates a natural source for the nickel detected in the TAL samples.
Nickel concentrations in the non-TAL site samples are all below the background screening value.
Conclusion
Nickel detected in the site sediment samples is naturally occurring.
Vanadium
As discussed in Section 2.1, vanadium is typically present in oxic surface water as oxyanions
that have a strong affinity to adsorb on iron oxides in sediment, which tend to maintain a net
positive surface charge (Kabata-Pendias, 2001). A positive correlation between vanadium and
iron concentrations (Figure 46) is expected for uncontaminated samples under those conditions.
The site and background samples form a common trend with a positive slope in the plot of
vanadium versus iron (τ = 0.64 for the site samples). The site samples with the highest vanadium
concentrations also contain proportionally higher iron concentrations, and they lie on the linear
trend established by the background samples. These observations indicate that vanadium in the
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TAL site samples is associated with iron oxides at ratios consistent with those of the background
samples and is natural. The non-TAL samples were not analyzed for vanadium.
Conclusion
Vanadium detected in the site sediment samples is naturally occurring.
Zinc
Zinc is typically present in oxic surface water as the divalent cation Zn+2, which has a strong
affinity to adsorb on Al-bearing clay minerals in sediment (EPRI, 1984). A positive correlation
between zinc and aluminum concentrations is expected for uncontaminated samples under those
conditions. Figure 47 shows the concentrations of zinc versus aluminum in the TAL site and
background samples. The site and background samples form a common linear trend with a
positive slope, indicating a natural origin for the observed concentrations. One non-TAL site
sample from location18SD16 with a zinc concentration of 71.2 mg/kg exceeds the background
UPL of 59.7 so it should be considered suspect, even though it is well below the maximum
background concentration of 141 mg/kg.
Conclusion
Zinc detected in the site sediment samples is naturally occurring.

4.0

Results of the Geochemical Evaluation of Multiple Elements in
Surface Water Samples from Four Watershed Areas

This section presents the results of the geochemical evaluation of selected elements in surface
water samples from four watershed areas. Correlation plots are provided in Attachment 1.
Table 2 lists the samples identified as containing anomalously high element concentrations.

4.1

Central Creek Surface Water

A total of 38 surface water samples were obtained from the Central Creek watershed. Ten of
these samples were analyzed for the full 23-element TAL suite which includes aluminum, iron,
and manganese (referred to as the “TAL samples”), and the remaining 28 samples were analyzed
for a limited subset of the TAL list (referred to as the “non-TAL samples”). Installation-wide
background data for TAL metals in surface water based on 27 samples are provided in the
background study report (Shaw Environmental, Inc., 2004) and are used in the following
evaluation.
Aluminum
Aluminum and iron are both present as suspended particulates in oxic surface water that is in the
neutral pH range, and both elements are expected to be correlated as explained in Section 2.2.
Figure 48 shows the correlation between aluminum and iron in the background and TAL site
MARC No. W912QR-04-D-0027, TO No. DS02
Longhorn Army Ammunition Plant, Karnack, Texas

24

Shaw Project No. 117591
11/9/2007

00050936

Installation-Wide BERA
Volume I – Appendix F, Attachment 3, Section 4

Shaw Environmental, Inc.

samples. Both sets of samples are correlated (τ = 0.60 for the site samples) and define similar
trends. The site sample with the highest aluminum concentration also has the highest iron
concentration, and falls on the trend established by the other samples. These observations
indicate that aluminum is naturally occurring in these samples. It is important to note that the
site samples with naturally high aluminum and iron concentrations are expected to have elevated
trace element concentrations as well.
Conclusion
Aluminum detected in the site surface water samples is naturally occurring.
Barium
Barium has an affinity to adsorb on the surfaces of suspended Al-bearing clay particles. A
positive correlation is thus expected between barium and aluminum if no contamination is
present. Figure 49 shows the correlation between barium and aluminum. The two TAL site
samples with detectable barium have higher barium concentrations than any of the background
samples, but they also have proportionally higher aluminum, and fall on the trend established by
the background samples. An alternative view of the data is provided in Figure 50, which shows
barium concentrations versus Ba/Al ratios. This figure confirms that the Ba/Al ratios of the TAL
site samples are within the range defined by the background samples. There are 11 non-TAL site
samples that exceed the background UPL and should be considered suspect (Table 2).
Conclusion
Barium detected in the site surface water TAL samples is naturally occurring. Eleven non-TAL
samples have barium concentrations that exceed the background UPL and should be considered
suspect. These samples are listed in Table 2.
Cadmium
Two detectable cadmium concentrations are reported for the site data set. Cadmium was not
detected in the background samples (at a reporting limit [RL] of 5 micrograms per liter [µg/L]).
One TAL site sample had a concentration of 1 µg/L (RL= 0.8 µg/L), and one non-TAL site
sample had a concentration of 5.74 µg/L (RL= 5.0 µg/L). The TAL sample with the
concentration of 1 µg/L is below the background RL and is most likely not contaminated. This
sample has the highest aluminum and iron concentrations (28,000 J µg/L and 25,000 J µg/L) of
the site and background data sets. As discussed in the aluminum evaluation, this sample contains
a high proportion of suspended minerals, and naturally elevated trace element concentrations are
expected in such a sample. The non-TAL sample exceeds the background RL, and it cannot be
evaluated because it was not analyzed for the reference elements. Since contamination cannot be
ruled out, the cadmium concentration in the non-TAL sample from location 12SW03 should be
considered suspect.
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Conclusion
Cadmium detected in non-TAL surface water sample 12SW03 should be considered suspect
(Table 2). The single cadmium detection in the TAL samples is naturally occurring.
Copper
Copper has an affinity to adsorb on suspended particulates, including iron oxides (EPRI, 1984).
Figure 51 shows the correlation between copper and iron in the background and TAL site
samples. It is clear that both of the site samples with detectable copper exceed the maximum
background concentration, but some of the site samples also contain far more suspended
particulates than the background samples. Figure 52 shows copper concentrations versus Cu/Fe
ratios. The sample with high copper and high iron has a Cu/Fe ratio that is within the
background range. However, the sample with high copper and moderate iron from location
12SW19 has an anomalously high Cu/Fe ratio, and should be considered suspect. Copper
concentrations in four non-TAL samples exceed the background screening value and should also
be considered suspect.
Conclusion
Copper detected in TAL surface water sample 12SW19 should be considered suspect (Table 2).
Four non-TAL samples exceed the copper background screening value and should also be
considered suspect. These samples are listed in Table 2.
Iron
Iron and aluminum are both present as suspended particulates in oxic surface water that is in the
neutral pH range, and both elements are expected to be correlated as explained in Section 2.2.
Figure 48 shows the correlation between aluminum and iron in the background and TAL site
samples. Both sets of samples are correlated (τ = 0.60 for the site samples) and define similar
trends. The site sample with the highest iron concentration also has the highest aluminum
concentration, and falls on the trend established by the other samples. These observations
indicate that iron is naturally occurring in these samples. It is important to note that the site
samples with naturally high iron and aluminum are expected to have elevated trace elements as
well. Non-TAL samples were not analyzed for iron.
Conclusion
Iron detected in the site surface water samples is naturally occurring.
Lead
Lead exists in dilute surface water as the Pb+2 cation, and has an affinity to adsorb on suspended
Al-bearing clay surfaces in surface water (EPRI, 1984). A positive correlation between lead and
aluminum is thus expected in the absence of contamination. Figure 53 shows the correlation
between lead versus aluminum for the background and TAL site samples. As seen in the plot,
the site samples and one of the background samples form a common trend with a positive slope,
MARC No. W912QR-04-D-0027, TO No. DS02
Longhorn Army Ammunition Plant, Karnack, Texas

26

Shaw Project No. 117591
11/9/2007

00050938

Installation-Wide BERA
Volume I – Appendix F, Attachment 3, Section 4

Shaw Environmental, Inc.

indicating a fairly constant Pb/Al ratio in the samples. Figure 54 provides an alternate view of
lead concentrations versus Pb/Al ratios. This figure confirms that the Pb/Al ratios in the TAL
site samples are within the range of background ratios. Four non-TAL site samples have lead
concentrations that exceed the background UPL of 5.2 µg/L, and should be considered suspect.
Conclusion
Lead detected in the TAL samples is naturally occurring. Lead detected in four non-TAL site
surface water samples exceed the background screening value and should be considered suspect.
These samples are listed in Table 2.
Mercury
All of the TAL and non-TAL site samples have nondetectable mercury concentrations.
Conclusion
There is no evidence of mercury contamination in the site surface water samples.
Nickel
All of the TAL and non-TAL site samples have nondetectable nickel concentrations.
Conclusion
There is no evidence of nickel contamination in the site surface water samples.
Thallium
All of the background, TAL-, and non-TAL site samples have nondetectable thallium
concentrations.
Conclusion
There is no evidence of thallium contamination in the site surface water samples.
Vanadium
As discussed in Section 2.2, vanadium is typically present in oxic surface water as oxyanions
that have a strong affinity to adsorb on suspended iron oxides, which tend to maintain a net
positive surface charge. A positive correlation between vanadium and iron concentrations is thus
expected for uncontaminated samples under those conditions. Figure 55 shows the correlation
between vanadium and iron. The single site sample with detectable vanadium falls on the trend
established by the background samples. This observation indicates that vanadium in the TAL
site sample is associated with iron oxides at a ratio that is consistent with those of the
background samples and is natural. The non-TAL samples were not analyzed for vanadium.
Conclusion
Vanadium detected in the site surface water samples is naturally occurring.
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Zinc
Zinc speciates in oxic surface water as the divalent cation Zn+2, which has a strong affinity to
adsorb on suspended Al-bearing clay minerals (EPRI, 1984). A positive correlation between
zinc and aluminum concentrations is thus expected for uncontaminated samples under those
conditions. Figure 56 shows the concentrations of zinc versus aluminum in the TAL site and
background samples. Many of the detected concentrations in the background data set are
estimated (J-flagged) values that are uncertain, so the correlation is not strong. However, the site
samples form a linear trend with a positive slope, indicating a natural origin for the observed
concentrations. Two non-TAL site samples have zinc concentrations of 39 µg/L, which is
greater than the background UPL of 26.3 µg/L and should be considered suspect.
Conclusion
Zinc detected in the TAL site samples is naturally occurring. Zinc concentrations in two nonTAL site samples exceed the background UPL and should be considered suspect (Table 2).

4.2

Goose Prairie Creek Surface Water

A total of 48 surface water samples were obtained from the Goose Prairie Creek watershed.
Thirty-three of these samples were analyzed for the full 23-element TAL suite which included
the reference elements aluminum, iron, and manganese (referred to as the “TAL samples”). The
remaining 15 samples were analyzed for a limited subset of the TAL list (referred to as the “nonTAL samples”) that did not include the reference elements. Installation-wide background data
for TAL metals in surface water, based on 27 samples are provided in the background study
report (Shaw Environmental, Inc., 2004) and are used in the following evaluation.
Aluminum
Aluminum and iron are both present as suspended particulates in oxic surface water that is in the
neutral pH range, and both elements are expected to be correlated as explained in Section 2.2.
Figure 57 shows the correlation between aluminum and iron in the background and TAL site
samples. Both sets of samples are correlated and define similar trends, although some scatter is
present due to the large number of estimated (J-flagged) concentrations for both elements. The
site samples with the highest aluminum concentrations also have the highest iron concentrations,
and fall on the trend established by the other samples. An additional perspective is provided in
Figure 58, which shows aluminum concentrations versus Al/Fe ratios. The figure confirms that
the Al/Fe ratios of the site samples are within the range of the background ratios. These
observations indicate that aluminum is naturally occurring in these samples. It is important to
note that site samples with naturally high aluminum and iron concentrations are expected to have
elevated trace elements as well.
Conclusion
Aluminum detected in the site surface water samples is naturally occurring.
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Barium
Barium has an affinity to adsorb on the surfaces of suspended Al-bearing clay particles. A
positive correlation is thus expected between barium and aluminum if no contamination is
present. Figure 59 shows the correlation between barium and aluminum. A common trend is
defined by the background samples and all but one of the TAL site samples. The site sample
with a barium concentration of 2,200 µg/L (sample 29SW30) has an anomalously high Ba/Al
ratio, and should be considered suspect. Most of the barium concentrations in the non-TAL
samples are below the background screening value of 119 µg/L. The exception is non-TAL
sample 32SW01-930525, which contains 123 µg/L barium. Elevated barium in this sample
should be considered suspect.
Conclusion
Barium concentrations in TAL sample 29SW30 and non-TAL sample 32SW01-930525 should
be considered suspect (Table 2).
Cadmium
All of the TAL site and non-TAL site samples have nondetectable concentrations of cadmium.
Conclusion
There is no evidence of cadmium contamination in the site surface water samples.
Copper
Copper has an affinity to adsorb on suspended particulates, including iron oxides (EPRI, 1984).
Figure 60 shows the correlation between copper and iron in the background and TAL site
samples. The one TAL site sample that has a detectable copper concentration of 29 µg/L appears
to fall above the trend established by the background samples. Figure 61 shows copper
concentrations versus Cu/Fe ratios. This figure confirms that the site sample from location
50SW07 has an anomalously high Cu/Fe ratio and should be considered suspect. Two non-TAL
samples from location 32SW08 and 32SW09 could not be evaluated, but the copper
concentrations in these samples exceed the background screening value of 4.6 µg/L and should
also be considered suspect.
Conclusion
Copper detected in the TAL sample from location 50SW07 and the non-TAL samples from
locations 32SW08 and 32SW09 should be considered suspect (Table 2).
Iron
Iron and aluminum are both present as suspended particulates in oxic surface water that is in the
neutral pH range, and both elements are expected to be correlated as explained in Section 2.2.
Figure 57 shows the correlation between aluminum and iron in the background and TAL site
samples. Both sets of samples are correlated and define similar trends, although some scatter is
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present due to the large number of estimated (J-flagged) concentrations for both elements. The
site samples with the highest iron concentrations also have the highest aluminum concentrations,
and fall on the trend established by the other samples. An additional perspective is provided in
Figure 58, which shows aluminum concentrations versus Al/Fe ratios. The figure confirms that
the Al/Fe ratios of the site samples are within the range of the background ratios. These
observations indicate that iron is naturally occurring in these samples. It is important to note that
the site samples with naturally high iron and aluminum concentrations are expected to have
elevated trace elements as well.
Conclusion
Iron detected in the site surface water samples is naturally occurring.
Lead
Lead exists in dilute surface water as the Pb+2 cation, and has an affinity to adsorb on suspended
Al-bearing clay minerals in surface water (EPRI, 1984). A positive correlation between lead and
aluminum is thus expected in the absence of contamination. Figure 62 shows the correlation
between lead versus aluminum for the background and TAL site samples. The figure indicates
that the site samples are poorly correlated, but have lead concentrations that are all below the
background maximum detected concentration (MDC) of 30.3 µg/L. Figure 63 shows lead
concentrations versus Pb/Al ratios. This perspective reveals that the TAL site sample with the
maximum lead concentration of 24 µg/L (from location 32SW19) has a Pb/Al ratio (0.030) that
exceeds the maximum background Pb/Al ratio of 0.016 and should be considered suspect. Four
non-TAL samples have lead concentrations that exceed the background screening value and
should be considered suspect.
Conclusion
Lead detected in the surface water sample from location 32SW19 has an anomalously high Pb/Al
ratio, and should be considered suspect. An additional four non-TAL samples exceed the
background screening value and should also be considered suspect (Table 2).
Mercury
All of the TAL site and non-TAL site samples have nondetectable concentrations of mercury.
Conclusion
There is no evidence of mercury contamination in the site surface water samples.
Nickel
All of the TAL site and non-TAL site samples have nondetectable concentrations of nickel.
Conclusion
There is no evidence of nickel contamination in the site surface water samples.
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Silver
All of the background, TAL site and non-TAL site samples have nondetectable concentrations of
silver.
Conclusion
There is no evidence of silver contamination in the site surface water samples.
Thallium
The single background thallium detection is an estimated concentration of 4 µg/L. The
remaining background samples are nondetect for thallium, with reporting limits ranging from 10
to 20 µg/L. The TAL site samples have a reporting limit of 1 µg/L and include 13 detected and
estimated concentrations that range from 1.0 to 3.1 µg/L. These values are all below the
background detection and minimum background reporting limit. The non-TAL samples are all
nondetect with reporting limits ranging from 5 to 10 µg/L. Thallium concentrations in the site
samples are all below the background reporting limits, so it is unlikely that the detections
represent contamination.
Conclusion
There is no evidence of thallium contamination in the site surface water samples.
Vanadium
All of the TAL site samples have nondetectable concentrations of vanadium. The site reporting
limit of 50 µg/L is the same as the background reporting limit. The non-TAL samples were not
analyzed for vanadium.
Conclusion
There is no evidence of vanadium contamination in the site surface water samples.
Zinc
Zinc speciates in oxic surface water as the divalent cation Zn+2, which has a strong affinity to
adsorb on suspended Al-bearing clay minerals (EPRI, 1984). A positive correlation between
zinc and aluminum concentrations is thus expected for uncontaminated samples under those
conditions. Figure 64 shows the concentrations of zinc versus aluminum in the TAL site and
background samples. Many of the detected concentration are estimated (J-flagged) values that
are uncertain, so the correlation is not strong. However, most of the samples with elevated zinc
tend to have elevated aluminum, and a general linear trend with a positive slope is present. A
plot of zinc concentrations versus Zn/Al ratios is provided in Figure 65. This figure confirms
that most of the Zn/Al ratios in the TAL site samples are within the range of the background
ratios, indicating a natural origin for the observed concentrations. The exceptions are the
samples from locations 46SW07 (240 µg/L Zn) and 50SW04 (470 µg/L Zn). The Zn/Al ratios of
these two samples exceed the maximum background ratio of 0.167, and contamination should be
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suspected (Table 2). Zinc concentrations in the non-TAL site samples range from 9 to 25 µg/L;
these values are below the background screening value of 26.3 µg/L, so contamination is not
indicated for the non-TAL samples.
Conclusion
The zinc concentrations of the samples from 46SW07 and 50SW04 are anomalously high and
should be considered suspect (Table 2). Zinc detected in the other site surface water samples is
naturally occurring.

4.3

Harrison Bayou Surface Water

A total of 39 surface water samples were obtained from the Harrison Bayou watershed. Seven
of these samples were analyzed for the full 23-element TAL suite which included the reference
elements aluminum, iron, and manganese (referred to as the “TAL samples”). The remaining 32
samples were analyzed for a limited subset of the TAL list (referred to as the “non-TAL
samples”) that did not include the reference elements. Installation-wide background data for
TAL metals in surface water, based on 27 samples are provided in the background study report
(Shaw Environmental, Inc., 2004) and are used in the following evaluation. Lead was added to
the list of elements requiring geochemical evaluation, following completion and regulatory
review of the draft version of this report. The lead evaluation is provided at the end of this
section.
Aluminum
Aluminum and iron are both present as suspended particulates in oxic surface water that is in the
neutral pH range, and both elements are expected to be correlated as explained in Section 2.2.
Figure 66 shows the correlation between aluminum and iron in the background and TAL site
samples. Both sets of samples are correlated (τ = 0.71 for the site samples) and define similar
trends, although some scatter is present in the background data set due to the large number of
estimated (J-flagged) concentrations for both elements. The site samples with the highest
aluminum concentrations also have the highest iron concentrations, and fall on the trend
established by the other samples. An additional perspective is provided in Figure 67, which
shows aluminum concentrations versus Al/Fe ratios. The figure confirms that the Al/Fe ratios of
the site samples are within the range of the background ratios. These observations indicate that
aluminum is naturally occurring in these samples. It is important to note that the site samples
with naturally high aluminum and iron are expected to have elevated trace elements as well.
Conclusion
Aluminum detected in the site surface water samples is naturally occurring.
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Barium
Barium has an affinity to adsorb on the surfaces of suspended Al-bearing clay particles. A
positive correlation is thus expected between barium and aluminum if no contamination is
present. Figure 68 shows the correlation between barium and aluminum. The two TAL site
samples with detectable barium have higher barium concentrations than any of the background
samples, but these site samples also have proportionally higher aluminum. An alternative view
of the data is provided in Figure 69, which shows barium concentrations versus Ba/Al ratios.
This figure shows that one of the site samples has a Ba/Al ratio that is within the range of
background Ba/Al ratios. The exception is sample 16SW35 (510 µg/L), which has a Ba/Al ratio
(0.425) that slightly exceeds the maximum background ratio of 0.371. Elevated barium in this
sample should be considered suspect (Table 2). In addition, there are 16 non-TAL samples with
barium concentrations that exceed the background UPL of 119 µg/L.
Conclusion
The barium concentration of samples 16SW35 is anomalously high and should be considered
suspect (Table 2). Barium detected in the other TAL site surface water samples is naturally
occurring. Sixteen non-TAL samples with barium concentrations that exceed the background
UPL of 119 could not be evaluated but should be considered suspect These samples are also
listed in Table 2.
Cadmium
All of the TAL site and non-TAL site samples have nondetectable concentrations of cadmium.
The reporting limits for the site samples are equal to or lower than the background reporting limit
of 5 µg/L.
Conclusion
There is no evidence of cadmium contamination in the site surface water samples.
Chromium
As noted in Section 2.2, chromium can form several coexisting aqueous species with different
charges [Cr(OH)2+, Cr(OH)30, and Cr(OH)4–] and thus it can adsorb on several different types of
suspended particulates, including iron oxides. As a result, positive correlations for chromium
versus iron are commonly observed for uncontaminated surface water samples. The two
background samples and two TAL site samples with detectable chromium concentrations form a
linear trend with a positive slope in a plot of chromium versus iron, as shown in Figure 70. The
site sample with the highest chromium concentration contains proportionally higher iron, and
falls on the trend established by the other samples. Chromium in these samples is associated
with iron oxides at ratios consistent with those of the background sample and is natural. One
non-TAL sample had a detectable chromium concentration of 13 µg/L, which is above the
background screening value and should be considered suspect.
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Conclusion
Chromium detected in one non-TAL sample from location 18SW14 should be considered
suspect (Table 2). Chromium detected in the TAL samples is naturally occurring.
Copper
Copper has an affinity to adsorb on suspended particulates, including iron oxides (EPRI, 1984).
Figure 71 shows the correlation between copper and iron in the background and TAL site
samples. It is clear that the single site sample with detectable copper exceeds the maximum
background concentration, but that sample also has much higher iron than the background
samples. Figure 72 shows copper concentrations versus Cu/Fe ratios. The sample with high
copper and high iron has a Cu/Fe that is within the background range, indicating a natural origin
for the copper. Seven non-TAL samples have copper concentrations that exceed the background
screening value and should be considered suspect.
Conclusion
Copper detected seven non-TAL surface water samples should be considered suspect (Table 2).
Copper detected in the TAL samples is naturally occurring.
Iron
Iron and aluminum are both present as suspended particulates in oxic surface water that is in the
neutral pH range, and both elements are expected to be correlated as explained in Section 2.2.
Figure 66 shows the correlation between aluminum and iron in the background and TAL site
samples. Both sets of samples define similar trends, although some scatter is present in the
background data set due to the large number of estimated (J-flagged) concentrations for both
elements. The site samples with the highest iron concentrations also have the highest aluminum
concentrations, and fall on the trend established by the other samples. An additional perspective
is provided in Figure 67, which shows aluminum concentrations versus Al/Fe ratios. The figure
confirms that the Al/Fe ratios of the site samples are within the range of the background ratios.
These observations indicate that iron is naturally occurring in these samples. It is important to
note that the site samples with naturally high aluminum and iron are expected to have elevated
trace elements as well.
Conclusion
Iron detected in the site surface water samples is naturally occurring.
Manganese
Manganese was detected in all seven site samples that were analyzed for the element, at
concentrations ranging from 167 µg/L (sample 18SW28) to 1,770 µg/L (16SW35). Manganese
usually displays complex behavior in natural systems because of three possible valence states
(+2, +3, and +4), each with different solubilities and sorptive properties (Hem, 1985).
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Manganese is similar to iron in that it is soluble under reducing conditions but has very low
solubilities under oxidizing conditions. One difference between manganese and iron is that the
critical redox potential for dissolution of manganese oxides is higher than the redox potential for
dissolution of iron oxides. This means that dissolved manganese concentrations are a more
sensitive indicator of local redox depressions than dissolved iron concentrations. In addition to
being present in solution, manganese can also be present under oxidizing conditions as
suspended manganese oxide particulates. Positive correlations between manganese versus
aluminum are sometimes observed when both elements are present as suspended particulates.
However, because of the complex geochemical behavior of manganese, correlations for
manganese versus aluminum and manganese versus iron are typically not very strong, even in
the absence of contamination.
A plot of manganese versus iron in the Harrison Bayou and background surface water samples is
provided in Figure 73. Some scatter is observed. As noted above, manganese oxides have a
higher critical redox potential relative to iron oxides. If the redox potential is low enough to
dissolve manganese oxides but high enough for iron to remain in particulate form, then
covariance of the elements’ concentrations would not be expected. This may explain the higher
Mn/Fe ratios exhibited by some of the samples. Another perspective on the data sets is provided
by the ratio plot of Figure 74. Here it can be seen that the site samples have Mn/Fe ratios that
are consistent with those of the background samples. The two site samples with the highest
manganese concentrations (1,050 µg/L and 1,770 µg/L) have Mn/Fe ratios that are below the
maximum background Mn/Fe ratio of 0.58.
The Mn/Fe ratios of the site samples are similar to those of the background Mn/Fe ratios, which
supports the contention that manganese detected in the site samples has a natural origin and does
not reflect site-related contamination.
Conclusion
Manganese detected in the site surface water samples is naturally occurring.
Mercury
All of the TAL site and non-TAL site samples have nondetectable concentrations of mercury.
The reporting limits for the site samples are in a similar range (0.2 to 2.0 µg/L) as the
background reporting limit of 1 µg/L.
Conclusion
There is no evidence of mercury contamination in the site surface water samples.
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Nickel
Nickel speciates in most surface water as the divalent cation Ni+2, and has an affinity to adsorb
on suspended iron oxide particulates (EPRI, 1984). Figure 75 shows the correlation between
nickel and iron for the background and TAL site samples. As seen in the plot, the background
and TAL site samples form a common linear trend with a positive slope. The one site sample
with a nickel concentration of 100 µg/L has a higher concentration than the background samples,
but it has proportionally higher iron. Figure 76 shows nickel concentrations versus Ni/Fe ratios.
This figure confirms that the Ni/Fe ratio in the one site sample with detectable nickel falls within
the range of the background samples. Nickel was nondetectable in the non-TAL site samples.
Conclusion
Nickel detected in the site surface water samples is naturally occurring.
Thallium
Only one TAL site sample had a detectable thallium concentration of 1.1 µg/L with a reporting
limit of 1.0 µg/L. The single background thallium detection is an estimated concentration of 4
µg/L. The remaining background samples are nondetect for thallium, with reporting limits
ranging from 10 to 20 µg/L. The non-TAL site samples were all nondetect with reporting limits
ranging from 2 to 50 µg/L. The one site thallium detection is below the background detection
and the minimum background reporting limit, and most likely represents a naturally occurring
concentration.
Conclusion
There is no evidence of thallium contamination in the site surface water samples.
Vanadium
Vanadium is typically present in oxic surface water as oxyanions that have a strong affinity to
adsorb on suspended iron oxides, which tend to maintain a net positive surface charge
(Section 2.2). A positive correlation between vanadium and iron concentrations is thus expected
for uncontaminated samples under those conditions. Figure 77 shows the correlation between
vanadium and iron. The single detected site concentration is higher than the background
concentrations, but it falls on the linear trend established by the background samples. This
observation indicates that vanadium in the TAL site sample is associated with iron oxides at a
ratio that is consistent with those of the background samples and is natural. A plot of vanadium
concentrations versus V/Fe ratios confirms that the ratio in the one site detection is within the
range of background ratios (Figure 78). The non-TAL samples were not analyzed for vanadium.
Conclusion
Vanadium detected in the site surface water samples is naturally occurring.
Zinc
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Zinc speciates in oxic surface water as the divalent cation Zn+2, which has a strong affinity to
adsorb on suspended Al-bearing clay minerals (EPRI, 1984). A positive correlation between
zinc and aluminum concentrations is thus expected for uncontaminated samples under those
conditions. Figure 79 shows the concentrations of zinc versus aluminum in the TAL site and
background samples. Many of the background detected concentrations are estimated (J-flagged)
values that are uncertain, so the correlation is not strong. However, the site samples with
elevated aluminum tend to have elevated zinc, and a general linear trend with a positive slope is
present. Zinc concentrations versus Zn/Al ratios are shown in Figure 80. This figure confirms
that the Zn/Al ratios in the TAL site samples are within the range of the background ratios,
indicating a natural origin for the observed concentrations. Four non-TAL samples have zinc
concentrations that exceed the background screening UPL of 26.3 µg/L and should be considered
suspect.
Conclusion
Zinc detected in the TAL samples is naturally occurring. Zinc detected in four non-TAL samples
should be considered suspect (Table 2).
Lead
Lead exists in dilute surface water as the Pb+2 cation and has an affinity to adsorb on suspended
iron oxides (EPRI, 1984; Drever, 1997). A positive correlation between lead and iron is thus
expected in the absence of contamination. Figure 81 shows the correlation between lead versus
iron for the background and TAL site samples. The site samples with the highest lead
concentrations also have proportionally higher iron and lie on the trend established by the other
samples. All of the site samples have Pb/Fe ratios that are within the background range of Pb/Fe
ratios. These observations indicate a natural source for the lead detected in the TAL site
samples. Three non-TAL samples have lead concentrations that exceed the background
screening value of 5.2 µg/L and should be considered suspect.
Conclusion
Lead detected in the TAL site surface water samples is naturally occurring. Three non-TAL
samples exceed the background screening value and should be considered suspect (Table 2).

4.4

Saunders Branch Surface Water

A total of eight surface water samples were obtained from the Harrison Bayou watershed. Four
of those samples were analyzed for a suite of thirteen elements, and the remaining four were
analyzed for a smaller suite of six elements. None of the site samples were analyzed for the
reference elements (aluminum, iron, and manganese), so a geochemical evaluation of the data
could not be performed.
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Summary

Geochemical evaluations were performed for selected inorganic constituents in sediment and
surface water samples from the Central Creek, Goose Prairie Creek, Harrison Bayou, and
Saunders Branch watershed areas. Elements in the site data sets that failed statistical comparison
to background were retained for geochemical evaluation to determine if the elevated
concentrations are naturally occurring or if they contain a component of contamination.
A summary of the results of the sediment and surface water evaluations are provided in Tables 1
and 2, respectively. These tables list each sample with anomalous concentrations of one or more
elements that could not be explained by natural processes. For sediment, there is one TAL
sample from Central Creek with excess copper and cadmium; twenty-four TAL samples from
Goose Prairie Creek with excess concentrations of copper, lead, mercury, nickel, silver, or zinc;
and one sample from Harrison Bayou with an excess concentration of barium. Concentrations of
elements in sediment samples from Saunders Branch were determined to be naturally occurring.
For surface water, there is one TAL sample from Central Creek with excess copper; five TAL
samples from Goose Prairie Creek with excess barium, copper, lead, or zinc; and one TAL
sample from Harrison Bayou with excess barium. Concentrations of elements in surface water
samples from Saunders Branch could not be evaluated because the reference elements aluminum,
iron, and manganese were not analyzed.
The non-TAL samples listed in Tables 1 and 2 could not be evaluated due to a lack of reference
element data. These samples were retained on the list because concentrations of one or more
elements exceeded background and contamination could not be ruled out.
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Table 1
Sediment Samples Containing Suspect Element Concentrations
Watershed Areas
Sample

Sample

Depth

Sample

TAL or

Anomalous

Location

Date

Interval a

Number

Non-TAL

Element(s)

11SD14
12SD03
12SD06
12SD10
29SD02
29SD03
29SD04
29SD07
29SD08
FWS-118
29SD12
29SD13
29SD14
29SD15
29SD16
29SD17
32SD01
32SD02
32SD03
32SD04
32SD08
32SD09
32SD10
46SD03
46SD04
46SD08
50SD01
50SD04
50SD05
50SD07
CL-GPSN-1
CL-GPSN-1
CL-GPSN-2
CL-GPSN-2
CL-GPSN-3
CL-GPSN-3
CL-GPSN-3
CL-GPSN-4
CL-GPSN-4
CL-GPSS-2
CL-GPSS-3
FWS-225
GPCSD01
GPCSD02
GPWSD01
GPWSD02
GPWSD03
16SD01
16SD03
16SD08
16SD15
17SD03
17SD13
18SD02
18SD13
18SD14
18SD15
18SD20
18SD21
18SD22
18SW21
18SD16

08/23/1994
5/3/1993
02/18/1995
03/15/1995
04/29/1993
04/29/1993
04/29/1993
04/28/1993
04/28/1993
09/09/2003
04/27/1993
04/27/1993
04/30/1993
04/27/1993
04/27/1993
04/30/1993
04/30/1993
04/30/1993
04/30/1993
04/30/1993
04/12/1995
04/12/1995
02/20/1995
11/10/1998
11/10/1998
11/10/1998
11/29/1995
11/11/1998
11/11/1998
11/11/1998
08/10/2000
08/10/2000
08/10/2000
08/10/2000
08/10/2000
08/10/2000
08/10/2000
08/10/2000
08/10/2000
08/09/2000
08/09/2000
09/09/2003
11/18/1998
11/18/1998
11/19/1998
12/01/1998
12/01/1998
05/02/1993
4/14/1993
02/21/1995
03/16/1995
04/21/1993
09/17/1998
05/02/1993
02/18/1995
02/21/1995
02/21/1995
02/22/1995
02/22/1995
03/16/1995
02/22/1995
02/21/1995

C940823-11SD14-N00
12SD03(0-0.5)
12SD06(000.0)
12SD10 (000.0)
29SD02(0.5)
29SD03(0.5)
29SD04(0.5)
29SD07(0.5)
29SD08(0-0.5)
CLNWR118
29SD12(0-0.5)
29SD13(0-0.5)
29SD14(0.5)
29SD15(0-0.5)
29SD16(0-0.5)
29SD17(0.5)
32SD01
32SD02
32SD03
32SD04
32SD08
32SD09
32SD10
46SD03-981110
46SD04-981110
46SD08-981110
LH50SD01(0-1)
50SD04-981111
50SD05-981111
50SD07-981111
CL-GPSN-1 (1)
CL-GPSN-1 (2)
CL-GPSN-2 (1)
CL-GPSN-2 (2)
CL-GPSN-3 (1)
CL-GPSN-3 (2)
CL-GPSN-3 (2) QA
CL-GPSN-4 (1)
CL-GPSN-4 (2)
CL-GPSS-2 (2)
CL-GPSS-3 (1)
CLNWR225
GPCSD01-981118
GPCSD02-981118
GPWSD01
GPWSD02-981201
GPWSD03-981201
16SD01(0-0.5)
16SD03(0-1)
16SD08 (000.0)
16SD15(000.0)
17SD03
17SD13
18SD02(0-0.5)
18SD13(000.0)
18SD14 (000.0)
18SD15 (000.0)
18SD20 (000.0)
C-18SD21(000.0)-9502
18SD22 (000.0)
18SW21 (000.0)
18SD16 (000.0)

Non-TAL
Non-TAL
Non-TAL
Non-Tal
Non-TAL
Non-Tal
Non-TAL
Non-TAL
Non-TAL
TAL
Non-Tal
Non-Tal
Non-Tal
Non-Tal
Non-Tal
Non-Tal
Non-Tal
Non-Tal
Non-Tal
Non-Tal
Non-Tal
Non-Tal
Non-Tal
TAL
TAL
TAL
TAL
TAL
TAL
TAL
TAL
TAL
TAL
TAL
TAL
TAL
TAL
TAL
TAL
TAL
TAL
TAL
TAL
TAL
TAL
TAL
TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL

Watershed
Central Creek

Goose Prairie Creek

Harrison Bayou

Saunders Branch

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.5
0
0.5
0
0.5
0.5
0
0.5
0.5
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

-

0
0.5
0
0
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0
0
0
0
0
0
1
0
0
0
0.5
1
0.5
1
0.5
1
1
0.5
1
1
0.5
0.5
0
0
0
0
0
0.5
1
0
0
0
0
0.5
0
0
0
0
0
0
0
0

b

Lead
Barium
Lead
Cadmium
Lead
Lead
Lead
Lead
Lead
Cadmium, Copper
Lead
Lead, Mercury
Lead
Lead
Lead
Lead
Lead
Lead
Lead
Lead
Lead
Lead, Mercury, Zinc
Lead
Zinc
Zinc
Zinc
Copper
Copper, Zinc
Lead
Nickel
Lead, Mercury
Lead, Mercury
Mercury
Lead, Mercury
Lead, Mercury
Lead, Mercury
Lead, Mercury
Mercury
Lead
Mercury
Mercury
Lead
Zinc
Zinc
Mercury, Zinc
Copper, Lead, Mercury, Zinc
Copper, Mercury, Silver
Barium
Chromium
Barium
Barium
Mercury
Barium
Barium, Chromium
Barium
Barium
Barium
Barium
Barium
Barium
Barium
Barium, Zinc

Notes and Abbreviations :
a

Foot [feet] below ground surface.

b

Non-TAL samples could not be subjected to geochemical evaluation due to a lack of reference element data. The non-TAL samples

listed above contain element concentrations above the corresponding background screening value.
TAL target analyte list
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Table 2
Surface Water Samples Containing Suspect Element Concentrations
Watershed Areas
Watershed
Central Creek

Goose Prairie Creek

Harrison Bayou

Sample
Location

Sample
Date

Sample
Number

TAL or
Non-TAL

11SW13
11SW13
11SW14
12SW01
12SW03
12SW03
12SW04
12SW05
12SW07
12SW13
12SW14
12SW19
29SW03
29SW04
29SW05
29SW08
29SW09
29SW19
29SW20
29SW13
29SW16
29SW17
29SW30
32SW01
32SW03
32SW08
32SW09
32SW19
46SW07
50SW04
50SW07
16SW01
16SW01
16SW01
16SW04
16SW04
16SW05
16SW08
16SW10
16SW12
16SW13
16SW14
16SW16
16SW35
18SW01
18SW02
18SW13
18SW14
18SW14
18SW22
18SW25
18SW26
27SW03

03/31/1993
03/31/1993
03/31/1993
05/18/1993
05/18/1993
05/18/1993
02/18/1995
02/18/1995
02/18/1995
03/01/1995
03/02/1995
10/07/1998
05/19/1993
05/19/1993
05/13/1993
05/12/1993
05/12/1993
02/22/1995
03/01/1995
05/03/1993
05/13/1993
05/04/1993
10/07/1998
05/25/1993
05/12/1993
04/12/1995
04/12/1995
10/08/1998
11/10/1998
11/11/1998
11/11/1998
05/04/1993
02/21/1995
02/21/1995
04/14/1993
02/21/1995
05/13/1993
02/21/1995
02/21/1995
02/21/1995
02/21/1995
02/21/1995
03/16/1995
10/29/1997
06/13/1993
05/11/1993
02/18/1995
02/21/1995
02/21/1995
03/16/1995
02/20/1995
02/20/1995
03/30/1993

LH11-SW13
LH11-SW13
LH11-SW14
C-12SW01-930518
12SW03
12SW03
12SW04(WATER)
12SW05(WATER)
12SW07(WATER)
12SW13(WATER)
12SW14(WATER)
12SW19
29SW03
29SW04
29SW05
29SW08
29SW09
29SW19(WATER)
29SW20(WATER)
29SW13
29SW16
29SW17
29SW30
32SW01-930525
32SW03-930512
32SW08(WATER)
32SW09(WATER)
32SW19-981008
46SW07-981110
50SW04-981111
50SW07-981111
16SW01
16SW01(WATER)
16SW01(WATER)
16SW04
16SW04(WATER)
16SW05
16SW08(WATER)
16SW10(WATER)
16SW12(WATER)
16SW13(WATER)
16SW14(WATER)
16SW16(WATER)
16SW35
18SW01
18SW02
18SW13(WATER)
18SW14(WATER)
18SW14(WATER)
C-18SW22(WATER)-9503
18SW25(WATER)
18SW26(WATER)
LH27-SW03

Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
TAL
TAL
TAL
TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL
Non-TAL

Anomalous
Element(s)

a

Barium
Lead
Barium
Barium, Lead
Cadmium
Barium
Barium
Barium, Copper, Zinc
Barium
Copper
Copper
Copper
Barium, Lead
Lead
Barium
Barium
Barium
Zinc
Copper
Lead
Lead
Lead
Barium
Barium
Lead
Copper
Copper
Lead
Zinc
Zinc
Copper
Barium
Barium
Copper, Zinc
Barium
Barium
Barium
Barium, Copper
Barium, Copper, Zinc
Barium, Copper
Copper
Zinc
Barium, Lead
Barium
Barium
Barium
Barium, Copper
Barium, Copper, Chromium, Zinc
Copper
Lead
Barium
Barium
Barium, Lead

Notes and Abbreviations:
a

Non-TAL samples could not be subjected to geochemical evaluation due to a lack of reference element data. The non-TAL samples

listed above contain element concentrations above the corresponding background screening value.
TAL target analyte list
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Figure 1. Aluminum vs. Iron in Sediment, Central Creek,
Longhorn Army Ammunition Plant
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Figure 2. Barium vs. Aluminum in Sediment, Central Creek,
Longhorn Army Ammunition Plant
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Figure 3. Cadmium vs. Manganese in Sediment, Central
Creek, Longhorn Army Ammunition Plant
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Figure 4. Copper vs. Aluminum in Sediment, Central Creek,
Longhorn Army Ammunition Plant
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Figure 5. Copper vs. Cu/Al Ratios in Sediment, Central
Creek, Longhorn Army Ammunition Plant
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Figure 6. Lead vs. Aluminum in Sediment, Central Creek,
Longhorn Army Ammunition Plant
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Figure 7. Lead vs. Pb/Al Ratios in Sediment, Central Creek,
Longhorn Army Ammunition Plant
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Figure 8. Mercury vs. Aluminum in Sediment, Central Creek,
Longhorn Army Ammunition Plant
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Figure 9. Mercury vs. Hg/Al Ratios in Sediment, Central
Creek, Longhorn Army Ammunition Plant
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Figure 10. Nickel vs. Manganese in Sediment, Central Creek,
Longhorn Army Ammunition Plant
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Figure 11. Vanadium vs. Iron in Sediment, Central Creek,
Longhorn Army Ammunition Plant
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Figure 12. Zinc vs. Aluminum in Sediment, Central Creek,
Longhorn Army Ammunition Plant
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Figure 13. Aluminum vs. Iron in Sediment, Goose Prairie
Creek, Longhorn Army Ammunition Plant
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Figure 14. Barium vs. Aluminum in Sediment, Goose Prairie
Creek, Longhorn Army Ammunition Plant
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Figure 15. Cadmium vs. Iron in Sediment, Goose Prairie
Creek, Longhorn Army Ammunition Plant
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Figure 16. Cadmium vs. Cd/Fe Ratios in Sediment, Goose
Prairie Creek, Longhorn Army Ammunition Plant
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Figure 17. Copper vs. Aluminum in Sediment, Goose Prairie
Creek, Longhorn Army Ammunition Plant
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Figure 18. Copper vs. Cu/Al Ratios in Sediment, Goose
Prairie Creek, Longhorn Army Ammunition Plant
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Figure 19. Lead vs. Aluminum in Sediment, Goose Prairie
Creek, Longhorn Army Ammunition Plant
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Figure 20. Lead vs. Pb/Al Ratio in Sediment, Goose Prairie
Creek, Longhorn Army Ammunition Plant

1000

Lead (mg/kg)

100

10

1
0.0001

Background
Site
BSV
ESV

0.001

0.01
Pb/Al Ratio

0.1

1

00050964
Figure 21. Mercury vs. Aluminum in Sediment, Goose
Prairie Creek, Longhorn Army Ammunition Plant
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Figure 22. Mercury vs. Hg/Al Ratios in Sediment, Goose
Prairie Creek, Longhorn Army Ammunition Plant
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Figure 23. Nickel vs. Iron in Sediment, Goose Prairie Creek,
Longhorn Army Ammunition Plant
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Figure 24. Silver vs. Aluminum in Sediment, Goose Prairie
Creek, Longhorn Army Ammunition Plant
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Figure 25. Thallium vs. Iron in Sediment, Goose Prairie
Creek, Longhorn Army Ammunition Plant
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Figure 26. Vanadium vs. Iron in Sediment, Goose Prairie
Creek, Longhorn Army Ammunition Plant
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Figure 27. Zinc vs. Aluminum in Sediment, Goose Prairie
Creek, Longhorn Army Ammunition Plant
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Figure 28. Zinc vs. Zn/Al Ratios in Sediment, Goose Prairie
Creek, Longhorn Army Ammunition Plant
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Figure 29. Aluminum vs. Iron in Sediment, Harrison Bayou,
Longhorn Army Ammunition Plant
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Figure 30. Barium vs. Aluminum in Sediment, Harrison
Bayou, Longhorn Army Ammunition Plant
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Figure 31. Cadmium vs. Manganese in Sediment, Harrison
Bayou, Longhorn Army Ammunition Plant

Cadmium (mg/kg)

10

1

Background
Site
ESV

0.1
10

100

1,000

Manganese (mg/kg)

Figure 32. Chromium vs. Iron in Sediment, Harrison Bayou,
Longhorn Army Ammunition Plant
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Figure 33. Copper vs. Aluminum in Sediment, Harrison
Bayou, Longhorn Army Ammunition Plant
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Figure 34. Mercury vs. Aluminum in Sediment, Harrison
Bayou, Longhorn Army Ammunition Plant
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Figure 35. Nickel vs. Aluminum in Sediment, Harrison
Bayou, Longhorn Army Ammunition Plant
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Figure 36. Vanadium vs. Iron in Sediment, Harrison Bayou,
Longhorn Army Ammunition Plant
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Figure 37. Zinc vs. Aluminum in Sediment, Harrison Bayou,
Longhorn Army Ammunition Plant
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Figure 38. Aluminum vs. Iron in Sediment, Saunders
Branch, Longhorn Army Ammunition Plant
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Figure 39. Barium vs. Aluminum in Sediment, Saunders
Branch, Longhorn Army Ammunition Plant

Barium (mg/kg)

1,000

100

10

Background
Site
BSV
ESV

1
100

1,000

10,000

100,000

Aluminum (mg/kg)

Figure 40. Barium vs. Ba/Al Ratios in Sediment, Saunders
Branch, Longhorn Army Ammunition Plant
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Figure 41. Cadmium vs. Manganese in Sediment, Saunders
Branch, Longhorn Army Ammunition Plant
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Figure 42. Copper vs. Aluminum in Sediment, Saunders
Branch, Longhorn Army Ammunition Plant
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Figure 43. Mercury vs. Aluminum in Sediment, Saunders
Branch, Longhorn Army Ammunition Plant

Mercury (mg/kg)

1

0.1

0.01
Background
Site
BSV
ESV

0.001
100

1,000

10,000

100,000

Aluminum (mg/kg)

Figure 44. Mercury vs. Hg/Al Ratiosin Sediment, Saunders
Branch, Longhorn Army Ammunition Plant
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Figure 45. Nickel vs. Aluminum in Sediment, Saunders
Branch, Longhorn Army Ammunition Plant
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Figure 46. Vanadium vs. Iron in Sediment, Saunders Branch,
Longhorn Army Ammunition Plant
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Figure 47. Zinc vs. Aluminum in Sediment, Saunders
Branch, Longhorn Army Ammunition Plant
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Figure 48. Aluminum vs. Iron in Surface Water, Central
Creek, Longhorn Army Ammunition Plant
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Figure 49. Barium vs. Aluminum in Surface Water, Central
Creek, Longhorn Army Ammunition Plant
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Figure 50. Barium vs. Ba/Al Ratios in Surface Water, Central
Creek, Longhorn Army Ammunition Plant
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Figure 51. Copper vs. Iron in Surface Water, Central Creek,
Longhorn Army Ammunition Plant
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Figure 52. Copper vs. Cu/Fe Ratios in Surface Water, Central
Creek, Longhorn Army Ammunition Plant
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Figure 53. Lead vs. Aluminum in Surface Water, Central
Creek, Longhorn Army Ammunition Plant
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Figure 54. Lead vs. Pb/Al Ratios in Surface Water, Central
Creek, Longhorn Army Ammunition Plant
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Figure 55. Vanadium vs. Iron in Surface Water, Central Creek,
Longhorn Army Ammunition Plant

Vanadium (ug/L)

100

10

1

0.1
100

Background
Site
BVS
EVS

1,000

10,000
Iron (ug/L)

100,000

00050982
Figure 56. Zinc vs. Aluminum in Surface Water, Central
Creek, Longhorn Army Ammunition Plant
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Figure 57. Aluminum vs. Iron in Surface Water, Goose
Prairie Creek, Longhorn Army Ammunition Plant
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Figure 58. Aluminum vs. Al/Fe Ratios in Surface Water,
Goose Prairie Creek, Longhorn Army Ammunition Plant
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Figure 59. Barium vs. Aluminum in Surface Water, Goose
Prairie Creek, Longhorn Army Ammunition Plant
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Figure 60. Copper vs. Iron in Surface Water, Goose Prairie
Creek, Longhorn Army Ammunition Plant
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Figure 61. Copper vs. Cu/Fe Ratios in Surface Water, Goose
Prairie Creek, Longhorn Army Ammunition Plant
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Figure 62. Lead vs. Aluminum in Surface Water, Goose
Prairie Creek, Longhorn Army Ammunition Plant
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Figure 63. Lead vs. Pb/Al Ratios in Surface Water, Goose
Prairie Creek, Longhorn Army Ammunition Plant
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Figure 64. Zinc vs. Aluminum in Surface Water, Goose
Prairie Creek, Longhorn Army Ammunition Plant
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Figure 65. Zinc vs. Zn/Al Ratios in Surface Water, Goose
Prairie Creek, Longhorn Army Ammunition Plant
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Figure 66. Aluminum vs. Iron in Surface Water, Harrison
Bayou, Longhorn Army Ammunition Plant
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Figure 67. Aluminum vs. Al/Fe Ratios in Surface Water,
Harrison Bayou, Longhorn Army Ammunition Plant
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Figure 68. Barium vs. Aluminum in Surface Water, Harrison
Bayou, Longhorn Army Ammunition Plant
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Figure 69. Barium vs. Ba/Al Ratios in Surface Water,
Harrison Bayou, Longhorn Army Ammunition Plant
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Figure 70. Chromium vs. Iron in Surface Water, Harrison
Bayou, Longhorn Army Ammunition Plant
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Figure 71. Copper vs. Iron in Surface Water, Harrison
Bayou, Longhorn Army Ammunition Plant
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Figure 72. Copper vs. Cu/Fe Ratios in Surface Water,
Harrison Bayou, Longhorn Army Ammunition Plant
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Figure 73. Manganese vs. Iron in Surface Water, Harrison
Bayou, Longhorn Army Ammunition Plant
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Figure 74. Manganese vs. Mn/Fe Ratios in Surface Water,
Harrison Bayou, Longhorn Army Ammunition Plant
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Figure 75. Nickel vs. Iron in Surface Water, Harrison Bayou,
Longhorn Army Ammunition Plant
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Figure 76. Nickel vs. Ni/Fe Ratios in Surface Water, Harrison
Bayou, Longhorn Army Ammunition Plant
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Figure 77. Vanadium vs. Iron in Surface Water, Harrison
Bayou, Longhorn Army Ammunition Plant
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Figure 78. Vanadium vs. V/Fe Ratios in Surface Water,
Harrison Bayou, Longhorn Army Ammunition Plant
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Figure 79. Zinc vs. Aluminum in Surface Water, Harrison
Bayou, Longhorn Army Ammunition Plant
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Figure 80. Zinc vs. Zn/Al Ratio in Surface Water, Harrison
Bayou, Longhorn Army Ammunition Plant
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Figure 81. Lead vs. Iron in Surface Water, Harrison Bayou,
Longhorn Army Ammunition Plant
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Attachment 1

00050997

Figure 1-1. Aluminum vs. Iron in Background
Sediment, Longhorn Army Ammunition Plant
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Figure 1-2. Calcium vs. Magnesium in Background
Sediment, Longhorn Army Ammunition Plant
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Figure 1-3. Chromium vs. Iron in Background
Sediment, Longhorn Army Ammunition Plant
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Figure 1-4. Vanadium vs. Iron in Background
Sediment, Longhorn Army Ammunition Plant
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Figure 1-5. Aluminum vs. Iron in Background Surface
Water, Longhorn Army Ammunition Plant
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Figure 1-6. Barium vs. Aluminum in Background
Surface Water, Longhorn Army Ammunition Plant
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Figure 1-7. Vanadium vs. Iron in Background Surface
Water, Longhorn Army Ammunition Plant
1000

Vanadium (ug/L)

100

10

1

0.1
100

1,000

10,000

Iron (ug/L)

100,000
Lake

Stream

00051001

Attachment 4
Response to Comments

00051002

Installation-Wide BERA
Volume I - Appendix F, Attachment 4

Shaw Environmental, Inc.

Response to Comments from the Texas Commission on Environmental Quality on
the “Geochemical Evaluation of Metals in Soil Samples from the Industrial SubArea, Longhorn Army Ammunition Plant,” Draft Final Step 3 Report for the
Installation-Wide Ecological Risk Assessment, Longhorn Army Ammunition Plant,
Karnack, Texas

Comments by Marilyn Long, dated 2 March 2005:
PLEASE NOTE: I have not reviewed any facility documents other than Attachment 3, Section 1. I
recognize that many of the questions may have been addressed in other facility documents. My
evaluation perspective is based on the five (5) bullets listed below.
Most of the following comments/questions regarding Attachment F focus on the following aspects
·
General geologic setting (i.e., regional, local and installation-wide);
·
General soil types (i.e., regional, local and installation-wide);
·
Mineral associations with “iron oxides” (i.e., East Texas compared to installation-wide);
·
Clay mineralogy (i.e., literature/local research studies to support proposed natural occurrences)
·

What is background?

1.0 Introduction (Page 1)
Reference is made to the number of “regular” soil samples (621) and field duplicates (85) collected
from March 1993 through February 2004. As stated, these soil samples were collected from 0 to four
(4) feet below ground surface (bgs).
The following list of comments/questions relate to the acquisition of background information and the
basis for the subsequent data evaluation process.
1.
2.
3.

4.

5.
6.

7.

What is the geologic setting/formation(s) at this site?
What are the soil types (i.e., local and installation-wide)?
Since many of the elevated metal/element concentrations are attributed to enrichment in clays,
what clay type(s) are present across the facility area? Please identify any references/literature
that identify the clay mineral group/ clay mineralogy at the facility.
How is background defined (facility versus local/regional information?)
A.
What local/regional literature or references were consulted to establish background?
B.
How does facility background compare to local/regional soil geochemistry?
How do the facility and ISA background values compare with human health screening values
for each metal?
Provide a brief summary statement regarding the soil sampling criteria (i.e., 0 - 4' bgs)
A.
Has this sampling criteria been consistent over the 11-year sampling?
B.
What is the distribution of sampling locations over the facility/study area?
Does the soil data represent one soil type or numerous soil types? If there is more than one
soil type across the installation:
A.
Were the soil samples segregated by different soil types?

MARC No. W912QR-04-D-0027, TO No. DS02
Longhorn Army Ammunition Plant, Karnack, Texas

1

Shaw Project No. 117591
11/9/2007

00051003

Installation-Wide BERA
Volume I - Appendix F, Attachment 4

8.

Shaw Environmental, Inc.

B.
What was the distribution of samples per specific soil type?
C.
Were the all the soil samples co-mingled regardless of differing soil types?
Provide a brief summary statement regarding soil sampling intervals.
A.
Were soil samples collected consistently from discrete horizons/depths throughout the
11-year sampling?
B.
Were the soil samples segregated by each respective discrete sampling interval (e.g., 01', 1-2', etc)
C.
What is the distribution of soil samples based on discrete sampling intervals/horizons?
D.
E.

9.

Were all the soil samples/data co-mingled regardless of sampling depths?
Were the soil samples segregated by depth (surficial samples are compared with other
surficial samples)
Provide a brief summary statement regarding soil sampling
A.
Were consistent sampling procedures/protocol followed over the 11-year period?
(Field QA/QC)
B.
Was there consistent laboratory protocol, analytical methodology and, reporting limits
followed over the 11-year period? (Laboratory QA/QC)

Response: Detailed information on the background soil data set is outside the scope of
the Industrial Sub-Area (ISA) geochemical evaluation report, and we refer the reviewer to
the installation-wide background soil study report for that information (Shaw
Environmental, Inc. [Shaw], 2004a). Detailed information on the ISA sampling and
analytical program is also outside the scope of the geochemical evaluation report, and is
provided in, or referenced in, the body of the Step 3 ERA Report (Shaw, 2004b).
The elemental associations on which the geochemical evaluation is predicated are not
dependent on site geology or soil type. While the absolute concentrations of trace
elements may vary from site to site, the trace-versus-major element ratios in
uncontaminated samples are consistent, regardless of soil type or source material (Myers
and Thorbjornsen, 2004). There is a natural sample-to-sample variability in the
distribution of grain sizes that is caused by depositional and weathering processes.
Finer-grained samples have a greater proportion of clays and metal oxides. These
minerals have very high surface-area-to-mass ratios and strong surface charges, which
attract trace elements via a number of processes such as specific adsorption and ion
exchange. Minerals that concentrate in samples with coarser grain sizes include quartz
(SiO2), which have low surface-area-to-mass ratios and weak surface charges. These
minerals do not concentrate trace elements.
Concentrations of aluminum, iron, and manganese in weathered soil are fairly accurate
indicators of the amounts of the fine-grained minerals that are present. Sorption
processes distribute trace elements on these fine-grained minerals in fixed proportions,
yielding relatively constant trace-versus-major element ratios. Consistent ratios in a set
of samples indicate natural processes, and samples with anomalously high ratios are
suspected of being contaminated. This may be regarded as a simplified conceptual
model, but is it adequate for the intended purpose of distinguishing between
contamination versus naturally high background concentrations, and it is based on
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numerous research investigations published in peer-reviewed journals. Some of these
references are provided at the end of this response document.

2.0 Geochemical Evaluation Methodology (Pages 1 - 3)
Reference is made to the discussion of the geochemical relationship of arsenic and “iron oxide”;
however, arsenic was not one of the metals included in the geochemical evaluations in Section 3.0.
Discussions in this section and in Section 3.0 pertain to the metals/trace elements which associate
with iron oxide, clay and manganese oxide minerals in soil samples. Statements were made about
the affinity of trace elements to adsorb on clay minerals but, the clay minerals/ clay group(s)
present at the facility were not identified. It is my understanding that mineral/trace element
affinities to clay are contingent upon the clay mineral group/mineralogy. Therefore, what is/are
the clay mineral group(s) present at the facility?
Response: Mineralogical analyses are not available for the LHAAP background soil
samples or the ISA soil samples. However, all clay minerals contain aluminum as a
primary component, and the total aluminum concentrations of soil samples provide a
qualitative measure of the relative abundance of clays in the soil. The sorptive properties
of clay minerals are well established, and the higher the clay (aluminum) content of a soil
sample, the higher the trace element concentrations will be. The exact mineralogy is not
relevant to the geochemical evaluation, as uncontaminated samples will exhibit consistent
trace element-versus-aluminum ratios regardless of soil type or clay mineralogy. We
have observed this phenomenon in background soil samples from facilities across the
U.S. (Myers and Thorbjornsen, 2004).
The geochemical evaluations performed for LHAAP are based on the same principles that
underlie the numerous sediment data evaluations available in the peer-reviewed
literature, such as Windom et al. (1989), Daskalakis and O’Connor (1995), and Mostafa et
al. (2004). Since 1998, Shaw Environmental has performed geochemical evaluations for
metals in environmental media at 36 facilities in 24 states, and we have successfully
demonstrated that the evaluations provide sufficient information to determine whether or
not a site sample is contaminated. These evaluations are based on data acquired using
standard EPA SW-846 analytical methods, and they do not require mineralogical
analyses or other special analyses.

3.0 Results of the Geochemical Evaluation of Multiple Elements in Soil (Pages 4 - 9)
Reference is made to the first paragraph where the list of geochemical evaluations are listed for
aluminum, cadmium, chromium, lead, selenium vanadium and zinc. Since arsenic is not listed, it
is unclear why there was such a lengthy discussion of arsenic associations rather than one of the
aforementioned metals (also see comment regarding Section 2.0, above)
Response: The example of arsenic adsorption on iron oxides is provided in the
methodology discussion (Section 2.0) because it is a well-established association that is
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supported by numerous technical references (e.g., Hem, 1985; EPRI, 1986; Belzile and
Tessier, 1990; Bowell, 1994; Manceau, 1995; Sullivan and Aller, 1996; Chen, et al., 2002;
and Welch, 2003) and is familiar to many readers. In oxic soils, arsenic almost
exclusively adsorbs on iron oxides, which results in strong correlations between arsenic
and iron concentrations in uncontaminated samples. The arsenic example thus serves as
an excellent introduction to the adsorption mechanisms involved and to the geochemical
evaluation technique. Section 2.0 does not discuss arsenic to the exclusion of the other
elements. Several other elements (including cadmium, chromium, lead, selenium,
vanadium, and zinc) are discussed in subsequent paragraphs about the elemental
associations that are explored during the geochemical evaluation.

3.1 Aluminum (Figures 1 & 2)
Reference is made to the statement regarding the Al/Fe ratios relative to background and that
several elevated data points were “most likely naturally enriched in clays...”. Please indicate what
type of clay (i.e., clay group) would support this geochemical evaluation. Please identify any
references/literature that identify the clay mineral group/ clay mineralogy at the facility.
Figure 2: The report suggests that the plot in Figure 2 “reveals a linear trend”. However, there
appears to be two separate (but somewhat overlapping) clusters or populations rather than a
discernable trend/correlation. One cluster appears to be dominantly background values whereas
the other cluster appears to be from the ISA. Please clarify if this figure supports the conclusion
that aluminum is naturally occurring.
Response: Mineralogical analyses are not available for the LHAAP background soil
samples or the ISA soil samples. However, all clay minerals contain aluminum as a
primary component, and the total aluminum concentrations of soil samples provide a
qualitative measure of the relative abundance of clays in the soil. If a soil sample
contains a high proportion of clay minerals, then it will contain a naturally high
concentration of aluminum (Kabata-Pendias, 2001).
The actual identities of the clays and other aluminum-bearing minerals in the soil samples
are not directly relevant to the interpretation of the elemental correlation plots. For
example, the observation of a linear trend between a trace element and aluminum on a
correlation plot would indicate that an aluminum-bearing mineral is controlling the
concentration of that trace element. If the trace element-to-aluminum ratio is constant in
all of the samples, and aluminum is not a contaminant, then it is most likely that
contamination of that trace element is not present. The compositions of all aluminumbearing minerals in the samples do not need to be identified for this conclusion to be
valid.
Regarding the plot of aluminum versus potassium (Figure 2), it should be kept in mind
that the number of ISA site samples (n = 600 TAL samples) is much larger than the
number of background samples (n = 61). A higher maximum concentration and a lower
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minimum concentration are expected in the larger data set relative to the smaller one.
Furthermore, a strong correspondence between the two data sets is not expected, given
this order-of-magnitude difference in sample sizes. However, the ISA samples do not
exhibit anomalously high Al/K ratios relative to the background samples, which suggests
that the aluminum has a natural source. (Ratios of a given element pair are calculated for
both site and background samples, using the appropriate formulas in the Excel
spreadsheet associated with the correlation plots and ratio plots. Conditional formatting
is applied to highlight exactly which site samples have ratios that are higher than the
maximum background ratio. This approach provides a quantitative, objective, and
reproducible decision rule for identifying samples with anomalously high ratios relative to
background.)

3.2 Cadmium (Figures 3 & 4)
Reference is made to the statement regarding the “positive correlations” between the association of
cadmium and iron/ iron oxides in uncontaminated soil samples. It is my understanding that
mineralogically, cadmium is nearly always associated with sphalerite (ZnS) or is produced mainly
as a byproduct of from mining or the refining process of sulfide ores of zinc. Please identify any
references/literature that support the local background occurrence of cadmium in the soils and/or
its association with iron oxides.
Figure 3: This figure generally appears to illustrate two separate (sub-parallel) trends. One trend
appears to be dominated by ISA samples whereas the lower trend appears to be dominated by
background samples.
Figure 4: This figure appears to show two separate clusters suggesting that a cluster of ISA
samples is anomalously elevated relative to most of the background samples and many of the ISA
samples. Please explain the meaning of this distribution.
Response: Commercial deposits of cadmium occur in unweathered rock as sulfide
minerals, including greenockite (CdS), but most commercial cadmium is recovered as a
by-product from the smelting of sphalerite (ZnS), in which it substitutes for zinc. Sulfide
minerals are not stable in the sedimentary environment, and will react with oxygen and
water during the weathering process to yield sulfuric acid and soluble metals. Cadmium
released during this process will then adsorb on clay or iron oxide surfaces, depending on
the local soil pH conditions. Cadmium will remain adsorbed on a favorable mineral
surface because this is a chemically stable association in a weathered soil environment.
Site-specific background soil concentrations for cadmium range from 0.044 mg/kg to 1.4
mg/kg in the 61 samples included in the LHAAP background soil study report (Shaw,
2004a). This background report, which provides the background distributions for TAL
metals in soil, is cited on page 1. The affinity for cadmium adsorption on iron oxides is
noted in Cornell and Schwertmann (2003), and this reference is already cited in the
cadmium evaluation on page 5. Drever (1997) also describes the pH dependence of
cadmium adsorption under oxidizing conditions.
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The trends observed in Figures 3 and 4 are explained in the cadmium evaluation (pages
5 and 6). The two separate “trends” noted in the comment reflect the difference in
reporting limits between the data sets. The upper linear trend of Figure 3 represents the
same samples clustered to the right of the background samples in Figure 4. These
samples exhibit consistent Cd/Fe ratios, ranging from 2.2E-04 to 3.69E-04. As explained
in the report:
“These samples, which were collected in June 1993, have higher reporting limits than the
background samples. Available site reporting limits for that sampling event range from 1
to 10 mg/kg (mean of 2.1 mg/kg), which are an order of magnitude higher than the
background reporting limits of 0.39 to 0.48 mg/kg (mean of 0.43 mg/kg). The higher site
reporting limits likely explain the slightly higher site Cd/Fe ratios relative to background.
The strong linear trend formed by the June 1993 samples indicates that the cadmium is
associated with iron oxides at a relatively constant ratio and is natural.”

It should be noted that the background samples were collected in October 2003; this
information will be added to the first sentence of the excerpted paragraph above. The
majority of June 1993 cadmium detections are unestimated concentrations (non Jqualified results), and this contributes to the consistent elemental ratios exhibited by
those samples. The other site samples and background samples below the linear trend
exhibit more scatter. A higher proportion of these detections are estimated (e.g., Jqualified) concentrations, and such values have a high degree of analytical uncertainty,
which contributes to the scatter. There are four ISA samples with Cd/Fe ratios that lie
above the linear trends of Figure 3 and to the right of the other samples in Figure 4. It is
these four samples that may contain a component of cadmium contamination, as noted in
the report.

3.3 Chromium (Figures 5 & 6)
Reference is made to the statement regarding the “positive correlations” between the association of
chromium and iron/ iron oxides in uncontaminated soil samples. Please identify any
references/literature that supports the local background occurrence of chromium in the soils and/or
its association with iron oxides.
Response: Chromium is a naturally occurring trace element in soils. Site-specific
background soil concentrations range from 3.4 mg/kg to 34.6 mg/kg in the 61 samples
included in the LHAAP background soil study report (Shaw, 2004a). This background
report, which provides the background distributions for TAL metals in soil, is cited on
page 1. The affinity for chromium adsorption on iron oxides is noted in Kabata-Pendias
(2001), and this reference will be added to the chromium evaluation on page 6. Drever
(1997) also describes the pH dependence of chromium adsorption on iron oxides.
Detailed explanations of the mechanisms of trace element adsorption on iron oxides are
provided in Cornell and Schwertmann (2003).
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3.4 Lead (Figures 7 & 8)
Please identify any references/literature that provides supporting information regarding the
local/regional background occurrence of manganese oxides in the soil and the association of
manganese oxides with lead.
Figure 7: The report states that there is “generally a linear trend with a positive slope for the
background samples”; however, the plot for background values appears to be linear but flat
whereas many ISA Mn concentrations appear to exceed background values. Please explain the
meaning of this distribution.
Figure 8: The distribution of sample plots in this figure is similar to Figure 7.
Response: Manganese oxides are naturally occurring minerals in soil. Although sitespecific mineralogical analyses are not available for LHAAP soils, the total manganese
concentrations in the samples provide us with a qualitative measure of the relative
abundance of manganese oxides in the soil. Site-specific background soil concentrations
for manganese range from 5.4 mg/kg to 1,870 mg/kg in the 61 samples included in the
LHAAP background soil study report (Shaw, 2004a). This background report, which
provides the background distributions for TAL metals in soil, is cited on page 1. The
affinity for lead adsorption on manganese oxides is described in Drever (1997), and this
reference will be added to the lead evaluation on page 7.
The background trend in Figure 7 is linear with a positive slope. The y-axis scale covers
a four order-of-magnitude concentration range, which is why the background trend
appears flat. The manganese concentrations of the ISA samples (8.3 to 3,740 mg/kg in
the TAL samples) are very similar to those of the background samples (5.4 mg/kg to
1,870 mg/kg), and only six ISA samples in Figure 7 exceed the background manganese
MDC. It should be noted that the number of ISA samples (n = 600 TAL samples) is much
larger than the number of background samples (n = 61). A higher maximum
concentration is expected in the larger data set relative to the smaller one.
In Figure 7, the Pb/Mn ratios of many ISA samples appear to exceed the background
range of Pb/Mn ratios. However, log-log correlation plots can be deceptive, which is why
the plot of lead concentrations versus Pb/Mn ratios is provided in Figure 8. In Figure 8 it
can be seen that only 19 ISA samples have Pb/Mn ratios that exceed the background
ratio range (i.e., lie to the right of the background samples in the plot). It is these 19
samples that may contain a component of lead contamination, as noted in the report.

3.5 Selenium (Figure 9)
Please identify any references/literature that supports the local background occurrence of selenium
the soils and/or its association with iron oxides. In addition, reference is made to the site detection
values that were “J-qualified” and, the site reporting limits that were reported to be below the
background reporting limits. Based on these factors, how might the conclusions be affected?
Figure 9: It is acknowledged that there appears to be a linear trend of the background samples;
however, the background samples appear to be one population whereas ISA samples appear as a
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separate population (i.e., a cluster below the background sample trend). Please explain the
meaning of this distribution.
Response: Selenium is a naturally occurring trace element in soils. Site-specific
background soil concentrations range from 0.61 mg/kg to 7 mg/kg in the 61 samples
included in the LHAAP background soil study report (Shaw, 2004a). This background
report, which provides the background distributions for TAL metals in soil, is cited on
page 1. The affinity for selenium adsorption on iron oxides is noted in Kabata-Pendias
(2001), and this reference will be added to the selenium evaluation on page 7. Drever
(1997) also discusses selenium adsorption under oxidizing conditions. Detailed
explanations of the mechanisms of trace element adsorption on iron oxides are provided
in Cornell and Schwertmann (2003).
The report discusses the presence of J-qualified site selenium detections and the
difference between the site and background reporting limits (page 8). These factors
result in the differing site and background Se/Fe ratios noted in the report (and explain
why the two data sets appear different in Figure 9), but they do not affect the overall
conclusions of the geochemical evaluation. The single site sample identified as being
potentially contaminated (sample 49SB13(0-0.5); 2.33 mg/kg Se) has an unestimated
selenium concentration. Because this detection is above its corresponding reporting limit
and because the sample’s Se/Fe ratio exceeds the range of background Se/Fe ratios, we
have confidence in describing it as being anomalously high relative to background.

3.6 Vanadium (Figure 10)
Please identify any references/literature that supports the local background occurrence of
vanadium the soils and/or its association with iron oxides.
Response: Vanadium is a naturally occurring trace element in soils. Site-specific
background soil concentrations range from 7.1 mg/kg to 50.5 mg/kg in the 61 samples
included in the LHAAP background soil study report (Shaw, 2004a). This background
report, which provides the background distributions for TAL metals in soil, is cited on
page 1. The affinity for vanadium adsorption on iron oxides is noted in Kabata-Pendias
(2001), and this reference will be added to the vanadium evaluation on page 8. Detailed
explanations of the mechanisms of trace element adsorption on iron oxides are provided
in Cornell and Schwertmann (2003).

3.7 Zinc (Figures 11 & 12)
Please identify any references/literature that supports the local background occurrence of zinc in
the soils and/or its association with iron oxides.
Figure 11: Reference is made to the statement that the high zinc and iron concentrations lie on the
background trend; however, the background samples appear to be a separate, small cluster and
most of the ISA samples appear be a separate cluster (i.e., illustrating elevated zinc values). Please
explain the meaning of this distribution.
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Response: Zinc is a naturally occurring trace element in soil. Site-specific background
soil concentrations range from 3.3 mg/kg to 64.7 mg/kg in the 61 samples included in the
LHAAP background soil study report (Shaw, 2004a). This background report, which
provides the background distributions for TAL metals in soil, is cited on page 1. The
affinity for zinc adsorption on iron oxides is noted in Kabata-Pendias (2001), and this
reference is already provided in the zinc evaluation on page 8. Drever (1997) also
describes the pH dependence of zinc adsorption under oxidizing conditions. Detailed
explanations of the mechanisms of trace element adsorption on iron oxides are provided
in Cornell and Schwertmann (2003).
There are two processes that are illustrated in Figures 11 and 12. The uncontaminated
ISA site samples fall on the same trend established by the background samples. The
number of ISA site samples (n = 600 TAL samples) is much larger than the number of
background samples (n = 61), so a higher maximum concentration and a lower minimum
concentration are expected in the larger data set relative to the smaller one, but all of the
background and uncontaminated ISA site samples fall on the same trend. A second
process shown in the figures is that 84 of the ISA samples appear to have excess zinc
concentrations relative to the iron concentrations. These samples fall above the
background trend in Figure 11 and to the right of the right-most background sample on
Figure 12. Zinc concentrations in these samples were identified in the report as
anomalously high, and they may contain some component of contamination.
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Response to Comments from the Texas Commission on Environmental Quality
on the Draft Final Step 3 Report for the Installation-Wide Ecological Risk
Assessment, Longhorn Army Ammunition Plant, Karnack, Texas

Comments by Jeffrey E. Patterson, Superfund Cleanup Section, dated 25 February 2005.
I reviewed aspects associated with the comparison of sample results from potentially affected
areas with sample results from background locations in Draft Final Step 3 Report for the
Installation-Wide Ecological risk Assessment for Longhorn. I focused my review on Section 10–
Refined List of COPECs and Appendix F–Ecological Background Evaluation and related
sections. I also focused primarily on metals contaminants. I have attached a spreadsheet which
includes my brief notes on the various contaminants evaluated in the report.
SUMMARY OF REPORT'S APPROACH
The report compared concentrations in background samples with those found in onsite samples
in soil, sediment and surface water at various "sub-areas" and watersheds. Multiple tools were
used in combination with a "weight-of-evidence" approach to determine whether onsite
concentrations were naturally occurring or anthropogenic, or were a result of site activities.
These tools include the Wilcoxon Rank Sum Test (WRS) (a non parametric comparison between
2 data sets), a "bright line" test (in which the Upper Prediction Limit (UPL) and Upper Tolerance
Limit (UTL) of background were compared with the maximum onsite concentrations), a
geochemical evaluation (in which the correlation between pairs of naturally occurring metals
were examined for both onsite and background samples), box-and-whisker plots, and comparison
with Texas-specific median background concentrations.
The geochemical background evaluation was given the greatest weight amongst the various tools
used in the background evaluation. However other factors listed on page 10-1 of the report were
also used in the "weight-of-evidence" approach for concluding that a contaminant was or was not
a Constituent of Potential Ecological Concern (COPEC). For instance, a "spatial evaluation" was
performed in order to determine if a contaminant was "isolated" or "suggestive of a major
residual deposition area".
Finally the Section 10 evaluation included an additional "tool" which in many cases was used to
override the results of the above evaluations: in cases where the onsite data set contained a larger
number of samples than the background data set, higher onsite concentrations were explained as
being representative of the "tail of the background distribution". The report concludes that this
"tail of the background distribution" was not identified in the background samples, but due to the
larger onsite data sets was found onsite.
Response: The difference between site and background sample sizes not used as a
reason to eliminate chemicals as final COPECs or to override other evaluation results in
Chapter 10. Rather, the differences in sample size were discussed to explain why the
statistical approaches (Wilcoxon rank sum test and “bright-line” background
comparisons) are expected to have a high false-positive error rate for some
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uncontaminated data sets. The constituent summaries in Chapter 10 will be revised to
clearly differentiate the statistical test results from the conclusions of the geochemical
evaluations. In addition, a summary table will be added that identifies the reasons why
specific constituents were not selected as final soil COPECs. This table will address
major lines of evidence used to eliminate COPECs, including EEQs, spatial analysis,
statistical site-to-background comparison tests, geochemical evaluation, detection
frequency, the effects of alternative uptake factors and TRVs on the EEQs,
bioavailability, etc. Please see the Response to Comment 4 for additional discussion
regarding the effects of unequal sample sizes on statistical tests.
COMMENTS
COMMENT 1– Geochemical Evaluation: This report provides more discussion of the
geochemical approach. However, the criteria by which specific samples are judged to be related
to background or not, is still very subjective. I could not find any decision rule for making this
decision. A cursory review of the metal vs metal scatter plots (e.g. cadmium vs iron) and my
own subjective opinion leads me to agree with some of the conclusions concerning the
correlation between two subject metals (for instance Figure 10 showing the relationship between
vanadium and iron in the industrial subarea and background). In other situations the correlations
do not appear so obvious to me, and in some cases the plots appear to indicate two distinct
populations with the onsite concentration being the higher of the two (for example Figures 2, 3,
5, 7 and 11 of the Industrial Sub area). I only noticed one example (selenium in Figure 9) where
the onsite concentrations were generally lower than those of background. Other scatter plots do
not appear to show (to my eye) any particular correlation between the two variables.
The criteria by which some of the data sets are judged to "contain a component of
contamination" are not discussed in sufficient detail and the power of the test is not established.
That is, it is not clear how this geochemical evaluation would perform in identifying
contamination when it actually is present.
Response: As noted in the methodology section of the geochemical evaluation reports,
some trace elements have very strong affinities for a particular type of mineral, whereas
other elements will partition themselves between several minerals. Vanadium has a
particularly strong affinity for iron oxides, so the correlations for vanadium versus iron in
uncontaminated samples are usually quite strong. As the comment notes, this can be
seen in Figure 10 of the Industrial Sub-Area (ISA) report. Elements such as chromium
can exist as several different species with different charges and thus they can have
affinities for multiple sorptive surfaces. The resulting correlations for chromium versus a
given major element may thus be weaker than those observed for vanadium versus
iron. Site-specific conditions such as soil pH, redox, and the presence of competing
elements will also play a role, and these factors may contribute to weaker trace-versusmajor element correlations for some element pairs.
The intent of the geochemical evaluations is to determine whether or not element
detections in site samples represent contamination or are natural, based on the
available data. Key to this determination is the comparison of site versus background
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elemental ratios. If the elemental ratio of a site sample exceeds the range of
background ratios, and no natural cause can be established, then that sample is flagged
as potentially contaminated.
Interpretation of some of the correlation and ratio plots were complicated by differences
in reporting limits and percentages of nondetects, as well as differences in sample size
(for example, cadmium vs. iron in ISA soil). These factors can give the impression of
multiple trends, and these factors need to be taken into account in the interpretation of
the element relationships.
The geochemical evaluations performed for the ISA and other LHAAP Sub-Areas do
identify potentially contaminated samples based on an objective decision rule. In the
case of chromium, examination of the chromium-versus-iron plot (Figure 5) revealed
that some samples fall above the trend established by the background samples and
most of the site samples. A plot of chromium versus Cr/Fe ratios was then prepared
(Figure 6). Fourteen site samples that fell to the right of the right-most background
sample have anomalously high Cr/Fe ratios, and these samples were identified as
possibly containing a component of contamination.
Pursuant to discussions with TCEQ and EPA on 13 June 2005, the correlation plots and
ratio plots in Appendix F will be modified to incorporate “bright lines” representing
background and ecological risk screening values. This modification will provide points
of reference for the reviewer, and will allow the reviewer to see where the absolute
element concentrations fall with respect to relevant screening criteria.
The technical presentations given by Shaw Environmental to the project team on 3
March 2005 and 13 June 2005 discussed the LHAAP geochemical evaluations and the
many geochemical evaluations that have been successfully applied at other facilities
across the U.S. These presentations included examples of both uncontaminated and
contaminated data sets. Please also see the Responses to Comment 4.

COMMENT 2–Wilcoxon Rank Sum Test: In an attached table I have tabulated the p-values
for the comparison between background and some of the various subareas in the WRS Test (also
known as the Mann-Whitney U test). If the sums of the ranks are very different, the WRS test
concludes with a high likelihood that the populations are different, and the p-values will be
small. As can be seen from this table many of the p-values are very small, and very much
smaller than the 0.05 significance level in the WRS test. This indicates a very high likelihood
that the populations compared are different, with the onsite population being the higher
concentration. In many cases the report uses other lines of reasoning to conclude that the onsite
samples represent background despite the fact that a properly selected and conducted statistical
test, with a large number of samples and sufficient power concludes otherwise with a high
likelihood.
Response: Please see the Responses to Comment 4.
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COMMENT 3–Spatial Evaluation: Even after the statistical and/or geochemical evaluations
described above indicate that a contaminant concentration does not represent background, in
some cases the report concludes that a contaminant is not a COPEC because no "source" is
indicated by the spatial distribution of the samples.
If the identification of source areas was the goal of this study this may be an appropriate
conclusion. However this criteria may not be appropriate if the purpose of this report is to
determine areas of onsite contamination that are greater than background concentrations. The
lack of an identifiable source area does not negate the fact that concentrations onsite may be
elevated in comparison with background. In some cases the spatial evaluation concludes that the
contaminant should not be a COPEC despite a large number of samples above concentrations of
concern.
Response: The Step 3 Report used multiple lines of evidence to determine if a
chemical was a final COPEC that should be carried forward to a baseline ERA. One
line of evidence involved comparisons to background using a variety of statistical and
non-statistical comparisons. Another line of evidence was a spatial evaluation, in which
the locations of elevated concentrations were plotted on a map to determine if a source
area was potentially present, and/or whether elevated detections of a given chemical
were located close enough to collectively fall within a potential receptor’s home range.
If there were relatively few detections, and they were not located in close proximity to
each other, these chemicals are likely spurious observations, and would not be regularly
encountered by receptors. Also, it should be noted that bioaccumulative chemicals
were carried forward to the food chain model, even if they were detected very
infrequently (i.e., < 5% of samples). Because these infrequently detected chemicals
were retained in the screening step, the spatial analysis was particularly useful for
determining if these types of chemicals pose a realistic threat to the environment (i.e., if
they were encountered closely enough together for a receptor to realistically encounter
regularly). Please see response to EPA Comment No. 82.

COMMENT 4–Number of samples in Onsite and Background Data Sets: As mentioned
above, in cases where the onsite data set contained a larger number of samples than the
background data set, higher onsite concentrations were explained as being representative of the
"tail of the background distribution" which were not identified in the background samples.
I do not find this argument convincing, nor do I think it represents appropriate statistical
reasoning. It is true that the likelihood of getting extreme values from a distribution are greater
when more samples are collected. However further demonstrations would be needed to show
that this is the case here. Follow up questions to this observation which should be explained are:
How many samples exceed the background UPL or UTL?;
How much do these samples exceed these "bright line" criteria?;
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Where are these exceedences located?;
Are the exceedences "co-located", meaning that more than one contaminant exceeds its
background UPL or UTL at the same location?
What is the probability of getting the number of exceedences observed if they actually are a part
of the background distribution?;
Why do the onsite data sets repeatedly, for contaminant after contaminant, fail the WRS test, the
"bright line" test and in some cases the geochemical test as well?
Response: There is greater than an order of magnitude difference between the ISA
and background sample sizes (n = 621 for the site samples and n = 56 for the
background samples). On this basis alone, the ISA data set is virtually guaranteed to
fail bright-line tests, because the larger of two data sets will contain the higher maximum
value. In addition, the ISA samples were collected from a much larger area (2,330
acres) compared to the background samples (which were collected from two areas
totaling approximately 700 acres). A data set that covers a smaller area (in this case,
background) will exhibit lower variance than a data set that covers a larger area (ISA).
The larger of two data sets (ISA), assuming no contamination is present, will provide a
more accurate representation of the mean than the smaller data set (background). The
WRS test, which compares the central tendencies (medians) of the data sets, is thus
more likely to indicate a difference between the two data sets. The Low-Impact SubArea (LISA) covers 3,220 acres and its data set includes 148 samples, and the Waste
Sub-Area (WSA), although it covers only 490 acres, has a sample size of 100. Site-tobackground comparisons for these two sites are thus expected to have high falsepositive error rates, as well.
The 95th UTL of a set of background samples is an estimate of the upper bound of the
95th percentile of the background population. Even with a background data set that is
perfectly representative of the true background population, one would still expect, by
definition, that five percent of the uncontaminated site samples will exceed this
screening value. Comparison of 621 uncontaminated site samples with a background
UTL would thus be expected, on average, to yield 31 exceedances. One would need to
be extremely lucky to compare 621 site samples to a background 95th UTL and not have
any false-positive results.
The order-of-magnitude differences in sample size and sampled area for the site and
background data sets, combined with the presence of contamination in specific site
samples, as well as differences in reporting limits, percentages of nondetects, and
variances, all contribute toward causing the site data sets to fail the statistical site-tobackground comparison tests. The geochemical evaluation is thus a necessary
component of the site-to-background comparisons, because it is relatively immune to
these differences in the data sets, and it permits us to determine the reasons why site
concentrations are elevated. The geochemical evaluations performed for the ISA, LISA,
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and WSA successfully distinguished between the site samples that contain only
naturally high element concentrations versus those that may reflect contamination.
COMMENT 4 Continued. Why is it that the geochemical scatter plots show (to my eye)
increases onsite, sometimes for both contaminants depicted, and in only one case do they show
reduced concentrations in the background population?
Response: Increased concentrations of chromium, lead, and zinc in some ISA site
samples relative to background were noted in the report and were attributed to possible
contamination. For other elements with less than 100 percent detection frequency,
differences in reporting limits between site and background data sets produced
apparent differences in the data because only detected concentrations can be shown on
the plots.
The ISA samples exhibit lower concentrations relative to background in the case of
selenium. As explained on page 8 of the ISA geochemical evaluation report, the
presence of J-qualified site selenium detections and the difference between the site and
background reporting limits result in the differing site and background Se/Fe ratios
noted in the report. These factors explain why the two data sets appear different in
Figure 9.
Cadmium in the ISA data set is another special case and the plots are explained in the
cadmium evaluation (pages 5 and 6). The two separate trends observed in Figure 3
reflect the difference in reporting limits between the data sets. The upper linear trend of
Figure 3 represents the same samples clustered to the right of the background samples
in Figure 4. These samples exhibit nearly constant Cd/Fe ratios, ranging from 2.2E-04
to 3.69E-04. As explained in the report:
“These samples, which were collected in June 1993, have higher reporting limits
than the background samples. Available site reporting limits for that sampling event
range from 1 to 10 mg/kg (mean of 2.1 mg/kg), which are an order of magnitude
higher than the background reporting limits of 0.39 to 0.48 mg/kg (mean of 0.43
mg/kg). The higher site reporting limits likely explain the slightly higher site Cd/Fe
ratios relative to background. The strong linear trend formed by the June 1993
samples indicates that the cadmium is associated with iron oxides at a relatively
constant ratio and is natural.”

The majority of June 1993 cadmium detections are unestimated concentrations (non Jqualified results) , and this contributes to the consistent elemental ratios exhibited by
those samples. The other site samples and background samples below the linear trend
exhibit more scatter. A higher proportion of these detections are estimated (e.g., Jqualified) concentrations, and such values have a high degree of uncertainty, which
contributes to the scatter. There are four ISA samples with Cd/Fe ratios that lie above
the linear trends of Figure 3 and to the right of the other samples in Figure 4. It is these
four samples that may contain a component of cadmium contamination, as noted in the
report.
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The other elements have higher detection frequencies and fewer estimated
concentrations than selenium and cadmium, so their distributions are affected to a
greater degree by the differences in sample size between the site and background data
sets. For example, there are two processes that are illustrated in the plots for zinc
(Figures 11 and 12). In Figure 11, the uncontaminated ISA site samples fall on the
same trend established by the background samples (they exhibit Zn/Fe ratios that are
similar to those of the background samples). The number of ISA site samples (n = 600
TAL samples) is much larger than the number of background samples (n = 61), so a
higher maximum concentration and a lower minimum concentration are expected in the
larger data set relative to the smaller one, but all of the background and uncontaminated
ISA site samples fall on the same trend. A second process shown in the figures is that
84 of the ISA samples appear to have excess zinc concentrations relative to the iron
concentrations. These samples fall above the background trend in Figure 11 and to the
right of the right-most background sample on Figure 12. Zinc concentrations in these
samples were identified in the report as anomalously high, and they may contain some
component of contamination.

COMMENT 4 Continued. In my opinion 56 background samples is a sufficient number of
samples to adequately characterize the background distribution. Having this many onsite
samples actually enhances the power of the statistical tests; that is it makes it more likely that
these tests will be able to detect small shifts between one population and another. A large
difference in the number of samples between two data sets serves to reduce the power of a
statistical test, however even with this reduced power the WRS test repeatedly indicates that the
onsite data sets are convincingly higher than background. This explanation was used even when
the onsite data sets were not excessively larger than the background data set.
The UTL is an upper confidence limit about a percentile; in this case the 95% confidence limit
about the 95th percentile of the population. The UPL is a prediction limit for the next realization
from a distribution. In a crude sense, they can both be thought of as inflated estimates of the 95th
percentile. Fifty-six background samples should provide a reasonable estimate of these statistics
and therefore a reasonable, though inflated, estimate of the 95th percentile. When the 95th
percentile is compared with the onsite population, then 5% of this population should exceed the
estimate of the 95th percentile if it is indeed no different than the background population. This
5% exceedences rate would be true if we really knew the 95th percentile. If however the onsite
population is shifted with respect to background then a greater percentage of the samples should
exceed the estimate of the 95th percentile. Therefore I made a quick count of the number of
times the UTL and UPL of background were exceeded in the Industrial Sub Area data set. This
information is compiled in the attached table. As you can see the number of exceedences for
cadmium, lead and zinc is well beyond the 5% that would be expected if we had an un-inflated
estimate of the 95th percentile. Since our estimate of this percentile is inflated, these percentages
are biased low. Due to time constraints I was not able to make the same comparison for the other
sub areas and the watersheds, but it would be appropriate for the facility to do so.
In summary: this “larger data set” criteria is a subjective argument used to over-ride the results of
appropriate statistical tests without any additional evaluation. If the onsite data sets truly
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represent background, with more representation from the "tails" of the background distribution
this situation should be clearly discernable through appropriate statistical tests. In many cases a
more likely conclusion is that some of the onsite samples represent contamination relative to
background concentrations.
Response: We do not consider the background screening values based on the 95th
UTLs or 95th UPLs to be “inflated,” but we agree that they are highly uncertain. A
common problem in environmental statistics is the need to make inferences about a
large population based on a limited number of samples. The standard approach is to
construct confidence intervals around the sample statistics to account for the
uncertainties induced when extrapolating from the limited sample to the larger
population. If one had a set of “perfect” background data that is truly representative of
the actual background distribution, then applying this data in a site-to-background
comparison performed at the 95% confidence level should yield, on average, a five
percent false-positive error rate. The data used here, however, are far from perfect, for
a number of reasons listed below. These factors can greatly increase the incidence of
false-positive results.
• Broad ranges of values – Iron and aluminum concentrations in the data sets span
ranges that are greater than two orders of magnitude, and some trace elements
have ranges of greater than three orders of magnitude. Accurate
characterization of a population that displays a several order of magnitude range
requires a much larger number of samples relative to a population with a limited
range. Specifically, the number of samples required to accurately describe a
distribution is proportional to the square of the standard deviation, which is quite
large for some of these distributions.
• Skewed distributions – The background distributions of all of the elements are
highly right-skewed, resembling lognormal distributions. This compounds the
difficulty in characterizing the upper tail of the distributions because the values
spread out over a broad range at the higher concentrations. A larger number of
samples are thus required to characterize the upper tail of a lognormal
distribution relative to a normal distribution.
• Nondetects – A large percentage of nondetect results were obtained for several
elements. A surrogate value of one-half of the reporting limit was assigned to
these results. The presence of these surrogate values can greatly diminish the
power of the WRS test and can cause uncertainties in defining an accurate
background 95th UTL, especially when the proportion of nondetects approaches
50 percent. This was the case for antimony, cadmium, mercury, selenium, silver,
and thallium.
• Differences in reporting limits – Large differences in reporting limits between the
site and background data sets were noted for several elements in the report. If
the percentage of nondetects is more than a few percent, and the reporting limits
are different, than this fact alone can easily cause erroneous WRS test results.
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• Representativeness of the background data set –As discussed above, the ISA site
samples were collected from an area encompassing 2,330 acres, whereas the
background samples were collected from two areas totaling approximately 700
acres. A data set that covers a smaller area (in this case, background) will
exhibit lower variance than a data set that covers a larger area (ISA). The larger
of two data sets (ISA), assuming no contamination is present, will provide a more
accurate representation of the mean than the smaller data set (background).
The WRS test, which compares the central tendencies (medians) of the data
sets, is thus more likely to indicate a difference between the two data sets. A
background UTL calculated from a data set with a smaller variance will not be
directly applicable to a site data set with a larger variance. Under these
conditions, more than five percent of the site samples would be expected to
exceed the background 95th UTL, even if no contamination is present.
If “perfect” data compared at a 95th confidence level will yield a five percent falsepositive error rate, then “real” data with the characteristics listed above will have an
even higher false-positive error rate. The inclusion of the geochemical evaluation step
after the statistical evaluation is an effective way to distinguish between naturally high
background concentrations versus contamination. The use of geochemical evaluation
in concert with the statistical tests serves to lower the overall error rate of the integrated
methodology because the geochemical approach is far less sensitive to differences in
sample size, percentages of nondetects, variances, and reporting limits in the data sets
being compared.

COMMENT 5– Contouring: It would be interesting to see isoconcentration contour maps of
the various contaminants. If the contours for various contaminants repeatedly show an increase
in concentration over the facility relative to background it would support the position that the
facility has had an effect relative to background.
Response: Comment noted. The generation of contour maps is not planned at this
time. The spatial evaluation results presented in Section 10, based on the spatial plots
of COPECs, for broad ranges of concentration categories, provides insight into
concentration gradients (isoconcentration contours).
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APPENDIX G
RESULTS FROM THE 2004 SURFACE WATER AND
SEDIMENT DATA GAP SAMPLES

G.1 Evaluation of Results from Recently Collected Surface Water and
Sediment Data Gap Samples
During meetings with stakeholders, the regulatory agencies expressed a concern that the surface
water and sediments within the four watersheds have not been adequately characterized.
Additional surface water and sediment samples were collected from various locations within the
four watersheds in September 2004, with regulatory approval of the selected sampling locations,
to address this potential data gap.
This appendix presents the chemical analytical results from these surface water and sediment
data gap samples collected in September 2004. Twenty locations were identified for the
collection of collocated surface water and sediment samples. However, some sample locations
were dry and the surface water sample could not be collected. The new surface water and
sediment samples are presented in Table G-1 and Figure G-1, and are summarized as follows:
• Goose Prairie Creek: six sediment samples and two surface water samples
• Central Creek: ten sediment samples and five surface water samples
• Harrison Bayou: one sediment and one surface water sample, and
• Saunders Branch: three sediment and three surface water samples

This appendix presents tables (G-2 through G-9) that compare the results of the new data with
the results from the Step 3 database. Results of the data gap sampling were not obtained in time
for inclusion in the main Step 3 data set. However, the results were evaluated semiquantitatively, as discussed in the following subsections.

G.1.1 Sediment
Tables G-2 through G-5 present a comparison of sediment results between the data set used in
the Step 3 Report (Sections 6 and 7) and the new data set collected in September 2004, for each
COPEC within each watershed.

G.1.1.1 Goose Prairie Creek
Six new sediment samples were collected from the Goose Prairie Creek watershed. Eight nonnutrient sediment COPECs (cobalt, copper, manganese, silver, zinc, 2,3,7,8-TCDD TEQ,
Aroclor-1260, and methoxychlor) had maximum, 95% UCL, or mean concentrations that were
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greater in the new data set (Table G-2). However, these findings are expected to have an
insignificant effect on Step 3 ERA conclusions, as discussed for each COPEC below.
Cobalt. Only the new 95% UCL concentration was greater, not the maximum or the mean
concentration, and this finding is likely a function of the small size of the September 2004 data
set compared with the Step 3 data set (six vs. 53 samples). The 95% UCL of 9.9 mg/kg is still
below the ecological screening value of 50 mg/kg.
Copper. The new maximum, 95% UCL, and mean concentrations were greater, with the MDC
increasing from 38.7 mg/kg to 60.2 mg/kg. The 95% UCL of 29.8 mg/kg is still below the
ecological screening value of 35.7 mg/kg, however, this COPEC is potentially bioaccumulative
and it was retained in the Step 3 ERA regardless of its concentration. The Step 3 Tier 1 and Tier
2 exposure point concentrations were 12.7 and 10.8 mg/kg, respectively.
An evaluation of these elevated copper concentrations shows that the most potentially impacted
wildlife measurement receptor (the Bank Swallow that consumes 90% benthic invertebrates that
may bioaccumulate copper from sediment), would not be adversely affected. Scaling up of the
sediment-associated copper EEQ for this receptor (Appendix E) using the 95% UCL of 29.8
mg/kg found in the new data set and the Tier 1 exposure point concentration of 12.7 mg/kg for
copper in Goose Prairie Creek sediment shows that the sediment-associated EEQ would be less
than 1 for this invertebrate-consuming receptor.
An evaluation of this 95% UCL of 29.8 mg/kg for copper using the CBR approach shows that
the brown bullhead catfish would have an estimated tissue concentration of 33 mg/kg (scaled up
from the 14 mg/kg tissue concentration using the Tier 1 12.7 mg/kg sediment concentration),
which translates into an estimated NOAEL-based HQ of 8.4 (33/3.92) and a LOAEL-based HQ
of 7.4 (33/4.48) (from data presented in Appendix Table B-2c). It should be noted that there is
considerable uncertainty associated with the CBR approach itself and TrophicTrace® modeling
of fish bioaccumulation from sediment.
An evaluation of this 95% UCL of 29.8 mg/kg for copper using the direct contact approach
shows that only two of the 11 available direct contact benchmarks for copper would be exceeded
(main volume, Table 7-10). This finding suggests that the elevated copper concentrations are not
a significant concern.
Manganese. Only the new 95% UCL concentration was greater, not the maximum or the mean
concentration, and this finding is likely a function of the small size of the September 2004 data
set compared with the Step 3 data set (six vs. 142 samples). The 95% UCL of 306 mg/kg is still
below the ecological screening value of 460 mg/kg.
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Silver. Only the new 95% UCL and mean concentrations were greater, not the maximum
concentration. The September 2004 data set had six samples (although two were not used as
they were either B-qualified or R-qualified), while the Step 3 data set had 69 samples. The 95%
UCL of 9.13 mg/kg for the new data set is above the ecological screening value of 1 mg/kg, as
was the Step 3 95% UCL of 2.66 mg/kg. It should be noted that TNRCC (2001) does not
consider silver to be a bioaccumulative COPEC in sediment. It should also be noted that there
are no readily-available TRVs for silver; therefore EEQs were not calculated for any
measurement receptors.
A recalculation of the silver 95% UCL using all of the available data results in a concentration of
2.9 mg/kg and a detection frequency of 23 out of 73 samples. This 95% UCL is slightly greater
than the Step 3 Tier 1 95% UCL of 2.66 mg/kg.
An evaluation of this new 95% UCL of 2.9 mg/kg for silver using the CBR approach shows that
the brown bullhead catfish would have an estimated tissue concentration of 2.6 mg/kg (scaled up
from the 2.39 mg/kg tissue concentration using the Tier 1 2.66 mg/kg sediment concentration),
which translates into an estimated NOAEL-based HQ of 43 (2.6/0.06) and a LOAEL-based HQ
of 12 (2.9/0.24) (from data presented in Appendix Table B-2c). It should be noted that there is
considerable uncertainty associated with the CBR approach itself and TrophicTrace® modeling
of fish bioaccumulation from sediment.
An evaluation of this new 95% UCL of 2.9 mg/kg for silver using the direct contact approach
shows that three of the available four direct contact benchmarks for silver would be exceeded
(main volume Table 7-10), which is the same finding as the original data set.
A geochemical evaluation of the new silver results shows that the detection of 16.7 mg/kg for
IWSD-06 has an associated aluminum concentration of 10,500 mg/kg, resulting in an aluminumto-silver ratio of 629. The Step 3 sediment sample (GPWSD-03-981201) that was identified as
having a geochemical outlier silver concentration of 15 mg/kg had an associated aluminum
concentration of 6,600 mg/kg, resulting in an aluminum-to-silver ratio of 440 (Appendix F).
Most of the silver samples identified as being background related had aluminum-to-silver ratios
of approximately 1,500 (Appendix F, Figure 24). This finding suggests that the new silver
detection of 16.7 mg/kg in sediment is a geochemical outlier and, therefore, inconsistent with
background concentrations. These two anomalous sediment samples (GPWSD-03 and IWSD06), however, are located approximately 4,300 feet apart, suggesting isolated occurrences of
silver in watershed sediment. It should be noted that LHAAP-51, the former X-Ray Film
Processing Building, is located approximately 2,000 feet upgradient of sediment sample IWSD06, and releases of silver during photographic development processes have been reported from
this site (main volume, Section 1.3.10).
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In conclusion, silver concentrations in some sediment samples are a potential concern butm
without TRVs, ecological cleanup levels cannot be developed for wildlife. In addition, any
potential direct toxicity is expected to be limited to the small localized areas with elevated
concentrations and benthic invertebrate populations are not expected to be adversely affected.
The CBR approach (which suggests elevated fish HQs) is not necessarily applicable for the
reaches of Goose Prairie Creek where the elevated geochemical outliers for silver were located
because these areas are small, possibly ephemeral water bodies that are unlikely to support fish.
Also, bioaccumulation through the food chain in unlikely as silver is not known to be a
bioaccumulative constituent (Appendix A). Therefore, silver is not added to the list of final
COPECs in sediment for the Goose Prairie Creek watershed.
Zinc. Only the 95% UCL and mean concentrations were greater, not the maximum
concentration. The September 2004 data set had six samples, while the Step 3 data set had 58
samples. The 95% UCL of 113 mg/kg for the new data set is still below the ecological screening
value of 123 mg/kg, however, this COPEC is potentially bioaccumulative and it was retained in
the Step 3 ERA regardless of the concentration. The Step 3 Tier 1 and Tier 2 exposure point
concentrations were 94.1 and 77.8 mg/kg, respectively. As the new mean of 78.5 mg/kg is very
close to the Step 3 data set mean of 77.8 mg/kg, the higher 95% UCL is likely a function of the
small size of the September 2004 data set. If a new 95% UCL was calculated using the entire
data set, it is expected to be similar to the Step 3 95% UCL of 94.1 mg/kg.
2,3,7,8-TCDD TEQ. The single sediment sample analyzed for this COPEC had a TEQ
concentration of 5.52E-06 mg/kg that exceeded the Step 3 TEQ MDC of 2.25E-06 mg/kg.
Because 86% of the total TEQ of 5.52-06 mg/kg was due to detected TCDD/TCDF congeners
that had 2,3,7,8-TCDD TEFs, and 14% was due to non-detect congener concentrations, this TEQ
concentration is not strongly influenced by the detection limits of nondetected congeners. The
location of the new TEQ maximum concentration was for sediment sample IWSD-04 that was
located at the northern edge of a small pond in the lower Goose Prairie Creek watershed,
approximately 800 feet west of the previous maximum detected TEQ concentration in the Step 3
database (sediment sample GPWSD-04).
The Raccoon had the greatest sediment-associated 2,3,7,8-TCDD TEQ EEQ of 0.3 estimated for
the Goose Prairie Creek watershed (5.5 × 0.05 from main volume Section 10.2.15.1), based on a
Tier 1 sediment concentration of 1.56E-06. Scaling this NOAEL-based EEQ to the new MDC of
5.52E-06 mg/kg results in a revised Raccoon EEQ of 1 (0.3 × 5.52E-06/1.56E-06). As this
revised EEQ does not exceed 1, adverse impacts to the Raccoon are not expected and the greater
concentration of 2,3,7,8-TCDD TEQ found in Goose Prairie Creek watershed sediments is not a
concern.
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Aroclor-1260. Although the MDC of this COPEC in the new data set was 0.062 mg/kg,
Aroclor-1260 was previously not detected in the Goose Prairie Creek Watershed. As detection
limits ranged up to 0.258 mg/kg for the Step 3 data set for this watershed, the new detection of
Aroclor-1260 may not actually represent new contamination but be more indicative of lower
detection limits now available. The detection does exceed the screening value of 0.005 mg/kg
(Table G-2). Also, as this COPEC was not previously detected in Goose Prairie Creek sediment
(out of 41 samples collected including five field duplicates), the combined data set frequency of
detection is one out of 42 samples, or approximately 2%. As this frequency of detection is less
than 5% and this COPEC was not detected in any other Step 3 sediment samples collected for
LHAAP, its occurrence in the Goose Prairie Creek watershed is considered insignificant.
Methoxychlor. Although the MDC of this COPEC in the new data set was 0.081 mg/kg
(detected in one sample), methoxychlor was previously not detected in the Goose Prairie Creek
Watershed. A screening value of 0.0136 mg/kg is available from USEPA Region 5 ESLs
(USEPA, 2003b) for this constituent. However, as this COPEC was not previously detected in
Goose Prairie Creek sediment (out of 49 samples collected including four field duplicates), the
combined data set frequency of detection is one out of 46 samples or approximately 2%. As this
frequency of detection is less than 5% and this COPEC was not detected in any other Step 3 soil,
surface water, or sediment samples collected for LHAAP, its occurrence in the Goose Prairie
Creek watershed is considered insignificant.

G.1.1.2 Central Creek
Ten new sediment samples were collected in the Central Creek watershed. Three non-nutrient
sediment COPECs (barium, manganese, and zinc) had maximum, 95% UCL, or mean
concentrations that were greater in the new data set (Table G-3). However, these findings are
expected to have an insignificant effect on Step 3 ERA conclusions, as discussed for each
COPEC below.
Barium. Only the new 95% UCL concentration was greater, not the maximum or the mean
concentrations, and this finding is likely a function of the small size of the September 2004 data
set compared with the Step 3 data set (ten vs. 50 samples). As the new data set 95% UCL is very
close to the Step 3 95% UCL (136 vs. 132 mg/kg), the Step 3 ERA report conclusions would
remain the same if the new data were included.
Manganese. Only the new MDC concentration was greater, not the 95% UCL or the mean
concentrations. The 95% UCL of 263 mg/kg is still below the ecological screening value of 460
mg/kg and this COPEC is not a bioaccumulative constituent.
Zinc. Only the new MDC concentration was greater, not the 95% UCL or the mean
concentrations. The 95% UCL of 37 mg/kg is still below the ecological screening value of
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123 mg/kg, however, this COPEC is potentially bioaccumulative, and it was retained in the
Step 3 ERA regardless of its concentration. As the new data set 95% UCL is below the Step 3
95% UCL (37 vs. 38.2 mg/kg), the Step 3 ERA report conclusions would remain the same if the
new data were included.

G.1.1.3 Harrison Bayou
For the Harrison Bayou watershed (Table G-4), one new sample was collected. No non-nutrient
sediment COPECs had concentrations that were greater in the new data set compared with results
in the Step 3 data set.

G.1.1.4 Saunders Branch
Three new sediment samples were collected in the Saunders Branch watershed. Two nonnutrient sediment COPECs (manganese and thallium) had maximum or mean concentrations that
were greater in the new data set (Table G-5). However, these findings are expected to have an
insignificant effect on Step 3 ERA conclusions, as discussed for each COPEC below.
Manganese. Both the new maximum and the mean concentrations for this COPEC were greater
in the new data set. As less than five samples were collected for either data set (four samples
were used in the Step 3 database compared with three new samples collected in September
2004), 95% UCLs were not calculated. However, if these two data sets are combined, the new
95% UCL would be 461 mg/kg, which is lower than the Tier 1 exposure point concentration of
488 mg/kg used in the Step 3 ERA. In addition, the new 95% UCL is very close to the
manganese screening value of 460 mg/kg.
Thallium. Although the MDC of this COPEC in the new data set was 0.0684 mg/kg (detected in
one out of three samples collected), thallium was previously not detected in the Saunders Branch
Watershed, with detection limits ranging from 0.2 to 1.0 mg/kg for the 14 samples that were
collected for the Step 3 data set. The thallium screening value is 0.044 mg/kg and this COPEC
would now screen in for this watershed. However, this detection does not suggest new
contamination, only that detection limits have improved over time. If the two data sets are
combined, the frequency of detection would be one out of 17 samples, or 6 percent.
Thallium 95% UCLs in sediment at the other watersheds were greater than 0.0684 mg/kg, shown
as follows: 0.60 mg/kg in Harrison Bayou; 0.702 mg/kg in Goose Prairie Creek; and 0.712
mg/kg in Central Creek (main volume Tables 6-21, 6-23, and 6-25, respectively). For both direct
contact and the CBR approach, none of these thallium Tier 1 concentrations were associated with
adverse effects, therefore, the new concentrations measured in Saunders Branch are also not
expected to be associated with adverse effects. Some sediment-associated EEQs were predicted
to be above 1 for aquatic receptors at these other watershed, with a maximum EEQ of 3.5
predicted for the Raccoon at Central Creek. As this Raccoon EEQ was based on a Tier 1
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concentration of 0.712 mg/kg, and the new concentration for Saunders Branch is 0.0684 mg/kg
the Raccoon EEQ would be expected to be below 1 (0.0684/0.712 × 3.5 = 0.3).

G.1.2 Surface Water
Tables G-6 through G-9 present a comparison of surface water results between the data set used
in the Step 3 Report (main volume Sections 6 and 7) and the new data set collected in September
2004, for each COPEC within each watershed.

G.1.2.1 Goose Prairie Creek
Two new surface water samples were collected in the Goose Prairie Creek watershed. Eight
non-nutrient surface water COPECs (aluminum, barium, cobalt, iron, manganese, nickel,
vanadium, and 2,3,7,8-TCDD TEQ) had either maximum or mean concentrations that were
greater in the new data set (Table G-6). As there were only two new samples in the new data
set, 95% UCLs were not calculated. However, these findings are expected to have an
insignificant effect on Step 3 ERA conclusions, as discussed for each COPEC below.
Aluminum. Only the new mean concentration was greater, not the maximum concentration, and
this finding is likely a function of the small size of the September 2004 data set compared with
the Step 3 data set (two vs. 35 samples).
Barium. Only the new mean concentration was greater, not the maximum concentration, and
this finding is likely a function of the small size of the September 2004 data set compared with
the Step 3 data set (two vs. 50 samples).
Iron. The new maximum and the mean concentrations were greater, with the MDC increasing
from 12 mg/L to 18.8 mg/L. This finding is not expected to significantly increase the Step 3
Tier 1 and Tier 2 exposure point concentrations of 3.14 and 2.68 mg/L, respectively, given the
large number of samples (i.e., 53) in the full data set. It should also be noted that there are no
readily-available TRVs or CBRs for iron, therefore EEQs or HQs were not calculated for any
measurement receptors.
Cobalt. Although the MDC of this COPEC in the new data set was 0.02 mg/L, cobalt was
previously not detected in the Goose Prairie Creek Watershed. As detection limits ranged up to
0.05 mg/L for the Step 3 data set for this watershed, the new detection of cobalt may not actually
represent new contamination, but be more indicative of lower detection limits now available.
The detection does not exceed the screening value of 1.5 mg/L (Table G-6) and as this COPECs
MDC was lower than the screening value, its occurrence in the Goose Prairie Creek watershed is
considered insignificant.
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Manganese. Although both the maximum and the mean concentrations were greater, the MDC
only increased from 1.2 mg/L to 3.58 mg/L. This finding is not expected to significantly
increase the Step 3 Tier 1 and Tier 2 exposure point concentrations of 0.273 and 0.212 mg/L,
respectively.
Nickel. Although the MDC of this COPEC in the new data set was 0.0069 mg/L, nickel was
previously not detected in the Goose Prairie Creek Watershed. As detection limits ranged up to
0.05 mg/L for the Step 3 data set for this watershed, the new detection of nickel may not actually
represent new contamination, but be more indicative of lower detection limits now available.
The detection does not exceed the screening value of 0.087 mg/L (Table G-6). As this
COPEC’s MDC was lower than the screening value, its occurrence in the Goose Prairie Creek
watershed is considered insignificant.
Vanadium. Although the MDC of this COPEC in the new data set was 0.0101 mg/L (detected
in two samples), vanadium was previously not detected in the Goose Prairie Creek Watershed.
As detection limits ranged up to 0.05 mg/L for the Step 3 data set for this watershed, the new
detection of vanadium may not actually represent new contamination, but be more indicative of
lower detection limits now available. The detection does not exceed the screening value of 0.02
mg/L (Table G-6). As this COPEC’s MDC was lower than the screening value, its occurrence
in the Goose Prairie Creek watershed is considered insignificant.
2,3,7,8-TCDD TEQ. The one surface water sample analyzed for this COPEC had a TEQ
concentration of 4.97E-08 mg/L, which exceeded the Step 3 TEQ MDC of 1.29E-08 mg/L.
However, as only 1% of the total TEQ of 4.97E-08 mg/L was due to detected TCDD/TCDF
congeners with 2,3,7,8-TCDD TEFs, and 99% was due to non-detect congener concentrations,
this finding is considered insignificant.

G.1.2.2 Central Creek
Five new surface water samples were collected from the Central Creek watershed. Thirteen nonnutrient surface water COPECs (barium, chromium, cobalt, iron, lead, manganese, nickel,
thallium, zinc, 3-nitrotoluene, 2,3,7,8-TCDD TEQ, RDX, and HMX) had maximum, mean, or
95% UCL concentrations that were greater in the new data set (Table G-7). However, these
findings are expected to have an insignificant effect on Step 3 ERA conclusions, as discussed for
each COPEC below.
Barium. Only the new mean and 95% UCL concentrations were greater, not the maximum
concentration, and this finding is likely a function of the small size of the September 2004 data
set compared with the Step 3 data set (five vs. 37 samples).
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Chromium. Only the mean and 95% UCL concentrations were greater, not the maximum
concentration, and this finding is likely a function of the small size of the September 2004 data
set compared with the Step 3 data set (five vs. thirty -even samples).
Cobalt. Although the MDC of this COPEC in the new data set was 0.0082 mg/L, cobalt was
previously not detected in the Central Creek Watershed. As detection limits ranged up to 0.05
mg/L for the Step 3 data set for this watershed, the new detection of cobalt may not actually
represent new contamination, but be more indicative of lower detection limits now available.
The detection does not exceed the screening value of 1.5 mg/L (Table G-7). As this COPEC’s
MDC was lower than the screening value, its occurrence in the Goose Prairie Creek watershed is
considered insignificant.
Iron. Although the new maximum, mean, and 95% UCL concentrations were greater, the MDC
only increased from 15.9 mg/L to 18.5 mg/L. This finding is not expected to significantly
increase the Step 3 Tier 1 and Tier 2 exposure point concentrations of 5.98 and 4.18 mg/L,
respectively. It should also be noted that there are no readily-available TRVs or CBRs for iron,
therefore EEQs or HQs were not calculated for any measurement receptors.
Lead. Only the new mean and 95% UCL concentrations were greater, not the maximum
concentration, and this finding is likely a function of the small size of the September 2004 data
set compared with the Step 3 data set (five vs. 37 samples).
Manganese. The new maximum, mean, and 95% UCL concentrations were all greater, with the
MDC increasing from 1.17 mg/L to 2.82 mg/L and the 95% UCL increasing from 0.454 mg/L to
1.88 mg/L. Using the surface-water associated River Otter manganese EEQ of 0.159 estimated
for the Tier 1 exposure point concentration of 0.454 mg/L (Appendix E), the Central Creek 95%
UCL concentration of 1.88 mg/L would be expected to result in a NOAEL-based EEQ of less
than 1 for this receptor (1.88/0.454 × 0.159).
An evaluation of this 95% UCL of 1.88 mg/L for manganese using the direct contact approach
shows that four of the five available direct contact benchmarks for this COPEC are exceeded
(Table 7-11). This finding suggests that the elevated manganese concentrations may be a
concern. However, as surface water samples were not filtered, it is likely that the elevated
manganese concentrations are associated with suspended sediments, and not in the dissolved
phase. This suggests that the manganese is not readily bioavailable, and direct toxicity is not an
overriding concern.
Nickel. Although the MDC of this COPEC in the new data set was 0.0078 mg/L, nickel was
previously not detected in the Central Creek Watershed at a maximum detection limit of 0.05
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mg/L. This finding suggests that nickel concentrations are not actually greater, but may simply
reflect the lower analytical detection limits now available.
Thallium. Although the MDC of this COPEC in the new data set was 0.000463 mg/L, thallium
was previously not detected in the Central Creek Watershed. As detection limits ranged up to
0.05 mg/L for the Step 3 data set for this watershed, the new detection of thallium may not
actually represent new contamination, but is more indicative of lower detection limits now
available. The detection does not exceed the screening value of 0.04 mg/L (Table G-7). In
addition, as this COPEC was not previously detected in Central Creek surface water (out of
thirty-seven samples collected including five field duplicates), the combined data set frequency
of detection is one out of forty-two samples, or approximately 2%. As this frequency of
detection is less than 5%, and this COPEC’s MDC was lower than the screening value, its
occurrence in the Central Creek watershed is considered insignificant.
Zinc. Only the new mean and 95% UCL concentrations were greater, not the maximum
concentration, and this finding is a function of the small size of the September 2004 data set
compared with the Step 3 data set (five vs. twenty samples).
2,3,7,8-TCDD TEQ. The single surface water sample analyzed for this COPEC had a TEQ
concentration of 5.21E-08 mg/L that exceeded the Step 3 TEQ MDC of 1.22E-08 mg/L.
However, as only 1% of the total TEQ of 5.21E-08 mg/L was due to detected TCDD/TCDF
congeners with 2,3,7,8-TCDD TEFs, and 99% was due to non-detect congener concentrations,
this finding is considered insignificant.
3-Nitrotoluene. Although the MDC of this COPEC in the new data set was 0.00045 mg/L, 3nitrotoluene was previously not analyzed in the samples collected from the Central Creek
Watershed. The detection does not exceed the screening value of 0.88 mg/L (Table G-7). As
this COPEC’s MDC was lower than the screening value, its occurrence in the Central Creek
watershed is considered insignificant.
RDX. Although the MDC of this COPEC in the new data set was 0.00067 mg/L, RDX was
previously not detected in the Central Creek Watershed. As detection limits ranged up to
0.00084 mg/L for the Step 3 data set for this watershed, the new detection of RDX may not
actually represent new contamination, but be more indicative of lower detection limits now
available. In addition, as this COPEC was not previously detected in Central Creek surface
water (out of thirty-seven samples collected including four field duplicates), the combined data
set frequency of detection is one out of forty-two samples, or approximately 2%. As this
frequency of detection is less than 5%, and the detection does not exceed the screening value of
0.36 mg/L (Table G-7), RDXs occurrence in the Central Creek watershed is considered
insignificant.
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HMX. Although the MDC of this COPEC in the new data set was 0.00062 mg/L (detected in
two out of five samples), HMX was previously not detected in the Central Creek Watershed. As
detection limits ranged up to 0.0008 mg/L for the Step 3 data set for this watershed, the new
detection of HMX may not actually represent new contamination, but be more indicative of
lower detection limits now available. In addition, as this COPEC was not previously detected in
Central Creek surface water (out of thirty-seven samples collected including four field
duplicates), the combined data set frequency of detection is one two of forty-two samples, or
4.8%. As this frequency of detection is less than 5%, and the detection does not exceed the
screening value of 0.15 mg/L (Table G-7), HMX’s occurrence in the Central Creek watershed is
considered insignificant.

G.1.2.3 Harrison Bayou
One new surface water sample was collected from the Harrison Bayou watershed. Two nonnutrient surface water COPECs (cobalt and manganese) had maximum concentrations that were
greater in the new data set (Table G-8). As there were was only a single sample in the new data
set, means and 95% UCLs were not calculated. However, these findings are expected to have an
insignificant effect on Step 3 ERA conclusions, as discussed for each COPEC below.
Cobalt. Although the MDC of this COPEC in the new data set was 0.022 mg/L, cobalt was
previously not detected in the Harrison Bayou Watershed. As detection limits ranged up to
0.05 mg/L for the Step 3 data set for this watershed, the new detection of cobalt may not actually
represent new contamination, but be more indicative of lower detection limits now available.
The detection does not exceed the screening value of 1.5 mg/L (Table G-8). As this COPEC’s
MDC was lower than the screening value, its occurrence in the Harrison Bayou watershed is
considered insignificant.
Manganese. The new maximum concentration was greater, increasing from 1.77 mg/L to
5.84 mg/L. This finding may increase the Step 3 Tier 1 and Tier 2 exposure point concentrations
of 0.937 and 0.692 mg/L, respectively, as there were only seven samples used for the Step 3
database. Using the surface-water associated River Otter manganese EEQ of 0.594 estimated for
the Tier 1 exposure point concentration of 0.937 mg/L (Appendix E), the new Harrison Bayou
MDC concentration of 5.84 mg/L would be expected to result in a NOAEL-based EEQ of 3.7 for
this receptor (5.84/0.937 × 0.594). In addition, a LOAEL-based EEQ of 1.1 would be estimated
using the MDC for this receptor (5.84/0.937 × 0.184). However, as a River Otter would not be
expected to be exposed to the MDC of manganese all the time, exposure to an average
concentration (estimated to be 1.3 mg/L) is expected to result in an EEQ less than 1.
An evaluation of this MDC of 5.84 mg/L for manganese using the direct contact approach shows
that all five of the available direct contact benchmarks for this COPEC are exceeded (main
volume Table 7-7). This finding suggests that the elevated manganese concentration may be a
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concern. However, as surface water samples were not filtered, it is very likely that the elevated
manganese concentration is associated with suspended sediments, and not in the dissolved phase.
This suggests that the manganese is not readily bioavailable, and direct toxicity is not an
overriding concern.

G.1.2.4 Saunders Branch
Three new surface water samples were collected in the Saunders Branch watershed. Eleven nonnutrient surface water COPECs (aluminum, arsenic, barium, beryllium, chromium, cobalt, iron,
lead, manganese, nickel, and vanadium) had maximum or mean concentrations that were greater
in the new data set (Table G-9). However, these findings are expected to have an insignificant
effect on Step 3 ERA conclusions, as discussed for each COPEC below.
Aluminum. Although the MDC of this COPEC in the new data set was 5.12 mg/L, aluminum
was previously not analyzed in the samples collected from Saunders Branch Watershed. The
detections do exceed the screening value of 0.087 mg/L (Table G-9), however, they are lower
than the background screening value of 7.91 mg/L (Appendix, Table F-4). As this COPEC’s
MDC was lower than the background screening value, its occurrence in the Saunders Branch
watershed is considered insignificant.
Arsenic. Although the MDC of this COPEC in the new data set was 0.0095 mg/L, arsenic was
previously not detected in the Saunders Branch watershed. As detection limits ranged up to
0.01 mg/L for the Step 3 data set for this watershed, the new detection of arsenic may not
actually represent new contamination, but be more indicative of lower detection limits now
available. The detections do not exceed the screening value of 0.19 mg/L (Table G-9). As this
COPEC’s MDC was lower than the screening value, its occurrence in the Saunders Branch
watershed is considered insignificant.
Barium. Although the new maximum, mean, and 95% UCL concentrations were greater, the
MDC only increased from 0.43 mg/L to 0.436 mg/L. This finding is not expected to
significantly increase the Step 3 Tier 1 and Tier 2 exposure point concentrations of 0.261 and
0.184 mg/L, respectively.
Beryllium. Although the MDC of this COPEC in the new data set was 0.00057 mg/L, beryllium
was previously not analyzed in the samples collected from Saunders Branch Watershed. The
detections do not exceed the screening value of 0.0053 mg/L (Table G-9). As this COPEC’s
MDC was lower than the screening value, its occurrence in the Saunders Branch watershed is
considered insignificant.
Chromium. Although the MDC of this COPEC in the new data set was 0.0041 mg/L,
chromium was previously not detected in the Saunders Branch watershed. As detection limits
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ranged up to 0.01 mg/L for the Step 3 data set for this watershed, the new detection of chromium
may not actually represent new contamination, but be more indicative of lower detection limits
now available. The detections do not exceed the screening value of 0.0106 mg/L (Table G-9) or
the background value of 0.0088 mg/L (Appendix Table F-4). As this COPEC’s MDC was lower
than the ecological screening value and the background screening value, its occurrence in the
Saunders Branch watershed is considered insignificant.
Cobalt. Although the MDC of this COPEC in the new data set was 0.016 mg/L, cobalt was
previously not analyzed in the samples collected from Saunders Branch Watershed. The
detections do not exceed the screening value of 1.5 mg/L (Table G-9). As this COPEC’s MDC
was lower than the screening value, its occurrence in the Saunders Branch watershed is
considered insignificant.
Iron. Although the MDC of this COPEC in the new data set was 19.4 mg/L, iron was previously
not analyzed in the samples collected from Saunders Branch Watershed. The 95% UCL of
16.8 mg/L does exceed the ecological screening value of 1.0 mg/L (Table G-9) but does not
exceed background screening value of 9.19 mg/L (Appendix Table F-4). As this COPEC’s 95%
UCL was lower than the background screening value, its occurrence in the Saunders Branch
watershed is considered insignificant.
Lead. The maximum and mean concentrations were greater, with the MDC increasing from
0.003 mg/L to 0.0135 mg/L, and the mean increasing from 0.002 mg/L to 0.0102 mg/L (an
increase of approximately 5-fold). It should be noted that there were eight samples in the Step 3
data set and three samples in the new data set. Two of the new data set samples (IWSW-19 with
0.0135 mg/L and IWSW-20 with 0.011 mg/L) were more centrally located in the watershed,
compared with the locations of the Step 3 data set samples.
An evaluation of these elevated lead concentrations shows that the most potentially impacted
wildlife measurement receptors (the River Otter and the Belted Kingfisher that consume fish that
may bioaccumulate lead from surface water) would not be adversely affected. Scaling up of
surface-water associated lead EEQs for these two receptors (Appendix E), using the new MDC
of 0.0135 mg/L found in Saunders Branch and the Tier 1 exposure point concentration of
0.003 mg/L from the original data set for lead in Saunders Branch surface water, shows that
surface-water associated EEQs would be less than 1 for both these fish-consuming receptors.
An evaluation of the new MDC for lead, using the CBR approach, shows that the fathead
minnow would have an estimate tissue concentration of 4 mg/kg (0.0135 mg/L × BCF of 300)
that translates into an estimated NOAEL-based HQ of 1.6 (4/2.54) and a LOAEL-based HQ of 1
(4/4) (from data presented in Appendix Table B-2d). As these HQs are close to or equal to 1,
and it is extremely unlikely that a fish would be exposed to the MDC all the time, this finding
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demonstrates that the increased concentrations of lead found within the Saunders Branch
watershed would not alter Step 3 Report conclusions.
An evaluation of the new MDC of 0.0135 mg/L for lead using the direct contact approach shows
that two of the five available direct contact benchmarks for total lead would be exceeded, and
based on an estimated dissolved lead concentration of 0.0024 mg/L (0.0135 × 0.18 dissolved to
total ratio, see main volume Table 7-13), three of the five available direct contact benchmarks for
dissolved lead would be exceeded. (main volume Table 7-13). As the concentrations of lead in
sediment were not greatest at the maximum surface water location (IWSW-19), there appears to
be no identified sediment source area.
Manganese. Although the MDC of this COPEC in the new data set was 5.34 mg/L, manganese
was previously not analyzed in the samples collected from Saunders Branch Watershed. The
MDC (and the 95% UCL of 5.33 mg/L) do exceed the ecological screening value of 0.12 mg/L
(Table G-9) and the background screening value of 0.645 mg/L (Appendix Table F-4). Using
the surface-water associated River Otter manganese EEQ of 0.594 estimated for the Tier 1
exposure point concentration of 0.937 mg/L (Appendix E), the Saunders Branch 95% UCL
concentration of 5.33 mg/L would be expected to result in a NOAEL-based EEQ of 3.4 for this
receptor (5.33/0.937 × 0.594). The LOAEL-based EEQ would be expected to be 1.05
(5.33/0.937 × 0.184). Close to 100 percent of this estimated hazard is from the ingestion of fish
that are modeled to bioaccumulate manganese from surface water. However, the Tier 1 BCF
used is 2,000 from IAEA (1994) (main volume Table 7-22). If the Tier 2 BCF of 250 is used for
this assessment, however, the EEQ would drop by a factor of 8, from 3.4 to less than 1.
An evaluation of this 95% UCL of 5.33 mg/L for manganese using the direct contact approach
shows that all five available direct contact benchmarks for this COPEC are exceeded (main
volume Table 7-11). This finding suggests that the elevated manganese concentrations may be a
concern. However, as surface water samples were not filtered, it is very likely that the elevated
manganese concentrations are associated with suspended sediments, and not in the dissolved
phase. This suggests that the manganese is not readily bioavailable, and direct toxicity is not an
overriding concern.
Nickel. Although the MDC of this COPEC in the new data set was 0.0072 mg/L, nickel was
previously not detected in the Saunders Branch watershed. As detection limits ranged up to 0.04
mg/L for the Step 3 data set for this watershed, the new detection of nickel may not actually
represent new contamination, but be more indicative of lower detection limits now available.
The detection does not exceed the screening value of 0.087 mg/L (Table G-9). As this
COPEC’s MDC was lower than the screening value, its occurrence in the Saunders Branch
watershed is considered insignificant.
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Vanadium. Although the MDC of this COPEC in the new data set was 0.0156 mg/L, vanadium
was previously not analyzed in the samples collected from Saunders Branch Watershed. The
detection does not exceed the screening value of 0.02 mg/L (Table G-9). As this COPEC’s
MDC was lower than the screening value, its occurrence in the Saunders Branch watershed is
considered insignificant.
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Table G-1
Surface Water/Sediment Sampling Summary (September, 2004)
Table G-2
Comparison of Fall 2004 Data with the Data Set Used in the Step 3 Report, Sediment,
Goose Prairie Creek Watershed
Table G-3
Comparison of Fall 2004 Data with the Data Set used in the Step 3 Report, Sediment,
Central Creek Watershed
Table G-4
Comparison of Fall 2004 Data with the Data Set Used in the Step 3 Report, Sediment,
Harrison Bayou Watershed
Table G-5
Comparison of Fall 2004 Data with the Data Set Used in the Step 3 Report, Sediment,
Saunders Branch Watershed
Table G-6
Comparison of Fall 2004 Data with Data Set Used in the Step 3 Report, Surface Water,
Goose Prairie Creek Watershed
Table G-7
Comparison of Fall 2004 Data with Data Set Used in the Step 3 Report, Surface Water,
Central Creek Watershed
Table G-8
Comparison of Fall 2004 Data with Data Set Used in the Step 3 Report, Surface Water,
Harrison Bayou Watershed
Table G-9
Comparison of Fall 2004 Data with Data Set Used in the Step 3 Report, Surface Water,
Saunders Branch Watershed
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Table G-1
Surface Water/Sediment Sampling Summary (September, 2004)
Location Sample Numbera
GPC
IWSD-01
GPC
IWSD-02
GPC
IWSW/SD-03
GPC
IWSW/SD-03 QC
GPC
IWSW/SD-04
GPC
IWSD-05
GPC
IWSD-06
CC
IWSD-07
CC
IWSW/SD-08
CC
IWSW/SD-09
CC
IWSW/SD-10
CC
IWSD-11
CC
IWSD-12
CC
IWSD-13
CC
IWSD-14
CC
IWSD-14 QC
CC
IWSW/SD-15
CC
IWSW/SD-16
HB
IWSW/SD-17
SB
IWSW/SD-18
SB
IWSW/SD-19
SB
IWSW/SD-20

Date
9/17/2004
9/16/2004
9/16/2004
9/16/2004
9/16/2004
9/16/2004
9/16/2004
9/17/2004
9/17/2004
9/17/2004
9/17/2004
9/16/2004
9/16/2004
9/16/2004
9/16/2004
9/16/2004
9/17/2004
9/17/2004
9/16/2004
9/15/2004
9/15/2004
9/15/2004

Analyses
Metals, Perchlorate, Explosives
Metals, Perchlorate, Explosives
Metals, Perchlorate, Explosives
Metals, Perchlorate, Explosives
Metals, Perchlorate, Explosives, SVOCs, Pesticides, Herbicides, PCBs, Dioxins/Furans
Metals, Perchlorate, Explosives
Metals, Perchlorate, Explosives
Metals, Perchlorate, Explosives
Metals, Perchlorate, Explosives
Metals, Perchlorate, Explosives
Metals, Perchlorate, Explosives
Metals, Perchlorate, Explosives
Metals, Perchlorate, Explosives
Metals, Perchlorate, Explosives
Metals, Perchlorate, Explosives
Metals, Perchlorate, Explosives
Metals, Perchlorate, Explosives, SVOCs, Pesticides, Herbicides, PCBs, Dioxins/Furans
Metals, Perchlorate, Explosives
Metals, Perchlorate, Explosives
Metals, Perchlorate, Explosives
Metals, Perchlorate, Explosives
Metals, Perchlorate, Explosives

Notes:
-Field duplicate samples are identified by the addition of QC to the sample number.
GPC
Goose Prairie Creek
CC
Central Creek
HB
Harrison Bayou
SB
Saunders Branch
PCB
Polychlorinated biphenyl
SVOC
Semivolatile organic compound
VOC
Volatile organic compound

a
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Table G-2
Comparison of Fall 2004 Data with the Data Set Used in the Step 3 Report
Sediment
Goose Prairie Creek Watershed
Old Data (mg/kg)

Chemical
Inorganics
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chloride
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Strontium
Thallium
Vanadium
Zinc
General Chemistry
Sulfate
Total Cyanide
Nitroaromatics
2,4,6-Trinitrotoluene
2-amino-4,6-Dinitrotoluene
4-amino-2,6-Dinitrotoluene
Dioxins/Furans
2,3,7,8-TCDD TEQ
Polychlorinated Biphenyls (PCBs)
Aroclor 1254
Aroclor 1260
Organochlorine Pesticides
4,4'-DDD
4,4'-DDT
Dieldrin
Methoxychlor
Semivolatile Organics

MARC No. W912QR-04-D-0027, TO No. DS02
Longhorn Army Ammunition Plant, Karnack, Texas

New Data (mg/kg)
New Mean>
New 95 UCL>
than Old Mean than Old 95 UCL

Maximum

Mean

95% UCLa

Maximum

Mean

95% UCL

New max >
than Old Max

3.04E+04
2.20E+00
2.16E+01
4.51E+02
2.66E+00
1.03E+00
6.30E+03
1.11E+01
7.10E+01
3.10E+01
3.87E+01
4.00E+04
5.42E+02
6.40E+03
1.12E+03
1.66E+00
4.90E+01
2.90E+03
5.03E+00
1.76E+01
1.40E+03
8.20E+01
2.69E+00
7.70E+01
5.70E+02

8.98E+03
3.06E+00
4.90E+00
1.18E+02
7.88E-01
4.84E-01
1.68E+03
3.29E+00
2.32E+01
8.25E+00
1.08E+01
1.45E+04
5.97E+01
1.06E+03
2.21E+02
2.09E-01
1.13E+01
8.97E+02
1.10E+00
2.05E+00
4.20E+02
1.93E+01
6.22E-01
2.65E+01
7.78E+01

1.03E+04
--5.55E+00
1.34E+02
8.84E-01
5.24E-01
1.94E+03
4.40E+00
2.63E+01
9.40E+00
1.27E+01
1.63E+04
7.66E+01
1.25E+03
2.44E+02
2.65E-01
1.30E+01
1.02E+03
1.29E+00
2.66E+00
4.89E+02
2.31E+01
7.02E-01
2.94E+01
9.41E+01

1.05E+04
ND
6.05E+00
1.64E+02
9.30E-01
5.30E-01
2.53E+03
ND
1.44E+01
1.38E+01
6.02E+01
2.06E+04
1.74E+01
6.99E+02
4.06E+02
3.00E-01
1.12E+01
8.26E+02
ND (3.3)
1.67E+01
5.50E+01
ND
9.43E-02
3.03E+01
2.19E+02

5.82E+03
ND
3.03E+00
9.48E+01
5.28E-01
1.81E-01
1.03E+03
ND
9.86E+00
6.77E+00
1.83E+01
9.50E+03
1.01E+01
3.73E+02
2.09E+02
7.70E-02
5.85E+00
3.31E+02
(ND) 0.92
5.09E+00
2.50E+01
ND
8.38E-02
1.79E+01
7.85E+01

7.97E+03
ND
3.78E+00
1.28E+02
7.00E-01
2.75E-01
1.49E+03
ND
1.17E+01
9.90E+00
2.98E+01
1.25E+04
1.31E+01
5.28E+02
3.06E+02
1.26E-01
8.07E+00
4.57E+02
ND (1.42)
9.13E+00
3.65E+01
ND
1.13E-01
2.12E+01
1.13E+02

No
NA
No
No
No
No
No
No
No
No
Yes
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
NA
No
No
No
No
No
No
No
No
Yes
No
No
No
No
No
No
No
No
Yes
No
No
No
No
Yes

1.17E+01
9.48E-01

4.59E+00
4.10E-01

6.05E+00
4.91E-01

NA
NA

NA
NA

NA
NA

NA
NA

1.21E+02
2.25E+01
8.24E+00

2.05E+00
6.31E-01
3.77E-01

3.74E+00
9.58E-01
4.99E-01

NA
NA
NA

NA
NA
NA

NA
NA
NA

2.25E-06

1.27E-06

1.56E-06

5.52E-06

---

2.80E-01
ND (0.258)

4.20E-02
ND

5.10E-02
ND

NA
6.20E-02

6.55E-03
7.45E-03
7.05E-03
ND (0.0715)

2.56E-03
2.61E-03
2.57E-03
ND

2.97E-03
3.04E-03
3.00E-03
ND

NA
NA
NA
8.10E-02

a

Sample Location of Maximum
Concentration

ESV
mg/kg

b

Old Max.

New Max.

No
NA
No
No
No
No
No
No
No
Yes
Yes
No
No
No
Yes
No
No
No
No
Yes
No
No
No
No
Yes

------------------50SD05-981111
CL-GPSS-1 (1)
------50SD05-981111
--------CL-GPSN-2 (1)
--------50SD04-981111

------------------IWSD03
IWSD06
------IWSD06
--------IWSD06
--------IWSD06

------------------5.00E+01
3.57E+01
------4.60E+02
--------1.00E+00
--------1.23E+02

NA
NA

NA
NA

-----

-----

-----

NA
NA
NA

NA
NA
NA

NA
NA
NA

-------

-------

-------

---

Yes

NA

NA

GPWSD04-981120

IWSD04

1.27E-07

NA
---

NA
---

NA
Yes

NA
NA

NA
NA

-----

--IWSD04

--5.0E-03 c

NA
NA
NA
---

NA
NA
NA
---

NA
NA
NA
Yes

NA
NA
NA
NA

NA
NA
NA
NA

---------

------ISD04

------1.36E-02 d
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Table G-2
Comparison of Fall 2004 Data with the Data Set Used in the Step 3 Report
Sediment
Goose Prairie Creek Watershed
Old Data (mg/kg)

Chemical
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Chrysene
Di-n-butyl phthalate
Dibenzofuran
Fluoranthene
Fluorene
m-Cresol
Naphthalene
p-Cresol
p-Cymene
Phenanthrene
Phenol
Pyrene
Volatile Organics
1,1-Dichloroethene
2-Butanone
Acetone
Carbon disulfide
cis-1,2-Dichloroethene
Ethylbenzene
Methylene chloride
Toluene
Trichloroethene
Trichlorofluoromethane
Vinyl Chloride

New Data (mg/kg)

Maximum

Mean

95% UCLa

Maximum

Mean

95% UCL

9.43E-02
1.44E+00
2.98E+00
2.59E+00
3.02E+00
2.72E+00
1.09E+00
2.87E+00
7.80E+00
7.81E-02
5.93E+00
4.53E-01
8.32E-02
8.50E-03
8.32E-02
4.12E-02
4.67E+00
6.62E-02
5.08E+00

4.00E-01
4.22E-01
4.48E-01
2.82E-01
4.48E-01
4.43E-01
4.16E-01
4.46E-01
7.85E-01
4.32E-01
4.97E-01
4.06E-01
2.16E-01
4.86E-02
4.32E-01
4.59E-03
4.75E-01
4.30E-01
4.83E-01

--5.73E-01
6.11E-01
3.82E-01
6.13E-01
6.07E-01
5.71E-01
6.08E-01
1.07E+00
--6.72E-01
--------5.71E-03
6.64E-01
--6.85E-01

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

New max >
than Old Max
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

1.20E-03
1.48E-02
1.35E+00
5.99E-02
1.15E-01
3.53E-03
8.00E-03
3.10E-02
3.79E-02
1.07E-02
6.68E-02

3.14E-03
2.33E-02
1.07E-01
7.93E-03
6.21E-03
3.14E-03
5.36E-03
3.56E-03
5.62E-03
5.11E-03
6.32E-03

----1.43E-01
9.88E-03
8.74E-03
--6.44E-03
4.09E-03
6.62E-03
5.92E-03
7.35E-03

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

a

New Mean>
New 95 UCL>
than Old Mean than Old 95 UCL
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

Sample Location of Maximum
Concentration

ESV
mg/kg

Old Max.

New Max.

---------------------------------------

---------------------------------------

---------------------------------------

-----------------------

-----------------------

-----------------------

b

Notes:
The 95% upper confidence limit (UCL) calculated using bootstrapping with 5000 replications.
b
See Table 6-16.
c
TNRCC (2001).
d
USEPA (2003b).
a

mg/kg

milligrams per kilogram
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Table G-3
Comparison of Fall 2004 Data with the Data Set used in the Step 3 Report
Sediment
Central Creek Watershed
Old Data (mg/kg)

Chemical
Inorganics
Aluminum
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chloride
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Sodium
Strontium
Thallium
Vanadium
Zinc
General Chemistry
Nitrate (as N)
Sulfate
Dioxins/Furans
2,3,7,8-TCDD-TEQ
Semivolatile Organics
bis(2-Ethylhexyl) phthalate
Butyl benzyl phthalate
Di-n-butyl phthalate
Fluoranthene
Pyrene
Volatile Organics
2-Butanone
Acetone
Carbon disulfide
Isobutanol

New Data (mg/kg)
95% UCL a Maximum

Mean

Maximum

Mean

1.75E+04
1.50E+01
3.84E+02
1.50E+00
6.27E+00
2.65E+03
1.37E+02
4.88E+01
2.78E+01
1.67E+01
1.97E+04
4.47E+01
1.54E+03
4.13E+02
2.31E-01
2.31E+01
1.40E+03
2.31E+00
NA
5.07E+01
4.11E+00
3.34E+01
8.24E+01

8.09E+03
3.99E+00
1.18E+02
7.85E-01
4.57E-01
1.41E+03
1.28E+01
1.43E+01
9.38E+00
6.17E+00
1.05E+04
1.46E+01
8.84E+02
2.51E+02
8.35E-02
8.12E+00
7.45E+02
7.51E-01
NA
2.28E+01
6.14E-01
1.81E+01
3.22E+01

9.69E+03
4.73E+00
1.32E+02
9.17E-01
5.48E-01
1.65E+03
2.25E+01
1.62E+01
1.11E+01
7.20E+00
1.23E+04
1.61E+01
1.04E+03
2.72E+02
9.58E-02
9.33E+00
8.64E+02
8.67E-01
NA
2.82E+01
7.12E-01
2.08E+01
3.82E+01

5.00E-01
8.86E+01

9.50E-02
1.39E+01

1.30E-01
2.00E+01

NA
NA

NA
NA

1.38E-05

5.59E-06

8.87E-06

2.71E-06

1.16E+00
5.80E-01
4.30E+00
2.75E-01
2.75E-01

2.44E-01
2.33E-01
5.25E-01
1.76E-01
1.76E-01

2.93E-01
2.82E-01
6.95E-01
2.17E-01
2.17E-01

1.85E-02
1.24E+00
6.10E-02
6.10E-02

3.61E-02
1.62E-01
9.48E-03
6.10E-02

--2.23E-01
1.22E-02
---

MARC No. W912QR-04-D-0027, TO No. DS02
Longhorn Army Ammunition Plant, Karnack, Texas

95% UCL a

1.39E+04
5.33E+03
6.70E+03
6.00E+00
2.58E+00
3.22E+00
2.92E+02
1.04E+02
1.36E+02
1.20E+00
5.59E-01
6.91E-01
2.30E-01
1.15E-01
1.65E-01
1.96E+03
1.02E+03
1.32E+03
NA
NA
NA
2.79E+01
9.50E+00
1.21E+01
1.79E+01
5.47E+00
7.30E+00
1.41E+01
5.19E+00
6.55E+00
1.84E+04
7.11E+03
9.02E+03
2.45E+01
1.01E+01
1.23E+01
1.55E+03
5.94E+02
7.58E+02
5.31E+02
2.01E+02
2.63E+02
1.20E-01
3.88E-02
5.42E-02
1.86E+01
6.33E+00
8.06E+00
8.88E+02
3.24E+02
3.98E+02
ND (4.3)
(ND) 1.01
ND (1.31)
2.01E+02
4.67E+01
6.58E+01
NA
NA
NA
ND (0.26) (ND) 7.3E-02 (ND) 9.4E-02
3.11E+01
1.53E+01
1.87E+01
8.26E+01
2.86E+01
3.70E+01

New 95
New max >
New Mean>
UCL> than
than Old Max than Old Mean Old 95 UCL

Sample Location of
Maximum Concentration
Old Max.

New Max.

ESV
mg/kg

No
No
No
No
No
No
--No
No
No
No
No
Yes
Yes
No
No
No
No
Yes
NA
No
No
Yes

No
No
No
No
No
No
--No
No
No
No
No
No
No
No
No
No
No
NA
NA
No
No
No

No
No
Yes
No
No
No
--No
No
No
No
No
No
No
No
No
No
No
NA
NA
No
No
No

----12SD03(0-0.5)
------------------CL-HBS-4 (2)
CL-HBS-3 (2)
----------------CL-HBS-4 (2)

----IWSD14
------------------IWSD16
IWSD14
--------IWSD16
------IWSD16

NA
NA

NA
NA

NA
NA

NA
NA

-----

-----

-----

---

---

No

NA

NA

---

---

---

ND (0.47)
ND (0.47)
ND (0.47)
ND (0.47)
ND (0.47)

-----------

-----------

No
No
No
No
No

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

-----------

-----------

-----------

NA
NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA

---------

---------

---------
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Table G-3
Comparison of Fall 2004 Data with the Data Set used in the Step 3 Report
Sediment
Central Creek Watershed
Old Data (mg/kg)

Chemical

Maximum

Mean

Isopropylbenzene
Methylene chloride
p-Cymene
Toluene
Trichloroethene

6.63E-03
3.83E-03
4.80E-02
2.76E-02
1.20E-03

4.20E-03
1.12E-02
8.80E-03
4.92E-03
4.94E-03

New Data (mg/kg)
95% UCL a Maximum
5.24E-03
--1.38E-02
6.03E-03
---

NA
NA
NA
NA
NA

Mean

95% UCL a

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

New 95
New max >
New Mean>
UCL> than
than Old Max than Old Mean Old 95 UCL
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

Sample Location of
Maximum Concentration
Old Max.

New Max.

-----------

-----------

ESV
mg/kg

b

-----------

Notes:
The 95% upper confidence limit (UCL) calculated using bootstrapping with 5000 replications.
b
See Table 6-16.
mg/kg milligrams per kilogram
NA
not applicable, not analyzed
ND
not detected
a

MARC No. W912QR-04-D-0027, TO No. DS02
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Table G-4
Comparison of Fall 2004 Data with the Data Set Used in the Step 3 Report
Sediment
Harrison Bayou Watershed
Old Data (mg/kg)

Chemical
Inorganics
Aluminum
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chloride
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Strontium
Sodium
Thallium
Vanadium
Zinc
General Chemistry
Nitrate
Sulfate
Dioxins/Furans
2,3,7,8-TCDD-TEQ
Semivolatile Organics
bis(2-Ethylhexyl) phthalate
Di-n-butyl phthalate
Volatile Organics
1,1-Dichloroethene
1,2-Dichloroethane
2-Butanone
Acetone
cis-1,2-Dichloroethene
MARC No. W912QR-04-D-0027, TO No. DS02
Longhorn Army Ammunition Plant, Karnack, Texas

New Data (mg/kg)
a
Mean 95% UCL

p
Maximum
New 95
Concentration
ESV
New max > New Mean UCL > Old
Old Max. New Max. mg/kg
Old Max > Old Mean
95 UCL

Maximum

Mean

95% UCL a

Maximum

1.50E+04
9.49E+00
2.03E+03
1.18E+00
1.83E-01
6.75E+03
5.19E+01
4.09E+01
1.20E+01
1.59E+01
3.10E+04
6.81E+01
2.80E+03
5.63E+02
1.50E-01
2.60E+01
3.50E+03
3.41E+00
3.60E+01
NA
1.60E+00
4.51E+01
5.80E+01

7.50E+03
2.92E+00
2.32E+02
5.32E-01
1.83E-01
1.86E+03
1.94E+01
1.32E+01
7.60E+00
6.82E+00
1.33E+04
1.61E+01
1.26E+03
2.75E+02
6.13E-02
9.70E+00
1.40E+03
7.65E-01
2.07E+01
NA
4.92E-01
2.13E+01
3.15E+01

1.03E+04
3.37E+00
2.86E+02
6.87E-01
1.83E-01
2.92E+03
2.78E+01
1.52E+01
9.47E+00
7.78E+00
1.87E+04
1.82E+01
1.72E+03
3.77E+02
8.29E-02
1.10E+01
1.85E+03
9.08E-01
2.66E+01
NA
6.00E-01
2.87E+01
3.58E+01

3.19E+03
2.00E+00
7.23E+01
4.50E-01
3.00E-02
7.24E+02
NA
4.60E+00
8.70E+00
3.40E+00
3.81E+03
8.60E+00
4.14E+02
2.00E+02
3.90E-02
4.60E+00
2.74E+02
ND (2.1)
NA
1.39E+02
ND (0.156)
1.10E+01
1.05E+01

------------NA
----------------------NA
---------

------------NA
----------------------NA
---------

No
No
No
No
No
No
NA
No
No
No
No
No
No
No
No
No
No
No
NA
Yes
No
No
No

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

-----------------------------------------------

--------------------------------------IWSD17
-------

--------------------------------------NA
-------

2.26E+00
2.34E+02

4.60E-01
5.13E+01

7.48E-01
7.51E+01

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

-----

-----

-----

1.41E-05

4.00E-06

---

NA

NA

NA

NA

NA

NA

---

---

---

3.69E-01
7.44E+00

2.33E-01
1.26E+00

2.82E-01
1.82E+00

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

-----

-----

-----

3.30E-03
1.20E-02
7.20E-03
1.46E-01
1.90E-01

3.51E-03
3.71E-03
1.82E-02
2.83E-02
1.82E-02

--4.32E-03
2.31E-02
3.49E-02
2.98E-02

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

-----------

-----------

-----------
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Table G-4
Comparison of Fall 2004 Data with the Data Set Used in the Step 3 Report
Sediment
Harrison Bayou Watershed
Old Data (mg/kg)

Chemical
Chlorobenzene
Styrene
Trichloroethene
Vinyl Chloride

New Data (mg/kg)

Maximum

Mean

95% UCL a

Maximum

3.60E-03
9.30E-02
1.23E+00
2.25E-02

3.44E-03
5.06E-03
4.17E-02
6.92E-03

4.01E-03
6.71E-03
6.60E-02
8.11E-03

NA
NA
NA
NA

a
Mean 95% UCL

NA
NA
NA
NA

NA
NA
NA
NA

p
Maximum
New 95
Concentration
ESV
New max > New Mean UCL > Old
Old Max. New Max. mg/kg
Old Max > Old Mean
95 UCL
NA
NA
NA
------NA
NA
NA
------NA
NA
NA
------NA
NA
NA
-------

b

Notes:
The 95% upper confidence limit (UCL) calculated using bootstrapping with 5000 replications.
b
See Table 6-16.
NA
not applicable or not analyzed
ND
not detected
mg/kg milligrams per kilogram
a

MARC No. W912QR-04-D-0027, TO No. DS02
Longhorn Army Ammunition Plant, Karnack, Texas
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Table G-5
Comparison of Fall 2004 Data with the Data Set Used in the Step 3 Report
Sediment
Saunders Branch Watershed
Old Data (mg/kg)
Chemical

Inorganics
Aluminum
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chloride
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Sodium
Strontium
Thallium
Vanadium
Zinc
General Chemistry
Nitrate
Sulfate
Dioxins/Furans
2,3,7,8-TCDD TEQ
Semivolatile Organics
bis(2-Ethylhexyl) phthalate
Di-n-butyl phthalate
Volatile Organics
Acetone
Carbon disulfide
Toluene

New Data (mg/kg)

New 95
New Mean UCL > Old
>Old Mean
95 UCL

Sample Location of
Maximum Concentration

ESV

Mean

95% UCL a

New Max
>Old Max

5.02E+03
3.20E+00
1.68E+02
1.10E+00
6.20E-02
1.05E+03
NA
1.00E+01
1.17E+01
4.80E+00
9.43E+03
1.49E+01
3.19E+02
7.33E+02
3.10E-02
5.00E+00
4.13E+02
ND (1.9)
7.23E+01
NA
6.84E-02
2.85E+01
1.49E+01

3.14E+03
2.10E+00
1.14E+02
6.67E-01
3.17E-02
5.57E+02
NA
5.73E+00
8.50E+00
4.80E+00
6.35E+03
1.08E+01
2.05E+02
3.70E+02
2.17E-02
3.73E+00
2.88E+02
ND (0.93)
--NA
9.33E-01
1.53E+01
1.06E+01

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
--NA
NA
NA
NA

No
No
No
No
No
No
No
No
No
No
No
No
No
Yes
No
No
No
No
Yes
No
Yes
No
No

No
No
No
No
No
No
No
No
No
No
No
No
No
Yes
No
No
No
No
No
No
Yes
No
No

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
No
NA
NA
NA
NA
NA

9.88E-01
3.00E+01

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

-----

-----

-----

6.98E-06

---

NA

NA

NA

NA

NA

NA

---

---

---

4.43E-01
1.76E+00

2.27E-01
7.67E-01

3.06E-01
1.20E+00

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

-----

-----

-----

1.08E+00
1.77E-01
2.90E-02

1.89E-01
1.71E-02
5.33E-03

2.83E-01
2.95E-02
7.51E-03

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

-------

-------

-------

95% UCL a Maximum

Maximum

Mean

1.63E+04
1.02E+01
2.68E+02
1.33E+00
2.56E-01
2.34E+03
8.90E+01
4.02E+01
1.37E+01
1.62E+01
1.49E+04
2.76E+01
1.22E+03
4.88E+02
1.49E-01
1.71E+01
1.33E+03
1.73E+00
NA
4.25E+01
ND (1.0)
3.08E+01
6.04E+01

1.18E+04
3.40E+00
1.24E+02
1.14E+00
1.62E-01
1.75E+03
2.55E+01
1.07E+01
1.15E+01
8.76E+00
1.22E+04
1.18E+01
9.92E+02
3.46E+02
5.78E-02
8.62E+00
9.93E+02
6.32E-01
NA
3.40E+01
NA
2.60E+01
4.30E+01

--4.19E+00
1.60E+02
--2.14E-01
--3.97E+01
1.36E+01
--1.07E+01
--1.48E+01
----8.01E-02
1.10E+01
--8.74E-01
NA
--NA
--5.15E+01

2.36E+00
3.00E+01

5.95E-01
2.58E+01

6.98E-06

Old Max.

New Max.

----------------------------------------------------CL-SBS-2 (1) IWSD19
----------------NA
IWSD20
----NA
IWSD19
---------

mg/kg b
--------------------------4.60E+02
--------Nutrient
--4.40E-02
-----

Notes:
The 95% upper confidence limit (UCL) calculated using bootstrapping with 5000 replications.
b
See Table 6-16.
NA
not applicable or not analyzed
ND
not detected
mg/kg
milligrams per kilogram
a

MARC No. W912QR-04-D-0027, TO No. DS02
Longhorn Army Ammunition Plant, Karnack, Texas
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Table G-6
Comparison of Fall 2004 Data with Data Set Used in the Step 3 Report
Surface Water
Goose Prairie Creek Watershed
Old Data (mg/L)
Chemical
Inorganics
Aluminum
Antimony
Arsenic
Barium
Beryllium
Calcium
Chloride
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Nickel
Potassium
Selenium
Sodium
Strontium
Thallium
Tin
Vanadium
Zinc
General Chemistry
Nitrate/Nitrite
Nitrate
Sulfate
Total Cyanide
Perchlorate
Ammonium perchlorate
Perchlorate
Nitroaromatics
2,4,6-Trinitrotoluene
2,4-Dinitrotoluene
2,6-Dinitrotoluene
2-amino-4,6-Dinitrotoluene
4-amino-2,6-Dinitrotoluene
2-Nitrotoluene
4-Nitrotoluene
HMX
RDX
Tetryl

New Data (mg/L)

New Max > New Mean >

Sample Location of
Maximum Concentration

ESV

Maximum

Mean

95% UCLa

Maximum

Mean

Old Max

Old Mean

Old Data

New Data

1.10E+01
6.80E-02
1.70E-02
2.20E+00
1.40E-03
1.50E+01
2.14E+01
1.10E-02
ND (0.05)
4.40E-02
1.20E+01
6.90E-02
5.60E+00
1.20E+00
ND (0.05)
5.70E+00
6.00E-03
1.20E+01
1.70E-01
3.10E-03
1.10E-01
ND (0.05)
4.70E-01

1.73E+00
1.59E-02
5.22E-03
1.38E-01
2.87E-04
8.63E+00
4.18E+00
5.62E-03
--1.23E-02
2.68E+00
6.26E-03
2.80E+00
2.12E-01
--2.55E+00
3.23E-03
5.74E+00
5.43E-02
1.00E-03
5.43E-02
--6.50E-02

2.10E+00
2.00E-02
6.02E-03
1.81E-01
3.35E-04
9.36E+00
5.68E+00
6.39E-03
--1.42E-02
3.14E+00
7.76E-03
3.15E+00
2.73E-01
--2.97E+00
3.74E-03
6.53E+00
6.55E-02
1.70E-03
6.58E-02
--8.78E-02

2.70E+00
NA
4.85E-03
3.29E-01
NA
2.50E+01
NA
7.05E-04
2.00E-02
NA
1.88E+01
4.90E-03
6.59E+00
3.58E+00
6.90E-03
1.13E+01
NA
1.12E+01
NA
NA
NA
1.01E-02
1.72E-02

2.19E+00
NA
3.93E-03
2.83E-01
NA
1.73E+01
NA
5.35E-03
1.44E-02
NA
1.43E+01
4.43E-03
4.82E+00
2.87E+00
5.75E-03
7.33E+00
NA
7.49E+00
NA
NA
NA
9.23E-03
1.60E-02

No
--No
No
--Yes
--No
Yes
--Yes
No
Yes
Yes
Yes
Yes
--No
------Yes
No

Yes
--No
Yes
--Yes
--No
----Yes
No
Yes
Yes
--Yes
--Yes
--------No

50SW03-981112
----29SW30
--50SW08-981111
--------50SW03-981112
--50SW03-981112
29SW31
--GPCSW01-981118
--GPWSW02-981201
-----------

IWSW03
----IWSW03
--IWSW03
----IWSW04
--IWSW03
--IWSW03
IWSW04
IWSW04
IWSW03
--IWSW04
------IWSW04
---

8.70E-02
----4.00E-03
--Nutrient
----1.50E+00
--1.00E+00
--Nutrient
1.20E-01
8.70E-02
Nutrient
--Nutrient
------2.00E-02
---

1.21E-01
3.78E+00
4.88E+01
1.10E-02

6.18E-02
4.70E-01
1.10E+01
5.44E-03

8.12E-02
8.86E-01
1.42E+01
6.33E-03

NA
NA
NA
NA

NA
NA
NA
NA

---------

---------

---------

---------

---------

6.15E-03
5.85E-02

1.53E-03
5.62E-03

1.97E-03
6.49E-03

NA
NA

NA
NA

-----

-----

-----

-----

-----

1.36E-01
7.90E-03
7.90E-03
2.10E-02
2.10E-02
3.00E-04
1.70E-03
1.32E-02
1.21E-02
2.21E-04

2.30E-03
3.80E-04
3.65E-04
5.70E-04
8.16E-04
1.51E-04
1.44E-04
4.04E-04
4.82E-04
1.39E-04

3.52E-03
4.94E-04
4.85E-04
7.41E-04
1.07E-03
1.70E-04
1.59E-04
5.68E-04
6.55E-04
1.54E-04

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

---------------------

---------------------

---------------------

---------------------

---------------------

mg/L

b

Dioxins/Furans

MARC No. W912QR-04-D-0027, TO No. DS02
Longhorn Army Ammunition Plant, Karnack, Texas
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Table G-6
Comparison of Fall 2004 Data with Data Set Used in the Step 3 Report
Surface Water
Goose Prairie Creek Watershed
Old Data (mg/L)
Chemical
2,3,7,8-TCDD-TEQ
Semivolatile Organics
1,2,4-Trichlorobenzene
1,3-Dinitrobenzene
1,4-Dichlorobenzene
bis(2-Ethylhexyl) phthalate
Diethyl phthalate
Naphthalene
Volatile Organics
1,1-Dichloroethene
1,3,5-Trinitrobenzene
2-Butanone
Acetone
Bromodichloromethane
Carbon disulfide
Chlorobromomethane
Chloroform
cis-1,2-Dichloroethene
Dibromochloromethane
Methylene chloride
p-Cymene
Styrene
Tetrachloroethene
Toluene
trans-1,2-Dichloroethene
Trichloroethene
Vinyl Chloride

New Data (mg/L)

New Max > New Mean >

Sample Location of
Maximum Concentration

ESV

Maximum

Mean

95% UCLa

Maximum

Mean

Old Max

Old Mean

Old Data

New Data

1.29E-08

7.00E-09

8.59E-09

4.97E-08

---

Yes

---

29SW30

IWSW04

3.12E-12

1.70E-03
4.95E-05
1.50E-04
5.30E-01
2.60E-03
3.24E-04

8.36E-04
1.00E-04
7.99E-04
1.43E-02
4.02E-03
9.84E-04

9.79E-04
1.11E-04
--2.43E-02
-----

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

-------------

-------------

-------------

-------------

-------------

4.00E-04
6.34E-04
1.11E-02
4.36E-02
4.80E-03
6.00E-04
2.20E-02
7.07E-02
5.40E-02
5.03E-03
3.00E-03
1.20E-03
4.10E-04
2.23E-04
2.20E-03
4.30E-04
3.00E-02
8.70E-03

7.06E-04
1.57E-04
8.19E-03
7.11E-03
7.38E-04
1.43E-03
7.09E-04
1.31E-03
1.07E-03
9.85E-04
1.61E-03
4.67E-04
6.80E-04
6.67E-04
6.97E-04
6.39E-04
1.73E-03
7.58E-04

--1.75E-04
9.97E-03
7.88E-03
8.30E-04
--8.16E-04
1.62E-03
1.32E-03
1.10E-03
1.82E-03
5.11E-04
----7.85E-04
--1.99E-03
8.87E-04

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

-------------------------------------

-------------------------------------

-------------------------------------

-------------------------------------

-------------------------------------

mg/L

b

Notes:
The 95% upper confidence limit (UCL) calculated using bootstrapping with 5000 replications.
b
See Table 6-16.
NA
not applicable
ND
not detected
mg/L
milligrams per liter
a

MARC No. W912QR-04-D-0027, TO No. DS02
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Table G-7
Comparison of Fall 2004 Data with Data Set Used in the Step 3 Report
Surface Water
Central Creek Watershed
Old Data (mg/L)

Chemical
Inorganics
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chloride
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Nickel
Potassium
Sodium
Strontium
Thallium
Vanadium
Zinc
General Chemistry
Nitrate/Nitrite
Nitrate (as N)
Sulfate
Nitroaromatics
2-Nitrotoluene
3-Nitrotoluene
Dioxins/Furans
2,3,7,8-TCDD TEQ
Semivolatile Organics
1,3-Dinitrobenzene
Volatile Organics
Acetone
Methylene chloride
Explosives
Cyclonite (RDX)
HMX

New Max > New Mean > New UCL >

New Data (mg/L)

Maximum

Mean

95% UCLa

Maximum

Mean

95% UCLa

1.79E+01
1.90E-02
1.33E-02
3.75E-01
1.35E-03
5.74E-03
1.10E+01
9.98E+00
1.75E-02
ND (0.05)
2.80E-02
1.59E+01
3.40E-02
ND (5.0)
1.17E+00
ND (0.05)
ND (5.0)
7.60E+00
7.00E-02
ND (0.05)
3.75E-02
1.00E-01

4.16E+00
8.26E-03
4.58E-03
1.24E-01
4.47E-04
2.09E-03
4.77E+00
2.57E+00
6.42E-03
--9.31E-03
4.18E+00
4.09E-03
--3.17E-01
----3.07E+00
3.25E-02
--2.64E-02
2.28E-02

6.11E+00
1.05E-02
5.36E-03
1.40E-01
5.71E-04
2.49E-03
6.38E+00
3.13E+00
8.03E-03
--1.18E-02
5.98E+00
5.18E-03
--4.54E-01
----3.86E+00
3.94E-02
--3.33E-02
2.85E-02

3.91E+00
NA
NA
2.83E-01
NA
NA
2.80E+01
NA
5.80E-04
8.20E-03
NA
1.85E+01
3.90E-03
1.60E+01
2.82E+00
7.80E-03
7.31E+00
7.60E+01
NA
4.63E-04
9.30E-03
1.92E-02

1.47E+00
NA
NA
1.82E-01
NA
NA
2.05E+01
NA
8.12E-03
6.60E-03
NA
6.55E+00
4.30E-03
1.26E+01
1.52E+00
7.80E-03
4.97E+00
4.14E+01
NA
2.08E-04
9.08E-03
2.38E-02

9.40E-02
5.47E+00
1.49E+01

5.55E-02
4.79E-01
5.14E+00

7.06E-02
8.67E-01
6.09E+00

NA
NA
NA

NA
NA
NA

1.30E-03
NA

1.82E-04
NA

2.19E-04
NA

NA
4.50E-04

1.22E-08

1.07E-08

---

6.40E-04

8.90E-05

1.40E-02
1.70E-02
ND (0.00084)
ND (0.0008)

Sample Location of
Maximum Concentration

ESV
mg/L

b

Old Max

Old Mean

Old UCL

Old Data

New Data

No
----No
----Yes
--No
Yes
--Yes
No
Yes
Yes
Yes
Yes
Yes
--Yes
No
No

No
----Yes
----Yes
--Yes
----Yes
Yes
--Yes
----Yes
----No
Yes

No
----Yes
----Yes
--Yes
----Yes
Yes
--Yes
----Yes
----No
Yes

------29SW30
----50SW08-981111
--32SW08
----50SW03-981112
50SW03-981112
--50SW03-981112
----GPWSW02-981201
------50SW04-981111

------IWSW16
----IWSW09
--IWSW16
IWSW16
--IWSW16
IWSW16
IWSW09
IWSW16
IWSW16
IWSW16
IWSW08
--IWSW08
--IWSW16

------4.00E-03
----Nutrient
--1.06E-02
1.50E+00
--1.00E+00
1.00E-03
Nutrient
1.20E-01
8.70E-02
Nutrient
Nutrient
--4.00E-02
--5.80E-02

NA
NA
NA

-------

-------

-------

-------

-------

-------

NA
1.70E-04

NA
2.50E-04

--Yes

-----

-----

-----

--IWSW10

--8.80E-01

5.21E-08

---

---

Yes

---

---

29SW30

IWSW15

3.00E-12

1.07E-04

NA

NA

NA

---

---

---

---

---

---

7.40E-03
3.28E-03

1.06E-02
4.07E-03

NA
NA

NA
NA

NA
NA

-----

-----

-----

-----

-----

-----

-----

-----

6.70E-04
6.20E-04

2.14E-04
2.42E-04

3.39E-04
3.55E-04

Yes
Yes

-----

-----

-----

IWSW10
IWSW10

3.60E-01
1.50E-01

2.35E+00
NA
NA
2.14E-01
NA
NA
2.35E+01
NA
1.35E-02
8.20E-03
NA
9.84E+00
5.31E-03
1.44E+01
1.88E+00
7.80E-03
5.87E+00
5.26E+01
NA
2.82E-04
1.53E-02
3.45E-02

Notes:
The 95% upper confidence limit (UCL) calculated using bootstrapping with 5000 replications.
b
See Table 6-15.
NA
not applicable
ND
not detected
mg/L
milligrams per liter
a
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Table G-8
Comparison of Fall 2004 Data with Data Set Used in the Step 3 Report
Surface Water
Harrison Bayou Watershed
Old Data (mg/L)
Chemical

Inorganics
Aluminum
Antimony
Arsenic
Barium
Beryllium
Calcium
Chloride
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Nickel
Potassium
Selenium
Sodium
Strontium
Thallium
Vanadium
Zinc
General Chemistry
Nitrate/Nitrite
Nitrate
Sulfate

MARC No. W912QR-04-D-0027, TO No. DS02
Longhorn Army Ammunition Plant, Karnack, Texas

New Data (mg/L)

New Max >

Sample Location of
Maximum Concentration

ESV

Maximum

Mean

95% UCLa

Maximum

Old Max

Old Data

New Data

mg/L b

6.40E+01
3.20E-02
2.55E-02
1.18E+00
3.10E-03
4.40E+01
8.56E+01
8.50E-02
ND (0.05)
1.00E-01
9.15E+01
5.95E-02
5.90E+01
1.77E+00
9.00E-02
1.50E+01
6.00E-03
3.60E+01
8.83E-01
1.10E-03
1.50E-01
2.60E-01

1.12E+01
7.11E-03
5.15E-03
2.09E-01
7.07E-04
1.54E+01
2.71E+01
9.95E-03
--1.19E-02
1.61E+01
5.66E-03
1.33E+01
6.92E-01
2.32E-02
5.23E+00
3.90E-03
1.12E+01
2.25E-01
5.86E-04
4.29E-02
3.19E-02

2.03E+01
8.85E-03
6.31E-03
2.58E-01
1.12E-03
2.23E+01
3.32E+01
1.27E-02
--1.69E-02
2.91E+01
7.24E-03
2.17E+01
9.37E-01
2.64E-02
7.38E+00
4.63E-03
1.61E+01
3.52E-01
7.54E-04
6.18E-02
4.16E-02

2.92E+00
NA
2.70E-03
2.62E-01
2.80E-04
2.16E+01
NA
NA
2.20E-02
NA
1.24E+01
4.40E-03
1.52E+01
5.84E+00
7.00E-03
5.76E+00
NA
6.23E+01
NA
1.75E-04
7.20E-03
1.78E-02

No
--No
No
No
No
----Yes
--No
No
No
Yes
No
No
--Yes
--No
No
No

----------------NA
--------50SW03-981112
------GPWSW02-981201
---------

----------------IWSW17
--------IWSW17
------IWSW17
---------

----------------1.50E+00
--------1.20E-01
------Nutrient
---------

2.04E+02
4.74E+00
2.86E+02

2.93E+01
4.32E-01
4.15E+01

5.84E+01
7.46E-01
5.76E+01

NA
NA
NA

-------

-------

-------

-------
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Table G-8
Comparison of Fall 2004 Data with Data Set Used in the Step 3 Report
Surface Water
Harrison Bayou Watershed
Old Data (mg/L)
Chemical

Perchlorate
Perchlorate
Dioxins/Furans
2,3,7,8-TCDD TEQ
Semivolatile Organics
1,2,4-Trichlorobenzene
1,4-Dichlorobenzene
Hexachlorobutadiene
Naphthalene
Volatile Organics
1,1-Dichloroethene
1,2-Dichloroethane
2-Butanone
Acetone
Carbon disulfide
Chloromethane
cis-1,2-Dichloroethene
Methylene chloride
p-Cymene
Styrene
Tetrachloroethene
Toluene
trans-1,2-Dichloroethene
Trichloroethene
Vinyl Chloride

New Data (mg/L)

New Max >

Sample Location of
Maximum Concentration

ESV

Maximum

Mean

95% UCLa

Maximum

Old Max

Old Data

New Data

mg/L b

9.05E-01

4.62E-02

6.33E-02

NA

---

---

---

---

1.42E-08

8.00E-09

9.44E-09

NA

---

---

---

---

7.30E-04
3.13E-04
3.30E-04
4.30E-04

1.00E-03
8.92E-04
8.51E-04
1.04E-03

---------

NA
NA
NA
NA

---------

---------

---------

---------

3.00E-03
3.00E-03
6.00E-03
2.70E-02
8.00E-04
1.25E-03
9.15E-02
1.00E-02
2.40E-03
2.00E-03
9.00E-04
2.40E-04
1.21E-03
3.93E-01
1.40E-02

9.35E-04
9.50E-04
8.90E-03
1.08E-02
1.79E-03
1.50E-03
2.66E-03
2.51E-03
5.26E-04
9.60E-04
9.28E-04
9.22E-04
6.75E-04
7.80E-03
1.55E-03

1.07E-03
1.09E-03
--1.30E-02
----3.65E-03
2.82E-03
5.99E-04
1.10E-03
----7.82E-04
1.11E-02
1.81E-03

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

-------------------------------

-------------------------------

-------------------------------

-------------------------------

Notes:
The 95% upper confidence limit (UCL) calculated using bootstrapping with 5000 replications.
b
See Table 6-15.
NA
not applicable
ND
not detected
mg/L milligrams per liter
a
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Table G-9
Comparison of Fall 2004 Data with Data Set Used in the Step 3 Report
Surface Water
Saunders Branch Watershed
Old Data (mg/L)

Chemical
Inorganics
Aluminum
Arsenic
Barium
Beryllium
Calcium
Chloride
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Nickel
Potassium
Sodium
Vanadium
Zinc
General Chemistry
Nitrate
Sulfate
Volatile Organics
Acetone

New Max > New Mean > New UCL >

New Data (mg/L)
a

Sample Location of
Maximum Concentration

ESV

Maximum

Mean

95% UCL

Maximum

Mean

95% UCLa

Old Max

Old Mean

Old UCL

Old Data

New Data

mg/L b

NA
ND (0.01)
4.30E-01
NA
NA
9.70E+00
ND (0.01)
NA
6.00E-03
NA
3.00E-03
NA
NA
ND (0.04)
NA
NA
NA
5.20E-02

NA
--1.84E-01
NA
NA
6.15E+00
--NA
3.38E-03
NA
2.00E-03
NA
NA
--NA
NA
NA
2.46E-02

NA
--2.61E-01
NA
NA
----NA
--NA
--NA
NA
--NA
NA
NA
---

5.12E+00
9.50E-03
4.36E-01
5.70E-04
8.50E+00
NA
4.10E-03
1.60E-02
NA
1.94E+01
1.35E-02
3.35E+00
5.34E+00
7.20E-03
4.34E+00
1.53E+01
1.56E-02
1.43E-02

2.94E+00
6.10E-03
3.65E-01
1.13E-03
6.69E+00
NA
8.03E-03
1.36E-02
NA
1.35E+01
1.02E-02
2.72E+00
3.95E+00
4.63E-03
3.88E+00
1.47E+01
1.19E-02
8.60E-03

4.25E+00
8.20E-03
4.29E-01
2.18E-03
7.60E+00
NA
1.43E-02
1.57E-02
NA
1.68E+01
1.27E-02
3.09E+00
5.33E+00
6.40E-03
4.26E+00
1.51E+01
1.49E-02
1.25E-02

Yes
Yes
Yes
Yes
Yes
--Yes
Yes
--Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No

Yes
--Yes
Yes
Yes
----Yes
--Yes
Yes
Yes
Yes
--Yes
Yes
Yes
No

Yes
--Yes
Yes
Yes
----Yes
--Yes
--Yes
Yes
--Yes
Yes
Yes
---

--NA
NA
NA
NA
--NA
NA
--NA
18SW18
NA
NA
NA
NA
NA
NA
---

IWSW20
IWSW19
IWSW18
IWSW20
IWSW19
--IWSW20
IWSW18
--IWSW19
IWSW19
IWSW19
IWSW19
IWSW20
IWSW19
IWSW20
IWSW20
---

8.70E-02
1.90E-01
4.00E-03
5.30E-03
Nutrient
--1.06E-02
1.50E+00
--1.00E+00
1.00E-03
Nutrient
1.20E-01
8.74E-02
Nutrient
Nutrient
2.00E-02
---

9.00E-02
5.00E+00

3.25E-02
2.88E+00

-----

NA
NA

NA
NA

NA
NA

-----

-----

-----

-----

-----

-----

1.10E-02

2.83E-02

---

NA

NA

NA

---

---

---

---

---

---

Notes:
The 95% upper confidence limit (UCL) calculated using bootstrapping with 5000 replications.
b
See Table 6-15.
NA
not applicable
ND
not detected
mg/L
milligrams per liter
a

MARC No. W912QR-04-D-0027, TO No. DS02
Longhorn Army Ammunition Plant, Karnack, Texas
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Figure H-1
Soil Sample Locations for Elevated
Concentrations of Aluminum in the Industrial Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-2
Soil Sample Locations for Elevated
Concentrations of Aluminum in the Waste Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-3
Soil Sample Locations for Elevated
Concentrations of Arochlor 1242 in the Waste Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-4
Soil Sample Locations for Elevated
Concentrations of Arochlor 1254 in the Industrial Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-5
Soil Sample Locations for Elevated
Concentrations of Arochlor 1254 in the Waste Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-6
Soil Sample Locations for Elevated
Concentrations of Arochlor 1260 in the Industrial Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-7
Soil Sample Locations for Elevated
Concentrations of Arochlor 1260 in the Waste Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-8
Soil Sample Locations for Elevated
Concentrations of Barium in the Waste Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-9
Soil Sample Locations for Elevated
Concentrations of Cadmium in the Industrial Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Soil Sample Locations for Elevated
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Figure H-11
Soil Sample Locations for Elevated
Concentrations of Cadmium in the Waste Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-12
Soil Sample Locations for Elevated
Concentrations of Chromium in the Industrial Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-13
Soil Sample Locations for Elevated
Concentrations of Chromium in the Low-Impact Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-14
Soil Sample Locations for Elevated
Concentrations of Chromium in the Waste Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-15
Soil Sample Locations for Elevated
Concentrations of 4,4'-DDD in the Indusrial Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-16
Soil Sample Locations for Elevated
Concentrations of 4,4'-DDD in the Low-Impact Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-17
Soil Sample Locations for Elevated
Concentrations of 4,4'-DDD in the Waste Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-18
Soil Sample Locations for Elevated
Concentrations of 4,4'-DDE in the Industrial Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas

APPROVED BY
P.Srivastav
10/26/04

00051078
Legend
FWS-228

FWS-186

FWS-226

FWS-184

0.01131 - 0.05240 mg/kg
0.00864 - 0.01130 mg/kg

CHECKED BY
J.Lindberg
10/26/04

FWS-043

Caddo Lake

0.00494 - 0.00863 mg/kg
0.00389 - 0.00493 mg/kg

Low-Impact Sub-Area

Streams

FWS-181

Roads

FWS-236

Sites
FWS-179

Cr

Buildings, Known to Exist

ai

rie

FWS-175

os

e

Pr

Lakes

on

a

k

ris

nt r

ee

ar

Ce

r
lC

Ba
yo
u

Go

LHAAP Boundary

Br
a

nc

h

H

un
d

er
s

FWS-085

FWS-082
FWS-081

Sa

FILE LOCATION
\longhorn\gisworkspace\BLu\mxds\Spatial SWSD\dde_LISA.mxd

COMPILED BY
B. Lu
10/26/04

ee

k

Ecological Risk Areas

FWS-083

FWS-209

Low-Impact Sub-Area
FWS-206

FWS-050

0

1,000

2,000

4,000
Feet

U.S. Army Corps of Engineers
Tulsa District
Tulsa, Oklahoma

Plot Date: 10/04

Figure H-19
FWS-004

Soil Sample Locations for Elevated
Concentrations of 4,4'-DDE in the Low-Impact Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-20
Soil Sample Locations for Elevated
Concentrations of 4,4'-DDE in the Waste Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-21
Soil Sample Locations for Elevated
Concentrations of 4,4'-DDT in the Industrial Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-22
Soil Sample Locations for Elevated
Concentrations of 4,4'-DDT in the Low-Impact Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-23
Soil Sample Locations for Elevated
Concentrations of 2,4-Dinitrotoluene in the Waste Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-24
Soil Sample Locations for Elevated Concentrations of
Hexachlorobenzene in the Industrial Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-25
Soil Sample Locations for Elevated Concentrations of
Hexachlorobenzene in the Waste Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-26
Soil Sample Locations for Elevated
Concentrations of HMX in the Waste Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-27
Soil Sample Locations for Elevated
Concentrations of Lead in the Industrial Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-28
Soil Sample Locations for Elevated
Concentrations of Lead in the Low-Impact Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-29
Soil Sample Locations for Elevated
Concentrations of Lead in the Waste Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-30
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Soil Sample Locations for Elevated
Concentrations of Manganese in the Low-Impact Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-31
Soil Sample Locations for Elevated
Concentrations of Perchlorate in the Industrial Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-32
Soil Sample Locations for Elevated
Concentrations of Perchlorate in the Low-Impact Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-33
Soil Sample Locations for Elevated
Concentrations of Perchlorate in the Waste Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-34
Soil Sample Locations for Elevated
Concentrations of Selenium in the Industrial Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-35
Soil Sample Locations for Elevated
Concentrations of 2,3,7,8-TCDD in the Industrial Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-36
Soil Sample Locations for Elevated Concentrations of
2,3,7,8,-TCDD in the Low-Impact Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-37
Soil Sample Locations for Elevated
Concentrations of 2,3,7,8-TCDD in the Waste Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-38
Soil Sample Locations for Elevated Concentrations of
1,3,5-Trinitrobenzene in the Waste Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-39
Soil Sample Locations for Elevated
Concentrations of 2,4,6-TNT in the Waste Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-40
Soil Sample Locations for Elevated
Concentrations of Vanadium in the Industrial Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-41
Sediment Sample Locations for Elevated
Concentrations of Vanadium in the Low-Impact Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-42
Soil Sample Locations for Elevated
Concentrations of Zinc in the Industrial Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas

APPROVED BY
P.Srivastav
10/26/04

00051102
FWS-226

FWS-228

FWS-243

FWS-186

Legend
FWS-241
FWS-232

FWS-042

FWS-240
LAP-31M2

CHECKED BY
J.Lindberg
10/26/04

LAP-39M1

53 - 149 mg/kg

FWS-239

38 - 52 mg/kg
FWS-238

Low-Impact Sub-Area

25 - 37 mgkg
Streams

Cr
ee

k

FWS-237

r ie

Roads

os
eP

rai

FWS-174

Sites

FWS-172

Ecological Risk Areas

Go

COMPILED BY
B. Lu
10/26/04

Buildings, Known to Exist

nt
ra
lC

re
e

k

FWS-152

Lakes

FWS-155

LHAAP Boundary

FWS-159
FWS-127

FWS-140

ou

Ce

Ba
y

FWS-110

FWS-106

rri
s

on

FWS-109

Ha

LAP-81105

FWS-136

LAP-81103
LAP-81109

FWS-098
LAP-81127

an

ch

FWS-085

de
rs

FWS-082
LAP-81130

un

LAP-81124

Br

Low-Impact Sub-Area

LAP-81129 LAP-81147

Sa

FILE LOCATION
\longhorn\gisworkspace\BLu\mxds\Spatial SWSD\zn_LISA.mxd

150 - 499 mg/kg

Caddo Lake

LAP-35M2
LAP-31M1

LAP-81158
FWS-079

LAP-81156

LAP-81146

FWS-075
FWS-076

LAP-81155

0

1,000

2,000

LAP-81152

Plot Date: 10/04

FWS-201
FWS-004

4,000
Feet

U.S. Army Corps of Engineers
Tulsa District
Tulsa, Oklahoma
Figure H-43
Soil Sample Locations for Elevated
Concentrations of Zinc in the Low-Impact Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-44
Soil Sample Locations for Elevated
Concentrations of Zinc in the Waste Sub-Area
Longhorn Army Ammunition Plant
Karnack, Texas
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Note: Sample locations indicated the
presence of multiple small stream segments
or ponds associated with main stream
channels near the sites under investigation.
These small and intermittent water bodies
were sampled but are not always visible
on the map.
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Figure H-45
Surface Water Sample Locations for Elevated Concentrations
of Aluminum in Goose Prairie Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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presence of multiple small stream segments
or ponds associated with main stream
channels near the sites under investigation.
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on the map.
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Figure H-46
Surface Water Sample Locations for Elevated
Concentrations of Aluminum in Central Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas

Legend
64.0 mg/L
11.0 mg/L

Go o

se P

ie C
rair

r ee

k

Streams
Roads
Sites
Buildings, Known to Exist
Lakes
LHAAP Boundary

k
18SW28

er s
nd
Sa
u

ay o

u

Bra

nc
h

18SW27

nB

r ee

rris
o

Ce

C
al
ntr

Ha

FILE LOCATION
\longhorn\gisworkspace\BLu\mxds\Spatial SWSD\HB_SW_Al.mxd

COMPILED BY
B. Lu
10/26/04

CHECKED BY
J.Lindberg
10/26/04

APPROVED BY
P.Srivastav
10/26/04

00051106

Note: Sample locations indicated the
presence of multiple small stream segments
or ponds associated with main stream
channels near the sites under investigation.
These small and intermittent water bodies
were sampled but are not always visible
on the map.
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Figure H-47
Surface Water Sample Locations for Elevated
Concentrations of Aluminum in Harrison Bayou Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-48
Surface Water Sample Locations for Elevated
Concentrations of Barium in Goose Prairie Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Note: Sample locations indicated the
presence of multiple small stream segments
or ponds associated with main stream
channels near the sites under investigation.
These small and intermittent water bodies
were sampled but are not always visible
on the map.
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Figure H-49
Surface Water Sample Locations for Elevated
Concentrations of Barium in Central Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Note: Sample locations indicated the
presence of multiple small stream segments
or ponds associated with main stream
channels near the sites under investigation.
These small and intermittent water bodies
were sampled but are not always visible
on the map.
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Figure H-50
Surface Water Sample Locations for Elevated
Concentrations of Barium in Harrison Bayou Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Note: Sample locations indicated the
presence of multiple small stream segments
or ponds associated with main stream
channels near the sites under investigation.
These small and intermittent water bodies
were sampled but are not always visible
on the map.
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Figure H-51
Surface Water Sample Locations for Elevated
Concentrations of Barium in Saunders Branch Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Note: Sample locations indicated the
presence of multiple small stream segments
or ponds associated with main stream
channels near the sites under investigation.
These small and intermittent water bodies
were sampled but are not always visible
on the map.
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Figure H-52
Surface Water Sample Locations for Elevated
Concentrations of BEHP in Goose Prairie Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Note: Sample locations indicated the
presence of multiple small stream segments
or ponds associated with main stream
channels near the sites under investigation.
These small and intermittent water bodies
were sampled but are not always visible
on the map.
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Figure H-53
Surface Water Sample Locations for Elevated
Concentrations of Cadmium in Central Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Note: Sample locations indicated the
presence of multiple small stream segments
or ponds associated with main stream
channels near the sites under investigation.
These small and intermittent water bodies
were sampled but are not always visible
on the map.
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Figure H-54
Surface Water Sample Locations for Elevated
Concentrations of Chromium in Harrison Bayou Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Note: Sample locations indicated the
presence of multiple small stream segments
or ponds associated with main stream
channels near the sites under investigation.
These small and intermittent water bodies
were sampled but are not always visible
on the map.
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Figure H-55
Surface Water Sample Locations for Elevated
Concentrations of Copper in Goose Prairie Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Note: Sample locations indicated the
presence of multiple small stream segments
or ponds associated with main stream
channels near the sites under investigation.
These small and intermittent water bodies
were sampled but are not always visible
on the map.
0

600

1,200

2,400
Feet

U.S. Army Corps of Engineers
Tulsa District
Tulsa, Oklahoma
Plot Date: 10/04

Figure H-56
Surface Water Sample Locations for Elevated
Concentrations of Copper in Central Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Note: Sample locations indicated the
presence of multiple small stream segments
or ponds associated with main stream
channels near the sites under investigation.
These small and intermittent water bodies
were sampled but are not always visible
on the map.
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Figure H-57
Surface Water Sample Locations for Elevated
Concentrations of Copper in Harrison Bayou Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Note: Sample locations indicated the
presence of multiple small stream segments
or ponds associated with main stream
channels near the sites under investigation.
These small and intermittent water bodies
were sampled but are not always visible
on the map.
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Figure H-58
Surface Water Sample Locations for Elevated
Concentrations of Iron in Goose Prairie Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Note: Sample locations indicated the
presence of multiple small stream segments
or ponds associated with main stream
channels near the sites under investigation.
These small and intermittent water bodies
were sampled but are not always visible
on the map.
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Figure H-59
Surface Water Sample Locations for Elevated
Concentrations of Iron in Central Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas

Caddo Lake

Legend
91.5 mg/L

Go o

se P

ie C
rair

r ee

11.0 mg/L

k

Streams
Roads
Sites
Buildings, Known to Exist
Lakes
LHAAP Boundary

18SW28

Sa
u

nd

er s

Bra

nc
h

18SW27

u

a

k

ay o

ntr

ee

nB

Ce

r
lC

H ar
riso

FILE LOCATION
\longhorn\gisworkspace\BLu\mxds\Spatial SWSD\HB_SW_Fe.mxd

COMPILED BY
B. Lu
10/26/04

CHECKED BY
J.Lindberg
10/26/04

APPROVED BY
P.Srivastav
10/26/04

00051119

Note: Sample locations indicated the
presence of multiple small stream segments
or ponds associated with main stream
channels near the sites under investigation.
These small and intermittent water bodies
were sampled but are not always visible
on the map.
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Figure H-60
Surface Water Sample Locations for Elevated
Concentrations of Iron in Harrison Bayou Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Note: Sample locations indicated the
presence of multiple small stream segments
or ponds associated with main stream
channels near the sites under investigation.
These small and intermittent water bodies
were sampled but are not always visible
on the map.
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Figure H-61
Surface Water Sample Locations for Elevated
Concentrations of Lead in Goose Prairie Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Note: Sample locations indicated the
presence of multiple small stream segments
or ponds associated with main stream
channels near the sites under investigation.
These small and intermittent water bodies
were sampled but are not always visible
on the map.
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Figure H-62
Surface Water Sample Locations for Elevated
Concentrations of Lead in Central Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Note: Sample locations indicated the
presence of multiple small stream segments
or ponds associated with main stream
channels near the sites under investigation.
These small and intermittent water bodies
were sampled but are not always visible
on the map.
0

P3HBSW01

600

1,200

2,400
Feet

U.S. Army Corps of Engineers
Tulsa District
Tulsa, Oklahoma

Plot Date: 10/04

Figure H-63
Surface Water Sample Locations for Elevated Concentrations
of Nitrate/Nitrite in Harrison Bayou Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Note: Sample locations indicated the
presence of multiple small stream segments
or ponds associated with main stream
channels near the sites under investigation.
These small and intermittent water bodies
were sampled but are not always visible
on the map.
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Figure H-64

Surface Water Sample Locations for Elevated Concentrations
of 2,3,7,8-TCDD TEQ in Goose Prairie Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Note: Sample locations indicated the
presence of multiple small stream segments
or ponds associated with main stream
channels near the sites under investigation.
These small and intermittent water bodies
were sampled but are not always visible
on the map.
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Figure H-65
Surface Water Sample Locations for Elevated Concentrations
of 2,3,7,8-TCDD TEQ in Central Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Note: Sample locations indicated the
presence of multiple small stream segments
or ponds associated with main stream
channels near the sites under investigation.
These small and intermittent water bodies
were sampled but are not always visible
on the map.
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Figure H-66
Surface Water Sample Locations for Elevated Concentrations
of 2,3,7,8-TCDD TEQ in Harrison Bayou Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Note: Sample locations indicated the
presence of multiple small stream segments
or ponds associated with main stream
channels near the sites under investigation.
These small and intermittent water bodies
were sampled but are not always visible
on the map.
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Figure H-67
Surface Water Sample Locations for Elevated Concentrations
of Thallium in Goose Prairie Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Note: Sample locations indicated the
presence of multiple small stream segments
or ponds associated with main stream
channels near the sites under investigation.
These small and intermittent water bodies
were sampled but are not always visible
on the map.
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Figure H-68
Surface Water Sample Locations for Elevated
Concentrations of Thallium in Harrison Bayou Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Note: Sample locations indicated the
presence of multiple small stream segments
or ponds associated with main stream
channels near the sites under investigation.
These small and intermittent water bodies
were sampled but are not always visible
on the map.
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Figure H-69
Surface Water Sample Locations for Elevated
Concentrations of Vanadium in Central Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Note: Sample locations indicated the
presence of multiple small stream segments
or ponds associated with main stream
channels near the sites under investigation.
These small and intermittent water bodies
were sampled but are not always visible
on the map.
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Figure H-70
Surface Water Sample Locations for Elevated
Concentrations of Vanadium in Harrison Bayou Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-71
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Surface Water Sample Locations for Elevated
Concentrations of Zinc in Goose Prairie Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-72
Sediment Sample Locations for Elevated Concentrations
of Aluminum in Goose Prairie Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-73
Sediment Sample Locations for Elevated
Concentrations of Aluminum in Central Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-74
Sediment Sample Locations for Elevated
Concentrations of Aluminum in Harrison Bayou Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-75
Sediment Sample Locations for Elevated
Concentrations of Aluminum in Saunders Branch Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-76
Sediment Sample Locations for Elevated
Concentrations of Barium in Goose Prairie Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-77
Sediment Sample Locations for Elevated
Concentrations of Barium in Central Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-78
P3HBSD01

Sediment Sample Locations for Elevated
Concentrations of Barium in Harrison Bayou Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-79
Sediment Sample Locations for Elevated
Concentrations of Barium in Saunders Branch Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-80
Sediment Sample Locations for Elevated
Concentrations of BEHP in Harrison Bayou Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-81
Sediment Sample Locations for Elevated
Concentrations of BEHP in Saunders Branch Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-82
Sediment Sample Locations for Elevated Concentrations
of Cadmium in Goose Prairie Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-83
Sediment Sample Locations for Elevated
Concentrations of Cadmium in Central Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-84
Sediment Sample Locations for Elevated
Concentrations of Cadmium in Harrison Bayou Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-85
Sediment Sample Locations for Elevated
Concentrations of Cadmium in Saunders Branch Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-86
Sediment Sample Locations for Elevated
Concentrations of Copper in Goose Prairie Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-87
Sediment Sample Locations for Elevated
Concentrations of Lead in Goose Prairie Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-88
Sediment Sample Locations for Elevated Concentrations
of Mercury in Goose Prairie Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-89
Sediment Sample Locations for Elevated
Concentrations of Mercury in Central Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-90
Sediment Sample Locations for Elevated
Concentrations of Mercury in Harrison Bayou Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-91
Sediment Sample Locations for Elevated
Concentrations of Mercury in Saunders Branch Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-92
Sediment Sample Locations for Elevated
Concentrations of Nickel in Goose Prairie Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-93
Sediment Sample Locations for Elevated
Concentrations of Nitrate in Harrison Bayou Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-94
Sediment Sample Locations for Elevated Concentrations
of 2,3,7,8-TCDD TEQ in Goose Prairie Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-95
Sediment Sample Locations for Elevated Concentrations
of 2,3,7,8-TCDD TEQ in Central Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-96
Sediment Sample Locations for Elevated Concentrations
of 2,3,7,8-TCDD TEQ in Harrison Bayou Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-97
Sediment Sample Locations for Elevated Concentrations
of 2,3,7,8-TCDD TEQ in Saunders Branch Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-98
Sediment Sample Locations for Elevated Concentrations
of Thallium in Goose Prairie Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-99
Sediment Sample Locations for Elevated
Concentrations of Thallium in Central Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-100
Sediment Sample Locations for Elevated
Concentrations of Thallium in Harrison Bayou Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-101
Sediment Sample Locations for Elevated Concentrations
of Vanadium in Goose Prairie Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-102
Sediment Sample Locations for Elevated
Concentrations of Zinc in Goose Prairie Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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Figure H-103
Sediment Sample Locations for Elevated
Concentrations of Zinc in Central Creek Watershed
Longhorn Army Ammunition Plant
Karnack, Texas
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APPENDIX I
Quantification of Correlations for Selected Element Pairs in the Geochemical
Evaluation
Pursuant to the 30 March 2006 teleconference with EPA Region 6 and the Texas Commission on
Environmental Quality, it was agreed that correlation coefficients would be provided for selected
element pair plots that were used in the geochemical portion of the background evaluation to
determine whether a chemical was naturally occurring (see Appendix F). It should be
emphasized that the correlation coefficients presented in this appendix are not recommended as
useful indicators of the validity of geochemical evaluation, as explained below, and the
calculated coefficients did not influence decisions as to whether an element was backgroundrelated.
Quantitative statistical techniques to identify outliers or to develop pass-fail criteria for the
presence of contamination are commonly applied in environmental investigations, but they are
not recommended for geochemical evaluations that employ correlation plots. The value of the
geochemical evaluation lies in its emphasis on geochemical explanations for elevated trace
element concentrations. Statistical tests, while useful as a screening tool, are inadequate for
explaining high trace element concentrations. These tests can tell us that a concentration is high,
but they cannot tell us why. For these reasons, after the initial statistical comparisons to
background are completed, investigators should move on from inferential statistics and consider
geochemistry.
There are a number of standard statistical parameters that are used to quantify the degree of
correlation between two parameters, including the correlation coefficient (r), coefficient of
determination (R2), standard error of the slope, and significance of the slope. In addition,
different types of error bands surrounding the fitted line can be constructed based on the
uncertainty of the slope and intercept, confidence intervals, or prediction intervals.
One could establish a rule such as “samples that plot above a ± 2-sigma error band (or above a
95th confidence or prediction interval) about the regressed line are considered contaminated,”
but such a rule is not justified for different metals that exhibit natural differences in linearity, or
data sets that contain nondetect or estimated results. A 1-sigma or 2.5-sigma rule would yield
different results. There is no technical basis for establishing such arbitrary pass-fail criteria.
One could also perform many different kinds of regressions based on generalized linear models,
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and each could potentially yield different results. There are many additional reasons why
quantitative techniques should be avoided for outlier identification. Several reasons are provided
in the following paragraphs.
Each element has varying degrees of correlation with the major element(s) with which it is
associated. Some elements have very strong affinities for a particular type of mineral whereas
other elements will partition themselves between several minerals. For instance, vanadium has a
particularly strong affinity for iron oxides, so R2 values for vanadium versus iron are usually
very high, significance of the slope is high, and confidence intervals are narrow. Correlations of
arsenic versus iron are also high at most sites, but not as high as vanadium versus iron. In
contrast, chromium will form several coexisting aqueous species [Cr(OH)2+, Cr(OH)30,
Cr(OH)4-] which will adsorb on several different types of minerals including iron oxides and
clays. This will yield a lower R2 for chromium versus iron or chromium versus aluminum
relative to the R2 values observed for vanadium versus iron. Correlations of silver, mercury, and
thallium versus any major element are usually not very strong (although mercury is often
correlated with total organic carbon), in part because detected concentrations of these elements
are often low, estimated values that are below their reporting limits. Some elements are more
selective than others with respect to adsorption on specific mineral surfaces, and this selectivity
is further modified by local site conditions, (especially pH, redox, and concentrations of
competing species). These trends have been observed on many projects where Shaw
Environmental has applied these techniques. Any pass-fail criterion would need to be specific
for each element, and varied for each site.
The elemental associations and degree of correlation in soils are dependent on soil mineralogy
and thus are site-specific. Shaw Environmental has performed many site-to-background
comparisons for TAL elements in soils for sites at Redstone Arsenal and Fort McClellan,
Alabama, some of which have very high proportions of manganese oxides. Where these
manganese oxides are present at high concentrations, strong correlations between barium,
cadmium, cobalt, and lead versus manganese are observed. However, in low-manganese soils
where discrete manganese oxides are not present, these elements apportion themselves on clays
and/or iron oxides instead. Different reference elements need to be used at different sites, and
these different reference elements will yield different degrees of correlation with trace elements.
The R2 values, confidence limits, and prediction limits are highly influenced in a non-linear
manner by outliers. One sample that is far off of the trend will lower the R2 and widen the
confidence limits to a much greater extent than several samples that are slightly off of the trend.
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The removal of a single point that is far from the regression line can greatly increase the R2 and
tighten the confidence intervals, even in a large data set.
Some elements have concentrations that are well above the detection limits, whereas other
elements contain many estimated (J-qualified) concentrations that are more uncertain. Higher
uncertainty in estimated data will yield more scatter in the plots, wider prediction intervals, and
lower R2 values. These analytical uncertainties will affect the confidence and prediction limits in
unique ways for each element. This effect can be seen in many correlation plots where there is
more scatter in the data points at the lower concentration ranges, which is due to greater
analytical uncertainty as well as laboratory reporting to fewer significant figures at lower
concentrations that are near the reporting limit.
Only detected concentrations can be included in the correlation plots because surrogate values
such as one-half the reporting limit are an artifact of the analysis and will cause errors in the
correlation parameters. If an element has a high percentage of nondetects, then only a partial
segment of the actual trend can be quantified, resulting in lower confidence in any statistical fit
parameters. Statistical parameters describing a curve that is limited to the upper range of values
does not capture the true correlation. As an example, silver and thallium usually have high
percentages of nondetect results, so detectable concentrations often have a narrow range of less
than an order of magnitude. As a consequence, the correlations between these elements and
major elements are usually poor, and error bands are wide. This is because there are many
different ways to pass a line through points that are close together, but points that are spread over
a broad range will tend to anchor regression lines and create error bands with limited degrees of
freedom. In other words, the percentage of nondetects, which is a function of a laboratory
process rather than a natural process, has an undue influence on the apparent degree of
correlation that is observed.
Evaluation of a set of geochemical data is not always a simple two-dimensional problem. All
relevant data are examined before a conclusion is reached. Where groundwater and surface
water are concerned, metals data for samples from reducing waters often exhibit far more scatter
(lower R2 values) in elemental correlation plots compared to data for samples from oxidizing
waters. Such behavior is expected for the redox-sensitive elements (e.g., iron, manganese, and
arsenic). The reducing conditions may be induced by site-related contamination or they may be
natural. The reason for the weak correlation must be determined via geochemical evaluation, by
considering all relevant data including redox indicators, pH, anion concentrations, organic
contaminant concentrations, etc. – rather than relying on arbitrary pass-fail criteria such as a
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difference in R2 values or positions with respect to prediction limits between the site and
background data sets. Even in soils, different relationships can exist in different samples. For
instance, lead in soil developed on weathered limestone will usually be correlated with aluminum
because the lead released from the limestone during the weathering process adsorbs on
aluminum-bearing clay minerals. The result of this process is a good correlation between lead
and aluminum. However, samples containing unweathered clasts of limestone will show a
correlation between lead versus calcium instead of aluminum. This complexity cannot be
captured by the use of confidence or prediction limits.
It is also important to note that the term “linear trend” is used in a qualitative sense in the
geochemical evaluations. The trends in the correlation plots may be linear or they may have
some natural curvature to them. The associations of trace elements with specific minerals in
weathered soil are usually due to adsorption processes. The adsorption of a trace element on a
mineral surface can sometimes be described by a linear isotherm over a limited range of
concentrations, but a two-parameter curved fit (such as a Freundlich or Langmuir isotherm) is
usually more appropriate for trace elements over a broader range of concentrations. The traceversus-major element correlations are referred to as “linear trends” for convenience, even though
there often is some degree of curvature to the natural relationship. Fitting a linear model to a
correlated but naturally curved relationship will yield a low R2 and wide confidence limits,
because a best-fit straight line crosses a curve at only two locations, and all of the remaining
points will fall some distance from the straight line.
There are many different kinds of correlation coefficients that could be calculated. For instance,
a linear correlation coefficient provides a goodness of fit to a linear relationship, a logarithmic
correlation coefficient provides a goodness of fit to a logarithmic relationship, an exponential
correlation coefficient provides a goodness of fit to an exponential relationship, etc. None of
these types of correlation coefficients are appropriate here because the relationships between
trace and major elements differ between each pair and have varying degrees of natural curvature,
as discussed above. The approach used here is to calculate a rank correlation coefficient
(Kendall’s tau) for each of the element pairs (Helsel, 2005). This is a nonparametric approach,
which provides a goodness of fit to a general correlation where Y tends to increase if X increases,
without imposing a linear, logarithmic, exponential, or other specific relationship between Y
and X. It is thus more appropriate than parametric techniques for providing a measure of
correlation between element concentrations, because naturally occurring element concentrations
do not always exhibit linear correlations.
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To calculate Kendall’s tau, a data set of n (X,Y) pairs [for example, vanadium and iron
concentrations] is first ranked in order of increasing X (Helsel, 2005). Next, the number of
concordant pairs (in which Y increases as X increases) and the number of discordant pairs (in
which Y increases as X decreases, or vice versa) are determined. Pairs consisting of tied data are
assigned a value of 0. Kendall’s tau is then calculated as follows:

τ=

Nc − Nd
n(n − 1) / 2

Where:
n = total number of X and Y values in data set
Nc = number of concordant pairs of data
Nd = number of discordant pairs of data
τ = (tau) rank correlation coefficient.
Kendall’s tau is interpreted in the same manner as other types of correlation coefficients. Values
between 0 and +1 indicate a positive correlation, with the strength of the correlation increasing as
the number approaches +1. Values between 0 and -1 indicate a negative correlation between the
two variables. A value of 0 indicates no correlation; in other words, the variables are
independent of one another.
The elements of interest are those metals that were placed on the “Background List” during Step
3 of the ecological risk assessment process (See Section 10 of the main report). The Background
List included metals that were not selected as final chemicals of potential ecological concern
(COPEC) primarily because one or more of the background analyses indicated that the chemical
was naturally occurring. It was not considered necessary to present correlation coefficients for
metals that were excluded as final COPECs primarily due to lines of evidence other than the
background comparisons. The Background List included the following metals:
SOIL
Industrial Sub-Area
• Aluminum
• Vanadium
Waste Sub-Area
• Aluminum
• Vanadium
• Zinc
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Low Impact Sub-Area
• Vanadium
SEDIMENT
Goose Prairie Creek
• Aluminum
Central Creek
• Aluminum
Harrison Bayou
• Aluminum
Saunders Branch
• Aluminum
• Vanadium
SURFACE WATER
Goose Prairie Creek
• Aluminum
• Copper
• Iron
• Lead
Central Creek
• Aluminum
• Cadmium
• Copper
• Iron
• Lead
Harrison Bayou
• Aluminum
• Copper
• Iron
• Lead
Saunders Branch
• Lead

Correlation coefficients could not be calculated for some metals on the Background List.
Thallium in Central Creek and Harrison Bayou sediment and lead in Saunders Branch surface
water did not have geochemical evaluations because the only detections on site were in non-
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target analyte list (TAL) samples, which lacked reference element analyses (i.e., aluminum,
iron). Correlation coefficients also could not be calculated for cadmium and copper in Central
Creek surface water, copper in Goose Prairie Creek surface water, and copper in Harrison Bayou
surface water because the metal was detected in only one or two TAL samples (meaningful
correlation coefficients cannot be calculated for a sample size less than three). The rank
correlation coefficients for all other pertinent element pairs in the Background List are presented
in Table I-1.
REFERENCES

Helsel, D. R., 2005, Nondetects And Data Analysis: Statistics for Censored Environmental
Data, Wiley-Interscience, Hoboken, New Jersey.
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Table I-1
Rank Correlation Coefficients for Selected Element Pairs
in Soil, Sediment, and Surface Water Samples
Kendall's tau
all samples

Element Pair

Kendall's tau
excluding outliers

a

SOIL
Industrial Sub-Area
Aluminum vs Iron
Vanadium vs Iron
Waste Sub-Area
Aluminum vs Iron
Vanadium vs Iron
Zinc vs Calcium
Low Impact Sub-Area
Vanadium vs Iron

0.59
0.72

NA
NA

0.46
0.77
0.39

NA
NA
NA

0.75
SEDIMENT

Goose Prairie Creek
Aluminum vs Iron
0.41
Central Creek
Aluminum vs Iron
0.75
Harrison Bayou
Aluminum vs Iron
0.55
Saunders Branch
Aluminum vs Iron
0.21
Vanadium vs Iron
0.64
SURFACE WATER
Goose Prairie Creek
Aluminum vs Iron
0.38
Lead vs Aluminum
0.08
Central Creek
Aluminum vs Iron
0.60
Lead vs Aluminum
0.28
Harrison Bayou
Aluminum vs Iron
0.71
Lead vs Iron
0.95
Notes:
a

NA

NA
NA
NA
NA
NA

NA
0.16
NA
NA
NA
NA

The correlation coefficient was recalculated after removing the sample(s)
identified via geochemical evaluation as having an anomalously high
elemental ratio.

NA - Not applicable. Geochemical evaluation indicated that no anomalous
samples are present in the site data set.
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Perchlorate Surface Water Benchmark Evaluation
August 20, 2007
1.0
Introduction
During the Response to Comment Meeting in Austin on June 22, 2007, it was agreed that Shaw
would re-evaluate the surface water benchmark for perchlorate by including data from more
recent studies that evaluate potentially more sensitive endpoints (e.g., frog metamorphosis
impacts, etc.) and recalculate the water ecological screening concentration using appropriate
methods. Because there are no promulgated standards for perchlorate, these values will be
considered screening concentrations used solely for the Longhorn baseline ecological risk
assessment (BERA), rather than as a general water quality standard or some other entity that
implies a broader regulatory application.
The purpose of the revised perchlorate benchmark is to re-evaluate the selection of surface water
COPECs – a screening step that was performed in Volume I of the BERA.
2.0
Background
Dean et al. (2004) recommended freshwater quality criteria for perchlorate of 20 mg/L for acute
exposure and 9.3 mg/L for chronic exposure. This peer-reviewed publication was based on data
contained in Parsons (2002) that included a detailed review of the available toxicity literature, as
well as original toxicity tests performed on midge (Chironomus tentans), rainbow trout
(Oncorhynchus mykiss ), bluegill sunfish (Lepomis macrochirus), Oligochaetes (Lumbriculus
variegates), clam (Corbicula fluminea), and green frog (Rana clamitans), and bioaccumulation
tests performed on the sunfish (L. macrochirus) and clam (C. fluminea). In the calculation of the
perchlorate criteria, Dean et al. (2004) and Parsons (2002) followed current USEPA guidelines
for development of water quality criteria (Stephan, et al., 1985), referred to as the Tier I
approach.
Dean et al. (2004) calculated the perchlorate criterion maximum concentration (CMC) of 20
mg/L by dividing the final acute value (FAV) (39.9 mg/L) by two, rounded to two significant
figures. The CMC represents an estimate of the concentration in water in which an aquatic
community can be exposed briefly without unacceptable effects. Dean et al. (2004) based the
FAV on ten species mean acute values (SMAVs) that meet the minimum eight family taxonomic
requirement for water quality development (Stephan et al., 1985). Several studies were not used
by Dean et al. (2004) because they did not meet strict adherence to USEPA Tier I guidelines
(Stephan, et al., 1985), such as unacceptable study duration, inappropriate endpoint, use of nonnative species, lack of availability of sufficient supporting information to evaluate the usability
of the data, lack of an appropriate control treatment, and/or the counter ion of the perchlorate salt
(either sodium or ammonium), which could potentially contribute to the observed toxicity.
Concerns related to counter ion amphibian toxicity of the perchlorate salt are discussed by Tietge
et al. (2005), particularly related to the Goleman et al. (2002a, 2002b) studies.
Though the Tier I final chronic value (FCV) may also be calculated in the same manner as the
FAV, the approach requires chronic values for a minimum of eight taxonomic families. Since
this requirement was not met, Dean et al., (2004) calculated the perchlorate criterion continuous
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concentration (CCC) of 9.3 mg/L using the acute chronic ratio (ACR) approach instead, as
specified in USEPA Tier I guidelines (Stephan, et al., 1985). Since the available species ACRs
spanned a factor of more than ten and increased with increasing SMAV, Dean et al. (2004)
calculated the ACR as the geometric mean of the ACR only for those species with SMAV near
the FAV. Of the species ACR values available (4.31 for C. dubia, <3.38 for the fathead minnow,
and 98 for the midge), only the SMAV for the C. dubia was near the FAV. This “ACR selection
procedure” is specified in Stephan, et al. (1985). Thus, an ACR of 4.31, based on a species mean
ACR for a crustacean (Ceriodaphnia dubia), was used to obtain the CCC of 9.3 mg/L (39.9
mg/L divided by 4.31).
3.0
Evaluation of New Perchlorate Studies
Several new studies on perchlorate toxicity are currently available, and these are reviewed for
use in estimating updated benchmarks. In addition, USEPA Tier II guidelines for the
development of ambient water quality criteria (AWQC) are followed (USEPA, 1995) (Section
4.0), instead of the Tier I approach used by Dean et al. (2004). Tier II values are generally
derived in the same manner as Tier I CMC and CCC criteria, but allow for the use of fewer data
than necessary for the development of a CMC and a CCC, and they are expected to be higher
than AWQC in no more than 20% of cases. Use of the USEPA Tier II guidelines also allow the
use of study results for non-native species, as well as other types of data not allowed under the
more stringent Tier I guidelines. One of the primary reasons Tier II guidelines are used in this
perchlorate update is to allow the use of studies that examine effects on metamorphosis and
development of the non-native South African frog (Xenopus laevis). Other relevant guidance
documents also use the USEPA Tier II approach for surface water benchmark development, such
as Suter and Tsao (1996) and Talmage et al. (1999). It is important to note that surface water
benchmarks developed using the Tier II approach (herein) are not in any way to be construed as
surface water criteria, and these derived benchmarks have associated uncertainty that is directly
related to the database upon which they are derived.
3.1
Fish Studies
Park et al. (2005) evaluated perchlorate effects on the native mosquitofish (Gambusia holbrooki).
Adults and fry were exposed to aqueous sodium perchlorate at 1, 10, and 100 mg/L, and growth
and reproductive performance were determined over a four week period. Five day acute toxicity
tests were also performed. Perchlorate had a stimulatory effect on fecundity, the gonadosomatic
index, and egg/embryo mass for some treatments. The acute LC50 was 404 mg/L (328 mg/L for
the perchlorate ion) using actual measured perchlorate concentrations. Growth was enhanced at
1 mg/L and inhibited at 10 mg/L, but not at 100 mg/L; thus, no dose-response relationship was
found for growth as an endpoint. Observed effects were determined to be a result of perchlorate,
and not sodium concentrations because sodium chloride treatments at similar concentrations to
sodium perchlorate had no effects on reproduction, growth, or survival. Based on the results of
this study, a mosquitofish acute LC50 of 328 mg/L (perchlorate ion) is deemed an acceptable
datum; however, no chronic data are deemed usable based on the lack of a dose-response
relationship.
Bernhardt et al. (2006) studied hermaphroditism in sticklebacks. This chronic marine study
investigated potential reproductive effects on threespine sticklebacks (Gasterosteus aculeatus)
from sodium perchlorate. Wild caught fish were exposed to concentrations of 30, 60, and 100
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mg/L (as well as a control) during reproduction; offspring (F1 generation) were raised in the
same treatment concentrations until sexual maturity, and then evaluated for reproductive effects.
Treatment pools were 1,600 liters for the adults and 400-liter tanks for the F1 generation, and are
considered static exposure conditions. Exposures to concentrations of 30 mg/L induced
functional hermaphroditism and were found to interfere with the expression of nuptial
colorization, courtship behavior, and normal sexual development. Based on the results of this
study, the threespine stickleback lowest observed adverse effect level (LOAEL) is 30 mg/L and
the chronic value is 0.18 mg/L (0.15 mg/L perchlorate ion) (the geometric mean of the 30 mg/L
LOAEL and the no observed adverse effect concentration [NOAEL] control of less than 0.0011
mg/L sodium perchlorate). It is unclear of the biological significance of these effect endpoints
on populations due to the fact that a clear reduction in reproduction has not been shown.
Therefore, this chronic datum is deemed unacceptable for use in the determination of a CCC
benchmark.
Theodoradis et al. (2006) performed field surveys of central stonerollers (Campostoma
anomalum) and cricket frogs (Acris crepitans) to assess thyroid endocrine disruption.
Histological analysis revealed that fish from the contaminated sites had increased follicular
hyperplasia, hypertrophy, and colloid depletion. Exposure through the food chain was suggested
by elevated perchlorate concentrations seen in periphyton samples collected from the
contaminated sites. Field perchlorate concentrations were as high as 0.07 mg/L. Results
suggested a causal relationship between perchlorate exposure and thyroidal effects. It is not
known if the thyroid effects seen translate into biologically significant effects on physiology,
bioenergetics, fitness parameters, populations, or communities, or if the histopathological
responses measured represent compensatory responses or manifestations of pathological
conditions (Theodoradis et al., 2006). Due to the uncertainties of the biological significance of
the endpoints assessed in the study, coupled with the variability associated with the perchlorate
concentrations measured in the field and the mobility of the target species, results are deemed
unacceptable for use in the determination of a CCC benchmark using either the Tier I or Tier II
methodology.
Capps et al. (2004) studied the effects of ammonium- and sodium-perchlorate on the histological
effects on the trunk kidney of the zebrafish (Danio rerio) and Eastern mosquitofish (G.
holbrooki). The chronic static-renewal 8-week study evaluated perchlorate at measured
concentrations of 1, 4, 6, 8, 18, and 92 mg/L, as well as controls with 0.004 and 0.006 mg/L
perchlorate. Results of the study indicated that exposure to perchlorate increased the incidence
of macrophage aggregates in the trunk kidney of the tested fish species. Macrophage aggregates
recycle and remove cellular debris and sequester, destroy and remove cellular toxicants, among
performing other functions (Capps et al., 2004). Effects on the kidney macrophage aggregates
were observed at concentrations of 18 mg/L for the zebrafish and at 92 mg/L for the
mosquitofish (Capps et al. (2004). Based on the results of this study, a mosquitofish chronic
LOAEL of 92 mg/L is deemed an acceptable datum, and the chronic value is 27 mg/L (21.9
mg/L perchlorate ion) (the geometric mean of the 92 mg/L LOAEL and the NOAEL of 8 mg/L
sodium perchlorate). The zebrafish chronic LOAEL of 18 mg/L is deemed an acceptable datum,
and the chronic value is 0.33 mg/L (0.28 mg/L perchlorate ion) (the geometric mean of the 18
mg/L LOAEL and the control NOAEL of 0.006 mg/L ammonium perchlorate).
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Patino et al. (2003) studied the effect of perchlorate on the reproductive performance and thyroid
histology of zebrafish (D. rerio). The chronic static renewal 8-week study evaluated ammonium
perchlorate at measured concentrations of 18 and 677 mg/L, including a control (0.006 mg/L).
Exposure to 18 mg/L did not affect reproduction, but this exposure concentration did disrupt the
thyroid histological condition (Patino et al., 2003). Perchlorate exposure at 677 mg/L caused
acute mortality in some individuals, and suppressed spawning activity; however, either the
perchlorate or the ammonium ion could have been responsible for the toxicity seen at this
concentration. The disruption of the thyroid histological condition (angiogenesis, hyperplasia,
colloid depletion) is not deemed to be of reproductive significance. The zebrafish chronic
LOAEL of 677 mg/L is deemed an acceptable datum, and the chronic value is 110 mg/L (93.5
mg/L perchlorate ion) (the geometric mean of the 18 mg/L reproductive NOAEL and the
LOAEL of 677 mg/L).
Crane et al. (2005) studied the effect of perchlorate on the thyroid function of developing fathead
minnows (Pimephales promelas). The 28-day semi-static study evaluated ammonium
perchlorate at concentrations of 1, 10, and 100 mg/L (0.85, 8.47, and 84.7 mg/L perchlorate ion),
including a control (0 mg/L; assumed to be 0.006 mg/L). Growth and development of the early
life stages of fathead minnows were significantly retarded-- with a lack of scales and poor
pigmentation, and significantly lower weight and length-- at exposure concentrations of 8.47 and
84.7 mg/L perchlorate ion. The fathead minnow chronic LOAEL of 8.47 mg/L is deemed an
acceptable datum, and the chronic value is 2.7 mg/L (the geometric mean of the 0.85 mg/L
developmental NOAEL and the LOAEL of 8.47 mg/L).
Bradford et al. (2005) studied perchlorate effects on thyroid function of the adult eastern
mosquitofish (G. holbrooki). Fish were exposed for 2, 10, and 30 days to concentrations of
sodium perchlorate concentrations of 0.1, 1, 10, 100, and 1000 mg/L, as well as a control.
Follicular epithelial cell height, hyperplasia, and hypertrophy increased with increasing
perchlorate concentration, and effects were significantly different from control fish. These
changes were seen at concentrations as low as 0.1 mg/L. However, the percent occurrence of
follicles with depleted colloid decreased with increasing perchlorate concentration, which is
contrary to what was expected with thyroid inhibition. Minor mortality that was recorded during
the study did not exhibit a dose-response relationship. It is not known if the follicular epithelial
cell height, hyperplasia, and hypertrophy effects seen would translate into effects on fitness
parameters such as reproduction, development, growth, survival, or lifespan (Bradford et al.,
2005). Based on this, the LOAEL of 0.1 mg/L is deemed not to be of biological significance and
is not used in the determination of a CCC benchmark using either the Tier I or Tier II
methodology.
3.2
Amphibian Studies
Kendall and Smith (2006) were the editors of a book addressing perchlorate ecotoxicity. This
book contains a review chapter of the effects of perchlorate on amphibians, and discusses the
ecological importance of amphibians and their unique sensitivity to perchlorate. Subsections
include the potential role of contaminants in amphibian population declines, routes of exposure,
the hypothalamus-pituitary-thyroid axis, role of thyroid hormones in reproduction and
development, perchlorate effects on amphibians, acute toxicity of perchlorate, effects on
metamorphosis, effects on reproduction, oxidative stress and susceptibility to UV radiation, field
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studies, and research recommendations. Many of the studies discussed in the amphibian chapter
were considered by Dean et al. (2004) and some of the more recent studies are discussed in the
paragraphs that follow. Kendall and Smith (2006) conclude by stating that although research
indicates that perchlorate may interfere with normal gonadal differentiation in amphibians, the
implications of this result for reproductive success and population stability are unknown and
multigenerational studies are needed. They also state that at present there are no empirical data
linking perchlorate exposure to actual amphibian population declines.
Tietge et al. (2005) studied the chronic effects of perchlorate on metamorphic inhibition of South
African frogs (X. laevis) using a flow-through test protocol. In the first experiment, frog larvae
were exposed to sodium perchlorate for 14 days at concentrations of 0.016, 0.063, 0.25, 1.0, and
4.0 mg/L, as well as a control, and in the second experiment, larvae were exposed throughout
metamorphosis (44 days) to concentrations of 0.008, 0.016, 0.032, 0.063, and 0.125 mg/L, as
well as a control. Metamorphosis was retarded significantly in the first experiment at
concentrations of 0.25 mg/L and higher and histological effects were observed at 0.16 mg/L. In
the second experiment, metamorphosis was delayed by 0.125 mg/L, although this delay was not
statistically significant, and thyroid size was increased significantly at 0.063 mg/L. Inhibition of
normal metamorphosis could result in population losses for amphibians by arresting or delaying
this developmental event (Tietge et al., 2005). In addition, results of the study showed that acute
toxicity did not occur at even the highest test concentration (4.0 mg/L), and unpublished results
suggest concentrations as high as 1,000 mg/L are not acutely toxic (Tietge et al., 2005). The
authors state that it is unclear whether or not the sensitivity of X. laevis to perchlorate
approximates the sensitivity of native amphibian species. Tietge et al. (2005) conclude that
perchlorate significantly inhibits metamorphic development at 0.25 mg/L. Based on these results
the X. laevis chronic LOAEL of 0.25 mg/L is deemed an acceptable datum, and the chronic value
is 0.18 mg/L (0.15 mg/L perchlorate ion) (the geometric mean of the 0.125 mg/L developmental
NOAEL and the LOAEL of 0.25 mg/L).
Goleman et al., (2006) studied the lethality and metamorphic effects of ammonium ions,
ammonium perchlorate and sodium perchlorate on X. laevis. Ammonium perchlorate was
significantly more toxic than sodium perchlorate, demonstrating that the ammonium ion is
responsible for much of the measured toxicity. The 5-day sodium perchlorate LC50 was 2780
mg/L, while the ammonium perchlorate LC50 was 83 mg/L. Both perchlorate salts, however,
contributed to histopathologic changes in the thyroid. Both perchlorate salts also significantly
reduced the percentage of males after 70 days of exposure at 14 mg/L (Goleman et al., 2006;
2002b). However, as noted in Tietge et al. (2005), it is unclear why no thyroid effects were seen
after 42 days, but were observed after 70 days in the Goleman et al. (2002b) study. Tietge et al.
(2005) suggests that the relatively slow development that occurred during the Goleman et al.
(2002b) study may have prevented the organisms from reaching Nieuwkoop and Faber (NF)
stage 54 that is a critical prometamorphic stage.
Based on these results the X. laevis acute LC50 of sodium perchlorate 2780 mg/L (2257 mg/L
perchlorate ion) is deemed an acceptable datum for determination of a FAV. Using a chronic
LOAEL of 14 mg/L ammonium perchlorate for developmental effects (change in sex ratios), the
chronic value is 0.73 mg/L (0.62 mg/L perchlorate ion) (the geometric mean of the 0.038 mg/L
developmental NOAEL and the LOAEL of 14 mg/L). It should be noted, however, that this
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chronic value of 0.73 mg/L is strongly influenced by the wide range of the two test
concentrations employed in the Goleman et al. (2004b, 2006) studies: 0.038 and 14 mg/L.
Typically a dose regime is designed so that exposure concentrations differ by at most a factor of
10, e.g., 0.014, 0.14, 1.4, and 14 mg/L. If such a dose regime had been used, and the NOAEL
had been determined to be 1.4 mg/L (and not 0.038 mg/L), then the chronic value would have
been 4.4 mg/L (the geometric mean of a 1.4 mg/L developmental NOAEL and the LOAEL of 14
mg/L), not 0.73 mg/L. Thus, the chronic value of 0.73 mg/L (0.62 mg/L perchlorate ion)
observed may have been unusually impacted by the atypical dosing regime, and this chronic
value could be highly conservative.
Goleman et al. (2004) determined that sexually mature adult X. laevis showed no thyroid
disrupting effects or adverse reproductive effect from exposure to concentrations as high as 14
mg/L ammonium perchlorate during a 10-week chronic exposure period. While results of this
study show that adult frogs are not exceptionally sensitive to thyroid disrupting effects of
ammonium perchlorate, these results cannot be used to assign a CCC because studies exist that
demonstrate that a more sensitive lifestage exists (i.e., the larval X. laevis).
4.0
Determination of Perchlorate Benchmark
Based on the data provided in Dean et al. (2002) and in Sections 3.1 and 3.2, an updated
benchmark for perchlorate may be calculated. As mentioned in Section 3.0 the USEPA Tier II
approach is used to estimate the updated benchmark, so that non-native species studies may be
used (e.g., X. laevis) and studies with different experimental setups may be used (e.g., chronic
static renewal studies in the absence of flow-through studies).
As shown in Table 1, the original ten acute median effect perchlorate concentrations
recommended by Dean et al. (2004) are used, plus two additional study results: the mosquitofish
LC50 of 328 mg/L from Park et al. (2005) and the X. laevis LC50 of 2257 mg/L from Goleman et
al. (2006). Based on the new ranking, the four most sensitive species are the cladoceran C. dubia
(71.7 mg/L), the mosquitofish G. holbrooki (328 mg/L), the cladoceran Daphnia magna (490
mg/L), and the amphipod Hyalella azteca (>1000 mg/L). Calculation of the FAV was performed
according to the USEPA Tier I numerical procedure (Stephan et al. 1985) using the alternative
species and study selection requirements of the USEPA Tier II guidance (USEPA, 1995). The
GMAVs were ordered from highest to lowest and assigned a rank, r, from r = 1 for the lowest
GMAC (C. dubia) to r = 12 for the highest GMAV (Chironomus tentans) (Table 1). The
cumulative probability, P, for each GMAV was calculated as P = r/(n + 1), where n is the number
of GMAVs. The four GMAV values with cumulative probabilities closest to 0.05 were selected,
and the FAV for perchlorate was calculated to be 49.6 mg/L using the following equations:

S2 =

∑

[(lnGMAV) ] − [∑ (lnGMAV)]
∑ (P ) −
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L=

∑ (lnGMAV) − S[∑ ( P )]
4

(

)

A = S 0.05 + L

FAV = e A

The FCV is a calculated estimate of the concentration of perchlorate such that 95 percent of the
genera tested will have a genus mean chronic value higher than the FCV. The FCV can be
calculated in the same way as the FAV, using chronic values for eight or more families, or it can
be calculated by dividing the FAV by an appropriate ACR. As the minimum eight family
requirement is not met (Dean et al., 2004 and Sections 3.1 and 3.2), the ACR method is used.
The ACR may be calculated from acute and chronic toxicity test data from three or more
families, provided that at least one species is a fish, at least one is an invertebrate, and at least
one is an acutely sensitive freshwater species (Stephan, 1985; USEPA, 1995). Acute and
chronic toxicity data are available for five species (C. dubia, C. tentans, P. promelas, G.
holbrooki, and X. laevis) (Table 2). Thus, these ACRs met the requirements for calculation of
an ACR. Although the ACRs differ by more than a factor of 10, they do not consistently
increase or decrease as the SMAV increases. Therefore, the geometric mean of the ACRs may be
calculated. As the geometric mean ACR is 124, the secondary ACR (SACR) is 124. The FCV is
then calculated to be 0.40 mg/L, as the FAV (49.6 mg/L) divided by the SACR (124), as
specified in the Tier II approach (USEPA, 1995).
It is important to note that there are considerable uncertainties and over-conservatisms associated
with this FCV of 0.40 mg/L. Some of these uncertainties and over-conservatisms are as follows:
•
•
•
•

The chronic effects measured for X. laevis, P. promelas, and G. holbrooki (i.e., thyroid
and kidney effects) may not be biologically significant, as the thyroid and kidney effects
measured may not significantly reduce species populations.
The X. laevis ACR (7401) is largely responsible for the FCV of 0.40 mg/L being as low
as it is. However, it is unknown whether or not the sensitivity of X. laevis to perchlorate
approximates the sensitivity of native amphibian species.
Many of the X. laevis chronic thyroid effects measured have been shown to be
reversible (Goleman et al., 2002b). This means that amphibians initially exposed may
recover if they relocate to an aquatic area not contaminated with perchlorate.
More accurate approaches to calculating an appropriate ACR are available (Brix, et al.,
2001); however, the current and acute chronic species data base for perchlorate is too
limited at the present time.

5.0
Perchlorate Benchmark Summary
Based on the information presented in this analysis and use of USEPA’s Tier II methodology
(USEPA, 1995), the recommended perchlorate CMC benchmark is 25 mg/L, or half the FAV
(49.6 mg/L) rounded to two significant figures. The CMC benchmark represents an estimate of
the concentration in water to which an aquatic community can be exposed briefly without
unacceptable effectsThe CCC benchmark is equal to the FCV (0.40 mg/L). The CCC benchmark
is an estimate of the highest concentration to which an aquatic community can be exposed
indefinitely without unacceptable effects. The term “unacceptable effects” is used herein to
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indicate effects on growth, reproduction, or survival, as suggested by USEPA (1995, 1985) as
important endpoints of concern. As noted in Section 4.0, the CCC benchmark of 0.40 mg/L is
associated with several uncertainties and conservatisms, and these factors should be taken into
account in application of this benchmark to a site-specific situation. It is important to reiterate
that some of the toxicity test results used in these calculations do not adhere to the strict Tier I
Ambient Water Quality Criteria guidelines to test acceptability (e.g., use of non-native species);
therefore, these benchmarks should not be used beyond their intended purpose (i.e., evaluation
of surface water perchlorate concentrations at LHAAP).
These CMC and CCC values for perchlorate are recommended surface water benchmarks to be
used at LHAAP. They were developed in response to stakeholder comments on the draft BERA
(Shaw, 2007). As such, these perchlorate benchmarks are intended for use solely at LHAAP in
surface water habitats where aquatic organisms such as crustaceans, midges, fish, and
amphibians are likely to reside.
As noted previously, perchlorate in surface water was screened out during the initial LHAAP
BERA screening step (using the original perchlorate benchmark of 9.3 mg/L. Perchlorate
continues to screen out using the revised benchmark of 0.4 mg/L, as the 95% UCL
concentrations for the Goose Prairie Creek and Harrison Bayou Watersheds [0.0065 and 0.063
mg/L, respectively]) are below the revised benchmark of 0.40 mg/L.
If the revised perchlorate benchmark of 0.40 mg/L is exceeded in surface water, based on future
monitoring that may be performed at LHAAP, further evaluation will be performed. This
further evaluation could take the form of (1) recalculation of 95% UCLs; (2) consideration of
the seasonality and timing of exposure (i.e., exceedance of the revised perchlorate benchmark
would be less of a critical concern during non-metamorphosis periods for amphibians; and/or (3)
review of new literature study results.
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Table 1
Acute Median Effect Concentrations of Perchlorate to Various Species
Acute median effect
concentration
(mg/L)

Species mean
acute value
(mg/L)

Rank

66; 77.8
328

71.7
328

1
2

EA (1998) and Block Environmental (1998) in
Dean et al. (2004)
Park et al. (2005)

Daphnia magna
Hyalella azteca

490
>1000

490
>1000

3
4

EA (1998) in Dean et al. (2004)
EA (2000) in Dean et al. (2004)

Fish-centrarchid (96-hr flow through) Bluegill
Fish-cyprinid (96-hr flow-through)
Fathead minnow

Lepomis macrochirus
Pimephales promelas

1470
1655

1470
1655

5
6

Dean et al. (2004)
EA (2000) in Dean et al. (2004)

Fish-salmonid (96-hr flow-through)
Amphibian (5-day static renewal)

Oncorhynchus mykiss
Xenopus laevis

2010
2257

2010
2257

7
8

Dean et al. (2004)
Goleman et al. (2006)

Invertebrate (96-hour flow-through) Oligochaete
Amphibian (96-hour flow-through) Green frog

Lumbriculus variegatus
Rana clamitans

3710
5100

3710
5100

9
10

Dean et al. (2004)
Dean et al. (2004)

Invertebrate (96-hour flow-through) Asiatic clam

Corbicula fluminea

6680

6680

11

Dean et al. (2004)

Invertebrate (48-hour flow-through) Midge

Chironomus tentans

8140

8140

12

Dean et al. (2004)

Category (exposure duration
and type)
Invertebrate (48-hour static)
Fish-poecilid 5-day static renewal
Invertebrate (48-hour static)
Invertebrate (96-hour static)

Common name
Cladoceran
crustacean
Mosquitofish
Cladoceran
crustacean
Amphipod

Rainbow trout
South African frog
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Table 2
Chronic Median Effect Concentrations and Acute to Chronic Ratios for Perchlorate for Aquatic Species

Common name

Scientific name

Acute EC50
(mg/L)

Chronic Value
(mg/L)

Acute to Chronic
Ratio (ACR)

Species Mean
ACR

Cladoceran crustacean
Midge

Ceriodaphnia dubia
Chironomus tentans

66; 77.8
8140

18.2, 15.2
83.1

3.63, 5.12
98

4.31
98

Fathead minnow
Mosquitofish

Pimephales promelas
Gambusia holbrooki

1655
328

2.7
21.9

613
15

613
15

South African frog

Xenopus laevis

2257

0.62, 0.15

3640, 15047
Geometric Mean ACR:

7401
124

Source
EA (1998) and Block Environmental (1998) in
Dean et al. (2004)
Dean et al. (2004)
EA (2000) in Dean et al. (2004) and Crane et
al. (2005)
Park et al. (2005) and Capps et al. (2004)
Goleman et al. (2006) and Tietge et al. (2005)

Notes:
EC50 lethal concentration to 50 percent of test organisms.
ACR
Acute to Chronic Ratio
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Appendix J-2
Perchlorate TRV Derivation (Birds and Mammals)

This Appendix presents two memos from Shaw’s senior toxicologist, Paul Goetchius, to the
Longhorn Army Ammunition Plant (LHAAP) ecological risk assessors that satisfy the request for
a quantitative review of the mammal and avian toxicity studies conducted with perchlorate.
Based on a review of the available literature, NOAEL and LOAEL toxicity reference values
(TRVs) of 8.5 mg/kg-day and 25.5 mg/kg-day were respectively selected for mammals; and
respective NOAEL and LOAEL TRVs of 65 mg/kg-day and 130 mg/kg-day were selected for
birds. It should be noted that the Army does not find adverse population-level effects to be
clearly associated with the toxicity endpoints assessed in the studies reviewed.
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Toxicity Reference Values for Perchlorate

MEMO 1: Identification of Mammal Toxicity Reference Values

RE:

TOXICITY REFERENCE VALUES (TRV) FOR INGESTION EXPOSURE OF
SMALL MAMMALS TO PERCHLORATE

The purpose of this communication is to evaluate the EPA (2002) preliminary mammalian
dietary screening benchmark for perchlorate of 1E-3 mg/kg-day in light of several more recently
located studies. The EPA (2002) preliminary mammalian dietary screening level is based on the
lowest-observed adverse-effect level (LOAEL) of 0.01 mg/kg-day from a two generation
developmental effects study in rats (Argus, 2001). In this study, rats were provided with
drinking water to yield target doses of ammonium perchlorate of 0 (control), 0.01, 0.1, 1.0, or 30
mg/kg-day beginning 2 weeks before cohabitation through post-natal day 22. According to EPA
(2002), the LOAEL was associated with perturbations of circulating thyroid and pituitary
hormone levels and altered histopathological appearance of thyroid tissue in the female rats and
their pups, and differences from controls in brain morphometry in the pups. EPA (2002) applied
an overall uncertainty factor of 10 (to extrapolate from laboratory rats to other mammals, and to
estimate a no-observed-adverse-effect level [NOAEL] from a mild LOAEL) to estimate the
preliminary mammalian dietary screening benchmark of 1E-3 mg/kg-day. Important to this
derivation is the position taken by EPA (2002) that the population-level implications of these
effects are unknown, but that they could lead to reduced survival and fecundity, with the result
that ecological populations may not be maintained.
EPA (2002) had also reviewed an earlier neurodevelopmental study in rats by the same
laboratory. The peer-reviewed and published version of this study, however, including
discussion of the EPA (2002) review, has only recently appeared (York et al., 2004). In this
study, rats were provided with drinking water to yield target doses of ammonium perchlorate of 0
(control), 0.1, 1.0, 3.0 or 10.0 mg/kg-day from mating to lactation day 10 (York et al., 2004).
Treatment had no effect on clinical observations, feed consumption, maternal body weight, or
delivery and litter parameters. Decreased colloid in the thyroid was observed sporadically in
some of the treated dams, but this observation did not reach statistical significance and did not
occur in a dose-related manner. The authors concluded that the highest dose level was a NOAEL
for maternal toxicity and reproductive performance through lactation day 10. Treatment had no
effect on body weight or brain weight of the pups, sexual maturation, neurobehavioral
performance as measured by a battery of tests, or on histological appearance or morphometric
measures of brain sections with two possible exceptions. First, there was equivocal evidence for
a treatment-related increase in motor activity at the 10.0 mg/kg-day dose level. Second, it was
unclear whether a statistically significant increased thickness of the corpus callosum of female
pups from the 10 mg/kg-day group was related to treatment. This morphometric difference from
controls, however, was not accompanied by pathological changes that would be expected had it
been an adverse effect, and no decrement in neurobehavior (with the possible exception of
hyperactivity at 10.0 mg/kg-day) was observed. Various indicators of thyroid effects
(statistically significantly altered serum hormone levels, statistically significant changes in
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thyroid follicular cells) were observed in pups from all treated groups but predominantly from
the two highest dose groups. The authors concluded that the 0.1 mg/kg-day level was a NOAEL
for thyroid effects in the pups.
EPA’s concern over the author’s interpretation of the morphometric differences in the York et al.
(2004) study prompted the retest by Argus (2001) discussed in the first paragraph upon which
the EPA (2002) preliminary mammalian dietary screening level is based. The much lower
LOAEL for morphometric differences reported in the Argus (2001) study reflects a far more
complicated measurement protocol. EPA (2002) concluded that the morphometric differences
may reflect delayed development of the brain.
Another two-generation study (sans the neurological evaluation) from the same laboratory has
been peer reviewed and published in a professional journal (York et al., 2001a). An abstract of
this study was reviewed for this evaluation. In this study rats were provided with drinking water
to yield target doses of ammonium perchlorate of 0 (control), 0.3, 3.0 and 30.0 mg/kg-day for
two generations. The authors concluded that treatment had no effect on parameters of
developmental toxicity or reproduction up to sacrifice of the F1 rats as adults. The EPA (2002)
review of this study noted differences from controls in estrous cycle, pregnancy rate, litter size
and number of implantations that did not reach statistical significance and that did not occur in a
dose-related manner. The EPA (2002) conclusion was consistent with that of the authors of the
study. Thyroid effects, however, were observed in all treated groups. Relative thyroid weights
were increased significantly in F1 females in all treated groups and in males in the two higher
dose rate groups. Histological examination revealed thyroid hypertrophy and hyperplasia,
presumably in the same groups, that increased in frequency and intensity in a dose-related
manner. Changes in thyroid stimulating hormone (TSH) and thyroid hormone T4 levels
(presumably in blood or plasma) were observed only at the high dose level. Relatively minor
changes in thyroid weight and morphology can be considered to be adaptive rather than adverse,
as the thyroid enlarges to become more efficient in extracting iodine from the circulation.
Presumably with this in mind, the authors concluded that the 0.3 mg/kg-day dose level was a
NOAEL for thyroid effects.
The same laboratory published developmental studies in rats and rabbits (abstracts reviewed for
this evaluation). The rabbit study was performed at higher dose rates because rabbits are less
sensitive than rats to the thyroid effects of perchlorate. Rabbits were provided with drinking
water to yield target doses of ammonium perchlorate of 0 (control), 0.1, 1.0, 10.0, 30.0 and 100.0
mg/kg-day on gestation days (GD) 6 through 28 (York et al., 2001b). There were no effects on
reproductive or developmental endpoints at any dose rate. An increased incidence of thyroid
follicular hypertrophy was observed in dams in the 10.0, 30.0 and 100.0 mg/kg-day groups;
decreased T4 levels (presumably in blood or plasma) were observed in dams in the 30.0 and
100.0 mg/kg-day groups. The authors concluded that 100.0 mg/kg-day was the NOAEL for
developmental effects in rabbits, and 1.0 mg/kg-day was the NOAEL for thyroid effects on the
dams.
The rats were provided with drinking water that resulted in doses of ammonium perchlorate of 0
(control), 0.01, 0.1, 1.0 and 30.0 mg/kg-day beginning 14 days before cohabitation through GD
21 (York et al., 2003). The authors reported no effects on reproductive endpoints at any dose
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rate. Developmental effects were limited to delayed ossification only in the 30 mg/kg-day group.
Increased thyroid weights were observed in the dams in the 30.0 mg/kg-day group, and
decreased thyroid colloid content was noted in fetuses in the 1.0 and 30.0 mg/kg-day groups.
Maternal TSH and T4 levels were altered in all treated groups, but the authors concluded that the
1.0 mg/kg-day dose level was a NOAEL for thyroid effects in both the dams and the fetuses.
EPA (2002) also reviewed a prepublication report of the York et al. (2003) study and noted that
the statistical power of the study was compromised slightly by small numbers of pregnant rats in
the 0, 0.01 and 0.1 mg/kg-day dose groups. They reported an increase in preimplantation loss in
the treated groups, compared with controls, not reported by the authors of the study, that did not
occur in a dose-related manner and that was of questionable statistical and biological
significance. EPA (2002) also noted that a decreased number of live fetuses was observed in
three of the four treated groups that reached statistical significance at the 30 mg/kg-day level.
They concluded that although the results were not so clear that a definitive assessment could be
made, there was evidence of developmental toxicity in the 30 mg/kg-day dose group.
EPA (2002) considered the merits of a 90-day rat general toxicity study before selecting the
developmental neurotoxicity study as the basis of the preliminary mammalian dietary screening
benchmark. The 90-day study exposed male and female rats to drinking water that provided
ammonium perchlorate target doses of 0 (control), 0.01, 0.05, 0.2, 1.0 and 10 mg/kg-day
(Springborn Laboratories, 1998; Siglin et al., 2000). Toxicologic endpoints were evaluated after
14 and 90 days of exposure, and at the end of a 30-day recovery period following the 90-day
exposure period. The EPA (2002) reevaluated the raw data from the laboratory; therefore, the
EPA (2002) interpretation differs slightly from the published report.
Endpoints monitored included clinical signs, mortality, food and water consumption, body
weights, ophthalmology, routine hematology and clinical chemistry, and various sperm
parameters (count, concentration, motility, morphology) (Siglin et al., 2000). Although some
deviations from controls occurred in these endpoints, alterations were few and did not show a
dose-related pattern and were not attributed to exposure to perchlorate. Increased thyroid
weights and altered thyroid histology (collagen depletion and follicular cell hypertrophy) were
observed only in the 10 mg/kg-day groups. Males appeared to be somewhat more sensitive than
females.
Circulating hormone levels were evaluated after 14 and 90 days of treatment and after a 30-day
recovery period (Siglin et al., 2000). Mean TSH levels were significantly increased compared
with controls during treatment in males at dose levels of 0.2 mg/kg-day and higher, and in
females at dose levels of 0.05 and higher. TSH levels at the end of the recovery period returned
to levels comparable to controls in the males but not in the females. Mean T3 and/or T4 levels
were significantly decreased compared with controls during treatment in all treated groups. T3
and/or T4 levels at the end of the recovery period were comparable to controls in females (except
at the 10.0 mg/kg-day level) but not in the males. The EPA (2002) reevaluation applied several
additional statistical analyses to show that the lowest dose tested, 0.01 mg/kg-day, was a LOAEL
for reduced circulating levels of thyroid hormones and increased levels of thyroid stimulating
hormone (TSH).
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The study recorded a slight decrease in the number of females with estrus cycles in the 0.05, 0.2
and 1.0 mg/kg-day groups. However, there were no effects at 10 mg/kg-day and the authors
concluded that there was not treatment-related effect on the estrus cycle. EPA (2002), however,
concluded that ingestion of ammonium perchlorate appeared to alter the length of the estrous
cycle of rats exposed to 0.05 and 0.2 mg/kg-day. The number of rats evaluated was too small for
meaningful statistical analysis. The dose-response appeared to fit an inverted U-shaped curve,
with no effects observed at 0.01 mg/kg-day, or at the higher dose levels of 1.0 or 10 mg/kg-day.
The significance of the estrous cycle effect is unclear, because it did not fit the linear or
lognormal positively dose-correlated response curve ordinarily observed with treatment-related
effects. Furthermore, although slightly reduced reproductive performance was observed in some
of the treated groups in the York et al. (2001a) two-generation reproductive toxicity study, it was
not sufficient to reach statistical significance and was largely discounted as not treatment related
(EPA, 2002).
Other studies more recent than the EPA (2002) review provide information that is interesting but
of doubtful relevance for the development of TRVs for small mammals. First, Lewandowski et
al. (2004) performed a literature review that showed the rat to be far more sensitive than other
species (mouse, rabbit, human) to perchlorate-induced alteration of circulating TSH, T3 and T4
levels.
In another study, perchlorate was shown to have no effect on resting metabolic rate or peak
metabolic rate (in response to cold stress) in prairie voles (Isanhart et al., 2005). Ammonium
perchlorate was given in drinking water to provide target doses of 0 (control), 1 and 10 mg/kgday for 51 days, or 0.75 mg/kg-day for 180 days. Plasma and thyroid levels of T4 appeared to be
reduced in a dose-related manner. A statistical test for trends showed significance although the
differences between individual treated groups and the control group were not statistically
significant (probably because of small numbers of voles in each group).
In the third study, rats were treated on gestation days 7 through 21 with ammonium perchlorate
in drinking water to provide target levels of 0 (control), 0.4 or 4.0 mg/kg-day (Baldridge et al.,
2004). The high dose decreased ovarian follicular development in offspring measured on
postnatal days 24/25. This effect may indicate reduced fecundity or other reproductive effects
upon maturation, although the treated rats were not maintained to maturity and reproductive
performance was not evaluated.
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NOAELs and LOAELs for endpoints potentially useful for TRV estimation from the studies
reviewed above are summarized below:
Species

Rat

Study
Argus, 2001
(Two-generation)

Endpoint
F0, F1 Endocrine
F0, F1 Histopath
F1 Brain morph
Maternal toxicity
F1 Growth, sexual maturity

NOAEL
None
None
None
10.0

LOAEL
0.01
0.01
0.01
None

10.0
None
F1 Brain morph,
York et al., 2004
neurobehavior
3.0
10.0
Rat
(Neurodevelopment) F1 Thyroid effects
0.1
1.0
York et al., 2001a
Reproduction
30.0
None
Rat
(Two-generation)
F1 Thyroid effects
0.3
3.0
Developmental tox
100.0
None
York et al., 2001b
F0 Histopath
1.0
10.0
Rabbit
(Developmental tox) F0 Endocrine
10.0
30.0
Developmental tox
1.0
30.0
F0 Thyroid wt
1.0
30.0
York et al., 2003
F0 Endocrine
1.0
30.0
Rat
(Developmental tox) F1 Histopath
1.0
30.0
Gen. observations, BW
10.0
None
Clinical path.
10.0
None
Ophthalmology
10.0
None
Sperm parameters
10.0
None
Thyroid wt., histopath
1.0
10.0
Endocrine (authors’
conclusion)
1.0
10.0
Endocrine (EPA 2002
Siglin et al., 2000
conclusion)
None
0.01
Rat
(90-Day general tox) Estrus cycle
(Author’s conclusion)
10.0
None
Estrus cycle
(EPA 2002 conclusion)
0.01
0.05
NOAEL = no-observed-adverse-effect level (mg ammonium perchlorate/kg-day); LOAEL = lowestobserved-adverse-effect level (mg ammonium perchlorate/kg-day); F0 = parental generation; F1 =
first generation offspring; Endocrine = altered circulating levels of thyroid stimulating hormone or
thyroid hormones, and/or thyroid levels of thyroid hormones; Histopath = altered histopathological
appearance of thyroid gland; Brain morph = altered morphometrics of one or more regions of the
brain; Thyroid effects = endocrine effects and/or histopath; Developmental tox = indicators of
developmental toxicity using a standard protocol; Thyroid wt = increased thyroid weight; General tox
= general toxicity study; Gen observations = clinical signs, mortality, food and water consumption,
behavior; BW = body weight and body weight gain; Clinical path = routine clinical chemistry and
hematology; Sperm parameters = count, concentration, motility, morphology.
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It is noted that none of the endpoints tabulated above are completely sufficient for estimation of
TRVs for population effects. Empirical observations of humans and experiments with laboratory
animals show that some degree of increased thyroid weight and hypertrophy is an adaptive rather
than an adverse effect (EPA, 2002). At what point of intensity the effect crosses the threshold
from adaptive to adverse is very much a matter of judgment. Altered circulating or thyroid
levels of hormones were measured at very low levels, especially in rats, but, with the exception
of the EPA (2002) reinterpretation of the Argus (2001) study, other adverse effects were not
noted at the lowest level associated with hormonal changes. Also, treatment-related changes in
circulating and thyroid hormone levels were not associated with altered metabolic rate in prairie
voles (Isanhart et al., 2005).
Endpoints other than adaptive changes in the thyroid and altered hormone levels have more
relevance to population dynamics in small mammals. General health, maternal toxicity and
reproductive performance have clear implications for population dynamics. NOAELs for these
endpoints include 10.0 mg/kg-day (York et al., 2004; Siglin et al., 2000) and 30.0 mg/kg-day in
rats (York et al., 2001a) It was observed that 10.0 mg/kg-day was also a NOAEL for
ophthalmology, clinical chemistry and sperm parameters in rats (Siglin et al., 2000). It should
also be noted that the EPA (2002) considered 0.01 mg/kg-day the NOAEL and 0.05 mg/kg-day
the LOAEL for effects on the estrus cycle in the Siglin et al. (2000) study, but reproductive
performance did not appear to be affected at much higher dose rates in other studies.
Growth, sexual maturity and standard parameters of developmental toxicity also have clear
implications for population dynamics. NOAELs for these endpoints include 1.0 mg/kg-day
(York et al., 2003) and 10.0 mg/kg-day (York et al., 2004) in rats, and 100.0 mg/kg-day in
rabbits (York et al., 2001b).
Neurologic effects may also have implications on population dynamics, possibly rendering
affected animals less able to compete for food or mates, or to avoid predators. EPA (2002)
determined that 0.01 mg/kg-day was a LOAEL for morphometric differences in brain regions
from controls in the Argus (2001) two-generation study in rats. Neurobehavior was not
evaluated in this study. York et al. (2004), however, determined that 3.0 mg/kg-day was a
NOAEL and 10.0 mg/kg-day was a LOAEL for both morphometric differences in the brain, and
subtle but equivocal indications of hyperactivity. Given the equivocal nature of the indications
of hyperactivity and the lack of deviation from normal in the other tests in the neurobehavioral
performance battery, this endpoint in not considered further in the selection of TRVs.
As noted above, EPA (2002) based the preliminary mammalian dietary screening benchmark on
the possibility that the mild effects observed at the LOAEL of 1E-2 mg/kg-day from the
developmental neurotoxicity study could lead to reduced survival and fecundity with adverse
effects on population dynamics. This conclusion, however, seems unnecessarily restrictive in
light of the studies on reproduction and fetal development reviewed above, especially since these
effects are more relevant to population dynamics. A standard developmental toxicity study in
rats identified a NOAEL of 1.0 mg/kg-day and a LOAEL of 30.0 mg/kg-day for delayed fetal
ossification and decreased number of live fetuses (York et al., 2003). The 30 mg/kg-day dose
rate, however, was a NOAEL for reproductive effects in the York et al. (2001a) two-generation
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study. Together, these studies that evaluated slightly different endpoints suggest that the
threshold for reproductive and developmental effects that may have an influence on population
dynamics is very close to 30 mg/kg-day. The fetal loss observed on GD 21 in the developmental
toxicity study appears to be so slight as to have no effect on the number of live fetuses delivered
at term, as observed in the two-generation study. Therefore, the LOAEL of 30 mg/kg-day for
developmental effects in rats is selected as the basis for new provisional LOAEL TRV for small
rodents. No uncertainty factor is proposed because the study in rats is relevant to small
mammals, and because the effects observed at the LOAEL are mild. The empirical NOAEL of 1
mg/kg-day for developmental effects, the second highest dose rate in the study, could be selected
as the NOAEL TRV. However, the NOAEL of 30 mg/kg-day from the two-generation study
indicates that the mild developmental effects observed were not sufficient to impair
reproduction. This suggests that selecting 1 mg/kg-day as the NOAEL TRV would be
unnecessarily restrictive. A more reasonable NOAEL can be estimated by applying an
uncertainty factor to the LOAEL of 30 mg/kg-day. An uncertainty factor of 3 is selected largely
because the data base is sufficient to show that effects at the LOAEL are mild and do not appear
to impair reproduction. A NOAEL of 10 mg/kg-day is estimated in this manner and is adopted
as the NOAEL TRV for small mammals. It is noted from the table above that 10 mg/kg-day is a
NOAEL also for other toxicological endpoints in several other studies.
Correcting for differences in molecular weight between ammonium perchlorate and the
perchlorate anion yields a NOAEL TRV of 8.5 mg/kg-day and a LOAEL TRV of 25.5 mg/kgday for exposure to the perchlorate anion.
References:
Argus Research Laboratories, Inc. (Argus), 2001, “Hormone, thyroid and neurohistological
effects of oral (drinking water) exposure to ammonium perchlorate in pregnant and lactating rats
and in fetuses and nursing pups exposed to ammonium perchlorate during gestation or via
maternal milk,” Horsham, PA, Protocol No. ARGUS 1416-003 (Cited in EPA, 2002).
Baldridge, M.G., R.L. Stahl, S.L. Gerstenberger, et al., “In utero and lactational exposure of
Long-Evans rats to ammonium perchlorate (AP) disrupts ovarian follicle maturation,”
Reproductive Toxicology, 19: 155-161.
Isanhart, J.P., F.M.A. McNabb and P.N. Smith, 2005, “Effects of perchlorate exposure on resting
metabolism, peak metabolism, and thyroid function in the prairie vole (Microtus ochrogaster),”
Environmental Toxicology and Chemistry, 24(3): 678-684.
Lewandowski, T.A., M.R. Seeley and B.D. Beck, 2004, “Interspecies differences in
susceptibility to perturbation of thyroid homeostatsis: a case study with perchlorate,” Regulatory
Toxicology and Pharmacology, 39: 348-362.
Siglin, J.C., D.R. Mattie, D.E. Dodd, et al., 2000, “A 90-Day Drinking Water Toxicity Study in
Rats of the Environmental Contaminant Ammonium Perchlorate,” Toxicological Sciences, 57:
61-74.
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Springborn Laboratories, Inc., 1998, “A 90-Day Drinking Water Toxicity Study in Rats with
Ammonium Perchlorate,” amended final report, Study No. 3455.1 (Cited in EPA, 2002).
U.S. Environmental Protection Agency (EPA), 2002, Perchlorate Environmental
Contamination: Toxicological Review and Risk Characterization, External Review Draft,
Office of Research and Development, Washington, DC, NCEA-1-0503, 16 January.
York, R.G., W.R. Brown, M.F. Girard and J.S. Dollarhide, 2001a, “Two-generation reproduction
study of ammonium perchlorate in drinking water in rats evaluates thyroid toxicity,”
International Journal of Toxicology, 20(4): 183-197 (abstract, also cited in EPA, 2002).
York, R.G., W.R. Brown, M.F. Girard and J.S. Dollarhide, 2001b, “Oral (drinking water)
developmental toxicity study of ammonium perchlorate in New Zealand White rabbits,”
International Journal of Toxicology, 20(4): 199-205 (abstract).
York, R.G., K.A. Funk, M.F. Girard, D. Mattie and J.E. Strawson, 2003, “Oral (drinking water)
developmental toxicity study of ammonium perchlorate in Sprague-Dawley rats,” International
Journal of Toxicology, 22(6): 453-464 (abstract).
York, R.G., J. Barnett, Jr., W.R. Brown, et al., 2004, “A Rat Neurodevelopmental Evaluation of
Offspring, Including Evaluation of Adult and Neonatal Thyroid, from Mothers Treated with
Ammonium Perchlorate in Drinking Water,” International Journal of Toxicology, 23: 191-214.

MARC No. W912QR-04-D-0027, TO No. DS02
Longhorn Army Ammunition Plant, Karnack, Texas

9

Shaw Project No. 117591
11/7/2007

00051195

Installation-Wide BERA
Volume I – Appendix J-2

Shaw Environmental, Inc.

MEMO 2: Selection of Avian TRVs

RE:

TOXICITY REFERENCE VALUES FOR INGESTION EXPOSURE OF
BOBWHITE QUAIL TO PERCHLORATE

The purpose of this communication is to develop and defend no-observed-adverse-effect level
(NOAEL) and lowest-observed adverse-effect level (LOAEL) toxicity reference values (TRV)
for birds exposed by ingestion to perchlorate.
Perchlorate, used predominantly in explosives and solid rocket fuel, generally in the form of
ammonium perchlorate, has come to the public’s attention primarily because of its identification
in groundwater and public water supplies (EPA, 2002; HSDB, 2004; McNabb et al., 2004a).
Contamination of groundwater is not generally relevant to ecological species, except in those
cases where groundwater discharges to the surface and where such surface water is the primary
contaminated medium. There is evidence that perchlorate may readily be taken up and
concentrated by plants (particularly foliage) from soil interstitial water (EPA, 2002) and thereby
become available to herbivorous species including birds.
Few data are available regarding the effects of perchlorate on ecological species. Recent tests
summarized by EPA (2002) evaluated aquatic and terrestrial invertebrates and fish. EPA (2002)
also developed a dietary screening benchmark of 1E-3 milligrams per kilogram body weight per
day (mg/kg-day) for the meadow vole as a representative terrestrial herbivore by extrapolating
from a LOAEL in laboratory rats of 1E-2 mg/kg-day. Effects observed at the LOAEL included
alterations in circulating levels of thyroid and pituitary hormones, minor changes in thyroid
histology (largely limited to decreased colloid levels that reflect greater release of thyroid
hormones to the circulation), and changes in brain morphometry. EPA (2002) noted that the
relevance of the observed effects to meadow vole populations is unknown; nonetheless, they
speculated that “…such effects on the thyroid, pituitary and brain could diminish survivorship
and fecundity and diminish population production.”
More recently, McNabb et al. (2004a) performed a series of studies in which newly hatched
bobwhite quail were exposed to perchlorate (as ammonium perchlorate) in drinking water.
Effects evaluated included the following:
•

Thyroid activity status: evaluated by measuring circulating levels of thyroid hormones T4
and T3. (T3 levels were more variable and data were not presented.)

•

Hypothalamic-pituitary-thyroid (HPT) axis stimulation: evaluated by measuring increases
in thyroid weight.

•

Stored thyroid hormone levels: measured as the levels of T4 and T3 stored in thyroid
gland colloid. (Data on T3 were not presented.)
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Effects on growth: evaluated by measuring body weight, femur length and tibia length.
The growth endpoints are clearly relevant to population dynamics and may serve as the
basis for TRV selection.

Linear regression was used to identify trends. Fisher’s protected least significant difference test
was used to identify which treated groups differed from controls or other treated groups when
analysis of variance revealed differences in response across treated groups.
The McNabb et al. (2004a) study was conducted in two phases – a high-dose phase and a lowdose phase. In the high-dose phase, birds were exposed to ammonium perchlorate in drinking
water at concentrations of 0 (control), 250, 500, 1000, 2000 or 4000 milligrams per liter (mg/L)
for 2 weeks. A second two-week replicate was performed. In addition, other birds were exposed
to the same levels of perchlorate for 8 weeks, which is practically the entire 8- to 10-week
growing period for this species (Stanford, 2004). In the low-dose phase, birds were exposed to
drinking water concentrations of 0 (control), 0.05, 0.5, 5, 50 or 250 mg/L for 2 weeks to more
precisely identify thresholds for sensitive effects on thyroid hormone levels. A second replicate
of this study was performed. Ammonium perchlorate ingestion dose rates were estimated by the
authors from the assumption that bobwhite quail daily consume water equivalent to 7.7 percent
of their body weight. Dose rates presented below represent ammonium perchlorate unless
specifically designated as perchlorate anion.
Effects measured in the high-dose phase two-week studies included circulating levels of thyroid
hormone (T4), thyroid weight, and thyroid hormone (T4) levels (McNabb et al., 2004a). These
effects were evaluated after both 1 and 2 weeks of exposure. Circulating levels of T4 were
significantly reduced in birds exposed to 1000 mg/L (77 mg/kg-day) or greater after 2 weeks.
The authors reported that circulating levels of T4 were significantly depressed in a preliminary
study at 500 mg/L (38.5 mg/kg-day) but the data were not shown in the current publication.
Thyroid weights were increased significantly in birds exposed to 500 mg/L (38.5 mg/kg-day) or
higher after 2 weeks. Thyroid content of T4 (expressed as nanogram [ng] of T4 activity per pair
of thyroid glands from a given bird) appeared to be the most sensitive effect measured. It was
significantly decreased in a dose-related fashion in all treated groups after 2 weeks.
Birds in the high-dose phase exposed for 8 weeks showed statistically reduced levels of
circulating T4 at 2000 mg/L (154 mg/kg-day) or higher, compared with controls (McNabb et al.,
2004a). It should be noted that a statistically significant trend toward reduced T4 circulating
levels was observed in birds exposed to 250, 500 and 1000 mg/L (19.25, 38.5 and 77 mg/kgday), but levels in these groups were not statistically significantly different from controls.
Thyroid weights were increased significantly in birds exposed to 1000 mg/L (77 mg/kg-day) or
higher for 8 weeks. Thyroid content of T4 (expressed as described above and expressed as ng T4
per mg thyroid, to account for increased thyroid weights in birds exposed to the higher
concentrations) was significantly decreased in a dose-related fashion in all treated groups.
Measurable effects on growth appeared to be the least sensitive effect of prolonged exposure to
perchlorate. Significant effects on body weight were not observed. Variations in femoral and
tibial length complicate interpretation of these measurements; however, it appears that a doserelated decrease in femoral length occurred in birds exposed to 2000 or 4000 mg/L (154 or 308
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mg/kg-day) for 8 weeks, and tibial length was significantly reduced in birds exposed to 4000
mg/L (308 mg/kg-day) for 8 weeks.
The low-dose phase was performed to more precisely identify thresholds for effects on hormone
levels (McNabb et al., 2004a). No treatment related effects were observed on circulating T4
levels or thyroid weights in birds exposed to 250 mg/L (19.25 mg/kg-day) or less for 2 weeks.
Thyroid content of T4 (ng of T4 activity per pair of thyroid glands from a given bird) was
significantly decreased in a dose-related fashion in all groups exposed to 0.5 mg/L (3.85E-2
mg/kg-day) or greater after 2 weeks.
The results of the low-dose and high-dose phases can be integrated to identify thresholds for the
various effects as follows:
•

Circulating T4 levels: T4 levels were depressed in birds exposed to 1000 mg/L (77
mg/kg-day) or higher for 2 weeks, but only in birds exposed to 2000 mg/L (154 mg/kgday) or higher for 8 weeks. The lower effect level, 1000 mg/L (77 mg/kg-day) is selected
as the LOAEL for this effect, and the next lower dose level, 500 mg/L (38.5 mg/kg) is
selected as the NOAEL. It should be noted, however, that the effect observed at the 1000
mg/L (77 mg/kg-day) level after 2 weeks is transient, reflecting the ability of the birds to
compensate through stimulation of the HPT axis.

•

Thyroid weight: Thyroid weights were increased in birds exposed to 500 mg/L (38.5
mg/kg-day) or higher for 2 weeks, but only in birds exposed to 1000 mg/L (77 mg/kgday) or higher for 8 weeks. Again, the lower effect level, 500 mg/L (38.5 mg/kg-day) is
selected as the LOAEL for this effect, and the next lower dose level, 250 mg/L (19.25.5
mg/kg) is selected as the NOAEL. As was noted for circulating T4 levels, the effect
observed at the 500 mg/L (38.5 mg/kg-day) level after 2 weeks is transient, reflecting the
ability of the birds to compensate.

•

Thyroid T4 levels: Thyroid T4 content was significantly depressed in a dose-related
fashion in birds exposed to levels as low as 0.5 mg/L (3.85E-2 mg/kg-day), which is
selected as the LOAEL for this effect. The next lower dose level, 0.05 mg/L (3.85E-3
mg/kg-day) is the NOAEL.

•

Growth: The effects of perchlorate ingestion on the growth of bobwhite quail are
minimal. No effects were observed on body weight. Decreased femoral or tibial length
was not observed at dose levels lower than 2000 mg/L (154 mg/kg-day), which is
selected as the LOAEL. The next lower dose level, 1000 mg/L (77 mg/kg-day) is the
NOAEL.

Clearly thyroid T4 levels are the most sensitive effect evaluated in the McNabb et al. (2004a)
study. Effects on thyroid T4 occur at levels more than 3 orders of magnitude lower than levels
that affect circulating thyroid levels or growth, supporting the observation that the stimulated
HPT axis is remarkably capable of restoring adequate thyroid function. Largely for this reason,
altered thyroid T4 levels are better considered a sensitive indicator of perchlorate exposure than a
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biologically significant adverse effect. Therefore, TRVs are not developed for altered thyroid T4
levels.
TRVs can be estimated for effects on endocrine function (circulating T4 levels) and for effects on
growth in bobwhite quail exposed to perchlorate by ingestion through drinking water. The
effects on circulating T4 levels, however, are of questionable relevance to ecological receptors
unless some adverse effect on population dynamics is likely. It is noteworthy that perchlorate
levels sufficient to alter circulating and thyroid hormone levels in prairie voles induced no
change in metabolic rate (Isanhart et al., 2005). Thus, it appears that altered hormone levels
alone are not an ecologically significant endpoint. Effects on growth, however, are clearly an
ecologically significant endpoint when adversity is demonstrated. However, it is not known how
much shorter a bird tibia or fibula needs to be for there to be compromised ecological function.
It is also not known if shortened femurs or tibias equate with smaller body size overall.
The McNabb et al. (2004a) study identified a NOAEL and LOAEL for reduced circulating T4
levels of 500 mg/L (38.5 mg/kg-day) and 1000 mg/L (77 mg/kg-day), respectively. The NOAEL
and LOAEL corrected for differences in molecular weight (MW) are equivalent to 32.6 and 65
mg/kg-day expressed in terms of the perchlorate anion. Similarly, the McNabb et al. (2004a)
study identified a NOAEL and LOAEL for effects on growth of 1000 mg/L (77 mg/kg-day) and
2000 mg/L (154 mg/kg-day), respectively. The NOAEL and LOAEL corrected for differences
in MW are equivalent to 65 and 130 mg/kg-day expressed in terms of the perchlorate anion.
Decreased growth is ecologically relevant and determined in the species of interest, the bobwhite
quail. Therefore, an uncertainty factor is not required to extrapolate between species.
Measurements of circulating T4 levels were taken after only 2 weeks of exposure; however, the
8-week study showed that prolonged exposure activated the HPT axis, an adaptive response that
increased the threshold for this effect. Therefore, an uncertainty factor is not required to expand
from a 2-week exposure period to chronic exposure for effects on endocrine function. Also,
effects on growth were measured over practically the entire growing period. Therefore, an
uncertainty factor is not required to expand to chronic exposure for effects on growth.
In conclusion, this communication proposes preliminary TRVs for bobwhite quail exposed to
perchlorate based on the McNabb et al. (2004a) drinking water study as follows:
Study Endpoint
Uncertainty
TRV
Study Effect
Study Endpoint Concentrationa
Factor
(mg/kg-day)b
Endocrine
function
NOAEL
500
NA
32.6
Endocrine
function
LOAEL
1000
NA
65
Growth
NOAEL
1000
NA
65
Growth
LOAEL
2000
NA
130
TRV = Toxicity reference value; NA = not applicable.
a
Concentration expressed as mg ammonium perchlorate/L in drinking water.
b
TRV expressed as mg perchlorate anion/kg-day.

TRV
Endpoint
NOAEL
LOAEL
NOAEL
LOAEL

Only the TRVs based on growth are ecologically relevant.
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Evaluation of Studies Obtained Since This MemoWas Originally Written
Three recently located studies of perchlorate in birds are potentially relevant to TRV
development. The first is a review of biomarkers of avian thyroid effects (McNabb, 2005). This
paper discussed plasma T4 and T3 as a biomarker of thyroid status, thyroid weight as a biomarker
of HPT axis activation, and thyroid T4 as a biomarker of thyroid hormone storage. Plasma T4
and T3 levels and thyroid weight results were far more variable than thyroid T4 levels, which
were the most sensitive and reliable biomarker of thyroid effects. Presenting the same data in
bobwhite chicks described in the key study above, this paper showed that reduced thyroid T4
levels occurred at levels orders of magnitude below those showing minimal effects on growth.
Reduced thyroid T4 levels are more appropriately considered an indicator of perchlorate
exposure rather than a biomarker for effects on the thyroid sufficient to interfere with organismal
function.
One of the observations on the key study for the TRVs described above was the ability of the
HPT axis to restore adequate thyroid function. The ability of developing chicks to adapt to
perchlorate during sustained exposure was further investigated by reporting in more detail the
results of several drinking water experiments involving exposure for 2, 4 and 8 weeks (McNabb
et al., 2004b). Endpoints measured included thyroid T4 levels, plasma T4 levels (T3 levels were
more variable and data were not reported) and thyroid weights. NOAELs for thyroidal T4 levels
were 0.5 mg/L (0.033 mg/kg-day) after 2 weeks and 50 mg/L (3.26 mg/kg-day) after 8 weeks.
Similarly, NOAELs for plasma T4 levels were 5 mg/L (0.33 mg/kg-day) after 2 weeks and 50
mg/L (3.26 mg/kg-day) after 8 weeks. These data show that bobwhite chicks indeed exhibit an
adaptive response with sustained exposure. Although data were not presented, the authors stated
that they had found no evidence of an adaptive response in similar studies with adult quail,
suggesting that the very young may not be the most sensitive members of the population.
The third study investigated the effects on adult bobwhite quail and egg production from
exposure to drinking water containing perchlorate (Gentles et al., 2005). In this study, groups of
23 female quail were provided drinking water containing ammonium perchlorate at 0 (control),
1.2E-3, 1.2E-2 and 1.2E-1 mg/L. Adjusting for differences in MW and assuming adult quail
daily consume water equivalent to 7.7 percent of their body weight, these treatment levels
correspond to daily doses of perchlorate anion of 0 (control), 9.2E-5, 9.2E-4 and 9.2E-3 mg/kgday, respectively. Treatment had no effect on body weight, selected organ weight (liver, gizzard,
kidney, heart, thyroid) or the number and weight of the eggs produced. Thyroid histology,
studied only in a limited number of controls and high-dose quail, showed decreased follicular
cell colloid content, but increased follicular cell height, indicating an adaptive response.
Perchlorate content of the eggs was significantly increased in all treated groups, compared with
controls, in a positive dose-related manner. The average perchlorate content of eggs from the
1.2E-1 mg/L group (7158 µg/g) was nearly 200 times that of controls (36.75 µg/g) and
approximately 12 times that of the 1.2E-3 mg/L group (599.1 µg/g). Perchlorate content of the
liver also increased, but to a lesser extent. The average perchlorate content of livers from the
1.2E-1 and 1.2E-2 mg/L groups was 333.0 and 95.6 µg/g, respectively, compared with nondetect
in the control and 1.2E-3 mg/L groups.
Although these recently located studies did not investigate endpoints from which TRVs can be
developed (e.g., growth, fertility and hatchability of eggs, or other endpoints directly related to
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population dynamics), they provide useful information. First, it appears that the very young may
be more capable than adults of an adaptive response to sustained exposure. McNabb et al.
(2004b) observed an adaptive response in bobwhite chicks but not in adults at a dose rate of 3.26
mg/kg-day. Gentles et al. (2005), however, noted an adaptive response in adults at 9.2E-3
mg/kg-day (highest dose rate tested). The inability to identify the threshold for an adaptive
response in adult birds is a significant deficiency in the data base.
The second observation is that perchlorate in laying birds appears to distribute preferentially to
the eggs, at least relative to the liver. The implications are unclear, because fertility, hatchability
and teratogenicity were not assessed.
In summary, the recently located studies do not alter the TRVs selected above.
References:
Gentles, A., J. Surles and E.E. Smith, 2005, “Evaluation of Adult Quail and Egg Production
Following Exposure to Perchlorate-Treated Water,” Environmental Toxicology and Chemistry,
24(8): 1930-1934.
Hazardous Substance Data Bank (HSDB), 2004, National Library of Medicine, on line, accessed
3 June, 2004.
Isanhart, J.P., F.M.A. McNabb and P.N. Smith, 2005, “Effects of perchlorate exposure on resting
metabolism, peak metabolism, and thyroid function in the prairie vole (Microtus ochrogaster),”
Environmental Toxicology and Chemistry, 24(3): 678-684.
McNabb, F.M.A., 2005, “Biomarkers for the Assessment of Avian Thyroid Disruption by
Chemical Contaminants,” Avian and Poultry Biology Reviews, 16(1): 3-10.
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U.S. Environmental Protection Agency (EPA), 2002, Perchlorate Environmental
Contamination: Toxicological Review and Risk Characterization, External Review Draft,
Office of Research and Development, Washington, DC, NCEA-1-0503, 16 January.

MARC No. W912QR-04-D-0027, TO No. DS02
Longhorn Army Ammunition Plant, Karnack, Texas

15

Shaw Project No. 117591
11/7/2007

00051201

Appendix K
Comment Resolution Information

00051202
Table of Contents
K-1 July 12, 2006 Conference Call Minutes
K-2 June 6, 2006 Memo: Final COPECs for Further Evaluation in the BERA
K-3 March 30, 2006 Meeting Minutes
K-4 February 9, 2006 Meeting Minutes
K-5 January 18, 2006 Response to Comments

00051203

July 12, 2006 Conference Call Minutes

00051204

Subject:

Minutes for the Conference Call to Discuss the Final Chemicals of Potential
Ecological Concern (COPEC) Memo for Longhorn Army Ammunition
Plant

Date of call: July 12, 2006, 11:00 AM – 1:00 PM EST
Date issued: Revised August 11, 2006 (original minutes dated July 25, 2006)
Call Participants:
Shaw Environmental
Dave P. Cobb (DPC)
Dave Crispo (DC)
Jon Lindberg (JL)
Praveen Srivastav (PS)
Mark Weisberg (MW)
USACE
Cliff Murray (CM)
USACHPPM
Larry Tannenbaum (LT)

EPA Region 6
Susan Roddy (SR)
Chris Villareal (CV)
TCEQ
Faye Duke (FD)
Vicki Reat (VR)
USFWS/EPA
Barry Forsythe (BF)
TPWD
Chip Wood (CW)

Minutes prepared by Shaw on behalf of the USACE and BRAC.
Meeting participants are referred to by initials (e.g., “MW” = Mark Weisberg).

The purpose of the call was to discuss the Shaw memo titled Selection of Final Chemicals of
Potential Ecological Concern (COPEC) for Further Evaluation in the Baseline Ecological
Risk Assessment dated June 6, 2006.
Following a roll call and a brief introduction to the call topic, stakeholders were encouraged
to ask any questions or raise any concerns about the list of final COPECs presented in the
memo that will be targeted during upcoming field studies as part of the baseline ecological risk
assessment (BERA). The following is a summary of the topics discussed and the resolution (if
any).

00051205

Topic 1: Marginal Exceedances of EEQs for a Single Receptor
• Shaw’s approach: If only one receptor (the maximally exposed receptor) had an EEQ
only slightly above 1 (e.g., 1.4), and all other measurement receptors had EEQs below
1, the decision was sometimes made (taking into account other lines of evidence) that
the chemical is likely innocuous, and did not need to be carried forward as a final
COPEC. The justification for this is that the food chain model incorporates many
conservative assumptions, some of which are not adjusted whatsoever during the Step 3
evaluation. In particular, the food chain model assumes 100% bioavailability, which is
unlikely to occur in nature, particularly for metals, which are typically bound to other
minerals or complexed with insoluble fractions of the medium. Further, only NOAELbased toxicity values were used for estimating hazard to measurement receptors.
Because NOAELs are “no effect levels”, doses at which organisms may suffer some
impact are, by nature, at some unknown level above the dose that is actually applied.
Therefore, NOAELs overestimate actual hazard, possibly by several orders of
magnitude. For these reasons, a marginal exceedance of an EEQ of 1 by a single
receptor was not considered valid justification for retention of a chemical as a final
COPEC.
•

EPA (SR): If any receptor has an EEQ that exceeds 1, this COPEC must be carried
forward to the BERA. The modeled receptor represents an entire feeding guild. No
professional judgment may be made to exclude the chemical as a final COPEC at the
Step 3 stage.

•

TCEQ: No opinion stated.

•

Consensus: None.

Topic 2: The Use of Background to Remove Chemicals as Final COPECs
• Shaw’s approach: Chemicals were not included as final COPECs if one or more
background tests indicated that they were naturally occurring/ubiquitous (i.e.,
background-related). Chemicals that otherwise would be included as final COPECs if
it weren’t for the background evaluation were placed on a Background List and will be
presented in Step 7 of the BERA.
•

EPA and TCEQ (SR and VR): EPA and TCEQ are still waiting to see the
geochemical plots with the benchmark and background concentration lines on them.
They are also waiting for the correlation coefficient analysis on the geochemical plots.
They cannot provide an indication as to whether they agree with background
designations until they see this information.

•

Consensus: Shaw will send the new plots and correlation information to stakeholders
in the near future.
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Topic 3: Ecological Hazard to Organisms at the Base of the Food Chain
• Shaw’s approach: Chemicals that were only considered COPECs because of potential
hazard to base of the food chain organisms (i.e., plants and earthworms) were not
carried forward as final COPECs per a previous agreement with Stakeholders. (Please
see the minutes to the February 9, 2006 meeting, which state: “A risk management
decision will be made to drop any chemical that is only a final COPEC because it
exceeds plant and earthworm benchmarks [e.g.., the NOAEL-based HQ in the food
chain model is equal to or below 1 for all measurement receptors].”).
Because it has been agreed that no remediation will take place for these chemicals,
there is no reason to carry them forward past the COPEC refinement (Step 3). A risk
management decision can be made during the scientific management decision point
(SMDP) that follows Step 3 in the 8-Step process to not carry these chemicals forward.
If such chemicals were to be retained as final COPECs, the implication would be that
they would be further characterized in the BERA, and ecological clean-up goals would
need to be developed for them. It would be difficult and confusing to explain in the
BERA that these chemicals are different from other final COPECs, which would be
addressed in such a way.
•

EPA (SR and CV): Chemicals that potentially impact plants and earthworms must be
carried forward and presented in a list in Step 7 of the BERA. If there are exceedances
at Step 3, they must be carried forward for the sake of transparency. EPA agrees that
no remediation will be needed for chemicals that only exhibit potential risk to plants
and earthworms.

•

TCEQ: No opinion. This is an EPA issue.

•

Consensus: There was a tentative agreement by all parties not to designate chemicals
that are only carried forward into the BERA due to concerns about plants and
earthworms as “final COPECs”. However, they will be retained in the risk assessment,
and presented in a list during Step 7 of the Step 3/BERA report for informational
purposes.
Shaw does not concur that this is the path that was agreed upon during the February 9,
2006 meeting, but accepts this approach in the spirit of compromise. To avoid
confusion in the future, however, the following points are clearly listed below as
agreements that have been made by all parties (i.e., the Army, EPA, and TCEQ), and
will be followed in the future for the ecological risk assessment process at Longhorn
Army Ammunition Plant:
1. Chemicals that are only carried forward past Step 3 due to concerns related to
possible risk to base of the food chain endpoints (plants and earthworms) will not
be identified as final COPECs;
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2. Because they are not final COPECs, these chemicals will not be further
characterized in field investigations as part of the BERA. They will also not have
ecological cleanup goals developed for them during the BERA;
3. These chemicals will be presented in a list in Step 7 of the Step 3/BERA report for
informational purposes;
4. No chemical will be remediated solely for protection of base of the food chain
(plants and earthworms) at Longhorn Army Ammunition Plant.
Topic 4: Pesticides in Soil
• Shaw’s approach: Some pesticides in soil were eliminated as final COPECs because
the use of alternative uptake factors indicated that the EEQs would be less than 1 using
the alternative values. Another line of evidence that was used for final COPEC
selection, particularly for pesticides, was the spatial orientation of detections. If the
spatial plots of ubiquitous anthropogenic chemicals (such as pesticides) did not indicate
a hot spot where a potential release may have taken place, then that was considered
evidence that the chemical was present as the result of historical standard practices
designed to suppress nuisance species.
•

EPA (SR): It is not acceptable to use uptake factors other than the maximum during
food chain modeling. You cannot use alternate uptake factors based on empirical
studies because those study sites may have very different soil chemistry, etc., than
Longhorn, which would make them inappropriate to use for this site. However, if you
can show that there is no site-related gradient, then you do not have to include
pesticides as final COPECs, nor do you have to do additional field work for them.
They must be included in a list in Step 7 of the Step 3/BERA report, though, similar to
chemicals that pose a threat to base-of-the-food chain receptors. Again, this is for
transparency; because there were exceedances, they cannot be dropped completely at
the Step 3 stage.
[Note: Although EPA stated that maximum uptake factors must be used, it is assumed
this is a misstatement, as previous agreements with EPA have indicated that upperbound (but not maximum) values may be used during the Step 3 COPEC refinement
modeling. Please see the minutes to the February 9, 2006 meeting held in Austin,
Texas.]

•

USFWS (BF): Similar to Shaw’s findings, USFWS noted that their soil investigation
also suggested that there did not appear to be a site-related gradient at the installation
for pesticides. With regard to the uptake issue, USFWS indicated that a deer tissue
study that had been conducted on-site did not show evidence of uptake of pesticides.
However, co-located soil pesticide data were not collected. Paul Bruckwicki has the
details of the study.

•

TCEQ: No opinion stated.
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•

Consensus: There was tentative agreement by all parties not to include pesticides as
final COPECs if there was no evidence of a release based on spatial analysis of
detections. Any chemicals eliminated as final COPECs for this reason, but that
exhibited EEQs greater than 1 in the food chain modeling, would be provided in a list
at Step 7 of the Step 3/BERA report.

Topic 5: TCEQ Concerns
The following is a list of general concerns that TCEQ (VR) presented during the call regarding
the approaches used for final COPEC selection. They were not discussed during the call in
detail, but some additional information may be presented to the stakeholders to address some
of the issues:
1. TCEQ would like to see the revised surface water standards following the corrected
water hardness adjustment that Shaw said they would do.
2. TCEQ has concerns with the decision to not select the following chemicals as final
COPECs: copper in surface water in all watersheds except Saunders Branch, and lead
in all four watersheds.
3. TCEQ has concerns with the decision to not select silver in Goose Prairie Creek
sediment as a final COPEC.
4. TCEQ would like to see the Los Alamos screening value supporting information,
particularly for beryllium and strontium.
5. TCEQ would like to know what was different in the EEQ calculations and how did the
new EEQs compare with the old ones.
6. For the re-calculation of the fish HQs, were there lipid or organic carbon adjustments in
the fish tissue data collected by TCEQ? How were the fish tissue data used?
[Shaw’s response to this issue: No adjustments were made using site-specific lipids or
organic carbon data. Modeled fish tissue COPEC concentrations were simply
compared with measured fish tissue concentrations. The information comparing the
modeled and actual concentrations and resulting hazard quotients will be presented in
the Step 3/BERA report.]
7. TCEQ requested additional information on the alternate toxicity values that were used
and their source.
8. With regards to zinc in soil in the Low Impact Sub-Area, TCEQ does not necessarily
agree with one of the justifications for dropping zinc as a final COPEC because it was
not a CERCLA-related release and would need to see additional information to justify
this. In comments received on August 2, 2006 TCEQ seemed to remember discussions
about construction debris at Longhorn relating to this, and inquired whether
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confirmation monitoring was ever performed to ensure areas were clean. Shaw is
researching this issue.
9. In general, TCEQ was satisfied with the responses to the three (out of ten) TCEQ
comments on the Step 3 Response to Comments.
10. TCEQ would like to see what exposure factors were used for the “Raccoon” and the
“Bear-Like” Raccoon that was used to represent the Louisiana Black Bear, and would
like to see the EEQs for these receptors.
11. TCEQ would like to see the perchlorate calculations and what uptake factors and
toxicity values were used. TCEQ would also like clarification as to whether
perchlorate was evaluated as a bioaccumulator.
[Perchlorate uptake and toxicity values will be presented in Action Item 5 attachment to
these minutes. Shaw’s response to whether perchlorate was evaluated as a
bioaccumulator is as follows: Perchlorate was not treated as a “bioaccumulative
chemical” in the sense that it was not automatically carried forward to the food chain
model regardless of the outcome of the initial benchmark screening step, because it was
not listed on TCEQ’s list of bioaccumulative chemicals (which was the criterion used
for identifying bioaccumulative chemicals). However, because a soil screening value is
not available for perchlorate, it was carried forward as an initial COPEC whenever it
was detected in soil, and doses were calculated for all measurement receptors using
bioaccumulation factors, in a similar fashion as other COPECs that were carried
forward to the modeling step.]
•

Consensus: Shaw agreed that at least some of the information TCEQ requested could
be sent to stakeholders now. The rest of the information will be presented in the full
Step 3/BERA report.
Action Items

The following action items were generated during the call. Please see the attached files, which
address the corresponding action items, as follows:
9 Action Item #1: The geochemical plots with the UTL/UPL background and
ecological screening value lines added, and the recently completed correlation
coefficients for selected geochemical plots, will be distributed to stakeholders
(Topic 2 - TCEQ and EPA request).
o See the “Action Item 1” files, attached, which provide the geochemical plots for
soil, surface water, and sediment. Also included is the write-up for an
Appendix (Appendix I) that will be included in the draft Step 3/BERA report
describing how the correlation coefficients were developed, and presenting the
coefficients in a table (Table I-1).
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9 Action Item #2: The corrected surface water standards using the 15th percentile
hardness adjustment will be sent to stakeholders (Topic 5, Item 1 - TCEQ
request).
o See the “Action Item 2” Excel file, attached, which presents the surface water
direct toxicity tables for the four watersheds, with the corrected surface water
standards.
9 Action Item #3: The Los Alamos National Laboratory Ecorisk database, which
was the source of some screening values used in the ecological risk assessment, will
be sent to EPA and TCEQ (Topic 5, Item 4 - TCEQ request).
o A request for a copy of the LANL database to be sent to EPA and TCEQ was
submitted on 7/13/06.
9 Action Item #4: The exposure factors used to calculate hazard to the Raccoon and
the Raccoon (Louisiana Black Bear) will be sent to stakeholders (Topic 5, Item 10
- TCEQ request).
o See the Action Item 4 files, attached, which describe the exposure values used
for the Raccoon (Louisiana Black Bear).
9 Action Item #5: The uptake data used for estimating perchlorate doses to
measurement receptors, and preliminary benchmark dose levels (BDL) that have
been suggested as representative of perchlorate toxicity based on a literature
review, will be sent to EPA and TCEQ (Topic 5, Item 11 - TCEQ request).
o Action Item 5 Word file, which presents the uptake factors and BDLs for
perchlorate, is still undergoing review by the Army and Shaw, and will be sent
to stakeholders as soon as this review is complete.

It was decided by Shaw in subsequent off-line discussions that the information related to the
other action items associated with Topic 5 (Items 5, 7, and 8) would take a significant effort to
assimilate and would not provide particularly useful information outside of the context of the
complete Draft Step 3/BERA report. Therefore, the requested information will be submitted
with the Draft Step 3/BERA report.
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June 6, 2006 Memo: Final COPECs for Further Evaluation in
the BERA

00051212

To:

Longhorn Army Ammunition Plant Stakeholders

From:

Shaw Environmental, on behalf of the United States Army

Subject:

Selection of Final Chemicals of Potential Ecological Concern (COPEC) for
Further Evaluation in the Baseline Ecological Risk Assessment

Date:

June 6, 2006

The purpose of this memorandum is to provide Longhorn Army Ammunition Plant (LHAAP)
stakeholders with the list of final chemicals of potential ecological concern (COPEC) that have
been identified following the COPEC refinement step (i.e., Step 3 of the 8-Step ecological risk
assessment process; USEPA, 1997). The ecological risk assessment process is a tiered process,
in which successive iterations of investigation progressively use more lines of evidence and
more realistic assumptions. Federal EPA risk assessment guidance mandates that an initial,
highly conservative screening level assessment be performed during Steps 1 and 2. Following
that screening level ecological risk assessment (SLERA), multiple lines of evidence may be
weighed during Step 3 of the 8-Step Process to determine which chemicals are recommended
for further evaluation in a baseline ecological risk assessment (BERA). These chemicals that
require further investigation (described here as “final COPECs”) are essentially chemicals in
site media that have a realistic potential for resulting in adverse ecological effects. This
memorandum provides the list of final COPECs recommended to be carried forward and
investigated further in the LHAAP BERA, and summarizes the approach that was used in their
determination.
Because the final COPECs were selected based on approaches agreed upon during extensive
dialogue with LHAAP stakeholders (including formal Response to Comments on the previous
Step 3 Report, and additional meetings and conference calls), it is anticipated that consensus on
the final COPECs can be reached and the BERA can proceed with minimal delay. However,
the Army wishes to encourage additional questions or dialogue regarding the COPEC selection
process after this memorandum is reviewed to ensure that stakeholders are comfortable with
the final COPEC selection. This is particularly important given the fact that stakeholders
agreed to this “Interim Deliverable” as the mechanism to convey the list of final COPECs,
rather than review all the details and complexities of the selection process that were described
in the previous Step 3 Report for this site, and will be presented in the forthcoming Step
3/BERA combined report (anticipated to be submitted late in 2006). It is anticipated that a
conference call will be arranged to discuss the final COPEC list discussed herein.
The selection of final COPECs followed the general procedure described in the document titled
Step 3 Report for the Installation-Wide Ecological Risk Assessment, Longhorn Army
Ammunition Plant, Karnack, Texas (Shaw, 2004), as modified by extensive discussions and
agreements reached among LHAAP stakeholders since the Step 3 report was submitted in
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November, 2004. The first step in the identification of final COPECs involved a conservative
screening step, in which all detected chemicals in site media were compared with conservative
benchmark concentrations (note: the screening benchmarks for soil were updated such that
EPA Ecological Soil Screening Values were used as the primary benchmark concentrations,
per a request made by EPA Region 6, and updated surface water, sediment and soil screening
values from TCEQ [2005]). Any chemical whose source-term concentration exceeded the
benchmark concentration (in addition to chemicals that lacked benchmarks) was considered an
“initial COPEC”, and carried forward to the COPEC refinement (i.e., Step 3 of the 8-Step
process). Essential nutrients and chemicals detected infrequently (i.e., less than 5 percent
detection frequency) were generally not carried forward, although an additional evaluation of
infrequently detected chemicals was conducted at the request of stakeholders to ensure that
infrequent detections did not consist of a potential hotspot. Several chemicals were placed
back in as initial COPECs following this exercise. All bioaccumulative chemicals (as listed in
TNRCC, 2001) detected in site media were retained as initial COPECs regardless of the
screening results.
The large numbers of chemicals selected as initial COPECs were then evaluated using multiple
lines of evidence, which included the following:
1. A direct toxicity evaluation for receptors at the base of the food chain (i.e., plants,
earthworms, aquatic life) which consisted of a comparison of upper-bound (e.g., 95%
upper confidence limit [UCL] and average media concentrations to multiple
benchmark values protective of the target receptors;
2. A desktop food chain model to estimate risks to potentially impacted feeding guilds;
3. A background evaluation in which several statistical and non-statistical approaches
were used and considered to determine if a chemical was naturally occurring or present
at ambient levels;
4. Consideration of alternate exposure and toxicity assumptions, and
5. A spatial analysis of elevated concentrations of COPECs.
Table 1 presents a summary of the final COPEC selection for all media. Tables 2 through 4
provide the selection matrix for final COPECs in soil, sediment, and surface water,
respectively, for chemicals in each terrestrial sub-area (Industrial, Waste, and Low Impact) or
watershed (Goose Prairie Creek, Central Creek, Harrison Bayou, and Saunders Branch).
Candidate chemicals for final COPEC selection in Tables 1 through 4 included initial COPECs
that had at least one ecological effects quotient (EEQ, also known as a hazard quotient, or HQ)
for any modeled measurement receptor that exceeded 1; because of the conservative nature of
the food chain model, chemicals with EEQs below 1 for all receptors were considered
innocuous, and not considered further, unless direct contact hazards were noted. It should be
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emphasized, however, that EEQs (HQs) are not risk measures 1 . As such, risk managers must
understand the true nature and uncertainties of the EEQ concept prior to making
a recommendation for a remedial action for chemicals that exceed a value of 1.0.
A description of each line of evidence is provided below. Further information and details
supporting any individual chemical’s selection or rejection as a final COPEC can be provided
to LHAAP stakeholders upon request.
All medium-specific EEQs are below 1:
If the calculated EEQ for a given chemical and a given feeding guild was less than one, then
that chemical was not considered a COPEC for that feeding guild. EEQs for a given chemical
were summed across all media and pathways in the food chain model to estimate the total EEQ
associated with that chemical for that receptor. Although this approach is appropriate because
it takes into account hazard from all media to which a receptor is exposed, it must then be
determined which medium or media is responsible for the EEQ exceedance. Therefore, even if
the total EEQ for a chemical exceeds 1, contributions to the EEQ from one or more media may
be zero, or negligible (i.e., less than 1). For example, if the EEQ for barium for a raccoon is
above 1, but nearly the entire hazard is associated with contact with sediment rather than soil,
then barium was not selected as a final COPEC in soil based on the Raccoon exposure
(assuming the contribution of all soil-associated pathways to the EEQ is less than 1).
It should be noted that EEQs for all receptors were calculated based only on the no-observedadverse-effect-level (NOAEL) toxicity reference values (TRV). Previous versions of the Step
3 refinement (Shaw, 2004) had used lowest-observed-adverse-effect level (LOAEL) TRVs as
well, but these were considered unacceptable by EPA Region 6, and were not used in the
current approach for COPEC refinement. Per agreements with LHAAP stakeholders, the list
of measurement receptors used in the previous Step 3 Report (Shaw, 2004) was expanded to
include a Townsend’s Big-Eared Bat as a surrogate for the state-threatened Rafinesque’s BigEared Bat. Also, a second, “modified” raccoon was included as a measurement receptor to
represent the Louisiana Black Bear. For this modified raccoon receptor, changes were made in
the exposure assumptions to more closely resemble the bear’s life history characteristics.
Majority of EEQs for measurement receptors are below 1:
If a chemical had very low magnitude EEQ exceedances for just a few receptors, and/or if
professional judgment indicated that these EEQs would be reduced to less than 1 if more
realistic assumptions were made, then a recommendation was sometimes made not to include
the chemical as a final COPEC. Although there is some uncertainty involved with this
approach, because of the conservative nature of the food chain modeling, it is expected that
EEQ exceedances over 1 for only one or two receptors at very low magnitudes are unlikely to
1

U.S. Army Center for Health Promotion and Preventive Medicine, on behalf of the Army.
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represent a realistic threat to wildlife, particularly because many of the model inputs are likely
to overestimate the dose or toxicity of a given chemical.
The chemical is considered background-related:
If a chemical was considered to be present in site samples at concentrations consistent with
background concentrations, then it was not considered a final COPEC. Numerous statistical
and non-statistical approaches were applied to chemicals to determine if they were naturally
occurring (metals) or present at ambient levels in the environment (some organics, such as
pesticides). These approaches included:
•
•
•
•

A “bright line” comparision, for which a chemical’s maximum concentration was
compared with the chemical’s representative LHAAP-specific background
concentration (either a upper-tolerance limit [UTL] or upper predication limit [UPL]);
A Wilcoxon Rank Sum (WRS) test, which is a non-parametric statistical test for
whether the site and background samples are from the same population;
A geochemical evaluation (for metals only) that is designed to overcome some of the
weaknesses of the bright-line and WRS tests by identifying samples that have
anomalous ratios when compared with other trace elements;
Box-and-whisker plots that show the maximum, upper quartile, median, lower quartile,
and minimum concentrations for both site and background concentration ranges

All statistical approaches inherently have the potential to result in “false-positives”, i.e., the
determination that background and site data are significantly different. One of the advantages
of the geochemical approach is that it avoids false-positives by evaluating data based on pure
geochemistry. On the other hand, even if contamination is observed in the geochemical
analysis, overall concentration levels may be lower than ambient background concentrations
(i.e., the UTL or UPL), which would indicate that ecological receptors are not being exposed to
concentrations greater than on unimpacted areas in the local vicinity. Therefore, all lines of
evidence were considered when determining whether a chemical was considered backgroundrelated. Typically, multiple lines of evidence were available to support the determination that a
chemical was background-related. However, the finding that a chemical was backgroundrelated by any one of the major approaches (i.e., geochemical, bright-line comparison, or WRS
test) was usually considered adequate evidence that chemical concentrations were not present
at significantly elevated concentrations—particularly if there were other, non-background
related lines of evidence supporting this conclusion-- and the chemical was not included as a
final COPEC.
The following changes from the Step 3 Report (Shaw, 2004) were made to the background
approach for the refinement of COPECs based on recent discussion and agreements with
LHAAP stakeholders:
4
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•

Background (i.e., UTL or UPL) and ecological screening values were added to all
geochemical ratios plots;

•

A least squares regression analysis was conducted on the geochemical plots for a
limited number of chemicals. Only chemicals for which background was a key
justification for elimination as a final COPEC were subjected to the least squares
analysis. The results of this analysis were not considered relevant for the purposes of
interpreting the geochemical relationships, however, and did not affect the conclusions
of the geochemical evaluation;

•

All chemicals that would have been selected as final COPECs if they had not been
identified as background-related were retained in a list of “Background COPECs” that
will be carried forward to further steps of the risk assessment. These chemicals will not
be included as chemicals requiring further investigation in the BERA, but will also not
be eliminated entirely at the COPEC refinement stage (i.e., Step 3). Rather, they will
be presented in Step 7 (Risk Characterization) for consideration by risk managers.

Use of more appropriate alternate uptake factors and/or toxicity reference values (TRV):
If the use of alternative uptake factors or TRVs that were considered more appropriate than the
ones used in the original food chain model resulted in EEQs less than one, then the chemical
was generally not considered a final COPEC. During the food chain modeling exercise, when
multiple uptake factors (i.e., multipliers used to estimate accumulation of a chemical in plants
or animals) or TRVs (i.e., intake doses associated with no-effect observations for a certain type
of organism) were available for a given chemical, a conservative value was always selected.
This was done to protect the overall conservativeness of the food chain model. However, in
some cases the selected uptake factor or TRV was not a realistic value given the conditions
likely to be present in the environment at LHAAP. For example, the TRV that was used to
estimate the effects of lead on birds was based on a study that used lead acetate. Metals
complexed to organic molecules are known to enhance bioavailability in oral diet studies.
Therefore, the use of an alternative TRV based on metallic lead was used to estimate food
chain hazard as well, because lead in a metallic or inorganic form is much more likely at
LHAAP. If the EEQs using more appropriate or realistic values were close to or below 1,
potential risk associated with the chemical was considered acceptable, and the chemical was
often not recommended as a final COPEC requiring further study.
An additional source of data (that was not available when the previous Step 3 report was
issued) regarding the uptake of chemicals from surface water and sediment into fish was used
in this iteration of the COPEC selection. In the previous Step 3 Report (Shaw, 2004), potential
impacts resulting from the bioaccumulation of chemicals from surface water and sediment to
fish were estimated by first modeling concentrations in fish tissue, and then comparing the fish
tissues to Critical Body Residues (CBR) associated with potential adverse effects. For the
5
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surface water pathway, concentrations were modeled for the fathead minnow using a surfacewater-to-fish bioconcentration factor. For the sediment pathway, concentrations were modeled
for the brown bullhead catfish and estimated using the computer software TrophicTrace®. In
2004, USEPA Region 6 and TCEQ conducted a study to determine contaminant residues in
fish from Caddo Lake adjacent to LHAAP (USEPA, 2004). One of the sampling locations of
this study was the Goose Prairie Creek drainage area into Caddo Lake. This area was
determined in the previous Step 3 Report to be one of the most impacted areas with regards to
the transport and deposition of sediment containing elevated concentrations of chemicals from
possible on-site sources. By comparing fish tissue concentrations presented in the USEPA
(2004) report with modeled fish tissue concentrations from surface water and sediment, it
could be determined if the modeling overestimated fish tissue COPEC concentrations used in
the previous Step 3 Report. In most cases, the modeling used in the previous COPEC
refinement step overestimated actual concentrations by a large amount (e.g., overestimation by
a factor of 40 or more was not uncommon). Therefore, the CBR conclusions from the previous
Step 3 Report were re-examined in light of this new information during this iteration of
COPEC refinement. Thus, some conclusions regarding possible impacts resulting from
bioaccumulation in fish were reversed if the EPA (2004) data indicated that bioaccumulation
did not appear to be problematic for the particular chemical based on field observations.
Spatial analysis:
Chemicals that were sporadically detected or were detected in no discernable pattern were
often not considered final COPECs. Sample locations with elevated concentrations (i.e.,
concentrations exceeding the ecological benchmark concentration and/or background
concentration) of a given chemical were plotted on a map. Chemicals with grouped locations
of elevated detections were given more weight for being selected as final COPECs, because
grouped locations may be indicative of a CERCLA-related release, and also because they
represent localized areas of elevated concentrations (i.e., “hot spots”) that are more likely to be
encountered regularly by ecological receptors. Chemicals that had elevated detections that
were scattered and at a low frequency were given less weight for being selected as COPECs, as
this type of spatial pattern is not suggestive of a release, and chances are reduced that
ecological receptors (particularly “small-range” receptors, whose limited home range would
preclude their exposure to multiple sampling locations with elevated concentrations) would
regularly encounter the elevated concentrations.
Direct contact evaluation:
In addition to the food chain modeling, which was conducted for the purposes of estimating
potential hazards associated with ingestion of prey for receptors in the middle and upper
trophic levels of the food web, a direct contact evaluation was conducted for terrestrial (i.e.,
plants and earthworms) and aquatic (i.e., water fleas [daphnids]) organisms at the base of the
food chain. The direct contact evaluation was conducted by comparing upper-bound (Tier 1)
and average (Tier 2) concentrations of COPECs in soil, sediment, and surface water to
6
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benchmark concentrations from multiple sources protective of base-of-the-food chain
organisms. Special attention was paid to surface water chemicals that exceeded State- or
Federally- promulgated criteria. If a surface water chemical exceeded promulgated criteria, it
was selected as a final COPEC, unless it was determined to be background related. A projectspecific agreement has been made with LHAAP stakeholders to include organisms at the base
of the terrestrial food chain (e.g. terrestrial invertebrates and terrestrial plants) as assessment
endpoints (defined in USEPA, 1997 as “an explicit expression of the environmental value that
is to be protected”) in the ecological risk assessment, but chemicals would not be proposed as
final COPECs if terrestrial benchmark exceedance was the only reason for their selection.
Therefore, the direct contact evaluation was used as a line of evidence as to whether a chemical
should or should not be carried forward as a final COPEC into the BERA, but no chemicals
were selected as final COPECs solely because of this evaluation.
Additionally, the bioaccumulation of COPECs in sediment and surface water to fish tissue was
modeled, and these estimated tissue concentrations were compared with critical body residues
(CBR) associated with potential adverse effects in fish. As an addition to the original Step 3
Report (Shaw, 2004), measured fish tissue COPEC concentrations were compared to modeled
fish tissue concentrations to estimate the accuracy of the modeled CBR HQs.
Other considerations:
Other considerations were also taken into account when selecting final COPECs. For example,
following normal operating procedures at the time, pesticides and herbicides were historically
applied throughout the installation to limit nuisance species, and are ubiquitous at low levels in
the environment. If a pesticide was present at multiple locations, but no concentration gradient
was observed that might suggest a spill or other type of release (other than normal historical
applications according to the manufacturers recommendations), the determination may be
made that the chemical is present at ambient concentrations, and it is not feasible or practical to
carry it forward as a final COPEC.
SUMMARY OF FINAL COPECs
The following chemicals are considered final COPECs, and will be targeted for further study in
the BERA. An asterisk (*) indicates that the chemical was selected as a final COPEC in the
previous Step 3 Report (Shaw, 2004):
SOIL
Industrial Sub-Area
• Cadmium
• Chromium
• Zinc
• Perchlorate (*)
7

00051219

Waste Sub-Area
• Barium (*)
• Chromium
• Lead (based on new data from Pistol Range)
• 2,4-DNT (*)
• 2,6-DNT (*)
• TNT (*)
• Dioxins (*)
Low Impact Sub-Area
• None selected
Perchlorate was selected in the previous Step 3 Report (Shaw, 2004) as a final COPEC in soil
in the Waste and Low Impact sub-areas. However, hazards associated with perchlorate were
not calculated during the previous version of the COPEC refinement step, and perchlorate was
retained as a COPEC because of the uncertainty involved. For this version of the COPEC
refinement, enough data in the literature were identified for the calculation of EEQs, and only
receptors in the Industrial Sub-Area were predicted to have unacceptable risk.
SEDIMENT
Goose Prairie Creek
• Lead (*)
• Mercury (*)
Central Creek
• None selected
Harrison Bayou
• None selected
Saunders Branch
• None selected
Zinc was selected in the previous Step 3 Report (Shaw, 2004) as a final COPEC in sediment in
the Goose Prairie Creek watershed due to bioaccumulation in fish. However, findings from
recent field investigations (USEPA, 2004) show that zinc concentrations previously estimated
in fish tissue (and the associated CBR EEQs) were highly overestimated using the
bioaccumulation modeling approach (e.g., one order of magnitude overestimation). Therefore,
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the revised conclusion for zinc is that bioaccumulation in fish is not significant, and it is not
necessary to include zinc as a final COPEC in sediment.
SURFACE WATER
• No final COPECs selected
Barium and dioxin were selected as final COPECs in the Harrison Bayou watershed in the
previous Step 3 Report (Shaw, 2004). During the current iteration of Step 3, barium was
screened out during the benchmark screening stage due to an updated (i.e., higher) TCEQ
(2005) benchmark screening value. Dioxin was previously selected as a final COPEC due to
modeled concentrations in fish, which were ingested by various measurement receptors (e.g.,
the River Otter). However, in light of the recent field data and analysis presented in the
USEPA Region 6 (2004) fish sampling report, this exposure pathway was not considered to be
of concern. Although dioxins were found in all whole fish samples collected, the report found
that dioxins were generally higher in the Clinton Lake (i.e., the control area) fish, and some
dioxin congeners were only detected in fillet samples from fish caught in Clinton Lake. Edible
fillets harvested from fish collected at both Harrison Bayou and Goose Prairie Creek were nondetect for dioxins. Because the only detected dioxins in edible tissue were harvested in the
control area upstream of LHAAP, the report suggests that LHAAP is not the likely source for
dioxins in the edible tissue. These findings suggest that dioxin in fish tissue is present at much
lower concentrations than were estimated in the Step 3 food chain models, and that sources not
related to historical processes at LHAAP are the primary contributors to the low levels of
dioxin detected in fish tissue. Therefore, although the current food chain model again
indicated some possible risk to measurement receptors as the result of fish ingestion
(particularly in Harrison Bayou), the results of the USEPA Region 6 (2004) indicate that this
pathway was overly conservative, and dioxin was not selected as a final COPEC in the
Harrison Bayou watershed.
SUMMARY OF CHEMICALS PLACED ON THE BACKGROUND LIST
COPECs put on the Background List, to be considered during Step 7 by risk managers, are as
follows:
SOIL
Industrial Sub-Area
• Aluminum
• Vanadium
• Dioxins
Waste Sub-Area
• Aluminum
9
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•
•
•

Cadmium
Vanadium
Zinc

Low Impact Sub-Area
• Vanadium
SEDIMENT
Goose Prairie Creek
• Aluminum
• Silver
• Thallium
Central Creek
• Aluminum
• Thallium
Harrison Bayou
• Aluminum
• Thallium
Saunders Branch
• Aluminum
• Vanadium
SURFACE WATER
Goose Prairie Creek
• Aluminum
• Copper
• Iron
• Lead
Central Creek
• Aluminum
• Cadmium
• Copper
• Iron
• Lead
10
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Harrison Bayou
• Aluminum
• Copper
• Iron
• Lead
Saunders Branch
• Lead
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Comment Resolution Meeting, Installation-Wide Ecological Risk
Assessment, Longhorn Army Ammunition Plant (LHAAP)
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Texas Center for Environmental Quality (TCEQ) Headquarters, Austin
Texas

Date Held: February 9, 2006
Date Issued: Final Minutes (March 31, 2006); Draft Minutes (February 20, 2006)
Meeting Attendees:
Shaw Environmental
David P. Cobb (DPC)
Jon Lindberg (JL)
Praveen Srivastav (PS)
Mark Weisberg (MW)
USACE-Tulsa
Cliff Murray (CM)
Susan Trussell (ST)
TCEQ
Alan Etheredge (AE)
Vickie Reat (VR)
TPWD
Charles (Chip) Wood (CW)

TGLO
Keith Tischler (KT)
USFWS
Paul Bruckwicki (PB)
USEPA Region 6
Susan Roddy (SR)
Chris Villarreal (CV)
USEPA – Superfund
Marc Greenberg (MG)
(Via Phone)
BRAC
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Final minutes prepared by Shaw on behalf of the USACE, taking into consideration comments
received from participants on the draft minutes.
Meeting participants are referred to by initials (e.g., “MG” = Marc Greenberg).

Regulatory agencies and other stakeholders, met with Army and Shaw representatives at
TCEQ headquarters in Austin, Texas on February 9, 2006. The primary purpose of the
meeting was to discuss the stakeholders’ comments on the Installation-Wide Step 3 Ecological

00051235

Risk Assessment report. Rather than focus on individual comments, the meeting covered major
issues that were the focus of many of the comments. A summary of the major agreements made
at the meeting is provided at the end of the minutes.
The following files are submitted as attachments to these minutes:
1) The agenda for the meeting
2) The power point presentation by Shaw presented at the meeting

[Introductions]
DPC – The point of this meeting is to go through the larger issues on the Step 3 Report so that
we can move forward. We won’t be able to cover all comments, but we want to leave here
with a clear path forward.
CV – I see CHPPM is not represented at this meeting. What is their role now?
RZ – It is primarily to monitor progress and compliance with Army policy and guidance.
PS - To summarize where we are, the Longhorn Ecological Risk Assessment Step 3 Report
was submitted in November of 2004. We have worked out many of the issues, and have tried
to move forward with the remaining issues through the response to comments and the other
meetings. The last meeting was in July 2005 that was not attended by Shaw because the PBC
procurement was in progress.
MW – The first issue is the use of alternate toxicity reference values (TRV) in Step 3. We will
provide additional justification in the Step 3 report for chemicals such as lead (e.g., we will
present technical information as to why metallic lead as opposed to lead acetate is appropriate
for use as a TRV at this site). For chromium, we agreed to use a 6:1 Cr+3 to Cr+6 ratio, and if
hazards exceeded acceptable criteria, we’d go out and obtain some speciation data to calculate
a site-specific ratio. We did look at the chromium data, and there were elevated detections
near possible chromate source areas, so we are currently planning on collecting some
speciation data. A work plan has been written and will be presented to the regulators shortly.
9 There was general agreement on this approach
MW - The next issue is the use of LOAELs in Step 3. Rather than taking the arithmetic mean
of hazard quotients (HQs) calculated using TRVs based on the no-observed adverse effect
level (NOAEL) and the lowest-observed adverse effect level (LOAEL), we are planning to use
the geometric mean of these two values, which is consistent with the mid-point node as
described in the “Rule of 5” approach.
MG – How will the Rule of 5 be used? That approach is for developing cleanup levels, not
calculating HQs.
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JL – We understand that it is used for calculating preliminary remediation goals (PRGs) that
are protective of a concentration between the NOAEL and the LOAEL. However, we are
using it at the HQ stage because if a chemical has an HQ less than 1 using a TRV that is
“weighted” by using the geometric average of the NOAEL and the LOAEL, then what that
means is that the exposure concentration is lower than the concentration that would ultimately
be calculated using the “Rule of 5” approach at the PRG calculation stage. Therefore, these
chemicals don’t have to be carried forward as COPECs.
MG – The Rule of 5 is not to be used at Step 3. Just because you “think” a chemical below a
LOAEL TRV is not a problem, doesn’t mean you can screen it out.
There are three “bins” that you can put your COPECs into at the end of the ERA. One bin is
the “no unacceptable risk” or “acceptable risk” bin, where you can put chemicals that occur
below screening values that have an HQ < 1 using a NOAEL TRV, etc. The second bin is an
“indeterminate bin”. These are chemicals whose dose falls between the NOAEL and the
LOAEL. You may or may not have to calculate PRGs for these chemicals. Then you have
your “unacceptable bin” that has chemicals that are clearly a problem and require PRG
calculations in a baseline ecological risk assessment (BERA). Another thing you can do is
look at where your unacceptable chemicals are. If they overlap areas where the indeterminate
chemicals are, you may be able to focus on the unacceptable ones and assume that if you clean
up for them, you also clean up for the other ones that are questionable.
MW – That’s essentially what we do in Section 10 of the Step 3 report. We discuss each
chemical and recommend if it’s a potential risk driver for additional evaluation.
MG – This Step 3 report really needs to be repackaged as a full BERA. It has nearly all the
components, except for the calculation of PRGs.
MW – We considered doing that, but the stakeholders disagreed in the past. There are many
conservative assumptions in the Step 3 report, such as the use of upper-bound uptake factors.
Any PRGs that we calculate at this stage would be very conservative. We would like to have
the option of collecting site-specific data to allow the calculation of more realistic PRGs.
MG – The question for the risk managers is this: Is it more efficient to do the PRG calculations
now as part of a BERA, without any additional field work. Keep in mind that the PRGs aren’t
action levels. Those cleanup levels can be modified at the Feasibility Study (FS) stage when
the NCP’s 9 Criteria are applied.
MW- What else would we need to include if we re-packaged this as a BERA? Right now, we
think we’ll definitely need to go out and collect more field data for some chemicals. Would we
submit the new BERA, and then refine the PRGs in another deliverable after the field work is
finished?
PS- Also, we are not going to have a separate FS for eco risk assessment. The FS documents
are organized around individual sites.
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MG – This is just one option for moving forward. Step 3 would be part of the BERA. EPA is
more likely to accept less conservative assumptions if we move into a BERA.
PS – What would trigger us to move into a BERA? For which chemicals? What would be the
trigger for going out and collecting more data?
MG – Keep in mind that PRGs are risk-based values. They are not final cleanup levels.
MW – That is true, however, ecological PRGs developed during a BERA would not be revised
at the FS stage, they would just be considered along with the 9 balancing criteria used during
the FS evaluation of remediation alternatives in the selection of the final cleanup levels.
VR – What would this change to a BERA approach entail?
MG – You basically have all the information you need, except for risk characterization (Step 7
of the 8-Step ecological risk process). For chemicals that don’t have a TRV, you can’t
calculate risk, and you just write up a narrative stating that risks for the following chemicals
cannot be quantified and you’re done (no PRGs are needed). For Indeterminate chemicals,
these require some risk characterization. For Unacceptable chemicals, PRGs need to be
calculated. Also:
-

-

The Step 3 Report is a good approach, but it’s a hybrid report.
Apply chemical-specific LOAELs to chemicals that lack them (e.g., use phenanthrene’s
LOAEL as a surrogate for all PAHs, etc.). This is done within a particular chemical
class where the mode of action for those chemicals is the same (e.g., non-polar narcosis
assumed for PAHs).
EPA is willing to use less conservative values (e.g., use of upper-bound rather than
maximum uptake factors) if you do a BERA.
One thing missing is a data quality objective (DQO) process for selecting where your
risk drivers are.

MW - Well, this discussion of changing our approach from a Step 3 report to a BERA is a bit
of a surprise. Let’s move on for now and come back to this topic after we discuss the other
major items on today’s Agenda.
9 Shaw agreed to consider re-packaging the current Step 3 Report as a BERA.
MW - The next issue is EPA’s request for the use of maximum values in Step 3. We had
stated in our response to comments that we will add a third “tier” to the food chain models that
will use maximum uptake factors to satisfy EPA Region 6, but decisions regarding selection of
final COPECs will still be made based on the use of upper-bound values.
MG - The assumptions in the Step 3 should be the same as for the BERA.
MW – We tried that, but EPA disagreed with this approach and wanted us to use maximum
values.
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SR – I have changed my mind about that. You may use upper-bound rather than maximum
uptake factors. Just don’t use averages. I would prefer if you didn’t even present results based
on average values.
MW – We didn’t use the information from the Tier 2 (i.e., average) food chain models to make
decisions, but we wanted to retain them for information purposes. They provide information on
the lower end of the risk range, and this information is valuable for risk managers to consider.
JL – Perhaps we can present the Tier 2 results in an Appendix, separate from the main report.
The following points were agreed to:
9 Upper-bound (such as 90th percentile BCFs), rather than maximum uptake factors
may be used in Step 3 (and carried forward into the BERA);
9 The Tier 2 (or “average”) food chain model results will not be used for decision
making, and may be placed in an appendix.
9 The report will be revised to make the approach used as clear and transparent as
possible.
MW – The next issue is the selection of organisms at the base of the food chain as assessment
endpoints. In our comment responses, we will agree to add plants and earthworms as
assessment endpoints, but the Army will not clean up solely for them. So we would not pursue
further (field) investigation at areas whose only risk exceedances are for plants and
earthworms. We would also limit the use of toxicity testing for these organisms.
JL – We would collect and present any toxicity information that is obtained from
bioaccumulation tests, which are anticipated as being necessary at some sites, but we will not
do toxicity tests solely for the purpose of developing cleanup levels for earthworms.
MG – You need to present documentation of potential risk to plants and earthworms in the risk
assessment. We understand you won’t develop PRGs for them. Add them as assessment
endpoints, compare them to literature values, and that’s all you have to do. We agree that you
won’t need to go forward to calculate PRGs for protection of these organisms and clean up for
them
The following points were agreed to:
9 Plants and earthworms will be included as assessment endpoints;
9 A risk management decision will be made to drop any chemical that is only a final
COPEC because it exceeds plant and earthworm benchmarks (e.g., the NOAELbased HQ in the food chain model is equal to or below 1 for all measurement
receptors);
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9 Language will be added in the Step 3 and the Step 7 portion of the document that
this agreement (risk management decision) has been made by the project team.
9 The Army will not perform cleanup for chemicals that exceed risk criteria only for
earthworms and plants.

MW – The next topic is the use of background evaluation in the Step 3 report. We have agreed
to retain the list of chemicals that are background-related in the Step 3 report, and present them
again in the BERA. But we will not quantitatively evaluate them any further past Step 3.
MG – You must characterize both site and background risk.
MW – We already quantify risk in Step 3. The removal of background COPECs isn’t done
until Section 10, after the risk has been calculated.
MG – You must present the risk associated with background chemicals separately, in Step 3
and Step 7. Then in Step 8, the risk managers will make the final determination regarding
what to do with the chemicals that are associated with background.
JL – Since we have already calculated the risk associated with background chemicals, we can
simply summarize it in Step 7.
MW – But we would need to get agreement from the regulators on our list of background
chemicals at the end of Step 3, because we would not plan to do further evaluation or sampling
for these chemicals in the BERA. We currently use statistics, including the Wilcoxon Rank
Sum (WRS) test, comparisons to a “bright line” (i.e., an upper tolerance limit [UTL] or upper
prediction limit [UPL]), box plots, and a geochemical evaluation. We’ve already agreed to add
screening values and background concentrations to the geochemical plots.
MG – You should also consider doing a least squares regression on the geochemical plots to
determine the amount of “scatter”, and whether the linear relationship is strong. If correlation
coefficients (i.e., r2 values) are high, then there is greater confidence in the relationship. There
is no “rule” as to how high the r2 value needs to be, but an r2 value of 0.8 may be considered an
indicator of a strong relationship. There is some information in the Navy risk assessment
guidance on this issue. John Fern of EarthTech, Inc. (Oahu office) may also be a resource.
MW – Our geostatisticians have cautioned against mixing statistics and geochemical plots.
There are a number of issues that can result in artificially low r2 values. For example, plotted
points that represent non-detects fall well off the linear trend. You may also have outliers that
lower the r2 value.
MG – You can use a statistical test to determine outliers, and then remove them. There are
also statistical methods in EPA guidance that recommend different approaches for handling
data depending on the percentage of samples that are non-detect.
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MW – How would we get consensus from all stakeholders on which chemicals are background
so that we can move forward with work plans, the BERA, etc.?
PS – We could have a separate call on the topic, exchange emails, etc. It’s difficult to get
everyone in one place for a meeting.
9 Shaw agreed to consider adding least-squares regression results to the
geochemical plots.

***BREAK***

MW – There are a number of issues that we believe everyone has previously agreed upon, but
we wanted to bring them up one last time to be sure. They include the following:
-

Use of Sub-areas to spatially organize the site;
Use of 0-3 feet as the soil depth;
Use of bootstrapping to calculate 95% upper confidence limits (UCL).

MG – Take a look at the statistical methods proposed in EPA guidance, as well as a new
statistical book written by Dennis Helsel, and make sure you can defend the bootstrap
technique. Make sure you’re consistent with the guidance.
9 There was general agreement on these approaches.
VR – I’m still a little concerned about your sensitivity analysis for small- and large-range
receptors.
JL – As we’ve mentioned before, we tried to do an analysis for large range receptors where we
combined risks from multiple sub-areas and watersheds. However, there are an infinite
number of combinations of overlapping spatial areas that a receptor could be exposed to.
Therefore, we thought it would just be simpler to set the area use factor (AUF) equal to 1 for
large-range receptors. We’ll take another look at our small-range receptor sensitivity analysis.
MW- The next issue is the sediment to fish pathway. EPA and TCEQ felt we may not have
adequately covered this pathway in our food chain modeling. We intend to use the fish tissue
data from the EPA/TCEQ study to show that our modeling actually over-estimates tissue
concentrations, and is protective.
VR – The fish tissue study used fish captured in the cove (adjacent to stream discharge
locations). You must describe in your report why you think those fish are representative of
fish that may be found in the streams on-site. Discuss the species of fish, life history,
concentrations of chemicals in the sediment, etc. to make your case. You also need to show
that your chemicals of concern overlap with chemicals that were sampled for in fish.
MW – Agreed.
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MW – The next topic is the use of frequency of detection (FOD). To summarize, we have
agreed in previous meetings to eliminate chemicals completely with less than 3% FOD, and to
spatially plot chemicals with 3-5% FOD to see if there’s a potential hot spot. We’ve already
done this, and we have brought back in a few chemicals with less than 5% FOD that appeared
to have clustered detections.
MG – Make sure you look to see if the detected concentrations exceed benchmarks. If they
don’t, you don’t have to worry about them.
MW – Right, these are chemicals that have already been compared to benchmarks, so by
definition they exceed them.
SR – I’m comfortable with this approach.
MG – As an alternative to spatial analysis, you can look at the maximum detected
concentration (MDC). If the MDC is not more than 30% greater than the benchmark screening
value, that chemical can be dropped. This has been used by EPA Region 6 in the past. The
rationale behind it is that environmental data varies by about 30%. Keep in mind that this
approach is only to be applied to compounds for which the frequency of detection is at or
below 5% of the samples.
MW – OK, we will consider this option, although, as I already stated, we have already
completed the spatial plots.
MW – The next topic is the use of spatial evaluation as a criterion to eliminate COPECs. In
the Step 3 report, the adopted approach was that if elevated hits for a chemical were scattered,
then there is unlikely to be a discrete source area or regular exposure to receptors, and that
chemical was not proposed to be carried forward. We will de-emphasize the spatial
relationship of sediment and surface water exceedances to address comments. This approach is
only used as part of a weight of evidence argument, and was used in conjunction with other
lines of evidence to refine the COPEC list.
MG – We are willing to entertain this approach as long as the risks associated with the
chemicals are calculated first.
MW – Right. That’s what we do in the Step 3 report
VR – This sounds reasonable as long as it’s part of a weight of evidence. I agree with the deemphasis on the sediment and surface water relationship. You also have to be careful to make
sure that any isolated detections are truly isolated, and not simply an artifact of your sampling
plan.
MW – The next thing we’d like to discuss is the evaluation of the Louisiana Black Bear (LBB)
as a threatened species.
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CW – The populations of LBB are on the increase in east Texas. We would prefer the bear be
retained in the risk assessment, using conservative assumptions.
MG – The cleanup goals would reflect exposure using one of the surrogate species modeled in
the risk assessment, probably the raccoon.
JL – We have recent information that TPWD indicates the LBB isn’t present on site.
CW – You must be able to state that the habitat useable by the LBB isn’t present on site. You
would have a difficult time doing that for this installation.
MG/SR – Do NOT add a bear as a receptor. EPA does not evaluate endangered species using
the species itself. Use one of your other receptors as a surrogate, and alter the exposure
parameters to be protective of the LBB.
There was some confusion at this point as to how the raccoon’s exposure parameters should be
adjusted. It was made clear that exposure parameters must be within the range of the
raccoon’s. For example, if the home range for the raccoon is 5 to 815 hectares, the raccoon
as surrogate for the LBB must be within this range, but it was unclear if the value should be
conservative overall (i.e., closer to 5) or more representative of the LBB (i.e., closer to 815).
MG – EPA’s preference is to complete the model for sensitive species in a conservative
manner. Then, if the assumptions used are considered to be too conservative for the LBB, the
final cleanup goal can be adjusted to be less conservative at the FS stage.
JL/MW – Our preference would be to select raccoon exposure factors that are more similar to
the LBB (but within the range of the raccoon).
MG – You can do it that way, but then that raccoon surrogate won’t be protective of other
mammals that may have greater exposure (i.e., smaller home ranges). And you may have to
adjust the final eco cleanup level lower rather than higher.
MG – You also want to describe the habitat for the LBB, and whether it exists on site.
VR – TCEQ and EPA rely on USFWS and TPWD to determine what sensitive species are in
the area.
CW – It’s fine to say in the risk assessment that the bear is “potentially present”. You just
need to be able to defend why you evaluate the LBB in whatever manner you choose.
MG – Our preference is to do the risk assessment as planned, and let the risk managers settle
what the final eco cleanup level should be. If you do it conservatively, it will be recognized
that you have been good environmental stewards. Also, USFWS may conduct a formal habitat
assessment for the LBB in the future.
MW – Are there any other species of concern that need to be discussed?
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RZ – If there are, the Army must be made aware of them formally.
MW – The alligator snapping turtle we know has been historically confirmed on site, and
comments from USFWS indicate that habitat for the timber rattlesnake may be present,
however, USFWS (Craig Giggleman) has never seen any documented evidence that timber
rattlesnakes occur on the site 1 . Based on this, we plan on addressing these two species
qualitatively. Anything else?
MG – How are you addressing amphibians? Qualitatively?
MW – Yes.
MG – OK.
PB – The Rafinesque’s Big-Eared Bat has recently been identified on-site. It is a state-listed
threatened species. Meg Goodman of TPWD has details. The bat has been documented at Site
49, at the bunkers near the old test area, and at the house at Star Ranch.
VR – A surrogate receptor would be needed for this listed species.
MW – OK, perhaps we could add a non-listed bat measurement receptor since none of our
current receptors are very similar to a bat. The closest is probably the shrew, but the shrew
eats earthworms and the bat eats moths. There is a lot of uncertainty with modeling uptake to
moths.
MG – Because it’s state-listed, you may be able to just mention it qualitatively.
The following points were agreed to:
9 The raccoon will be used as a surrogate for the LBB. Exposure parameters within
the range of the raccoon will be selected, but will be modified for the evaluation of
the LBB. Shaw will determine whether to select conservative exposure
parameters, or more realistic exposure parameters for the LBB evaluation, with
the understanding that their decision may affect the final selection of cleanup
values;
9 The alligator snapping turtle and timber rattlesnake will be addressed
qualitatively in the report;
9 The Rafinesque’s Big-Eared Bat will be evaluated either qualitatively or
quantitatively as a state-listed threatened species.
MW – OK, the next item is the use of 15th percentile hardness values, which is an issue that
was brought up by TCEQ. That criteria falls under Texas Risk Reduction Program (TRRP),
but this is a risk reduction rule (RRR) site, so that rule shouldn’t apply here.
1

Subsequent information provided by Rose Zeiler, based on a statement from Craig Giggleman, January, 2005.
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VR – Even under the RRR, you need to use this approach, because it really all goes back to the
Implementation Memo and Water Quality Standards. RRR guidance says to follow Chapter
307 that refers to the Implementation Memo. You can either use the 15th percentile value given
in the guidance for your reach, or you can calculate your own hardness based on the 15th
percentile of your on-site dataset. Use of average hardness values is not acceptable. You can
use your combined data set for all your watersheds to compute this or watershed by watershed.
VR – There is also a possible issue with using total versus dissolved data. Your site data are
total, but the water quality criteria are based on dissolved concentrations.
MG – You would have to face this issue down the road anyway, because the Texas Water
Quality Standards will be an ARAR.
MW – Agreed.
MW – I have a related question for potential final surface water COPECs. Can we perform
site-specific surface water toxicity tests in the BERA to address potential risks associated with
surface water COPECs that have concentrations that exceed water quality criteria (including
those that are calculated based on a site-specific15th percentile water hardness value)?
VR – Any site-specific surface water toxicity test results would have to be used to revise
existing TCEQ water quality criteria. This could be a very time consuming process.
MW – In this case, would the use of EPA’s Water Effect Ratio approach be preferable to
TCEQ, compared with site-specific toxicity testing?
VR – Yes.
MW - The next issue is the use of wet weather data. We did not include water samples that
were collected from areas that appeared to be dry most of the year because these were transient
water pools that aren’t considered true aquatic habitat.
MG – Per a request from Barry Forsythe, you need to look at the wet weather data qualitatively
to address potential effects for amphibians that might use these transient (vernal) pools. Just
present the range of concentrations, and make a few remarks. That should be sufficient.
9 Shaw agreed to qualitatively evaluate wet weather data so that consideration is
given to the protection of amphibians that may use ephemeral water bodies.
MW – One other minor issue that we want to bring up is that we had an inadvertent error in our
calculations for soil and sediment ingestion rates that involved a wet-weight to dry-weight
conversion. We’ll fix that in the next version of the report.
MW – Are there any other issues that the other stakeholders would like to bring up?
SR – Most of mine have been covered.

11

00051245

VR – We intend to submit responses to your comments. The current schedule is to get them to
AE by March 1, 2006. These will give you an idea if we agree or disagree with what you
propose on specific issues. We will need to make sure that our responses are filtered with the
knowledge of what we agreed upon today.
PS – We will prepare meeting minutes and distribute them by next week. For any conclusions
and/or statements in the meeting minutes that contradict statements in the January 18, 2006
RTC, the minutes will override the RTC, based on our new agreements today.
VR – One main concern I have is that perchlorate isn’t swept under the rug. The Army keeps
putting off this issue.
RZ – Recent Department of Defense position papers have essentially given us the “green light”
to evaluate perchlorate. I think we can proceed with it now.
MG – Todd Bridges with the U.S. Corps of Engineers in the Vicksburg laboratory might be a
good person to consult with to see how the Army is dealing with perchlorate.
VR – We (TCEQ) can consolidate our ecological information about perchlorate and help
provide you with information so that there’s enough data to make it worth quantitatively
evaluating in this deliverable.
RZ – I will check the Department of Defense position papers to see if there is any specific
guidance on perchlorate related to ecological considerations.
9 It was agreed that information will be shared about perchlorate, and Shaw will try
to quantify the risks associated with it in this report (whether it is the Step 3
Report, or a combined Step 3/BERA report).
DPC – Our goal is to move the eco risk assessment along so that we can fill in the holes in the
ROD and aren’t at risk if we clean up sites to human health perchlorate standards. We want to
make sure we only go out there and clean up once.
VR – What did the Army mean in Comment No. 2 when mentioning that site-specific
evaluations may be run for eco for Early Closure Sites?
PS – You can ignore that. At this time we are not planning on doing any site-specific
evaluations.
VR – I also have the following comments:
• I didn’t agree with the response to Comment No. 26;
• For Comment No. 47, keep in mind that cleanup values for benthic invertebrates must
be considered for silver, as well, and spatial plots do show a potential hot spot;
• As we discussed, take another look at metals in surface water, especially with regards
to the hardness and dissolved vs. total issues;

12

00051246

•

For Comment No. 19, with regards to the food ingestion calculations, look at the TCEQ
update paper for eco risk assessments, issue #8. Be careful of wet/dry conversions.
Also, you use one body weight for the equations, but then you use an ingestion rate
from another source. That ingestion rate may be based on an organism with a very
different body weight. Our preference is that you calculate the ingestion rate using
allometric scaling.

SR – My one other concern is about the river otter. It is used as a measurement receptor, but I
thought it was a threatened species.
JL – We requested a recent list of threatened species from TPWD. The otter is not a threatened
or endangered species.
SR – OK, then it’s not a problem.
KT – The geochemical approach and the way background is applied is our main concern.
DPC – Let’s take a short break. Shaw needs to discuss the new direction that has been
proposed at this meeting this morning.
***BREAK***
MW – Under our new contract mechanism, we have a schedule for certain sites that we need to
close before we get paid. Therefore, we have some concern that if we go to a combined Step
3/BERA, we will not be able to close out some sites that are relatively clean. If we stay with
the Step 3 as being separate from the BERA, does that change any of the agreements that
we’ve reached today?
DPC – Switching to a BERA changes our schedule, as we have 28 sites to close. We just need
to weigh our options, and therefore we need to know if agreements are in place for either
option.
SR – Some of the approaches felt premature in a Step 3 document. Those concerns would
disappear if we move forward to a BERA.
PS – The original plan was to finish Step 3 and eliminate some areas as not having an eco risk.
Sites that fell in these areas could then exit the ERA and proceed with ROD. If we have to
wait until a full BERA is done, that might affect our schedule.
MG – You can’t make those types of management decisions without moving forward to a
BERA.
PS – But we were under the impression that we could exit the process after Step 3 for some
sites.
MG – EPA prefers not to eliminate chemicals at Step 3.
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JL – I thought EPA stated earlier that the Step 3 assumptions should be the same as the BERA
assumptions. So whichever option we choose, the agreements today should still hold.
MG – That’s true.
MW – One of the things that’s possibly problematic about doing a Step 3 combined with a
BERA is that we would need consensus on the chemicals that we consider to be background
related. We would retain these chemicals in a list and evaluate them qualitatively, as well as
present the risks associated with them, as we agreed, in Steps 3 and 7.
SR – I’m ok with that.
MG – The proposal from EPA here today is to simply take the Step 3 report that you have and
repackage it as a BERA. No more field work needs to be done. You have most of the
components in there already. The advantage is you get this remedial investigation/risk
assessment part done now, and move forward.
JL – But any cleanup levels (eco PRGs) that we calculate at this stage will be very
conservative. We were planning on collecting more field data so that we could obtain more
realistic cleanup levels.
MG – I agree, you’ll probably need to go back into the field at some point.
MG/SR – To answer your question, yes, you may use upper-bound values (e.g., 90th percentile
uptake factors) at Step 3, and our other agreements today apply whether you keep the Step 3
report separate or combine Step 3 and BERA. Don’t use average values for decision making,
and don’t use LOAELs at Step 3. We’re just trying to save you time by offering you the
alternative to convert this to a BERA.
MG – With regards to background, it is different to say that background risk is equivalent to
site risks. You must show the risk (both NOAEL- and LOAEL-HQs) associated with
background chemicals. At the Step 3 stage, they are only suspected background chemicals.
You just need to summarize the risk associated with background. You don’t need to base
additional field studies on suspected background chemicals.
MG – The fact that you are not doing installation-wide FS documents, but you have an
installation-wide risk assessment is not a factor. You can still show whether a site is within
ecological areas of concern or not.
PS – What would be the timing of field work if we wanted to do that?
MG – You can do some field work at the FS stage.
MW – What if we want to collect site-specific toxicity and bioaccumulation data? That option
is closed if we don’t do it in the BERA.
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MG – True, you won’t get as much use from those types of studies in the FS. But you can
attack the problem from a different direction and do bioavailability studies at the FS stage.
Those could modify your cleanup levels as well, by changing the calculated exposure.
CV– Recalculating ecological exposure during the FS, based on site-specific bioavailability
studies, might be very confusing to the public.
MG – This might be a concern.
MW – While it might be possible to revise PRGs using bioavailability study results during the
FS, our project managers need cleanup levels up front, not in the middle of the FS stage.
MW – What type of work plan would we need to send to the regulators for approval of field
work?
MG – Keep it simple. Describe what you are doing, how you are going to use the data, etc.
DC – We’ll have to have some more internal discussions before we decide which way to go on
this. Thank you everyone for attending this meeting. Shaw will prepare minutes and
distribute.

END OF MEETING

Summary of Agreed Approaches:
Chromium Speciation
9 Stakeholders agreed with Shaw’s intent to collect speciation data for chromium after
using the 6:1 Cr+3 to Cr+6 ratio exceeded criteria, and elevated detections of
chromium were found to be co-located with possible Cr+6 source areas.
Repackaging the Step 3 Report as a BERA
9 Shaw agreed to consider repackaging the Step 3 report as a BERA, although the option
remains open to do a Step 3 report separate from a BERA. If the Step 3 report is done
separately, all agreements made at this meeting regarding assumptions used in the food
chain models, etc. would apply. Assumptions would be consistent between the Step 3
and BERA, including the following:
o Upper-bound, rather than maximum uptake factors may be used in Step 3 (and
carried forward into the BERA);
o The Tier 2 (or “average”) food chain model results will not be used for decision
making, and may be placed in an appendix.
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o The report will be revised to make the approach used as clear and transparent as
possible.
It is recognized that by combining the Step 3 report with the BERA, the ecological risk
assessment could probably be finished more quickly, but individual sites could not exit
the process after Step 3.
Base of the Food Chain as Assessment Endpoints
9 Plants and earthworms will be included as assessment endpoints, but a risk
management decision will be made to drop any chemicals that are final COPECs only
because they exceed plant and earthworm benchmarks (e.g., the NOAEL-based HQ in
the food chain model is equal to or below 1 for all measurement receptors). This will
be documented in the Step 3 and the Step 7 portion of the eco risk assessment that this
agreement has been made by the project team. The Army will not develop PRGs or
perform cleanup for chemicals that exceed risk criteria only for earthworms and plants.
Background/Geochemical
9 Shaw will evaluate adding least-squares regression results to the geochemical plots.
Sensitive Species
9 Although the state- and federally-listed threatened LBB does not occur on site, it is
recognized that Longhorn is within its historical range, and likely has habitat that is
useable by the LBB. The LBB is listed as a “transient” species in Harrison County by
the TPWD. The possible presence of the LBB will be addressed by adding an
“modified” raccoon as a surrogate receptor for the LBB (in addition to the existing
raccoon receptor already in the Step 3 Report). Exposure parameters within the range
of the raccoon will be selected, but will be modified for the evaluation of the LBB.
Shaw will determine whether to select conservative exposure parameters, or more
realistic exposure parameters for the LBB evaluation, with the understanding that their
decision may affect the final selection of cleanup values.
9 Three other listed species-- the alligator snapping turtle, timber rattlesnake, and
Rafinesque’s Big Eared Bat-- have been described as present or possibly present at the
site by wildlife agencies (i.e., the USFWS and TPWD) or other historical sources.
However, no formal or official written notification of their presence on site has been
received by Shaw or the Army. Nevertheless, Shaw agrees to address the potential risk
to these species in the Installation-wide risk assessment. The alligator snapping turtle
and timber rattlesnake will be addressed qualitatively in the report. Shaw agreed during
the meeting to evaluate the Rafinesque’s Big Eared Bat either quantitatively or
qualitatively in the Uncertainty Section.
[Note 1: Because of the lack of official documentation of the bat and the uncertainty
involved with modeling the chemical uptake from site media to moths (which are the
primary prey item for the bat), it is Shaw’s opinion that the most appropriate
approach is to address the bat qualitatively, and intends to do so barring further
discussions with or objections from the Longhorn stakeholders.]

16

00051250

Note 2: After review of the draft meeting minutes, TPWD had the following
comment on this issue, seconded by TCEQ 2 :
“With regard to the Big-Eared Bat, TPWD agrees that this species needs to be
considered in the assessment and that any end cleanup must be protective of not only
this T/E species but all T/E species. We do not concur with a proposed or potential
qualitative evaluation presented in the minutes at this time. Sufficient data should be
available with conservative assumptions for small, insectivorous mammals to estimate
a reasonable protective concentration level for this species through a surrogate mammal
species. An approach similar to that of the LBB may also be suitable for this species.”
Wet Weather Samples
9 Shaw agreed to qualitatively evaluate wet weather data so that consideration is given to
the protection of amphibians that may use ephemeral water bodies (vernal pools).
Perchlorate
9 Information will be shared about perchlorate, and Shaw will try to quantify the risks
associated with this COPEC in this report (whether it is a Step 3 Report or a combined
Step 3/BERA report).

2

Emails from Chip Wood (TPWD) and Vickie Reat (TCEQ) to Shaw Environmental, Inc. (Mark Weisberg),
dated 2/24/06 and 2/27/06, respectively.
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Comments on
Draft Final Step 3 Report, Installation-Wide Ecological Risk Assessment (ERA)
USACE Contract No. DACA56-94-D-0020, Task Order No. 0109
Longhorn Army Ammunition Plant, Karnack, Texas
January 18, 2006

Reviewers: Vickie Reat (TCEQ); Barry Forsythe, Craig Giggleman, and Paul Bruckwicki (USFWS); Susan Roddy (USEPA)
Respondents: Shaw Environmental, Inc.

Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment

Response

A or
D2

Comments from Vickie Reat (TCEQ)
1

2

Overall
Comment

Overall
Comment

In the discussion of Special Case Chemicals (Section
7.2.4.5), The Army indicates that until regulatory
guidance is established for perchlorate, the U.S.
Department of Defense intends to only sample and track
the results for perchlorate. There is also a statement that
the U.S. DOD does not currently endorse an ecological
toxicity reference value (TRV) for perchlorate due to
lack of clear regulatory guidance. Potential perchlorate
hazards were not quantified in the food chain models.
The ERA for the Longhorn Army Ammunition Plant
(LHAAP) cannot be considered complete until potential
risks to aquatic and terrestrial receptors due to direct and
indirect perchlorate exposure have been evaluated. From
a regulatory standpoint, we see no direct connection
between the designation of drinking water standards
protective of human health (for perchlorate) and the
development of ecotoxicity data. However we
understand the Department’s sensitivity to regulatory
issues related to perchlorate. We believe that the
evaluation of risks due to perchlorate exposure should be
postponed until the Army and TCEQ agree that enough
data have been generated and peer reviewed to formulate
a meaningful risk assessment. We suggest that the Army
propose some type of reporting schedule (in writing)
such that the status of perchlorate toxicity and uptake
data can be routinely evaluated in the future to determine
if the data is sufficient to commence the perchlorate ERA
for this site.
In the executive summary (and Section 11) there is a
statement that additional information pertaining to the
further consideration of the final constituents of potential

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.

Page 1 of 90

The revised report will state that the risks due to
perchlorate exposure should be postponed until the
Army and TCEQ agree that enough data in the
literature regarding ecological effects of perchlorate
have been generated and peer reviewed to formulate a
meaningful risk assessment. The status of perchlorate
toxicity and uptake data will be evaluated on an annual
basis, commencing one year after submittal of the
revised Step 3 Report, to determine if the data are
sufficient to complete the perchlorate ERA for the site.
It is important to note that whatever the outcome of the
perchlorate ERA for the site, the Army cannot initiate
any action that violates existing Army policy.
C

C

The Army has decided that submittal of a revised
approach for Steps 4 through 8 is premature at this
time, as the final list of COPECs has not been agreed
Draft Final Step 3 Report, Installation-Wide ERA
Longhorn Army Ammunition Plant
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Comments on
Draft Final Step 3 Report, Installation-Wide Ecological Risk Assessment (ERA)
USACE Contract No. DACA56-94-D-0020, Task Order No. 0109
Longhorn Army Ammunition Plant, Karnack, Texas
January 18, 2006

Reviewers: Vickie Reat (TCEQ); Barry Forsythe, Craig Giggleman, and Paul Bruckwicki (USFWS); Susan Roddy (USEPA)
Respondents: Shaw Environmental, Inc.

Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment
ecological concern (COPECs) will be discussed in more
detail in supplemental deliverables. Please clarify this
statement as it relates to a risk management decision.
The risk assessment work plan had stated that a revised
approach for Steps 4 through 8 would be presented at
this time.

Response

A or
D2

upon by all parties. As stated in Section 11 and in the
executive summary of the draft Step 3 Report,
supplemental deliverables will be prepared following
approval of the final Step 3 Report to discuss
recommended options, on a site or media-specific
basis, including but not limited to the following:
focused remedial action, additional ecological study,
risk management, and/or continued monitoring.
It should be noted that additional ecological
deliverables may be submitted for Early Closure Sites
prior to the submittal of the revised Step 3 Report.

3

Overall
Comment

In a risk assessment this large, there will often be
comments regarding the need for more clarity and
explanation related to the myriad of variables input into
each round of calculations to determine the dose to a
receptor. TCEQ has prepared a fair number of
comments in this vein. However, we should state that
overall the footnotes and explanations accompanying
most of the tables and spreadsheets were very thorough.

C

Comment noted.

The text on page 1-10 lists 8 areas that “were previously
investigated but not evaluated further during the RI and
are not specifically addressed during the installationwide ERA.” For transparency sake, we suggest that the
Army provide a brief explanation as to why these areas
were not addressed in the ERA, in combination with
appropriate document citations (reports, memos, minutes,
etc.) that address these previous decisions.

C

Text will be added to the report that provides a brief
explanation as to why these areas were not addressed
in the ERA.

Specific Comments
1

1-10/
1.3.8

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Comments on
Draft Final Step 3 Report, Installation-Wide Ecological Risk Assessment (ERA)
USACE Contract No. DACA56-94-D-0020, Task Order No. 0109
Longhorn Army Ammunition Plant, Karnack, Texas
January 18, 2006

Reviewers: Vickie Reat (TCEQ); Barry Forsythe, Craig Giggleman, and Paul Bruckwicki (USFWS); Susan Roddy (USEPA)
Respondents: Shaw Environmental, Inc.

Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment

Response

2

Section
2.2.3
USGS
Sediment
Sampling

The USGS study has been finalized in a 2004 report by
Jennifer Wilson that is available at the following link:
http://water.usgs.gov/pubs/wri/wri03-4253/pdf/03-4253.
pdf.

C

The text will be adjusted to acknowledge the
publication of the USGS report. Appropriate
information contained in the USGS report will be
added to the Step 3 Report.

3

4-6/
4.1.3
Flora and
Fauna

The Texas Parks and Wildlife reference (February 2003)
indicated on page 4-6 is not included in the list of
references in Section 12. Please update the reference list
to include this citation.

C

The reference will be added to the references section.

4

Section
4.3.1.2
Eval. of
Modeled
Surface
Water
Concentration

Table 4-7

Table 4-7 compares modeled concentrations of COPECs
in surface water to ecological screening concentrations.
This incorporates some type of mixing assumption that
was apparently discussed in the referenced Shaw reports
(Shaw, 2004c and Shaw, 2004e). The Army concluded
future migration of these chemicals from soil or
groundwater to surface water will not adversely effect
the environment. According to Ms. Kristy Mauricio of
the TCEQ Superfund Section, TCEQ has not received
(or reviewed) the referenced reports. Therefore, we view
this conclusion as premature.

C

The document associated with citation Shaw (2004e)
(Shaw, 2004e, Final Technical Memorandum,
Modeling Approach for Derivation of Soil and
Groundwater Concentrations Protective of Surface
Water and Sediment, Longhorn Army Ammunition
Plant, Karnack, Texas, March) has been distributed
to regulators, including TCEQ. However, there was a
delay in submitting the other document noted in this
comment. The Draft Final version of Shaw (2004c)
(Draft Modeling Report Derivation of Soil and
Groundwater Concentrations Protective of Surface
Water and Sediment, Longhorn Army Ammunition
Plant, Karnack Texas) was submitted to the
regulators May 9, 2005.

5

Exposure
Pathways
and Routes

Table 4-8

Two exposure pathways are not represented in Table 4-8.
These include impacted groundwater releases to
sediment, and impacted soil runoff to surface water and
sediment.

C

Impacted groundwater releases to sediment and
impacted soil runoff to surface water and sediment
will be added to Table 4-8.

6

6-7/
6.1.3.2
Organiza-

The discussion on page 6-7 indicates that surface water
samples greater than 500 feet away from a named creek,
creek tributary, or cypress swamp/wetland bottomland

C

These data were inadvertently left off Disk 1. A
revised Disk 1 will be provided with the revised
report that provides these data.

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Comments on
Draft Final Step 3 Report, Installation-Wide Ecological Risk Assessment (ERA)
USACE Contract No. DACA56-94-D-0020, Task Order No. 0109
Longhorn Army Ammunition Plant, Karnack, Texas
January 18, 2006

Reviewers: Vickie Reat (TCEQ); Barry Forsythe, Craig Giggleman, and Paul Bruckwicki (USFWS); Susan Roddy (USEPA)
Respondents: Shaw Environmental, Inc.

Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment

Response

tion of
Aquatic
Data

forest, were assumed to be from upland areas during a
wet weather event. These data are included in the Data
Report on Disk 1. From a quick review of the files on
this disk, the samples that were not used were not readily
apparent. Were these indicated in any way on the tables
in this exhibit?

7

Section
6.1.3.3
Data
Manipulation
(Dioxins
and PCBs)

For demonstration purposes, please display (in a tabular
form) how the 2,3,7,8-TCDD sum TEQ (toxicity
equivalency quotient) values were calculated for the
sediment samples for Central Creek, using the data in
Exhibit 1. Table 6-26 indicates there were 7/7 detections
ranging between 1.15 x 10-6 and 1.38 x 10-5 mg/kg.

C

An example of how the TEQs were calculated is
presented in these responses as Attachment 1:
TCEQ Comment No. 7.

8

Section
6.2.1.3
Surface
Water
Benchmarks

For perchlorate in surface water, the Army has a
proposed a benchmark of 9.3 mg/L, based on the water
quality criterion proposal in Dean et al., 2004. The
Army should be mindful that this threshold might not be
protective of frogs. Perchlorate concentrations in this
range may delay metamorphosis and alter sex ratios of
developing frogs (e.g., Goleman et al., 2002a, b and Carr
et al., 2003). Hopefully more frog development studies
will be readily available in the near future.

C

The comment is noted. The articles mentioned in the
comment will be reviewed, and pertinent information
regarding potential impacts to amphibians at the
selected benchmark concentration will be included in
the Uncertainty Section.

9

Section
6.2.1.3
Sediment
Benchmarks

Looking at the various sediment screening values in
Table 6-16, we were not able to locate the reference for
the Los Alamos National Laboratory screening levels
(footnote f). Please suggest an Internet link or other
source so that we can obtain this reference for review.

C

The following text will be added to the LANL (2002)
reference in Section 12 of the report:
“For a copy of the LANL data base, contact Patricia
G. Newell, Toxicologist/ Database Manager,
Environmental Health Associates, Inc.
pgnewell@cybermesa.com; Rich Mirenda, LANL
rmirenda@lanl.gov; or Alison Dorries, LANL,
adorries@lanl.gov.”

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Comments on
Draft Final Step 3 Report, Installation-Wide Ecological Risk Assessment (ERA)
USACE Contract No. DACA56-94-D-0020, Task Order No. 0109
Longhorn Army Ammunition Plant, Karnack, Texas
January 18, 2006

Reviewers: Vickie Reat (TCEQ); Barry Forsythe, Craig Giggleman, and Paul Bruckwicki (USFWS); Susan Roddy (USEPA)
Respondents: Shaw Environmental, Inc.

Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment

Response

10

Section
6.3.1
Terrestrial
Preliminary
COPECs

For most of the tables, there is a footnote that the
evaluation of DDD, DDE, and DDT is limited to the
p,p´-isomers. The risk assessment (soil and sediment)
should evaluate both isomers. Please evaluate if the
addition of the o,p´-isomer to the total for each congener
would impact the risk assessment conclusions.

C

DDT (generally referring to p,p'-DDT) is a formerly
widely-used potent non-systemic stomach and contact
insecticide that acts on the nervous system (ATSDR,
2002; HSDB, 2004). The technical product consists
of approximately 80 percent of the p,p'-isomer and
approximately 20 percent of the o,p'-isomer. The o,pisomer, however, has been shown to be essentially
inactive relative to the p,p'-isomer as an insecticide
(ATSDR, 2002). Therefore, toxicity information for
the p,p’ isomer should not be applied to the o,p’isomer, i.e., the isomer concentrations should not be
added and then evaluated using the p,p’ isomer.
Because no ecological benchmark or toxicity data are
known to exist for the o,p’-isomer, it was decided to
limit the evaluation of DDX to data regarding the
p,p'-isomer. Excluding o,p'-DDX from the screening
level assessment imparts a measure of uncertainty to
the assessment but the uncertainty is expected to be
small due to the inactive nature of the o,p’ isomer.
This information will be added to the Step 3 Report.

11

Section
6.3.2
Aquatic
Preliminary
COPECs

Looking at Tables 6-9, 6-10, 6-11, and 6-12, it appears
that these water bodies were not evaluated for
perchlorate in the past. This COPEC was not listed in
the data comparisons in Appendix G. Was perchlorate
detected in surface water or sediment in the September
2004 evaluation (for Central Creek or Saunders Branch)?

C

Perchlorate was not detected in Central Creek or
Saunders Branch surface water or sediment samples
collected in September 2004. This COPC was also
not detected in samples collected from Harrison
Bayou or Goose Prairie Creek collected at this time.
Sediment detection limits ranged from 11-29 ug/kg
and the surface water detection limit was 1 ug/L.

12

Section
7.1.2
Aquatic
Direct

As indicated in the report, for sediment COPECs, fish
tissue concentrations in the Brown Bullhead Catfish
were estimated using the U.S. COE computer software
TrophicTrace® (Appendix B). Given the volume of

C

A presentation can be provided. In addition, a
TrophicTrace® Users Manual is available from the
following web site:
http://el.erdc.usace.army.mil/trophictrace/ttmanual.pd

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.

Page 5 of 90

A or
D2

Draft Final Step 3 Report, Installation-Wide ERA
Longhorn Army Ammunition Plant

00051257

Comments on
Draft Final Step 3 Report, Installation-Wide Ecological Risk Assessment (ERA)
USACE Contract No. DACA56-94-D-0020, Task Order No. 0109
Longhorn Army Ammunition Plant, Karnack, Texas
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Reviewers: Vickie Reat (TCEQ); Barry Forsythe, Craig Giggleman, and Paul Bruckwicki (USFWS); Susan Roddy (USEPA)
Respondents: Shaw Environmental, Inc.

Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment

Response

Toxicity
Evaluation

material provided in the appendix and our unfamiliarity
with this tool, we request that Army representatives
provide a classroom type presentation regarding the
assumptions and inputs to the model, using a metal and
an organic chemical as an example.

13

Section
7.1.2
Aquatic
Direct
Toxicity
Evaluation

For most of the watersheds, there is a statement that
where 50% or more of the available surface water
benchmarks are exceeded, the COPEC was considered
for selection as a final COPEC. The rationale for this
decision criterion should be provided. Further, if the
surface water concentrations are in excess of a state or
federal water quality criterion, the 50% threshold is
irrelevant, since compliance with the standard is
required. See comment that follows.

C

As stated in Section 7.1.2, the 50% threshold criterion
was used as a weight-of-evidence approach – where
the more available benchmarks were exceeded, the
more likely a chemical would be a final COPEC. It is
agreed that this approach should not apply to
promulgated state or federal water quality criteria,
and it will not be used in the revised report for
constituents with promulgated surface water criteria.
Additional details on the rationale for the use of the
50% threshold criterion for sediment will be
provided.

14

Section
7.1.2
Aquatic
Direct
Toxicity
Evaluation

Looking at the various surface water direct contact
tables, footnote h indicates that an average surface water
hardness value (for each creek basin) was used to adjust
the criteria. The TRRP rule (at §350.74 (h)(1)) requires
persons to use the hardness value for the nearest
downstream classified segment, as listed in the agency’s
Implementation Procedures (TCEQ, 2003). Persons may
also use property-specific hardness data, based on
sample requirements specified in the Implementation
Procedures (§350.74 (h)(5)(A)). The 15th percentile
hardness value for Caddo Lake is 17.8. Based on a quick
evaluation of the hardness data in the Data Report on
Disk 1, TCEQ calculated a 15th percentile hardness value
of 28 mg/L (using data from all 4 watersheds), since the
Implementation Procedures conservatively requires the
use of the 15th percentile value. Using this value, the

D

The LHAAP Installation is not regulated under the
TRRP rule; it is regulated under the previous Risk
Reduction Rules. Therefore, this stipulation should
not be a requirement at LHAAP.

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment

Response

A or
D2

following state standards exceedances were noted.
Chronic Standard (dissolved, µg/L)
Watershed

Copper
4.14

Harrison
Bayou

5.74 (95%
UCL)

Goose Prairie
Creek

8.25 (95%
UCL)

Central Creek

Saunders
Branch

Lead

Cadmium

0.49

0.38

1.3 (95%
UCL) 1.02
mean
1.40 (95%
UCL) 1.13
mean
0.932 (95%
UCL) 0.736
(mean)
0.54 (95%
UCL)

0.622 (95%
UCL) 0.521
(mean)

15

Section
7.1.2
Aquatic
Direct
Toxicity
Evaluation

The Texas Surface Water Quality Standard for sulfate in
Caddo Lake is 50 mg/L. The 95% UCL concentration
for Harrison Bayou (5.76 x 104 ug/L) was in excess of
this concentration.

C

The comment is noted. It will be stated in the Step 3
Report that the 95% UCL for sulfate in Harrison
Bayou of 57.6 mg/L slightly exceeds the Texas
Surface Water Quality Standard for Caddo Lake of
50 mg/L, but that it is also probable that the relatively
minor contribution of inflow from Harrison Bayou is
unlikely to affect Caddo Lake due to dilution effects.

16

Section
7.2.1
Exposure
Point
Concentrations

The exposure point concentrations varied for burrowing
and non-burrowing receptors. Our understanding is that
for the shrew and the fox, the 0-0.5 foot (surficial) soil
interval was used, and the 0-3 foot soil interval
concentration was used for all other receptors. Tables 617, 6-18, and 6-19 display the 95% UCL and mean
values used for the 0-3 foot soil interval. The Army
should provide a similar table that displays the exposure
point concentrations where the surficial soil interval is
used. We realize that this can be “mined” out of

C

Tables 6-17 through 6-19 in the Step 3 Report
provide COPEC screening tables, which were based
on a soil depth of 0-3 feet. As the reviewer notes, the
mean and 95% UCL for all COPECs in surface soil
are presented in this table, but no equivalent source
currently exists for the mean and 95% UCL
concentrations for COPECs in shallow (0-0.5 foot)
soil. A summary table that presents the 95% UCL
and mean concentrations for both the 0-3 feet and the
0-0.5 foot soil depth range will be provided in the

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.

Page 7 of 90

Draft Final Step 3 Report, Installation-Wide ERA
Longhorn Army Ammunition Plant

00051259

Comments on
Draft Final Step 3 Report, Installation-Wide Ecological Risk Assessment (ERA)
USACE Contract No. DACA56-94-D-0020, Task Order No. 0109
Longhorn Army Ammunition Plant, Karnack, Texas
January 18, 2006

Reviewers: Vickie Reat (TCEQ); Barry Forsythe, Craig Giggleman, and Paul Bruckwicki (USFWS); Susan Roddy (USEPA)
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Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment
Appendix E but believe it should be displayed in a table
in the main body of the report for transparency sake.

17

Section
7.2.1
Exposure
Point
Concentrations

18

Section
7.2.3.1
Ingestion
Rates

Response

A or
D2

report.

It was unclear why the deer mouse was not modeled as a
burrowing receptor. Only surface soil data was used for
the dose for the mouse. There is a statement in Table 3-7
of the Work Plan that the deer mouse burrows in soil up
to 50 centimeters deep. Please explain the rationale for
only using surface soil data for this receptor.

C

Although the deer mouse may burrow deeper than 0.5
foot, it was assumed that the majority of exposure for
the mouse would be associated with shallower soil
depths, given its dietary mixture of seeds (which are
typically found on the ground surface, or covered by
a thin layer of humus) and terrestrial invertebrates.
Furthermore, the use of the 0-0.5 foot range for the
deer mouse provides additional information to the
risk assessment by assessing a different soil depth
than the one used for the shrew, another small
mammal, which was evaluated for soils at 0-3 feet.

From the reference indicated in Table 7-17, it was not
clear how the water ingestion rate for the muskrat was
derived (1.145 L/day). Please verify that this is correct.
There may be a decimal error.

C

The water ingestion rate is given in EPA (1993) as
0.97 and 0.98 grams of water per grams of body
weight per day for a male and female muskrat,
respectively, for an average of 0.975 g/g-day. This
was multiplied by the mean body weight of the
muskrat (in grams) used in the Step 3 Report (1,174
g), and the mass of water was converted to liters (1 g
= 1 mL, and 1000 mL = 1 L). Thus:
0.975 gH20/gBW-day x 1174 gBW x 1 mLH20/gH20
x 1 L/1000 mL = 1.145 L/day
However, as this is inconsistent with the mammal
water ingestion Equation No. 3-17 from EPA (1993),
where L/day = 0.099 Wt 0.90 (kg) → 0.099 x 1.174 0.90
= 0.114 L/day. Therefore, it is assumed the water
ingestion rates of 0.97 and 0.98 g/g-day are incorrect

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.

Page 8 of 90

Draft Final Step 3 Report, Installation-Wide ERA
Longhorn Army Ammunition Plant

00051260

Comments on
Draft Final Step 3 Report, Installation-Wide Ecological Risk Assessment (ERA)
USACE Contract No. DACA56-94-D-0020, Task Order No. 0109
Longhorn Army Ammunition Plant, Karnack, Texas
January 18, 2006

Reviewers: Vickie Reat (TCEQ); Barry Forsythe, Craig Giggleman, and Paul Bruckwicki (USFWS); Susan Roddy (USEPA)
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Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment

Response

A or
D2

in EPA (1993) and 0.114 L/day will be used as the
water ingestion rate.
19

Section
7.2.3.1
Ingestion
Rates

From the references indicated in Table 7-17, it was not
clear how the food ingestion rates for the muskrat, bank
swallow, and American woodcock were derived. Please
evaluate and explain in more detail.

C

The ingestion rates for the muskrat and woodcock
were obtained from EPA (1993) and the ingestion
rate for the bank swallow was obtained from Sample
et al. (1997). For the muskrat and woodcock, the
ingestion rate provided in EPA (1993) (in grams of
food per grams body weight per day, i.e., g/g-d) was
multiplied by the minimum, maximum, and mean
body weight of the organisms (in g), and then by a
conversion factor 1 kg/1000 g to get the minimum,
maximum, and mean ingestion rates.
IR(kg/day) = IR (g/g-day) x BW (g) x CF (kg/g)
For example, for the muskrat, the minimum IR was
calculated using the minimum IR from EPA (1993)
(0.26 g/g-d) and the minimum body weight (0.73 kg).
The maximum IR was calculated using the maximum
IR from EPA (1993) (0.34 g/g-d) and the maximum
body weight (1.55 kg). The mean IR was calculated
using the average of the two IRs in EPA (1993) (0.26
+ 0.34/2 = 0.3 g/g-day) and the mean body weight
(1.174 kg).
For the woodcock, all IRs were calculated using the
IR from EPA (1993) (0.77 g/g-d). The minimum
(0.176 kg), maximum (0.218 kg), and mean (0.197
kg) body weights were used to calculate their
correlating ingestion rates.
The food ingestion rate for the swallow is stated as

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment

Response

A or
D2

0.198 g/g-day in Sample et al. (1997). The minimum,
maximum, and mean IRs were calculated as
described for the woodcock, using the minimum
(0.012 kg), maximum (0.0186 kg), and mean (0.0146
kg) body weights for the bank swallow.
20

Section
7.2.3.1
Ingestion
Rates

Comparing the inputs depicted in Table 7-17 with those
in Appendix E, it appears that the soil ingestion rate
value for the hawk differs. Table 7-17 indicated a value
of 0.00335 kg/day compared with a value of 0.00995
kg/day in Appendix E. Please evaluate and make any
corrections that are necessary.

C

The soil ingestion rate for the hawk of 0.00995
kg/day was listed in a summary table of suggested
exposure values for receptors provided to Shaw by
the stakeholders during the comment phase for the
work plan, and is the value that was used in the food
chain models. Thus, the value 0.00335 kg/day
presented in Table 7-17 is a typo, and will be
changed.

21

Section
7.2.3.1
Ingestion
Rates

Footnote a of Table 17-7 states that with the exception of
the raccoon and the river otter, the food ingestion rates
were converted to a dry-weight basis by summing the
dry-weight of each receptor’s diet (based on percent
moisture data in Sample and Suter, 1994), weighted by
proportion of that food in the diet. This makes sense and
is easy to evaluate when there is only one food type
(American woodcock). This is more difficult with
multiple food types. For transparency sake, the Army
should provide a table that indicates how this was done
for each receptor, specifically indicating the percent
moisture assumed for each food type.

C

A table showing how the food ingestion rates were
converted to a dry-weight basis is provided in
Attachment 2: TCEQ Comment No. 21. This table
will also be included in the Step 3 Report.

22

Section
7.2.3.4

Looking at Table 7-18, the Kow-based regression
equation in Travis and Arms (1988) was used to estimate
the BAF/BCF for most organic chemicals. According to
footnote d, Kow values were obtained from the
Hazardous Substances Database or the syrres.com
SMILES fragment. TCEQ would prefer that the Army

C

The syrres.com SMILES program is a program that
estimates the log octanol/water partition coefficient of
organic chemicals using an atom/fragment
contribution method developed at Syracuse Research
Corporation. It was selected as an easy-to-use,
scientifically-based source of log Kow values. The

Uptake in
Aquatic and
Terrestrial
Plants
(Trophic
Level 1)

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment

Response

use the log Kow values provided in Figure 30 TAC
§350.73(e) of our TRRP rule. Since this is a federal lead
site, we will defer to the U.S. EPA regarding the
appropriate source(s) for these parameters. If these
alternate sources are used, Table 7-18 (and others)
should be supplemented with columns that display the
actual values obtained from those sources.

log Kow values calculated by this program were
compared to the TCEQ values in Figure 30 TAC
§350.73(e) prior to their use for calculating uptake
factors. Almost without exception, the log Kow
values from the two sources were exactly the same.
Therefore, it is assumed that the use of the syrres.com
SMILES log Kow values is acceptable to TCEQ, and
they will be retained in the Step 3 Report.
Please see Response to TCEQ Comment No. 22.

23

Section
7.2.3.4

Uptake in
Herbivores,
Omnivores,
and
Carnivores
(Trophic
Levels 2, 3,
and 4)

Same comment as above regarding the source of the log
Kow values (used here to predict the uptake factor for
organics in soil invertebrates).

24

Section
7.2.3.4

Uptake in
Herbivores,
Omnivores,
and
Carnivores
(Trophic
Levels 2, 3,
and 4)
Small
Mammals
and Birds

7.2.3.4 Uptake in Herbivores, Omnivores, and
Carnivores (Trophic Levels 2, 3, and 4) Small Mammals
and Birds - The ratios displayed in Table D-2 of
Appendix D do not appear to directly correspond with
those in Table 7-21. Is this simply a round off
difference?

C

Correct. The conversion from scientific notation
(Table D-2) to numeric decimal form (Table 7-21)
follows conventional rules for significant figures.
Therefore, the ratios do not appear to directly
correspond with one another, but are mathematically
correct.

25

Section
7.2.3.4

Uptake in
Herbivores,
Omnivores,
and

Although the information is in the Data Report, we
suggest that Table D-2 be expanded to display the tissue
concentration and corresponding composite soil
concentration for each rat (and shrew).

C

A table will be provided in the Step 3 Report that
provides the tissue concentration and corresponding
composite soil concentration for the mammals used
for tissue tests.

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment

Response

A or
D2

Carnivores
(Trophic
Levels 2, 3,
and 4)
Small
Mammals
and Birds
26

Section
7.2.3.4

Uptake in
Herbivores,
Omnivores,
and
Carnivores
(Trophic
Levels 2, 3,
and 4)
Small
Mammals
and Birds

Soil and mammal samples for the small mammal uptake
study were collected in the vicinity of Plant 2 and its
drainages. As these site-specific uptake factors were
used for the entire risk assessment across all sub-areas
and watersheds, it presumes that the site-specific values
conservatively represent small mammal uptake across the
facility. Nitroaromatics were not detected in any soil
sample associated with the small mammal study. Since
nitroaromatic concentrations in soil were considerably
higher in the waste sub-area, how do the
average/geometric mean values of all inorganic values
conservatively reflect nitroaromatic uptake in the waste
sub-area?

C

It is true that nitroaromatics were not detected in the
soil locations for the small mammal uptake study.
However, it is incorrect that the average/geometric
mean values of all inorganic values were used to
model nitroaromatic uptake. When it was not
possible to obtain an uptake factor using the sitespecific mammal tissue data, the uptake factors
associated with literature values for dioxin (from
Sample et al., 1998) were used as surrogate values for
organic COPECs (See Table 7-21 in the Step 3
Report). This is considered a conservative approach,
since dioxin is well established as being one of the
most bioaccumulative compounds known.

27

7-27,7-28/
7.2.3.4

Uptake in
Herbivores,
Omnivores,
and
Carnivores
(Trophic
Levels 2, 3,
and 4)
Fish

There is a statement on pages 7-27 and 7-28 that “it was
assumed that the pathway for chemicals accumulated in
the body burden of fish from sediment results from the
partitioning of chemicals from sediment to water, which
would be captured by the exposure point concentrations
(EPCs) calculated from the surface water data.” We do
not agree with this statement, particularly where
sediment ingestion is a significant component of the
feeding behavior, or where chemicals in sediment are
transferred via the food chain. Possible ways to estimate
sediment transfer include use of invertebrate BSAF
values (where no fish BSAF is available) or the use of a

C

The potential underestimation of COPEC
concentrations in fish tissue will be evaluated by
comparing the modeled fish COPEC concentrations
in the Step 3 Report, estimated using surface-waterto-fish BCFs, with:
(1) sediment-to-brown-bullhead modeled fish tissue
concentrations, from Appendix B of the report; and
(2) measured concentrations in fish tissue from
Investigation of Contaminants in Fish Tissue, Caddo
Lake Biological Sampling and Risk Assessment For
LHAAP (TCEQ, 2004).

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment

Response

A or
D2

fish or invertebrate BCF adjusted with a food chain
multiplier.
28

Section
7.2.3.4

Uptake in
Herbivores,
Omnivores,
and
Carnivores
(Trophic
Levels 2, 3,
and 4)
Fish

Related to the comment above, the kingfisher was
modeled to have a diet of 85% fish whereas the otter was
modeled to have a diet of 90% fish. In both cases, fish
tissue concentrations were estimated using water-to-fish
bioconcentration factors (BCFs) only. Here sediment
uptake through the food chain may be underestimated for
these receptors. It may also be appropriate to use
estimated fish tissue concentrations from the fish critical
body residue exercise since the catfish was modeled to
represent uptake from sediment.

C

See response to TCEQ Comment No. 27. Potential
underestimation of kingfisher and otter hazards from
fish ingestion will be assessed.

29

Section
7.2.3.4

Uptake in
Herbivores,
Omnivores,
and
Carnivores
(Trophic
Levels 2, 3,
and 4)
Fish

See comment 22 regarding the use of log Kow values. In
this case, Kow values from syrres.com were used to
estimate the fish BCFs.

C

Please see Response to TCEQ Comment No. 22.

30

Section
7.2.3.4

Uptake in
Herbivores,
Omnivores,
and
Carnivores
(Trophic
Levels 2, 3,
and 4)
Fish

Looking at Table 7-22, we suspect that the last set of
footnotes (h, j, and k) was not relevant to the table.
Further, we suspect that the partition coefficient
calculations on the top of page 2 are not relevant to the
table either. Please verify.

C

The information below footnote “j” in Table 7-22 is
extraneous and will be removed.

31

Section

Home range values are displayed in Table 7-17. Only a

C

Only a maximum home range for the bank swallow

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Comment #

Page(s)/
Section
7.2.3.5
Area Use

Paragraph/
Line

C or
D1

Comment
maximum home range is listed for the bank swallow.
Please provide more detail as to how the Tier 1 and Tier
2 assumptions were derived for this receptor. For the
belted kingfisher, territory is often described in terms of
shoreline distance. With this in mind, please explain
how the Tier 1 and Tier 2 values were derived/selected
for the kingfisher. For each bird, the Army should
couple the explanation with the acreage associated with
each watershed to indicate the Tier 1 and Tier 2 area use
factor (AUF) values used.

Response

A or
D2

was provided in Sample et al., 1997. It was assumed
that the minimum home range is 10% of the
maximum home range, i.e., 200 hectares x 0.1 = 20
hectares, and that the mean home range is 50% of the
maximum, i.e., 200 hectares x 0.5 = 100. Thus, a
minimum home range of 20 hectares was used for the
Tier 1 evaluation and a mean home range of 100
hectares was used for the Tier 2 evaluation.
The areas for the watersheds were calculated using a
two dimensional approach. The length of the
watershed corridor represented one dimension, and
the width was the same as that used to define aquatic
watershed samples, i.e., 500 feet on either side of the
creek or stream waterline or wetland habitat,
whichever was larger. Thus, the home range for
receptors that were associated with aquatic habitat
(including the kingfisher) was assumed to correspond
directly with the area of the watershed (i.e., the AUFs
were calculated assuming the organism used the
watershed corridor exclusively, rather than using a
circular home range).
This information explaining the home ranges of birds
will be added to Table 7-17.

32

Section
7.2.3.5
Area Use

Using the reference indicated (U.S. EPA, 1993), we were
not able to verify how the mean home range (258 ha) for
the raccoon was selected. Please provide a short
explanation. Also please explain when an AUF was
employed for Tier 1 and Tier 2 calculations for each
watershed. This was not clear from the calculations

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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C

The Texas Parks and Wildlife Division (TPWD)
requested the use of 258 ha as the average home
range for the raccoon. Additions to Table 7-17 will
include the addition of “TPWD, 2003” next to the
raccoon home range, as well as the full citation
“Texas Parks and Wildlife Division (TPWD), 2003,
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Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment
presented in Appendix E.

Response

A or
D2

Comments on Draft Final Work Plan for the
Installation-Wide Ecological Risk Assessment (July
2003) COE Contract No. DACA56-97-D-0001,
Delivery Order No. 0001, LHAAP, Karnack,
Texas”, at the end of the table.
An AUF was used for both Tiers of the food chain
model. As discussed in Sections 7.2.3.5 and 7.2.5 of
the Step 3 Report, the AUF was calculated using the
minimum home range for each receptor for the Tier 1
iteration of the model and the mean home range for
each receptor for the Tier 2 iteration of the model.

33

Section
7.2.3.8
Physical/
Chemical
Properties
of COPECs

See previous comment 22 regarding the source of the
Kow values.

C

Please see Response to TCEQ Comment No. 22.

34

Section 8.3
Comparison of
Detection
Limits to
Ecological
Benchmarks

Tables 8-1, 8-2 and 8-3 compare ecological screening
values with detection limits for soil, surface water, and
sediment. Bolded values indicate exceedances of the
screening value. The Army concludes that “chemicals
present at such low concentrations are unlikely to result
in adverse effects at the population-level; therefore the
adequacy of the analytical methods is assumed to be a
relatively minor uncertainty in the Step 3 evaluation.”
We suggest that the Army focus this evaluation on nonbioaccumulative COPECs that were screened out
because of a low detection frequency. Our concern
would be that these COPECs were not evaluated in the
ERA due to the elevated detection levels.

C

An additional evaluation will be added to Section 8
that focuses on non-bioaccumulative COPECs that
were screened out because of a low detection
frequency.

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Comment #
35

36

Page(s)/
Section
Section 8.7
TRVs

Section 8.7
TRVs

Paragraph/
Line

C or
D1

Comment
There is a statement that 32 of the 58 COPECs had avian
TRVs. The Army states that since “mammals are
generally more sensitive to COPECs compared to birds
(except for pesticides) the significance of a lack of avian
TRVs is considered minor.” This discussion should be
expanded to include a qualitative evaluation of the
potential risks to birds associated with these COPECs
(without TRVs). This could include a discussion of the
relative toxicity associated with similarly structured
chemicals or the chemical class in general, fate and
transport characteristics and the expected bioavailability
of the COPEC at the site, relative distribution of the
COPEC and/or a discussion of available toxicity
information (that may not reflect a preferred effects
endpoint).

C

The discussion indicates that TRVs were not identified
for amphibians and reptiles so no amphibian or reptile
measurement receptors could be quantitatively evaluated
for exposure in the food chain. Contrary to the minutes
for our November 17, 2003 conference call regarding
receptor selection, a qualitative analysis was not
performed either. The dose to the snapping turtle was
modeled (Appendix E spreadsheets), but there were no
hazard quotient calculations due to the lack of TRVs.
The snapping turtle was proposed as a measurement
receptor representative of aquatic omnivores but more
specifically as a surrogate for the protected Alligator
Snapping Turtle (page 4-16). A qualitative risk
assessment should be presented.

C

Response

A or
D2

A qualitative discussion evaluating risks to birds
associated with COPECs without TRVs for each subarea and watershed will be included in the
Uncertainty Analysis (Section 8), as appropriate.
This discussion may include, but will not be limited
to, one or more of the following:
•
•
•
•

relative toxicity associated with the general
chemical class or similarly structured chemicals,
fate and transport characteristics and the
expected bioavailability of the chemical,
relative distribution of the chemical,
weight of evidence given other (i.e., mammalian)
receptors’ EEQs.

A qualitative evaluation of potential risks to reptiles
and amphibians will be included in the Uncertainty
Analysis (Section 8) for each watershed. Available
literature will be searched for the types of reptile
information mentioned in the comment.

Qualitative evaluations of potential risks to reptiles could
include an evaluation of the literature to identify:
1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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A or
D2

• general information concerning reptilian sensitivity
to broad classes of chemicals, as appropriate to the
site
• body tissue residue studies associated with effects
regarding the subject COPECs
• residue studies at COPEC-impacted and nonimpacted sites
• general population studies at impacted and nonimpacted sites with similar COPECs, and
• blood-dosing studies related to effects associated
with site chemicals.
In any case, the ERA could also provide a discussion of the
likelihood of exposure to site COPECs given the niche of
the reptile, and the fate and transport characteristics of the
COPECs in affected media.
37

Section 8.8
Using
AUFs Less
Than 1 for
Large
Range
Receptors

As discussed in our various meetings and
teleconferences, the Army did not sum COPEC
ecological effects quotients (EEQs) from individual subareas for large range receptors that may cover multiple
sub-areas in their home range. The Army indicated that
the complexity of the food chain exercise prohibited this.
Since most receptors were modeled to be exposed to
both terrestrial and watershed systems, the Army was
concerned that the hazard for the watershed may be
double-counted. Please provide more discussion why
this agreed upon approach was not fulfilled.

C

As discussed in Section 8.8, the exercise of trying to
determine summed EEQs for receptors that might use
more than one sub-area was complicated by several
factors:
•

•
•

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Wide-ranging receptors typically did not have
home ranges large enough such that they would
use the entire adjacent sub-area. Therefore, the
EEQ of the neighboring sub-area would need to
be multiplied by some fractional value.
There are an infinite number of combinations of
portions of adjacent sub-areas that may comprise
a wide-ranging receptor’s home range.
Because all non-aquatic receptors are exposed
both to terrestrial sub-areas (which are defined
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C or
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Response

A or
D2

using a circular home range) as well as to the
aquatic watersheds (which are defined using the
area of a corridor, as described in the response to
TCEQ Comment No. 31), the exercise of
determining EEQs associated with multiple subareas and watersheds was considered impractical.
Because of the complexities involved with doing a
cumulative evaluation across multiple subareas/watersheds, the alternate approach of setting
AUFs that had been changed to less than 1 back to
the default value of 1 was selected as the preferred
method of addressing uncertainties regarding the use
of an AUF less than 1 for wide-ranging receptors.
38

Section 8.8
Using
AUFs Less
Than 1 for
Large
Range
Receptors

Rather than add the EEQs from individual sub-areas for
large-ranging receptors, EEQs were recalculated
assuming an AUF of 1. The analysis concludes that “the
implications of wide-ranging receptors visiting more
than one sub-area and/or watershed would result in
estimated EEQs being larger than initially predicted.”
The discussion goes on to say that “the expected increase
is less than indicated since the COPEC doses would be
integrated over the area of exposure.” The Army should
make some recommendation as a result of this analysis.
We suggest that the Army focus on any scenario where
the Tier 2 LOAEL-based EEQ is greater than 1.

C

If Tier 2 LOAEL-based EEQs exceed 1 when the
AUF is set to 1, recommendations and discussion
regarding the implications of the results will be
discussed in greater detail in the report. Please also
see response to TCEQ Comment No. 37.

39

Section
10.0
Step 3
Refined
List of
COPECs

This section presents a discussion of all COPECs that
were estimated to have an EEQ above 1 for the food
chain model, and also discusses the results of the direct
contact assessment. Based on a weight-of-evidence
approach considering the bulleted text on page 10-1, the
Army makes a recommendation whether or not to retain

C

A table will be added to Section 10 that presents each
COPEC by media, and a summary of each of the
primary reasons used to remove a COPEC from the
final COPEC list.

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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a COPEC for the final list of COPECs to be addressed in
Step 4. Perhaps because of its length, we found this
section difficult to digest and understand from a big
picture standpoint. Comments will follow regarding
specific areas/COPECs and some comments will address
discussions that are repeated for many COPECs.
Nevertheless, we suggest that the Army consider another
way to package this section so that it is more readily
understood and absorbed. Perhaps summary tables will
help.
40

Section
10.0
Step 3
Refined
List of
COPECs

For many COPECs, if the EEQ is greater than 1 for any
combination (NOAEL, LOAEL, Tier 1, Tier 2) there is a
statement that indicates that the percent of the hazard
associated with surface water or sediment, was minimal.
The Army should be mindful that the ERA should
evaluate the cumulative potential risks to each receptor
from multiple media/food sources. Section 3.13.1 of the
agency’s ERA guidance (TNRCC, 2001) does provide a
discussion on the development of clean up values
(protective concentration levels) where multiple media
are impacted. Most commonly, if the exposure medium
that is the primary risk driver is addressed, the combined
hazard quotient will be less than 1.

C

An additional section will be added to the report that
evaluates the cumulative potential COPEC hazards to
each wildlife receptor from exposure to multiple
media (i.e., soil, surface water, and sediment). This
evaluation will focus on those constituents that were
not selected as final COPECs because the mediaspecific food-chain EEQ was less than 1.

41

Section
10.0
Step 3
Refined
List of
COPECs

For many COPECs/areas there is an acknowledgment of
the TCEQ’s guidance which recommends that a final
PCL may be an arithmetic average of the NOAEL and
LOAEL-based PCL as long is there is not more than a
10-fold difference. The discussions then usually show
that the average of the NOAEL and LOAEL EEQs are
less than 1. In general this is acceptable. However, the
LOAEL EEQ must be less than 1 for a given
receptor/COPEC. Also, where a particular receptor is a

C

As the average NOAEL- and LOAEL-based EEQs
that are presented are restricted to those that do not
have more than a 10-fold difference, it is not possible
that an average NOAEL and LOAEL EEQ of 1 or
less would have a LOAEL-based EEQ of 1 or greater.
For example, given a NOAEL-EEQ of 2 and a
LOAEL-EEQ of 0.2, the average NOAEL and
LOAEL EEQ would be 1.1. In the absence of other
lines of evidence and/or relevant specific discussions,

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Page(s)/
Section

Paragraph/
Line

C or
D1

Comment
surrogate for a T/E species, the NOAEL EEQ must be
less than 1, assuming no other acceptable rationale is
provided for excluding a COPEC/receptor/area.

Response
COPECs with wildlife LOAEL-based EEQs of 1 or
greater will retained as final COPECs in the Step 3
Report. For a T/E species or surrogate, the
acceptable NOAEL EEQ may be equal to 1, because,
by definition, a NOAEL EEQ of 1 indicates no
adverse effect.

42

Section
10.0
Step 3
Refined
List of
COPECs

In combination with Appendix F, this section invokes a
discussion of various lines of evidence (e.g., Wilcoxon
Rank Sum (WRS) test, comparison of site maximum
detected concentrations (MDCs) with background upper
prediction limits/upper tolerance limits (UPLs/UTLs),
comparison of MDCs and 95% upper confidence limits
(UCLs) with the TCEQ median background
concentrations, box and whisker plots, and geochemical
analysis) to determine if a chemical was background
related. Where the various lines of evidence conflict,
there is usually no particular discussion that indicates
what the Army considers to be the stronger line of
evidence and why. This section would benefit greatly
with this added discussion.

C

As stated in Section 10, pg. 10-1, 6th bullet, for the
background analysis, the greatest weight is given to
the geochemical evaluation results. Justification for
using the geochemical evaluation results when they
conflict with other background lines of evidence will
be added to the report. In addition, as agreed to
during the June 13, 2005 Dallas Texas stakeholder
meeting/conference call on the Use of Geochemistry
in Background Determinations, a background UTL or
UPL “bright-line value” and the corresponding
ecological screening value will be added to key
COPEC geochemical graphical plots currently
presented in Appendix F of the Report (with “key”
COPEC defined as a hazard-driver COPEC) .

43

Section
10.0
Step 3
Refined
List of
COPECs

For a number of scenarios, there is a discussion that the
use of a different (less conservative) uptake factor would
reduce the Tier 1 or 2 EEQ. The uncertainty analysis
should not rely on the use of conservative assumptions
that are available for adjustment to argue the lack of a
need to address particular pathways or not developing a
cleanup level for particular COPECs. Rather the
assumption available for adjustment should be modified
in Tier 2 (in this case) such that the results are indicative
of acceptable risk or risk that requires management. In
the case of uptake factors, the facility should clearly
indicate the source of any uptake factor used with a

D

Alternative uptake factors will continue to be applied
to both the Tier 1 and Tier 2 results in Section 10.
Application of alternative uptake factors to only the
Tier 2 EEQs would result in estimated hazards that
approximate a central tendency approach, and are not
acceptable to the lead regulatory agency (i.e., EPA
Region 6) for decision making. In the case of
alternative uptake factors, the Army will clearly
indicate the source of any uptake factor used, if the
source has not already been provided, and give a
justification for its use relative to the COPEC and
pathway in question. Justification may include

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Line

C or
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Comment
justification for its use relative to the COPEC and
pathway in question. If a less conservative uptake factor
is used in the second round (Tier 2) hazard quotient
calculations, TCEQ requests that a discussion be
provided as to why the less conservative uptake factor is
more relevant to the exposure scenario at the site.

44

Section
10.0
Step 3
Refined
List of
COPECs

For a number of scenarios, there is a discussion that the
TRV was based on a particular study and that an
alternative study may have been more appropriate. In
deriving a TRV, it is preferred that facilities initially
select the most relevant study for the site in question,
based on professional judgment or other specific criteria,
and use the results of that study in preference to others.
The study selected (species and endpoint) should reflect
its relation to the Texas feeding guilds supported by the
habitat at the site, and should reflect the endpoints most
likely to affect populations (e.g., development,
reproduction, and survivorship). The study should
demonstrate acceptable data quality and test duration.
For metals, if it is concluded that a COPEC should not be
retained as a final COPEC based on the form of the metal
used in the original toxicity study used to derive the
NOAEL (or LOAEL), the preferred justification would
be site-specific data documenting the form of the metal
present. Alternatively, a facility may provide a detailed
justification that addresses the known site chemistry and
fate processes that influence the chemical form of the
COPEC in the environment, a literature reference and
rationale regarding the assumed chemical form, a
literature reference regarding the alternate toxicity
values, and/or literature sources for any assumed
physicochemical properties. In general, metals are

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Response

A or
D2

discussion of the site-specific small mammal uptake
factors and/or fish tissue data that are available for
LHAAP that show that bioavailability and/or uptake
is lower than upper-bound Tier 1 values suggest.

C

It is agreed that the preferred approach is to select the
most appropriate TRV at the outset. However, due to
the large number of preliminary COPECs at LHAAP,
a detailed evaluation of all available TRVs for each
COPEC was not performed. The lowest TRV from
readily-available documents, such as Sample et. al
(1996) was used to compile the primary list of
COPEC TRVs. To expedite the process, a more
detailed evaluation of TRVs was only performed if
EEQs were estimated to be elevated and/or a
particular COPEC was determined to be site-related.
Additional information will be provided in the report
to assist in the determination of whether the use of
alternative TRVs that are based on a less bioavailable
or toxic metal speciation are justified. For example,
the initial TRV used in the Step 3 Report for lead was
based on a toxicology study using lead acetate, a
highly bioavailable form of lead. Although lead
acetate might be expected at LHAAP due to its use in
explosives formulation, lead acetate is extremely
water soluble (solubility is reported as 44.3 g/100 cc
or 443,000 mg/L), and thus any lead acetate in the
environment would be expected to dissolve and
precipitate out as a lead salt. Therefore, use of a TRV
based on lead acetate is overly conservative, and use
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Line

C or
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Comment
assumed to be in the bioavailable form (or
bioaccumulative form) unless sufficient analytical data
are available to identify the metal species that are
present.

Response
of an alternative TRV based on metallic lead that is
less bioavailable (as was done in Section 10 of the
report) is appropriate and is supported by best
professional judgment and published fate properties
for this compound.

45

Section
10.1.18
2,3,7,8TCDD TEQ
(Soil)

2,3,7,8-TCDD TEQ was selected as a final COPEC for
the waste sub-area. This is appropriate. The raccoon
NOAEL EEQ was greater than 1 for the industrial subarea. The Army should reconsider retention of this
COPEC for this sub-area since the raccoon is a surrogate
for the Louisiana Black Bear, a protected species. As
such any cleanup level must be based on a NOAEL
TRV. See Section 3.13.2 of TNRCC, 2001 for more
information.

C

The Army will reconsider this COPEC as a final
COPEC for the Industrial Sub-Area by evaluating the
NOAEL EEQ for the raccoon. Although the raccoon
is a surrogate for the T/E black bear (that is possible
at the Installation due to the potential availability of
suitable habitat), the raccoon itself is not a listed
species. Additional information will be provided and
used to estimate a black bear EEQ from the estimated
raccoon EEQ, taking into consideration factors such
as a Louisiana black bear’s ingestion rate and home
range, unless Texas Parks and Wildlife Division
(TPWD) states that this species is highly unlikely to
be found at LHAAP.

46

Section
10.2.2
Barium
(Sediment)

The raccoon NOAEL EEQ was greater than 1 for
Harrison Bayou. We suggest that the Army reconsider
retention of this COPEC for this watershed since the
raccoon is a surrogate for the Louisiana Black Bear, a
protected species. See related comment 45. As such any
cleanup level must be based on a NOAEL TRV.
Retention of the COPEC is further supported by the
geochemical analysis and the statistical analyses.

C

The Army will reconsider barium as a final COPEC
for Harrison Bayou by evaluating the NOAEL EEQ
for the Louisiana black bear; see response to TCEQ
Comment No. 45, unless TPWD states that this
species is highly unlikely to be found at LHAAP..

47

Section
10.2.10
Silver
(Sediment)

EEQs for silver were not displayed on Tables 7-25 and
7-27 for the Goose Prairie Creek. Is this not a COPEC
for this watershed? We suggest that silver should be
selected as a final COPEC for the Goose Prairie Creek
watershed. Silver was a concern for direct contact since
more than half of the screening values were exceeded.

D

EEQs for silver were not presented in Tables 7-25
and 7-27 because silver does not have readilyavailable TRVs. For a detailed discussion of Goose
Prairie Creek Watershed sediment silver
concentrations and the limited likelihood of adverse
ecological effects, see Appendix G.1.1.1 (text

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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C or
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Comment
The Tier 2 NOAEL and LOAEL hazard quotients for the
catfish based on the critical body residue evaluation,
were greater than 1.

48

Section
10.2.11
Thallium
(Sediment)

The raccoon NOAEL EEQ was greater than 1 for Goose
Prairie Creek, Central Creek, and Harrison Bayou. We
suggest that the Army reconsider retention of this
COPEC for these watersheds since the raccoon is a
surrogate for the Louisiana Black Bear, a protected
species. See related comment 45. Additionally,
although the text indicates that the thallium
concentrations were consistent with background, there
were no detections of thallium in the background
samples.

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Response

A or
D2

extracted as follows):
In conclusion, silver concentrations in some sediment
samples are a potential concern but without TRVs,
ecological cleanup levels cannot be developed for
wildlife. In addition, any potential direct toxicity is
expected to be limited to the small localized areas
with elevated concentrations and benthic invertebrate
populations are not expected to be adversely affected.
The CBR approach (which suggests elevated fish
HQs) is not necessarily applicable for the reaches of
Goose Prairie Creek where the elevated geochemical
outliers for silver were located because these areas
are small, possibly ephemeral water bodies that are
unlikely to support fish. Also, bioaccumulation
through the food chain is unlikely as silver is not
known to be a bioaccumulative constituent.
Therefore, silver is not recommended as a final
COPEC in sediment for the Goose Prairie Creek
watershed.
C

The Army will reconsider thallium as a final COPEC
for Goose Prairie Creek and Harrison Bayou by
evaluating the NOAEL EEQ for the Louisiana Black
Bear; see response to TCEQ Comment No. 45, unless
TPWD states that this species is highly unlikely to be
found at LHAAP. The geochemical background
evaluation technique looks at concentration ratios of
thallium and iron detected on-site, not background
concentrations of thallium. The results of the
geochemical approach were used as the primary
methodology for whether or not a COPEC was site
related.
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49

Section
10.2.17
2,3,7,8TCDD TEQ
(Sediment)

50

Section
10.3
Surface
Water

See previous comments 13 and 14.

51

Section
10.3
Surface
Water

52

Section
10.3.1
Aluminum
(Surface
Water)

The raccoon NOAEL EEQ was greater than 1 for Central
Creek and Harrison Bayou. We suggest that the Army
reconsider retention of this COPEC for these watersheds
since the raccoon is a surrogate for the Louisiana Black
Bear, a protected species. See related comment 45.
Also, for both watersheds there were exceedances of the
direct contact screening levels for benthic organisms.
Further, statistical tests indicated that site concentrations
were elevated above background.

Response

C

The Army will reconsider 2,3,7,8-TCDD as a final
COPEC for Central Creek and Harrison Bayou by
evaluating the NOAEL EEQ for the Louisiana Black
Bear; see response to TCEQ Comment No. 45 unless
TPWD states that this species is highly unlikely to be
found at LHAAP. Results of the direct contact
assessment will be reevaluated as well, in conjunction
with the results of the spatial analysis.

C
and
D

See previous responses to Comments No. 13 and 14.

For a number of COPECs, there is an argument that the
particular COPEC should not be selected as a final
COPEC since locations of elevated surface water
concentrations do not parallel those for sediment. Given
the transient nature of chemicals in surface water, this is
not a compelling argument. This may be more relevant
at the release point of an active release for chemicals that
are likely to sorb to sediment.

C

It is agreed that the surface water spatial component
should be given less weight than other lines of
evidence; however, it is important information to
consider, as it relates to potential cleanup options.

The Army should reconsider the retention of this COPEC
for the Central Creek and Harrison Bayou watersheds.
The 95% UCL and mean concentrations exceeded the
Texas acute criterion for dissolved aluminum (991 ug/L).
Further, the total aluminum concentrations were in
excess of the federal acute and chronic criteria for all but
Saunders Branch. The statistical evaluations indicate
that the concentrations exceed or slightly exceed
background.

D

The Army considers aluminum to be background
related for both watersheds. It is the Army’s
recommendation that geochemical background
evaluation results (that show aluminum
concentrations to be consistent with background for
these two watersheds) are more definitive than
statistical background comparison results. It should
also be noted that WRS Test statistical results also
show aluminum to be background related. As
discussed previously, background COPECs that
demonstrate a potentially unacceptable ecological

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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A or
D2

hazard will be carried forward for qualitative risk
management consideration.
53

Section
10.3.3
Cadmium
(Surface
Water)

See previous comment 14 regarding the Central Creek
watershed.

D

See response to Comment No. 14.

54

Section
10.3.5
Copper
(Surface
Water)

See previous comment 14 for the Harrison Bayou and
Goose Prairie Creek watersheds. Further, statistical
analyses indicate that 2 and 7 non-TAL (target analyte
list) samples should be considered a potential concern.
Two locations that were detected in Goose Prairie Creek,
were for locations as close as 150 feet apart.

D

See response to Comment No. 14. Copper was
infrequently detected in these two watersheds (in 10
percent or less of the samples). Although two
detections were within 150 feet of each other, all
other results were spatially isolated within the
watersheds. Copper is not known to be related to any
processes at the Installation. Detections in surface
water did not correlate with elevated detections in
sediment; therefore, there is no obvious source of
copper, and the concentrations detected are likely
related to background. In addition, new surface water
samples collected in September 2004 were nondetect
for copper in both Harrison Bayou and Goose Prairie
Creek, and were nondetect in the other two
watersheds as well (please see the Step 3 Report
Appendix G).

55

Section
10.3.7 Lead
(Surface
Water)

See previous comment 14 regarding all four watersheds.
Further, geochemical analysis indicates 1 sample was an
outlier for Goose Prairie Creek and 4 non-TAL samples
should be considered a potential concern. Four elevated
concentrations in Goose Prairie Creek watershed are in
close proximity. The Army should reconsider the
retention of this COPEC for these watersheds.

C

The Army will retain lead as a COPEC for Goose
Prairie Creek because: (1) federal and state water
quality criteria were exceeded; (2); this watershed
had the greatest concentration of lead of all four
watersheds; (3) at least one sample failed the
geochemical evaluation; (4) the MDC exceeded both
the UTL and the UPL; (5) the spatial evaluation
showed that several elevated detections were located
in close proximity; and (6) several elevated water

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Page(s)/
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Paragraph/
Line

C or
D1

Comment

Response

A or
D2

concentrations were collocated with elevated
sediment concentrations. Lead will not be retained for
the other three watersheds because far fewer of the
above “weight-of-evidence criteria” were apparent.
56

Section
10.3.10
Thallium
(Surface
Water)

The raccoon NOAEL EEQ was greater than 1 for Goose
Prairie Creek. We suggest that the Army reconsider
retention of this COPEC for this watershed since the
raccoon is a surrogate for the Louisiana Black Bear, a
protected species. See related comment 45. Since
thallium was not detected in background samples, it
seems misleading to conclude that there is no evidence
of thallium contamination in the watershed.

C

The army will reconsider thallium as a final COPEC
for Goose Prairie Creek by evaluating the NOAEL
EEQ for the Louisiana black bear; see response to
TCEQ Comment No. 45, unless TPWD states that
this species is highly unlikely to be found at LHAAP.
The background samples all had nondetectable
concentrations of thallium, with RLs ranging from 10
to 20 µg/L. The TAL site samples had an RL of 1
µg/L and included 13 detected and estimated
concentrations that ranged from 1.0 to 3.1 µg/L.
These values were all below the minimum
background RL. The non-TAL samples were all
nondetect with RLs ranging from 5 to 10 µg/L. As
thallium concentrations in the site samples were all
below the background RLs, text will be edited to state
that “it is appropriate to conclude that there is limited
evidence of thallium contamination in the
watershed.” See Appendix F 4.2.10 for details.

57

Section
11.0 Step 3
Conclusions and
Scientific/
Management
Decision

Regarding barium, TNT, DNT, and 2,3,7,8-TCDD TEQ
in soil at Site 17, the Army concludes that focused
remediation is the most appropriate action. The text
states that “further information related to evaluation,
remediation, or risk management of these COPECs will
be discussed in more detail in a supplemental
deliverable.” This is not clear. What deliverable is
anticipated and when?

C

A separate deliverable that discusses the
recommended approach for Site 17 (e.g., proposed
remedy or additional investigation) will be prepared.
A submittal date has not been established. Resolution
of the comment responses for the Step 3 Report is one
item that should be completed prior to preparation of
this deliverable because if the final list of COPECs
for Site 17 changes, the proposed remedy may change

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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A or
D2

as well. At this time Site 17 has been selected as a
site for possible Early Closure in 2006, therefore, a
separate deliverable addressing ecological concerns
may be prepared and submitted prior to finalization of
the Step 3 report.

58

Section
11.0 Step 3
Conclusions and
Scientific/
Management
Decision
Point

The Army concludes that mercury, zinc, and lead are
recommended as final sediment COPECs (at the northern
end of Goose Prairie Creek cove in Caddo Lake).
Further considerations may include risk management,
additional field/lab studies to confirm toxicity to benthic
and bioaccumulation in fish and benthic inverts, or
focused remediation. Again, what supplemental
deliverable is anticipated and when?

C

A separate deliverable that discusses the
recommended approach for this area (e.g., proposed
remedy or additional investigation) will be prepared.
A submittal date has not been established. Resolution
of the comment responses for the Step 3 Report is one
item that should be completed prior to preparation of
this deliverable because if the final list of COPECs
for this area changes, the proposed remedy may
change as well.

59

Section
11.0 Step 3
Conclusions and
Scientific/
Management
Decision
Point

Barium and 2,3,7,8-TCDD TEQ are recommended as
final surface water COPECs within the Harrison Bayou
watershed. Further possible considerations are similar to
those for sediment as indicated above with the addition
of a suggested option of continued surface water
monitoring to determine if concentrations are declining.
Again, what supplemental deliverable is anticipated and
when?

C

A separate deliverable that discusses the
recommended approach for this area (e.g., continued
monitoring) will be prepared. A submittal date has
not been established. Resolution of the comment
responses for the Step 3 Report is one item that must
be completed prior to preparation of this deliverable
because if the final list of COPECs for this area
changes, the proposed approach may change as well.

60

Section
11.0 Step 3
Conclusions and
Scientific/
Management
Decision
Point

There is a reserved placeholder for a discussion of
perchlorate that was anticipated for December 2004. We
have no knowledge of a perchlorate report that was
submitted in December. With our overall comment 1 in
mind, please provide specific details regarding the
anticipated approach for perchlorate.

C

See response to TCEQ Comment No. 1.

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Comments from Barry Forsythe, Craig Giggleman, and Paul Bruckwicki (USFWS)
1

General
Comment

The results of the Step 1 and 2 ERAs are referred to
throughout this document. A consensus was never reached
between the U.S. Army and the regulators concerning the
finality of these documents. Consequently, it was agreed
upon by all parties that issues related to these documents
would be addressed in the site wide ERA. Consequently, it
is recommended that these documents be referred to as
draft documents within this Step 3 ERA.

D

Steps 1 and 2 of the ecological risk assessment
processes were presented in the Baseline Human
Health and Screening Ecological Risk Assessment
documents for the Group 2 Sites (Jacobs, 2002) and
the Group 4 Sites (Jacobs, 2003). Although the Army
recognizes that there may have been some
outstanding concerns that were to be addressed in the
Installation-Wide Step 3 Report, the titles of both
documents reflect a “Final” status. Therefore, it is
inappropriate to refer to them as draft documents
within the Step 3 Report. Rather, it is anticipated that
the outstanding issues from the SLERAs either have
been or will be resolved by the Step 3 Report.

2

General
Comment

The document appears to go far beyond what is considered
Step 3 (EPA, 1997). In fact, this is closer to what would be
considered a complete BERA, lacking only proposed PRGs
for those COCs remaining. According to the 8-step
process outlined in EPA’s guidance, Step 3 would be
complete after refinement of COPCs (not to include risk
characterization) and presentation of assessment endpoints
(AEs), associated risk hypotheses/questions, and refined
conceptual site model (CSM). For this site, like others that
have a vast amount of data, it would be acceptable to
present associated measurement endpoints (MEs) in this
document (Step 4). However, completing the risk
characterization in Step 3, without stakeholder input to the
selection of TRVs and other model inputs is premature.

D

Although it is understood that the LHAAP
stakeholders may have been somewhat surprised by
the scope of the Step 3 Report, the overall format and
approaches to be used for Step 3 were described in
detail in the work plan that was submitted in 2003,
and discussed in numerous conference calls and
meetings that were held to explain the approaches.

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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includes a refinement of COPECs. The Army
believes it has used approaches supported by
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reported in the literature (e.g., only up to 60 percent
for a particular contaminant), and consider how the
HQs would change if more realistic conservative
assumptions were used instead (see Section 3.4.1).
For those contaminants for which the HQs drop to
near or below unity, the lead risk assessor and risk
manager should discuss and agree on which can be
eliminated from further discussion at this time.” The
Army interprets this statement to mean that a refined
food chain model using more realistic exposure
assumptions and toxicity values than were used in the
screening risk assessment (i.e., Steps 1 and 2) can be
used to reduce or eliminate COPECs. This
interpretation is supported by other state, federal, and
regional EPA guidance (e.g., TCEQ, 2001; EPA,
2000 and 2001) that indicate that multiple lines of
evidence may be used to eliminate COPECs at the
Step 3 stage. The end result of this is to carry
forward to additional steps of the risk assessment
process (Steps 4 through 8) only those chemicals that
realistically represent a threat to ecological receptors.
The example presented in EPA (1997) guidance
involved bioavailability, which happens to be a
variable that was left at its maximum (most
conservative) value in the Step 3 Report. However,
the spirit of the guidance is clearly to move away
from using unrealistic maximum value assumptions
during the Step 3 refinement of COPECs. While it is
understood that the modified assumptions are subject
to regulatory approval, comments received from
stakeholders (particularly EPA Region 6) appear to
reject the use of less conservative/more realistic
values altogether.
1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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This difference in understanding as to what lines of
evidence may be introduced at the Step 3 stage to
refine COPECs represents a fundamental difference
in opinion between the Army and USFWS/USEPA.
The Army believes that EPA (1997, 2000, 2001) and
State (TCEQ, 2001) guidance clearly allows for the
arguments presented in the Step 3 Report to be made
prior to mobilization to a full baseline ecological risk
assessment. Therefore, this was an issue that was
addressed in the Informal Dispute Resolution process
initiated by the Army. The outcome of this process,
summarized in conference call minutes for 7/28/05,
was that risk characterization may be performed as
part of the Step 3 report.
3

General
Comment

The Service does not feel the use of frequency of detection
(FOD) is appropriate with a biased sampling scheme.
While biased sampling does increase the odds of finding
contamination, elimination of COPECs based on FOD
could cause “hot spots” to be removed from further
investigation/evaluation.

D

Even if all data were collected using a systematic
sampling scheme, it would still be possible to
eliminate COPECs that could represent “hot spots”.
In fact, a sampling plan based on a systematic (i.e.,
grid) plan may be more likely to overlook a hot spot
than a biased program, where there is a high density
of samples within areas where contamination (i.e., a
hot spot) is likely to be present. Furthermore, the use
of frequency of detection (FOD) to reduce COPECs
during Step 3 is supported by federal EPA guidance
(EPA, 2001). In addition, guidance was not located
stating that this approach is inappropriate when
biased data are used. Therefore, this approach will be
retained in the Step 3 Report.
It was agreed during the Comment Resolution

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Meeting in Austin, Texas (February 22 and 23, 2005)
to use FOD as a screening criterion in the Step 3
Report, but to also include a spatial analysis of
chemicals detected 3-5% of the time to address hot
spot concerns, and include any other appropriate
discussion points as described in EPA (2001)
guidance. During a meeting in Dallas, Texas on May
9, 2005, the stakeholders requested a list of chemicals
that were screened out due to FOD, and this list (in
tabular format) was provided on June 7, 2005. During
the informal Dispute Resolution Process EPA also
requested that the robustness of the data set be
considered (e.g., the size and sampling strategy).
USFWS also stated that the FOD issue is really only
of concern for the GPC Watershed surface water and
sediment samples, and recommended that a spatial
evaluation of data collected from this watershed be
used. As noted above, a spatial analysis will be
performed for all chemicals detected 3-5% of the time
before the FOD approach is used to deselect
COPECs.
4

General
Comment

Use of any means to refine the COPECs should be
adequately justified and supported. Two of the methods
utilized, background comparisons and FOD, are outlined in
EPA’s ECO Update, “Role of Screening-Level Risk
Assessments and Refining Contaminants of Concern in
Baseline Ecological Risk Assessments” (EPA 540/F01/014). At a minimum, the issues listed for each method
should be discussed to show transparency for resulting
decisions.

C

Please see response to USFWS General Comment
No. 3.

Specific Comments
1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Paragraph/
Line

C or
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Comment

Response

1

1-10/
1.3.9

It should be clearly stated in this section that the risk to
Caddo Lake will be analyzed by assessing the risk in
Goose Prairie Creek, Harrison Bayou, Central Creek, and
Saunder’s Branch.

C

Text will be added to Section 1.3.9 that states that the
potential hazards to Caddo Lake will be evaluated
using hazard estimate results for Goose Prairie Creek,
Harrison Bayou, Central Creek, and Saunders
Branch. Additional information, such as fish tissue
results collected from Caddo Lake, will also be used
in the evaluation.

2

1-13/
1.3.10

The last paragraph of this section; Section 10.0 Step 3
Refined List of COPECs, page 10-1; the last sentence of
Section 10.1.12 DDD, page 10-36; a conclusion in
Section 10.1.12.1 Industrial Sub-Area (DDD), page 1037; Section 10.1.13 DDT, page 10-37; and a conclusion
in Section 10.1.13.1 Industrial Sub-Area (DDT), page
10-38; all refer to “lawfully applied pesticides. . .” Are
these statements assumptions or have pesticide
application records recently been discovered that support
these statements?

C

At this time these statements are assumptions.
Pesticide application records will be searched to
support this assumption, if possible. Text will be
revised accordingly. Per the informal Dispute
Resolution process July 28, 2005 conference call
minutes, Army acknowledges USFWS’ concern with
the term “lawfully applied pesticides.” Text will be
modified to state that legal application of pesticides is
assumed.

10-1/
10.0
10-36/
10.1.12
10-37/
10.1.12.1

A or
D2

10.37
10.1.13
10-38/
10.1.13.1
3

Figure 1-4

Figure 1-4 should also include areas sampled off site for
background purposes. Subsequently, Section 2.2.1
Background Studies, page 2-2, should refer back to this
figure.

C

Figure 1-4 will be adjusted to include background
sampling locations. This figure will be referenced in
Section 2.2.1.

4

2-1/
2.1

The third paragraph states that environmental
investigations have been completed for the group 1 sites.
It should be noted that Site 53, Site 54, and Site 27 are
now MMRP sites undergoing further evaluation.

C

The text will be adjusted as suggested.

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Line
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5

2-1/
2.1
Review of
Existing
Installation
Data

On-going MMRP investigations at the facility should be
mentioned in this section. This can readily be
accomplished by modifying the third paragraph to state,
“Environmental investigations have been completed for
the sites in Groups 1, 3, and 5. No further action is
required for these sites with the exception of ongoing
MMRP investigations at Sites 27 and 54.”

C

The text will be adjusted as suggested.

6

2-1/
2.1
Review of
Existing
Installation
Data

The fourth paragraph lists perchlorate as a COC. It is
recommended that it should be stated prior to or in
Section 2.3.1 Technical Approach, page 2-3, that the risk
for perchlorate will be not assessed at this time due to
lack of definitive regulatory guidance. Not stating this
until Section 7.2.4.5 Special Case Chemicals, pages 7-35
to 7-36, makes it extremely confusing. In addition, the
last sentence of the second paragraph on page 7-37 in
Section 7.2.5 Results of the Food Chain Model, states
that, “These chemicals [perchlorate included] were
evaluated in the food chain models to determine if
concentrations of chemicals in abiotic media and prey
items had the potential to adversely impact populations,”
which appears to be in contradiction to the last sentence
of the first paragraph on page 7-36, which states, “. . .
potential perchlorate hazard is not quantified in the food
chain models.”

C

The recommended discussion regarding perchlorate
will be added to page 2-3. The text on page 7-36 and
7-37 will be adjusted to more clearly state that all
COPECs except perchlorate were quantitatively
evaluated in the food chain models. Also, please see
the response to TCEQ Comment No. 1.

7

2-2/
2.2
Review of
Other
Studies

Near the end of the paragraph it is stated that,
“Information determined to be applicable was included.”
The criteria and/or DQOs for this evaluation need to be
presented.

C

There were no formal guidelines or DQOs used to
determine which information would be used in the
Step 3 analysis and which would not. Some
information, such as additional soil data, was
obviously useable, and was included. Other
information, such as groundwater data, was not
included. The text will be adjusted to indicate that all
readily-available information relevant to ecological

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Page(s)/
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risk was evaluated.
8

Table 2-2

9

Table 2-3
Summary of
COPECs
from
Screening
Ecological
Risk
Assessments

Table 2-2 Summary of Hazard Indices for Indicator
Species, should include the Chipping Sparrow even though
it was used as an indicator species for only Site 16 and the
HI was not calculated due to the lack of toxicity data.
Consequently, the statement in footnote “a” should be
modified to state that dashes indicate HIs were not
calculated due to lack of toxicity data. In addition,
Alligator Snapping Turtle should be replaced with
Common Snapping Turtle.

C

The Chipping Sparrow will be added to Table 2-3,
and the footnote will be changed as suggested.
However, the Alligator Snapping Turtle is correctly
listed as the Indicator Species selected to represent
reptiles in the screening-level ERAs (Jacobs, 2002;
2003). Therefore, it would be incorrect to change it
to the Common Snapping Turtle, which was used in
the Step 3 Report to represent the Alligator Snapping
Turtle.

For clarification purposes, were surface water and
sediments samples analyzed for pesticides and PCBs?

C

According to the Group 2 SLERA (Jacobs, 2002),
Harrison Bayou surface water and sediment samples
were only analyzed for VOCs, dioxins/furans, metals,
and perchlorate. For Goose Prairie Creek, Saunders
Branch, and Central Creek, it is difficult to determine
if pesticides and/or PCBs were analyzed for and
evaluated in surface water/sediment in the Group 4
SLERA. The Group 4 SLERA provides sample
summary information for Goose Prairie Creek
(Section 2.12; Jacobs, 2003) but not for Saunders
Branch or Central Creek. Pesticides and PCBs are
listed among the analytes in the surface water and
sediment samples collected for the Phase III RI for
Goose Prairie Creek (Section 2.12.2; Jacobs, 2003)
and in sediment samples collected during additional
investigations (Section 2.12.3; Jacobs, 2003).
However, pesticides and PCBs do not appear in Table
3-15, which presents the surface water analytical data
for Central Creek, Goose Prairie Creek, Saunders
Branch, and Caddo Lake. PCBs (Aroclor 1254) are
listed in the accompanying sediment analytical data

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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table (Table 3-16; Jacobs, 2003).
The importance of whether pesticides and PCBs were
included in the analytical data used for the SLERAs
is somewhat reduced by the fact that all available data
from all watersheds were re-screened during the Step
3 evaluation, and these chemicals were included in
the analyte list in samples collected from most of the
watersheds. Tables 6-5 through 6-12 in the Step 3
Report provide a summary of the samples and
associated analyses that were used for the current
ecological effort at LHAAP. At least a few surface
water and sediment samples were analyzed for both
pesticides and PCBs in all watersheds, with the
exception of Saunders Branch surface water (no
pesticides or PCBs) and Saunders Branch sediment
(no PCBs). In addition to the samples described in
Tables 6-5 through 6-12, one additional surface
water/sediment sample from both Goose Prairie
Creek and Central Creek was analyzed for pesticides
and PCBs during the Data Gaps evaluation that was
conducted in September, 2004 (see Table G-1 in
Appendix G of the Step 3 Report).
10

2-4/
2.3.1

The last paragraph lists the Red-tailed Hawk as a
mammalian carnivore. Please correct.

C

The Red-Tailed Hawk will be described as an avian
carnivore.

11

4-8/
4.2

The first paragraph following bullets states that
organisms on the first (primary) level of the food chain
(e.g., plants and earthworms, etc.) are not selected as
measurement receptors in the food chain model for
several reasons. The reasons stated include there are no
transfer of contaminants through them (earthworms),

D

As discussed in Section 5.1 and shown in Table 5-1,
the terrestrial plant and invertebrate communities are
selected as measurement receptors. Section 4.2 will
be revised to refer to Section 5.1 to clarify that the
plant and earthworm communities are chosen as
measurement receptors for the selected assessment

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment
they do not represent organisms with high social or
economic importance and that they are assessed under
direct toxicity evaluation that is used to determine
whether exposure to chemicals in media may result in
population declines which may affect the food supply for
higher trophic level organisms. Please refer to the first
bullet concerning ecological relevance where it is stated
that highly relevant receptors provide an important
functional or structural aspect of the ecosystem and that
a major attribute of highly relevant receptors include the
category of a food item. Critical attributes include those
that affect or determine the function or survival of the
population. Affecting the base of the food chain by
either reducing the numbers of the prey items due to
mortality from ingestion of contaminated media or
exposure of higher trophic level consumers through the
ingestion of contaminated prey items would appear to be
a critical attribute and an important functional or
structural aspect of the ecosystem. The last paragraph on
page 4-22 and the first paragraph on page 4-23
contradicts all the reasons used to disregard the use of
earthworms as measurement receptors to be evaluated in
the food chain model.

Response

A or
D2

endpoints (preservation of the viability of upper
trophic level receptors utilizing the invertebrate and
plant communities as habitat, a food source, and/or
for energy transfer).
The Army recognizes that earthworms (and plants)
play a significant role in the LHAAP ecosystem,
primarily due to their importance as prey items.
Therefore, it is agreed that earthworms (and plants)
have high ecological relevance, which the reviewer
correctly points out is one of the criteria for
measurement receptors described on page 4-8 of the
Step 3 Report. However, the Army believes that
these types of organisms do not meet several other
criteria for measurement receptors, in particular
Social or Economic Importance. Measurement
receptors function as representative species from
various feeding guilds in the ecosystem that are
evaluated for risk associated with both direct and
indirect (i.e., food chain) contact with site media.
Because plants and earthworms are at the very base
of the food chain, the only pathway that can be
evaluated for them involves direct contact with soil.
Therefore, earthworms have no utility as target
species for modeling food chain effects.
As an acknowledgment of these organisms’
importance in the ecosystem, the Army contractors
previously agreed to add a direct toxicity evaluation
for plants and earthworms to the Step 3 Report. For
this evaluation, concentrations in soil were compared
to various benchmarks protective of plant and
earthworm survival. This evaluation is presented in

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment

Response

A or
D2

Section 7.1.1 of the Step 3 Report.
The Army does not see a discrepancy in the last
paragraph of page 4-22/first paragraph of page 4-23
with the selected method of evaluating plants and
earthworms. The subject text states that “the transfer
of COPECs among various trophic levels is
facilitated by constituent uptake by predator species.
For example, an earthworm may create a pathway of
exposure to amphibians/reptiles, some mammals, and
birds.” The text goes on to state “Terrestrial food
items for the measurement receptors include
terrestrial plants, earthworms, soil invertebrates,
small mammals, and birds.” These statements are
entirely consistent with the emphasis of plants and
earthworms in this evaluation not as measurement
receptors themselves, but as an important food source
and as a potential exposure pathway for other
species/measurement receptors, and accurately reflect
how such organisms were treated in the food chain
models and the direct toxicity evaluations.
Please see Response to EPA Comment No. 18.
12

4-9/
4.2
Identification and
Selection of
Ecological
Measurement

The last bullet highlights an inconsistency in that the
deer mouse is not listed as a mammal species confirmed
present at LHAAP, but is stated to be “readily
collectable” at LHAAP. Suggest adding the deer mouse
to the list of confirmed if appropriate.

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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C

The text on page 4-9 will be adjusted to read “The
Deer Mouse (or an appropriate surrogate species) is
likely to be readily collectable for tissue sampling if
required.” Wildlife experts familiar with the base
will be consulted to determine if the deer mouse
should be listed as a confirmed species at LHAAP in
Table 4-2.
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Page(s)/
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Paragraph/
Line

C or
D1

Comment

Response

A or
D2

Receptors
13

Table 4-2

Please update the table to indicate that Rafinesque’s Bigeared Bat to the Confirmed Presence category.

C

The table will be corrected as indicated.

14

Table 4-3

Table 4-3 Birds Present or Potentially Present at LHAAP,
states that the presence of the red-cockaded woodpecker
has been confirmed at LHAAP. This species is a federally
listed endangered species. The nearest documented nest
clusters in relation to LHAAP are in Shelby County, Texas.
This species nests in living long-leaf pines (averaging 80
to 120 years of age) and/or living loblolly pines (averaging
70 to 100 years of age). This type of nesting habitat is not
readily available at LHAAP and the occurrence of this
species at the facility, though possible is highly unlikely.
Also, the anhinga was confirmed present by USFWS
personnel in 2004. Consequently, it is recommended that
this table be modified to reflect this.

C

The red-cockaded woodpecker will be removed from
Table 4-3. The status of the anhinga will be changed
from “Potentially Present” to “Confirmed Presence”.

15

4-21/
4.3.1.2

The last paragraph is incorrect to our knowledge.
Releases of contaminants via the groundwater to surface
water pathway has been documented in Harrison Bayou
in relation to Site 16. Groundwater contamination
plumes have been documented extended toward Harrison
Bayou from Site 18/24. Without the current interim
action, it would be quite possible for unacceptable
releases to surface water from groundwater. Lacking
clear direction for how to deal (regulatory number) with
perchlorate, data has shown the possibility of surface soil
runoff affecting surface water in Goose Prairie Creek,
during storm events.

D

All modeled groundwater to surface water
concentrations were well below the surface water
screening concentrations for chemicals that had
screening values available, including perchlorate (see
Table 4-7 in the Step 3 Report). Therefore, the last
paragraph in Section 4.3.1.2 is accurate as written,
i.e., that future migration of those specific chemicals
from groundwater to surface water is unlikely to
adversely affect the environment at LHAAP, given
the assumptions used in the modeling.

16

Table 4-4

The following should be moved to confirmed presence
based on USFWS personnel observations: Dwarf
salamander, Eastern narrowmouth toad, Green treefrog,

C

The changes indicated in the comment will be made
to Table 4-4.

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Paragraph/
Line

C or
D1

Comment

Response

A or
D2

and Southern leopard frog.
17

Table 4-5

Table 4-5 Reptiles Present or Potentially Present at
LHAAP, states that the presence of the (Louisiana) pine
snake has been confirmed at LHAAP. This species is a
federal candidate species and listed as a threatened species
in the State of Texas. This snake is a gopher snake
typically found in sandy upland areas associated with longleaf pine trees. There is very little of this habitat type found
at LHAAP. This species has not been documented to occur
in Harrison County and its occurrence at LHAAP, though
possible, is unlikely. Also, USFWS personnel observations
have confirmed the presence of the slider and 3-toed box
turtle. Consequently, it is recommended that this table be
modified to reflect this.

C

The pine snake will be removed from Table 4-5. The
status of the slider and 3-toed box turtle will be
changed from “Potentially Present” to “Confirmed
Presence”.

18

Table 4-5

Table 4-5 Reptiles Present or Potentially Present at
LHAAP, states that the presence of the timber rattlesnake
has been confirmed at LHAAP. This species is listed as
threatened in the State of Texas. Suitable habitat for this
rattlesnake is limited at LHAAP, however if the
confirmation is valid, then the risk to this species must be
assessed. This can be accomplished by selecting a suitable
surrogate species as a receptor. It is understood that
toxicity data for snake species is limited, consequently the
risk for this species could be addressed in a qualitative
manner.

C

Wildlife experts familiar with the base will be
consulted to determine if the timber rattlesnake
should be listed as a confirmed species at LHAAP in
Table 4-5. If it is confirmed present, this species will
be discussed qualitatively with the alligator snapping
turtle, another listed reptile evaluated in the Step 3
Report.

19

Figure 4-5

Should the feeding guild of the deer mouse be listed as
herbivore rather than omnivore?

C

The feeding guild for the Deer Mouse will be
changed to “Herbivore” in Figure 4-5.

20

Figure 4-6

The CSM should be revised to include direct contact
with surface water and sediments to the fathead minnow,

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.

Page 39 of 90

C
and

Fathead minnows, brown bullhead catfish, and
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Comment #

Page(s)/
Section

21

Table 5-1

22

6-2/
6.0

Paragraph/
Line

C or
D1

Comment

Response

brown bullhead catfish, aquatic plants, and benthic
invertebrates.

D

receptors to Figure 4-6 for exposure to surface water
and/or sediment. Aquatic plants will not be added, as
they are not a selected measurement receptor (see
Sections 4.2 and 5.1).

There is only one measurement endpoint listed for each
assessment endpoint. As shown, there is no chance of a
weight-of-evidence approach to evaluating risk. This table
should be expanded to include all MEs as well as the risk
hypotheses/questions associated with the AEs, resulting in
the MEs. An example could be provided if desired.

C

Generally there is only one measurement endpoint for
each assessment endpoint, as shown in Table 5-1. An
exception is for aquatic biota populations. The
measurement endpoint for aquatic populations will be
revised to clarify that, in addition to a comparison
with surface water and sediment criteria, a
comparison of modeled fish body burdens to critical
body residues is also performed. The weight-ofevidence evaluation presented in Section 10 takes
into consideration additional information besides
measurement endpoint results. Risk hypotheses and
risk questions are more appropriate for Step 4 of the
8-step ecological risk assessment process.

These methods of refining the list of COPECs should
have been cleared by the regulatory agencies prior to
completion, in order to save time in comment and
revisions.

C

Most of the COPEC selection criteria were described
in the Draft-Final work plan for the Step 3 Report,
and/or the follow-up meetings and conference calls as
documented in the Technical Memorandum titled
Consensus on Approach for the Installation-Wide
Ecological Risk Assessment at Longhorn Army
Ammunition Plant, Karnack, Texas, dated January 9,
2004. It was understood that regulatory approval
would not necessarily be given for all approaches
until they were presented in context in the Step 3
Report and the reviewers had time to understand the
arguments, but most of the methods of refining the
list of COPECs at Step 3 have been presented to
LHAAP stakeholders numerous times.

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Paragraph/
Line

C or
D1

Comment

Response

23

6-3/
6.1.1

Please state what field effort is referred to for the colocated soil and small mammal tissue collections used to
identify site specific uptake factors. If this is referring to
the Rodent Sperm Analysis Study conducted by the
USACHPPM it needs to be clarified that this was an
independent study that was conducted and that some of
the data gathered has been utilized in this document. It is
misleading to state that this study was conducted as part
of the Step 3 ERA. This needs to be corrected
throughout the document as necessary.

C

The field effort to collect the co-located soil and
mammal data was conducted using captured
specimens and sampling locations from the Rodent
Sperm Analysis (RSA) Study conducted by
USACHPPM, but was a completely separate study
whose purpose was solely to identify site-specific
mammal uptake factors for the Step 3 Report. The
small mammal study was not planned until well after
the Work Plan was submitted, and it is understood
that the stakeholders were not expecting it in the Step
3 Report; however, the fortuitous timing of the RSA
study created an opportunity to collect small mammal
data without a separate mobilization effort, and the
Army felt it was worth the effort to develop sitespecific soil-to-mammal uptake factors for the Step 3
Report. Clarification will be added to the text.

24

6-6/
6.1.3.2

The second paragraph describes sediment data. The
USGS report should be utilized and cited. The third
paragraph refers to results of fish tissue sampling
conducted by the USEPA Region 6 not being available at
the time the Step 3 Report was completed. This
statement is valid, however the data did become
available in November, 2004, and consequently it is
recommended that a synopsis of this information be
included in the Step 3 Report.

C

A summarization of the USGS report will be added to
the text and cited. A synopsis of the USEPA Region
6 Fish Report will also be added to the text and cited.

25

6-6/
6.1.3.2

The fourth paragraph states that, “Some surface water
samples associated with wet weather events . . . are not
representative of a medium that would impact aquatic
ecological receptors. . .” and consequently were not
treated as surface water in the risk assessment. The
validity of this statement is highly questionable and not
supported by the Service’s experience in evaluating

D

Previous SLERAs prepared by Jacobs (Jacobs, 2002
and 2003) did not include surface water samples
associated with wet weather events, for the same
reasons presented in the Step 3 Report. In addition,
at the November 2003 meeting in Austin it was
clearly stated and recorded in the meeting minutes
that surface water samples associated with wet

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment
hazardous material releases during storm events
throughout north Texas. Therefore, it is recommended
that this statement either be excluded or modified for
clarification. In addition, within the same sentence it
states, “. . . and were not be treated as surface water . . .”
The word “be” should be deleted. For our information,
did any of these surface water samples show elevated
concentrations of COPECs?

26

Section
6.1.3.3

27

Response
weather events (i.e., runoff) would not be used in the
Step 3 Report.
As recommended, the word “be” will be deleted.
No evaluation of chemical concentrations was
conducted on the eliminated surface water samples.

Were data TOC normalized prior to manipulation and
evaluation?

C

No data were TOC-normalized prior to manipulation
and evaluation.

6-9/
6.2

Our concern with the FOD issue (second bullet) has
already been raised. The fourth bullet discusses the
rationale for eliminating VOCs in soil evaluations.
While this would be appropriate in most cases with the
paucity of inhalation toxicity data, we feel the pathway
remains for burrowing mammals. This may only require
a statement to this effect and a qualitative analysis in an
uncertainty analysis.

C

Please see response to USFWS General Comment
No. 3 with regards to the FOD issue. Potential
impacts associated with inhalation of volatiles for
burrowing mammals will be qualitatively discussed in
the uncertainty section.

28

Section 6.3

There is concern that the robust-ness of the data is
overstated. While it is agreed many samples have been
collected, the DQOs were not the same for all. This is
highlighted numerous times in the associated tables
where only a portion (18-90%) of samples were analyzed
for more than 3 chemical classes. Hence when looking
at certain COPECs, the actual number of samples and
locations could vary considerably.

C

Although it is agreed that not all chemicals were
analyzed for in each sample, the text in Section 6.3 is
accurate as written. Information describing the
chemical parameters that were analyzed for in each
sample, and how many samples were collected for
each chemical, is readily apparent in Tables 6-2
through 6-12 and 6-17 through 6-27.

29

Table 6-6

As outlined in comment 28, a majority of the sediment
samples from Harrison Bayou were only analyzed for
VOCs or perchlorate.

C

Comment noted. Please see response to USFWS
Specific Comment No. 28.

30

Section
7.1.2.1

What is the justification/rationale for selection of
exceeding 50% of benchmarks as the trigger criteria?

C

Please see response to TCEQ Specific Comment No.
13.

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Comment #
31

Page(s)/
Section
7-23/
7.7.3.4

Paragraph/
Line

C or
D1

Comment
The third sentence of the third paragraph of this section
states that, “. . . plant uptake factors were based on
available literature or values calculated using regression
equations because actual site-specific tissue samples
were limited or not available.” In actuality no plant
tissue samples were collected on-site for risk assessment
purposes. Consequently, it is recommended that this
sentence be modified or deleted to reflect this point.

C

Response

A or
D2

While it is true that no plant uptake factors were
developed specifically for the Step 3 Report, the plant
uptake factors used for perchlorate were actually
based on literature studies that were conducted at the
LHAAP facility (it should be noted, though, that a
regression equation based on soil concentrations that
is presented in a peer-reviewed paper currently in
review will likely be used to calculated the BAF for
perchlorate in the revised Step 3 Report).
The sentence referred to in the comment will be
adjusted by deleting the words “limited or”.

32

8-1/
8.0

The first paragraph is repeated as the second paragraph.
Please delete second paragraph.

C

The redundant paragraph will be deleted.

33

8-16/
8.11

The last sentence of this section states, “These findings
suggest that modeled COPEC concentrations in fish,
especially for dioxins, were drastically overestimated in
the Step 3 ERA.” It is assumed that this sentence refers
to the USEPA dioxin fish data discussed in this section.
Since no other individual COPEC fish tissue analytical
results are mentioned in this section, it is not clear how a
wide sweeping conclusion can be ascertained for other
COPECs from just dioxin data.

C

This section will be revised using other COPEC fish
tissue results from the USEPA Fish Report.

34

10-23/
10.1.7.1

The first full sentence of the first paragraph states, “As
the site data is much larger than the background data set,
the identification by chance alone of naturally occurring
elevated inorganic concentrations is quite likely.” This
statement may well be correct when treating
contaminants as numbers in a statistical analysis,
however it does not explain or address a mercury
concentration of 104 mg/kg within the industrial sub

C

As shown in Table 8-4, the elevated mercury
detection of 104.6 mg/kg is approximately 178-fold
greater than the 95% UCL of 0.859 mg/kg, and the
average distance between the mercury “hot spot”
samples was 4030 feet. This finding was not
suggestive of clustering. However, given the recent
finding of mercury at 778 mg/kg within the Industrial
Sub-Area, mercury will be retained as a final

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment
area. This concentration was measured in a limited area
but it is not indicative of background or naturally
occurring conditions. Consequently, the Service can not
agree with the conclusion of this section that mercury
should be excluded as a COPEC from the Industrial SubArea, especially in light of the fact that recent sampling
results in an area associated with elevated mercury
within this sub-area indicated an extremely elevated
mercury concentration of 778 mg/kg in the soil.

35

10-132/
10.3.7.1

Response

A or
D2

COPEC.

The last conclusion states, “Results . . . showed that iron
was not elevated with respect to background.” The word
“iron” should be replaced with lead.

C

The word “iron” will be changed to “lead”.

Comments from Susan Roddy (USEPA)
1

ES-2
Executive
Summary

There is concern with using background as a line of
evidence for elimination of COPECs given EPA’s policy
and guidance on background . See also page 1-3, page
6-10, and the entire Chapter 10. Thus, any discussion
should be reserved for the end of a BERA’s Step 8, and
thus, eliminated from the text.

C

During the Comment Resolution meeting held at
TCEQ headquarters in Austin, Texas (February 22
and 23, 2005), it was agreed that Shaw would retain
the list of chemicals determined to be backgroundrelated through Steps 4 through 8 of the ecological
risk assessment process. The background chemicals
will not be quantitatively evaluated in future steps of
the ecological risk assessment, but will be presented
in a list for risk managers. It is anticipated that this
approach will be acceptable.

2

p 1-3

Alternative benchmarks, if proposed, should be proposed
with adequate justification a priori to Steps 4-8 of a
BERA, not in a final ERA document (which this
unfortunately appears in large part to be), to avoid the
perception of manipulating the ERA to make risk go
away. See pages 6-2, 7-31, and 7-32 as well as Chapter
10.

D

No attempt was made to “make the risk go away.”
Rather, the intent of the Step 3 Report was to use
multiple lines of evidence and professional judgment
to identify chemicals that may truly represent a threat
to the environment and require further investigation
(i.e., refine the list of COPECs). The use of alternate
TRVs was one line of evidence that was used. TRVs
other than the most conservative ones available in the

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Page(s)/
Section

Paragraph/
Line

C or
D1

Comment

Response

A or
D2

literature may be more appropriate to use for
estimating hazard to wildlife receptors at LHAAP
based on factors such as the form of chemical likely
to be present in the environment at the site.
Therefore, professional judgment was sometimes
used to select alternative TRVs in the Step 3 Report.
These alternative TRVs provide risk managers with
additional information using endpoints that are
considered more toxicologically realistic. The Army
agrees to add additional information to the report to
support the determination of whether the use of
alternative TRVs is justified.
3

p. 1-3

Step 3 is an inappropriate step for using LOAELs, and
therefore, globally, this comment applies to the rest of
the document, i.e., the discussion and use of LOAELs
should be eliminated in this document.

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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D

The Army believes that the use of LOAELs in the
Step 3 COPEC refinement is warranted and
appropriate, and is consistent with EPA guidance that
supports the use of more realistic assumptions during
Step 3 (EPA, 1997). The use of LOAELs (in addition
to NOAELs) in the Step 3 evaluation attempts to
introduce more realism into the risk assessment
process prior to final selection of COPECs. The most
conservative TRVs available (i.e., TRVs based on a
NOAEL endpoint) were used in Steps 1 and 2 of the
SLERA (Jacobs, 2002, 2003); therefore, using only
NOAEL-based TRVs in Step 3 would provide little
additional useful information. By definition, a
NOAEL TRV represents the dose that causes no
adverse effect, and a LOAEL TRV represents the
lowest dose that has been observed to cause an
adverse effect. Therefore, according to the ESSL
Guidance Document (EPA, 2003a), “the threshold for
the particular adverse effect lies between the NOAEL
Draft Final Step 3 Report, Installation-Wide ERA
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Page(s)/
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Line

C or
D1

Comment

Response

A or
D2

and the LOAEL.” In Section 10 of the Step 3 Report,
in addition to presenting NOAEL-based ecological
effects quotients (EEQ) and/or HQs, an EEQ and/or
HQ was also calculated based on the average of the
NOAEL- and LOAEL-based TRVs. This calculation
was limited to those NOAELs and LOAELs that had
a difference of 10-fold or less, as recommended by
TCEQ (2001). This calculation is appropriate and
relevant because it provides additional information on
the threshold for adverse effects that lie between the
NOAEL and the LOAEL.
In an April, 2005 memo titled “Summary of the
Major Issues of Disagreement Between Army
Stakeholders”, Shaw presented excerpts from federal
and state EPA guidance that clearly indicates that less
conservative approaches, including the use of
LOAELs, may be used during Step 3 as lines of
evidence to refine COPECs. Shaw also provided a
list of sites where LOAELs had been used to make
remedial decisions during the screening-level (i.e.,
Steps 1 and 2) or COPEC refinement (i.e., Step 3)
stages of the ecological risk assessment process.
Therefore, the Army and Shaw believe that regulatory
guidance and precedence in other regions and states
(including Texas) support the way LOAELs were
used in the LHAPP Step 3 Report, i.e., to provide
additional information, bracket the hazard to
ecological receptors, and used as a line of evidence to
reduce the list of COPECs necessary for inclusion in
the BERA.
It is stated in the minutes for a phone conference held
1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Draft Final Step 3 Report, Installation-Wide Ecological Risk Assessment (ERA)
USACE Contract No. DACA56-94-D-0020, Task Order No. 0109
Longhorn Army Ammunition Plant, Karnack, Texas
January 18, 2006

Reviewers: Vickie Reat (TCEQ); Barry Forsythe, Craig Giggleman, and Paul Bruckwicki (USFWS); Susan Roddy (USEPA)
Respondents: Shaw Environmental, Inc.

Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment

Response

A or
D2

on July 28, 2005 (“Discussion on July 28, 2005,
between Army, EPA, and TCEQ representatives”)
that “Although averaging [the NOAEL and LOAEL
hazard] is not acceptable to Region 6, other EPA
Regions have used the ‘Rule of 5’ which may be a
viable option- particularly when identifying PRGs.”
Based on this EPA comment, the EPA Environmental
Response Team ‘Rule of Five’ (Greenberg and
Charters [2005]; Attachment 3) will be used to
calculate a combined NOAEL- and LOAEL-based
EEQ in Section 10 of the report. Specifically, the
geometric mean EEQ will be calculated for those
COPECs that have TRVs based on either a
reproduction or growth endpoint, as recommended by
Greenberg and Charters (2005).
4

p. 1-10

5

p. 1-12

1st paragraph

Regarding subdividing the site into Industrial, Waste,
and Low Impact subareas, there is concern that this does
not have an ecological habitat basis customized for the
individual home range sizes/exposure areas for each
receptor/surrogate being assessed, and also concern for
the possibility of diluting away risk. This needs to be
addressed.

D

During a meeting held at EPA Region 6 Headquarters
in Dallas, Texas on May 9, 2005, stakeholders agreed
that the sub-area spatial approach was acceptable.
Additional information regarding the use and
selection of the sub-areas will be presented in the
Step 3 Report.

Regarding the areas between the Industrial and Waste
subareas, it is not clear that it is justified to include them
in their entirety in the Low Impact subarea (as there
seemed to be a possibility that they were on occasion
used for waste disposal or industrial land uses). Also,
what anthropogenic activities were referred to as
occurring in the Low Impact subareas?

D

The sites included in the Low Impact Sub-Area have
been previously investigated, and the results indicated
little or no impact. Additionally, the adjective “low
impact” is simply a descriptive term for that
particular sub-area; the samples within this sub-area
are evaluated in the same manner as those associated
with the sub-areas that had more intense historical
use (i.e., the Waste and Industrial Sub-Areas).
Therefore, even if a highly contaminated site were

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Reviewers: Vickie Reat (TCEQ); Barry Forsythe, Craig Giggleman, and Paul Bruckwicki (USFWS); Susan Roddy (USEPA)
Respondents: Shaw Environmental, Inc.

Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment

Response

A or
D2

accidentally grouped in the Low Impact Sub-Area,
potential environmental impacts would still be
identified and discussed. Also, please see response to
EPA Comment No. 4.
6

1-14/
1.5

It is incorrect that background information should be
used at the end of Step 3; rather, it should be used at the
end of Step 8. It is acceptable (for COPECs that
exceeded screening toxicity values) to make a
determination regarding whether there is a site-related
gradient for these COPECs (i.e., similarity in
concentrations across the site). If there is not a siterelated gradient, then (while not eliminating the
COPECs-carried over from the SLERA-from the ERA) it
would be acceptable to not quantitatively assess these
COPECs in the BERA. However, in the uncertainty
section of the BERA, these COPECs would need to be
mentioned as potential contributors to risk; thus, the
COPECs without a site-related gradient would be carried
forward to the end of the ERA even if not quantitatively
assessed. Any risk management decisions incorporating
considerations of background should be done at the end
of a Step 8, not Step 3. Thus, this comment needs to be
addressed globally throughout the document.

D

At the Comment Resolution Meeting in Austin, Texas
(February 22 and 23, 2005), it was agreed to establish
a list of background chemicals at the Step 3 stage and
present this list in future steps of the ecological risk
assessment process (please see response to EPA
Comment No. 1). Chemicals associated with
background will not be quantitatively evaluated in
future steps, but will be presented for informational
purposes. It should be noted that the use of
background to eliminate COPECs at the Step 3 stage
is supported by federal EPA guidance (EPA, 2001),
however, per EPA’s request, the list of background
chemicals will be carried forward in the risk
assessment process.

7

p. 2-4

It was my understanding that the river otter would not be
used as the surrogate receptor. See also pages 4-18 and
7-15.

D

The use of the river otter as a measurement receptor
was agreed upon during a conference call with
LHAAP stakeholders (including EPA Region 6) on
November 17, 2003. The decision to use the river
otter is documented in the minutes for that meeting.

8

p. 2-5

It is stated that the BCFs and BAFs used were
conservative; however, instead, in Chapter 10, average
BCFs and BAFs were used. Rather, conservative BCFs
and BAFs should be used for a SLERA or refined

D

Upper-bound (e.g., 90th percentile) BAFs/BCFs were
used for the Tier 1 food chain models, while central
tendency (e.g., average) values were used for the Tier
2 food chain models. The Tier 2 food chain models

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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January 18, 2006

Reviewers: Vickie Reat (TCEQ); Barry Forsythe, Craig Giggleman, and Paul Bruckwicki (USFWS); Susan Roddy (USEPA)
Respondents: Shaw Environmental, Inc.

Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment
SLERA, and all Tier 2 average BCFs and BAFs should
be eliminated (this is also a global comment that needs to
be addressed throughout the document). For a BERA,
site-specific tissue residue data would need to be
collected to develop site-specific BCFs and BAFs in lieu
of using literature BCFs and BAFs.

Response

A or
D2

were only used to present additional information to
risk managers. Because decisions as to whether a
chemical was retained as a final COPEC in Section
10 were based almost exclusively on Tier 1 results,
the use of average BAFs/BCFs did not affect the final
recommendations of the Step 3 Report.
In order to move forward with the ecological risk
assessment process at Longhorn, and in the spirit of
consensus, the Army agrees to try to reach middle
ground on an issue of contention with EPA. As such,
the Army agrees to add a version of the food chain
model using maximum uptake values (i.e., maximum
literature BAFs) to the Step 3 Report. This “worst
case” iteration of the model will be the third iteration
of the model in the report; the two iterations currently
included (i.e., Tier 1 using upper-bound, and Tier 2
using average inputs) will be retained as well.
As described in the numerous memos and white
papers provided to stakeholders, the Army believes
that available guidance clearly indicates that Step 3
allows for the reduction of conservativeness of
unrealistic assumptions. Use of maximum-- rather
than upper-bound-- uptake factors are considered
unrealistic assumptions because the laboratory
conditions used to develop such values are generally
different from field conditions where exposure is
taking place. Therefore, results of the upper-bound
food chain model will be presented in the uncertainty
section and/or Section 10 (i.e., the chemical-bychemical analysis and selection of final COPECs) of
the report, and will be the primary line of evidence

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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USACE Contract No. DACA56-94-D-0020, Task Order No. 0109
Longhorn Army Ammunition Plant, Karnack, Texas
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Reviewers: Vickie Reat (TCEQ); Barry Forsythe, Craig Giggleman, and Paul Bruckwicki (USFWS); Susan Roddy (USEPA)
Respondents: Shaw Environmental, Inc.

Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment

Response

A or
D2

considered when making recommendations for final
COPECs. This strategy was explicitly suggested by
EPA Region 6 during the July 28, 2005 conference
call. The minutes to that call, which were distributed
and not commented on by EPA Region 6, state “In
summary, if the maximum values were used and the
constituents did not screen out then other lines of
evidence could be used in the uncertainty section to
eliminate them.” Therefore, Shaw and the Army
expect EPA Region 6 will accept this approach.
9

Table 2-2

10

p. 4-8

11

p. 4-9

2nd bullet

Hazard Index summing should only be done for COPECs
with similar mechanisms of toxicity.

C

The information presented in Table 2-2 simply
presents a summary of the results of Steps 1 and 2
(Jacobs, 2002; 2003), in which the HQs of all
chemicals for a given receptor were, indeed, summed.
In Step 3, only chemicals with similar mechanisms
of toxicity were summed (please see Section 7.2.5 of
the Step 3 Report).

The first paragraph under the bullets should be
eliminated.

C

The paragraph will be revised to state that organisms
at the base of the food chain will be selected as
measurement receptors for direct contact exposure
(see Response to EPA Comment No. 18). However,
it is inappropriate to include these organisms as
measurement receptors for the food chain models,
because actual doses to these receptors are not
calculated..

It is still preferable to retain a bird for assessment, and
to use what avian TRVs are available rather than to
extrapolate mammalian values across classes or to make
the assumption that assessment for mammals is
protective for birds (given unknown differences in
exposure parameters that could invalidate this

D

The list of measurement receptors was agreed to by
all stakeholders during a conference call on
November 17, 2003. The final list of measurement
receptors was documented in the meeting minutes.

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Respondents: Shaw Environmental, Inc.

Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment

Response

A or
D2

assumption). The Uncertainty Section at the end of a
Step 8 should mention those COPECs lacking an avian
TRV as a potential contributor to risk. See also page 411, first bullet, and page 4-14, second bullet. This needs
to be addressed.
12

General
comment

13

p. 4-10

14

p. 4-19/
4.3.1

15

pp4-20-21/
4.3.1.2

A general comment is that there should be discussion in
the text of candidate receptors considered, and rationales
should be provided for why those that were not selected
as the surrogates for each guild evaluated (as was done
for the robin).

D

There are a near-infinite number of alternate
receptors that could have been selected, and a
detailed description as to why each one was not
selected is considered unnecessary. The text in
Section 4.2 provides justification as to why the
selected receptors were considered the best
candidates to represent the feeding guild. The Army
believes that this discussion is sufficient to justify
their selection as measurement receptors.

Bottom
bullet

The last line needs to be more definitive, i.e, instead of
“the raccoon can”, it should read “the raccoon will be”.

C

The text will be adjusted as suggested.

2nd
paragraph/1st
sentence

It shouldn’t read “if Steps 4-8 are completed” since there
are COPECs retained that indicate the need for Steps 4-8.
Rewording is needed as well as a commitment to
conduct Steps 4-8.

C

The first sentence of the second paragraph of Section
4.3.1 will be revised as follows: “If quantitative fate
and transport data are available, they may be used in
future steps (i.e., Steps 4 through 8) of the ERA
process (see Section 11 for final COPECs
recommended for further evaluation beyond Step 3).”

It is indicated that not all surface water COPECs were
modeled; but, all that exceeded screening toxicity values
should be modeled, or, at least, more details need to be
provided for how some COPECs are appropriate
surrogates for others.

C

Please refer to the document cited as Shaw (2004c)
in the Step 3 Report for a detailed discussion on how
surface water COPCs/COPECs were selected for
modeling, including designation of surrogates. As
described in Section 4.3.1.2 of the Step 3 Report,
several chemicals that exceeded human health and/or
ecological criteria in groundwater were modeled for
future transport to surface water. These modeled

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Reviewers: Vickie Reat (TCEQ); Barry Forsythe, Craig Giggleman, and Paul Bruckwicki (USFWS); Susan Roddy (USEPA)
Respondents: Shaw Environmental, Inc.

Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment

Response

A or
D2

concentrations were then screened against ecological
benchmark concentrations. Chemicals that were
actually detected in surface water samples that
exceeded screening benchmark values were
appropriately evaluated in the Step 3 Report using the
analytical data themselves, rather than modeled
concentrations.
16

p. 4-21

17

p. 4-23

18

p. 5-1

2nd paragraph

2nd paragraph

An assumption is stated that if the COPECs haven’t
appeared by now in the surface water, they won’t likely
appear in the future in the surface water. There is
concern with this assumption. Long-term monitoring is
required to assure that the models are correct over time.

C

Surface water screening values will be provided for
all modeled concentrations presented in Table 4-7.
Long-term monitoring will be considered to assure
that the model results are accurate over time.
However, if modeled concentrations are orders of
magnitude lower than surface water screening values,
the need for long-term monitoring may not be
justified.

Regarding the discussions about assessment for dermal
and inhalation exposures, it should be stated that the
primary reason these pathways are not evaluated is
because of the lack of science supporting the evaluations.

C

The text will be adjusted as suggested in the
comment.

The next-to-last sentence needs to be eliminated.
Document referenced is clearly marked as an “External
Review Draft - Do Not Quote or Cite.” Document cover
page also states that the document is a preliminary draft,
has not been formally released by the U.S.
Environmental Protection Agency, and should not at this
time be construed to represent Agency policy.

C
and
D

The external review EPA (2002a) citation will be
replaced with Generic Ecological Assessment
Endpoints for Ecological Risk Assessment, Risk
Assessment Forum (EPA, 2003b), and the sentence
will be eliminated and replaced with a new sentence
appropriate to the new citation.
This comment refers to the selection of soil
invertebrates and plants as assessment endpoints.
The Army does not believe plants and soil
invertebrates should be included as assessment
endpoints because they are not threatened or
endangered species at LHAAP, they do not represent

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.

Page 52 of 90

Draft Final Step 3 Report, Installation-Wide ERA
Longhorn Army Ammunition Plant

00051304

Comments on
Draft Final Step 3 Report, Installation-Wide Ecological Risk Assessment (ERA)
USACE Contract No. DACA56-94-D-0020, Task Order No. 0109
Longhorn Army Ammunition Plant, Karnack, Texas
January 18, 2006

Reviewers: Vickie Reat (TCEQ); Barry Forsythe, Craig Giggleman, and Paul Bruckwicki (USFWS); Susan Roddy (USEPA)
Respondents: Shaw Environmental, Inc.

Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment

Response

A or
D2

species with significant societal values that should be
protected in and of themselves, and selection of
plants and soil invertebrates as assessment endpoints
is not consistent with Army policy for environmental
investigations. The Army believes this approach is
supported by recent guidance.
In the minutes to the July 28, 2005 conference call,
which EPA Region 6 reviewed and had no comment
on, it is stated “EPA admits that a risk management
decision can be made that would not require cleanup
based on earthworm endpoint.” Further, “As a
practical point, EPA agreed that it is still possible to
exit the process at Step 3 for areas of the installation
(e.g., the Low Impact Area) based on screening base
of the food chain benchmarks (no toxicity testing) but
making risk management decisions to move to higher
receptors.”
Because EPA has clearly indicated that exceedance of
conservative benchmark values by organisms at the
base of the food chain does not necessarily require
further ecological investigation, and that risk
management decisions may be made based on higher
order organisms, it is agreed that protection of
organisms at the base of the food chain (i.e., plants
and earthworms) will be added as assessment
endpoints to the Step 3 Report as an installationspecific deviation of Army policy to expedite the
completion and review of the installation-wide
ecological risk assessment at Longhorn Army
Ammunition Plant.
1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Respondents: Shaw Environmental, Inc.

Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment

Response

A or
D2

It is proposed that only limited future earthworm
toxicity testing be performed. Consistent with Army
policy, cleanup solely to protect earthworms will not
be conducted. It should also be recognized that there
are key limitations associated with standard
earthworm toxicity tests. The potential reduction in
earthworm populations as a food supply for higher
order receptors will be considered a more important
assessment endpoint than the assessment endpoint for
earthworms themselves. It should also be recognized
that earthworm toxicity testing is not specifically
designed to measure earthworm populations and the
associated potential adverse effect on invertivorous
consumers.
Also see response to USFWS Comment No. 11.
19

p. 5-1

rd

3 paragraph

The word “harm” needs to be replaced with the word
“risk” in the first 2 sentences, and “growth reduction”
should be added to the second sentence.

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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D

The term “risk” implies a probabilistic chance for
impacts, which is not an accurate reflection of what
ecological risk characterization measures. There are
a large number of possible biological endpoints that
may be evaluated. However, the potential of many of
these endpoints to affect the receptor species at the
population level is unlikely (e.g., biomarker effects).
Therefore, measurement endpoints (i.e., EEQs
calculated using TRVs) are generally selected based
on adverse reproductive effects, or if no reproductive
studies are available, on growth effects. The third
paragraph will be adjusted as follows: “Selected
assessment endpoints should focus on identifiable
adverse impacts that may affect exposed receptors at
the population level. Such impacts include death,
impaired growth, or reproductive impairment.
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Reviewers: Vickie Reat (TCEQ); Barry Forsythe, Craig Giggleman, and Paul Bruckwicki (USFWS); Susan Roddy (USEPA)
Respondents: Shaw Environmental, Inc.

Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment

Response

A or
D2

Appropriate measurement endpoints should also
focus on determining which pathways may be
complete for site COPECs and receptors.”
20

p. 5-2

The first complete paragraph should be eliminated.

D

Please see response to EPA Comment No. 18.

21

p. 5-2

Regarding the table, clarification is needed for why
fathead minnows and cladocerans (water fleas) were
selected as measurement receptors.

C

The text will be revised to refer to Section 4.2 where
the fathead minnow is selected as a measurement
receptor to represent the state T& E species (bluehead
shiner). Similar to the language used for terrestrial
habitats, the first column of the last row in Table 5-1
(Assessment Endpoint) will be revised as follows for
aquatic habitats: “Protection of aquatic biota
populations, and preservation of the viability of upper
trophic level receptors utilizing the aquatic
community as habitat, food source, and/or energy
transfer.”

22

Table 5-1

Language should be added about protecting the base of
the food chain for the last 2 entries.

C

Table 5-1 indicates that organisms at the base of the
food chain will be considered as an important food
source for higher order organisms, as evaluated using
estimated impacts via direct exposure to site media.
Also, please see response to EPA Comment No. 18
(protection of the base of the food chain will be
added as an assessment endpoint, with the
understanding that a risk management decision may
be used to exit the process at the end of Step 3).

23

p. 6-2

There is concern with the selected depth of 0-3', instead
of 0-2' for burrowing receptors (in addition to the need
for a 0-6" soil depth for nonburrowing receptors). There
is concern with the possibility that the 0-3' soil depth
selection will dilute out risk. See also page 6-5. This

D

The use of a soil depth of 0-3 feet was selected after
concerns were raised by LHAAP stakeholders
regarding the soil depth of 0-5 feet that was used
during Steps 1 and 2 (Jacobs, 2002; 2003). The 0-3
feet soil depth was described in the Work Plan, and

4th bullet

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Respondents: Shaw Environmental, Inc.

Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment
needs to be addressed and/or revised.

Response

A or
D2

no comments were received from LHAAP
stakeholders concerning this issue. Also, because
exposure for all measurement receptors except the
short-tailed shrew and the red fox was based on a soil
depth of 0-0.5 foot, any dilution effects caused by the
mixing of relatively clean deeper soils would not
affect the results of the food chain model for most of
the species evaluated.
During a meeting held at EPA Region 6 Headquarters
in Dallas, Texas on May 9, 2005, stakeholders agreed
that the soil depths used in the Step 3 Report were
acceptable.

24

p. 6-2

5th bullet

The use of frequency of detection for refinement of
COPECs has been commented on before as of concern
because it is only acceptable if sampling is systematic,
and much of the sampling for LHAAP is stated in this
document to be biased, not systematic. Thus, all
discussion of frequency of detection throughout the
document should be eliminated (i.e., page 6-9, Chapter
10, etc).

D

Please see the response to USFWS General Comment
No. 1. The use of frequency of detection (FOD) to
reduce COPECs during Step 3 is supported by federal
EPA guidance (EPA, 2001). Although the Agency
has commented before that FOD is only acceptable
with the use of a systematic dataset, no supporting
guidance or documentation has been provided
supporting this argument, and the rationale for this
limitation is unclear. A dataset based on biased
sampling, which by definition places a greater
number and density of samples in areas of known or
suspected contamination, would result in greater
numbers of detections and fewer chemicals being
screened out for the low FOD criterion than using a
dataset based on a systematic approach. Therefore,
this approach will be retained in the Step 3 Report.
It was agreed during the Comment Resolution
Meeting in Austin, Texas (February 22 and 23, 2005)

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment

Response

A or
D2

to use FOD as a screening criterion, but to also
include a spatial analysis of chemicals detected 3-5%
of the time to address hot spot concerns per EPA,
2001 guidance. It is assumed that this approach is
acceptable to the stakeholders.
25

p. 6-2

26

6-2/
6.1.1

27

p. 6-3

28

6-6/
6.1.3.2

Paragraph
under bullets

Last line

Regarding background as used for refinement of
COPECs, see comment #1 above.

C

Please see response to EPA Comment No. 1.

It is unclear that it is appropriate to combine biased and
systematic data especially given the concern that
frequency of detection for refinement of COPECs should
not be done unless the data collection was systematic,
and there is concern that this could inflate the appearance
that the data collection was systematic. Reconsideration
and discussion are needed.

C

Although the combination of biased and systematic
data does introduce some uncertainty into the analysis
(particularly involving the statistical analysis of the
data), the only other logical alternative would be to
keep the two types of data separate and evaluate them
separately. This would add a tremendous amount of
confusion to the report, as each chemical would need
to be discussed separately by dataset, screening/food
chain modeling/background evaluations would need
to be done multiple times for the same chemical, and
cumulative EEQ and HQ effects would need to be
determined based on some kind of weighting system
to avoid double-counting. Also, please see response
to USFWS General Comment No. 1 and EPA
Comment No. 24.

There is concern with the statement made that “surface
water samples that were collected from upland locations
during wet weather events were deemed inappropriate
for use in the ERA” because this water could be used in
the assessment for ingestion of surface water by biota..
See also page 6-6, Section 6.1.3.2, and the second bullet
on page 6-7. This needs to be addressed.

D

During the November 3-4, 2003 meeting in Austin,
stakeholders agreed that wet weather sample event
results did not need to be used in the Step 3 ERA (see
meeting minutes dated November 11, 2003).

The aquatic part of the assessment is insufficient to only
assess the creeks, and not Caddo Lake. Any study of

C

Available fish tissue data collected by USEPA
(TCEQ, 2004) will be incorporated into the report,

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment
fish tissue or any other aquatic receptor data (tissue or
toxicity testing) would need to be incorporated into Steps
4-8 of the ERA (the BERA).

Response

A or
D2

and used to evaluate potential impacts on Caddo
Lake.

29

p. 6-7

2nd bullet

What is the rationale for the 500'?

C

500 feet was selected as a conservative distance
within which to include surface water data as actual
stream samples (true aquatic habitat), and not wet
weather samples. As the designation of a surface
water sample as either “wet weather” or “true aquatic
habitat” was based on an evaluation of sample
locations plotted on a site map in relation to stream
boundaries and wetland boundaries, the accuracies of
any of these locations was deemed to be ± 500 feet,
due to potential inaccuracies associated with sample
location GPS coordinates, wetland habitat
boundaries, and stream bank boundaries.

30

p. 6-7

Last
paragraph

Non-detects should just be used as one-half the detection
limit without the random number assignment to calculate
a 95 UCL. And, on the next page, regarding in general
when 95 UCLs exceed MDCs, the MDC should be used
for the hazard quotients. In general, if a 95 UCL exceeds
a maximum concentration, then, the maximum
concentration should be used. And, in general, COPECs
with inadequate detection limits should be carried
forward to the Uncertainty Section, not eliminated.
Revision and discussion are needed.

D

The use of a random number between 0 and the
reporting limit (RL) is supported by Gilbert (1987) as
an appropriate substitution method for non-detects in
environmental datasets because the mean generated
by this approach is unbiased. The assignment of nondetect values with a value between zero and the RL
was used to retain some amount of variation within
the censored tail of the dataset. One drawback of the
use of one-half the RL, though a commonly used
practice, is that it artificially reduces variability. It is
not anticipated that the use of a random number
rather than half the RL significantly affects the data.
It is agreed that the MDC should be used as the
exposure concentration if the 95% UCL exceeds the
MDC due to the nature of the statistical test used for
the calculation (e.g., some datasets with high

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment

Response

A or
D2

variability may have a 95% UCL that exceeds the
MDC when calculated using certain equations, such
as the Land method). However, when the 95% UCL
exceeds the MDC solely because of elevated RLs,
defaulting to the MDC inappropriately eliminates
information about areas where chemicals were not
detected. Because chemicals are typically detectable
down to concentrations an order of magnitude or
more below the laboratory RLs, the RL is not
necessarily an accurate measure of the possible “real”
concentration in the non-detect sample. In cases
where the 95% UCL exceeds the MDC solely due to
elevated RLs, EPA guidance allows for the
elimination of the values associated with the elevated
RLs from the 95% UCL calculation (EPA, 1989).
Therefore, the approach described on page 6-8 of the
Step 3 Report will be retained. Chemicals for which
this approach is used will be discussed in the
Uncertainty Section.
During the July 28, 2005 conference call, EPA
Region 6 agreed to the random number approach after
they were provided evidence that the use of random
numbers does not significantly affect 95% UCL
calculations, or COPEC selection. Therefore, this
issue has been resolved, and the approach described
above will be carried forward into the revised Step 3
Report.
31

p. 6-9

Regarding the statement for dioxins about using the
highest TEF for each congener between the 3 classes of
biota, while conservative, it would be best to present all
the calculations by class (as there is concern about

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.

Page 59 of 90

D

Using the most conservative TEF for each congener
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Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment
extrapolating values across classes) even though receptor
with the most conservative value would be used for the
ecologically-protective concentration at the end of Step
8. And, if any of the receptors lack TEFs for a particular
congener detected, these would need to be noted in the
Uncertainty Section.

32

p. 6-10

33

6-10/
6.2.1.1

1st paragraph
under bullet

Response
2,3,7,8-TCDD TEQ were developed for each class of
organisms, it would be possible for dioxins to screen
in for one type of organism (e.g., birds), but not for
another (e.g., mammals), which would add
unnecessary confusion to the report. The selected
approach also simplifies the food chain modeling
because only a single 2,3,7,8-TCDD TEQ exposure
concentration is used to model all receptors. The
added conservatism of using the most conservative
TEF for each congener is discussed in the Step 3
Report (e.g., Section 10.1.18.2). It should be noted
that using the most conservative TEF value does not
result in the “extrapolation of values across classes”
at the toxicity evaluation stage of the risk assessment;
class-specific toxicity reference values (TRVs) for
dioxin were selected for birds and mammals (see
Table 7-23 in the Step 3 Report).

The words “however, comparison with background was
conducted at the end of Step 3 and was used to generate
a final list of COPECs (See Section 10)” should be
eliminated (see comment # 1 above).

C

As indicated in the response to EPA Comment No. 1,
the Army agrees not to entirely eliminate chemicals
determined to be background-related from the risk
assessment. Rather, they will be retained in a list that
will be presented in the Uncertainty Section in future
ecological risk assessment documents. The text on
page 6-10 will be revised to clarify this approach, that
is, the text will state that chemicals determined to be
background-related will not be eliminated at the end
of Step 3, but will be retained in a list for qualitative
evaluation during future steps of the risk assessment
process.

Regarding the soil benchmarks, given a choice, the
ESSLs should be used as primary in the hierarchy.

C

The ESSLs will be assigned the highest priority as a
source of screening values. It is noted that this may
affect COPEC selection, which would also affect

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Line

C or
D1

Comment

Response

A or
D2

which chemicals are evaluated in the food chain
modeling.
34

p. 6-11

2nd paragraph

Regarding benchmarks for plants, wildlife, and soil
invertebrates, and the selection of the lowest value, see
the comment above on the TEFs.

D

The selection of the lowest benchmark from wildlife,
plants, and invertebrates as the medium-specific
screening concentration for a given chemical does not
represent a situation where toxicity data for different
classes of organisms are crossed. Rather, screening
values associated with a suite of environmental
receptors were compared, and the lowest value was
selected to ensure that the screening concentration is
protective of as many organisms as possible. This
approach simply adopts the lowest available value as
a screening value; it does not in any way apply
toxicity data from one class of organisms to another
class of organisms.

35

6-12/
6.2.1.2

3rd paragraph

Where it reads “if there is no TCEQ benchmark”, it
should also read “where there are no federal AWQC” as
well.

C

The recommended text change will be made, as it
more accurately presents the selection of screening
values used in the hierarchy.

36

6-13/
6.2.1.3

2nd paragraph

It does not appear that using TCEQ threshold effect
levels is conservative as they seem analogous to a
LOAEL; thus, rewording is needed.

C

Text will be reworded to state that TCEQ threshold
effect levels are not necessarily NOAEL-based
screening values, but have been adopted as screening
levels by the State of Texas as concentrations below
which adverse effects are considered extremely
unlikely.

37

7-1/
7.1.1

Next-to-last
sentence

C
and
D

As stated in the response to EPA Comment No. 8, the
determination as to whether a chemical was retained
as a final COPEC in Section 10 was based almost
exclusively on Tier 1 results. The Tier 2 food chain
models were included simply to present additional
information to risk managers. As such, they will be
retained in the Step 3 Report.

It is stated that the “Tier 1 screen used the 95 UCL of the
chemical in the medium, while the Tier 2 screen used the
mean concentrations”. This is unacceptable. Means are
not to be used as measures of central tendency for
ecological risk assessment conclusions. Rather, for EPA
Region 6 Superfund ERAs, the 95 UCL of the mean is
the only central tendency value (albeit upper bound of

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment
the mean) to be used for risk-based decision-making.
This is a global comment that needs to be addressed
throughout the document (i.e., see page 7-9). All Tier 2
discussions, calculations, and presentations of results
need to be eliminated from the text. This global
comment applies not only to the use of the Tier 2 means
for exposure point concentrations, but also to the use of
means for BCFs, BAFs, and home range sizes. Also,
LOAEL- and NOAEL-based results shouldn’t be
averaged together in this Step 3 document (since
LOAELs aren’t to be used in a refined screen) nor by the
way in a BERA (recall that this is a federal-lead site, and
ERAGS clearly calls for presenting BERA risk as
bounded between NOAELs and LOAELs). See also
page 7-38. Revisions are needed.

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Response

A or
D2

With regards to the use of LOAELs, please see
response to EPA Comment No. 3.
The approach used in Section 10 where the NOAELs
and LOAELs were averaged to develop a new EEQ
was based on Greenberg and Charters (2005) and
TCEQ guidance (TCEQ, 2001), which states that the
ecological cleanup goal is typically selected between
the range of values calculated using the NOAEL (i.e.,
no-effect) and LOAEL (i.e., lowest observed effect).
Therefore, it is logical that further investigation is not
required for chemicals with averaged NOAEL and
LOAEL EEQs below 1. This is because this would
mean that the ultimate cleanup level (if the mean of
the NOAEL- and LOAEL-based value is selected)
would be above the 95% UCL concentration in the
medium. The Army believes that the goal of the Step
3 process is to refine the COPECs by eliminating
chemicals that are unlikely to be of primary
relevance. The equations and assumptions used to
develop EEQs have a large degree of conservatism
built into them. Thus, it is highly unlikely that
chemicals whose mean NOAEL- and LOAEL-based
TRVs are below 1 will adversely affect wildlife
receptor populations. Professional judgment was
used to eliminate such chemicals as final COPECs.
The Army recognizes that the stakeholders may
disagree with whether a certain chemical should be a
final COPEC, and is willing to discuss the selection
of final COPECs on a chemical-by-chemical basis.
However, the Army also believes that, as a whole, the
lines of evidence used in the Step 3 Report to
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Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment

Response

A or
D2

determine final COPEC—including the generation of
a mean EEQ based on NOAEL- and LOAEL-based
TRVs—are valid.
38

7-2/
7.1.1.1

Regarding the change from using the more toxic
hexavalent chromium screening value to one for trivalent
chromium based on the comment that trivalent chromium
is more likely to be the form to be found, without sitespecific hexavalent and trivalent speciation data, this
decision cannot be justified or accepted. Thus, the more
protective hexavalent screening is the default, and
revision is needed This comment applies to subsequent
sections where this switch to trivalent chromium
screening was made.

D

The Army believes that the use of alternate TRVs
during COPEC refinement in Step 3 is appropriate.
Please see response to EPA Comment No. 2.
Alternative TRVs may be determined to be more
appropriate if they are based on a less bioavailable
metal speciation, or are based on the expected form of
the COPEC in the environment at LHAAP. Using
chromium (the metal that was mentioned in the
comment) as an example, unless certain, specific
industrial processes were performed at a site that
could have resulted in a recent release of hexavalent
chromium (e.g., metal plating), the use of the trivalent
chromium TRV rather than the more toxic hexavalent
TRV is more appropriate for evaluating direct
exposure of organisms to soil. Also, even if
hexavalent chromium was truly a site-related
contaminant, it is not likely to remain in the +6
valence state in site media because it is readily
reduced in the environment to trivalent chromium
(USACE, 1996).
During a meeting held at EPA Region 6 Headquarters
in Dallas, Texas on May 9, 2005, stakeholders
requested additional information regarding the use of
trivalent versus hexavalent chromium TRVs.
Subsequently, EPA Region 6 also submitted a
number of options to the Army for dealing with
chromium in the Step 3 Report. The Army agrees
with the following approach described and

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Page(s)/
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Paragraph/
Line

C or
D1

Comment

Response

A or
D2

documented in the July 28, 2005 conference call
minutes: (1) Conduct a spatial analysis of elevated
chromium detections to determine if they were in
areas where chromate was used (i.e., is chromium VI
likely or not likely) (2) Use a 6:1 trivalent to
hexavalent ratio to evaluate chromium at the site,
unless chromate was used in a particular area. (3) If
HQs or EEQs exceed unity based on use of the 6:1
ratio approach, collection of a statistically valid
number of speciation samples may be appropriate,
and would be performed.
39

p. 7-3

Top of page

What is a CBR?

C

CBR is an acronym for “critical body residue”. This
will be clarified in the text in Section 7.1.2.

40

p. 7-3

3rd paragraph

LOAELs should not be used as the denominator for a
hazard quotient for a refined screen; rather, only
NOAELs should be used in any screen. This is a global
comment that should be applied throughout the
document (i.e., pages 7-33 and 7-39 and especially in
Section 7.2.4 and Chapter 10).

D

The Army believes that the use of LOAELs during
COPEC refinement in Step 3 is appropriate. Please
see response to EPA Comment No. 3.

41

7-3/
7.1.2.1
Harrison
Bayou

Next-to-last
sentence

It is not agreed that an acceptable criterion for selection
of COPECs would be “as a weight-of -evidence finding,
those COPECs with 50% or more of available
benchmarks exceeded were considered for selection as
final COPECs” (see also Chapter 10, i.e., pages 10-123,
10-131-134, 10-142-143, 10-145 etc.). Revision is
needed to include as COPECs any for which there were
any exceedances. This comment should be applied
globally (i.e., page 7-4, top of the page, page 7-4,
Section 7.1.2.2, first and second paragraphs, page 7-5,
Section 7.1.2.3, first and second paragraphs, and Section
7.1.2.4, first and second paragraphs, etc.).

C
and
D

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.

Page 64 of 90

For surface water, it is agreed that an exceedence of
any promulgated standard would result in selection of
that chemical as a final COPEC (the weight-ofevidence approach will not be used). However, for
sediment, as no sediment standards have been
promulgated, it is inappropriate to select a sediment
constituent as a COPEC simply because one of the
many available screening values is exceeded. Many
sediment screening values are overly conservative
and only appropriate for Steps 1 and 2 of the ERA
process (at least four of the 11 available sediment
benchmarks are equivalent to NOAELs, and are
paired with equivalent LOAELs). Step 3 is a
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Page(s)/
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Paragraph/
Line

C or
D1

Comment

Response

A or
D2

refinement of sediment COPECs, and the weight-ofevidence approach is recommended to be retained.
42

p. 7-7

It is not acceptable that COPECs were identified as
minor, moderate, or major in Table 7-10 based on the
number of evaluation criteria that were exceeded. This
should be eliminated.

C

This information in Table 7-10 was for informational
purposes only, and provides a summary of surface
water and sediment COPECs as well as some
information on their qualitative importance.
Information pertaining to whether each COPEC was
“minor,” “moderate,” or “major” will be eliminated
from the table, as requested.

43

7-7/
7.2

2nd
paragraph/1st
sentence

The guild should be stated for each representative
receptor.

C

The guilds will be included for each receptor.

44

p. 7-8

1st complete
paragraph/1st
sentence

The intent of the refinement is more to use site-specific
(or literature-specific) information; thus, rewording is
needed.

C

According to EPA (1997) guidance, the intent of Step
3 is to review the assumptions used during the
SLERAs, and consider how the HQs would change if
more realistic conservative assumptions were used
instead. Thus, the subject sentence will be changed
to read “The refined food chain models for LHAAP
thus use more realistic conservative assumptions for
calculation of exposure doses to the final list of
measurement receptors…”.

45

p. 7-8

1st complete
paragraph

Consistency is needed with the rest of the document
regarding whether the deer mouse is being used to
represent herbivores or omnivores (i.e., see page 7-9).

C

The deer mouse is used to represent herbivores. The
text, Figure 4-5, and Table 4-6 will be corrected, as
appropriate.

46

p. 7-8

5th bullet

For EPA Region 6 Superfund ERAs, upper-bound is not
90th percentile uptake factors; but rather, the default
BAFs (without site-specific tissue data for determination
of BAFs) are the maximum literature values. See also
page 7-23, Section 7.2.3.4, pages 7-24 and 7-25, etc.
Revision is needed.

D

By definition (including EPA’s), upper bound is not
the maximum but an estimate of the “reasonable”
maximum based on a statistical determination. No
EPA Region 6 guidance on how to conduct an
ecological risk assessment at Superfund sites was
available. In the absence of such guidance, the Army

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Page(s)/
Section

Paragraph/
Line

C or
D1

Comment

Response

A or
D2

used approaches consistent with Federal and State
guidance documents for the Step 3 Report, including
the use of 90th percentile uptake factors. The Federal
EPA recently issued Guidance for Developing
Ecological Soil Screening Levels (Eco-SSL) that
describes the calculation of ecological soil screening
levels (ESSLs). ESSLs are medium-specific
benchmarks protective of various classes of
organisms based on both direct toxicity and
bioaccumulation of COPECs in prey items (EPA,
2003a). In the models used to develop these ESSLs,
the EPA used upper-bound uptake factors similar to
those used by the Army for the Step 3 Report (e.g.,
see Table 10 in Attachment 4-1, EPA, 2003a). The
ESSLs are intended to be used as conservative
screening values at the SLERA stage. In other words,
even Federal EPA guidance does not utilize
maximum uptake factors to develop benchmark
screening values that are to be used at the most
conservative step in the risk assessment. Thus, the
use of maximum uptake factors during a Step 3
COPEC refinement is overly conservative and
inappropriate, particularly since maximum uptake
factors were previously used for the SLERAs.
However, in order to move forward, and in the spirit
of consensus, the Army agrees to try to reach middle
ground on an issue of contention. Therefore, the
Army agrees to add a version of the food chain model
that uses maximum uptake values (i.e., maximum
literature BAFs). Please see response to EPA
Comment No. 8.
1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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47

p. 7-10

48

p. 7-26

49

p. 7-26

Paragraph/
Line

C or
D1

Comment

Response

The bioavailability factor term in the algorithms here
(and on pages 7-11-7-20) seems incorrect, and seems to
be the bioaccumulation factor (see page 7-23, Section
7.2.3.4). Correction seems to be needed.

D

The equations are correct as presented in the Step 3
Report. The bioavailability factor term (BF) is set to
1 for all equations, since no data are currently
available that indicate a bioavailability factor other
than 1 should be used. Thus, it acts essentially as a
placeholder in the event that additional bioavailability
information becomes available. The bioaccumulation
factor is not explicitly defined as being equal to 1 in
the equations on pages 7-10 through 7-20, but it is
used to calculate the concentration of the chemical in
the prey tissue (e.g., the PC variable in Equation 7-1),
as described in Section 7.2.3.4.

Paragraph
under the 1st
equation

What is the scientific justification to use Jager (1998) for
the water-to-worm partitioning coefficient to replace that
of EPA?

C

The Connell and Markwell (1990) approach, was
found to be flawed, according to Jager (1998). The
alternative approach used by Jager (1998) is a more
appropriate method because it is based on actual
laboratory and/or field studies. The Connell and
Markwell (1990) approach used in the Eco-SSL
Guidance (USEPA, 2000) has been updated in the
revised Eco-SSL Guidance (USEPA, 2005) to use the
Jager approach.

Paragraph
under the 2nd
equation

Why are Kow values from Syracuse Research Corp used
instead of those from TCEQ?

C

The syrres.com SMILES program is a program that
estimates the log octanol/water partition coefficient of
organic chemicals using an atom/fragment
contribution method developed at Syracuse Research
Corporation. It was selected as an easy-to-use,
scientifically-based source of log Kow values. The
log Kow values calculated by this program were
compared to the TCEQ values in Figure 30 TAC
§350.73(e) prior to their use as a variable for
calculating uptake factors. With very few exceptions,
the log Kow values from the two sources were

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Page(s)/
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Line
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D1

Comment
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A or
D2

exactly the same. Therefore, it is assumed that the
use of the syrres.com SMILES log Kow values is
acceptable, and they will be retained in the Step 3
Report.
50

p. 7-27

Top
paragraph

51

p. 7-27

3rd paragraph

What is the justification for the use of a surrogate BCF
for a contaminant from literature for other contaminants
(separate from the inappropriateness of not using a
maximum value)?

C

The use of surrogates for chemically related
constituents is a common practice within EPA
programs including assignments of BCFs, e.g., BCF
for Aroclor 1254 is used as a surrogate for other
Aroclor mixtures. Organic chemicals that are closely
related (e.g., have similar structures and functional
chains) often have similar toxicological properties,
and are likely to exhibit similar degrees of interaction
with, and retention in, biological tissues (i.e.,
bioaccumulation). Therefore, when an uptake factor
was not available for a given chemical, a surrogate
value was often used based on a similar compound.
When no closely related compound with an uptake
factor was identified, an upper-bound uptake factor
based on all chemicals in the same general class (i.e.,
organics) was sometimes used as a surrogate value.
Although there is some uncertainty associated with
this approach, the resulting uncertainty is far less than
not using any uptake factor at all, or using an uptake
factor that is not based on empirical data (e.g., uptake
factor = 1). This information will be presented in
Section 3 of the Step 3 Report. This approach is
similar to the approach used in EPA, 1999, Screening
Level Ecological Risk Assessment Protocol for
Hazardous Waste Combustion Facilities.

See the comment on the TEFs regarding a similar
concern about crossing classes.

C

The Army understands that EPA Region 6 does not
approve of applying toxicological data across classes,
which is an appropriate concern. However, the

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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paragraph referred to in the comment states that
uptake factors for mammals are also used for birds,
since values for birds are not readily available in the
literature. Uptake factors are simply abiotic
concentration multipliers that reflect accumulation of
a chemical in prey items. Thus, they do not have any
relationship to the toxicological properties of the
chemical. Because no mixing of toxicological data
across classes was done in this instance, it is assumed
that the approach of using the same uptake factors for
mammals and birds is acceptable.
52

p. 7-27

53

p. 7-28

Bottom line

Is the fish BCF site-specific or from the literature?

C

The fish BCFs are from literature sources. The text
will be clarified.

It should be noted that fish body burden may not just be
from sediment-to water, but also from bottom-feeders
ingesting sediment. Consideration and discussion are
needed.

C

To address whether the surface water-to-fish pathway
that was used in the Step 3 food chain models may
have underestimated tissue concentrations, a
comparison will be performed between the modeled
tissue concentrations and actual fish tissue
concentrations obtained by TCEQ (2004).
Concentrations detected in fish collected from the site
itself would reflect transfer of contaminants from all
appropriate media (e.g., surface water, as well as
sediment and food chain accumulation). Because the
fish tissue samples were collected from the area most
likely to be impacted from on-site transport of
contaminants, and the chemicals that were analyzed
in fish tissue have good concurrence with site
contaminants (8 brown bullhead catfish were
collected from the Goose Prairie Creek drainage), the
comparison of modeled fish tissue concentrations to
actual tissue concentrations is an appropriate method
of determining whether the modeled surface water-to-

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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fish tissue concentrations underestimates measured
total body burdens resulting from multiple exposure
pathways.
54

p. 7-28

Bottom
paragraph

Regarding the home range size, a conservative literature
value should be used in place of the Tier 1 and 2
approach.

C

As stated on page 7-28, a minimum (i.e.,
conservative) home range value was used for the Tier
1 iteration of the food chain models. An average
home range was used for the Tier 2 iteration of the
food chain models, but Tier 2 was generally
presented for informational purposes only. It is
assumed that this approach is acceptable to the EPA,
and no changes will be made to the Step 3 Report.

55

p. 7-29

Bottom
paragraph

“Homogenous mixture” seems to be an oxymoron.

C

The word “homogenous” will be deleted.

56

p. 7-33

1st paragraph

Clarification is needed for the professional judgment
used for selecting TRV alternatives according to diet,
position in the food chain, and/or the conservatism of the
TRV. And, see the comment above about a priori
selection of TRVs.

C

Please see response to EPA Comment No. 2. The
Army agrees to add additional information to the
report to support the determination of whether the use
of alternative TRVs is justified.

57

p. 7-34

1st set of
bullets –
bullet 2

Application of uncertainty factors for duration
uncertainty seems unnecessary and can be eliminated.

C

The bullet will be eliminated.

58

p. 7-34

2nd set of
bullets –
bullet 2

Both should be eliminated.

D

In instances where LOAEL-based TRVs were not
available for a given COPEC, an uncertainty factor of
10 was used to estimate a LOAEL TRV from a
NOAEL TRV. Toxicological guidance documents
fully support the estimation of a NOAEL-TRV from a
LOAEL-TRV, and the reverse process is completely
logical, although the practice may add some
additional uncertainty to the evaluation. TRVs that
were generated in this manner are clearly indicated in

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Line
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Table 7-23 of the Step 3 Report. The Army believes
that the use of only a NOAEL-based TRV when a
LOAEL-based TRV is not available in the literature
for a particular COPEC is overly conservative for a
Step 3 evaluation. Army policy (Wentsel et al.,
1996) and peer-reviewed literature (Dourson and
Stara, 1983; Tannenbaum et al., 2003) state that it is
appropriate to estimate a LOAEL from a NOAEL
using uncertainty factors. Estimating a LOAEL-TRV
from a NOAEL-TRV is also standard practice in
other EPA regions. No guidance or literature has
been presented to the Army that discusses why
converting a NOAEL-TRV to a LOAEL-TRV is
inappropriate.
In the minutes for the July 28, 2005 conference call,
it was stated that “EPA expressed concern with too
much uncertainty in deriving the LOAEL by applying
a 10-fold uncertainty factor to the NOAEL. EPA
may compromise to an uncertainty factor of 3, but
anything greater would have to be supported by
substance-specific justification. For example, a 10fold uncertainty factor applied to the NOAEL would
be acceptable to derive a iron LOAEL because of the
relatively high margin of safety (low toxicity) and
limitations on producing adverse effects.” The Army
will follow EPA’s suggestion to use an uncertainty
factor of 3, except in situations where low toxicity is
expected (e.g., for iron), in which a 10-fold
uncertainty factor would apply.
59

p. 7-35

Discussion of toxicity information is missing for at least
lead and chromium; discussion of toxicity information

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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should be included for these at the very least.
Hazard quotients shouldn’t be summed to hazard indices
unless the contaminants have a similar mechanism of
toxicity.

C

It should be noted that only chemicals with similar
mechanisms of toxicity were summed in the Step 3
Report, as stated on pages 7-36 and 7-37. Therefore,
it is unclear what change in the document is
requested.

Clarification is needed.

C

Clarification will be added to indicate that chemicals
that did not pass the abiotic media screen were
included in the food chain models.

The receptor, not the guild, should be in parentheses.

C

The text will be revised as suggested.

Section 7.3 should not be included in the text; maybe
only in an Appendix for information only at the end of a
Step 8, but not for refinement of COPECs.

D

Please see the response to EPA Comment No. 1. The
text will be retained, however, the last paragraph will
be revised to state that the list of background
chemicals will be carried forward in the risk
assessment process.

The sentence should be eliminated since not all
assumptions are conservative.

C

The second to last sentence in the first paragraph on
page 8-1 will be changed to the following: “Because
assessment criteria were mostly based on
conservative assumptions, the result of the
assessment generally errs on the side of
conservatism.”

p.8-1

The second paragraph is redundant to the first, and
should be removed.

C

The redundant paragraph will be deleted.

8-2/
8.1

Regarding the second sentence, it isn’t agreed that data is
adequate for risk management decision-making at the
end of Step 3. And, regarding the next 2 statements
about risk being overestimated, that is debatable due to
the departures from default conservative assumptions
that were used in this document as mentioned in

D

It was the Army’s understanding that the list of final
COPECs would be discussed and ultimately agreed
upon during the Scientific/Management Decision
Point (SMDP) following Step 3. An extensive
amount of data has been collected at LHAAP to
support this SMDP. The only data gaps identified

60

7-36/
7.2.5

61

p. 7-37

62

p. 7-38

63

pp 7-42-43

64

p. 8-1

65
66

2nd paragraph
under the
bullets

Top
paragraph,
next-to-last
sentence

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Paragraph/
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C or
D1

Comment
comments above. Rewording is needed. And, the stated
biased sampling indicates the need for random sampling.

67

p. 8-3

Paragraph
under the 1st
set of bullets

68

pp. 8-5, 8-6/
8.6

69

8-6/
8.6

Response
during project meetings, phone conference calls, etc.
involved the collection of additional surface
water/sediment samples that were collected from the
on-site watersheds in fall, 2004. These discussions
implied that once these data gaps were addressed, the
data available for making decisions at the end of Step
3 would be adequate. Certainly, the Army is willing
to discuss comments about the Step 3 Report, the
approaches contained therein, and the risk
management decisions based upon its contents, but it
is not practical or appropriate to question the
completeness of the dataset at this stage, after the
adequacy of the data has already been determined and
the Step 3 Report has been completed. Also, please
see response to EPA Comment No. 8.

Regarding the statement on concern about
underestimating risks by not including assessment of the
obligate herbivores represented by the rabbit, the
suggestion would be to include/add assessment for the
obligate herbivores represented by the rabbit.

D

Comment noted. The rabbit will not be added as a
formal measurement receptor; please see response to
EPA Comment No. 11.

Bottom
bullet

The words “(or the comparison to background
concentrations)” should be eliminated.

C

The phrase “…because congeners that would
otherwise drop out during the risk-based screening
step (or the comparison to background
concentrations)…” will be replaced with “…because
congeners that would otherwise drop out during the
risk-based screening step (or would not be selected
for quantitative analysis because they are
background-related)…”. Please also see the response
to EPA Comment No. 1.

Bottom
bullet

The last sentence in the bullet should be eliminated.

D

The use of the Tier 2 food chain models, which use
some average parameter values, will be retained in
the Step 3 Report for informational purposes (see also

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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response to EPA Comment No. 8). Therefore, the
text referred to in the comment is accurate and
appropriate, and will be retained.
70

p. 8-7

3rd bullet
from the top

It should be mentioned in the bullet that inhalation
exposure could be significant for burrowing receptors.

C

The text will be modified as suggested.

71

p.8-8

Top bullet

The last sentence states that ecotoxicity values were to
not be applied across classes. This should be the case,
however, there were instances where the mammalian
ecotoxicity values were used for birds (and classes
shouldn’t have been crossed). See previous comments
on this matter.

C

Ecotoxicity values (i.e., TRVs) were not applied
across classes for the Step 3 Report (see Table 7-23).
If a TRV was not available for a bird or mammal,
and an appropriate surrogate was not identified, the
chemical was not quantitatively evaluated in the food
chain model.
Other instances in the Step 3 Report that were
commented on for this same issue also do not violate
the guidelines for avoiding the application of
ecotoxicity values across classes. Please see
responses to EPA Comments No. 31, 34, and 51.

72

p.8-8

73

p. 8-8

1st paragraph
under the
bullets

The last bullet about the Dourson and Stara citation
should be eliminated because LOAELs should not be
estimated from NOAELs anyway.

D

Please see response to EPA Comments No. 3 and 58.

The next-to-last and last sentences should be eliminated.

D

The Army believes that the Step 3 Report should
contain the accurate information about the uncertainty
of the HQ approach (presented in the subject text) to
provide a balanced discussion to the public or other
readers of the report about what the HQ approach
means and what information it presents. During the
Comment Resolution meeting held at TCEQ
headquarters in Austin, Texas on February 22 and 23,
2005, it was agreed that the Army would develop
replacement text that presents both the Army’s and
the EPA’s position on the HQ concept. The

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Line
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Comment

Response
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suggested revision is as follows:
“It is important to note that the applicable U.S. EPA
ecological risk assessment guidance documents (EPA
1997, 1998) define ecological risk assessment as “the
process that evaluates the likelihood that adverse
ecological effects may occur or are occurring as a
result of exposure to one or more stressors”. As is
clear from U.S.EPA guidance (EPA, 1989) and
numerous other sources (Bartell, 1996; Tannenbaum
et al., 2003), the HQ is not a measure of risk. It is
rather (only) a measure of a level of concern. To
demonstrate, an HQ of 10 does not mean that a
receptor has a 10 percent likelihood or chance of
developing an adverse ecological effect. The HQ is a
unitless measure, unlike the incremental lifetime
cancer risk estimate in human health risk assessments
that does express the likelihood of an individual
developing cancer as an endpoint (and also the
probability of excess cancer cases arising in a
population). It is also important to note that although
HQs are routinely computed in ERAs in the step
termed “Risk Characterization,” this definition of risk
is not met with the HQ computation. Ecological Risk
Assessment Guidance for Superfund (EPA, 1997)
defines “risk” as the expected frequency or
probability of undesirable effects resulting from
exposure to known or suspected stressors. As
illustrated previously, an HQ does not express a
frequency or a probability of an occurrence. It is
appropriate here to identify additional limitations
associated with the HQ method. These limitations
can be categorized as those that derive from the HQ’s
1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Line
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mathematical construct (i.e., the ratio of an estimated
intake to an effect or no-effect level), and those that
reflect limited exposure and/or toxicity information
when crafting the numerator and denominator of the
ratio:
HQ method limitations due to mathematical
computation:
y The HQ is not a measure of risk;
y The HQ is not a population-based measure;
y HQs are not linearly scaled.
HQ method limitations due to limited exposure and/or
toxicity information:
y Extremely low chemical concentrations in
environmental media can result in an HQ greater
than 1;
y HQs are sometimes generated that are
unrealistically
high
and
toxicologically
improbable or impossible.
Finally, it is important to note in light of the previous
listed limitations, that HQs can only suggest that there
is a potential adverse hazard for ecological receptors.
Because HQs are only screening tools, they cannot be
used to claim that ecological receptors have been or
will be harmed. However, due their conservative
construct (i.e., HQs likely overestimate rather than
underestimate hazard), HQs less than 1 may be
confidently interpreted as predicting no adverse
ecological impacts at a site.”

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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74

p. 8-8

75

p. 8-14

76

8-15/
8.11

77

78

Paragraph/
Line

C or
D1

Comment

Response

The statements made that hazard quotients are not
measurements of risk, nor population-based statistics,
and are not linearly scaled statistics need to be
eliminated.

D

Please see response to EPA Comment No. 73.

1st paragraph

Regarding the TEFs,. the values shouldn’t be applied
across classes (i.e., using mammal TEFs for fish and
birds). See previous comments above on this matter.

D

Please see response to EPA Comment No. 31.

1st paragraph

It is stated that there is considerable uncertainty
associated with modeling COPEC concentrations in fish
tissue from surface water or sediment, and the
conservative modeling approaches used in the Step 3
Report likely resulted in an overestimation of COPEC
concentrations in fish. This is an indication of the need
for site-specific fish tissue residue sampling and data,
and to continue on to Step 4 etc.

D

Available site-specific fish tissue data will be added
to the Step 3 Report (see response to Comment No.
53). As it is expected that these new data will
confirm that the modeling approach used to estimate
COPEC concentrations in fish tissue from surface
water and sediment was overestimated in the Step 3
Report, there appears to be no need for additional
site-specific fish tissue residue sampling. If a data
gap remains regarding fish tissue COPEC
concentrations, then additional data collection will be
proposed in the BERA.

8-15/
8.11

The second paragraph should be eliminated. And, the
very statement about a wide variation between BCFs is
another indication for the need for site-specific tissue
residue sampling and data and continuing on to Step 4
etc. See also the next paragraph on page 8-15.

D

The information presented is an accurate portrayal of
the uncertainties associated with the approach used to
model fish tissue concentrations. As discussed
previously (see responses to Comments No. 53 and
76), site-specific fish tissue data from TCEQ (2004)
will be added to the Step 3 Report.

p. 8-1

It is stated in the paragraph before Section 8.12 that
modeled concentrations in fish, especially for dioxins,
were drastically overestimated in the Step 3 ERA. This
is another indication for the need for site-specific tissue
residue sampling and data and continuing on to Step 4
etc.

D

Available site-specific fish tissue data will be added
to the Step 3 Report (see responses to Comments No.
53, 76, and 77). As it is expected that these new data
will confirm that the modeling approach used to
estimate COPEC concentrations in fish tissue from
surface water and sediment was overestimated in the
Step 3 Report, there appears to be no need for

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Page(s)/
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Line

C or
D1

Comment

Response

A or
D2

additional site-specific fish tissue residue sampling.
It is anticipated that adjustment of the modeled fish
tissue COPEC concentrations, using the results of the
site-specific tissue data, will produce EEQs and HQs
that are less than 1.
79

p. 10-1

1st paragraph

It is stated that it is the objective to refine COPECs to
those elevated above background. That objective
conflicts with EPA’s policy on background. While it has
been accepted in EPA Region 6 Superfund ERAs to not
propose quantifying COPECs in a BERA (those that had
carried over from a screening ERA) if there is no siterelated gradient, this does not mean that these COPECs
are eliminated at the end of Step 3. Rather, they need to
be carried forward to the end of Step 8 of the BERA and
mentioned in the Uncertainty Section. At the end of Step
3, it is an inappropriate risk-management decision to
eliminate COPECs on the basis of background. Chapter
10 needs revision on this point. And, given what has
been presented in the document, continuation onto Steps
4-8 of the BERA is needed.

D

Please see response to EPA Comment No. 1. The
statement in Chapter 10 will be revised to state that a
list of background COPECs will be carried forward in
the risk assessment process.

80

p.10-1

1st bullet

Instead of the wording “Is it unlikely that the COPEC is
associated with CERCLA-related releases at LHAAP”, it
should be restated as “Is it likely that the concentrations
of the COPEC follow a site-related gradient?”

D

Background evaluation techniques, such as the
geochemical approach, the WRS test, UTL and UPL
values, and box and whisker plots are used to assess
whether a preliminary COPEC is naturally occurring
or ubiquitous. Determination as to whether or not a
COPEC is associated with a CERCLA-related release
is based primarily on process knowledge, not
concentrations. According to §101(22) of CERCLA,
a release is defined as “spilling, leaking, pumping,
pouring, emitting, emptying, discharging, injecting,
escaping, leaching, dumping, or disposing into the
environment.”

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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81

p.10-1

3rd bullet

Bullet 3 should be eliminated as well as any subsequent
related language in Chapter 10 for reasons previously
stated regarding using frequency of detection for refining
COPECs.

D

Please see response to EPA Comment No. 24.

82

p.10-1

4th bullet

Regarding the spatial evaluation, rather than looking for
isolated concentrations, determinations should be made
about whether the COPECs are ubiquitously the same,
and don’t indicate a site-related gradient. This needs to
be done, and Chapter 10 revised.

D

A spatial analysis of COPECs was used in the
weight-of-evidence arguments in Section 10 to
determine if a source area was potentially present,
and/or whether elevated detections of a given
chemical were located close enough to collectively
fall within a potential receptor’s home range. If there
were relatively few detections, and they were not
located in close proximity to each other, these
chemicals are likely spurious observations, and would
not be regularly encountered by receptors. Also, it
should be noted that bioaccumulative chemicals were
carried forward to the food chain model, even if they
were detected very infrequently (i.e., < 5% of
samples). Because these infrequently detected
chemicals were retained, the spatial analysis was
particularly useful for determining if these types of
chemicals pose a realistic threat to the environment
(i.e., if they were encountered closely enough
together for a receptor to realistically encounter
regularly).

Comment

Response

A or
D2

The Army believes that the use of a spatial analysis is
a legitimate and appropriate line of evidence to use in
the Step 3 COPEC refinement. This was an issue that
was discussed in the Dispute Resolution process
initiated by the Army.
83

p.10-1

6th bullet

Bullet 6 needs to be eliminated, and the Chapter needs to
be revised to reflect this.

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment

Response

A or
D2

background COPECs will be carried forward in the
risk assessment process, but will be evaluated
qualitatively.
84

p.10-1

8th bullet

Bullet 8 needs to be eliminated, and the assessment for
the Chapter needs to be redone, and the text revised.
Without site-specific tissue data, default BCFs and BAFs
are maxima literature values, and there are no acceptable
alternatives.

D

EPA guidance allows for the relaxation of overly
conservative assumptions that were used in the
SLERAs (i.e. Steps 1 and 2). Therefore, the Army
believes that the use of upper-bound (but nonmaximum) uptake factors is appropriate for the Step 3
Report. However, as stated in the response to EPA
Comment Nos. 8 and 46, hazards based on maximum
uptake values will also be used and presented in the
Step 3 Report.

85

p.10-2

Top
paragraph

The second sentence needs to be eliminated, and the
Appendix revised (see comment #1).

D

To reduce extraneous detail, only chemical
concentrations that were assumed to be potentially
problematic from an ecological standpoint were
included on the spatial plots. Because chemicals
associated with background will not be quantitatively
evaluated in further steps of the risk assessment
process (please see response to EPA Comment No.
1), concentrations below representative background
values were not considered significant, and were not
plotted.

86

Regarding the remainder of Chapter 10 (pages 10-2 -the
end), the following comments apply to the individual
discussions of soil, surface water, and sediment
contaminants (in addition to others comments above that
pertain to Chapter 10):

C

Comment noted.

87

Eliminations should include the Tier concept (especially
Tier 2), the averaging of BCFs/BAFs, the proposals for

D

The Army believes that the approaches used to refine
COPECs in the Step 3 Report were appropriate given

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment
alternative BCFs and BAFs, the averaging of home range
sizes, the use of LOAELs in this refined screen ERA (as
well as TCEQ threshold values and Canadian Probable
Effect Levels), the averaging of NOAEL and LOAELs,
the departures from accepted uncertainty factors
(proposing 0.5 instead of 0.1 such as for vanadium in
the water bodies), and the use of 90th percentile BCFs for
Tier 1 (regardless of the EPA non-Superfund document
cited on page 10-63).

Response

A or
D2

the Federal, State, and Regional EPA guidance that
allows for the use of professional judgment and
assumptions that are not maximally conservative
during the Step 3 COPEC refinement stage
It is unclear what “EPA non-Superfund” document
the reviewer is referring to on page 10-63 that should
be ignored. The only EPA document cited on that
page is the Ecological Soil Screening Level (ESSL)
guidance. Although it is noted that an “a” was
inadvertently omitted for that particular citation (i.e.,
the citation should be “EPA, 2003a”), this document
was issued by the Office of Solid Waste and
Emergency Response, which is the EPA office
responsible for the management of Superfund sites.
Therefore, it is assumed EPA Region 6 does not have
an objection to the use of the ESSL citation on page
10-63.
In the spirit of consensus, the Army has agreed to
some alterations of its approach based on EPA
Region 6 Comments. For responses to individual
issues listed in this comment, please see other
responses to EPA Comments, such as No. 3, 8, 37,
46, 54, and 58.

88

Elimination of discussions on background evaluations
and risk management decisions is needed for this Step 3
Report.

D

Please see response to EPA Comment No. 1.

89

Elimination of statements of “overly conservative” or
“inappropriate” TRVs/benchmarks/screening values, or
BCFs/BAFs, or soil ingestion rates is needed.

C

The text will be modified, as appropriate.

90

A COPEC shouldn’t be eliminated based on speculative

C

COPECs were (and will be) eliminated only if there

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment
statements that there is a likely overestimation of risk
due to BAFs or TRVs, etc. Revision is needed.

Response
is sufficient reason to exclude them based on one or
more lines of evidence presented in the Step 3
Report. COPECs were not (and will not be)
eliminated purely based on speculative statements. It
should be noted, however, that the Army
acknowledges a difference between pure speculation
and adjustments in assumptions that are based on
professional judgment, if not necessarily from on-site
data. For example, the use of upper 90th percentile
uptake factors, or the evaluation of a metal using a
TRV based on the form that is likely to be found in
the environment (rather than an artificially soluble
form used in laboratory tests) are considered by the
Army to be legitimate approaches that still retain the
conservativeness of the ecological risk assessment as
a whole, while introducing some realism into the
evaluation during Step 3.

91

Speciation data is needed for lead to justify departing
from the use of the lead acetate TRV.

D

The Army believes that presenting alternate EEQs
based on the form of chemical likely to be present in
the environment is appropriate as a line of evidence
to refine COPECs during Step 3, even if speciation
data are not available. Please see the response to
EPA Comments No. 2, 38, 56, 59, and 90.

92

Frequency of detection should not be a rationale for
elimination of a COPEC (i.e., HMX, HCB etc).
Revision is needed.

D

Please see response to EPA Comment No. 24.

93

The NOAEL should not be estimated from the LOAEL,
and the comment about EPA should be removed.
Revision is needed.

D

Please see response to EPA Comment No. 58 with
regards to the NOAEL- to LOAEL- issue. It is not
clear what comment about EPA the reviewer is
referring to that should be removed.

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Comment #
94

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment
A COPEC should be retained even if the only line of
evidence is direct toxicity. Revision is needed.

C
and
D

Response

A or
D2

Results of the background evaluation and spatial
analysis were used to eliminate final COPECs, even
if direct toxicity (and/or elevated food chain EEQs)
was a concern. However, as previously agreed to, a
list of background-related COPECs will be retained
as final COPECs (if appropriate direct-contact
benchmarks, etc., are exceeded) for a qualitative
evaluation in Steps 4 though 8 of the BERA. Please
also see response to EPA Comment No. 1.
For surface water and sediment direct-contact
COPECs, see response to EPA Comment No. 41.

95

A COPEC should be retained even if it cannot be
assessed in an Uncertainty Section at the end of the
BERA due to unavailable ecotoxicity values (i.e., HMX,
Arochlor etc.), or due to inadequate detection limits (i.e.,
2,3,7,8 TCDD, TNT etc.). Revision is needed. It is
misleading to state that there is no evidence of concern
for a COPEC for which there are no ecotoxicity
screening values available; rather, it should be stated that
the concern is unknown.

96

Spatial isolation of elevated concentrations does not
indicate that there isn’t a source, nor that this means
there are not grounds for further assessing the COPEC.
Rewording and revision are needed. What needs to be
determined is whether there is a site-related gradient

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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C
and
D

Text will be revised to state that the “concern is
unknown” for those COPECs that do not have TRVs
or other screening values. Given the multiple lines of
evidence evaluated in the Step 3 Report (e.g., plant
toxicity, earthworm toxicity, food-chain impacts
using TRVs, surface water and sediment direct
contact toxicity, and fish critical body residue [CBR]
toxicity), it is likely that almost every detected
constituent is missing at least one of these
aforementioned screening values. There would be
limited added benefit from retaining every one of
these constituents as a final COPEC. However, a list
of COPECs that are missing some or all screening
values could be compiled and presented in the
uncertainty section of the BERA.

D

The Army does not believe it is appropriate to retain
spatially-isolated COPECs that are unlikely to be siterelated, and/or are unlikely to represent a source area
as final COPECs and expend additional time and
effort on evaluating them. No chemical was
Draft Final Step 3 Report, Installation-Wide ERA
Longhorn Army Ammunition Plant

00051335

Comments on
Draft Final Step 3 Report, Installation-Wide Ecological Risk Assessment (ERA)
USACE Contract No. DACA56-94-D-0020, Task Order No. 0109
Longhorn Army Ammunition Plant, Karnack, Texas
January 18, 2006

Reviewers: Vickie Reat (TCEQ); Barry Forsythe, Craig Giggleman, and Paul Bruckwicki (USFWS); Susan Roddy (USEPA)
Respondents: Shaw Environmental, Inc.

Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment
(non-ubiquitous concentrations) for a COPEC.

97

It seems that for many COPECs proposed for
elimination, much of the evaluation instead indicated the
need to retain the COPECs. Also, it seems that amongst
conflicting lines of evidence, mainly data favoring the
decision to eliminate COPECS were used. Also, some
COPECs were eliminated by using inappropriate lines of
evidence or by using unacceptable methodologies and
alternative parameters, and by discounting direct contact
toxicity as an independent line of evidence (which results
inappropriately in not directly protecting the base of the
food chain). There appeared to be an inconsistency in
the methodology or prioritization used to decide whether
to retain or eliminate a COPEC (i.e., when the evidence
is contradictory), and the background discussions
(inappropriately located in this document) only served to
confuse the decisions and in some cases were used at the
expense of the hazard quotient results. Revision is
needed.

Response

A or
D2

eliminated as a final COPEC solely because of the
spatial evaluation; spatial considerations were always
accompanied by other lines of evidence that
supported dropping a COPEC. The exact technique
to use for an evaluation of a “site-related gradient” is
unclear, and it seems that demonstrating “ubiquitous
concentrations” is more relevant for a background
determination. The Step 3 Report already uses a
variety of background evaluation approaches, and the
addition of a “site-related gradient” evaluation as
another background approach does not appear to be
necessary. See response to EPA Comment No. 82.
C

Based on responses to many previous comments and
other discussions with stakeholders, the rationale for
selection/elimination of final COPECs will be
revised. The following changes will be incorporated:
(1) background COPECs will be retained for a
qualitative assessment in the BERA; (2) surface water
COPECs will be retained if any promulgated directcontact criteria are exceeded; (3) site-specific fish
tissue data will be used to confirm that many waterto-fish and sediment-to-fish bioaccumulation factors
were overly conservative, and COPECs may be
appropriately dropped based on the use of alternative
upperbound, rather than maximum bioaccumulation
factors; (4) text will be clarified to present a more
consistent use of the various lines of evidence; and
(5) a summary table will be prepared for Section 10
that identifies the primary lines of evidence used to
drop COPECs.
Note: Please see response to EPA Comment No. 18

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment

Response

A or
D2

with regards to the selection of organisms at the base
of the food chain as assessment endpoints and the use
of risk management decisions to not carry forward
chemicals solely for the protection of plants and
earthworms unless a realistic threat to populations of
these organisms is determined to exist.
98

Decisions to eliminate COPECs for which adequate
explanations were missing were unjustified, and the
decisions should be reversed or adequate technical
justification should be provided (see chromium, page 1069, Central Creek, Harrison Bayou, lead, page 10-75,
Saunder’s Branch, and silver, page 10-86, Central Creek,
Harrison Bayou, and Saunder’s Branch, etc.).

C

Text will be revised to clarify why these sediment
COPECs were eliminated. For example, chromium
was not selected as a final COPEC in sediment
because chromium was not even selected as an initial
COPEC in sediment (see Section 6 screening tables).
The only reason chromium (and lead and silver)
were even discussed in Section 10.2 for some of the
watersheds was because aquatic receptors had one
EEQ estimated for exposure to both sediment and
surface water, and the combined EEQ was above 1.
However, the elevated chromium EEQ was due to
surface water only.

99

It is inappropriate to eliminate COPECs for the rationale
that less than one percent of the hazard is associated with
surface water exposure. Revisions are needed.

C

The text will be revised to clarify why some surface
water COPECs were eliminated. As aquatic
receptors had one EEQ estimated for exposure to both
sediment and surface water, the combined EEQ could
have been above 1, but only one percent (or less) of
the total EEQ could have been due to surface water
exposure, thereby resulting in a surface water-related
EEQ that was less than 1. It is appropriate to
eliminate surface water COPECs that have surface
water EEQs less than 1.

100

Having locations with elevations of surface water
concentrations 2000', 1500', 1000', 500', or 400' etc. apart
from locations with elevations of sediment
concentrations is not grounds for elimination of the

C

Text will be revised, and a Section 10 Summary
Table will be prepared (see response to EPA
Comment No. 97) to present the primary reasons for
eliminating surface water COPECs. The Army does

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment
COPEC (i.e., page 10-119 etc). Revisions are needed.

Response
not believe it is appropriate to retain spatially-isolated
COPECs that are unlikely to be site-related, and/or
are unlikely to represent a source area as final
COPECs and expend additional time and effort on
evaluating them. A spatial consideration, including
co-occurrence with sediment, was never the only
reason used to eliminate a surface water COPEC from
the final COPEC list; spatial considerations were
always accompanied by other lines of evidence that
supporting eliminating a COPEC. See response to
EPA Comment No. 82.

101

Regarding the statements made about lawful applications
of pesticides, regardless of a risk management decision,
it doesn’t mean that risk wouldn’t need to be assessed
especially if not ubiquitously applied across the entire
property.

D

The Army does not believe it is appropriate to retain
ubiquitous pesticide-related COPECs as final
COPECs and expend additional time and effort on
evaluating them. Use of the rationale “legal
application of pesticides” was never the only reason
used to drop a soil COPEC from the final COPEC
list; this term was always accompanied by other lines
of evidence that supporting dropping the pesticide as
a COPEC. Also see response to USFWS Specific
Comment No. 2.

102

The very fact that in this document some COPECs were
retained indicates the need for Steps 4-8 of the BERA

C

It is agreed that some Final COPECs were identified
at the LHAAP Installation (please see the summary
tables on pages 10-154 and 10-155 of the Step 3
Report). The Army agrees that further action is
required for these chemicals. Possible actions that
may be taken include further investigation (e.g., Steps
4 through 8) or limited remediation.

103

Regarding potential laboratory contaminants, in order to
justify their elimination, EPA guidance needs to be
followed (i.e., the COPEC would be selected if the
concentration is more than 10 times the max in a blank,

C

The possibility that BEHP is a laboratory
contaminant is not used as the sole reason to delete
this COPEC as a final COPEC; it is only used in
conjunction with other weight-of-evidence findings.

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment
or not selected if the concentration is less than 10 times
the max in a blank). This specific justification and data
needs to be presented (i.e., page 10-148, BEHP etc.).

Response
Text will be modified as follows: “It is probable that
the detections of this COPEC are the result of
laboratory contamination, as BEHP is a common
laboratory contaminant. However, BEHP was
detected at concentrations more than 10 times
concentrations found in associated blanks.” (this edit
will also be performed for acetone and BEHP in
sediment.

104

It is inappropriate to arbitrarily switch percent diet (i.e.,
page 10-112, 2,4,6-trinitrotoluene) especially if the
surrogate is used to represent the more sensitive
receptors of the guild.

C

Percent diet was not switched. The text will be
revised to clarify why this sediment COPEC was
eliminated. As the bank swallow had one TNT EEQ
estimated for exposure to both soil and sediment, the
combined EEQ was above 1, but none of the total
EEQ was due to sediment exposure (it was due
entirely to soil). It is appropriate to eliminate
sediment COPECs that have sediment EEQs less than
1.

105

If a COPEC didn’t make it to the refinement, then, it
shouldn’t be mentioned in this document.

C

Section 10 only includes those COPECs that (1) had
an EEQ or HQ above 1 for at least one receptor in
one medium; and (2) were likely to have
unacceptable direct-contact hazards.

106

It’s not wise to make statements that TRVs are overly
conservative when in reference to a threatened and
endangered species, never mind the need for protection
of the individual.

D

Regardless of the TRVs being considered, some
TRVs are indeed overly conservative. An example
would be toxicity endpoints that are protective of
biomarker indicators of exposure that are not relevant
to survival, reproduction, or growth.

107

EPA Region 6 Superfund uses total, not dissolved,
concentrations of metals; thus, the editorial comments on
pages 10-147, 10-150, and 10-151 need to be removed.

D

The text is simply stating that surface water-to-fish
BCFs were based on available data (total COPEC
concentrations in surface water, not dissolved
concentrations), and this approach may have resulted
in overestimating fish tissue concentrations, as BAFs

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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Comment #

Page(s)/
Section

Paragraph/
Line

C or
D1

Comment

Response

A or
D2

for this pathway are more accurately applied to
dissolved COPEC concentrations (see USEPA
Region 6 Screening Level ERA Protocol for
Hazardous Waste Incinerators, 1999 Table C-5).
108

The comments on the huge range in BCFs (i.e., page 10139, thallium in Goose Prairie creek) would be better
replaced with a proposal for collecting the site-specific
tissue residue data.

D

As discussed in response to Comments No. 53, 76,
77, 78, and 97, site-specific fish tissue concentration
results will be compared to modeled fish tissue
concentrations in order to refine the large range in
BCFs. It is not anticipated that additional sitespecific fish tissue data are required.

109

This Chapter largely reads as if it is a BERA complete
through Step 8 which it is not.

D

See response to USFWS General Comment No. 2.

110

After addressing the comments, the refinement needs to
be redone, and the conclusions revised on COPECs
retained/eliminated with technically acceptable rationales
included.

C

As per the previous comment responses, Section 10
will be revised to obtain a new list of final COPECs.

Other Issues: The following changes are proposed to the Step 3 Report; however, they were not directly related to any stakeholder comments presented above.
1

Table 7-17 and Appendix E
Spreadsheets

Some of the incidental soil or sediment ingestion rates
that were based on a percentage of the food consumption
rate were incorrectly calculated. This is because the soil
or sediment ingestion rate should be a percentage of the
dry weight food consumption rate, not the wet weight
food consumption rate (see Figure 4-8 [Equation 4-23] in
Wildlife Exposure Factors Handbook [EPA, 1993]).

2

Appendix F

As documented in the July 28, 2005 Memo, reference
concentrations, such as ecological screening values, will
be added to the geochemical plots. This edit will be
limited to those COPECs where the background
concentration exceeds the screening criteria, in order to
focus the assessment.

1. Respondent Concurs (C), or Does not concur (D).
2. Commenter Agrees (A) with response, or Does not agree (D) with response.
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