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EXECUTIVE SUMMARY 

The Naval Support Facility Indian Head (NSF-IH) is located in northern Charles County, 
Maryland approximately 25 miles south of Washington, DC.  The main area of NSF-IH, 
located on Cornwallis Neck Peninsula, consists of approximately 2500 acres bounded by 
the Potomac River to the northwest, west, and south, Mattawoman Creek to the south and 
east, and the town of Indian Head to the northeast.  Installation Restoration (IR) Site 18, 
the subject of this investigation, was created when fill material was placed into 
Mattawoman Creek, connecting the main area of the installation with Hog Island, a small 
islet located within the creek. 

A total of 12 locations were sampled to characterize the soil and sediment areas of 
Site 18.  Data from these 12 locations were used in this report to conduct screening-level 
human health and ecological risk assessments to determine if chemical constituents in the 
Site 18 fill material potentially pose risks to human health or the environment.  
Concentrations in Site 18 soil and sediment samples were compared to concentrations in 
the Indian Head soil background data set and to upstream reference samples collected in 
2002 during the Mattawoman Creek Investigation to determine if site concentrations 
were higher than background conditions.  All of the inorganics, PAHs, and 4,4’-DDx 
compounds were detected in the majority of the samples.  Alpha-chlordane, gamma 
chlordane and 1,3,5-trinitrobenzene were each detected in four or fewer samples.  No 
other pesticides, SVOCs, PCBs or explosives were detected in any Site 18 sediment or 
soil samples.  Statistical comparisons found no differences in chemical concentrations 
between Site 18 surface soil and subsurface soil. 

Maximum Site 18 surface soil concentrations were compared to Region 3 risk based 
concentrations (RBC) for a residential human health exposure scenario.  The residential 
RBC was used as a screening value for carcinogenic chemicals, and 1/10th the RBC was 
used as a screening value for non-carcinogens.  Arsenic, iron, thallium, vanadium and 
benzo(a)pyrene had maximum concentrations exceeding their respective human health 
soil screening levels.  None of the four inorganic compounds exceeding human health 
screening levels were significantly different than Indian Head background concentrations 
in surface soil.  No background data exists for benzo(a)pyrene in soil at Indian Head.  
The maximum concentration of benzo(a)pyrene at Site 18 exceeded the residential RBC 
by a factor of 4.25, but four of the six surface soil samples contain concentrations below 
25 µg/kg, well below the residential RBC of 87 µg/kg.  Since the residential RBC is 
based on a risk level of 1E-06, the maximum concentration of benzo(a)pyrene 
(370 µg/kg) would result in a cancer risk of 4.25E-06 based on residential exposure, and 
this risk level is within the EPA acceptable risk range of 1E-04 to 1E-06.  Given that 
exposure intensity associated with the residential land use scenario used for calculating 
the soil RBCs (350 days/year) is likely to be far greater than actual recreational or 
occupational exposure to Site 18 soil there is little potential for unacceptable carcinogenic 
risk due to exposure to benzo(a)pyrene in soils at Site 18.  

The screening-level ecological risk assessment for Site 18 consisted of the ecological 
problem formulation, comparison of soil/sediment concentrations and doses to screening 
benchmarks, and refinement of the list of contaminants of potential concern (Steps 1–3A 
of the EPA Ecological Risk Assessment Guidance).  The screening-level ecological 
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problem formulation process identified the following pathways and receptors for 
consideration in the ecological screening assessment: 

• Soil and sediment contact and ingestion by soil and benthic invertebrates 

• Ingestion of contaminated food by omnivorous and piscivorous mammals 

• Ingestion of contaminated food by herbivorous, omnivorous, and piscivorous 
birds  

Maximum soil and sediment concentrations at Site 18 were compared to Region 3 
accepted ecological screening benchmarks considered to be protective of soil and 
sediment-dwelling organisms.  In addition, daily doses of chemical constituents to the 
upper trophic level receptor classes identified in the problem formulation were calculated 
based upon maximum observed sediment concentrations and bioaccumulation factors 
obtained from the literature.  The calculated doses were compared to available toxicity 
reference values for birds and mammals.  Constituents with maximum concentrations or 
doses exceeding screening benchmarks were carried forward to the COPC where 
background conditions at Indian Head and Mattawoman Creek were taken into 
consideration, and exposure point concentrations were modified to provide more realistic 
exposure estimates that reflect exposures across the site.  Twenty chemical constituents in 
Site 18 soil and twenty-six chemical constituents in Site 18 sediment failed the initial 
comparison of maximum site concentrations to EPA Region 3 soil and sediment 
screening benchmarks.  In addition, 5 metals and one pesticide failed at least one of the 
screening-level food chain model dose comparisons.  Constituents without screening 
benchmarks were also carried forward to COPC refinement.  

Of the soil inorganics that failed the initial screening, only copper, mercury, and nickel 
were statistically elevated above Indian Head background conditions.  Boron was 
retained as soil COPC because background data were not available for this constituent.  
Ten PAH compounds were also retained as soil COPCs due to lack of background soil 
data.  Thirteen metals in sediment had maximum Site 18 concentrations exceeding the 
upper end of the range of the reference area samples or the Mattawoman Creek Area 2 
samples and were retained as COPCs.  Acenaphthene, the 4,4’-DDx compounds, alpha-
chlordane, and 1,3,5-trinitrobenzene were also retained as sediment COPCs because no 
reference area data were available for comparison.  Chemicals not eliminated in 
screening or through evaluation of background conditions were evaluated to determine if 
their 95% UCL site exposure point concentrations exceeded soil and sediment screening 
benchmarks or food chain doses exceeded toxicity reference values.  This refinement step 
resulted in the elimination of benzo(k)fluoranthene as a soil COPC, elimination of 
acenaphthene and aluminum as sediment COPCs, and elimination of 4,4’-DDx as a food 
chain COPC. 

A number of PAH compounds initially retained as soil COPCs because of lack of 
Region 3 screening benchmarks or uncertainties associated with their soil screening 
benchmarks were evaluated against alternative soil and sediment screening benchmarks.  
This evaluation suggested no unacceptable risk exists at Site 18 from PAHs in soil, or 
from 1,3,5-trinitrobenzene, the only explosive compound detected in Site 18 sediment.   
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Screening-level food chain models indicated the potential for low-level risk (exceeding 
NOAEL TRVs, but not LOAEL TRVs) to upper trophic level receptors from arsenic, 
mercury, thallium, and vanadium.  However, when more realistic chemical uptake factors 
and site use factors are considered, it is not likely that chemical constituents at Site 18 
pose unacceptable risk to upper trophic level receptors.  

Following the screening, COPC refinement, and uncertainty evaluation, nickel and silver 
were the only COPCs identified as potentially posing more than low-level risk, and only 
to benthic organisms in the wetland area of Site 18.  Copper and mercury may pose low-
level potential risk to soil dwelling organisms in Site 18 soil, and low-level potential risk 
exists to benthic organisms from arsenic, copper, nickel, zinc, and DDx in Site 18 
sediment.   

Based on the limited area encompassed by the potential risk drivers at Site 18 and the 
lack of unacceptable risk to upper trophic level receptors, a baseline ecological risk 
assessment is not recommended for Site 18. It is recommended that Site 18 sediment 
proceed to a consideration of risk management due to the potentially elevated risk to 
benthic organisms from silver in Site 18 sediment. 
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1.0 INTRODUCTION 

This document presents the results of the screening-level human health and ecological 
risk assessments for Site 18 at Naval Support Facility Indian Head (NSF-IH), Indian 
Head, Maryland.  This report has been prepared for Naval Support Activity, South 
Potomac by Tetra Tech NUS, Inc. (TtNUS) and Neptune and Company, Inc. under 
Comprehensive Long-term Environmental Action Navy Contract Number N62472-03-D-
0057. 

1.1 Purpose and Objectives 

The purpose of this document is to present screening-level human health and ecological 
risk assessments for Site 18 Hog Island.  The three primary objectives of the screening-
level risk assessments are: 1) to determine if fill material placed at Site 18 has resulted in 
the release of chemical constituents; 2) to assess, using a conservative screening 
approach, whether concentrations of chemical constituents associated with the fill 
material occur at concentrations that potentially pose unacceptable risk to humans and 
ecological receptors; and, 3) to determine whether chemical concentrations present in soil 
and sediments at Site 18 are different from concentrations that represent background 
conditions at NSF-IH and adjacent creek sediments.   

1.2 Regulatory Context 

The Navy agreed to conduct screening-level human health and ecological risk 
assessments for Indian Head Installation Restoration (IR) Program sites following 
guidance established by the United States Environmental Protection Agency (EPA, 1989, 
1997) under the Comprehensive Environmental Response, Compensation, and Liability 
Act (CERCLA), also known as “Superfund.”  The whole of NSF-IH is listed as a single 
site on the National Priorities List (NPL).  The screening-level ecological risk 
assessments and the evaluation of background data in the risk assessment were conducted 
in accordance with Navy Policy (Navy 1999).   

1.3 Report Organization 

This report is organized into seven sections and three appendices.  The remaining 
sections present the available data and the components of the screening-level risk 
assessments.  Section 2 presents the site characterization, including a description of the 
physical and ecological setting of Site 18, and a summary of operations that may have 
impacted the site.   

Section 3 provides a discussion of nature and extent of chemical constituentsand the data 
collected during this investigation as well as data collected during the previous 
investigations of other areas that may be relevant to the Site 18 investigation [e.g., 
Mattawoman Creek Study (TtNUS, 2004) and soil background investigation (TtNUS, 
2002)].   

Section 4 presents the conceptual site model, including a discussion of potential sources 
of chemical constituents and fate and transport mechanisms, and a summary of the 
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relevant human health and ecological exposure scenarios and pathways for Site 18 soil 
and sediment.   

Section 5 presents the screening-level human health risk assessment, including the 
methodology used, the results of comparisons of sediment concentrations to EPA 
Region 3 human health risk-based concentrations (RBCs), the risk characterization, and 
uncertainty discussion.   

Section 6 presents the screening-level ecological risk assessment that includes a 
comparison of soil and sediment chemical concentrations to EPA Region 3 soil and 
sediment screening benchmarks, an evaluation of risk to upper trophic level receptors, a 
refinement of the screening assessment based upon EPA and Navy protocol, and an 
uncertainty discussion.   

Section 7 presents a summary of the conclusions of the human health and ecological risk 
assessments.   

Appendix A presents the detailed data evaluation and graphical displays that illustrate the 
distribution of chemical constituents at Site 18.  Appendix B contains supporting 
information for the screening-level ecological risk assessment, including site visit notes 
and the basis for the selection of the toxicity reference values used in the ecological food 
chain modeling.  Appendix C contains the data set from the Site 18 investigation that was 
used in this report. 

 



August 2006 2-1 CTO 006 

2.0 SITE CHARACTERIZATION 

2.1 Site Setting 

The Naval Support Facility Indian Head (NSF-IH) is located in northern Charles County, 
Maryland approximately 25 miles south of Washington, DC.  NSF-IH is within the Naval 
Support Activity, South Potomac area of the Naval District Washington Region.  NSF-IH 
consists of two tracts of land separated by Mattawoman Creek (Figure 2-1).  The main 
area, located on Cornwallis Neck Peninsula, consists of approximately 2,500 acres 
bounded by the Potomac River to the northwest, west, and south, Mattawoman Creek to 
the south and east, and the town of Indian Head to the northeast.  The whole of NSF-IH 
(main area and Stump Neck annex) are listed as a single site on the National Priorities 
List (NPL). 

IR Site 18, the subject of this investigation, is a small peninsula extending into 
Mattawoman Creek from the main area of the Indian Head installation on Cornwallis 
Neck.  The Site 18 peninsula was created when fill material was placed into Mattawoman 
Creek, connecting the main area of the installation with Hog Island, a small islet located 
within the creek.  Though now technically a peninsula, the area is still often referred to as 
Hog Island. Site 18 boundaries in relation to the Hog Island peninsula are shown in 
Figure 2-2. 

A site visit was conducted on November 30, 2004 prior to development of the Site 18 
sampling plan.  An Ecological Risk Assessment Supporting Information checklist 
prepared during the site visit is included in Appendix B.  Currently, Hog Island exists as 
an undeveloped area within the perimeter of the Navy installation.  The site consists of an 
elevated area representing the original islet, and a flatter, wide area of fill between the 
islet and Cornwallis Neck (Figure 2-2).  Hog Island is surrounded on three sides by 
Mattawoman Creek, and the remaining side connects to Cornwallis Neck at Atkins Road.  
Vegetation on the terrestrial portion of the site consists of areas of small trees and some 
areas with large mature trees, both interspersed with small open fields covered in a 
mixture of grasses (Figure 2-3).  The eastern end of the island at the south end of the fill 
material encompasses a small wetland with well-developed cattail and other emergent 
vegetation (Figure 2-4).    

2.2 Operational History 

Hog Island lies within Mattawoman Creek adjacent to the northern shore of the creek and 
within the installation boundary, as shown in Figure 2-1.  Hog Island originally existed as 
a naturally occurring islet in Mattawoman Creek.  Between 1961 and 1967, ostensibly 
clean fill was added to the shallow channel between Hog Island and the Indian Head 
mainland next to Atkins Road to connect Hog Island to the mainland.  Subsequently, 
grit/sludge (biosolids) from the Indian Head Facility sewage plant were added with state 
approval as a soil amendment so the fill area could be used as a wildlife feeding plot. The 
area was maintained as a wildlife feeding plot through at least 1983, though Hog Island is 
not currently maintained for that purpose.  Sand blast grit potentially contaminated with 
cadmium may have been disposed of in the fill area; this grit material was disposed of in 
a number of unrecorded locations around the installation.  Clinker ash, which is the ash 
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from coal boilers, may also have been discarded at this site in the early 1980s (Dolph, 
2005) along with the other fill materials.  During the site visit, areas of discarded concrete 
rubble also were observed.  Currently, Hog Island exists as an inactive area of the Naval 
installation covered with naturalized vegetation.  The dirt road across the island is no 
longer maintained. 
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Figure 2-1. Location of Site 18 at Indian Head (modified TtNUS 2004) 
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Figure 2-2. Location of Site 18 on the Hog Island Peninsula Showing Original Site 
Boundary (red cross-hatch) and Revised Boundary for SSP 
Investigation (maroon line) 
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Figure 2-3. View of Terrestrial Portion of Site 18 

 
Figure 2-4. View of Site 18 Wetland 
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3.0 NATURE AND EXENT 

3.1 Previous Investigations 

Prior to this investigation, no previous sampling of the soil or sediment at Hog Island had 
been conducted, though sediment in Mattawoman Creek in the vicinity of (but not 
adjacent to) Hog Island was sampled as part of the Mattawoman Creek study (TtNUS, 
2004).  The Mattawoman Creek study concluded that sediments in “Area 2” (which 
includes Hog Island) had lower concentrations of chemicals than other study areas.  The 
potential risk to benthic invertebrate communities, fish, piscivorous birds, and 
piscivorous mammals in “Area 2” was rated low (TtNUS, 2004).  

The majority of material deposited on Hog Island after fill was applied is likely to be 
sewage sludge from one of the two sewage treatment plants at the Indian Head facility 
(Fred C. Hart Associates, 1983).  Appendix B of the final “Remedial Investigation Report 
for the Lab Area (Sites 15, 16, 49, 50, 53, 54, and 55)” (CH2MHILL, 2004) contains 
sampling results for inorganic chemicals and PCBs for some of the sewage sludge 
destined for land application from sewage treatment plant #1 for the years 1987–1999.  
While these samples may not represent the particular batches of sludge applied at the 
Hog Island site, the results are probably fairly representative overall of the sludge 
material used in land applications, and give some idea of the potential inorganic 
constituents that may have been present in the sludge.  The analyses indicated that 
concentrations of cadmium, chromium, copper, lead, mercury, nickel, and zinc in the 
sewage sludge were all elevated above the background concentrations (CH2MHILL, 
2004, Appendix B).     

As part of development of 40 CFR Part 503, The Standards for the Use or disposal of 
Sewage Sludge (informally known as the Part 503 biosolids rule), EPA developed lists of 
candidate chemicals likely to be present in sewage sludge at levels that might present a 
risk to human health and the environment.  These chemicals included most metals 
(arsenic, antimony, barium, beryllium, boron, cadmium, chromium, copper, lead, 
manganese, mercury, molybdenum, nickel, selenium, silver, thallium, tin, titanium, 
vanadium, and zinc), some polynuclear aromatic hydrocarbons (PAHs) such as 
benzo(a)pyrene, as well as semi-volatile organic compounds (SVOCs), coplanar 
polychlorinated biphenyls (PCBs), dioxins and dibenzofurans, DDT 
(dichlorodiphenyltrichloroethane) and other pesticides.  The sewage sludge analyses 
presented in Appendix B of the “Remedial Investigation Report for the Lab Area 
(Sites 15, 16, 49, 50, 53, 54, and 55)” (CH2MHILL, 2004) did not show PCBs (as 
Aroclors) detected in the sludge. 

In addition to sewage sludge, cadmium-contaminated sand blast grit may have been 
deposited at the site (TtNUS, 2004 and Dolph, 2005).  Clinker ash, a moisture retaining 
ash from coal-fired boilers that can be used as a substrate for plant growth, may also have 
been deposited at Hog Island, and this ash may contain high concentrations of metals. 

Sediment samples taken during the Mattawoman Creek study (TtNUS, 2004) in “Area 2” 
contained a number of detections of several PAHs above background/reference values.  
Numerous metals were detected above background in “Area 2”; the most frequent 
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detections were of arsenic, barium, chromium, copper, lead, mercury, nickel, silver, and 
vanadium.  In all areas of the Mattawoman Creek study, Aroclor was only detected in one 
sample (Aroclor-1248 detected once in Area 1). 

The available information discussed above regarding the materials potentially released to 
the environment at Hog Island indicated that metals were likely to be the main chemicals 
of potential concern in soil at this site.  However, due to the uncertainties in what 
materials were deposited at the island and in the varying composition of municipal 
sludge, a wider range of analytes including metals, SVOCs (including PAHs), PCBs and 
pesticides was included in the analytical suite to ensure that all potential contaminants of 
concern were analyzed as part of the sampling effort.  Explosives also were included in 
the analytical suite, as it could not be established that explosives were not discharged to 
the sewage treatment plant during the years that the sludge was applied to the soil at 
Hog Island.  Volatile organic compounds (VOCs) were not included in the analytical 
suite at this site because the application process and time elapsed since the biosolids were 
applied to Hog Island would indicate that any VOCs would have degraded or volatilized 
by this time.   

Soil background samples were collected at numerous locations across both Cornwallis 
and Stump Neck as part of the TtNUS investigation of site wide background conditions, 
and are applicable for comparison to sites across the facility (TtNUS, 2002). The 
background data set was divided into three data sets:  surface soil, high clay (small grain 
size) subsurface soil, and a low clay (large grain size) subsurface soil.  In the statistical 
analysis of these background sets (Appendix E of TtNUS, 2002), soil grain size was 
determined to have the largest influence on the concentration of metals in soil.  Sandy 
soils (larger grain size) tended to have higher concentrations of metals than the clayey 
soils (smaller grain size).  Subsurface soils also tended to have higher concentrations than 
surface soils. The surface soil background data was chosen as most representative for 
comparison to the Site 18, even though the area of the site consists primarily of fill and 
applied biosolids.  The deposited material is unlikely to correspond to undisturbed 
surface or subsurface samples.  However, surface soil background samples are more 
appropriate than subsurface soils for comparison of potential risks to humans and 
wildlife, because the exposure to fill and other materials at Site 18 will be similar to 
exposure to surface soil. 

It should be noted that some naturally-occurring inorganic chemicals actually are found 
in the background data set at concentrations exceeding the Region 3 screening levels for 
soil for human health and for protection of ecological receptors.  The most notable of 
these chemicals are arsenic and iron, but other inorganic chemicals are also near or at 
their screening level.  This emphasizes the importance of distinguishing site 
concentrations from background when evaluating site risks from these chemicals. 

Although sediment data was analyzed as part of the background report, it was not 
considered to represent a definitive background set and was not used as background for 
comparison to site sediment values.  Sediment concentrations representing background 
are not currently available, though four sediment samples were collected at reference 
areas up-gradient in Mattawoman Creek and in Nanjemoy Creek as part of the 
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Mattawoman Creek study (TtNUS, Inc., 2004), and are used in this investigation for 
qualitative comparisons to Hog Island sediment data.   

3.2 Data Summary 

This section presents the results of the analysis of analyte concentrations in surface and 
subsurface soil, as well as surface sediment for Site 18.  Specifically, the objectives are to 
provide the exploratory data analysis (EDA) for soil and sediment samples from Site 18 
including summary statistics, background comparisons, evaluations of soil concentrations 
by depth, and evaluations of surface concentrations over the site.  In depth discussions of 
the data analyses and graphical displays of the data are presented in Appendix A.  The 
entire data set is presented in Appendix C. 

A total of 12 locations were sampled to characterize the soil and sediment areas of 
Site 18.  A map of the sampling locations is presented in Figure 3-1.  Of the twelve 
locations, 6 represented site soil, and 6 were in wetland sediment.  The 6 soil locations 
contained both surface and subsurface sampling intervals, while the wetland locations 
represent only surface samples.  For purposes of this study, surface soil samples were 
taken at 0–0.5 ft below ground surface (bgs) while subsurface soil samples fell within the 
1–2 ft bgs interval and represent the six inches immediately above the saturated zone.  
Included in the site data are 3 field duplicates that were used for quality control purposes 
only; the original sample was used for site characterization.  Laboratory method blank 
contamination was observed for the SVOC fraction resulting in the qualification of 
SVOC data as nondetected.  Samples analyzed in the SVOC, PAH, pesticide and PCB 
fractions were re-extracted and re-analyzed out of holding time resulting in the 
qualification of analytical data as estimated.  Finally, some explosives data were qualified 
as rejected, and these were eliminated from the data set prior to performing statistical 
analyses. 

Basic summary statistics are presented for each chemical analyzed in the Hog Island 
samples.  Sample sizes and number of detects within the data set are presented first, 
followed by the minimum nondetect, maximum nondetect, minimum detect, maximum 
detect, median, mean, and standard deviation.  The median, mean, and standard deviation 
were calculated using all data, with half the detection limit used for values in the data set 
reported as nondetects. 

3.2.1 Surface Soil Data 

Summary statistics for Site 18 inorganic and organic chemical constituents in surface soil 
are presented in Tables 3-1 and 3-2, respectively.  Boxplots and bubble plots for all PAHs 
and inorganic constituents are presented as Figures A1–A45 in Appendix A.  Most of the 
inorganic constituents were detected in all six surface soil samples.  A review of the 
bubble plots in Appendix A suggests that aluminum, cadmium, cobalt, chromium, iron, 
lead, magnesium, molybdenum, tin, uranium, vanadium, and zinc were relatively uniform 
in concentration across Site 18 surface soils.  Of the constituents that did not appear 
uniformly distributed, arsenic, barium, beryllium, boron, nickel, selenium, and thallium 
had highest concentrations at location SB002.  This may be related to the fact that SB002 
had much higher total organic carbon (TOC) levels than other Site 18 surface soil 
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samples.  Concentrations of copper appeared higher at locations SB002 and SB005, while 
mercury was highest at locations SB002, SB003, and SB005. 

PAHs and 4,4’-DDT and its metabolites (DDx) were the only organic constituents 
detected in more than one surface soil sample.  Concentrations of individual PAHs in 
surface soil all followed the same general pattern of distribution, as illustrated by 
benzo(a)pyrene in Figure 3-2.  PAH concentrations were highest at locations SB004 and 
SB005, adjacent to the dirt road that traverses Site 18.  DDx was detected in three of the 
six surface soil samples (SB001, SB004, SB005), with highest DDx concentrations at 
location SB001.  It is worth noting that the Total DDx concentration in surface soil at 
location SB001 was 71.9 µg/kg, but the DDx concentration in the field duplicate 
collected at the same location was only 5.4 µg/kg.  Gamma-chlordane was the only other 
pesticide detected in Site 18 surface soil, with a single detect at location SB001.  PCBs, 
measured as Aroclors, were not detected in any surface soil samples, nor were explosive 
compounds or non-PAH SVOCs. 

Inorganic concentrations in surface soil were compared to inorganic concentrations in the 
Indian Head background data set as discussed in Section 3.1 and detailed in Appendix A.  
Background comparisons involve use of distribution tests to reveal any differences 
between background and site-specific data.  Differences, if they exist, usually come in the 
form of complete shifts of the distributions (i.e., the site-specific data are systematically 
greater than background), or partial shifts that indicate that some of the site-specific data 
are background and some are greater than background.  Distributional comparison tests 
are used to statistically confirm what is seen in the exploratory data analysis.  The 
parametric t-test and Gehan’s modification to the non-parametric Wilcoxon test evaluate 
complete shifts between distributions (i.e., characterized by differences between the 
centers of the distributions), and the quantile and slippage tests are used to evaluate 
partial differences between two distributions (i.e., characterized by differences in the 
upper tails of the distributions).  The quantile test is evaluated both at the 75th and 95th 
quantile to evaluate shifts throughout the upper tails of the two distributions.  Together 
these five tests evaluate distributional shifts between background and site data.  For the 
purposes of this investigation, a failure (p < 0.05) of any one of the five distribution tests 
for a given constituent indicates that Site 18 concentrations are different than background 
concentrations of that constituent.  Background comparisons for Site 18 are presented in 
Table 3-3.  Background comparisons were conducted only for inorganic chemical 
constituents, since no suitable background data set exists for organic constituents at 
Indian Head.  Only four inorganic constituents (copper, magnesium, mercury, nickel) in 
surface soil failed one or more of the distribution tests, indicating that concentrations of 
those four constituents at Site 18 were different than background.  The mean copper 
concentration in Site 18 surface soil (15.0 mg/kg) was more than twice the mean of the 
background data (6.9 mg/kg).  For magnesium, the Gehan test was statistically significant 
indicating a difference between the centers of the two distributions.  This shift is depicted 
in the boxplot for magnesium in Appendix A (Figure A29).  The background data set for 
mercury had many nondetected reporting limits above detected values (see Table A25 in 
Appendix A).  While the boxplot (Figure 3-3) would suggest site values were higher than 
background values, since the background dataset suffered from elevated detection limits, 
it was not possible to determine with certainty if surface soil values were truly larger than 
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background.  The mean nickel concentration in the background data (5.81 mg/kg) was 
substantially lower than the mean of the Site 18 data (10.98 mg/kg).  Spatially, the 
smaller concentrations of nickel appeared closer to the dirt road (see Figure A23 in 
Appendix A). 

3.2.2 Subsurface Soil Data 

Summary statistics for Site 18 inorganic and organic chemical constituents in subsurface 
soil are presented in Tables 3-4 and 3-5, respectively.  Boxplots and bubble plots for all 
PAHs and inorganic constituents are presented in Appendix A.  Most of the inorganic 
constituents were detected in each of the six subsurface soil samples.  DDD, DDE, and 
DDT were the only pesticides detected in any of the subsurface samples, with DDE and 
DDT detected in four of the six subsurface soil samples, and DDD detected in five of the 
six subsurface soil samples.  Thirteen of the 16 individual PAH compounds were detected 
in four or more of the subsurface soil samples.  SVOCs and PCBs were not detected in 
any subsurface soil sample.  For explosives, nitroglycerin was detected in two of five 
samples and explosive nitrocellulose was detected in one of six samples. 

Theoretically, samples taken from the surface and subsurface soils should not differ from 
one another, since both are composed of the same fill materials.  However this hypothesis 
is tested statistically and the results presented in Table 3-6.  Statistical analyses focused 
on inorganics since the metals are detected in most, if not all, of the samples collected 
from Hog Island.  Null hypotheses for these tests stated that the surface and subsurface 
soil samples were equivalent while alternative hypotheses stated there was a difference 
between the two distributions.  None of the tests for the 24 metals were statistically 
significant.  There was no statistical difference between surface and subsurface 
concentrations for any of the 24 metals in the Site 18 subsurface soil data set. 

3.2.3 Sediment Data 

Summary statistics for inorganic and organic chemical constituents in Site 18 wetland 
sediment are presented in Tables 3-7 and 3-8, respectively.  Boxplots and bubble plots for 
all PAHs and inorganic constituents are presented as Figures A1–A45 in Appendix A.  
Most of the inorganic constituents were detected in every sediment sample, with the 
exception of antimony, boron, molybdenum, selenium, thallium, and tin.  A visual 
examination of the bubble plots revealed that the majority of inorganics were very 
uniformly distributed across the wetland, with the exception of arsenic, beryllium, and 
cobalt which appeared higher at location SD007 compared to other locations, and nickel, 
which appeared higher closest to shore at locations SD007 and SD008.  Fourteen of the 
16 surface sediment PAHs were detected in five or six of the sediment samples.  PAH 
concentrations also were fairly uniform across the site, though highest concentrations 
generally occurred at location SD009, and lowest concentrations for many of the PAHs 
were at location SD010 and SD011.  4,4’-DDD and 4,4’-DDE were detected in four and 
five samples, respectively, but 4,4’-DDT was not detected in any sediment sample.  
Alpha-chlordane, detected at one sample location (SD012), was the only other pesticide 
detected.  PCBs and SVOCs were not detected in any of the sediment samples.  All 
explosive compounds were nondetects in sediment except for 1,3,5-trinitrobenzene, 
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which was detected at one location (SD007) in the northeast corner of the Site 18 
wetland. 

Statistical background comparisons could not be conducted on the sediment data because 
a suitable background sediment data for Mattawoman Creek was not available.  A 
qualitative discussion of Site 18 sediment data compared to upstream reference samples 
is presented in the screening level risk assessments in Sections 5 and 6. 
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Figure 3-1. Location of Site 18 Samples 
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Table 3-1. Summary Statistics for Inorganic Chemical Constituents in Surface Soil 

Analyte N 
Num 

Detect 
Min 
ND 

Max 
ND 

Min 
Detect 

Max 
Detect Mediana  Meana 

Standard 
Deviationa 

Inorganics (all concentrations in mg/kg) 
ALUMINUM 6 6 NA NA 5270 8890 7270 7262 1277 
ANTIMONY 6 1 0.05 0.32 0.48 0.48 0.0525 0.1358 0.1752 
ARSENIC 6 6 NA NA 1.4 14.1 2.7 4.933 4.884 
BARIUM 6 6 NA NA 27.3 101 34.95 44.7 27.78 
BERYLLIUM 6 6 NA NA 0.29 1.3 0.385 0.5267 0.3833 
BORON 6 2 0.79 2.4 1.8 5.7 1 1.722 2.018 
CADMIUM 6 5 0.03 0.03 0.08 0.24 0.1 0.1258 0.08697 
CHROMIUM 6 6 NA NA 9.7 17.1 12.8 13.12 2.678 
COBALT 6 6 NA NA 2.2 7.8 3.15 4.083 2.175 
COPPER 6 6 NA NA 6.9 32.6 8.95 15.02 10.82 
IRON 6 6 NA NA 7990 22200 10850 12400 5196 
LEAD 6 6 NA NA 8.1 35.8 12.05 15.43 10.23 
MAGNESIUM 6 6 NA NA 526 1200 737 772.8 231.3 
MANGANESE 6 6 NA NA 13.2 137 42.05 53.88 43.52 
MERCURY 6 6 NA NA 0.04 0.23 0.115 0.1217 0.08472 
MOLYBDENUM 6 0 0.41 1.9 NA NA 0.3125 0.4258 0.2718 
NICKEL 6 6 NA NA 4.9 25.1 7.15 10.98 8.051 
SELENIUM 6 4 0.14 0.26 0.22 1.4 0.26 0.4333 0.4948 
SILVER 6 6 NA NA 0.08 3.2 0.325 0.79 1.198 
THALLIUM 6 1 0.1 0.18 0.69 0.69 0.07 0.1708 0.2549 
TIN 6 3 0.38 0.63 0.55 1.4 0.4325 0.5933 0.4685 
URANIUM 6 6 NA NA 0.51 1 0.58 0.6567 0.1919 
VANADIUM 6 6 NA NA 17.6 51.7 23.2 26.57 12.6 
ZINC 6 6 NA NA 18.6 45.7 24.35 26.6 9.752 

a Median and mean are calculated using all data where nondetects are replaced with half the detection limit. 
NA = Not applicable. 
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Table 3-2. Summary Statistics for Organic Chemical Constituents in Surface Soil 

Analyte N 
Num 

Detect Min ND Max ND
Min 

Detect 
Max 

Detect Mediana Meana 
Standard 
Deviationa 

PAHs (all concentrations in µg/kg) 
ACENAPHTHENE 6 2 22 28 5.1 22 12.75 12.93 5.471 
ACENAPHTHYLENE 6 2 1.4 28 10 27 11.5 12.45 8.491 
ANTHRACENE 6 2 1.2 28 20 55 12.5 17.03 20.03 
BENZO(A)ANTHRACENE 6 4 16 29 11 430 15.25 111.6 171.4 
BENZO(A)PYRENE 6 6 NA NA 4.9 370 16 92.22 145.7 
BENZO(B)FLUORANTHENE 6 6 NA NA 11 450 21.5 122.8 179.8 
BENZO(G,H,I)PERYLENE 6 5 24 24 2.9 180 9.9 44.78 69.59 
BENZO(K)FLUORANTHENE 6 6 NA NA 2.1 130 7.35 33.57 50.56 
CHRYSENE 6 6 NA NA 3.9 260 11.95 67.15 103 
DIBENZO(A,H)ANTHRACENE 6 2 22 27 5.2 11 11.5 10.78 2.885 
FLUORANTHENE 6 6 NA NA 7.8 540 19.5 132.7 213.1 
FLUORENE 6 2 22 28 5.9 19 12.75 12.57 4.279 
INDENO(1,2,3-CD)PYRENE 6 5 24 24 3.5 190 10.9 47.82 73.68 
NAPHTHALENE 6 4 1.7 1.9 1.5 11 1.5 3.267 3.938 
PHENANTHRENE 6 4 6.4 12 3.5 280 4.95 63.27 110.8 
PYRENE 6 5 22 22 5.4 520 27.5 133.6 204.6 
Pesticides/PCBs (all concentrations in µg/kg) 
4,4'-DDD 6 3 3.7 4.6 0.76 4.9 2.1 2.335 1.373 
4,4'-DDE 6 3 3.7 4.6 2.2 53 2.25 12.39 20.37 
4,4'-DDT 6 3 3.7 4.6 6.4 21 4.35 7.925 7.923 
ALDRIN 6 0 1.9 2.3 NA NA 1.025 1.05 0.08367 
ALPHA-CHLORDANE 6 0 1.9 2.3 NA NA 1.025 1.05 0.08367 
AROCLOR-1016 6 0 19 23 NA NA 10.25 10.5 0.8367 
AROCLOR-1221 6 0 19 23 NA NA 10.25 10.5 0.8367 
AROCLOR-1232 6 0 19 23 NA NA 10.25 10.5 0.8367 
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Table 3-2. Summary Statistics for Organic Chemical Constituents in Surface Soil (continued) 

Analyte N 
Num 

Detect Min ND Max ND
Min 

Detect 
Max 

Detect Mediana Meana 
Standard 
Deviationa 

AROCLOR-1242 6 0 19 23 NA NA 10.25 10.5 0.8367 
AROCLOR-1248 6 0 19 23 NA NA 10.25 10.5 0.8367 
AROCLOR-1254 6 0 19 23 NA NA 10.25 10.5 0.8367 
AROCLOR-1260 6 0 19 23 NA NA 10.25 10.5 0.8367 
CHLORDANE 6 0 19 23 NA NA 10.25 10.5 0.8367 
DIELDRIN 6 0 3.7 4.6 NA NA 2 2.058 0.1772 
ENDRIN 6 0 3.7 4.6 NA NA 2 2.058 0.1772 
GAMMA-BHC (LINDANE) 6 0 1.9 2.3 NA NA 1.025 1.05 0.08367 
GAMMA-CHLORDANE 6 1 1.9 2.3 1.4 1.4 1.025 1.092 0.1656 
HEPTACHLOR EPOXIDE 6 0 1.9 2.3 NA NA 1.025 1.05 0.08367 
METHOXYCHLOR 6 0 19 23 NA NA 10.25 10.5 0.8367 
Explosives (all concentrations in µg/kg) 
1,3,5-TRINITROBENZENE 5 0 280 340 NA NA 150 152 10.95 
1,3-DINITROBENZENE 5 0 280 340 NA NA 150 152 10.95 
2,4,6-TRINITROTOLUENE 5 0 280 340 NA NA 150 152 10.95 
2,4-DINITROTOLUENE 5 0 280 340 NA NA 150 152 10.95 
2,6-DINITROTOLUENE 5 0 280 340 NA NA 150 152 10.95 
2-AMINO-4,6-DINITROTOLUENE 5 0 280 340 NA NA 150 152 10.95 
2-NITROTOLUENE 5 0 560 680 NA NA 300 304 22.19 
3-NITROTOLUENE 5 0 560 680 NA NA 300 304 22.19 
4-AMINO-2,6-DINITROTOLUENE 5 0 280 340 NA NA 150 152 10.95 
4-NITROTOLUENE 5 0 560 680 NA NA 300 304 22.19 
HMX 5 0 560 680 NA NA 300 304 22.19 
NITROBENZENE 5 0 280 340 NA NA 150 152 10.95 
NITROGLYCERIN 6 0 5600 6900 NA NA 3025 3108 259.6 
NITROGUANIDINE 6 0 250 250 NA NA 125 125 0 
RDX 5 0 560 680 NA NA 300 304 22.19 
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Table 3-2. Summary Statistics for Organic Chemical Constituents in Surface Soil (continued) 

Analyte N 
Num 

Detect Min ND Max ND
Min 

Detect 
Max 

Detect Mediana Meana 
Standard 
Deviationa 

TETRYL 5 0 560 680 NA NA 300 304 22.19 
SVOCs (all concentrations in µg/kg) 
1,2,4,5-TETRACHLOROBENZENE 6 0 370 460 NA NA 200 205.8 17.72 
2,3,4,6-TETRACHLOROPHENOL 6 0 370 460 NA NA 200 205.8 17.72 
2,4,5-TRICHLOROPHENOL 6 0 910 1100 NA NA 492.5 504.2 38.13 
2,4,6-TRICHLOROPHENOL 6 0 370 460 NA NA 200 205.8 17.72 
2,4-DICHLOROPHENOL 6 0 370 460 NA NA 200 205.8 17.72 
2,4-DIMETHYLPHENOL 6 0 370 460 NA NA 200 205.8 17.72 
2,4-DINITROPHENOL 6 0 910 1100 NA NA 492.5 504.2 38.13 
2,6-DICHLOROPHENOL 6 0 370 460 NA NA 200 205.8 17.72 
2-CHLORONAPHTHALENE 6 0 370 460 NA NA 200 205.8 17.72 
2-CHLOROPHENOL 6 0 370 460 NA NA 200 205.8 17.72 
2-METHYLNAPHTHALENE 6 0 370 460 NA NA 200 205.8 17.72 
2-METHYLPHENOL 6 0 370 460 NA NA 200 205.8 17.72 
4-METHYLPHENOL 6 0 370 460 NA NA 200 205.8 17.72 
4-NITROPHENOL 6 0 910 1100 NA NA 492.5 504.2 38.13 
BENZOIC ACID 6 0 910 1100 NA NA 492.5 504.2 38.13 
BENZYL ALCOHOL 6 0 370 460 NA NA 200 205.8 17.72 
BIS(2-ETHYLHEXYL)PHTHALATE 6 0 370 460 NA NA 200 205.8 17.72 
BUTYL BENZYL PHTHALATE 6 0 370 460 NA NA 200 205.8 17.72 
DIBENZOFURAN 6 0 370 460 NA NA 200 205.8 17.72 
DIETHYL PHTHALATE 6 0 370 460 NA NA 200 205.8 17.72 
DIMETHYL PHTHALATE 6 0 370 460 NA NA 200 205.8 17.72 
DI-N-BUTYL PHTHALATE 6 0 370 460 NA NA 200 205.8 17.72 
DI-N-OCTYL PHTHALATE 6 0 370 460 NA NA 200 205.8 17.72 
N-NITROSODIPHENYLAMINE 6 0 370 460 NA NA 200 205.8 17.72 
PENTACHLOROBENZENE 6 0 370 460 NA NA 200 205.8 17.72 
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Table 3-2. Summary Statistics for Organic Chemical Constituents in Surface Soil (continued) 

Analyte N 
Num 

Detect Min ND Max ND
Min 

Detect 
Max 

Detect Mediana Meana 
Standard 
Deviationa 

PENTACHLOROPHENOL 6 0 910 1100 NA NA 492.5 504.2 38.13 
PHENOL 6 0 370 460 NA NA 200 205.8 17.72 

a Median and mean are calculated using all data where nondetects are replaced with half the detection limit. 
NA = Not applicable. 
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Table 3-3. Results of Background Comparison Tests for Inorganics in Site 18 Surface Soil 

Analyte 

Surface 
Soil Num 

Detect 

Bkg 
Surface 
Soil N 

Bkg 
Surface Soil 
Num Detect

Shapiro-
Wilk 

p-value 

Two-Sample 
t-test 

p-value 

Gehan 
Test 

p-value 

Quantile 
Test (0.75)

p-value 

Quantile 
Test (0.90)

p-value 

Slippage 
Test 

p-value 
ALUMINUM 6 34 34 0.961 0.703 0.455 1 1 1 
ANTIMONY 1 35 0 0.005 0.999 1.000 NA NA NA 
ARSENIC 6 36 32 0.030 0.348 0.613 0.443 0.557 1 
BARIUM 6 36 36 0.001 0.483 0.796 0.860 0.557 0.143 
BERYLLIUM 6 36 26 0.001 0.168 0.230 0.744 0.557 1 
CADMIUM 5 36 14 0.450 0.842 0.930 NA NA 1 
CHROMIUM 6 36 36 0.965 0.671 0.471 0.860 1 1 
COBALT 6 36 36 0.142 0.916 0.753 0.860 1 1 
COPPER 6 36 34 0.029 0.064 0.006 0.443 0.141 0.017 
IRON 6 34 34 0.102 0.705 0.508 0.845 1 1 
LEAD 6 36 34 0.008 0.663 0.450 0.860 0.557 1 
MAGNESIUM 6 34 34 0.235 0.097 0.038 0.153 0.493 1 
MANGANESE 6 34 34 0.098 1.000 0.996 1 1 1 
MERCURY 6 36 24 0.139 0.047 0.071 NA 0.015 0.002 
NICKEL 6 36 36 0.052 0.089 0.036 0.503 0.141 0.143 
SELENIUM 4 36 14 0.022 0.681 0.973 NA NA 0.167 
SILVER 6 36 11 0.002 0.187 0.429 NA NA 0.154 
THALLIUM 1 36 8 0.000 0.998 1.000 NA NA 1 
TIN 3 14 0 0.225 1.000 1.000 NA NA NA 
VANADIUM 6 36 36 0.006 0.311 0.346 0.860 0.557 1 
ZINC 6 36 36 0.025 0.125 0.133 0.860 0.557 1 

NA = Not applicable. 
Shaded cells indicate background comparisons with statistically significant results. 
 



August 2006 3-16 CTO 006 

Table 3-4. Summary Statistics for Inorganic Chemical Constituents in Subsurface Soil 

Analyte N 
Num 

Detect 
Min 
ND 

Max 
ND 

Min 
Detect 

Max 
Detect Mediana Meana 

Standard 
Deviationa 

Inorganics (all concentrations in mg/kg) 
ALUMINUM 6 6 NA NA 4280 13000 6990 7727 2980 
ANTIMONY 6 0 0.07 0.48 NA NA 0.0875 0.1025 0.07326 
ARSENIC 6 6 NA NA 2.5 35.6 7.4 11.3 12.44 
BARIUM 6 6 NA NA 24.3 74 40.15 45.95 21.16 
BERYLLIUM 6 6 NA NA 0.21 2.3 0.38 0.7583 0.8016 
BORON 6 3 0.64 1.4 1.5 10.8 1.1 2.912 4.047 
CADMIUM 6 5 0.03 0.03 0.06 0.36 0.065 0.1108 0.1251 
CHROMIUM 6 6 NA NA 12.1 126 16.6 34.38 45.01 
COBALT 6 6 NA NA 3 32.2 4.4 9.067 11.43 
COPPER 6 6 NA NA 4.5 45.9 9.15 17.98 16.6 
IRON 6 6 NA NA 6990 30700 14950 18070 9998 
LEAD 6 6 NA NA 7 30.3 9.7 14.63 9.852 
MAGNESIUM 6 6 NA NA 402 750 592.5 585.2 140 
MANGANESE 6 6 NA NA 29 208 78.35 99.2 71.98 
MERCURY 6 6 NA NA 0.02 0.48 0.08 0.1467 0.1761 
MOLYBDENUM 6 1 0.4 2.7 11.3 11.3 0.695 2.431 4.366 
NICKEL 6 6 NA NA 6.6 90.6 14.85 32.73 35.49 
SELENIUM 6 6 NA NA 0.1 4.1 0.28 1.042 1.562 
SILVER 6 6 NA NA 0.02 1.2 0.035 0.2333 0.4743 
THALLIUM 6 2 0.06 0.21 0.45 1.4 0.0875 0.3492 0.5384 
TIN 6 6 NA NA 0.52 0.95 0.595 0.6667 0.1708 
URANIUM 6 6 NA NA 0.31 2.1 0.63 0.855 0.6527 
VANADIUM 6 6 NA NA 14 68.5 26.25 31.5 20.46 
ZINC 6 6 NA NA 12.3 126 21.95 38.63 43.12 

a Median and mean are calculated using all data where nondetects are replaced with half the detection limit. 
NA = Not applicable. 
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Table 3-5. Summary Statistics for Organic Chemical Constituents in Subsurface Soil 

Analyte N 
Num 

Detect Min ND Max ND 
Min 

Detect 
Max 

Detect Mediana Meana 
Standard 
Deviationa 

PAHs (all concentrations in µg/kg) 
ACENAPHTHENE 6 4 22 33 1 3 2.6 5.817 6.427 
ACENAPHTHYLENE 6 4 2.2 33 2 27 7.35 10.22 10.02 
ANTHRACENE 6 3 3 33 7.7 11 8.6 8.083 5.627 
BENZO(A)ANTHRACENE 6 4 11 14 40 240 85 93.75 92.78 
BENZO(A)PYRENE 6 4 4.1 33 34 330 77 105.4 122.4 
BENZO(B)FLUORANTHENE 6 4 8.2 10 45 380 102.5 132.4 146.3 
BENZO(G,H,I)PERYLENE 6 4 3.6 33 14 170 32.75 50.55 61.88 
BENZO(K)FLUORANTHENE 6 4 3.7 33 18 97 28.5 38.06 34.57 
CHRYSENE 6 4 4.5 33 26 140 54 61.13 54.52 
DIBENZO(A,H)ANTHRACENE 6 0 4 33 NA NA 11 10.5 4.69 
FLUORANTHENE 6 4 12 33 49 190 79.5 85.25 73.35 
FLUORENE 6 4 23 33 2.2 3.5 3.25 6.567 5.986 
INDENO(1,2,3-CD)PYRENE 6 4 4.5 33 19 210 36.5 61.13 76.76 
NAPHTHALENE 6 5 2.7 2.7 2.4 4.5 3.5 3.275 1.213 
PHENANTHRENE 6 3 9.2 33 35 81 25.75 31.6 28.15 
PYRENE 6 5 33 33 6.9 270 100 118.9 111.2 
Pesticides/PCBs (all concentrations in µg/kg) 
4,4'-DDD 6 5 5.5 5.5 1.5 30 5.2 10.44 11.3 
4,4'-DDE 6 4 4.4 5.5 4 89 12 26.49 34.12 
4,4'-DDT 6 4 4.4 5.5 6.8 81 9.9 21.63 30.2 
ALDRIN 6 0 1.8 2.8 NA NA 0.95 1.042 0.1985 
ALPHA-CHLORDANE 6 0 1.8 2.8 NA NA 0.95 1.042 0.1985 
AROCLOR-1016 6 0 18 28 NA NA 9.5 10.42 1.985 
AROCLOR-1221 6 0 18 28 NA NA 9.5 10.42 1.985 
AROCLOR-1232 6 0 18 28 NA NA 9.5 10.42 1.985 
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Table 3-5. Summary Statistics for Organic Chemical Constituents in Subsurface Soil (continued) 

Analyte N 
Num 

Detect Min ND Max ND 
Min 

Detect 
Max 

Detect Mediana Meana 
Standard 
Deviationa 

AROCLOR-1242 6 0 18 28 NA NA 9.5 10.42 1.985 
AROCLOR-1248 6 0 18 28 NA NA 9.5 10.42 1.985 
AROCLOR-1254 6 0 18 28 NA NA 9.5 10.42 1.985 
AROCLOR-1260 6 0 18 28 NA NA 9.5 10.42 1.985 
CHLORDANE 6 0 18 28 NA NA 9.5 10.42 1.985 
DIELDRIN 6 0 3.6 5.5 NA NA 1.85 2.042 0.38 
ENDRIN 6 0 3.6 5.5 NA NA 1.85 2.042 0.38 
GAMMA-BHC (LINDANE) 6 0 1.8 2.8 NA NA 0.95 1.042 0.1985 
GAMMA-CHLORDANE 6 0 1.8 2.8 NA NA 0.95 1.042 0.1985 
HEPTACHLOR EPOXIDE 6 0 1.8 2.8 NA NA 0.95 1.042 0.1985 
METHOXYCHLOR 6 0 18 28 NA NA 9.5 10.42 1.985 
Explosives (all concentrations in µg/kg) 
1,3,5-TRINITROBENZENE 4 0 270 280 NA NA 137.5 137.5 2.887 
1,3-DINITROBENZENE 4 0 270 280 NA NA 137.5 137.5 2.887 
2,4,6-TRINITROTOLUENE 4 0 270 280 NA NA 137.5 137.5 2.887 
2,4-DINITROTOLUENE 4 0 270 280 NA NA 137.5 137.5 2.887 
2,6-DINITROTOLUENE 4 0 270 280 NA NA 137.5 137.5 2.887 
2-AMINO-4,6-DINITROTOLUENE 4 0 270 280 NA NA 137.5 137.5 2.887 
2-NITROTOLUENE 4 0 540 570 NA NA 272.5 275 7.071 
3-NITROTOLUENE 4 0 540 570 NA NA 272.5 275 7.071 
4-AMINO-2,6-DINITROTOLUENE 4 0 270 280 NA NA 137.5 137.5 2.887 
4-NITROTOLUENE 4 0 540 570 NA NA 272.5 275 7.071 
HMX 4 0 540 570 NA NA 272.5 275 7.071 
NITROBENZENE 4 0 270 280 NA NA 137.5 137.5 2.887 
NITROGLYCERIN 5 2 5400 5700 6000 22000 2850 7260 8358 
NITROGUANIDINE 5 0 250 250 NA NA 125 125 0 
RDX 4 0 540 570 NA NA 272.5 275 7.071 
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Table 3-5. Summary Statistics for Organic Chemical Constituents in Subsurface Soil (continued) 

Analyte N 
Num 

Detect Min ND Max ND 
Min 

Detect 
Max 

Detect Mediana Meana 
Standard 
Deviationa 

TETRYL 4 0 540 570 NA NA 272.5 275 7.071 
SVOCs (all concentrations in µg/kg) 
1,2,4,5-TETRACHLOROBENZENE 6 0 360 550 NA NA 185 204.2 38 
2,3,4,6-TETRACHLOROPHENOL 6 0 360 550 NA NA 185 204.2 38 
2,4,5-TRICHLOROPHENOL 6 0 890 1400 NA NA 457.5 509.2 101.8 
2,4,6-TRICHLOROPHENOL 6 0 360 550 NA NA 185 204.2 38 
2,4-DICHLOROPHENOL 6 0 360 550 NA NA 185 204.2 38 
2,4-DIMETHYLPHENOL 5 0 360 440 NA NA 180 190 17.32 
2,4-DINITROPHENOL 6 0 890 1400 NA NA 457.5 509.2 101.8 
2,6-DICHLOROPHENOL 6 0 360 550 NA NA 185 204.2 38 
2-CHLORONAPHTHALENE 6 0 360 550 NA NA 185 204.2 38 
2-CHLOROPHENOL 6 0 360 550 NA NA 185 204.2 38 
2-METHYLNAPHTHALENE 6 0 360 550 NA NA 185 204.2 38 
2-METHYLPHENOL 6 0 360 550 NA NA 185 204.2 38 
4-METHYLPHENOL 6 0 360 550 NA NA 185 204.2 38 
4-NITROPHENOL 6 0 890 1400 NA NA 457.5 509.2 101.8 
BENZOIC ACID 6 0 890 1400 NA NA 457.5 509.2 101.8 
BENZYL ALCOHOL 6 0 360 550 NA NA 185 204.2 38 
BIS(2-ETHYLHEXYL)PHTHALATE 6 0 95 550 NA NA 135 144.6 85.18 
BUTYL BENZYL PHTHALATE 6 0 360 550 NA NA 185 204.2 38 
DIBENZOFURAN 6 0 360 550 NA NA 185 204.2 38 
DIETHYL PHTHALATE 6 0 360 550 NA NA 185 204.2 38 
DIMETHYL PHTHALATE 6 0 360 550 NA NA 185 204.2 38 
DI-N-BUTYL PHTHALATE 6 0 360 550 NA NA 185 204.2 38 
DI-N-OCTYL PHTHALATE 6 0 360 550 NA NA 185 204.2 38 
N-NITROSODIPHENYLAMINE 6 0 360 550 NA NA 185 204.2 38 
PENTACHLOROBENZENE 6 0 360 550 NA NA 185 204.2 38 
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Table 3-5. Summary Statistics for Organic Chemical Constituents in Subsurface Soil (continued) 

Analyte N 
Num 

Detect Min ND Max ND 
Min 

Detect 
Max 

Detect Mediana Meana 
Standard 
Deviationa 

PENTACHLOROPHENOL 6 0 890 1400 NA NA 457.5 509.2 101.8 
PHENOL 6 0 360 550 NA NA 185 204.2 38 

a Median and mean are calculated using all data where nondetects are replaced with half the detection limit. 
NA = Not applicable. 
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Table 3-6. Statistical Summaries for Distributional Comparisons 
between Surface Soil and Subsurface Samples 

 Surface Soil vs. Subsurface Soil 

Analyte 
Shapiro-Wilk

p-value 
2-Sample t-test

p-value 
Gehan Test 

p-value 
ALUMINUM 0.961 0.736 0.873 
ANTIMONY 0.005 0.681 0.361 
ARSENIC 0.030 0.284 0.173 
BARIUM 0.001 0.932 0.688 
BERYLLIUM 0.001 0.543 0.936 
BORON 0.010 0.539 0.708 
CADMIUM 0.450 0.815 0.377 
CHROMIUM 0.965 0.300 0.078 
COBALT 0.142 0.339 0.261 
COPPER 0.029 0.723 0.749 
IRON 0.102 0.256 0.261 
LEAD 0.008 0.893 0.423 
MAGNESIUM 0.235 0.126 0.109 
MANGANESE 0.098 0.222 0.262 
MERCURY 0.139 0.763 0.872 
MOLYBDENUM 0.029 0.312 0.317 
NICKEL 0.052 0.198 0.262 
SELENIUM 0.022 0.398 0.806 
SILVER 0.002 0.328 0.054 
THALLIUM 0.000 0.487 0.528 
TIN 0.225 0.730 0.612 
URANIUM 0.090 0.503 0.936 
VANADIUM 0.006 0.628 1 
ZINC 0.025 0.532 0.873 
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Table 3-7. Summary Statistics for Inorganic Chemical Constituents in Surface Sediment 

Analyte N 
Num 

Detect 
Min 
ND 

Max 
ND 

Min 
Detect 

Max 
Detect Mediana Meana 

Standard 
Deviationa 

Inorganics (all concentrations in mg/kg) 
ALUMINUM 6 6 NA NA 6780 18100 14200 13610 3865 
ANTIMONY 6 0 0.28 0.74 NA NA 0.1675 0.2067 0.08727 
ARSENIC 6 6 NA NA 6.1 56.1 11.8 19.02 18.76 
BARIUM 6 6 NA NA 92.1 138 121.5 117 18.54 
BERYLLIUM 6 6 NA NA 0.98 4 1.3 1.697 1.158 
BORON 6 2 7.4 11 7.2 10.3 5.35 5.992 2.446 
CADMIUM 6 6 NA NA 0.72 2.1 1.1 1.217 0.4769 
CHROMIUM 6 6 NA NA 18.4 28.2 24.25 23.52 3.313 
COBALT 6 6 NA NA 16.3 93.9 27.75 36.97 29.27 
COPPER 6 6 NA NA 24.5 33.4 28.5 28.55 3.585 
IRON 6 6 NA NA 11900 27800 18550 19750 6012 
LEAD 6 6 NA NA 29.5 55.1 43.55 43.17 8.238 
MAGNESIUM 6 6 NA NA 1670 2650 2335 2267 365.2 
MANGANESE 6 6 NA NA 159 569 356.5 351.2 146 
MERCURY 6 6 NA NA 0.21 0.5 0.37 0.3467 0.1065 
MOLYBDENUM 6 0 2.7 4.9 NA NA 2 1.975 0.3711 
NICKEL 6 6 NA NA 28.2 83.7 40.3 50.83 25.6 
SELENIUM 6 3 0.66 0.93 1.3 1.8 0.8825 0.9917 0.6514 
SILVER 6 6 NA NA 2 7.2 5.25 5.017 2.088 
THALLIUM 6 0 0.19 0.36 NA NA 0.1425 0.1383 0.02787 
TIN 6 5 2.2 2.2 1.5 2.3 1.8 1.767 0.432 
URANIUM 6 6 NA NA 1.8 3.4 2.25 2.45 0.6921 
VANADIUM 6 6 NA NA 37.2 79 56.8 58.82 14.29 
ZINC 6 6 NA NA 104 248 158.5 172.2 56.36 

a Median and mean are calculated using all data where nondetects are replaced with half the detection limit. 
NA = Not applicable. 
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Table 3-8. Summary Statistics for Organic Chemical Constituents in Surface Sediment 

Analyte N 
Num 

Detect 
Min 
ND 

Max 
ND 

Min 
Detect 

Max 
Detect Mediana Meana 

Standard 
Deviationa 

PAHs (all concentrations in µg/kg) 
ACENAPHTHENE 6 6 NA NA 3.6 17 5.3 8.017 5.602 
ACENAPHTHYLENE 6 2 9.2 130 9.9 14 30.25 31.58 25.17 
ANTHRACENE 6 5 21 21 11 38 15 20.42 12.09 
BENZO(A)ANTHRACENE 6 5 95 95 93 230 150 141.8 64.57 
BENZO(A)PYRENE 6 6 NA NA 65 190 120 125 51.77 
BENZO(B)FLUORANTHENE 6 6 NA NA 120 370 215 228.3 90.2 
BENZO(G,H,I)PERYLENE 6 6 NA NA 35 84 68.5 65.33 18.15 
BENZO(K)FLUORANTHENE 6 6 NA NA 36 86 65.5 59.67 19.54 
CHRYSENE 6 6 NA NA 48 190 93 99 50.39 
DIBENZO(A,H)ANTHRACENE 6 1 81 100 54 54 48 47.33 4.865 
FLUORANTHENE 6 6 NA NA 85 610 155 219.2 193.8 
FLUORENE 6 5 99 99 6.4 45 11.5 22.18 19.58 
INDENO(1,2,3-CD)PYRENE 6 5 130 130 53 140 67.5 79.17 31.2 
NAPHTHALENE 6 5 5.7 5.7 6.7 12 9 8.425 3.312 
PHENANTHRENE 6 5 64 64 45 300 57.5 94.5 101.7 
PYRENE 6 6 NA NA 84 380 155 180.7 104.1 
Pesticides/PCBs (all concentrations in µg/kg) 
4,4'-DDD 6 4 16 17 3.6 51 6.3 13.33 18.56 
4,4'-DDE 6 5 16 16 7.4 38 9.05 13.92 11.91 
4,4'-DDT 6 0 13 21 NA NA 7.75 8 1.414 
ALDRIN 6 0 6.9 11 NA NA 4.075 4.208 0.7249 
ALPHA-CHLORDANE 6 1 6.9 11 9.9 9.9 4.2 5.158 2.433 
AROCLOR-1016 6 0 69 110 NA NA 40.75 42.08 7.249 
AROCLOR-1221 6 0 69 110 NA NA 40.75 42.08 7.249 
AROCLOR-1232 6 0 69 110 NA NA 40.75 42.08 7.249 
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Table 3-8. Summary Statistics for Organic Chemical Constituents in Surface Sediment (continued) 

Analyte N 
Num 

Detect 
Min 
ND 

Max 
ND 

Min 
Detect 

Max 
Detect Mediana Meana 

Standard 
Deviationa 

AROCLOR-1242 6 0 69 110 NA NA 40.75 42.08 7.249 
AROCLOR-1248 6 0 69 110 NA NA 40.75 42.08 7.249 
AROCLOR-1254 6 0 69 110 NA NA 40.75 42.08 7.249 
AROCLOR-1260 6 0 69 110 NA NA 40.75 42.08 7.249 
CHLORDANE 6 0 69 110 NA NA 40.75 42.08 7.249 
DIELDRIN 6 0 13 21 NA NA 7.75 8 1.414 
ENDRIN 6 0 13 21 NA NA 7.75 8 1.414 
GAMMA-BHC (LINDANE) 6 0 6.9 11 NA NA 4.075 4.208 0.7249 
GAMMA-CHLORDANE 6 0 6.9 11 NA NA 4.075 4.208 0.7249 
HEPTACHLOR EPOXIDE 6 0 6.9 11 NA NA 4.075 4.208 0.7249 
METHOXYCHLOR 6 0 69 110 NA NA 40.75 42.08 7.249 
Explosives (all concentrations in µg/kg) 
1,3,5-TRINITROBENZENE 6 1 1000 1300 9400 9400 600 2050 3601 
1,3-DINITROBENZENE 6 0 1000 1600 NA NA 600 616.7 103.3 
2,4,6-TRINITROTOLUENE 6 0 1000 1600 NA NA 600 616.7 103.3 
2,4-DINITROTOLUENE 6 0 1000 1600 NA NA 600 616.7 103.3 
2,6-DINITROTOLUENE 6 0 1000 1600 NA NA 600 616.7 103.3 
2-AMINO-4,6-DINITROTOLUENE 6 0 1000 1600 NA NA 600 616.7 103.3 
2-NITROTOLUENE 6 0 2000 3200 NA NA 1200 1233 209 
3-NITROTOLUENE 6 0 2000 3200 NA NA 1200 1233 209 
4-AMINO-2,6-DINITROTOLUENE 6 0 1000 1600 NA NA 600 616.7 103.3 
4-NITROTOLUENE 6 0 2000 3200 NA NA 1200 1233 209 
HMX 6 0 2000 3200 NA NA 1200 1233 209 
NITROBENZENE 6 0 1000 1600 NA NA 600 616.7 103.3 
NITROGLYCERIN 6 0 20000 32000 NA NA 12000 12330 2090 
NITROGUANIDINE 6 0 250 250 NA NA 125 125 0 
RDX 6 0 2000 3200 NA NA 1200 1233 209 
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Table 3-8. Summary Statistics for Organic Chemical Constituents in Surface Sediment (continued) 

Analyte N 
Num 

Detect 
Min 
ND 

Max 
ND 

Min 
Detect 

Max 
Detect Mediana Meana 

Standard 
Deviationa 

TETRYL 6 0 2000 3200 NA NA 1200 1233 209 
SVOCs (all concentrations in µg/kg) 
1,2,4,5-TETRACHLOROBENZENE 6 0 1300 2100 NA NA 775 800 141.4 
2,3,4,6-TETRACHLOROPHENOL 6 0 1300 2100 NA NA 775 800 141.4 
2,4,5-TRICHLOROPHENOL 6 0 3300 5300 NA NA 1950 2025 350.4 
2,4,6-TRICHLOROPHENOL 6 0 1300 2100 NA NA 775 800 141.4 
2,4-DICHLOROPHENOL 6 0 1300 2100 NA NA 775 800 141.4 
2,4-DIMETHYLPHENOL 6 0 1300 2100 NA NA 775 800 141.4 
2,4-DINITROPHENOL 6 0 3300 5300 NA NA 1950 2025 350.4 
2,6-DICHLOROPHENOL 6 0 1300 2100 NA NA 775 800 141.4 
2-CHLORONAPHTHALENE 6 0 1300 2100 NA NA 775 800 141.4 
2-CHLOROPHENOL 6 0 1300 2100 NA NA 775 800 141.4 
2-METHYLNAPHTHALENE 6 0 1300 2100 NA NA 775 800 141.4 
2-METHYLPHENOL 6 0 1300 2100 NA NA 775 800 141.4 
4-METHYLPHENOL 6 0 1300 2100 NA NA 775 800 141.4 
4-NITROPHENOL 6 0 3300 5300 NA NA 1950 2025 350.4 
BENZOIC ACID 6 0 3300 5300 NA NA 1950 2025 350.4 
BENZYL ALCOHOL 6 0 1300 2100 NA NA 775 800 141.4 
BIS(2-ETHYLHEXYL)PHTHALATE 6 0 450 2100 NA NA 725 704.2 274.1 
BUTYL BENZYL PHTHALATE 6 0 1300 2100 NA NA 775 800 141.4 
DIBENZOFURAN 6 0 1300 2100 NA NA 775 800 141.4 
DIETHYL PHTHALATE 6 0 1300 2100 NA NA 775 800 141.4 
DIMETHYL PHTHALATE 6 0 1300 2100 NA NA 775 800 141.4 
DI-N-BUTYL PHTHALATE 6 0 1300 2100 NA NA 775 800 141.4 
DI-N-OCTYL PHTHALATE 6 0 1300 2100 NA NA 775 800 141.4 
N-NITROSODIPHENYLAMINE 6 0 1300 2100 NA NA 775 800 141.4 
PENTACHLOROBENZENE 6 0 1300 2100 NA NA 775 800 141.4 
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Table 3-8. Summary Statistics for Organic Chemical Constituents in Surface Sediment (continued) 

Analyte N 
Num 

Detect 
Min 
ND 

Max 
ND 

Min 
Detect 

Max 
Detect Mediana Meana 

Standard 
Deviationa 

PENTACHLOROPHENOL 6 0 3300 5300 NA NA 1950 2025 350.4 
PHENOL 6 0 1300 2100 NA NA 775 800 141.4 

a Median and mean are calculated using all data where nondetects are replaced with half the detection limit. 
NA = Not applicable. 
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4.0 PROBLEM FORMULATION 

This section presents the initial conceptual site model (CSM) and the human health and 
ecological exposure scenarios for the Site 18 screening-level risk assessments. 

4.1 Conceptual Site Model  

The initial CSM for Site 18 includes an evaluation of potential current and historical 
sources of chemical constituents to terrestrial and wetland areas of Site 18, and a general 
discussion of the fate and transport of chemical constituents in the soil and sediments, 
including physical and biotic transport pathways. 

4.1.1 Sources 

As discussed in Section 2.2, the sources of chemical constituents to Site 18 were the fill 
materials emplaced at the site, sandblast grit, and the sewage sludge subsequently added 
as soil amendments to the site.  It is also assumed that clinker ash may have been part of 
the fill material or was subsequently emplaced at the site.  The site visit conducted as part 
of this investigation also noted concrete debris suggesting that construction debris may 
have been disposed of at Site 18.  There are no continuing sources of chemical 
constituents to Site 18 other than regional non-point source contributions such as runoff 
from adjacent roadways.  

4.1.2 Fate and Transport 

The primary transport mechanisms associated with chemical constituents in Site 18 soil are 
surface water transport of suspended soil particles in precipitation runoff, and groundwater 
transport of dissolved materials from subsurface soil. Although the island has extensive 
vegetation cover, areas of soil erosion in the fill material were observed along the dirt road 
crossing the fill section of the island.  The slope of the surface in the fill area also indicates 
potential for material from the fill area to move toward the wetland area on the southern 
shore of the island as well as the northern shore area.  Because the saturated zone in the fill 
area is relatively shallow (i.e. approximating the level of the creek), soluble chemical 
constituents may be transported in a dissolved state to the creek over time.  Windborne 
entrainment of dust particles is likely not a significant current transport pathway because, 
with the exception of the dirt road across the site, Site 18 is heavily vegetated. 

Chemical constituents that have migrated from the soil to the wetland sediments may be 
further transported to Mattawoman Creek through tidal action and downstream surface 
water flow.  Although water flow rates for Mattawoman Creek adjacent to Site 18 were not 
measured, since the wetland is in a natural embayment formed by the shape of Hog Island 
and the Site 18 fill area, sediment resuspension and surface water flow under normal (non-
storm) conditions are minimal. 

The fate and transport portion of the CSM is shown in Figure 4-1.  Contaminants 
associated with these materials may have been transported through erosion and surface 
runoff to the wetland area of the island or into Mattawoman Creek itself.  The site visit 
notes in Appendix B describe the physical layout of Hog Island and denote some of the 
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physical and biological features of the island that contribute to the evidence for the 
potential pathways described in Figure 4-1. 

Food chain transport to upper trophic levels is considered a significant transport pathway 
for bioaccumulating chemical constituents present in Site 18 soil and sediment.  Mercury, 
PCBs, DDxs, and PAHs in particular could be transferred to humans and upper trophic 
level ecological receptors through ingestion of food items that have accumulated these 
constituents from soil and sediments.   

4.1.3 Human Health Exposure Scenarios and Pathways 

Site 18 and the remainder of Hog Island itself lie within an area of the installation that 
currently has access restricted to installation personnel, but surrounding Mattawoman 
Creek areas are frequently used for recreation by fishermen and boaters.  Furthermore 
access to Mattawoman Creek via the water is unrestricted to the public.  Since access to 
Site 18 and the rest of Hog Island is restricted to base personnel, it is assumed that the 
primary exposure to chemical constituents in soil would be occupational maintenance 
type activities such as mowing.  Personnel living on the base could use the area for 
recreational purposes such as picnicking.  In either scenario, the primary exposure 
pathway would be dermal contact with site soil.  Inhalation of vapors was considered an 
incomplete exposure pathway since volatile organic chemicals are not expected based on 
site operational history, as explained in Section 3.1.  Ingestion of plant products is judged 
to be an incomplete exposure pathway because no plant species viable for routine use as 
food products were identified at Site 18.   

Potentially complete exposure pathways to wetland sediments are related to recreational 
fishing.  Fishing within the Site 18 wetland itself is not feasible due to the low water 
level, thick vegetation, and the restricted access to the shoreline.  Fishing in Mattawoman 
Creek adjacent to the wetland is possible, however since the Mattawoman Creek Study 
already determined there is no unacceptable human health risk due to ingestion of fish for 
Mattawoman Creek as a whole, a recreational fishing scenario for Site 18 sediments will 
not be evaluated.  The Maryland Department of Natural Resources publishes a fish 
consumption advisory that recommends limits on fish ingestion for an area that includes 
Mattawoman Creek due to its direct connection with the Potomac River. 

4.1.4 Ecological Exposure Scenarios and Pathways 

Terrestrial and wetland birds use the island extensively, as do deer. Ducks frequent the 
portions of Mattawoman Creek surrounding the island, especially during fall, winter, and 
spring.  

The primary exposure of mammals and birds to chemical constituents at Site 18 is 
through ingestion of soil and sediment, and for bioaccumulating compounds, through the 
ingestion of contaminated prey.  Dermal contact is considered a primary exposure 
pathway for invertebrates residing in the soil and sediment, but is not considered a 
significant pathway for birds or mammals.  Inhalation of vapors was considered an 
incomplete exposure pathway since volatile organic chemicals were not detected in the 
sediment.  A generalized food web for Site 18 is presented in Figure 4-2.  
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Screening-level food chain models were constructed using the mallard as a surrogate for 
herbivorous, insectivorous and omnivorous birds, and raccoon as a surrogate for 
omnivorous and piscivorous mammals.  Great blue heron was used as a surrogate for 
piscivorous birds in the Site 18 wetland.  The piscivorous animals were modeled using 
only data collected from the Site 18 wetland sediments, the birds and mammals with 
herbivorous, insectivorous, or omnivorous diets were assumed to have exposure to both 
terrestrial soils and wetland sediments.  All of the receptors chosen as surrogates 
(raccoon, mallard, and great blue heron) are expected to occur at Site 18.  Great blue 
herons forage in shallow wetland and offshore waters all along the Potomac River and its 
tributaries, including Mattawoman Creek.  Although great blue herons will travel long 
distances from the nest to forage, once at a foraging area, they remain in a relatively 
small area (~1.5 acres).  This together with their trophic level status as a top-level 
piscivore provides a conservative exposure model to evaluate risks.  Great blue herons 
will eat a variety of fish, invertebrates, reptiles, and amphibians, but for the purpose of 
this screening level risk assessment they are being modeled as strict piscivores.  Raccoon 
were used as a surrogate for all omnivorous and piscivorous mammals inhabiting 
Mattawoman Creek.  It is recognized that due to their varied diet, modeling the raccoon 
as a strict piscivore is ecologically unrealistic, but the piscivore model is meant to be 
protective of all aquatic mammals that may inhabit the area (e.g. muskrat).  The raccoon 
was proposed as a surrogate for other omnivorous mammals because standardized 
exposure parameters are available for the raccoon, and the raccoon is known to occur at 
the site.  Mallards occur all along Mattawoman Creek, especially during the fall, winter, 
and spring months, and are known to forage in open water, vegetated wetlands, and on 
land.  The role of each of the proposed screening endpoints in the food-web is shown in 
Figure 4-3.   
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Figure 4-1. Physical Fate and Transport Model for Site 18 
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Figure 4-2. Generalized Food Web for Site 18 
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Figure 4-3. Generalized Food Web for Site 18 with Screening Endpoints 
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5.0 SCREENING-LEVEL HUMAN HEALTH RISK ASSESSMENT 

The screening-level human health risk assessment evaluates potential health effects 
associated with exposure to chemicals in Site 18 soil.  Health effects resulting from direct 
contact with soil (i.e., soil ingestion or dermal contact) are screened using values that are 
based on EPA Region 3 residential soil risk based concentrations (RBCs).  Residential 
RBCs are used as the basis screening values because they represent the most conservative 
exposure scenario, even though a residential use for Site 18 and the remainder of Hog 
Island is not likely in the foreseeable future.   

The protocol for performing the screening assessment, and the assumptions pertaining to 
the RBCs are described in Section 5.1.  A screening evaluation of maximum site 
chemical concentrations relative to EPA Region 3 RBCs for residential soils is presented 
in Section 5.2.  An interpretation of the uncertainty in the screening results, and 
conclusions of the screening assessment, are presented in Section 5.3. 

5.1 Human Health Screening Assessment Protocol 

Six surface soil samples and six subsurface soil samples were collected across Site 18.  
Laboratory analytical data for these soil samples are available for 103 analytes 
encompassing 6 chemical suites (semivolatile organics, polynuclear aromatic 
hydrocarbons (PAHs), pesticides/PCBs, explosives, inorganics).  A complete description 
of sampling and analysis methods and rationale is provided in Section 3.1.  Residential 
soil RBCs were obtained from the EPA Region 3 RBC table dated October 25, 2005 
(EPA Region 3, 2005).  These RBCs employ a cancer risk threshold of 10-6 and a hazard 
quotient (HQ) of one.  Analytical detection limit values (i.e., U-, UJ-, or B-qualified 
results) were applied in the screening assessment as one-half of the sample-specific 
reporting limit.  The use of one-half of the reporting limit is consistent with EPA 
Region 3 direction in, “Guidance on Handling Chemical Concentration Data Near the 
Detection Limit in Risk Assessments” (EPA Region 3, 1991).  In this guidance, EPA 
Region 3 describes several options for selecting a value for nondetects including use of 
one-half the detection limit (DL), zero, and a statistical estimate of nondetect values.  
Following the logic described by EPA Region 3, a value of one-half the DL was selected 
to represent nondetects in this screening. 

An additional Region 3 protocol is the use of a hazard quotient of 0.1 (rather than 1) in 
the screening assessment to account for the potential additive effects among chemicals 
whose RBCs are based on noncarcinogenic effects.  The RBC values for chemicals 
whose RBCs are based on noncarcinogenic effects were therefore divided by ten for 
application in the screening assessment.  Standard practice in a risk assessment is to use a 
hazard quotient of one and address the potential for additive effects among chemicals in a 
toxicity assessment.  However, to expedite the screening process, a hazard quotient of 0.1 
is used for the screening and any noncarcinogenic chemicals identified as potentially of 
concern due to direct contact with soils will be further evaluated in the uncertainty 
analysis in Section 5.3. 
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5.2 Human Health Screening Assessment Results 

Table 5-1 provides a comparison of the maximum detected site concentration or one-half 
the greatest reported site detection limit (whichever is greater) with soil RBC values.   

Three non-carcinogenic chemicals (iron, thallium, vanadium) and two carcinogenic 
chemicals (arsenic and benzo(a)pyrene) had maximum concentrations exceeding their 
respective human health soil screening levels.  Thirteen chemical constituents did not 
have RBC values in the Region 3 table, but of those thirteen, only aluminum, cobalt, and 
magnesium were detected in any of the six soil samples.  Since magnesium is considered 
an essential nutrient, it will not be evaluated further in the risk assessment.  The ten 
constituents without RBCs that were not detected in any samples (nitroglycerin, 
nitroguanidine, 2-amino-4,6-dinitrotoluene, 4-amino-2-6-dinitrotoulene, 2-
methylnaphthalene, 4-nitrophenol, nitrocellulose, dibenzofuran, di-n-octlyphthalate, and 
dimethylphthalate), belong to analytical suites (explosives and non-PAH SVOCs) that 
were not detected in any Site 18 surface soil samples.  As such, they are also eliminated 
from further consideration in the risk screening.  Aluminum and cobalt are discussed 
further in the uncertainty discussion. 

Chemical concentrations in the six soil samples collected at Site 18 were compared with 
concentrations in the soil background data set compiled by TtNUS, as summarized in 
Section 3.1.  Four separate statistical tests were employed to determine if concentrations 
of inorganic chemicals were different from basewide background conditions.  If any one 
of the four tests indicated a statistically significant difference for a particular chemical 
constituent, that constituent was deemed different than background and carried forward to 
the uncertainty discussion.  Background comparisons could not be conducted for organic 
chemicals due to the high number of nondetects in the background data set and/or the Site 
18 data set.  As mentioned above, four inorganic constituents, arsenic, iron, thallium, and 
vanadium, had maximum concentrations exceeding their RBC screening levels.  In 
addition, aluminum and cobalt did not have RBC values for comparison.  None of these 
six inorganic constituents were significantly different than Indian Head background 
concentrations in surface soil (Table 5-2).  Background comparisons could not be 
conducted for benzo(a)pyrene, the only other chemical constituent to exceed RBCs, 
because no appropriate background data set for PAHs in Indian Head soil was available 
for comparison purposes.  Aluminum, arsenic, cobalt, iron, thallium, vanadium, and 
benzo(a)pyrene are discussed further in the uncertainty discussion. 

5.3 Human Health Screening Uncertainty Discussion 

Maximum site sediment concentrations of arsenic, iron, thallium, vanadium and 
benzo(a)pyrene were the only values that exceeded the soil RBC screening values for 
residential exposure, and aluminum and cobalt were the only detected constituents 
without RBCs.  Concentrations of the six metals in Site 18 soil samples were not 
statistically different than concentrations in Indian Head background samples.  This 
indicates that the concentrations of these metals in Site 18 soil are not elevated with 
respect to ambient conditions; therefore, risk is not different than risk posed by ambient 
soils.  Additionally, exposure intensity associated with the residential land use scenario 
used for calculating the soil RBCs (350 days/year) is likely to be far greater than actual 
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recreational or occupational exposure to Site 18 soil.  Thallium only exceeded its RBC 
threshold by a factor of 1.25.  Iron exceeded its 1/10th RBC threshold by roughly a factor 
of 10, however the toxicity value for iron used in the calculation of the EPA Region 3 soil 
RBC is a provisional value based upon the upper range of normal dietary iron intake 
rather than a specific toxic result.  For these reasons, the results of the numerical 
comparisons of Site 18 soil data and soil RBCs indicate that there is little or no potential 
for unacceptable chemical hazards or carcinogenic risk from inorganic chemicals due to 
direct contact with site soils.   

The maximum concentration of benzo(a)pyrene at Site 18 (370 µg/kg) exceeds the 
residential RBC (87 µg/kg) by a factor of 4.25, but four of the six surface soil samples 
contain concentrations below 25 µg/kg, well below the residential RBC, and the mean 
benzo(a)pyrene concentration of 92 µg/kg is only slightly greater than the RBC of 
87 µg/kg at Site 18.  Since the residential RBC is based on a risk level of 1E-06, the 
maximum concentration of benzo(a)pyrene (370 µg/kg) would result in a cancer risk of 
4.25E-06 based on residential exposure, and this risk level is within the EPA acceptable 
risk range of 1E-04 to 1E-06.  Given that exposure intensity associated with the 
residential land use scenario used for calculating the soil RBCs (350 days/year) is likely 
to be far greater than actual recreational or occupational exposure to Site 18 soil there is 
little potential for unacceptable carcinogenic risk due to exposure to benzo(a)pyrene in 
soils at Site 18.  
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Table 5-1. Human Health Screening of Maximum Surface Soil Concentrations 

Analyte Detects

Site 18 
Maximum Soil 
Concentrationa

HH 
Screening 

Valueb Carcinogen? HQ 
Inorganics (concentrations in mg/kg) 
ALUMINUM 6/6 8890 NA No NA 
ANTIMONY 1/6 0.48 3.1 No 0.15 
ARSENIC 6/6 14.1 0.43 Yes 32.8 
BARIUM 6/6 101 1600 No 0.06 
BERYLLIUM 6/6 1.3 16 No 0.08 
BORON 2/6 5.7 1600 No 6E-03 
CADMIUM 5/6 0.24 7.8c No 0.03 
CHROMIUM 6/6 17.1 23d No 0.74 
COBALT 6/6 7.8 NA No NA 
COPPER 6/6 32.6 310 No 0.11 
IRON 6/6 22200 2300 No 9.65 
LEAD 6/6 35.8 40e No 0.9 
MAGNESIUM 6/6 1200 NA No NA 
MANGANESE 6/6 137 160 No 0.86 
MERCURY 6/6 0.23 0.78f No 0.29 
MOLYBDENUM g 0/6 1.9 39 No 0.05 
NICKEL 6/6 25.1 160 No 0.16 
SELENIUM 4/6 1.4 39 No 0.04 
SILVER 6/6 3.2 39 No 0.08 
THALLIUM 1/6 0.69 0.55 No 1.25 
TIN 3/6 1.4 4700 No 3.0E-04
URANIUM 6/6 1.0 1.6 No 0.63 
VANADIUM 6/6 51.7 7.8 No 6.63 
ZINC 6/6 45.7 2300 No 0.02 
Organics (concentrations in µg/kg) 
ACENAPHTHENE 2/6 22 4.70E+05 No 4.7E-05
ACENAPHTHYLENE 2/6 27 4.70E+05h No 5.7E-05
ANTHRACENE 2/6 55 2.30E+06 No 2.4E-05
BENZO(A)ANTHRACENE 4/6 430 870 Yes 0.49 
BENZO(A)PYRENE 6/6 370 87 Yes 4.25 
BENZO(B)FLUORANTHENE 6/6 450 870 Yes 0.52 
BENZO(G,H,I)PERYLENE 5/6 180 2.30E+05i No 7.8E-04
BENZO(K)FLUORANTHENE 6/6 130 8700 Yes 0.01 
CHRYSENE 6/6 260 8.70E+04 Yes 3.0E-03
DIBENZO(A,H)ANTHRACENEg 2/6 13.5 87 Yes 0.16 
FLUORANTHENE 6/6 540 3.10E+05 No 1.7E-03 
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Table 5-1. Human Health Screening of Maximum Surface Soil Concentrations 
(continued) 

Analyte Detects

Site 18 
Maximum Soil 
Concentrationa

HH 
Screening 

Valueb Carcinogen? HQ 
FLUORENE 2/6 19 3.10E+05 No 6.1E-05
INDENO(1,2,3-CD)PYRENE 5/6 190 870 Yes 0.22 
NAPHTHALENE 4/6 11 1.60E+05 No 6.9E-05
PHENANTHRENE 4/6 280 2.30E+05i No 1.2E-03
PYRENE 5/6 520 2.30E+05 No 2.3E-03
4,4’-DDD 3/6 4.9 2700 Yes 1.8E-03
4,4’-DDE 3/6 53 1900 Yes 0.03 
4,4’-DDT 3/6 21 1900 Yes 0.01 
ALDRINg 0/6 1.15 38 Yes 0.03 
ALPHA-CHLORDANEg 0/6 1.15 1800 Yes 6.4E-04
AROCLOR-1016g 0/6 11.5 550 No 0.02 
AROCLOR-1221g 0/6 11.5 320 Yes 0.04 
AROCLOR-1232g 0/6 11.5 320 Yes 0.04 
AROCLOR-1242g 0/6 11.5 320 Yes 0.04 
AROCLOR-1248g 0/6 11.5 320 Yes 0.04 
AROCLOR-1254g 0/6 11.5 320 Yes 0.04 
AROCLOR-1260g 0/6 11.5 320 Yes 0.04 
DIELDRINg 0/6 2.3 40 Yes 0.06 
ENDRINg 0/6 2.3 2300 No 1.0E-03
GAMMA-BHC (LINDANE)g 0/6 1.15 490 Yes 2.3E-03
GAMMA-CHLORDANE 1/6 1.4 1800 Yes 7.8E-04
HEPTACHLOR EPOXIDEg 0/6 1.15 70 Yes 0.02 
METHOXYCHLORg 0/6 11.5 3.90E+04 No 2.9E-04
1,3,5-TRINITROBENZENEg 0/5 170 2.30E+05 No 7.4E-04
1,3-DINITROBENZENEg 0/5 170 780 No 0.22 
2,4,6-TRINITROTOLUENEg 0/5 170 2100 Yes 0.08 
2,4-DINITROTOLUENEg 0/5 170 1.60E+04 No 0.01 
2,6-DINITROTOLUENEg 0/5 170 7800 No 0.02 
2-AMINO-4,6-
DINITROTOLUENEg 0/5 170 NA NA NA 
2-NITROTOLUENEg 0/5 340 7.80E+04j No 4.4E-03
3-NITROTOLUENEg 0/5 340 7.80E+04j No 4.4E-03
4-AMINO-2,6-
DINITROTOLUENEg 0/5 170 NA NA NA 
4-NITROTOLUENEg 0/5 340 7.80E+04j No 4.4E-03
HMXg 0/5 340 3.90E+05 No 8.7E-04



August 2006 5-6 CTO 006 

Table 5-1. Human Health Screening of Maximum Surface Soil Concentrations 
(continued) 

Analyte Detects

Site 18 
Maximum Soil 
Concentrationa

HH 
Screening 

Valueb Carcinogen? HQ 
NITROBENZENEg 0/5 170 3900 No 0.04 
NITROCELLULOSEE 0/6 3.25 NA NA NA 
NITROGLYCERINg 0/6 3450 NA NA NA 
NITROGUANIDINEg 0/6 125 NA NA NA 
RDXg 0/5 340 5800 Yes 0.06 
TETRYLg 0/5 340 3.10E+04 No 0.01 
1,2,4,5-
TETRACHLOROBENZENEg 0/6 230 2.30E+04 No 0.01 
2,3,4,6-TETRACHLOROPHENOLg 0/6 230 2.30E+05 No 1.0E-03
2,4,5-TRICHLOROPHENOLg 0/6 550 7.80E+05 No 7.0E-04
2,4,6-TRICHLOROPHENOLg 0/6 230 5800 Yes 0.04 
2,4-DICHLOROPHENOLg 0/6 230 2.30E+04 No 0.01 
2,4-DIMETHYLPHENOLg 0/6 230 1.60E+05 No 1.4E-03
2,4-DINITROPHENOLg 0/6 550 1.60E+04 No 0.03 
2,6-DICHLOROPHENOLg 0/6 230 2.30E+04k No 0.01 
2-CHLORONAPHTHALENEg 0/6 230 6.30E+05 No 3.6E-04
2-CHLOROPHENOLg 0/6 230 3.90E+04 No 0.01 
2-METHYLNAPHTHALENEg 0/6 230 3.10E+04 No 7.4E-03
2-METHYLPHENOLg 0/6 230 3.90E+05 No 5.9E-04
4-METHYLPHENOLg 0/6 230 3.90E+04 No 0.01 
4-NITROPHENOLg 0/6 550 NA  NA NA 
BENZOIC ACIDg 0/6 550 3.1E+07 No 1.8E-05
BENZYL ALCOHOLg 0/6 230 2.3E+06 No 1.0E-04
BIS(2-
ETHYLHEXYL)PHTHALATEg 0/6 230 4.6E+04 Yes 0.01 
BUTYL BENZYL PHTHALATEg 0/6 230 3.4E+05 Yes 6.8E-04
DI-N-BUTYL PHTHALATEg 0/6 230 7.8E+05 No 2.9E-04
DI-N-OCTYL PHTHALATEg 0/6 230 NA NA NA 
DIBENZOFURANg 0/6 230 NA No NA 
DIETHYL PHTHALATEg 0/6 230 6.3E+06 No 3.6E-05
DIMETHYL PHTHALATEg 0/6 230 NA NA  NA 
N-NITROSODIPHENYLAMINEg 0/6 230 1.3E+04 No 0.02 
PENTACHLOROBENZENEg 0/6 230 6300 No 0.04 
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Table 5-1. Human Health Screening of Maximum Surface Soil Concentrations 
(continued) 

Analyte Detects

Site 18 
Maximum Soil 
Concentrationa

HH 
Screening 

Valueb Carcinogen? HQ 
PENTACHLOROPHENOLg 0/6 550 5300 Yes 0.10 
PHENOLg 0/6 230 2.3E+06 No 1.0E-04

a Metals values in mg/kg, organic chemical values in µg/kg. 
b Human Health Screening value represents the Region 3 Residential RBC for those chemicals identified as 

carcinogens, and the Region 3 Residential RBC divided by a factor of 10 for chemicals classified as 
noncarcinogens. 

c Cadmium toxicity value based on administration in food.  
d Chromium as chromium VI. 
e Lead value is for play areas of a residential yard (Identification of Dangerous Levels of Lead, Final Rule.  

FR Vol. 66 No. 4, January 5, 2001, U.S. EPA. 
f Mercury as methylmercury. 
g The tabulated maximum value is 1/2 the maximum reported detection limit. 
h Acenaphthene used as a surrogate. 
i Pyrene used as a surrogate. 
j RBC for o-nitrotoluene. 
k 2,4-dichlorophenol used as a surrogate. 
HQ = Hazard Quotient. 
NA = Not applicable. 
Shaded cells indicate Hazard Quotients greater than 1. 
 

 

Table 5-2. Background Comparisons for Inorganic Constituents in Surface Soil 
Exceeding Risk Based Concentrations 

p-valuea 

Analyte 

No. of 
Site 18 
Detects 

No. of 
Background 

Detects 

Two-
Sample 

t-test 
Gehan 

Test 
Quantile 

Test 
Slippage 

Test 
Different than 
Background? 

Aluminum 6/6 34/34 0.703 0.455 1.000 1.000 No 
Arsenic 6/6 32/36 0.374 0.613 0.557 1.000 No 
Cobalt 6/6 36/36 0.916 0.753 1.000 1.000 No 
Iron 6/6 34/34 0.705 0.508 1.000 1.000 No 
Thallium 1/6 8/36 0.998 1.000 NA 1.000 No 
Vanadium 6/6 36/36 0.311 0.346 0.557 1.000 No 

a p-values less than 0.05 are considered significant. 
NA indicates test could not be performed because constituent was detected in less than 50% of the samples 
in at least one of the data sets. 
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6.0 SCREENING LEVEL ECOLOGICAL RISK ASSESSMENT 

A screening-level ecological risk assessment (ERA) and refinement was conducted for 
Site 18 to determine if chemical concentrations in site soil and sediment pose potential 
risk to plants and animals utilizing the site.  This screening level risk assessment follows 
EPA Superfund Ecological Risk Assessment Guidance (EPA, 1997) and Navy ERA 
guidelines (Navy, 1999).  Steps 1 and 2 of the 8-step EPA Superfund guidance 
encompass the screening portion of the ERA.  The screening refinement for Site 18 
encompasses the first part of Step 3 of the EPA guidance (formally recognized as Step 
3A in the Navy guidance), which allows for the refinement of the chemicals of potential 
concern (COPCs) by applying more site-specific information to the exposure assessment.  
The screening-level risk assessment uses conservative exposure assumptions to determine 
if site chemicals pose a risk to ecological receptors and warrants any actions.   

6.1 Screening Protocol 

The problem formulation step of the screening risk assessment is presented in 
Section 4.1.3.  This process identified the following pathways and receptors for 
consideration in the screening risk assessment: 

• Soil and sediment contact and ingestion by soil and benthic invertebrates 

• Ingestion of contaminated food by omnivorous and piscivorous mammals 

• Ingestion of contaminated food by herbivorous, omnivorous, and piscivorous 
birds  

The screening exposure estimate and risk characterization was conducted in two parts.  
The first part involved comparing maximum concentrations of constituents in soil and 
sediment to conservative soil and sediment screening benchmarks accepted by EPA 
Region 3 (EPA, 2005; EPA, 1995; Buchman, 1999).  These benchmarks are considered 
to be protective of soil and sediment-dwelling organisms.  The methodologies and results 
of this comparison are presented in Section 6.2.1.  The outcome of this first part of the 
screening was a list of preliminary soil COPCs based on potential risk to soil dwelling 
organisms, and a preliminary list of sediment COPCs based on potential risk to benthic 
organisms. 

The second part of the screening consisted of modeling food chain exposures to the 
mallard, great blue heron and raccoon as surrogates for birds and mammals frequenting 
the site.  In this step, daily doses of chemical constituents were calculated based upon 
maximum observed sediment concentrations and bioaccumulation factors (BAFs) 
obtained from the literature.  The calculated doses were compared to available toxicity 
reference values (TRVs) for birds and mammals.  The methodologies and results of the 
food chain modeling are presented in Section 6.2.2.  The outcome of this second part of 
the screening was a list of preliminary food chain COPCs based on potential risk to upper 
trophic level receptors. 

Constituents that were identified as soil, sediment, or food chain COPCs were carried 
forward to the refinement step of the screening-level ecological risk assessment (EPA 
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Step 3A), which is discussed in Section 6.3.  In the refinement step, background 
conditions at Indian Head and Mattawoman Creek were taken into consideration, and 
exposure point concentrations were modified to provide more realistic exposure estimates 
that reflect exposures across the site. 

6.2 Screening Level Risk Evaluation 

6.2.1 Comparison to Soil and Sediment Screening Values 

Hazard quotients (HQs) for each chemical constituent were derived by dividing the 
maximum concentration observed in both soil and sediment by their respective soil and 
sediment screening benchmarks.  For constituents not detected, the maximum reported 
detection limit was used to calculate the HQ.  The comparison of Site 18 soil 
concentrations to soil screening benchmarks is presented in Table 6-1, and the 
comparison of Site 18 sediment concentrations to sediment screening benchmarks is 
presented in Table 6-2.  

Comparison to Soil Benchmarks 

Seven inorganic constituents (copper, mercury, nickel, thallium, tin, vanadium, zinc) had 
maximum surface soil concentrations exceeding ecological screening benchmarks.  These 
seven constituents were retained for further evaluation as COPCs in the Step 3A 
screening refinement step.  No screening benchmarks were available for boron, iron, and 
silver, so these three constituents were also retained for evaluation in COPC refinement.  
Aluminum does not have a specific soil screening benchmark, but EPA soil screening 
guidance suggests that evaluation of aluminum is not necessary unless pH levels are less 
than 5.5 (EPA 2003).  Specific pH measurements were not taken in Site 18 soil samples, 
so aluminum is discussed further in the uncertainty evaluation.  Molybdenum was not 
detected in Site 18 surface soil, but maximum detection limits exceeded ecological 
screening benchmarks, so molybdenum is discussed further in the uncertainty evaluation.  
Thirteen inorganic constituents (antimony, arsenic, barium, beryllium, cadmium, 
chromium, cobalt, lead, magnesium, manganese, selenium, uranium) had maximum 
concentrations less than screening thresholds, and these constituents were eliminated as 
COPCs based on risk to soil plants and invertebrates, however, potential risk to upper 
trophic level receptors from these constituents is evaluated in Section 6.2.2. 

EPA Region 3 soil screening benchmarks published in “Revised Region 3 BTAG 
Screening Levels” (EPA Region 3, 1995), hereafter referred to as Region 3 benchmarks, 
were used for compounds for which EPA has not yet promulgated nationwide ecological 
soil screening levels (EcoSSLs).  The Region 3 benchmarks list a screening benchmark of 
100 µg/kg for all individual PAH compounds.  Maximum detected concentrations of ten 
PAH compounds (benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 
benzo(g,h,i)perylene, benzo(k)fluoranthene, chrysene, fluoranthene, indeno(1,2,3-
cd)pyrene, phenanthrene, pyrene) exceeded the 100 µg/kg screening benchmark and were 
retained for evaluation in the Step 3A screening refinement.  Six PAHs, acenaphthene, 
acenapthylene, anthracene, dibenzo(a,h)anthracene, fluorene, and naphthalene had 
maximum concentrations less than the screening benchmark and were not evaluated 
further for risk to soil organisms. 
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EPA has identified an EcoSSL of 0.032 µg/kg for dieldrin (EPA 2005), but has not yet 
promulgated EcoSSLs for any other pesticides.  Dieldrin was not detected in any surface 
soil samples, but the maximum reported detection limit was 144 times greater than the 
screening benchmark.  The Region 3 benchmarks simply list a screening level of 
“<100 µg/kg” for most other pesticides and PCBs.  DDT and its metabolites and gamma-
chlordane were the only detected pesticides in Site 18 surface soil, and all at levels less 
than 100 µg/kg, with a maximum gamma-chlordane value of 2.3 µg/kg, and maximum 
DDD, DDE, and DDT concentrations of 4.9 µg/kg, 53 µg/kg, and 19 µg/kg, respectively.  
No other organic constituents were detected in surface soils, but maximum detection 
limits exceeded screening values for a number of SVOCs and explosive compounds, as 
summarized in Table 6-1.  These constituents are discussed further in the uncertainty 
discussion. 

Comparison to Sediment Benchmarks 

Maximum concentrations of chemical constituents in sediment were compared to EPA 
Region 3 accepted screening benchmarks for marine and estuarine sediments.  In 
instances where marine and estuarine sediment screening benchmarks were not available, 
freshwater sediment benchmarks were used if available. 

Thirteen inorganic constituents (aluminum, arsenic, barium, cadmium, cobalt, iron, lead, 
manganese, mercury, nickel, silver, vanadium, zinc) had maximum concentrations 
exceeding sediment-screening benchmarks and were retained for further evaluation in the 
screening refinement step.  An additional five detected inorganics (beryllium, boron, 
magnesium, tin, uranium) did not have screening benchmarks and were also retained for 
further evaluation in the refinement step.  Antimony, chromium, copper, and selenium 
had maximum concentrations less than their respective sediment screening benchmarks 
and were eliminated form further consideration as potential risk drivers to benthic 
organisms.  Two inorganic constituents without sediment screening benchmarks, 
molybdenum and thallium, were not detected in sediment and are eliminated from further 
consideration as potential benthic risk drivers. 

Five of the 16 PAH compounds (acenapthene, acenaphthylene, fluoranthene, fluorene, 
phenanthrene) exceeded sediment screening benchmarks.  Hazard quotients (HQ) for 
acenaphthene, fluoranthene, and phenanthrene were all less than 1.5, while the HQ for 
acenaphthylene was 2.95 and the HQ for fluorene was approximately 5.2.  All other PAH 
compounds had maximum concentrations less than screening thresholds (HQ < 1), and 
the maximum concentration of Total PAHs was also less than the Total PAH sediment 
screening benchmark.  Acenaphthene, acenaphthylene, fluoranthene, fluorene, and 
phenanthrene were retained for further evaluation in Step 3A screening refinement.  No 
other SVOCs were detected, but detection limits were elevated above available screening 
benchmarks.  This issue is discussed further in the uncertainty evaluation. 

The only pesticides detected in sediment were 4,4’-DDD, 4,4’-DDE, and alpha-
chlordane.  Concentrations of each of these three were greater than their respective 
screening levels and they are retained for evaluation in Step 3A screening refinement.  
Although no PCBs or other pesticides were detected in Site 18 sediment, reported 
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detection limits for these constituents were greater than sediment screening benchmarks.  
This is discussed further in the uncertainty discussion.   

1,3,5-trinitrobenzene, detected at location SD012, was the only explosive compound 
detected.  No sediment screening benchmark exists for 1,3,5-trinitrobenzene, and it is 
retained for further evaluation.  RDX, 2,4,6-trinitrotoluene, and 2,4-dinitrotoluene had 
detection limits greater than their respective screening benchmarks.  The issue of elevated 
detection limits for organic constituents is discussed in the uncertainty discussion in 
Section 6.4. 

6.2.2 Screening of Upper Trophic Level Receptors 

Risks to upper trophic level receptors were assessed by constructing conservative food-
chain models to estimate daily doses to receptors, and by comparing those doses to avian 
and mammalian TRVs obtained from literature sources.  Risks to upper trophic levels 
were evaluated for all chemical constituents that were detected in at least one site sample 
and independent of the risk evaluation to benthic organisms (Section 6.2.1).  Upper-
trophic level risks were also evaluated for PCBs (Aroclors), even though Aroclors were 
not detected in Site 18 sediment or soil.  PCBs are a known regional problem in the 
section of the Potomac River adjacent to Indian Head, so risk from PCBs was evaluated 
at the reported detection limits, which were elevated above screening benchmarks, to 
determine if additional PCB data were needed for the Site 18 wetland area.  

Exposure parameters for the food chain receptors and the sources and rationale for the 
chosen parameters are presented in Tables 6-3 through 6-5.  Conservative exposure 
factors were used in this screening-level assessment.  Site use factors (SUFs) for all 
receptors were set equal to one, indicating that all foraging occurs at Site 18.  For 
omnivorous, herbivorous, and invertebrate feeding receptors it was assumed that foraging 
could occur both in the upland and wetland portions of Site 18, therefore the foraging was 
divided proportionally between the two areas based on the size of each area.  When 
published ingestion rates were available for receptors, the maximum published ingestion 
rate was used.  When published ingestion rates were not available, ingestion rates were 
calculated using the appropriate ingestion equations from the EPA Wildlife Exposure 
Factors Handbook (EPA, 1993).  Chemical concentrations in receptor food items were 
modeled by applying literature-based uptake, or bioaccumulation, factors from soil and 
sediment to plants, invertebrates, and fish.  Specific information on the uptake factors 
used is presented in Appendix B.  When literature bioaccumulation factors could not be 
found for a given chemical constituent, the concentration in the food item was assumed to 
be equal to the concentrations in the abiotic media (soil or sediment).   

The equations used in calculating dose to the upper trophic level receptors are presented 
in the equations below. 

Equation 1. 

UplandWetlandTotal DoseDoseDose +=  
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Equation 2.
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Equation 3. 
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where: 
Dose is the dose rate measured in milligram contaminant per kilogram receptor body weight 
per day (mg/kg/day); 

Csed  is the maximum concentration of chemical in sediment measured in milligram 
contaminant per kilogram of sediment (mg/kg); 

Csoil  is the maximum concentration of chemical in sediment measured in milligram 
contaminant per kilogram of sediment (mg/kg); 

IRsed is the daily ingestion of sediment measured in kilograms sediment per day (kg/day); 

IRsoil is the daily ingestion of sediment measured in kilograms sediment per day (kg/day) 

IRpl is the daily plant ingestion measured in kilograms sediment per day (kg/day) 

IRinv is the daily invertebrate ingestion measured in kilograms sediment per day (kg/day) 

IRfish is the daily ingestion of fish measured in kilograms fish per day (kg/day); 

BAF is the uptake factor from soil/sediment to the biotic media indicated by the subscript 
(i.e., plant, invertebrate, fish) (unitless);  

SUF is the receptor’s site use factor. For a screening-level ERA, the SUF is assumed equal to 
1.0, meaning that the receptor acquires 100% of its foodstuffs from Site 18, divided 
proportionally between upland and wetland, except for piscivores which are 100% wetland. 

BW is the organism's body weight in kilograms. 

The comparison of calculated doses to TRVs taken from the published literature are 
presented in Tables 6-6 through 6-9 for herbivorous birds, omnivorous birds, 
insectivorous birds, and piscivorous birds.  TRV comparisons for omnivorous mammals 
and piscivorous mammals are presented in Tables 6-10 and 6-11, respectively.  Specific 
information on the sources of the TRVs and the basis for their selection is presented in 
Appendix B.  Whenever possible hazard quotients (HQs) were calculated for each 
chemical receptor using No Observed Adverse Effects Level (NOAEL) TRVs and 
Lowest Observed Adverse Effects (LOAEL) TRVs for each food chain receptor.  The 
NOAEL-based HQ was the primary HQ value upon which the decision to retain a 
chemical constituent for the screening refinement step or dismiss from further 
consideration was based.  The LOAEL HQ is presented simply to represent a bounding 
condition and aid in risk interpretation.  HQ values exceeding 1 are highlighted in the 
tables. 
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A total of five chemical constituents (arsenic, mercury, thallium, vanadium, and Total 
DDx) had modeled food chain doses to at least one receptor exceeding NOAEL TRVs.  
No chemical constituents had food chain doses to any receptor exceeding LOAEL TRVs.  
A summary of constituents with doses exceeding NOAEL TRVs by receptor is provided 
in Table 6-12.  Arsenic, mercury, thallium, vanadium, and Total DDx were retained for 
evaluation in the Step 3A screening refinement (Section 6.3) based upon potential risk to 
upper trophic level receptors.  A number of detected chemical constituents lacked 
suitable TRVs for comparison purposes and are discussed further in the uncertainty 
evaluation. 

6.3 Step 3A Refinement of List of COPCs 

The initial COPC list developed in the Step 2 soil, sediment, and food chain screening is 
presented in Table 6-13.  The COPCs in Table 6-13 represent chemicals that were 
detected in soil and/or sediment and exceeded screening benchmarks or TRVs.  These are 
the COPCs evaluated further in the Step 3A screening refinement.  Chemicals that were 
not detected but that had detection limits exceeding screening thresholds were not 
evaluated in Step 3A, but are discussed further in the uncertainty evaluation (Section 6.4). 
The screening refinement step for Site 18 consisted of two parts.  In the first part of the 
refinement, background conditions at Indian Head and Mattawoman Creek were 
considered to assess whether potential risk posed by constituents at Site 18 was different 
from potential risk posed by regional background conditions.  Results from the 
background tests presented in Section 3 were used to determine if potential risk from Site 
18 soils was different from risk from background soils.  Statistical background tests could 
not be conducted on sediments because not enough background data exist for 
Mattawoman Creek to allow for statistical comparisons.  A small amount of background 
data (4 samples) was collected from upstream sites in Mattawoman Creek and nearby 
Nanjemoy Creek during the 2002 Mattawoman Creek investigation.  Qualitative 
comparisons of Site 18 sediment data to the upstream Mattawoman Creek and Nanjemoy 
Creek samples are presented as part of this screening evaluation.  If maximum site 
concentrations were in the range of detected background concentrations, then that 
constituent was no longer considered a site COPC.  Additionally Site 18 sediment COPC 
concentrations were compared to concentrations observed in “Area 2” of the 
Mattawoman Creek Investigation.  Site 18 is contained within “Area 2” as defined in the 
Mattawoman Creek study (TtNUS 2004), and that study concluded there were no risks 
for Area 2 as a whole, so it is assumed that if concentrations in Site 18 sediment are 
similar to the rest of “Area 2”, Site 18 sediments also do not pose a risk.   

If site concentrations of a constituent were significantly higher than the background 
concentrations, then those constituents were evaluated to see if the 95%Upper 
Confidence Limit (UCL) site concentration was greater than sediment screening 
benchmarks, and/or if food chain doses calculated using 95% UCL site concentrations 
exceeded TRVs.  If 95%UCL site concentrations/doses were not greater than screening 
benchmarks/TRVs, the constituent was eliminated as a COPC.  If site concentrations 
were different from background concentrations AND 95% UCL concentrations exceeded 
screening benchmarks or resulted in food chain doses greater than TRVs, the constituent 
was considered a site COPC. 
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6.3.1 Evaluation of Indian Head and Mattawoman Creek Background Conditions 

Soil 

Background comparisons for soil could only be conducted for inorganic COPCs, because 
suitable data sets were not available for organic COPCs.  Therefore, the 10 detected PAH 
compounds that exceeded soil benchmarks were carried forward for evaluation of the 
95%UCL exposure point concentrations (EPC).  Of the 10 inorganics that had detected 
concentrations exceeding screening benchmarks or had no benchmarks available for 
comparison purposes, only three (copper, mercury, nickel) were statistically different 
from Indian Head background conditions (Table 6-14).  One inorganic, boron, did not 
have background data for comparison purposes.  Copper, mercury, and nickel, were 
retained for evaluation of 95% UCL concentrations in the next refinement step.  Boron, 
which had neither screening benchmarks nor background data available, is discussed 
further in the uncertainty evaluation.  Iron, silver, thallium, tin, vanadium and zinc were 
eliminated from further consideration as soil COPCs because concentrations were not 
statistically different from Indian Head background, therefore, potential risk is not 
different than that posed by regional background conditions. 

Sediment 

Thirteen inorganics with detected concentrations that exceeded screening benchmarks 
and five detected inorganics without sediment benchmarks were carried forward to the 
screening refinement steps.  Comparisons of Site 18 maximum sediment COPC 
concentrations to the range of concentrations observed in the Mattawoman 
Creek/Nanjemoy Creek reference samples and the Mattawoman Creek “Area 2” samples 
are shown in Table 6-15.  Site 18 sediment concentrations of 10 COPCs (barium, 
cadmium, iron, magnesium, manganese, mercury, acenaphthylene, fluoranthene, 
fluorene, and phenanthrene) fell within the range of the Mattawoman/Nanjemoy Creek 
reference samples or the Mattawoman Creek “Area 2” samples.  These 10 constituents 
were eliminated from further consideration as COPCs.  Eight COPCs (aluminum, arsenic, 
cobalt, lead, nickel, silver, vanadium, zinc) had maximum Site 18 sediment 
concentrations that were greater than the reference samples and the “Area 2” samples and 
were evaluated further in the 95% UCL EPC refinement.  Four COPCs (acenaphthene, 
4,4’-DDD, 4,4’DDE, alpha-chlordane) had no upstream reference or Mattawoman Creek 
“Area 2” data for comparison and were also retained for the EPC refinement step.  
Beryllium was greater than reference and “Area 2” concentrations but does not have 
sediment-screening thresholds for 95% UCL comparisons, and is discussed further in the 
uncertainty evaluation.  An additional four COPCs (boron, tin, uranium, 1,3,5-
trinitrobenzene) had neither reference nor Mattawoman Creek “Area 2” data for 
comparison, and did not have screening benchmarks.  These six constituents are 
discussed further in the uncertainty evaluation.  

6.3.2 Refinement of Exposure Point Concentrations 

Thirteen constituents in Site 18 soil and 12 constituents in Site 18 sediment were retained 
as potential COPCs in Base sediments after the screening refinement comparison to 
Indian Head and Mattawoman Creek background conditions.  The second step of 
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screening refinement involved calculating screening hazard quotients using the 95% UCL 
on the mean concentrations as an estimator of site exposure point concentrations.  The 
95% UCL site concentrations of the remaining constituents were compared to the soil and 
sediment screening benchmarks accepted by EPA Region 3.  Results of the soil 
comparison are presented in Table 6-16, and results of the sediment comparisons are 
presented in Table 6-17.   

Only one soil constituent (benzo(k)fluoranthene) and two sediment constituents 
(aluminum and acenaphthene) had 95% UCL concentrations less than their respective 
screening benchmarks.  Benzo(k)fluoranthene in soil and aluminum and acenapthene in 
sediment were therefore eliminated as potential COPCs, while all other chemical 
constituents in Tables 6-16 and 6-17 remained as COPCs following the 95% UCL 
screening.  As shown in Table 6-17, the 95% UCL concentrations of arsenic, lead, zinc, 
and 4,4’-DDE were less than their respective effects range-median (ER-M) values (Long 
et. al, 1995), suggesting that any potential risk from these compounds is low.  The 95% 
UCL concentrations of nickel and silver were greater than their respective ER-Ms, 
indicating that these constituents may pose potentially greater risk than those that did not 
exceed ER-Ms.  

Food chain doses for the five remaining upper trophic level COPCs (arsenic, mercury, 
thallium, vanadium, and 4,4’-DDx) were evaluated using the 95% UCL concentration in 
place of the maximum concentration.  Results of the screening refinement using 95% 
UCL exposure point concentrations are presented in Table 6-18.  Doses of arsenic, 
mercury, thallium, and vanadium continued to exceed NOAEL TRVs for at least one 
receptor.  Following the dose refinement, arsenic doses to great blue heron exceeded 
TRVs; mercury doses exceeded TRVs for great blue heron and mallard (invertebrate and 
omnivorous diets); and vanadium doses exceeded TRVs for the great blue heron.  
Refined 4,4’-DDx doses to the mallard (invertebrate diet) using calculated 95% UCL 
exposure point concentrations were less than the NOAEL TRV for Total DDx, therefore 
4,4’-DDx was eliminated from further consideration as a COPC.  Thallium doses 
exceeded TRVs for raccoon (omnivorous), with risk driven by the aquatic portion of the 
diet.  Thallium was not detected in the Site 18 sediment samples and was only detected in 
a single surface soil sample, meaning the food chain results are artifacts of the sediment 
detection limits.  Therefore, thallium was eliminated from further consideration as a food 
chain COPC. 

6.4 Uncertainty Discussion 

A variety of sources of uncertainty exist in any screening assessment that may influence 
the results of that assessment.  Examples include uncertainty associated with screening 
benchmarks and TRVs; uncertainties associated with food chain exposure parameters and 
uptake factors; and uncertainties associated with site data itself, including spatial 
distribution and elevated reporting limits.  This section presents a discussion of those 
sources of uncertainty and their impacts on the findings of the Site 18 screening 
assessment. 
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6.4.1 Uncertainty Associated With Screening Benchmarks and TRVs 

Only a single inorganic detected in soil (boron) lacked both screening benchmarks and 
suitable background data for comparisons in the screening assessment.  Boron also lacked 
sediment screening benchmarks and TRVs for food chain modeling; therefore it was not 
possible to evaluate boron from an ecological risk context in this screening assessment.  
It is possible that boron at Site 18 is related to Indian Head operations, as boron is a 
component in some illumination rounds that have been manufactured at Indian Head, but 
relevant ecotoxicity information is lacking to evaluate its importance in Site 18 soil and 
sediment.   

Ten PAH compounds were identified as COPCs because they exceeded screening 
benchmarks and lacked background data, but there is a high degree of uncertainty 
associated with the single benchmark of 100 µg/kg that was listed for all PAH 
constituents in the 1995 Region 3 screening table.  Since that benchmark is not associated 
with a specific reference in the Region 3 table, the source and basis of the value could not 
be determined.  However, more recent attempts to develop soil-screening benchmarks for 
individual PAH compounds have taken place (EPA, 2005; LANL, 2004).  EPA soil 
screening benchmarks for PAHs are still pending as of this writing, but Los Alamos 
National Laboratory (LANL) has developed screening levels for a wide variety of 
chemical constituents in soil for plant, invertebrate, and wildlife receptors.  Comparisons 
of Site 18 maximum PAH concentrations in soil to LANL soil screening benchmarks are 
shown in Table 6-19.  This comparison suggests there is very little potential risk from 
PAHs in Site 18 soil.  LANL also has identified sediment ecological screening 
benchmarks for a number of explosive compounds, including 1,3,5-trinitrobenzene.  The 
LANL sediment benchmark for 1,3,5-trinitrobenzene is 23,000 µg/kg, which is two and a 
half times higher than the only detected concentration of 1,3,5-trinitrobenzene at Site 18. 

Of the detected constituents evaluated for food chain risk, six inorganic constituents did 
not have TRVs for either mammalian or avian receptors.  Therefore, these six 
constituents (aluminum, boron, iron, magnesium, uranium, and tin) could not be 
evaluated for food chain risk.  Concentrations of aluminum, iron, and tin in Site 18 soil 
were not different than Indian Head background soils, so it can be stated that for these 
constituents food chain risk from Site 18 soils is not different than risk from background 
soils.  Even though background comparisons for magnesium showed a significant 
difference in the Gehan test (see Table 3-3), the range of magnesium concentrations in 
Site 18 soil was captured within the range of Indian Head background concentrations for 
magnesium (see Figure A29 in Appendix A).  This combined with the fact that 
magnesium is classified as an essential nutrient assist in reducing the uncertainty 
associated with the lack of TRVs for magnesium.   

Boron and uranium had no background data for comparison.  Even though no background 
information was available, concentrations of boron and uranium in Site 18 soils did not 
appear to be indicative of widespread operational releases at Site 18, as concentrations 
were not indicative of “hotspots” or plumes.  Uranium concentrations across the site were 
very uniform, while boron concentrations appeared to vary as a function of TOC, with 
highest concentrations occurring at sample location SB002, which had TOC 
concentrations significantly higher than other surface soil samples.  
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6.4.2 Uncertainties Associated With Elevated Detection Limits 

Eighteen chemical constituents in soil and 39 chemical constituents in sediment had 
reported detection limits greater than available media screening benchmarks.  These 
included 1 inorganic (molybdenum), 1 pesticide (dieldrin), 15 non-PAH SVOCs and 1 
explosive (2,6-dinitrotoluene) in soil and 7 Aroclors, 9 pesticides, 2 PAHs, 18 non-PAH 
SVOCs, and 3 explosives in sediment. The result is that none of these constituents could 
be screened with any certainty, it can only be noted that they were not detected in any 
sample, so we know that they did not occur in Site 18 soil or sediment at levels greater 
than the reported detection limits.   

6.4.3 Uncertainties Associated With Food Chain Model Parameters 

There are a number of sources of uncertainty in any deterministic food chain model.  The 
approach of a screening level food chain model is to err on the side of conservatism to 
ensure that any unacceptable risks are not missed.  One of the primary sources of 
uncertainties associated with the Site 18 food chain models are the bioaccumulation, or 
uptake, factors used to estimate the concentration of COPCs in food items being ingested 
by the upper trophic level receptors.  These uptake factors were taken from available 
literature sources and were necessary because no site-specific data were available for 
chemical concentrations in Site 18 plants, invertebrates, or fish.  If no uptake factors were 
available for a given constituent, a default uptake factor of 1 was used.  This means that 
the concentration in the particular food item (plant, invertebrate, or fish) was assumed to 
be equal to the concentration in the media (soil or sediment) being modeled from.  Unless 
specific uptake factors were available for both sediment and soil, it was assumed that 
uptake from soil and sediment was equal.  Soil to plant uptake factors were available in 
the literature for most inorganic constituents, but are lacking for many organic 
constituents, therefore the default uptake factor of 1 was used to model from 
soil/sediment to plants for most organic compounds.  This likely resulted in 
overestimation of risk from organics to receptors that had a plant component to their diet, 
since plants generally do not bioaccumulate organic compounds.  However this 
uncertainty is of limited importance since there was no unacceptable risk from any 
organic compound to any food chain receptor feeding on plant material.   

Soil and sediment uptake factors for invertebrates are lacking in the literature, so the 
default value of 1 was used to estimate invertebrate concentrations for many organic and 
inorganic constituents. Sediment to fish uptake factors were available for most of the 
organic COPCs, but not for inorganic COPCs, meaning fish tissue concentrations of most 
inorganics were assumed equal to sediment concentrations.  These assumptions did have 
an influence on the food chain risk findings, because three of the COPCs with doses 
exceeding NOAEL TRVs used default uptake parameters for the food item comprising 
the majority of the diet.  Arsenic and vanadium were identified as posing potential risk to 
piscivorous birds and mammals, but the sediment to fish uptake factors were assumed to 
be 1 for both of these COPCs due to lack of published fish uptake factors.  An analysis of 
forage fish in the Potomac River at Quantico Marine Corps Base (across the Potomac 
River from Indian Head) found that arsenic levels in fish tissue were less than 0.015 
times the associated sediment concentrations (Battelle and Neptune and Company, 2004).  
Use of a fish uptake factor of 0.015 for arsenic at Site 18 results in a reduction of 
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NOAEL hazard quotients to 0.3 and 0.04 for piscivorous mammals and piscivorous birds, 
respectively.  Vanadium was not measured in the Quantico study, but the United Nations 
Environment Programme and the World Health Organization noted that “organisms 
generally do not concentrate or accumulate vanadium from environmental media to a 
high degree, and there is no indication of biomagnification in food chains” (Costigan 
et al., 2001), so again, the risk from vanadium is likely overestimated by use of the 
default uptake factor.  

Another source of uncertainty associated with the uptake factors is the specific form or 
valence state of a given chemical.  For the purposes of this screening assessment, it was 
assumed that all mercury in Site 18 sediment was in the form of methylmercury.  
Invertebrate uptake factors for methylmercury used in this assessment are ten times 
greater than uptake factors for metallic mercury (NIWQP, 1998).  Methylmercury is 
formed under the type of redox conditions often found in poorly oxygenated wetland 
sediments, but it would be expected that mercury in Site 18 surface sediments would be 
primarily in the metallic form, with methylmercury forming in the redox conditions 
associated with subsurface sediment.  It is unlikely that all Site 18 mercury would occur 
in the methylated form, therefore the assumption of 100% methylmercury likely 
overestimates risk to wetland omnivores. 

Food chain risk results are also dependent upon assumptions made regarding the site use 
factor.  A screening assessment uses a SUF of one, meaning the receptor being evaluated 
performs all of its foraging at the site.  The total area for the Site 18 upland is 
approximately 1.75 acres, and the total area of the Site 18 wetland is approximately 
1.25 acres.  While the assumption of an SUF of one may be accurate for small mammals 
such as mice and voles and some small birds such sparrows and wrens, it overestimates 
exposure for larger omnivores and piscivores such as raccoons, ducks, and herons.  If one 
assumes that piscivores in Mattawoman Creek gather only 50% of their food from the 
Site 18 wetland (i.e., SUF = 0.5), which is still very conservative, then mercury hazard 
quotients to piscivorous birds and mammals are reduced to less than one.  Realistic SUFs 
for Site 18 would be on the order of 0.01 for raccoons, which have a minimum reported 
home range of 260 acres (non-island settings - EPA, 1993), and 0.005 for mallards which 
have minimum non-breeding home ranges in excess of 600 acres.  Use of realistic site use 
factors for these receptors reduces all NOAEL HQs for every COPC to less than one. 

Even given the uncertainties associated with conservative assumptions made regarding 
uptake factors, chemical forms, and home ranges, food chain doses to all receptors for all 
COPCs were less than their LOAEL TRVs. When more realistic parameters are used in 
place of the conservative screening parameters, doses to food chain receptors fall to less 
than their NOAEL TRVs.  This suggests that unacceptable risk to food chain receptors is 
unlikely from chemical constituents in Site 18 soil and sediment. 

6.4.4 Uncertainties Associated With Spatial Distribution of Samples 

The primary source of uncertainty associated with Site 18 data collection relates to the 
lack of knowledge of source term material and the unknown aspect of specific chemical 
constituents that may have been in materials included in the Hog Island fill.  This lack of 
site operational knowledge makes it difficult to ensure that site sample analyses represent 
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maximum site concentrations, which is a goal of a screening risk assessment.  Efforts 
were made during the planning stages of the Site 18 investigation to minimize this 
uncertainty through the sampling design, as samples were allocated based on an ability to 
detects “hotspots” of a certain minimum size at a given probability, as detailed in the 
Site 18 work plan (TtNUS and Neptune and Company, 2005).  A review of the graphical 
data displays in Appendix A suggests that the design was adequate for capturing nature 
and extent of potential COPCs at Site 18. 

6.5 Ecological Risk Conclusions 

The following conclusions can be drawn for Site 18 media based upon the ecological 
screening and COPC refinement. 

Soil. The screening-level ecological risk assessment identified low-level potential risk 
from copper, mercury, and nickel in Site 18 soil.  Potential risks were categorized as low 
for these constituents based on the level of hazard quotient exceedances.  All HQ 
exceedances were less than a factor of four, with the exception of nickel in soil, which 
had an HQ of 12.5.   

Sediment. The screening-level ecological risk assessment identified low-level potential 
risk from arsenic, copper, lead, vanadium, zinc, 4,4’-DDD, and 4,4’-DDE in Site 18 
sediment (concentrations less than ER-Ms, or in the case of vanadium [no ER-M], 
HQ < 1.5); and potentially greater risk from silver and nickel in Site 18 sediments 
(concentrations greater than ER-Ms).  All HQ exceedances were less than a factor of 
four.  

Food Chain. Screening-level food chain models indicated the potential for low-level risk 
to upper trophic level receptors from arsenic, mercury, and vanadium.  Low-level risk 
potential was defined as modeled doses exceeding NOAEL TRVs but not exceeding 
LOAEL TRVs.  However, as discussed in the uncertainty evaluation, when more 
realistic, but still conservative, exposure parameters are considered, it is not likely that 
chemical constituents at Site 18 pose unacceptable risk to upper trophic level receptors.  
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Table 6-1. Comparison of Site 18 Soil Concentrations to Ecological 
Screening Levels 

Analyte 
No. of 

Detects

Site 18 
Maximum Soil 
Concentrationa 

Soil Screening 
Thresholdb 

Hazard 
Quotient

Inorganics (mg/kg)     
ALUMINUM 6/6 8890 pH dependentc  
ANTIMONY 1/6 0.48 78d 6.2E-03 
ARSENIC 6/6 14.1 18d 0.78 
BARIUM 6/6 101 330d 0.31 
BERYLLIUM 6/6 1.30 40d 0.03 
BORON 2/6 5.70 NA NA 
CADMIUM 5/6 0.24 32d 7.5E-03 
CHROMIUM 6/6 17.1 26d 0.66 
COBALT 6/6 7.80 13d 0.60 
COPPER 6/6 32.6 15 2.17 
IRON 6/6 22200 pH dependent NA 
LEAD 6/6 35.8 120d 0.30 
MAGNESIUM 6/6 1200 4400 0.27 
MANGANESE 6/6 137 330 0.42 
MERCURY 6/6 0.23 0.058 3.97 
MOLYBDENUM 0/6 [0.95] 0.59 1.61 
NICKEL 6/6 25.1 2 12.5 
SELENIUM 4/6 1.40 1.8 0.78 
SILVER 6/6 3.20 NA NA 
THALLIUM 1/6 0.69 0.001 690 
TIN 3/6 1.40 0.89 1.57 
URANIUM 6/6 1.00 2.3 0.43 
VANADIUM 6/6 51.7 7.8d 6.63 
ZINC 6/6 45.7 10 4.57 
PAHs (µg/kg)     
ACENAPHTHENE 2/6 22.0 100 0.22 
ACENAPHTHYLENE 2/6 27.0 100 0.27 
ANTHRACENE 2/6 55.0 100 0.55 
BENZO(A)ANTHRACENE 4/6 430 100 4.30 
BENZO(A)PYRENE 6/6 370 100 3.70 
BENZO(B)FLUORANTHENE 6/6 450 100 4.50 
BENZO(G,H,I)PERYLENE 5/6 180 100 1.80 
BENZO(K)FLUORANTHENE 6/6 130 100 1.30 
CHRYSENE 6/6 260 100 2.60 
DIBENZO(A,H)ANTHRACENE 2/6 28 100 0.28 
FLUORANTHENE 6/6 540 100 5.40 
FLUORENE 2/6 19.0 100 0.19  
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Table 6-1. Comparison of Site 18 Soil Concentrations to Ecological 
Screening Levels (continued) 

Analyte 
No. of 

Detects

Site 18 
Maximum Soil 
Concentrationa 

Soil Screening 
Thresholdb 

Hazard 
Quotient

INDENO(1,2,3-CD)PYRENE 5/6 190 100 1.90 
NAPHTHALENE 4/6 11.0 100 0.11 
PHENANTHRENE 4/6 280 100 2.80 
PYRENE 5/6 520 100 5.20 
Pesticides/PCBs (µg/kg)     
4,4’-DDD 3/6 4.90 100 0.05 
4,4’-DDE 3/6 53 100 0.53 
4,4’-DDT 3/6 19 100 0.19 
ALDRIN2  0/6 [2.3] 100 0.02 
ALPHA-CHLORDANE 0/6 [2.9] 100 0.03 
AROCLOR-1016 0/6 [23] 100 0.23 
AROCLOR-1221 0/6 [23] 100 0.23 
AROCLOR-1232 0/6 [23] 100 0.23 
AROCLOR-1242 0/6 [23] 100 0.23 
AROCLOR-1248 0/6 [23] 100 0.23 
AROCLOR-1254 0/6 [23] 100 0.23 
AROCLOR-1260 0/6 [23] 100 0.23 
CHLORDANE 0/6 [23] 100 0.23 
DIELDRIN 0/6 [4.6] 0.032d 144 
ENDRIN 0/6 [4.6] 100 0.05 
GAMMA-BHC (LINDANE) 0/6 [2.3] 100 0.02 
GAMMA-CHLORDANE 1/6 [2.3] 100 0.02 
HEPTACHLOR EPOXIDE 0/6 [2.3] 100 0.02 
METHOXYCHLOR 0/6 [23] 100 0.23 
Explosives (µg/kg)     
1,3,5-TRINITROBENZENE 0/5 [340] 380e 0.89 
1,3-DINITROBENZENE 0/5 [340] 660e 0.52 
2,4,6-TRINITROTOLUENE 0/5 [340] 8000e 0.04 
2,4-DINITROTOLUENE 0/5 [340] 1300e 0.26 
2,6-DINITROTOLUENE 0/5 [340] 30e 11.33 
2-AMINO-4,6-DINITROTOLUENE 0/5 [340] 5300e 0.06 
2-NITROTOLUENE 0/5 [680] NA NA 
3-NITROTOLUENE 0/5 [680] NA NA 
4-AMINO-2,6-DINITROTOLUENE 0/5 [340] 3600e 0.09 
4-NITROTOLUENE 0/5 [680] NA NA 
HMX 0/5 [680] 43000e 0.02 
NITROBENZENE 0/5 [340] NA NA 
NITROGLYCERIN 0/6 [6900] NA NA 
NITROGUANIDINE 0/6 [0.025] NA NA 
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Table 6-1. Comparison of Site 18 Soil Concentrations to Ecological 
Screening Levels (continued) 

Analyte 
No. of 

Detects

Site 18 
Maximum Soil 
Concentrationa 

Soil Screening 
Thresholdb 

Hazard 
Quotient

RDX 0/5 [680] 8000e 0.09 
TETRYL 0/5 [680] NA NA 
SVOCs (µg/kg)     
1,2,4,5-TETRACHLOROBENZENE 0/6 [460] 100 4.60 
2,3,4,6-TETRACHLOROPHENOL 0/6 [460] 100 4.60 
2,4,5-TRICHLOROPHENOL 0/6 [1100] 100 11.00 
2,4,6-TRICHLOROPHENOL 0/6 [460] 100 4.60 
2,4-DICHLOROPHENOL 0/6 [460] 100 4.60 
2,4-DIMETHYLPHENOL 0/6 [460] 100 4.60 
2,4-DINITROPHENOL 0/6 [1100] 100 11.00 
2,6-DICHLOROPHENOL 0/6 [460] 100 4.60 
2-CHLORONAPHTHALENE 0/6 [460] NA NA 
2-CHLOROPHENOL 0/6 [460] 100 4.60 
2-METHYLNAPHTHALENE 0/6 [460] NA NA 
2-METHYLPHENOL 0/6 [460] 100 4.60 
4-METHYLPHENOL 0/6 [460] 100 4.60 
4-NITROPHENOL 0/6 [1100] 100 11.00 
BENZOIC ACID 0/6 [1100] NA NA 
BENZYL ALCOHOL 0/6 [460] NA NA 
BIS(2-ETHYLHEXYL)PHTHALATE 0/6 [460] NA NA 
BUTYL BENZYL PHTHALATE 0/6 [460] NA NA 
DI-N-BUTYL PHTHALATE 0/6 [460] NA NA 
DI-N-OCTYL PHTHALATE 0/6 [460] NA NA 
DIBENZOFURAN 0/6 [460] NA NA 
DIETHYL PHTHALATE 0/6 [460] NA NA 
DIMETHYL PHTHALATE 0/6 [460] NA NA 
N-NITROSODIPHENYLAMINE 0/6 [460] NA NA 
PENTACHLOROBENZENE 0/6 [460] 100 4.60 
PENTACHLOROPHENOL 0/6 [1100] 100 11.00 
PHENOL 0/6 [460] 100 4.60 

a Values in brackets represent the maximum detection limit for nondetects. 
b Screening levels from EPA Region 3 (1995) unless otherwise noted. 
c According to EPA soil screening guidance (2003), aluminum is not of concern at pH > 5.5. 
d Soil Screening Levels from EPA 2005. The minimum of the SSLs for plants and invertebrates was used 

preferentially over wildlife SSLs since screening level food chain models are constructed as part of this 
site screening process report. 

e Soil screening levels for explosives from Los Alamos National Laboratory (LANL 2004). 
NA = Not applicable. 
Shaded cells indicate Hazard Quotients greater than 1. 
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Table 6-2. Comparison of Site 18 Sediment Concentrations to Ecological 
Screening Levels 

Analyte 
No. of 

Detects 

Site 18 
Maximum 
Sediment 

Concentration 

Sediment 
Screening 
Threshold 

Screening 
HQ 

Inorganics (mg/kg)         
ALUMINUM 6/6 18100 18000a 1.01 
ANTIMONY 0/6 [0.74] 150 5.0E-03 
ARSENIC 6/6 56.1 8.2 6.84 
BARIUM 6/6 138 48a 2.87 
BERYLLIUM 6/6 4 NA NA 
BORON 2/6 10.3 NA NA 
CADMIUM 6/6 2.1 1.2 1.75 
CHROMIUM 6/6 28.2 260 0.11 
COBALT 6/6 93.9 50a 1.88 
COPPER 6/6 33.4 34 0.98 
IRON 6/6 27800 20000b 1.39 
LEAD 6/6 55.1 46.7 1.18 
MAGNESIUM 6/6 2650 NA NA 
MANGANESE 6/6 569 460b 1.24 
MERCURY 6/6 0.5 0.15 3.33 
MOLYBDENUM 0/6 [4.9] NA NA 
NICKEL 6/6 83.7 20.9 4.00 
SELENIUM 3/6 1.8 2b 0.90 
SILVER 6/6 7.2 1 7.20 
THALLIUM 0/6 [0.36] NA NA 
TIN 5/6 2.3 NA NA 
URANIUM 6/6 3.4 NA NA 
VANADIUM 6/6 79 57a 1.39 
ZINC 6/6 248 150 1.65 
PAHs (µg/kg)         
ACENAPHTHENE 6/6 17 16 1.06 
ACENAPHTHYLENE 2/6 [130] 44 2.95 
ANTHRACENE 5/6 38 85.3 0.45 
BENZO(A)ANTHRACENE 5/6 230 261 0.88 
BENZO(A)PYRENE 6/6 190 430 0.44 
BENZO(B)FLUORANTHENE 6/6 370 3200 0.12 
BENZO(G,H,I)PERYLENE 6/6 84 670 0.13 
BENZO(K)FLUORANTHENE 6/6 86 3200c 0.03 
CHRYSENE 6/6 190 384 0.49 
DIBENZO(A,H)ANTHRACENE 1/6 54 65.4 0.83 
FLUORANTHENE 6/6 610 600 1.02 
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Table 6-2. Comparison of Site 18 Sediment Concentrations to Ecological 

Screening Levels (continued) 

Analyte 
No. of 

Detects 

Site 18 
Maximum 
Sediment 

Concentration 

Sediment 
Screening 
Threshold 

Screening 
HQ 

FLUORENE 5/6 [99] 19 5.16 
INDENO(1,2,3-CD)PYRENE 5/6 140 600 0.23 
NAPHTHALENE 6/6 12 160 0.08 
PHENANTHRENE 5/6 300 240 1.25 
PYRENE 6/6 380 665 0.57 
Total PAHs 6/6 3676 4200 0.88 
Pesticides/PCBs (µg/kg)         
4,4'-DDD 4/6 51 16 3.19 
4,4'-DDE 5/6 38 2.2 17.3 
4,4'-DDT 0/6 [21] 1.58 13.3 
Total 4,4'-DDx 5/6  71.9 1.58 45.5 
ALDRIN 0/6 [11] 2b 5.5 
ALPHA-CHLORDANE 1/6 [11] 0.5 22.0 
AROCLOR-1016 0/6 [110] 22.7 4.85 
AROCLOR-1221 0/6 [110] 22.7 4.85 
AROCLOR-1232 0/6 [110] 22.7 4.85 
AROCLOR-1242 0/6 [110] 22.7 4.85 
AROCLOR-1248 0/6 [110] 22.7 4.85 
AROCLOR-1254 0/6 [110] 22.7 4.85 
AROCLOR-1260 0/6 [110] 22.7 4.85 
CHLORDANE 0/6 [110] NA NA 
DIELDRIN 0/6 [21] 1.9b 11.1 
ENDRIN 0/6 [21] 2.22b 9.46 
GAMMA-BHC (LINDANE) 0/6 [11] 2.37b 4.64 
GAMMA-CHLORDANE 0/6 [110] 0.5 220 
HEPTACHLOR EPOXIDE 0/6 [11] 2.47b 4.45 
METHOXYCHLOR 0/6 [110] 18.7b 5.88 
Explosives (µg/kg)         
1,3,5-TRINITROBENZENE 1/6 9400 NA NA 
1,3-DINITROBENZENE 0/6 [1600] NA NA 
2,4,6-TRINITROTOLUENE 0/6 [1600] 92b 17.4 
2,4-DINITROTOLUENE 0/6 [1600] 41.6b 38.5 
2,6-DINITROTOLUENE 0/6 [1600] NA NA 
2-AMINO-4,6-
DINITROTOLUENE 0/6 [1600] NA NA 
2-NITROTOLUENE 0/6 [3200] NA NA 
3-NITROTOLUENE 0/6 [3200] NA NA 
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Table 6-2. Comparison of Site 18 Sediment Concentrations to Ecological 
Screening Levels (continued) 

Analyte 
No. of 

Detects 

Site 18 
Maximum 
Sediment 

Concentration 

Sediment 
Screening 
Threshold 

Screening 
HQ 

4-AMINO-2,6-
DINITROTOLUENE 0/6 [1600] NA NA 
4-NITROTOLUENE 0/6 [3200] 4060b 0.79 
HMX 0/6 [3200] NA NA 
NITROBENZENE 0/6 [1600] NA NA 
NITROGLYCERIN 0/6 [32000] NA NA 
NITROGUANIDINE 0/6 [0.025] NA NA 
RDX 0/6 [3200] 13b 246 
TETRYL 0/6 [3200] NA NA 
SVOCs (µg/kg)         
1,2,4,5-
TETRACHLOROBENZENE 0/6 [2100] 1090b 1.93 
2,3,4,6-TETRACHLOROPHENOL 0/6 [2100] 284b 7.39 
2,4,5-TRICHLOROPHENOL 0/6 [5300] NA NA 
2,4,6-TRICHLOROPHENOL 0/6 [2100] 213b 9.86 
2,4-DICHLOROPHENOL 0/6 [2100] 117b 17.9 
2,4-DIMETHYLPHENOL 0/6 [2100] 29 72.4 
2,4-DINITROPHENOL 0/6 [5300] NA NA 
2,6-DICHLOROPHENOL 0/6 [2100] NA NA 
2-CHLORONAPHTHALENE 0/6 [2100] NA NA 
2-CHLOROPHENOL 0/6 [2100] 31.2b NA 
2-METHYLNAPHTHALENE 0/6 [2100] 70 30.0 
2-METHYLPHENOL 0/6 [2100] 63 33.3 
4-METHYLPHENOL 0/6 [2100] 670 3.13 
4-NITROPHENOL 0/6 [5300] NA NA 
BENZOIC ACID 0/6 [5300] 650 8.15 
BENZYL ALCOHOL 0/6 [2100] 57 36.8 
BIS(2-
ETHYLHEXYL)PHTHALATE 0/6 [2100] 1300 1.62 
BUTYL BENZYL PHTHALATE 0/6 [2100] 63 33.3 
DI-N-BUTYL PHTHALATE 0/6 [2100] 6470b 0.32 
DI-N-OCTYL PHTHALATE 0/6 [2100] 6200 0.34 
DIBENZOFURAN 0/6 [2100] 415b 5.06 
DIETHYL PHTHALATE 0/6 [2100] 200 10.50 
DIMETHYL PHTHALATE 0/6 [2100] 71 29.58 
N-NITROSODIPHENYLAMINE 0/6 [2100] 2680b 0.78 
PENTACHLOROBENZENE 0/6 [2100] 8890b 0.24 
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Table 6-2. Comparison of Site 18 Sediment Concentrations to Ecological 
Screening Levels (continued) 

Analyte 
No. of 

Detects 

Site 18 
Maximum 
Sediment 

Concentration 

Sediment 
Screening 
Threshold 

Screening 
HQ 

PENTACHLOROPHENOL 0/6 [5300] 360 14.72 
PHENOL 0/6 [2100] 420 5.00 

a Apparent Effects Threshold from Sediment Quick Reference Table (Buchman, 1999). 
b No marine/estuarine screening value available, tabulated value represents Region 3 freshwater sediment 

screening value. 
c Benzo(b)fluoranthene used as a surrogate. 
Values in brackets represent detection limits. 
NA = Not applicable/not available. 
Shaded cells indicate Hazard Quotients greater than 1. 
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Table 6-3. Food Chain Exposure Parameters for Mallard 
Equation Term Value Source 
IRsed 0.00198 kg/d Calculated as 3.3% of Total Ingestion Rate. Considered in 

equations 1-4 as a separate term in addition to total food 
ingestion.  Mallard sediment ingestion rate of 3.3% from 
Beyer et al. (1994).  

IRtotal 0.06 kg/d Total Ingestion Rate of 0.06 kg/d calculated using allometric 
equation for non-passerine birds from Wildlife Exposure 
Factors Handbook (EPA, 1993). Mallard dietary intake is 
modeled three ways: herbivore (100% plant), insectivore 
(100% invertebrates), and omnivore (90% plant, 10% 
invertebrate). 

Site Use Factor 1 A SUF of 1 is used to be protective of all omnivorous birds 
for which the mallard serves as a surrogate.  The SUF is 
divided proportionally by area with the wetland comprising 
42% of the exposure, and the upland comprising 58% of the 
exposure.   

Body Weight 
(BW) 

1.16 kg Average of the mean values of three studies reporting weights 
of adult mallards of both sexes, reported in Wildlife Exposure 
Factors Handbook (EPA 1993) 

 

Table 6-4. Food Chain Exposure Parameters for Raccoon 
Equation Term Value Source 
IRsed 0.03 kg/d Calculated as 10% of Total Ingestion Rate. Considered in 

equations 1-4 as a separate term in addition to total food 
ingestion.  Raccoon sediment ingestion rate of 10% from Beyer 
et al. (1994).  

IRtotal 0.3 kg/d Total Ingestion Rate of 0.3 kg/d calculated using allometric 
equation for all mammals from Wildlife Exposure Factors 
Handbook (EPA 1993). Raccoon dietary in take is modeled two 
ways: omnivore (50% plant, 40% invertebrate, 10% fish), and 
piscivore (100% fish). 

SUF 1 A SUF of 1 is used to be protective of all omnivorous mammals 
for which the raccoon serves as a surrogate.  Based on reported 
home ranges, a more realistic SUF for raccoon in this area 
would likely be between 0.05 and 0.1. For the omnivorous 
model, the SUF is divided proportionally by area with the 
wetland comprising 42% of the exposure, and the upland 
comprising 58% of the exposure. For the piscivorous model, 
exposure is considered to be 100% wetland. 

BW 6 kg Average of the mean values of studies reporting weights of 
adult raccoons, reported in Wildlife Exposure Factors 
Handbook (EPA, 1993) 
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Table 6-5. Food Chain Exposure Parameters for Great Blue Heron 
Equation Term Value Source 

IRsed 0.002 kg/d 
(dry wt) 

Calculated as 2% of Total Ingestion Rate.  Total Ingestion of 
0.105 kg/d (dry wt) based on ingestion rate of 0.18 kg/kg-d 
(wet wt) from Wildlife Exposure Factors Handbook (EPA 
1993) adjusted for body weight and converted to dry wt by 
assuming average of 75% moisture in prey items.  Sediment 
ingestion rate of 2% from Beyer et al. (1994), based on 
estimates for blue-winged teal and ring-necked ducks.  

IRfish 0.105 kg/d Calculated as 100% of Total Ingestion from EPA (1993).  The 
four studies listed in EPA 1993 report the diet of the great 
blue heron as comprised of 94–100% fish, with invertebrates, 
amphibians, birds, and mammals comprising the non-fish 
portion of the diet. For the purposes of evaluating risk to 
piscivores, the great blue heron will be assumed to have a diet 
of 100% fish. 

SUF 1 A SUF of 1 is used to be protective of all piscivorous birds 
for which the great blue heron serves as a surrogate.  Since 
the great blue heron is modeled as a piscivore, exposure is 
considered to be 100% wetland. 

BW 2.336 kg Mean of all adult body weights reported in Wildlife Exposure 
Factors Handbook (EPA, 1993) 
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Table 6-6. Screening Level Food Chain Results for Mallard (herbivorous diet) 

Analyte 

Mallard 
Upland 

Dose 
(mg/kg-d) 

Mallard 
Wetland 

Dose 
(mg/kg-d)

Total 
Dose 

(mg/kg-d)

LOAEL 
TRV 

(mg/kg-d)

NOAEL 
TRV 

(mg/kg-d) 
LOAEL 

HQ 
NOAEL 

HQ 
ALUMINUM 9.87E+00 1.45E+01 2.44E+01 NA NA NA NA 
ANTIMONY 3.36E-03 3.75E-03 7.10E-03 NA NA NA NA 
ARSENIC 2.97E-02 8.54E-02 1.15E-01 7.38 2.24 0.02 0.05 
BARIUM 5.54E-01 5.49E-01 1.10E+00 41.7 20.8 0.03 0.05 
BERYLLIUM 1.68E-03 3.74E-03 5.41E-03 NA NA NA NA 
BORON 6.90E-01 9.64E-01 1.65E+00 NA NA NA NA 
CADMIUM 3.94E-03 2.50E-02 2.89E-02 20.3 1.47 1.42E-03 0.02 
CHROMIUM 2.08E-02 2.48E-02 4.56E-02 5 2.66 9.12E-03 0.02 
COBALT 1.24E-02 1.08E-01 1.21E-01 NA 7.61 NA 0.02 
COPPER 1.53E-01 1.13E-01 2.66E-01 61.7 47 4.31E-03 5.65E-03
IRON 2.46E+01 2.23E+01 4.70E+01 NA NA NA NA 
LEAD 7.59E-02 8.46E-02 1.61E-01 39.6 1.63 4.05E-03 0.10 
MAGNESIUM 3.72E+01 5.95E+01 9.67E+01 NA NA NA NA 
MANGANESE 1.16E+00 3.50E+00 4.66E+00 997 99.7 4.68E-03 0.05 
MERCURY 2.60E-03 4.10E-03 6.70E-03 0.064 0.0064 0.10 1.05 
MOLYBDENUM 1.61E-02 3.01E-02 4.63E-02 NA NA NA NA 
NICKEL 5.06E-02 1.22E-01 1.73E-01 107 77.4 1.61E-03 2.23E-03
SELENIUM 2.52E-02 2.35E-02 4.87E-02 1 0.5 0.05 0.10 
SILVER 4.16E-02 6.77E-02 1.09E-01 54.4 5.44 2.01E-03 0.02 
THALLIUM 2.14E-02 8.08E-03 2.95E-02 NA NA NA NA 
TIN 2.65E-03 3.15E-03 5.79E-03 NA NA NA NA 
URANIUM 1.25E-03 3.07E-03 4.31E-03 NA NA NA NA 
VANADIUM 5.96E-02 6.59E-02 1.25E-01 NA 0.344 NA 0.36 
ZINC 5.36E-01 2.11E+00 2.64E+00 131 14.5 0.02 0.18 
Total PAHs 1.08E-01 8.25E-02 1.91E-01 20 2 0.01 0.10 
Total 4,4’-DDx 3.08E-03 1.61E-03 4.70E-03 0.027 0.0093 0.17 0.51 
ALPHA-
CHLORDANE 4.49E-05 2.22E-04 2.67E-04 10.7 2.14 2.5E-05 1.25E-04
AROCLOR-1016 4.34E-04 1.23E-03 1.67E-03 1.8 0.18 9.27E-04 9.27E-03
AROCLOR-1221 4.34E-04 1.23E-03 1.67E-03 1.8 0.18 9.27E-04 9.27E-03
AROCLOR-1232 4.34E-04 1.23E-03 1.67E-03 1.8 0.18 9.27E-04 9.27E-03
AROCLOR-1242 4.34E-04 1.23E-03 1.67E-03 1.8 0.18 9.27E-04 9.27E-03
AROCLOR-1248 4.34E-04 1.23E-03 1.67E-03 1.8 0.18 9.27E-04 9.27E-03
AROCLOR-1254 4.34E-04 1.23E-03 1.67E-03 1.8 0.18 9.27E-04 9.27E-03
AROCLOR-1260 4.34E-04 1.23E-03 1.67E-03 1.8 0.18 9.27E-04 9.27E-03
GAMMA-
CHLORDANE 4.34E-04 1.23E-03 1.28E-03 10.7 2.14 1.19E-04 5.97E-04

NA = Not applicable/not available. 
Shaded cells indicate Hazard Quotients greater than 1. 
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Table 6-7. Screening Level Food Chain Results for Mallard (omnivorous diet) 

Analyte 

Mallard 
Upland 

Dose 
(mg/kg-d) 

Mallard 
Wetland 

Dose 
(mg/kg-d)

Total 
Dose 

(mg/kg-d)

LOAEL 
TRV 

(mg/kg-d)

NOAEL 
TRV 

(mg/kg-d) 
LOAEL 

HQ 
NOAEL 

HQ 
ALUMINUM 3.64E+01 5.37E+01 9.01E+01 NA NA NA NA 
ANTIMONY 4.51E-03 5.03E-03 9.54E-03 NA NA NA NA 
ARSENIC 3.35E-02 9.64E-02 1.30E-01 7.38 2.24 0.02 0.06 
BARIUM 8.12E-01 8.03E-01 1.62E+00 41.7 20.8 0.04 0.08 
BERYLLIUM 5.54E-03 1.23E-02 1.79E-02 NA NA NA NA 
BORON 6.38E-01 8.92E-01 1.53E+00 NA NA NA NA 
CADMIUM 4.29E-03 3.66E-02 4.09E-02 20.3 1.47 0.00 0.03 
CHROMIUM 7.17E-02 8.56E-02 1.57E-01 5 2.66 0.03 0.06 
COBALT 3.53E-02 3.08E-01 3.43E-01 NA 7.61 NA 0.05 
COPPER 2.38E-01 1.77E-01 4.15E-01 61.7 47 0.01 0.01 
IRON 9.10E+01 8.25E+01 1.73E+02 NA NA NA NA 
LEAD 7.90E-02 8.80E-02 1.67E-01 39.6 1.63 0.00 0.10 
MAGNESIUM 3.72E+01 5.95E+01 9.67E+01 NA NA NA NA 
MANGANESE 1.47E+00 4.43E+00 5.90E+00 997 99.7 0.01 0.06 
MERCURY 2.49E-03 5.71E-03 8.20E-03 0.064 0.0064 0.13 1.28 
MOLYBDENUM 2.04E-02 3.81E-02 5.85E-02 NA NA NA NA 
NICKEL 1.23E-01 2.98E-01 4.21E-01 107 77.4 0.00 0.01 
SELENIUM 2.70E-02 2.52E-02 5.22E-02 1 0.5 0.05 0.10 
SILVER 4.73E-02 7.71E-02 1.24E-01 54.4 5.44 0.00 0.02 
THALLIUM 2.75E-03 1.04E-03 3.79E-03 NA NA NA NA 
TIN 6.72E-03 7.99E-03 1.47E-02 NA NA NA NA 
URANIUM 4.22E-03 1.04E-02 1.46E-02 NA NA NA NA 
VANADIUM 6.52E-02 7.22E-02 1.37E-01 NA 0.344 NA 0.40 
ZINC 6.24E-01 2.45E+00 3.08E+00 131 14.5 0.02 0.21 
Total PAHs 1.08E-01 8.25E-02 1.91E-01 20 2 0.01 0.10 
Total 4,4’-DDx 4.31E-03 2.25E-03 6.56E-03 0.052 0.0093 0.13 0.71 
ALPHA-
CHLORDANE 4.06E-05 2.01E-04 2.41E-04 10.7 2.14 2.25E-05 1.13E-04
AROCLOR-1016 3.92E-04 1.11E-03 1.51E-03 1.8 0.18 8.37E-04 8.37E-03
AROCLOR-1221 3.92E-04 1.11E-03 1.51E-03 1.8 0.18 8.37E-04 8.37E-03
AROCLOR-1232 3.92E-04 1.11E-03 1.51E-03 1.8 0.18 8.37E-04 8.37E-03
AROCLOR-1242 3.92E-04 1.11E-03 1.51E-03 1.8 0.18 8.37E-04 8.37E-03
AROCLOR-1248 3.92E-04 1.11E-03 1.51E-03 1.8 0.18 8.37E-04 8.37E-03
AROCLOR-1254 3.92E-04 1.11E-03 1.51E-03 1.8 0.18 8.37E-04 8.37E-03
AROCLOR-1260 3.92E-04 1.11E-03 1.51E-03 1.8 0.18 8.37E-04 8.37E-03
GAMMA-
CHLORDANE 4.34E-04 1.23E-03 1.67E-03 10.7 2.14 1.56E-04 7.79E-04

NA = Not applicable/not available. 
Shaded cells indicate Hazard Quotients greater than 1. 
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Table 6-8. Screening Level Food Chain Results for Mallard (invertebrate diet) 

Analyte 

Mallard 
Upland 

Dose 
(mg/kg-d) 

Mallard 
Wetland 

Dose 
(mg/kg-d)

Total 
Dose 

(mg/kg-d)

LOAEL 
TRV 

(mg/kg-d)

NOAEL 
TRV 

(mg/kg-d) 
LOAEL 

HQ 
NOAEL 

HQ 
ALUMINUM 2.76E+02 4.06E+02 6.82E+02 NA NA NA NA 
ANTIMONY 1.49E-02 1.66E-02 3.15E-02 NA NA NA NA 
ARSENIC 6.77E-02 1.95E-01 2.63E-01 7.38 2.24 0.04 0.12 
BARIUM 3.13E+00 3.10E+00 6.23E+00 41.7 20.8 0.15 0.30 
BERYLLIUM 4.03E-02 8.98E-02 1.30E-01 NA NA NA NA 
BORON 1.77E-01 2.47E-01 4.23E-01 NA NA NA NA 
CADMIUM 2.24E-02 1.42E-01 1.64E-01 20.3 1.47 0.01 0.11 
CHROMIUM 5.30E-01 6.33E-01 1.16E+00 5 2.66 0.23 0.44 
COBALT 2.42E-01 2.11E+00 2.35E+00 NA 7.61 NA 0.31 
COPPER 1.01E+00 7.50E-01 1.76E+00 61.7 47 0.03 0.04 
IRON 6.88E+02 6.24E+02 1.31E+03 NA NA NA NA 
LEAD 1.06E-01 1.19E-01 2.25E-01 39.6 1.63 0.01 0.14 
MAGNESIUM 3.72E+01 5.95E+01 9.67E+01 NA NA NA NA 
MANGANESE 4.25E+00 1.28E+01 1.70E+01 997 99.7 0.02 0.17 
MERCURY 1.47E-03 2.02E-02 2.17E-02 0.064 0.0064 0.34 3.39 
MOLYBDENUM 5.89E-02 1.10E-01 1.69E-01 NA NA NA NA 
NICKEL 7.78E-01 1.88E+00 2.66E+00 107 77.4 0.02 0.03 
SELENIUM 4.34E-02 4.04E-02 8.38E-02 1 0.5 0.08 0.17 
SILVER 9.92E-02 1.62E-01 2.61E-01 54.4 5.44 0.00 0.05 
THALLIUM 2.14E-02 8.08E-03 2.95E-02 NA NA NA NA 
TIN 4.34E-02 5.16E-02 9.50E-02 NA NA NA NA 
URANIUM 3.10E-02 7.63E-02 1.07E-01 NA NA NA NA 
VANADIUM 1.16E-01 1.29E-01 2.45E-01 NA 0.344 NA 0.71 
ZINC 1.42E+00 5.57E+00 6.98E+00 131 14.5 0.05 0.48 
Total PAHs 1.08E-01 8.25E-02 1.91E-01 20 2 0.01 0.10 
Total 4,4’-DDx 1.53E-02 8.02E-03 2.33E-02 0.027 0.0093 0.86 2.51 
ALPHA-
CHLORDANE 4.49E-05 2.22E-04 2.67E-04 10.7 2.14 2.50E-05 1.25E-04
AROCLOR-1016 4.34E-04 1.23E-03 1.67E-03 1.8 0.18 9.27E-04 9.27E-03
AROCLOR-1221 4.34E-04 1.23E-03 1.67E-03 1.8 0.18 9.27E-04 9.27E-03
AROCLOR-1232 4.34E-04 1.23E-03 1.67E-03 1.8 0.18 9.27E-04 9.27E-03
AROCLOR-1242 4.34E-04 1.23E-03 1.67E-03 1.8 0.18 9.27E-04 9.27E-03
AROCLOR-1248 4.34E-04 1.23E-03 1.67E-03 1.8 0.18 9.27E-04 9.27E-03
AROCLOR-1254 4.34E-04 1.23E-03 1.67E-03 1.8 0.18 9.27E-04 9.27E-03
AROCLOR-1260 4.34E-04 1.23E-03 1.67E-03 1.8 0.18 9.27E-04 9.27E-03
GAMMA-
CHLORDANE 4.34E-04 1.23E-03 1.28E-03 10.7 2.14 1.19E-04 5.97E-04

NA = Not applicable/not available. 
Shaded cells indicate Hazard Quotients greater than 1. 
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Table 6-9. Screening Level Food Chain Results for Great Blue Heron 
(piscivorous diet) 

Analyte 
Total Dose 
(mg/kg-d) 

LOAEL 
TRV 

(mg/kg-d)

NOAEL 
TRV 

(mg/kg-d)
LOAEL 

HQ 
NOAEL 

HQ 
ALUMINUM 8.29E+02 NA NA NA NA 
ANTIMONY 3.39E-02 NA NA NA NA 
ARSENIC 2.57E+00 7.38 2.24 0.35 1.15 
BARIUM 6.32E+00 41.7 20.8 0.15 0.30 
BERYLLIUM 1.83E-01 NA NA NA NA 
BORON 5.04E-01 NA NA NA NA 
CADMIUM 9.62E-02 20.3 1.47 0.00 0.07 
CHROMIUM 1.29E+00 5 2.66 0.26 0.49 
COBALT 4.30E+00 NA 7.61 NA 0.57 
COPPER 1.53E+00 61.7 47 0.02 0.03 
IRON 1.27E+03 NA NA NA NA 
LEAD 1.81E-01 39.6 1.63 0.00 0.11 
MAGNESIUM 1.21E+02 NA NA NA NA 
MANGANESE 2.61E+01 997 99.7 0.03 0.26 
MERCURY 9.19E-03 0.064 0.0064 0.14 1.44 
NICKEL 3.83E+00 107 77.4 0.04 0.05 
SELENIUM 8.24E-02 1 0.5 0.08 0.16 
SILVER 3.30E-01 54.4 5.44 0.01 0.06 
THALLIUM 1.65E-02 NA NA NA NA 
TIN 1.05E-01 NA NA NA NA 
URANIUM 1.56E-01 NA NA NA NA 
VANADIUM 3.62E+00 NA 0.344 NA 10.52 
ZINC 1.14E+01 131 14.5 0.09 0.78 
Total PAHs 5.11E-02 20 2 2.55E-03 0.03 
Total 4,4’-DDx 3.94E-03 0.027 0.0093 0.15 0.42 
ALPHA-CHLORDANE 2.13E-03 10.7 2.14 1.99E-04 9.96E-04 
AROCLOR-1016 3.26E-03 1.8 0.18 1.81E-03 0.02 
AROCLOR-1221 3.26E-03 1.8 0.18 1.81E-03 0.02 
AROCLOR-1232 3.26E-03 1.8 0.18 1.81E-03 0.02 
AROCLOR-1242 3.26E-03 1.8 0.18 1.81E-03 0.02 
AROCLOR-1248 3.26E-03 1.8 0.18 1.81E-03 0.02 
AROCLOR-1254 3.26E-03 1.8 0.18 1.81E-03 0.02 
AROCLOR-1260 3.26E-03 1.8 0.18 1.81E-03 0.02 
GAMMA-CHLORDANE 1.18E-02 10.7 2.14 1.11E-03 5.53E-03 

NA = Not applicable/not available. 
Shaded cells indicate Hazard Quotients greater than 1. 
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Table 6-10. Screening Level Food Chain Results for Raccoon (Omnivorous Diet) 

Analyte 

Raccoon 
Upland 

Dose 
(mg/kg-d)

Raccoon 
Wetland 

Dose 
(mg/kg-d)

Total 
Dose 

(mg/kg-d)

LOAEL 
TRV 

(mg/kg-d) 

NOAEL 
TRV 

(mg/kg-d)
LOAEL 

HQ 
NOAEL 

HQ 
ALUMINUM 1.55E+02 2.67E+02 4.22E+02 NA NA NA NA 
ANTIMONY 9.47E-03 1.21E-02 2.16E-02 NA 0.059 NA 0.37 
ARSENIC 7.29E-02 2.25E-01 2.98E-01 NA 1.04 NA 0.29 
BARIUM 1.93E+00 2.20E+00 4.14E+00 NA 51.8 NA 0.08 
BERYLLIUM 2.28E-02 5.91E-02 8.19E-02 NA 0.532 NA 0.15 
BORON 3.64E-01 5.31E-01 8.95E-01 NA NA NA NA 
CADMIUM 5.61E-03 9.48E-02 1.00E-01 10 0.77 0.01 0.13 
CHROMIUM 2.99E-01 4.16E-01 7.15E-01 13.4 2.4 0.05 0.30 
COBALT 1.38E-01 1.40E+00 1.53E+00 NA 7.33 NA 0.21 
COPPER 6.14E-01 5.25E-01 1.14E+00 15.1 11.7 0.08 0.10 
IRON 3.87E+02 4.10E+02 7.97E+02 NA NA NA NA 
LEAD 1.54E-01 1.79E-01 3.33E-01 NA 4.7 NA 0.07 
MAGNESIUM 3.48E+01 6.12E+01 9.60E+01 NA NA NA NA 
MANGANESE 2.78E+00 9.56E+00 1.23E+01 284 88 0.04 0.14 
MERCURY 2.19E-03 1.29E-02 1.50E-02 0.16 0.032 0.09 0.47 
MOLYBDENUM 3.86E-02 8.23E-02 1.21E-01 NA NA NA NA 
NICKEL 4.47E-01 1.25E+00 1.70E+00 80 40 0.02 0.04 
SELENIUM 3.36E-02 3.50E-02 6.86E-02 0.33 0.2 0.21 0.34 
SILVER 7.05E-02 1.30E-01 2.01E-01 18.1 1.81 0.01 0.11 
THALLIUM 2.00E-02 8.32E-03 2.83E-02 0.074 0.0074 0.38 3.83 
TIN 2.48E-02 3.44E-02 5.92E-02 NA NA NA NA 
URANIUM 1.75E-02 5.02E-02 6.77E-02 NA NA NA NA 
VANADIUM 1.85E-01 2.11E-01 3.96E-01 NA 4.16 NA 0.10  
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Table 6-10. Screening Level Food Chain Results for Raccoon (Omnivorous Diet) (continued) 

Analyte 

Raccoon 
Upland 

Dose 
(mg/kg-d)

Raccoon 
Wetland 

Dose 
(mg/kg-d)

Total 
Dose 

(mg/kg-d)

LOAEL 
TRV 

(mg/kg-d) 

NOAEL 
TRV 

(mg/kg-d)
LOAEL 

HQ 
NOAEL 

HQ 
ZINC 9.85E-01 4.39E+00 5.38E+00 320 160 0.02 0.03 
ACENAPHTHENE 6.38E-04 3.67E-04 1.01E-03 35 17.5 2.87E-05 5.74E-05
ACENAPHTHYLENE 7.83E-04 3.03E-04 1.09E-03 700 70 1.6E-06 1.55E-05
ANTHRACENE 1.60E-03 8.21E-04 2.42E-03 1000 100 2.42E-06 2.42E-05
BENZO(A)ANTHRACENE 1.25E-02 4.97E-03 1.74E-02 1.7 0.17 0.01 0.10 
BENZO(A)PYRENE 1.07E-02 4.11E-03 1.48E-02 10 1.31 1.48E-03 0.01 
BENZO(B)FLUORANTHENE 1.31E-02 8.00E-03 2.10E-02 40 4 5.26E-04 5.26E-03
BENZO(G,H,I)PERYLENE 5.22E-03 1.82E-03 7.04E-03 72 7.2 9.77E-05 9.77E-04
BENZO(K)FLUORANTHENE 3.77E-03 1.86E-03 5.63E-03 72 7.2 7.82E-05 7.82E-04
CHRYSENE 7.54E-03 4.11E-03 1.16E-02 1.7 0.17 6.85E-03 0.07 
DIBENZO(A,H)ANTHRACENE 3.19E-04 1.17E-03 1.49E-03 13.3 1.33 1.12E-04 1.12E-03
FLUORANTHENE 1.57E-02 1.32E-02 2.88E-02 25 12.5 1.15E-03 2.31E-03
FLUORENE 5.51E-04 1.06E-03 1.61E-03 1250 125 1.29E-06 1.29E-05
INDENO(1,2,3-CD)PYRENE 5.51E-03 3.03E-03 8.54E-03 72 7.2 1.19E-04 1.19E-03
NAPHTHALENE 3.19E-04 2.59E-04 5.78E-04 NA NA NA NA 
PHENANTHRENE 8.12E-03 6.48E-03 1.46E-02 514 51.4 2.84E-05 2.84E-04
PYRENE 1.51E-02 8.21E-03 2.33E-02 12.5 7.5 1.86E-03 3.11E-03
Total 4,4’-DDx 8.80E-03 5.53E-03 1.43E-02 16 0.83 8.96E-04 0.02 
ALPHA-CHLORDANE 4.21E-05 3.07E-04 3.49E-04 9.2 4.58 3.79E-05 7.62E-05
AROCLOR-1016 4.06E-04 1.31E-03 1.71E-03 0.69 0.14 2.48E-03 1.22E-02
AROCLOR-1221 4.06E-04 1.31E-03 1.71E-03 0.69 0.14 2.48E-03 1.22E-02
AROCLOR-1232 4.06E-04 1.31E-03 1.71E-03 0.69 0.14 2.48E-03 1.22E-02
AROCLOR-1242 4.06E-04 1.31E-03 1.71E-03 0.69 0.14 2.48E-03 1.22E-02
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Table 6-10. Screening Level Food Chain Results for Raccoon (Omnivorous Diet) (continued) 

Analyte 

Raccoon 
Upland 

Dose 
(mg/kg-d)

Raccoon 
Wetland 

Dose 
(mg/kg-d)

Total 
Dose 

(mg/kg-d)

LOAEL 
TRV 

(mg/kg-d) 

NOAEL 
TRV 

(mg/kg-d)
LOAEL 

HQ 
NOAEL 

HQ 
AROCLOR-1248 4.06E-04 1.31E-03 1.71E-03 0.69 0.14 2.48E-03 1.22E-02
AROCLOR-1254 4.06E-04 1.31E-03 1.71E-03 0.69 0.14 2.48E-03 1.22E-02
AROCLOR-1260 4.06E-04 1.31E-03 1.71E-03 0.69 0.14 2.48E-03 1.22E-02
GAMMA-CHLORDANE 4.06E-05 1.41E-03 1.45E-03 9.2 4.6 1.58E-04 3.16E-04

NA = Not applicable/not available. 
Shaded cells indicate Hazard Quotients greater than 1. 
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Table 6-11. Screening Level Food Chain Results for Raccoon (Piscivorous Diet) 

Analyte 

Total 
Dose 

(mg/kg-d)

LOAEL 
TRV 

(mg/kg-d)

NOAEL 
TRV 

(mg/kg-d)
LOAEL 

HQ 
NOAEL 

HQ 
ALUMINUM 9.96E+02 NA NA NA NA 
ANTIMONY 4.07E-02 NA 0.059 NA 0.69 
ARSENIC 3.09E+00 NA 1.04 NA 2.97 
BARIUM 7.59E+00 NA 51.8 NA 0.15 
BERYLLIUM 2.20E-01 NA 0.532 NA 0.41 
BORON 6.05E-01 NA NA NA NA 
CADMIUM 1.16E-01 10 0.77 0.01 0.15 
CHROMIUM 1.55E+00 13.4 2.4 0.12 0.65 
COBALT 5.16E+00 NA 7.33 NA 0.70 
COPPER 1.84E+00 15.1 11.7 0.12 0.16 
IRON 1.53E+03 NA NA NA NA 
LEAD 3.03E+00 NA 4.7 NA 0.64 
MAGNESIUM 1.46E+02 NA NA NA NA 
MANGANESE 3.13E+01 284 88 0.11 0.36 
MERCURY 1.23E-02 0.16 0.032 0.08 0.38 
MOLYBDENUM 2.70E-01 NA NA NA NA 
NICKEL 4.60E+00 80 40 0.06 0.12 
SELENIUM 9.90E-02 0.33 0.2 0.30 0.50 
SILVER 3.96E-01 18.1 1.81 0.02 0.22 
TIN 1.27E-01 NA NA NA NA 
URANIUM 1.87E-01 NA NA NA NA 
VANADIUM 4.35E+00 NA 4.16 NA 1.04 
ZINC 1.36E+01 320 160 0.04 0.09 
ACENAPHTHENE 3.32E-04 35 17.5 9.47E-06 1.89E-05
ACENAPHTHYLENE 2.73E-04 700 70 3.90E-07 3.90E-06
ANTHRACENE 7.41E-04 1000 100 7.41E-07 7.41E-06
BENZO(A)ANTHRACENE 4.49E-03 1.7 0.17 2.64E-03 0.03 
BENZO(A)PYRENE 3.71E-03 10 1.31 3.71E-04 2.83E-03
BENZO(B)FLUORANTHENE 7.22E-03 40 4 1.80E-04 1.80E-03
BENZO(G,H,I)PERYLENE 1.64E-03 72 7.2 2.28E-05 2.28E-04
BENZO(K)FLUORANTHENE 1.68E-03 72 7.2 2.33E-05 2.33E-04
CHRYSENE 3.71E-03 1.7 0.17 2.18E-03 0.02 
DIBENZO(A,H)ANTHRACENE 1.05E-03 13.3 1.33 7.92E-05 7.92E-04
FLUORANTHENE 1.19E-02 25 12.5 4.76E-04 9.52E-04
FLUORENE 9.56E-04 1250 125 7.64E-07 7.64E-06
INDENO(1,2,3-CD)PYRENE 2.73E-03 72 7.2 3.79E-05 3.79E-04
NAPHTHALENE 2.34E-04 NA NA NA NA 



August 2006 6-30 CTO 006 

Table 6-11. Screening Level Food Chain Results for Raccoon (Piscivorous Diet) 
(continued) 

Analyte 

Total 
Dose 

(mg/kg-d)

LOAEL 
TRV 

(mg/kg-d)

NOAEL 
TRV 

(mg/kg-d)
LOAEL 

HQ 
NOAEL 

HQ 
PHENANTHRENE 5.85E-03 514 51.4 1.14E-05 1.14E-04
PYRENE 7.41E-03 12.5 7.5 5.93E-04 9.88E-04
Total 4,4'-DDx 4.67E-03 16 0.83 2.92E-04 5.63E-03
ALPHA-CHLORDANE 2.41E-03 9.2 4.58 2.62E-04 5.26E-04
AROCLOR-1016 3.85E-03 0.69 0.14 5.58E-03 0.03 
AROCLOR-1221 3.85E-03 0.69 0.14 5.58E-03 0.03 
AROCLOR-1232 3.85E-03 0.69 0.14 5.58E-03 0.03 
AROCLOR-1242 3.85E-03 0.69 0.14 5.58E-03 0.03 
AROCLOR-1248 3.85E-03 0.69 0.14 5.58E-03 0.03 
AROCLOR-1254 3.85E-03 0.69 0.14 5.58E-03 0.03 
AROCLOR-1260 3.85E-03 0.69 0.14 5.58E-03 0.03 
GAMMA-CHLORDANE 6.38E-03 9.2 4.58 6.93E-04 1.39E-03

NA = Not applicable/not available. 
Shaded cells indicate Hazard Quotients greater than 1. 
 

Table 6-12. Summary of Chemical Constituents with Doses Exceeding NOAEL 
TRVs by Receptor 

Analyte 
Mallard - 
Herbivore 

Mallard - 
Omnivore

Mallard - 
Invertebrate 

Raccoon - 
Omnivore

Raccoon - 
Piscivore 

Great Blue 
Heron - 

Piscivore 
Arsenic         X X 
Mercury X X X     X 
Vanadium       X X 
Thallium       X     
Total DDx     X       

X indicates dose > NOAEL TRV. 



August 2006 6-31 CTO 006 

Table 6-13. Summary of Preliminary COPCs by Media (Detected Constituents 
Exceeding Benchmarks or Without Benchmarksa) 

Analyte 
Soil COPC 

(from Table 6-1)
Sediment COPC 
(from Table 6-2) 

Food Chain COPC 
(from Table 6-12) 

ALUMINUM   X   
ANTIMONY      
ARSENIC   X X 
BARIUM   X   
BERYLLIUM   X   
BORON X X   
CADMIUM   X   
COBALT   X   
COPPER X     
IRON X X   
LEAD  X   
MAGNESIUM   X   
MANGANESE   X   
MERCURY X X X 
NICKEL X X   
SILVER X X   
THALLIUM X  X 
TIN X X   
URANIUM   X   
VANADIUM X X X 
ZINC X X   
ACENAPHTHENE   X   
ACENAPHTHYLENE   X   
BENZO(A)ANTHRACENE X     
BENZO(A)PYRENE X     
BENZO(B)FLUORANTHENE X     
BENZO(G,H,I)PERYLENE X     
BENZO(K)FLUORANTHENE X     
CHRYSENE X     
DIBENZO(A,H)ANTHRACENE       
FLUORANTHENE X X   
FLUORENE   X   
INDENO(1,2,3-CD)PYRENE X     
PHENANTHRENE X X   
PYRENE X     
Total 4,4'-DDx   X X 
ALPHA-CHLORDANE   X   
1,3,5-TRINITROBENZENE  X  

a Note that as discussed in Tables 6-1 and 6-2, an additional 18 constituents in surface soil and 42 
constituents in sediment were not detected but had maximum detection limits exceeding screening 
benchmarks. 
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Table 6-14. Results of Background Comparison Tests for Inorganics in Soil at 
Site 18 

Analyte 

Site 18 
Surface Soil 

Detects/ 
Samples 

Bkg Surface 
Soil N 

Shapiro-
Wilk 

p-value 

Two-
Sample 

t-test 
p-value 

Gehan 
Test 

p-value 

Quantile 
Test 

(0.90) 
p-value 

Slippage 
Test 

p-value 
BORON 6/6 Not analyzed NA NA NA NA NA 
COPPER 6/6 36/36 0.029 0.067 0.006 0.141 0.017 
IRON 6/6 34/34 0.102 0.705 0.508 1.000 1.000 
LEAD 6/6 36/36 0.008 0.680 0.450 0.557 1.000 
MERCURY 6/6 24/36 0.139 0.047 0.071 0.015 0.002 
NICKEL 6/6 36/36 0.052 0.089 0.036 0.141 0.143 
SELENIUM 5/6 23/36 0.019 0.821 0.973 0.474 1.000 
SILVER 6/6 16/36 0.002 0.190 0.429 NA 0.154 
THALLIUM 6/6 14/36 0.001 0.999 1.000 NA 1.000 
TIN 6/6 12/14 0.184 1.000 1.000 NA 1.000 
VANADIUM 6/6 36/36 0.006 0.311 0.346 0.557 1.000 
ZINC 6/6 36/36 0.025 0.125 0.133 0.557 1.000 

NA = Not applicable/not available. 
Shaded values represent significant differences between Site 18 concentrations and background 
concentrations (p < 0.05). 
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Table 6-15. Comparison of Site 18 Maximum Sediment Concentrations to Reference 
Area and Mattawoman Creek Area 2 Sediment Concentrations 

Analyte 

Site 18 Maximum 
Sediment 

Concentration 

Mattawoman 
Creek/Nanjemoy 
Creek Reference 

Site Rangea 

Mattawoman 
Creek Area 2 

Rangea 

Inorganics (mg/kg)       
ALUMINUM 18100 1250–11000 2790–13400 
ARSENIC 56.1 1.3–4.1 1.9–14.6 
BARIUM 138 7.6–11.2 24.5–152 
BERYLLIUM 4 0.19–1.3 0.29–1.4 
BORON 11 NA NA 
CADMIUM 2.1 0.47–3.5 0.074–4.1 
COBALT 93.9 2.7–19.8 5.5–22.6 
IRON 27800 3720–27900 7470–32800 
LEAD 55.1 4.9–30.7 10.3–54.2 
MAGNESIUM 2650 416–3590 498–2850 
MANGANESE 569 175–876 125–1030 
MERCURY 0.5 NA 0.22–0.54 
MOLYBDENUM 4.9 NA NA 
NICKEL 83.7 2.7–22.5 4.2–30.6 
SILVER 7.2 0.14–0.44 0.24–1.4 
THALLIUM 0.36 NA NA 
TIN 2.3 NA NA 
URANIUM 3.4 NA NA 
VANADIUM 79 4.6–32.9 9.3–43.5 
ZINC 248 19–142 43–148 
PAHs (µg/kg)       
ACENAPHTHENE 17 NA NA 
ACENAPHTHYLENE 65 NA 52–340 
FLUORANTHENE 610 NA 130–4000 
FLUORENE 98 NA 180–1100 
PHENANTHRENE 300 NA 77–2600 
Pesticides/PCBs (µg/kg)       
4,4'-DDD 51 NA NA 
4,4'-DDE 38 NA NA 
ALPHA-CHLORDANE 11 NA NA 
Explosives (µg/kg)       
1,3,5-TRINITROBENZENE 9400 NA NA 

a From TtNUS, 2004 
Reference Site and Mattawoman Creek Area 2 data. 
Shaded values represent Site 18 maximum concentrations exceeding upper range of Mattawoman/Najemoy 
Creek. 
NA = Not applicable/not available. 
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Table 6-16. Results of Screening of Site 18 95% UCL Soil Concentrations 

Analyte Detects 95UCL 

Soil 
Screening 

Level 
95UCL 

HQ 
Inorganics (mg/kg)         
COPPER 6/6 22 15 1.47 
MERCURY 6/6 0.19 0.058 3.28 
NICKEL 6/6 17.6 2 8.8 
Organics (µg/kg)         
BENZO(A)ANTHRACENE 6/6 224 100 2.24 
BENZO(A)PYRENE 6/6 190 100 1.9 
BENZO(B)FLUORANTHENE 6/6 232 100 2.32 
BENZO(G,H,I)PERYLENE 4/6 NAa 100   
BENZO(K)FLUORANTHENE 6/6 68.3 100 0.683 
CHRYSENE 6/6 135 100 1.35 
FLUORANTHENE 6/6 278 100 2.78 
INDENO(1,2,3-CD)PYRENE 4/6 NAa 100   
PHENANTHRENE 6/6 144 100 1.44 
PYRENE 5/6 270 100 2.7 

a Due to statistical constraints, 95%UCL values were not calculated for constituents detected 
in fewer than five samples. 

Shaded values represent 95% UCL HQs > 1.0. 
NA = Not applicable. 
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Table 6-17. Results of Screening of Site 18 95% UCL Sediment Concentrations 

Analyte Detects 95UCL

Sediment 
Screening 

Level 
95UCL 

HQ ER-M 
Exceeds 
ER-M? 

Inorganics (mg/kg)       
ALUMINUM 6/6 16790 18000 0.93 NA NA 
ARSENIC 6/6 32.5 8.2 3.96 70 No 
COBALT 6/6 55.3 50 1.11 NA NA 
LEAD 6/6 49.9 46.7 1.07 218 No 
NICKEL 6/6 71.9 20.9 3.44 51.6 Yes 
SILVER 6/6 6.7 1 6.70 3.7 Yes 
VANADIUM 6/6 70.6 57 1.24 NA NA 
ZINC 6/6 218 150 1.45 410 No 
Organics (µg/kg)       
ACENAPHTHENE 6/6 11.7 16 0.73 500 No 
4,4'-DDD 4/6 NAa 16 NA 20 NA 
4,4'-DDE 5/6 23.1 2.2 10.50 27 No 
ALPHA-CHLORDANE 1/6 NAa 0.5 NA 6 NA 

a Due to statistical considerations, 95% UCL values were not calculated for constituents with fewer than 
5 detects. 

Shaded values represent 95% UCL HQs > 1.0. 
NA = Not applicable. 
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Table 6-18. Food Chain Modeling Results using 95% UCL Exposure Point 
Concentration 

 

Upland 
Dose 

(mg/kg-d) 

Wetland 
Dose 

(mg/kg-d) 

Total 
Dose 

(mg/kg-d)
NOAEL 

TRV 
NOAEL 

HQ 
Mallard - herbivore      
Mercury 2.15E-03 3.52E-03 5.67E-03 6.40E-03 0.89 
Mallard - invertebrate      
Mercury 1.21E-03 1.74E-02 1.86E-02 6.40E-03 2.91 
4,4'-DDxa 3.39E-03 3.95E-03 7.34E-03 9.30E-03 0.79 
Mallard - omnivore      
Mercury 2.06E-03 4.91E-03 6.97E-03 6.40E-03 1.09 
Great Blue Heron      
Arsenic NA 1.48E+00 1.48E+00 2.24E+00 0.66 
Mercury NA 0.007906 7.91E-03 6.40E-03 1.24 
Vanadium NA 3.233818 3.23E+00 3.44E-01 9.40 
Raccoon - omnivore      
Thalliumb 5.0E-03 2.9E-03 7.9E-03 7.40E-03 1.06 
Raccoon - piscivore      
Arsenic NA 1.78E+00 1.78E+00 1.04E+00 1.71 
Vanadium NA 3.88E+00 3.88E+00 4.16E+00 0.93 

a 95UCL was not calculated for 4,4’-DDx or thallium because of too few detects. Dose shown based on 
mean soil and sediment concentrations, with nondetects represented by one-half the detection limits. 

b Thallium was not detected in sediment and was only detected in one of six surface soil samples. 
Shaded values represent 95% UCL HQs > 1.0. 
NA = Not applicable. 
 

Table 6-19. Comparison of Soil PAH Concentrations to Alternate Screening 
Benchmarks 

Analyte 

Site 18 Soil 
Maximum 

(µg/kg) 

LANL Soil 
Screening Level 

(µg/kg) HQ 
BENZO(A)ANTHRACENE 430.00 3000 0.14 
BENZO(A)PYRENE 370.00 9600 0.04 
BENZO(B)FLUORANTHENE 450.00 18000 0.03 
BENZO(G,H,I)PERYLENE 180.00 12000 0.02 
BENZO(K)FLUORANTHENE 130.00 62000 0.00 
CHRYSENE 260.00 2400 0.11 
FLUORANTHENE 540.00 26000 0.02 
INDENO(1,2,3-CD)PYRENE 190.00 62000 0.00 
PHENANTHRENE 280.00 11000 0.03 
PYRENE 520.00 15000 0.03 
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7.0 CONCLUSIONS AND RECOMMENDATIONS 

This section presents the conclusions and recommendations of the screening-level human 
health and ecological risk assessments for Site 18. 

7.1 Conclusions of the Screening-level Human Health Risk Assessment 

Four non-carcinogenic chemicals (aluminum, iron, thallium, and vanadium) and two 
carcinogenic chemicals (arsenic and benzo(a)pyrene) had maximum concentrations 
exceeding their RBC-based soil screening levels.  However, aluminum, arsenic, iron, 
thallium, and vanadium concentrations in Site 18 surface soil were not significantly 
different than Indian Head background concentrations in surface soil (Table 5-2), 
therefore risks resulting from these constituents at Site 18 were concluded to be 
indistiguishable from risks from background.  Background comparisons could not be 
conducted for benzo(a)pyrene for lack of an appropriate background data set.   

Although the maximum concentration of benzo(a)pyrene at Site 18 exceeded the 
residential RBC, four of the six Site 18 surface soil samples contain concentrations below 
25 µg/kg, well below the residential RBC of 87 µg/kg.  Since the residential RBC is 
based on a risk level of 1E-06, the maximum concentration of benzo(a)pyrene 
(370 µg/kg) would result in a cancer risk of 4.25E-06 based on residential exposure, and 
this risk level is within the EPA acceptable risk range of 1E-04 to 1E-06.  Given that 
exposure intensity associated with the residential land use scenario used for calculating 
the soil RBCs (350 days/year) is likely to be far greater than actual recreational or 
occupational exposure to Site 18 soil there is little potential for unacceptable carcinogenic 
risk due to exposure to benzo(a)pyrene in soils at Site 18.  

7.2 Conclusions of the Screening-level Ecological Risk Assessment 

Eighteen detected chemical constituents in Site 18 soil and 27 detected chemical 
constituents in Site 18 sediment failed the initial comparison of maximum site 
concentrations to EPA Region 3 soil and sediment screening benchmarks.  In addition, 
five metals and one pesticide failed at least one of the screening-level food chain model 
dose comparisons.  All of these constituents were carried forward to the ecological 
screening refinement.   

In the ecological screening COPC refinement, site concentrations of chemical 
constituents were first evaluated in the context of Indian Head and Mattawoman Creek 
background conditions.  Statistical background comparisons could only be conducted for 
inorganic constituents in soil because a suitable data set for organic constituents in soil 
was not available.  Qualitative comparisons were made for Site 18 sediments, where 
maximum Site 18 sediment concentrations were compared to the range of concentrations 
observed in Mattawoman Creek and Nanjemoy Creek reference sediments collected 
during the Mattawoman Creek investigation (TtNUS, 2004).  Comparisons of Site 18 
sediment concentrations were also made to the range of concentrations observed in 
Mattawoman Creek Area 2 during the Mattawoman Creek investigation.  Of the soil 
inorganics that failed the initial screening, only copper, mercury, and nickel were 
statistically elevated above Indian Head background conditions.  Boron was retained as 
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soil COPCs because background data were not available for these constituents.  Ten PAH 
compounds were also retained as soil COPCs due to lack of background soil data.   

Thirteen metals in sediment had maximum Site 18 concentrations exceeding the upper 
end of the range of the reference area samples or the Mattawoman Creek Area 2 samples 
and were retained as COPCs.  Acenaphthene, the 4,4’-DDx compounds, alpha-chlordane, 
1,3,5-trinitrobenzene, and bis(2-ethylhexyl)phthalate were also retained as sediment 
COPCs because no reference area data were available for comparison. 

Chemicals not eliminated in screening or through evaluation of background conditions 
were next evaluated to determine if their 95% UCL site exposure point concentrations 
exceeded Region 3 soil and sediment screening benchmarks, and in the case of food 
chain COPCs, whether use of mean exposure point concentrations in sediment and soil 
resulted in food chain dose exceeding their TRVs.  This refinement step resulted in the 
elimination of benzo(k)fluoranthene as a soil COPC, elimination of aluminum and 
acenaphthene as sediment COPCs, and elimination of 4,4’-DDx and as food chain 
COPCs. 

A number of PAH compounds initially retained as soil COPCs because of lack of Region 
3 screening benchmarks or uncertainties associated with their soil screening benchmarks 
were evaluated against alternative soil and sediment screening benchmarks.  This 
evaluation suggested no unacceptable risk exists at Site 18 from PAHs in soil, or from 
1,3,5-trinitrobenzene, the only explosive compound detected in Site 18 sediment.   

Screening-level food chain models indicated the potential for low-level risk to upper 
trophic level receptors from arsenic, mercury, thallium, and vanadium.  Low-level risk 
potential was defined as modeled doses exceeding their NOAEL TRVs, but not 
exceeding their LOAEL TRVs.  However, as discussed in the uncertainty evaluation, 
when more realistic exposure parameters are considered, it is not likely that chemical 
constituents at Site 18 pose unacceptable risk to upper trophic level receptors.  

Following the screening, COPC refinement, and uncertainty evaluation, nickel and silver 
were the only COPCs identified as potentially posing more than low-level risk, and only 
to benthic organisms in the wetland area of Site 18.  Copper and mercury may pose low-
level potential risk to soil dwelling organisms in Site 18 soil; and low level potential risk 
exists to benthic organisms from arsenic, copper, zinc, and DDx in Site 18 sediment.   

7.3 Recommendations  

Based on the limited area encompassed by the potential risk drivers at Site 18 and the 
lack of unacceptable risk to upper trophic level receptors, a baseline ecological risk 
assessment is not recommended for Site 18.  It is recommended that Site 18 sediment 
proceed to a consideration of risk management due to the potentially elevated risk to 
benthic organisms from nickel and silver in Site 18 sediment.  



August 2006 8-1 CTO 006 

8.0 REFERENCES 

Battelle and Neptune and Company.  2004. Quantico Watershed Study, Post-Interim 
Remedial Action Study Report. Prepared for NAVFAC Engineering Command, 
Engineering Field Activity Chesapeake.  Washington, D.C. 

Beyer, W. N., E. E. Connor, and S. Gerould. 1994. “Estimates of Soil Ingestion by 
Wildlife” Journal of Wildlife Management. Volume 58: 375-382. 

Buchman, M.F.  1999.  NOAA Screening Quick Reference Tables. NOAA HAZMAT 
Report 99-1, Seattle, WA, Coastal Protection Division, National Oceanic and 
Atmospheric Administration, 12 pp. 

CH2MHILL. 2004.  Final Remedial Investigation Report for the Lab Area (Sites 
15,16,49,50,53,54,55).  Prepared for the Dept. of the Navy Atlantic Division Naval 
Facilities Engineering Command. 

Costigan, M., R. Cary, and S. Dobson. 2001. Vanadium Pentoxide and Other Inorganic 
Vanadium Compounds. Concise International Chemical Assessment Document 29. 
Published under the joint sponsorship of the United Nations Environment Programme, 
the International Labour Organization, and the World Health Organization. Geneva, 
Switzerland. 

Dolph, James. 2005. Hog Island Landfill Literature Search Site 18 Draft.  Prepared for 
the Installation Restoration Program, Indian Head, Maryland. 

EPA. 1989. Risk Assessment Guidance for Superfund (RAGS), Volume I, Human Health 
Evaluation Manual (Part A), Interim Final. OSWER Directive 9285.7-01A, Office of 
Emergency and Remedial Response, Washington, D.C. 

EPA.  1993.  Wildlife Exposure Factors Handbook, Volumes I and II. EPA/600/R-
93/187.  December 1993. 

EPA. 1995.  Revised Region III BTAG Screening Levels - Draft. EPA Region 3, 
Philadelphia, PA. August 9, 1995. 

EPA. 1997.  Ecological Risk Assessment Guidance for Superfund: Process for Designing 
and Conducting Ecological Risk Assessments. U.S. Environmental Protection Agency, 
Interim Final Report. 

EPA. 2005. Interim Ecological Soil Screening Levels. March 2005 Update. OSWER 
Directives 9285.7-56 through 9285.7-75. Obtained on-line in January 2006 at 
http://www.epa.gov/ecotox/ecossl/ 

EPA Region 3. 1991.  Guidance on Handling Chemical Concentration Data Near the 
Detection Limit in Risk Assessments. Interim Final. Obtained on-line in January 2006 at 
http://www.epa.gov/reg3hwmd/risk/human/index.htm 

EPA Region 3. 2005.  EPA Region III RBC Table.  October 2005 Update.  Obtained on-
line in January 2006 at http://www.epa.gov/reg3hwmd/risk/human/index.htm 



August 2006 8-2 CTO 006 

Fred C. Hart Associates, Inc. 1983.  Initial Assessment Study of Naval Ordnance Station 
Indian Head, Maryland.  Prepared for Nay Assessment and Control of Installation 
Pollutants (NACIP) Dept., Naval Energy and Environmental Support Activity (NEESA), 
Port Hueneme, CA. Document number NEESA 13-021. 

LANL (Los Alamos National Laboratory). 2004. Ecorisk Database Release 2.1.  Los 
Alamos National Laboratory Risk Reduction and Environmental Stewardship 
Remediation Services Project. Los Alamos, NM. 

Long, E. R., D. D. MacDonald, S.L. Smith, and F.D. Calder. 1995. “Incidence of Adverse 
Biological Effects Within Ranges of Chemical Concentrations in Marine and Estuarine 
Sediments”. Environmental Management 19:81-97. 

Navy. 1999. Navy Policy for Conducting Ecological Risk Assessments. Memorandum 
from Chief of Naval Operations to Commander, NAVFAC Engineering Command. 5 
April 1999. 

NIWQP (National Irrigation Water Quality Program).  1998.  Guidelines for 
Interpretation of the Biological Effects of Selected Constituents in Biota, Water, and 
Sediment.  (NIWQP Information Report No. 3).  United States Department of the Interior, 
Washington D.C.  198 pp., Appendices 

TtNUS (Tetra Tech NUS, Inc). 2002.  Background Soil Investigation Report for Indian 
Head and Stump Neck Annex. Prepared for NAVFAC Engineering Command, 
Engineering Field Activity Chesapeake.  Washington, DC. 

TtNUS (Tetra Tech NUS, Inc). 2004. Mattawoman Creek Study. Prepared for NAVFAC 
Engineering Command, Engineering Field Activity Chesapeake.  Washington, DC. 

TtNUS (Tetra Tech NUS, Inc) and Neptune and Company. 2005.  Work Plan for Site 
Screening Process Investigation at Site 18 – Hog Island. Prepared for Naval Facilities 
Engineering Command W 

 



August 2006 A-1 CTO 006 

APPENDIX A 
STATISTICAL EVALUATION OF SITE 18 – HOG ISLAND DATA 

A.1.0 INTRODUCTION 

A.1.1 Overview 

The purpose of this report is to present the results from the analysis of analyte 
concentrations in surface and subsurface soil, as well as surface sediment, for Installation 
Restoration (IR) Site 18, often referred to as Hog Island.  Specifically, the objectives are 
to provide exploratory data analyses (EDA) for soil and sediment samples from 
Hog Island including summary statistics, graphical displays of the data, background 
comparisons, evaluations of soil concentrations by depth, evaluations of surface 
concentrations over the site and regression analyses. 

A.1.2 Site Data 

A total of 12 locations were sampled to characterize the soil and sediment areas of 
Hog Island.  Specific site coordinates for these 12 sample locations are discussed in the 
“Work Plan for Site Screening Process Investigation at Site 18 – Hog Island.”  Of the 
twelve locations, 6 are in soil areas and 6 are in wetland sediment.  The 6 soil locations 
have both surface and subsurface samples while the wetland area has only surface 
samples.  In this study, surface soil samples are taken at 0–0.5 ft below ground surface 
(bgs) while subsurface soil samples are taken 1–2 ft bgs.  Included in the site data are 3 
field duplicates, these data are used for quality control purposes only; the original sample 
is used for site characterization.  Laboratory qualifiers reported as “U’s” or “B’s” were 
treated as nondetects in statistical analyses.  Finally, some site data are qualified as 
rejected, and these were eliminated from the data set prior to performing statistical 
analyses. 

One hundred and seven analytes are included in this study (Tables A1–A20) from 6 
chemical suites (Semivolatile Organics, Polynuclear Aromatic Hydrocarbons, 
Pesticides/PCBs, Explosives, Inorganics and miscellaneous parameters).  All analytes are 
reported in µg/kg, with the exception of the inorganics and 2 miscellaneous parameters 
(fluoride and total organic carbon), which are reported in mg/kg.   

A.1.3 Background Data 

A background data set (Tetra Tech NUS, Inc., 2002) for soil for the Indian Head 
installation was used for comparisons to the site soil and sediment data.  The soil 
background values were collected at numerous locations across both Cornwallis and 
Stump Neck, and therefore are directly relevant for comparisons to this facility.  The 
original background data set includes numerous analytes that were not evaluated in the 
site samples; therefore, a working background data set was constructed that includes only 
those analytes present in the site data set.  The working background data set has both 
background surface and subsurface soil samples, so that surface and subsurface 
comparisons can be performed.  Background surface soil data include 30 analytes from 5 
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of the chemical suites presented in the site data.  Sample sizes range from 7 to 36 
samples.  Background subsurface soil data include 29 analytes from 5 of the chemical 
suites included in the Hog Island data set.  Sample sizes for subsurface data range from 4 
to 31 samples.   

As part of the background report, sediment data were presented.  However, upon 
examination of those data, it was decided that those sediment data did not represent a 
definitive sediment background set.  Therefore, those data are not used for background 
comparisons to site sediment data.   

A.2.0 EXPLORATORY DATA ANALYSIS 

A.2.1 Overview 

Exploratory data analysis often includes numerical and visual presentations of the data, as 
well as distributional testing to quantify differences between background and site data.  
Numerical summaries involve computing basic statistics that give an overview of the 
data.  Visual presentations include boxplots that graphically display the distributional 
form of the data, and bubble plots to illustrate any spatial patterns on the site.   

Distributional comparison tests are used to quantify differences between background and 
site-specific data.  Differences can exist as complete shifts of the distributions (i.e., the 
site-specific data are systematically greater than background), or partial shifts that 
indicate that some of the site-specific data are background and some are greater than 
background.  Prior to performing such tests, the distributional form of the data is 
evaluated.  This is accomplished with the Shaprio-Wilk test.  This test is used to 
determine if the data are normally distributed.  Based on the results of this test, some tests 
may be used over others depending on the assumptions needed to perform each test.  
Distributional comparison tests are used to statistically confirm what is seen in the 
exploratory data analysis.  The parametric t-test and Gehan’s modification to the non-
parametric Wilcoxon Rank Sum test evaluate complete shifts between distributions (i.e., 
characterized by differences between the centers of the distributions), and the quantile 
(75th and 90th) and slippage tests are used to evaluate partial differences between two 
distributions (i.e., characterized by differences in the upper tails of the distributions).  
Together these five tests evaluate distributional shifts between background and site data.   

In this report, numerical summaries, graphical presentations and statistical tests are used 
to summarize the analytical results for the soil and sediment samples collected from Hog 
Island.  Taken together, these techniques present a weight of evidence for understanding 
chemical concentrations for surface soil, subsurface soil and surface sediment samples 
taken from the site.  The specific methodology used for summarizing the Hog Island data 
is discussed further in the following section. 

A.2.2 Hog Island Analyses 

Basic summary statistics are presented (Tables A1–A20) for each chemical analyzed in 
the Hog Island samples.  Sample sizes and number of detects within the data set are 
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presented first, followed by the minimum nondetect, maximum nondetect, minimum 
detect, median, mean, standard deviation and maximum detect.  The mean, median, and 
standard deviation are calculated using half the detection limit for values in the data set 
that are reported as nondetects (U, UJ, or B qualified). 

Boxplots and bubble plots are used to visually display the Hog Island data.  The boxplots 
are standard, showing a solid box representing the middle 50% of the distribution around 
the median.  The whiskers extend to the farthest data point that is within 1.5 times the 
interquartile range above the 3rd and the below the 1st quartile.  Data outside the whiskers 
are shown as open circles.  Boxplots are presented in the original scale and the log scale.  
When background data are available, both site and background data are plotted side-by-
side with the site boxplot colored yellow and the background boxplot colored orange.  
For bubble plots, concentrations are plotted as bubbles that overlay the sampling location.  
The diameter of the circle represents the relative concentration of the analyte with respect 
to the other samples on the site.  Thus, larger concentrations are represented by larger 
circles.  Nondetects are plotted as solid green circles and detects are plotted as open 
circles.  A key is presented to the right of each bubble plot to describe how the size of 
each bubble relates to analyte concentration.   

Distributional comparisons are conducted for analytes having fewer than 2 nondetects 
(i.e., having 5 or 6 detects) in their data set since sample sizes are small (recall n=6 for 
surface soil, subsurface soil and surface sediment samples).  The significance of the 
distributional comparison tests was assessed at an alpha level of 0.05.  For background 
comparisons, the alternative hypothesis is that site (either surface soil or subsurface soil) 
concentrations are elevated over background concentrations.  When discussing Hog 
Island “background” concentrations, surface soil concentrations are compared to surface 
soil background, and subsurface soil concentrations are compared to subsurface soil 
background.  Sediment background data for Hog Island currently are not available for use 
in distributional comparisons.  

A.2.3 Semivolatile Organics 

The Hog Island data validation memorandum states the following regarding semivolatile 
organics, “Laboratory method blank contamination was observed for the SVOC fraction 
resulting in the qualification of analytical data as nondetected.  Samples analyzed in the 
SVOC, PAH, pesticide and PCB fractions were re-extracted and re-analyzed out of 
holding time resulting in the qualification of analytical data as estimated.”  Therefore, the 
results from EDA are to be interpreted with caution.  All SVOCs are reported as 
nondetects in lab report.   

Table A1 presents the summary statistics for surface soil samples.  All SVOCs in surface 
soils are reported as nondetects.  Table A2 presents summary statistics for SVOC 
subsurface soil samples and Table A3 presents summary statistics for surface sediment 
samples.  Since there are no detects reported for any analytes, statistical analyses cannot 
be performed for any analyte in these tables.   
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A.2.4 Polynuclear Aromatic Hydrocarbons 

The Hog Island data validation memorandum states the following regarding PAHs, 
“Gross laboratory contamination was observed for the PAH fraction resulting in the 
qualification of analytical data as nondetected.  Samples analyzed in the SVOC, PAH, 
pesticide and PCB fractions were re-extracted and re-analyzed out of holding time 
resulting in the qualification of analytical data as estimated.”  Therefore, the results from 
EDA are to be interpreted with caution.  Summary statistics are presented in Tables A4–
A6 for surface soil, subsurface soil, and surface sediment results, respectively.   

Surface soil 

Eight of the 16 PAHs have 5 or 6 detects (Table A4) of the six samples analyzed.  The 
distributional forms of the 8 PAHs evaluated do not exhibit symmetry, rather all are 
slightly to moderately right skewed.  Many of the analytes have a single detected value in 
the extreme right tail of the distribution.  Depending on the analyte, the single large value 
ranges from 3 to 5 times the mean (Table A4). 

Background data exist for two PAHs, chrysene and indeno(1,2,3-cd)pyrene.  However for 
each analyte, 25 samples are analyzed with only a single detect (Table A21) reported for 
each.  Since there are so few detected background samples, distributional comparisons 
are not conducted for surface soil PAHs. 

Subsurface soil 

Summary statistics for subsurface soil PAHs are presented in Table A5.  Only two of the 
sixteen samples have 5 or more detects reported.  Boxplots for PAHs are shown in 
Figures A1-A16.  Distributional forms for these data are varied, some data are right 
skewed while others are left skewed.  There is no consistent distributional pattern across 
PAHs.   

Background data exist for two PAHs, chrysene and indeno(1,2,3-cd)pyrene.  However 
none of the samples reported were detected values (Table A22).  Therefore no 
distributional comparisons are performed for subsurface soil PAHs. 

Surface sediment 

Fourteen of the 16 surface sediment PAHs have 5 or 6 detects in the 6 samples reported 
(Table A6).  There is no single distributional form exhibited by all 14 PAHs.  
Distributional forms of the data range from left skewed to highly right skewed.  Boxplots 
for these data can be seen in Figures A1-A16.  

A.2.5 Pesticides/PCBs 

The Hog Island data validation memorandum states the following regarding PAHs, 
“Samples analyzed in the SVOC, PAH, pesticide and PCB fractions were re-extracted 
and re-analyzed out of holding time resulting in the qualification of analytical data as 
estimated.  Target MS/MSD compounds were recovered low, less than 10%, and were 
not recovered in SVOC, PAH, pesticide, PCB and explosives fractions resulting in the 
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qualification of analytical data as rejected and/or estimated.”  Therefore, the results from 
EDA are to be interpreted with caution.  Summary statistics for pesticides and PCBs are 
presented in Tables A7–A9 for surface soil, subsurface soil, and surface sediment 
samples, respectively.   

For surface soil samples, only 4 analytes report detects (Table A7), for subsurface soils 
only 3 analytes report detects (Table A8) and for surface sediments only 3 analytes report 
detects (Table A9).   

Distributional comparisons to background were not conducted for PCBs since no 
background data exist for PCBs.  For pesticides, only a few background data are available 
(Tables A25 and A26).  Therefore only summary statistics are presented for 
pesticides/PCBs from surface soil, subsurface soil and surface sediment samples.  No 
distributional comparisons are conducted due to the lack of detected values in each of the 
data sets. 

A.2.6 Explosives 

The Hog Island data validation memorandum states the following regarding explosives, 
“Moderate to severe surrogate recovery and internal standard noncompliances were noted 
for some samples analyzed in the SVOC, PAH and explosives fractions resulting in the 
qualification of analytical data as rejected and/or estimated.”  Therefore, for explosives 
some data are reported as rejects.  These data are eliminated from the data set and not 
included in statistical analyses.  Summary statistics are performed on the non-rejected 
samples only, resulting in sample sizes less than six for some analytes (Tables A10–
A12).  The results from EDA are to be interpreted with caution as a result of laboratory 
inconsistencies. 

All surface soil samples analyzed for explosives are reported as nondetects.  Therefore 
Table A10 presents summary statistics for the nondetected data.  No further analyses are 
presented for these data.  Similarly, all subsurface soil samples except one (nitroglycerin) 
report all nondetects.  For nitroglycerin in subsurface soils, 2 detects are reported of the 5 
samples analyzed (Table A11).  Therefore, statistical analyses for explosives in 
subsurface soils are not performed.  Finally, only one (1,3,5-trinitrobenzene) of the 16 
explosives evaluated in surface sediment samples reports a single detected value of the 6 
samples analyzed (Table A12).  Thus, no statistical analyses are performed for surface 
sediment explosives data.   

A.2.7 Inorganics 

A.2.7.1 Overview 

Summary statistics for Hog Island inorganics are presented in Tables A13, A15, and A17.  
Boxplots and bubble plots are presented as Figures A17–A40.  Results from 
distributional testing are presented in Tables A14 and A16 for surface soil, and 
subsurface soil, respectively.  Background comparisons fell into 4 categories:  metals that 
clearly exceed background, metals that clearly do not exceed background, metals without 
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background data and metals with background data issues.  For the two later categories, 
distributional testing could not be performed.   

Placement of an analyte into either of the first two categories is based on results from 
distributional testing and visual inspection of boxplots.  If any of the distributional tests 
are significant, the analyte is considered elevated over background.  When tests are 
marginal, boxplots are used to determine if the analyte is elevated over background, using 
a “weight of evidence” approach for decision making. 

The final two categories are established to point out data concerns that prevented 
distributional testing.  The third category is straight-forward, when no background data 
are available, no statistical analyses are performed.  For the last category, data issues 
included having too few detected data either in the site samples or background samples 
and having nondetected values much larger than detected values in the same data set.  
This observation hints at reporting limit issues but should be investigated further.  

A.2.7.2 Surface Soil Summary 

The results from the statistical comparisons can be categorized as follows for each metal: 

1. Metals that clearly exceed background.  This group includes copper, magnesium 
and nickel. 

2. Metals that clearly do not exceed background.  This group includes aluminum, 
arsenic, barium, beryllium, chromium, cobalt, iron, lead, manganese, vanadium 
and zinc. 

3. Metals that do not have any background information.  This group includes boron, 
molybdenum and uranium. 

4. Metals with nondetect and background data issues.  This group includes 
antimony, cadmium, mercury, selenium, silver, thallium, and tin.  

A.2.7.3 Subsurface Soil Summary 

The results from the statistical comparisons can be categorized as follows for each metal: 

1. Metals that clearly exceed background.  This group includes copper and nickel. 

2. Metals that clearly do not exceed background.  This group includes aluminum, 
arsenic, barium, beryllium, chromium, cobalt, iron, lead, magnesium, manganese, 
vanadium and zinc. 

3. Metals that do not have any background information.  This group includes boron, 
molybdenum and uranium. 

4. Metals with background data issues.  This group includes antimony, cadmium, 
mercury, selenium, silver, thallium and tin.  
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A.2.7.5 Metal Specific Analyses 

Aluminum 

Surface soil 

Background (n=34) and site surface soil (n=6) data sets reported all values as detects 
(Tables A21 and A13, respectively).  There appears to be more variability in background 
data set than in the site data (Figure A17).  Furthermore, both distributions are roughly 
symmetrical.  There is no obvious spatial pattern for surface soil concentrations 
(Figure A17 bubble plot).  Statistical tests (Table A14) indicate that there are no 
statistically significant differences between surface soil concentrations and background 
values. 

Subsurface soil 

All background (n=28) and site subsurface soil (n=6) values are reported as detects 
(Tables A22 and A15, respectively).  Figure A17 shows that all site values, except one, 
are much lower than most of the background values.  The five distributional comparisons 
(Table A16) indicate no significant differences between background and site subsurface 
soil values. 

Surface sediment 

All six site surface sediment values are reported as detects in the data set (Table A17).  
Spatially, lower concentrations appear toward the shoreline (Figure A17 bubble plot).   

Antimony 

Surface soil 

Only one of the six surface soil samples was reported as a detect (Table A13).  All 
background surface soil data are reported as nondetects (Table A21).  No distributional 
comparisons can be conducted with so many nondetects in the two data sets.  Thus, no 
determination as to differences between background and surface soil values can be made 
at this time. 

Subsurface soil 

Summary statistics for antimony subsurface soil concentrations are presented in 
Table A15.  None of the six samples are reported as detected values.  For the background 
data, only 3 of the 31 values are reported as detects (Table A22).  With so few detected 
values in both data sets, no statistical analyses were performed and no determination as to 
whether true differences exist between background and subsurface soil data can be made 
at this time.   

Surface sediment 

Summary statistics for antimony in the surface sediments are shown in Table A17.  All 
data are reported as nondetects.   
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Arsenic 

Surface soil 

Thirty-two of the 36 background and all of the site surface soil (n=6) data were detected 
(Tables A21 and A13, respectively).  From the boxplot (Figure A19), there is little 
graphical evidence that differences exist between background and site data.  The bubble 
plot for surface soil arsenic concentrations shows smaller concentrations centered on the 
road.  Distributional comparisons (Table A14) indicate that there are no statistically 
significant differences between background and surface soil data. 

Subsurface soil 

Most of background (27/31) and all site subsurface soil (n=6) values are reported as 
detects (Tables A22 and A15, respectively).  A spatial plot of the site subsurface soil 
concentrations indicates the largest concentrations are furthest from the road (Figure 19).  
The boxplot in Figure A19 shows that the site median is slightly elevated over the 
background median.  The Gehan test (Table A16) provides moderate evidence of a 
difference between the centers of the site and background distributions (p-value = 0.08).  
However, since none of the tests are statistically significant using an alpha of 0.05, 
background concentrations are not considered different from site subsurface soil. 

Surface sediment 

All six site sediment values are reported as detects (Table A17).  The bubble plot shows 
concentrations decreasing as the samples approach the shoreline (Figure A19).   

Barium 

Surface soil 

All background (n=36) and site surface soil (n=6) data are reported as detected values 
(Tables A21 and A13, respectively).  Spatially, barium concentrations in the site surface 
soil are lower in samples taken by the road (Figure A20 bubble plot).  Distributional tests 
(Table A14) indicate that there are no statistically significant differences between the 
distribution of barium in background and that of the site surface soil data. 

Subsurface soil 

All of the 31 background values and the 6 site subsurface soil values are detects 
(Tables A22 and A15, respectively).  The background data set has a single large value in 
the upper tail of its distribution (Figure A20).  None of the statistical tests (Table A16) 
were significant indicating that differences do not exist between the distribution of 
barium in background and site subsurface soil data. 

Surface sediment 

All six site surface sediment concentrations are detects in the data set (Table A17).  
Spatial plots indicate no obvious pattern to barium concentrations in surface sediment 
(Figure A20).   
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Beryllium 

Surface soil 

In the background data set, 26 of the 36 values are reported as detects (Table A21).  The 
site surface soil data (n=6) were all reported as detects (Table A13).  The bubble plot for 
beryllium surface soil samples shows sample locations near the road are smaller than 
those further from the road (Figure A21).  The background and site data overlap 
(Figure A21) with the medians (bkg=0.345 mg/kg and site=0.385 mg/kg) of the two data 
sets quite similar.  All five distributional tests (Table A14) indicate no significant 
differences between background and site surface soil data.   

Subsurface soil 

Twenty-six of 31 background values are reported as detects (Table A22).  All site 
subsurface soil samples (n=6) are detects (Table A15).  Graphically, the background data 
set appears to be fairly symmetric while the site subsurface soil distribution is slightly 
right skewed.  The medians (bkg=0.35 mg/kg and subsurface=0.38 mg/kg) of the two 
data sets are very similar (Figure A21).  None of the distributional comparisons are 
statistically significant (Table A16).  Thus, the distribution of background beryllium 
concentrations does not differ from that of beryllium in the site subsurface soil.  

Surface sediment 

In the site surface sediment data set, all six of the reported values are detects.  Spatial 
plots show beryllium concentrations decrease approaching the shoreline (Figure A21). 

Boron 

Surface soil 

Summary statistics for boron site data are presented in Table A13.  These six detected 
values are slightly skewed with a single outlier in the upper tail of the distribution 
(Figure A22 boxplot).  The bubble plot (Figure A22) shows that in general, lower 
concentrations and nondetected values are closer to the road.  Distributional comparisons 
are not performed for boron in surface soils since background data do not exist for this 
analyte. 

Subsurface soil 

Summary statistics for boron in site subsurface soil (Table A15) indicate detected 
concentrations range from 1.5 mg/kg to 10.8 mg/kg.  Concentrations increase as samples 
move away from the road (Figure A22).  Distributional comparisons are not performed 
for boron in subsurface soils since background data do not exist for this analyte. 

Surface sediment 

Of the six site surface sediment concentrations, only two are reported as detects 
(Table A17).  Spatial plots indicate there is no strong pattern of boron concentrations 
across the site, all concentrations appear to be fairly similar (Figure A22).   
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Cadmium 

Surface soil 

The background data set for cadmium contains 36 values, of which 14 were detected.  
The nondetect data (n=22) are scattered through the range of background values 
(Figure A23) and often values are larger than detected values.  The maximum nondetect 
value is 0.57 mg/kg and the minimum detect is 0.098 mg/kg.  Due to the intermixing of 
detects and nondetects in the background data set, statistical comparisons between 
background and site values were not conducted.  No determination as to differences 
between distributions of background and site surface soil values can be made at this time. 

Subsurface soil 

Summary statistics for cadmium in the site subsurface soil are reported in Table A15.  
Boxplots of subsurface soil values (Figure A23) indicate the distribution is skewed right 
with a larger outlier in the upper tail of the distribution.  The cadmium subsurface soil 
background data (Table A22) contain both detects (n=21) and nondetects (n=10), 
however since the maximum detected value (0.27 mg/kg) is smaller than the maximum 
nondetect, there may be reporting limit issues for these data.  Furthermore, background 
may not be characterized well for this analyte.  Differences between background and site 
subsurface soil data were not evaluated. 

Surface sediment 

Summary statistics for cadmium site surface sediment samples are presented in 
Table A17.  Cadmium site surface sediment concentrations (Figure A23) are slightly 
skewed right with a single outlier in the upper tail of the distribution. 

Chromium 

Surface soil 

All background (n=36) and site surface soil (n=6) data were reported as detected values 
(Tables A21 and A13, respectively).  While the background data appears more variable 
as a result of the larger sample size, the two distributions overlap almost completely.  
Means (bkg=13.79 mg/kg and site=13.12 mg/kg) and medians (bkg=13.2 mg/kg and 
site=12.8 mg/kg) for these two distributions are essentially equivalent.  There does not 
appear to be any obvious spatial pattern apparent in the bubble plot for these data 
(Figure A24).  Distributional tests (Table A14) indicate that there are no statistically 
significant differences between distributions of background and site surface soil data. 

Subsurface soil 

All samples from both background (Table A22) and site subsurface soil (Table A15) data 
sets are detects, 31 and 6, respectively.  The site subsurface soil data set contains a large 
outlier (126 mg/kg) in the right tail of the distribution.  All other values are symmetrical 
about the mean and exhibit low variability.  Spatial patterns are difficult to detect due to 
the large outlier (Figure A24).  None of the 5 distributional tests (Table A16) were 
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significant, indicating no shift in the centers or tails of the distributions.  Therefore, there 
is no statistical difference between the distributions of background and site subsurface 
soil data for chromium. 

Surface sediment 

All site surface sediment data are detects (Table A17).   Spatially there does not appear to 
be any pattern to chromium site surface sediment concentrations (Figure A24).   

Cobalt 

Surface soil 

All background (n=36) and site surface soil (n=6) data were reported as detected values 
(Tables A21 and A13, respectively).  The range (Table A13) and distributional forms 
(Figure A25) of these two data sets are similar.  Means (bkg= 5.74 mg/kg and 
site=4.083 mg/kg) and medians (bkg=4.25 mg/kg and site=3.15 mg/kg) for these two 
distributions are essentially equal.  Results from the five distributional tests (Table A14) 
were all non-significant indicating there are no statistically significant differences 
between the distributions of background and site surface soil data. 

Subsurface soil 

All 31 and 6 concentrations were reported as detects for background (Table A22) and site 
subsurface soil concentrations (Table A15).  While there are several outliers in these two 
data sets (Figure A25), the bulk of the data and the mean values (bkg=8.022 mg/kg and 
subsurface soil=9.067 mg/kg) are very similar.  Concentrations tend to increase as 
samples move away from the dirt road (Figure A25).  None of the distributional tests 
(Table A16) were significant indicating there is no statistical difference between the 
distributions of background values and site subsurface soil values for cobalt.   

Surface sediment 

All 6 site surface sediment samples are detects (Table A17).  Concentrations tend to 
decrease as samples approach the shoreline (Figure A25).   

Copper 

Surface soil 

Most of the background samples for copper (34/36) were reported as detects (Table A21).  
Site samples (n=6) were all reported as detects (Table A13).  Background data are 
roughly symmetric with a few large values in the upper tail of the distribution with the 
maximum value at 22.6 mg/kg (Figure A26).  The mean of the background data is 
6.94 mg/kg, and this is substantially lower than the mean of the site data (mean site = 
15.02 mg/kg).  Distributional comparisons (Table A14) and boxplots confirm that the 
distribution of site surface soil data is statistically significantly different from that of 
background. 
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Subsurface soil 

Twenty-nine of 31 background values were reported as detects (Table A22).  All six site 
subsurface soil concentrations were reported as detects (Table A15).  The site subsurface 
soil data are skewed to the right while background data appear fairly symmetric 
(Figure A26).  Spatially, lower copper concentrations are found closer to the dirt road 
(Figure A26).  Of the distributional comparison tests performed, only the result of the 
slippage test was statistically significant (Table A16) indicating differences in the upper 
tails of the distributions.  Tests for differences in the centers of the distributions were not 
significant.  Therefore, site subsurface soil data exceeds that of background for copper. 

Surface sediment 

All surface sediment values are detects in the site data set (Table A17).   

Iron 

Surface soil 

All background (n=34) and site surface soil (n=6) data were reported as detected values 
(Tables A21 and A13, respectively).  The range and distributional forms of these two data 
sets are similar (Figure A27).  Both data sets cover the same numerical range 
(Table A13), with the background data exhibiting a larger range due to its larger size.  
Means (bkg= 13820 mg/kg and site=12400 mg/kg) and medians (bkg=11700 mg/kg and 
site=10850 mg/kg) for these two distributions are essentially equivalent.  Results from 
the five distributional tests (Table A14) are all non-significant indicating there are no 
statistically significant differences between the distribution of background and site 
surface soil data. 

Subsurface soil 

Twenty-eight background data values are reported for iron, all are detects (Table A22).  
All six site subsurface soil values are detects as well (Table A15).  Site subsurface soil 
values are completely contained within the range of the background data values 
(Figure A27).  All five distributional comparisons (Table A16) between background and 
subsurface soil values are non-significant.  The distribution of iron subsurface soil values 
does not exceed that of background. 

Surface sediment 

All six site surface sediment values are detects in the data set (Table A17).   

Lead 

Surface soil 

Thirty-four of 36 values in the background and all site surface soil (n=6) data sets were 
reported as detects (Tables A21 and A13, respectively).  The background data set has one 
large outlier at 149 mg/kg (Table A21).  The next largest value in the background data set 
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is at 35 mg/kg.  Without the outlier, the range of the background (3.5 mg/kg–35 mg/kg) 
and site surface soil data (8.1 mg/kg – 35.8 mg/kg) completely overlap (Figure A28).  All 
five distributional comparisons were non-significant (Table A14).  Thus, distributional 
tests indicate that there are no significant differences between the distributions of the 
background and surface soil data sets. 

Subsurface soil 

Most of the subsurface soil background (28/31) and all site (n=6) values are detects in the 
two data sets (Tables A22 and A15, respectively).  The background data set has three 
large values but the bulk of the data are symmetric about the mean (Figure A28).  
Subsurface soil data are right skewed with the maximum value slightly larger than the 
background maximum.  The medians for these two data sets are similar.  Spatially, lead 
concentrations decrease moving away from the dirt road (Figure A28).  Distributional 
tests for differences in means and upper tail shifts are all non-significant (Table A16).  
The distribution of background lead values does not differ from that of the site subsurface 
soil.  

Surface sediment 

All site surface sediment data are reported as detects (Table A17).  From the boxplot 
(Figure A28), the site data has one extreme small value and one extreme large value.  
However, the central part of the data exhibits low variability and is symmetric about the 
median (43.55 mg/kg).   

Magnesium 

Surface soil 

Background (Table A21) and site surface soil data (Table A13) are all reported as detects, 
34 and 6, respectively.  Each of the data sets has a single large value.  The rest of the 
background and site surface soil data overlap completely (Figure A29).  From the bubble 
plot (Figure A29), all sample locations have approximately the same magnesium 
concentrations.  Of the five distributional comparisons (Table A14) between background 
and surface soil, the Gehan test is statistically significant indicating magnesium site 
surface soil data is elevated over background values. 

Subsurface soil 

Twenty-eight background and six site subsurface soil concentrations are detects in the 
two data sets (Tables A22 and A15, respectively).  There are no nondetects in either data 
set.  The background data set has one large value at 1990 mg/kg (Table A15 and 
Figure A29).  Both the background and site subsurface soil data are fairly symmetric.  All 
five distributional tests are non- significant (Table A16).  The distribution of site 
subsurface soil concentrations is not elevated relative to background. 
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Manganese 

Surface soil 

All of the background data (n=34) and the site surface soil data (n=6) were reported as 
detects (Tables A21 and A13, respectively).  The five distributional comparisons 
(Table A14) between background and site data were non-significant.  However, from the 
boxplot (Figure A30), it is clear that if the alternate hypothesis (that site values were less 
than background) was tested, it is likely that test would be significant indicating surface 
soil data is lower than background data.  This is in part due to the fact that all of the site 
data, except a single value, is below the first quartile of the background distribution.  The 
distribution of site surface soil concentrations is not elevated relative to background 
concentrations. 

Subsurface soil 

Two of the 28 detected concentrations in the background data (Table A22) set are 
relatively large values (869 mg/kg and 1270 mg/kg).  There are no nondetects in either 
the subsurface soil or background data set.  From the boxplot (Figure A30) the site data 
do not appear to be elevated relative to background.  This is confirmed numerically with 
the statistical tests (Table A16).  None of the distributional comparisons are significant.  
The distribution of site subsurface soil values is not elevated relative to background.  

Surface sediment   

Manganese was detected in all six sediment samples. Spatially, there does not appear to 
be any pattern to the manganese surface sediment concentrations (Figure A30).   

Mercury 

Surface soil 

Twenty-four of 36 values were reported as detects in the background mercury data set 
(Table A21).  All site surface soil data (n=6) were reported as detects (Table A13).  The 
background data set for mercury has many nondetected values above detected values 
(Table A21).  While the boxplot (Figure A31) would suggest site values are higher than 
background values, since the background data set is unreliable, it is impossible to 
determine if the distribution of site surface soil values is elevated relative to background. 

Subsurface soil 

Summary statistics for site subsurface soil samples are presented in Table A15.  The 
bubble plot shows that mercury concentrations taken closer to the road ten to be lower 
(Figure A31).  The boxplot of background and site subsurface soil data shows 
background subsurface soil data may not be characterizing background well due the large 
number of nondetects interspersed among the detected values.  Therefore, it cannot be 
determined if the distribution of the site subsurface soil concentrations is elevated relative 
to background, given the present state of the background data set.  
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Surface sediment 

Summary statistics for mercury in site surface sediments are shown in Table A17.  
Boxplots and bubble plots are presented in Figure A31.  There does not appear to be any 
pattern for mercury concentrations of site surface sediment samples on Hog Island.   

Molybdenum 

Surface soil 

None of the surface soil analyzed for molybdenum are detects (Table A13).  Spatially, 
smaller nondetect values appear closer to the road (Figure A32).  Distributional 
comparisons are not performed for molybdenum in surface soils since background data 
do not exist.  Therefore it is not possible to determine if the distribution of molybdenum 
concentrations in surface soils is elevated relative to background. 

Subsurface soil 

Table A15 presents summary statistics for molybdenum site subsurface soil 
concentrations for Hog Island.  Five of the six subsurface soil samples are reported as 
nondetects.  The distribution is shown in Figure A32 and is fairly symmetric with a single 
outlier in the upper right tail of the distribution.  The single detected molybdenum 
concentration appears to be furthest from the road (Figure A32).  Distributional 
comparisons are not performed for molybdenum in subsurface soils since background 
data do not exist. 

Surface sediment 

None of the surface sediment values are reported as detects.   

Nickel 

Surface soil 

Background samples for nickel (n=36) were all reported as detects (Table A21).  
Similarly, site surface soil samples (n=6) also were all reported as detects (Table A13).  
Background data are roughly symmetric with a two large values in the upper tail of the 
distribution (Figure A33).  The mean of the background data is 5.81 mg/kg, and this is 
substantially lower than the mean of the site data (mean site = 10.98 mg/kg).  Spatially, 
the smaller concentrations appear closer to the dirt road (Figure A23).  Of the five 
distributional comparisons performed, the Gehan test is statistically significant 
(Table A14).  Boxplots confirm that there is a shift between the site and background 
distributions.  Thus, site surface concentrations are elevated over background 
concentrations. 

Subsurface soil 

All background (n=31) and site subsurface soil data (n=6) are detects in the two data sets 
(Tables A22 and A15, respectively).  The background data set is large, but the range of 
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the background data set is narrow (Figure A33).  The site subsurface soil data are highly 
variable and the distribution is highly skewed to the right.  The median of the site 
subsurface soil data is larger than all background values except one (Figure A33).  The 
two-sample t-test result is marginal (p-value = 0.06) while the other four distributional 
comparisons (Table A16) are statistically significant indicating a shift in the means and 
upper tails of the distributions.  Therefore, the distribution of nickel concentrations in site 
subsurface soil is elevated relative to background. 

Surface sediment 

Site surface sediment concentrations of nickel are quite variable and appear to decrease 
with distance from the shoreline (Figure A-33). 

Selenium 

Surface soil 

Summary statistics are presented in Table A13 for site surface soil selenium data.  
Boxplots and bubble plots are shown in Figure A34.  From the boxplot of the background 
data (Figure A34), it is apparent that issues exist with the background data set.  There are 
many nondetected values that are larger than detected values in the data set.  This would 
indicate that further investigations should be conducted to determine the cause of this 
observation.  Therefore, it is not possible at this time to determine if the distribution of 
background values is different from that of the site values for selenium.   

Subsurface soil 

Site subsurface soil data are described in Table A15.  Boxplots and bubble plots are 
shown in Figure A34.  Spatially, the site subsurface soil samples increase in 
concentration as samples are taken further from the road (Figure A34).  Background 
subsurface soil data appear inappropriate due to the number of nondetects throughout the 
distribution including many nondetected values above detected values (Table A22).  
Given the present state of the background data set, it cannot be determined if the 
distribution of subsurface soil concentrations is elevated relative to background.  

Surface sediment 

Summary statistics for site surface sediment selenium concentrations are reported in 
Table A17.  Boxplots and bubble plots are shown in Figure A34.  The three nondetect 
values are plotted as green circles on the bubble plot; the other values are detects.   

Silver 

Surface soil 

Eleven of the 36 background values for silver were reported as detects, while all six of 
the site samples (Table A13) were reported as detects.  There is a single large value 
(3.2 mg/kg) in the site data set.  This value is an outlier since it is several orders of 
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magnitude larger than the next largest value (0.66 mg/kg) in the data set.  This point 
should be investigated.   

From the boxplot of the background data (Figure A35), it is apparent that there is a 
problem with the background data set.  There are many nondetected values that are larger 
than detected values in the data set.  This would indicate that there may be issues that 
need further investigation concerning the appropriateness of this particular background 
data set for distributional comparisons.  Therefore, it is not possible at this time to 
determine if the distribution of site surface soil concentrations is elevated relative to 
background.  

Subsurface soil 

Summary statistics for site subsurface soil data are presented in Table A15.  Boxplots and 
bubble plots are shown in Figure A35.  Spatially, lower silver concentrations appear 
closer to the dirt road.  There is a single large concentration in the data set that is apparent 
when viewing the bubble plot.  Background subsurface soil data appear inappropriate for 
distributional comparisons.  There are nondetected values above detected values in the 
data set (Table A22).  This would indicate there are issues with the background data.  
While it appears that subsurface soil values are not elevated over background 
concentrations (Figure A35), this conclusion cannot be made since the background data 
can not be used for statistical testing.  Therefore, given the present state of the 
background data set, it cannot be determined if the distribution of the site subsurface soil 
concentrations of silver is elevated relative to background.  

Surface sediment 

Summary statistics for the site surface sediment data are presented in Table A17.  Bubble 
plots show that the smaller site surface sediment concentrations are close to the shoreline 
(Figure A35).   

Thallium 

Surface soil 

Of the 36 values in the background dataset, 8 were reported as detects (Table A21).  Only 
one of the site data (n=6) samples is reported as a detect (Table A13).  From the bubble 
plot, the single detect value is furthest from the dirt road (Figure A36).  Comparisons 
between background and site data cannot be performed at this time due to the 
abnormalities that exist in the background data set.  The most glaring issue with the 
background data is that the lowest background data value is a nondetect at 0.22 mg/kg, 
which is larger than all of the site data with the exception of one point (0.69 mg/kg).  This 
would indicate that these background data are not appropriate for background 
comparisons and thus no determination as to whether differences exist between the 
distributions of background and site data can be made at this time. 
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Subsurface soil 

Subsurface soil summary statistics are shown in Table A15.  Bubble plots for thallium 
indicate the nondetects for thallium are close to the road (Figure A36).  Background 
subsurface soil data appear inappropriate for distributional comparisons.  From 
Figure A36 it appears that subsurface soil values are not elevated over background 
concentrations, however this conclusion cannot be stated quantitatively without 
distributional testing.  Therefore, it cannot be determined if the distribution of site 
subsurface soil concentrations of thallium is elevated relative to background.  

Surface sediment 

Surface sediment summary statistics are shown in Table A17.  Boxplots and bubble plots 
are presented in Figure A36.  All thallium concentrations in surface sediment are reported 
as nondetects (Figure A36).   

Tin 

Surface soil 

None of the 14 background values reported for tin are detects in the data set (Table A21).  
Only three of the six surface soil samples are reported as detects (Table A13).  Since all 
background data are reported as nondetects, distributional testing cannot be performed.  
Therefore, no determination can be made at this time as to whether the distribution of tin 
in the site surface soils is elevated relative to background. 

Subsurface soil 

All of the sixteen background subsurface soil data are reported as nondetects 
(Table A22).  While there appears to be a distinct shift between the background and 
subsurface soil data (Figure A37), with subsurface data appearing much lower than 
background values, this conclusion cannot be made since distributional comparisons 
cannot be conducted.  Differences between subsurface soils data and the corresponding 
background data cannot be assessed at this time. 

Uranium 

Surface soil 

The range of values for site uranium surface soil samples is from 0.5 mg/kg to 1.0 mg/kg 
(Table A13).  The distributional form of the six uranium surface soil concentrations is 
distinctly right skewed (Figure A38).  However, spatially there does not appear to be any 
obvious pattern to uranium concentrations in surface soil.  Distributional comparisons are 
not performed for uranium in surface soils since background data do not exist for this 
analyte. 
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Subsurface soil 

Summary statistics for uranium in subsurface soils is presented in Table A15.  These data 
are displayed graphically in Figure A38.  The distribution is right skewed with a single 
outlier in the upper tail.  Spatially, concentrations are highest for those sampling locations 
furthest from the road (Figure A38).  Distributional comparisons are not performed for 
uranium in subsurface soils since background data do not exist for this analyte. 

Surface sediment 

Summary statistics for uranium can be found in Table A17.  There does not appear to be 
any obvious spatial pattern to these data (Figure A38), surface sediment concentrations 
from all sampling locations appear to be fairly similar.   

Vanadium 

Surface soil 

All background (n=36) and site (n=6) data are reported as detected values (Tables A21 
and A13, respectively).  The range and distributional forms of these two data sets are 
shown in Figure A39.  Each distribution contains a single large value in the upper tail.  
Means (bkg=23.73 mg/kg and site=26.57 mg/kg) and medians (bkg=23.55 mg/kg and 
site=23.2 mg/kg) for these two distributions are essentially equivalent.  Results from the 
five distributional tests (Table A14) are all non-significant indicating there are no 
statistical differences between the two distributions. 

Subsurface soil 

Reported values from both data sets are all detects, 31 and 6 for the background and 
subsurface soil data, respectively (Tables A22 and A15).  Both distributions are roughly 
symmetrical (Figure A39) and their medians are close to one another (bkg = 30 mg/kg 
and subsurface soil = 26.25 mg/kg).  None of the statistical tests are significant 
(Table A16).  The distribution for vanadium subsurface soil is not elevated relative to 
background. 

Surface sediment 

All six site surface sediment concentrations are reported as detects (Table A17), with 
concentrations appearing rather uniform (Figure A39). 

Zinc 

Surface soil 

All values from the background (n=36) and site surface soil (n=6) data sets were reported 
as detects (Tables A21 and A15, respectively).  While each data set contains a large value 
in the upper tail of the distribution, zinc values are contained within the range of 
background values.  Zinc surface soil values appear to be slightly elevated over the 
background mean and median (Figure A40), however distributional comparisons 
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(Table A14) indicate there are no statistically significant differences between the 
distributions of background and surface soil data. 

Subsurface soil 

All 31 background (Table A22) and 6 site subsurface soil concentrations (Table A15) are 
reported as detects.  There are no nondetects in either data set.  The background data set 
has two extreme values (Figure A40) while the subsurface soil data has a single extreme 
value.  Medians for these two data sets are similar (bkg = 19.3 mg/kg and subsurface soil 
= 21.95 mg/kg).  All distributional comparisons were non-significant (Table A16) 
indicating the distribution for zinc subsurface soil concentrations is not elevated relative 
to background. 

Surface sediment 

Summary statistics for zinc can be found in Table A17.  All six detected site surface 
sediment concentrations appear rather uniform across the site (Figure A40).   

A.2.8 Miscellaneous Parameters 

A.2.8.1 Overview 

Miscellaneous parameters included in the Hog Island data set are fluoride, percent 
moisture, total organic carbon and total solids.  Summary statistics are presented for these 
parameters in Tables A18, A29, and A20.   

A.3.0 EVALUATING CONCENTRATIONS BY DEPTH 

The IR Site 18 peninsula was created when fill material was placed into Mattawoman 
Creek, connecting the main area of the installation with Hog Island.  Although no Base 
operational activities have occurred at Hog Island, the fill material used to connect 
Hog Island to the mainland came from a variety of operational and non-operational 
sources.  Soil samples taken from Hog Island are collected on the surface as well as 
below surface.  Theoretically, samples taken from the surface and subsurface soils should 
not differ from one another, since both are composed of the same fill materials.  However 
this hypothesis is tested statistically and the results presented below.  Statistical analyses 
focused on inorganics since the metals are detected in most, if not all, of the samples 
collected from Hog Island. 

Table A27 presents the 2-Sample (two-sided) t-test p-value and Gehan p-value for 
hypothesis tests concerning surface and subsurface soil samples.  Null hypotheses for 
these tests state that the centers of the distributions for surface and subsurface soil 
samples are equal while alternative hypotheses state there is a difference between the 
centers of the two distributions.  None of the tests for the 24 metals were statistically 
significant.  However, results for silver were marginally significant (p-value = 0.054).  
Thus we conclude there are no statistical differences between surface and subsurface 
concentrations for any of the 24 metals in the Hog Island data set. 
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A.4.0 EVALUATING SURFACE CONCENTRATIONS ACROSS THE SITE 

Both soil and sediment samples are included in the Hog Island data set.  To evaluate 
analyte concentrations spatially at this site, hypothesis tests are conducted to determine if 
surface soil samples are different from surface sediment samples.  Distributional 
comparisons focus on the 24 inorganics analyzed in the soil and sediment samples since 
for a given analyte most, if not all, of the samples were reported as detects.   

Table A27 presents the 2-Sample (two-sided) t-test p-value and Gehan p-value for 
hypothesis tests concerning surface soil and surface sediment samples.  Null hypotheses 
for these tests state that the centers of the distributions for surface soil samples and 
surface sediment samples are equal and the alternative hypotheses state there is a 
difference between the centers of the two distributions.  All statistical tests, except 
antimony, are statistically significant.  Surface sediment concentrations are statistically 
significantly higher than surface soil concentrations (Figures A17-A40).  This result 
could be attributed solely to spatial differences; however, a second explanation could be 
that this result is a function of differences in soil types (soil vs. wetland sediment) 
between the two sampling locations.  Wetland sediments may contain higher levels of 
organic materials or may contain smaller particle-size fractions, both of which could 
result in higher adsorption, and thus contain higher concentrations of contaminants. This 
theory is evaluated in the following section.   
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Figure A1. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for acenaphthene. 
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Figure A2. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for acenaphthylene. 
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Figure A3. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for anthracene. 
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Figure A4. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for benzo(a)anthracene. 
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Figure A5. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for benzo(a)pyrene. 
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Figure A6. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for benzo(b)fluoranthene. 
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Figure A7. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for benzo(g, h, i)perylene. 
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Figure A8. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for benzo(k)fluoranthene. 
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Figure A9. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for chrysene. 
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Figure A10. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for dibenzo(a,h)anthracene. 
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Figure A11. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for fluoranthene. 
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Figure A12. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for fluorene. 
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Figure A13. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for indeno(1,2,3-cd)pyrene. 
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Figure A14. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for naphthalene. 
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Figure A15. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for phenanthrene. 
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Figure A16. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for pyrene. 
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Figure A17. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for aluminum. 
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Figure A18. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for antimony. 
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Figure A19. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for arsenic. 
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Figure A20. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for barium. 



August 2006 A-42 CTO 006 

bkg site

0.
0

0.
5

1.
0

1.
5

BERYLLIUM 
 soil surface

n=36 n=6

bkg site

0.
05

0.
10

0.
20

0.
50

1.
00

2.
00

BERYLLIUM 
 soil surface (log-scale)

n=36 n=6

bkg site

0.
5

1.
0

1.
5

2.
0

2.
5

BERYLLIUM 
 soil subsurface

n=31 n=6

bkg site

1
2

3
4

BERYLLIUM 
 soil subsurface (log-scale)

n=31 n=6

bkg site

0
1

2
3

4
5

BERYLLIUM 
 sediment surface

n=36 n=6

bkg site

0.
05

0.
10

0.
20

0.
50

1.
00

2.
00

5.
00

BERYLLIUM 
 sediment surface (log-scale)

n=36 n=6

 

1259600 1259800 1260000 1260200 1260400 1260600

33
14

00
33

16
00

33
18

00
33

20
00

33
22

00

Easting

N
or

th
in

g

BERYLLIUM 
 soil surface

Concentration
(mg/kg)

0.29

0.5425

0.795

1.048

1.3

1259600 1259800 1260000 1260200 1260400 1260600

33
14

00
33

16
00

33
18

00
33

20
00

33
22

00

Easting

N
or

th
in

g

BERYLLIUM 
 soil subsurface

Concentration
(mg/kg)

0.21

0.7325

1.255

1.777

2.3

1259600 1259800 1260000 1260200 1260400 1260600

33
14

00
33

16
00

33
18

00
33

20
00

33
22

00

Easting

N
or

th
in

g

BERYLLIUM 
 sediment surface

Concentration
(mg/kg)

0.98

1.735

2.49

3.245

4

 

Figure A21. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for beryllium. 
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Figure A22. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for boron. 
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Figure A23. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for cadmium. 
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Figure A24. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for chromium. 
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Figure A25. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for cobalt. 
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Figure A26. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for copper. 
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Figure A27. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for iron. 
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Figure A28. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for lead. 
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Figure A29. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for magnesium. 
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Figure A30. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for manganese. 
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Figure A31. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for mercury. 
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Figure A32. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for molybdenum. 
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Figure A33. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for nickel. 
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Figure A34. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for selenium. 
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Figure A35. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for silver. 
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Figure A36. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for thallium. 
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Figure A37. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for tin. 
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Figure A38. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for uranium. 
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Figure A39. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for vanadium. 
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Figure A40. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for zinc. 
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Figure A41. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for fluoride. 
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Figure A42. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for nitrocellulose. 
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Figure A43. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for percent moisture. 
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Figure A44. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for total organic carbon. 
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Figure A45. Boxplots and bubble plots of surface soil, subsurface soil and surface sediment data for total solids (%). 

 



August 2006 A-67 CTO 006 

Table A1. Summary Statistics for Semivolatile Organics in Surface Soils (µg/kg) 

Analyte N 
Num 

Detect 
Min 
ND 

Max 
ND 

Min 
Detect 

Max 
Detect Mediana Meana

Standard 
Deviationa 

1,2,4,5-TETRACHLOROBENZENE 6 0 370 460 NA NA 200 205.8 17.72 
2,3,4,6-TETRACHLOROPHENOL 6 0 370 460 NA NA 200 205.8 17.72 
2,4,5-TRICHLOROPHENOL 6 0 910 1100 NA NA 492.5 504.2 38.13 
2,4,6-TRICHLOROPHENOL 6 0 370 460 NA NA 200 205.8 17.72 
2,4-DICHLOROPHENOL 6 0 370 460 NA NA 200 205.8 17.72 
2,4-DIMETHYLPHENOL 6 0 370 460 NA NA 200 205.8 17.72 
2,4-DINITROPHENOL 6 0 910 1100 NA NA 492.5 504.2 38.13 
2,6-DICHLOROPHENOL 6 0 370 460 NA NA 200 205.8 17.72 
2-CHLORONAPHTHALENE 6 0 370 460 NA NA 200 205.8 17.72 
2-CHLOROPHENOL 6 0 370 460 NA NA 200 205.8 17.72 
2-METHYLNAPHTHALENE 6 0 370 460 NA NA 200 205.8 17.72 
2-METHYLPHENOL 6 0 370 460 NA NA 200 205.8 17.72 
4-METHYLPHENOL 6 0 370 460 NA NA 200 205.8 17.72 
4-NITROPHENOL 6 0 910 1100 NA NA 492.5 504.2 38.13 
BENZOIC ACID 6 0 910 1100 NA NA 492.5 504.2 38.13 
BENZYL ALCOHOL 6 0 370 460 NA NA 200 205.8 17.72 
BIS(2-ETHYLHEXYL)PHTHALATE 6 0 370 460 NA NA 200 205.8 17.72 
BUTYL BENZYL PHTHALATE 6 0 370 460 NA NA 200 205.8 17.72 
DIBENZOFURAN 6 0 370 460 NA NA 200 205.8 17.72 
DIETHYL PHTHALATE 6 0 370 460 NA NA 200 205.8 17.72 
DIMETHYL PHTHALATE 6 0 370 460 NA NA 200 205.8 17.72 
DI-N-BUTYL PHTHALATE 6 0 370 460 NA NA 200 205.8 17.72 
DI-N-OCTYL PHTHALATE 6 0 370 460 NA NA 200 205.8 17.72 
N-NITROSODIPHENYLAMINE 6 0 370 460 NA NA 200 205.8 17.72 
PENTACHLOROBENZENE 6 0 370 460 NA NA 200 205.8 17.72 
PENTACHLOROPHENOL 6 0 910 1100 NA NA 492.5 504.2 38.13 
PHENOL 6 0 370 460 NA NA 200 205.8 17.72 

a Median, mean and standard deviation are calculated using all data where nondetects (“U” and “B” qualifiers) are replaced with half the 
detection limit. 

NA = Not applicable, ND = Nondetects, N = Sample size. 
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Table A2. Summary Statistics for Semivolatile Organics in Subsurface Soils (µg/kg) 

Analyte N 
Num 

Detect 
Min 
ND 

Max 
ND 

Min 
Detect 

Max 
Detect Mediana Meana

Standard 
Deviationa 

1,2,4,5-TETRACHLOROBENZENE 6 0 360 550 NA NA 185 204.2 38 
2,3,4,6-TETRACHLOROPHENOL 6 0 360 550 NA NA 185 204.2 38 
2,4,5-TRICHLOROPHENOL 6 0 890 1400 NA NA 457.5 509.2 101.8 
2,4,6-TRICHLOROPHENOL 6 0 360 550 NA NA 185 204.2 38 
2,4-DICHLOROPHENOL 6 0 360 550 NA NA 185 204.2 38 
2,4-DIMETHYLPHENOL 5 0 360 440 NA NA 180 190 17.32 
2,4-DINITROPHENOL 6 0 890 1400 NA NA 457.5 509.2 101.8 
2,6-DICHLOROPHENOL 6 0 360 550 NA NA 185 204.2 38 
2-CHLORONAPHTHALENE 6 0 360 550 NA NA 185 204.2 38 
2-CHLOROPHENOL 6 0 360 550 NA NA 185 204.2 38 
2-METHYLNAPHTHALENE 6 0 360 550 NA NA 185 204.2 38 
2-METHYLPHENOL 6 0 360 550 NA NA 185 204.2 38 
4-METHYLPHENOL 6 0 360 550 NA NA 185 204.2 38 
4-NITROPHENOL 6 0 890 1400 NA NA 457.5 509.2 101.8 
BENZOIC ACID 6 0 890 1400 NA NA 457.5 509.2 101.8 
BENZYL ALCOHOL 6 0 360 550 NA NA 185 204.2 38 
BIS(2-ETHYLHEXYL)PHTHALATE 6 0 95 550 NA NA 135 144.6 85.18 
BUTYL BENZYL PHTHALATE 6 0 360 550 NA NA 185 204.2 38 
DIBENZOFURAN 6 0 360 550 NA NA 185 204.2 38 
DIETHYL PHTHALATE 6 0 360 550 NA NA 185 204.2 38 
DIMETHYL PHTHALATE 6 0 360 550 NA NA 185 204.2 38 
DI-N-BUTYL PHTHALATE 6 0 360 550 NA NA 185 204.2 38 
DI-N-OCTYL PHTHALATE 6 0 360 550 NA NA 185 204.2 38 
N-NITROSODIPHENYLAMINE 6 0 360 550 NA NA 185 204.2 38 
PENTACHLOROBENZENE 6 0 360 550 NA NA 185 204.2 38 
PENTACHLOROPHENOL 6 0 890 1400 NA NA 457.5 509.2 101.8 
PHENOL 6 0 360 550 NA NA 185 204.2 38 

a Median, mean and standard deviation are calculated using all data where nondetects (“U” and “B” qualifiers) are replaced with half the 
detection limit. 

NA = Not applicable, ND = Nondetects, N = Sample size. 
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Table A3. Summary Statistics for Semivolatile Organics in Surface Sediments (µg/kg) 

Analyte N 
Num 

Detect 
Min 
ND 

Max 
ND 

Min 
Detect 

Max 
Detect Mediana Meana

Standard 
Deviationa 

1,2,4,5-TETRACHLOROBENZENE 6 0 1300 2100 NA NA 775 800 141.4 
2,3,4,6-TETRACHLOROPHENOL 6 0 1300 2100 NA NA 775 800 141.4 
2,4,5-TRICHLOROPHENOL 6 0 3300 5300 NA NA 1950 2025 350.4 
2,4,6-TRICHLOROPHENOL 6 0 1300 2100 NA NA 775 800 141.4 
2,4-DICHLOROPHENOL 6 0 1300 2100 NA NA 775 800 141.4 
2,4-DIMETHYLPHENOL 6 0 1300 2100 NA NA 775 800 141.4 
2,4-DINITROPHENOL 6 0 3300 5300 NA NA 1950 2025 350.4 
2,6-DICHLOROPHENOL 6 0 1300 2100 NA NA 775 800 141.4 
2-CHLORONAPHTHALENE 6 0 1300 2100 NA NA 775 800 141.4 
2-CHLOROPHENOL 6 0 1300 2100 NA NA 775 800 141.4 
2-METHYLNAPHTHALENE 6 0 1300 2100 NA NA 775 800 141.4 
2-METHYLPHENOL 6 0 1300 2100 NA NA 775 800 141.4 
4-METHYLPHENOL 6 0 1300 2100 NA NA 775 800 141.4 
4-NITROPHENOL 6 0 3300 5300 NA NA 1950 2025 350.4 
BENZOIC ACID 6 0 3300 5300 NA NA 1950 2025 350.4 
BENZYL ALCOHOL 6 0 1300 2100 NA NA 775 800 141.4 
BIS(2-ETHYLHEXYL)PHTHALATE 6 0 450 2100 NA NA 725 704.2 274.1 
BUTYL BENZYL PHTHALATE 6 0 1300 2100 NA NA 775 800 141.4 
DIBENZOFURAN 6 0 1300 2100 NA NA 775 800 141.4 
DIETHYL PHTHALATE 6 0 1300 2100 NA NA 775 800 141.4 
DIMETHYL PHTHALATE 6 0 1300 2100 NA NA 775 800 141.4 
DI-N-BUTYL PHTHALATE 6 0 1300 2100 NA NA 775 800 141.4 
DI-N-OCTYL PHTHALATE 6 0 1300 2100 NA NA 775 800 141.4 
N-NITROSODIPHENYLAMINE 6 0 1300 2100 NA NA 775 800 141.4 
PENTACHLOROBENZENE 6 0 1300 2100 NA NA 775 800 141.4 
PENTACHLOROPHENOL 6 0 3300 5300 NA NA 1950 2025 350.4 
PHENOL 6 0 1300 2100 NA NA 775 800 141.4 

a Median, mean and standard deviation are calculated using all data where nondetects (“U” and “B” qualifiers) are replaced with half the 
detection limit. 

NA = Not applicable, ND = Nondetects, N = Sample size. 
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Table A4. Summary Statistics for PAHs in Surface Soils (µg/kg) 

Analyte N 
Num 

Detect 
Min 
ND 

Max 
ND 

Min 
Detect 

Max 
Detect Mediana Meana

Standard 
Deviationa 

ACENAPHTHENE 6 2 22 28 5.1 22 12.75 12.93 5.471 
ACENAPHTHYLENE 6 2 1.4 28 10 27 11.5 12.45 8.491 
ANTHRACENE 6 2 1.2 28 20 55 12.5 17.03 20.03 
BENZO(A)ANTHRACENE 6 4 16 29 11 430 15.25 111.6 171.4 
BENZO(A)PYRENE 6 6 NA NA 4.9 370 16 92.22 145.7 
BENZO(B)FLUORANTHENE 6 6 NA NA 11 450 21.5 122.8 179.8 
BENZO(G,H,I)PERYLENE 6 5 24 24 2.9 180 9.9 44.78 69.59 
BENZO(K)FLUORANTHENE 6 6 NA NA 2.1 130 7.35 33.57 50.56 
CHRYSENE 6 6 NA NA 3.9 260 11.95 67.15 103 
DIBENZO(A,H)ANTHRACENE 6 2 22 27 5.2 11 11.5 10.78 2.885 
FLUORANTHENE 6 6 NA NA 7.8 540 19.5 132.7 213.1 
FLUORENE 6 2 22 28 5.9 19 12.75 12.57 4.279 
INDENO(1,2,3-CD)PYRENE 6 5 24 24 3.5 190 10.9 47.82 73.68 
NAPHTHALENE 6 4 1.7 1.9 1.5 11 1.5 3.267 3.938 
PHENANTHRENE 6 4 6.4 12 3.5 280 4.95 63.27 110.8 
PYRENE 6 5 22 22 5.4 520 27.5 133.6 204.6 

a Median, mean and standard deviation are calculated using all data where nondetects (“U” and “B” qualifiers) are replaced with half the 
detection limit. 

NA = Not applicable, ND = Nondetects, N = Sample size. 



August 2006 A-71 CTO 006 

Table A5. Summary Statistics for PAHs in Subsurface Soils (µg/kg) 

Analyte N 
Num 

Detect 
Min 
ND 

Max 
ND 

Min 
Detect 

Max 
Detect Mediana Meana

Standard 
Deviationa 

ACENAPHTHENE 6 4 22 33 1 3 2.6 5.817 6.427 
ACENAPHTHYLENE 6 4 2.2 33 2 27 7.35 10.22 10.02 
ANTHRACENE 6 3 3 33 7.7 11 8.6 8.083 5.627 
BENZO(A)ANTHRACENE 6 4 11 14 40 240 85 93.75 92.78 
BENZO(A)PYRENE 6 4 4.1 33 34 330 77 105.4 122.4 
BENZO(B)FLUORANTHENE 6 4 8.2 10 45 380 102.5 132.4 146.3 
BENZO(G,H,I)PERYLENE 6 4 3.6 33 14 170 32.75 50.55 61.88 
BENZO(K)FLUORANTHENE 6 4 3.7 33 18 97 28.5 38.06 34.57 
CHRYSENE 6 4 4.5 33 26 140 54 61.13 54.52 
DIBENZO(A,H)ANTHRACENE 6 0 4 33 NA NA 11 10.5 4.69 
FLUORANTHENE 6 4 12 33 49 190 79.5 85.25 73.35 
FLUORENE 6 4 23 33 2.2 3.5 3.25 6.567 5.986 
INDENO(1,2,3-CD)PYRENE 6 4 4.5 33 19 210 36.5 61.13 76.76 
NAPHTHALENE 6 5 2.7 2.7 2.4 4.5 3.5 3.275 1.213 
PHENANTHRENE 6 3 9.2 33 35 81 25.75 31.6 28.15 
PYRENE 6 5 33 33 6.9 270 100 118.9 111.2 

a Median, mean and standard deviation are calculated using all data where nondetects (“U” and “B” qualifiers) are replaced with half the 
detection limit. 

NA = Not applicable, ND = Nondetects, N = Sample size. 
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Table A6. Summary Statistics for PAHs in Surface Sediments (µg/kg) 

Analyte N 
Num 

Detect 
Min 
ND 

Max 
ND 

Min 
Detect 

Max 
Detect Mediana Meana

Standard 
Deviationa 

ACENAPHTHENE 6 6 NA NA 3.6 17 5.3 8.017 5.602 
ACENAPHTHYLENE 6 2 9.2 130 9.9 14 30.25 31.58 25.17 
ANTHRACENE 6 5 21 21 11 38 15 20.42 12.09 
BENZO(A)ANTHRACENE 6 5 95 95 93 230 150 141.8 64.57 
BENZO(A)PYRENE 6 6 NA NA 65 190 120 125 51.77 
BENZO(B)FLUORANTHENE 6 6 NA NA 120 370 215 228.3 90.2 
BENZO(G,H,I)PERYLENE 6 6 NA NA 35 84 68.5 65.33 18.15 
BENZO(K)FLUORANTHENE 6 6 NA NA 36 86 65.5 59.67 19.54 
CHRYSENE 6 6 NA NA 48 190 93 99 50.39 
DIBENZO(A,H)ANTHRACENE 6 1 81 100 54 54 48 47.33 4.865 
FLUORANTHENE 6 6 NA NA 85 610 155 219.2 193.8 
FLUORENE 6 5 99 99 6.4 45 11.5 22.18 19.58 
INDENO(1,2,3-CD)PYRENE 6 5 130 130 53 140 67.5 79.17 31.2 
NAPHTHALENE 6 5 5.7 5.7 6.7 12 9 8.425 3.312 
PHENANTHRENE 6 5 64 64 45 300 57.5 94.5 101.7 
PYRENE 6 6 NA NA 84 380 155 180.7 104.1 

a Median, mean and standard deviation are calculated using all data where nondetects (“U” and “B” qualifiers) are replaced with half the 
detection limit. 

NA = Not applicable, ND = Nondetects, N = Sample size. 
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Table A7. Summary Statistics for Pesticides and PCBs in Surface Soils (µg/kg) 

Analyte N 
Num 

Detect 
Min 
ND 

Max 
ND 

Min 
Detect 

Max 
Detect Mediana Meana

Standard 
Deviationa 

4,4'-DDD 6 3 3.7 4.6 0.76 4.9 2.1 2.335 1.373 
4,4'-DDE 6 3 3.7 4.6 2.2 53 2.25 12.39 20.37 
4,4'-DDT 6 3 3.7 4.6 6.4 21 4.35 7.925 7.923 
ALDRIN 6 0 1.9 2.3 NA NA 1.025 1.05 0.08367 
ALPHA-CHLORDANE 6 0 1.9 2.3 NA NA 1.025 1.05 0.08367 
AROCLOR-1016 6 0 19 23 NA NA 10.25 10.5 0.8367 
AROCLOR-1221 6 0 19 23 NA NA 10.25 10.5 0.8367 
AROCLOR-1232 6 0 19 23 NA NA 10.25 10.5 0.8367 
AROCLOR-1242 6 0 19 23 NA NA 10.25 10.5 0.8367 
AROCLOR-1248 6 0 19 23 NA NA 10.25 10.5 0.8367 
AROCLOR-1254 6 0 19 23 NA NA 10.25 10.5 0.8367 
AROCLOR-1260 6 0 19 23 NA NA 10.25 10.5 0.8367 
CHLORDANE 6 0 19 23 NA NA 10.25 10.5 0.8367 
DIELDRIN 6 0 3.7 4.6 NA NA 2 2.058 0.1772 
ENDRIN 6 0 3.7 4.6 NA NA 2 2.058 0.1772 
GAMMA-BHC (LINDANE) 6 0 1.9 2.3 NA NA 1.025 1.05 0.08367 
GAMMA-CHLORDANE 6 1 1.9 2.3 1.4 1.4 1.025 1.092 0.1656 
HEPTACHLOR EPOXIDE 6 0 1.9 2.3 NA NA 1.025 1.05 0.08367 
METHOXYCHLOR 6 0 19 23 NA NA 10.25 10.5 0.8367 

a Median, mean and standard deviation are calculated using all data where nondetects (“U” and “B” qualifiers) are replaced with half the 
detection limit. 

NA = Not applicable, ND = Nondetects, N = Sample size. 
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Table A8. Summary Statistics for Pesticides and PCBs in Subsurface Soils (µg/kg) 

Analyte N 
Num 

Detect 
Min 
ND 

Max 
ND 

Min 
Detect 

Max 
Detect Mediana Meana

Standard 
Deviationa 

4,4'-DDD 6 5 5.5 5.5 1.5 30 5.2 10.44 11.3 
4,4'-DDE 6 4 4.4 5.5 4 89 12 26.49 34.12 
4,4'-DDT 6 4 4.4 5.5 6.8 81 9.9 21.63 30.2 
ALDRIN 6 0 1.8 2.8 NA NA 0.95 1.042 0.1985 
ALPHA-CHLORDANE 6 0 1.8 2.8 NA NA 0.95 1.042 0.1985 
AROCLOR-1016 6 0 18 28 NA NA 9.5 10.42 1.985 
AROCLOR-1221 6 0 18 28 NA NA 9.5 10.42 1.985 
AROCLOR-1232 6 0 18 28 NA NA 9.5 10.42 1.985 
AROCLOR-1242 6 0 18 28 NA NA 9.5 10.42 1.985 
AROCLOR-1248 6 0 18 28 NA NA 9.5 10.42 1.985 
AROCLOR-1254 6 0 18 28 NA NA 9.5 10.42 1.985 
AROCLOR-1260 6 0 18 28 NA NA 9.5 10.42 1.985 
CHLORDANE 6 0 18 28 NA NA 9.5 10.42 1.985 
DIELDRIN 6 0 3.6 5.5 NA NA 1.85 2.042 0.38 
ENDRIN 6 0 3.6 5.5 NA NA 1.85 2.042 0.38 
GAMMA-BHC (LINDANE) 6 0 1.8 2.8 NA NA 0.95 1.042 0.1985 
GAMMA-CHLORDANE 6 0 1.8 2.8 NA NA 0.95 1.042 0.1985 
HEPTACHLOR EPOXIDE 6 0 1.8 2.8 NA NA 0.95 1.042 0.1985 
METHOXYCHLOR 6 0 18 28 NA NA 9.5 10.42 1.985 

a Median, mean and standard deviation are calculated using all data where nondetects (“U” and “B” qualifiers) are replaced with half the 
detection limit. 

NA = Not applicable, ND = Nondetects, N = Sample size. 
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Table A9. Summary Statistics for Pesticides and PCBs in Surface Sediments (µg/kg) 

Analyte N 
Num 

Detect 
Min 
ND 

Max 
ND 

Min 
Detect 

Max 
Detect Mediana Meana

Standard 
Deviationa 

4,4'-DDD 6 4 16 17 3.6 51 6.3 13.33 18.56 
4,4'-DDE 6 5 16 16 7.4 38 9.05 13.92 11.91 
4,4'-DDT 6 0 13 21 NA NA 7.75 8 1.414 
ALDRIN 6 0 6.9 11 NA NA 4.075 4.208 0.7249 
ALPHA-CHLORDANE 6 1 6.9 11 9.9 9.9 4.2 5.158 2.433 
AROCLOR-1016 6 0 69 110 NA NA 40.75 42.08 7.249 
AROCLOR-1221 6 0 69 110 NA NA 40.75 42.08 7.249 
AROCLOR-1232 6 0 69 110 NA NA 40.75 42.08 7.249 
AROCLOR-1242 6 0 69 110 NA NA 40.75 42.08 7.249 
AROCLOR-1248 6 0 69 110 NA NA 40.75 42.08 7.249 
AROCLOR-1254 6 0 69 110 NA NA 40.75 42.08 7.249 
AROCLOR-1260 6 0 69 110 NA NA 40.75 42.08 7.249 
CHLORDANE 6 0 69 110 NA NA 40.75 42.08 7.249 
DIELDRIN 6 0 13 21 NA NA 7.75 8 1.414 
ENDRIN 6 0 13 21 NA NA 7.75 8 1.414 
GAMMA-BHC (LINDANE) 6 0 6.9 11 NA NA 4.075 4.208 0.7249 
GAMMA-CHLORDANE 6 0 6.9 11 NA NA 4.075 4.208 0.7249 
HEPTACHLOR EPOXIDE 6 0 6.9 11 NA NA 4.075 4.208 0.7249 
METHOXYCHLOR 6 0 69 110 NA NA 40.75 42.08 7.249 

a Median, mean and standard deviation are calculated using all data where nondetects (“U” and “B” qualifiers) are replaced with half the 
detection limit. 

NA = Not applicable, ND = Nondetects, N = Sample size. 
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Table A10. Summary Statistics for Explosives in Surface Soils (µg/kg) 

Analyte N 
Num 

Detect 
Min 
ND 

Max 
ND 

Min 
Detect 

Max 
Detect Mediana Meana

Standard 
Deviationa 

1,3,5-TRINITROBENZENE 5 0 280 340 NA NA 150 152 10.95 
1,3-DINITROBENZENE 5 0 280 340 NA NA 150 152 10.95 
2,4,6-TRINITROTOLUENE 5 0 280 340 NA NA 150 152 10.95 
2,4-DINITROTOLUENE 5 0 280 340 NA NA 150 152 10.95 
2,6-DINITROTOLUENE 5 0 280 340 NA NA 150 152 10.95 
2-AMINO-4,6-DINITROTOLUENE 5 0 280 340 NA NA 150 152 10.95 
2-NITROTOLUENE 5 0 560 680 NA NA 300 304 22.19 
3-NITROTOLUENE 5 0 560 680 NA NA 300 304 22.19 
4-AMINO-2,6-DINITROTOLUENE 5 0 280 340 NA NA 150 152 10.95 
4-NITROTOLUENE 5 0 560 680 NA NA 300 304 22.19 
HMX 5 0 560 680 NA NA 300 304 22.19 
NITROBENZENE 5 0 280 340 NA NA 150 152 10.95 
NITROCELLULOSE 6 0 1.9 6.5 NA NA 1.675 1.9 0.8614 
NITROGLYCERIN 6 0 5600 6900 NA NA 3025 3108 259.6 
NITROGUANIDINE 6 0 250 250 NA NA 125 125 0 
RDX 5 0 560 680 NA NA 300 304 22.19 
TETRYL 5 0 560 680 NA NA 300 304 22.19 

a Median, mean and standard deviation are calculated using all data where nondetects (“U” and “B” qualifiers) are replaced with half the 
detection limit. 

NA = Not applicable, ND = Nondetects, N = Sample size. 
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Table A11. Summary Statistics for Explosives in Subsurface Soils (µg/kg) 

Analyte N 
Num 

Detect 
Min 
ND 

Max 
ND 

Min 
Detect 

Max 
Detect Mediana Meana

Standard 
Deviationa 

1,3,5-TRINITROBENZENE 4 0 270 280 NA NA 137.5 137.5 2.887 
1,3-DINITROBENZENE 4 0 270 280 NA NA 137.5 137.5 2.887 
2,4,6-TRINITROTOLUENE 4 0 270 280 NA NA 137.5 137.5 2.887 
2,4-DINITROTOLUENE 4 0 270 280 NA NA 137.5 137.5 2.887 
2,6-DINITROTOLUENE 4 0 270 280 NA NA 137.5 137.5 2.887 
2-AMINO-4,6-DINITROTOLUENE 4 0 270 280 NA NA 137.5 137.5 2.887 
2-NITROTOLUENE 4 0 540 570 NA NA 272.5 275 7.071 
3-NITROTOLUENE 4 0 540 570 NA NA 272.5 275 7.071 
4-AMINO-2,6-DINITROTOLUENE 4 0 270 280 NA NA 137.5 137.5 2.887 
4-NITROTOLUENE 4 0 540 570 NA NA 272.5 275 7.071 
HMX 4 0 540 570 NA NA 272.5 275 7.071 
NITROBENZENE 4 0 270 280 NA NA 137.5 137.5 2.887 
NITROCELLULOSE 6 1 1.7 4.4 75.1 75.1 1.55 13.69 30.09 
NITROGLYCERIN 5 2 5400 5700 6000 22000 2850 7260 8358 
NITROGUANIDINE 5 0 250 250 NA NA 125 125 0 
RDX 4 0 540 570 NA NA 272.5 275 7.071 
TETRYL 4 0 540 570 NA NA 272.5 275 7.071 

a Median, mean and standard deviation are calculated using all data where nondetects (“U” and “B” qualifiers) are replaced with half the 
detection limit. 

NA = Not applicable, ND = Nondetects, N = Sample size. 
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Table A12. Summary Statistics for Explosives in Surface Sediments (µg/kg) 

Analyte N 
Num 

Detect 
Min 
ND 

Max 
ND 

Min 
Detect 

Max 
Detect Mediana Meana

Standard 
Deviationa 

1,3,5-TRINITROBENZENE 6 1 1000 1300 9400 9400 600 2050 3601 
1,3-DINITROBENZENE 6 0 1000 1600 NA NA 600 616.7 103.3 
2,4,6-TRINITROTOLUENE 6 0 1000 1600 NA NA 600 616.7 103.3 
2,4-DINITROTOLUENE 6 0 1000 1600 NA NA 600 616.7 103.3 
2,6-DINITROTOLUENE 6 0 1000 1600 NA NA 600 616.7 103.3 
2-AMINO-4,6-DINITROTOLUENE 6 0 1000 1600 NA NA 600 616.7 103.3 
2-NITROTOLUENE 6 0 2000 3200 NA NA 1200 1233 209 
3-NITROTOLUENE 6 0 2000 3200 NA NA 1200 1233 209 
4-AMINO-2,6-DINITROTOLUENE 6 0 1000 1600 NA NA 600 616.7 103.3 
4-NITROTOLUENE 6 0 2000 3200 NA NA 1200 1233 209 
HMX 6 0 2000 3200 NA NA 1200 1233 209 
NITROBENZENE 6 0 1000 1600 NA NA 600 616.7 103.3 
NITROCELLULOSE 6 1 13.1 23.9 39.5 39.5 9.8 14.4 12.42 
NITROGLYCERIN 6 0 20000 32000 NA NA 12000 12330 2090 
NITROGUANIDINE 6 0 250 250 NA NA 125 125 0 
RDX 6 0 2000 3200 NA NA 1200 1233 209 
TETRYL 6 0 2000 3200 NA NA 1200 1233 209 

a Median, mean and standard deviation are calculated using all data where nondetects (“U” and “B” qualifiers) are replaced with half the 
detection limit. 

NA = Not applicable, ND = Nondetects, N = Sample size. 
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Table A13. Summary Statistics for Inorganics in Surface Soils (mg/kg) 

Analyte N Num Detect 
Min 
ND 

Max 
ND 

Min 
Detect 

Max 
Detect Mediana  Meana 

Standard 
Deviationa 

ALUMINUM 6 6 NA NA 5270 8890 7270 7262 1277 
ANTIMONY 6 1 0.05 0.32 0.48 0.48 0.0525 0.1358 0.1752 
ARSENIC 6 6 NA NA 1.4 14.1 2.7 4.933 4.884 
BARIUM 6 6 NA NA 27.3 101 34.95 44.7 27.78 
BERYLLIUM 6 6 NA NA 0.29 1.3 0.385 0.5267 0.3833 
BORON 6 2 0.79 2.4 1.8 5.7 1 1.722 2.018 
CADMIUM 6 5 0.03 0.03 0.08 0.24 0.1 0.1258 0.08697 
CHROMIUM 6 6 NA NA 9.7 17.1 12.8 13.12 2.678 
COBALT 6 6 NA NA 2.2 7.8 3.15 4.083 2.175 
COPPER 6 6 NA NA 6.9 32.6 8.95 15.02 10.82 
IRON 6 6 NA NA 7990 22200 10850 12400 5196 
LEAD 6 6 NA NA 8.1 35.8 12.05 15.43 10.23 
MAGNESIUM 6 6 NA NA 526 1200 737 772.8 231.3 
MANGANESE 6 6 NA NA 13.2 137 42.05 53.88 43.52 
MERCURY 6 6 NA NA 0.04 0.23 0.115 0.1217 0.08472 
MOLYBDENUM 6 0 0.41 1.9 NA NA 0.3125 0.4258 0.2718 
NICKEL 6 6 NA NA 4.9 25.1 7.15 10.98 8.051 
SELENIUM 6 4 0.14 0.26 0.22 1.4 0.26 0.4333 0.4948 
SILVER 6 6 NA NA 0.08 3.2 0.325 0.79 1.198 
THALLIUM 6 1 0.1 0.18 0.69 0.69 0.07 0.1708 0.2549 
TIN 6 3 0.38 0.63 0.55 1.4 0.4325 0.5933 0.4685 
URANIUM 6 6 NA NA 0.51 1 0.58 0.6567 0.1919 
VANADIUM 6 6 NA NA 17.6 51.7 23.2 26.57 12.6 
ZINC 6 6 NA NA 18.6 45.7 24.35 26.6 9.752 

a Median, mean and standard deviation are calculated using all data where nondetects (“U” and “B” qualifiers) are replaced with half the 
detection limit. 

NA = Not applicable, ND = Nondetects, N = Sample size. 
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Table A14. Background Comparisons for Inorganics in Surface Soils 

Analyte 

Surface 
Soil Num 

Detect 

Bkg 
Surface 
Soil N 

Bkg 
Surface 

Soil Num 
Detect 

Shapir
o-Wilk
p-value

Two-
Sample 
t-test 

Gehan 
Test 

Quantile 
Test 

(0.75) 

Quantile 
Test 

(0.90) 
Slippage 

Test 
ALUMINUM 6 34 34 0.961 0.703 0.455 1 1 1 
ANTIMONY 1 35 0 0.005 0.999 1.000 NA NA NA 
ARSENIC 6 36 32 0.030 0.348 0.613 0.443 0.557 1 
BARIUM 6 36 36 0.001 0.483 0.796 0.860 0.557 0.143 
BERYLLIUM 6 36 26 0.001 0.168 0.230 0.744 0.557 1 
CADMIUM 5 36 14 0.450 0.842 0.930 NA NA 1 
CHROMIUM 6 36 36 0.965 0.671 0.471 0.860 1 1 
COBALT 6 36 36 0.142 0.916 0.753 0.860 1 1 
COPPER 6 36 34 0.029 0.064 0.006 0.443 0.141 0.017 
IRON 6 34 34 0.102 0.705 0.508 0.845 1 1 
LEAD 6 36 34 0.008 0.663 0.450 0.860 0.557 1 
MAGNESIUM 6 34 34 0.235 0.097 0.038 0.153 0.493 1 
MANGANESE 6 34 34 0.098 1.000 0.996 1 1 1 
MERCURY 6 36 24 0.139 0.047 0.071 NA 0.015 0.002 
NICKEL 6 36 36 0.052 0.089 0.036 0.503 0.141 0.143 
SELENIUM 4 36 14 0.022 0.681 0.973 NA NA 0.167 
SILVER 6 36 11 0.002 0.187 0.429 NA NA 0.154 
THALLIUM 1 36 8 0.000 0.998 1.000 NA NA 1 
TIN 3 14 0 0.225 1.000 1.000 NA NA NA 
VANADIUM 6 36 36 0.006 0.311 0.346 0.860 0.557 1 
ZINC 6 36 36 0.025 0.125 0.133 0.860 0.557 1 

NA = Not applicable. 
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Table A15. Summary Statistics for Inorganics in Subsurface Soils (mg/kg) 

Analyte N 
Num 

Detect 
Min 
ND 

Max 
ND 

Min 
Detect 

Max 
Detect Mediana Meana 

Standard 
Deviationa

ALUMINUM 6 6 NA NA 4280 13000 6990 7727 2980 
ANTIMONY 6 0 0.07 0.48 NA NA 0.0875 0.1025 0.07326 
ARSENIC 6 6 NA NA 2.5 35.6 7.4 11.3 12.44 
BARIUM 6 6 NA NA 24.3 74 40.15 45.95 21.16 
BERYLLIUM 6 6 NA NA 0.21 2.3 0.38 0.7583 0.8016 
BORON 6 3 0.64 1.4 1.5 10.8 1.1 2.912 4.047 
CADMIUM 6 5 0.03 0.03 0.06 0.36 0.065 0.1108 0.1251 
CHROMIUM 6 6 NA NA 12.1 126 16.6 34.38 45.01 
COBALT 6 6 NA NA 3 32.2 4.4 9.067 11.43 
COPPER 6 6 NA NA 4.5 45.9 9.15 17.98 16.6 
IRON 6 6 NA NA 6990 30700 14950 18070 9998 
LEAD 6 6 NA NA 7 30.3 9.7 14.63 9.852 
MAGNESIUM 6 6 NA NA 402 750 592.5 585.2 140 
MANGANESE 6 6 NA NA 29 208 78.35 99.2 71.98 
MERCURY 6 6 NA NA 0.02 0.48 0.08 0.1467 0.1761 
MOLYBDENUM 6 1 0.4 2.7 11.3 11.3 0.695 2.431 4.366 
NICKEL 6 6 NA NA 6.6 90.6 14.85 32.73 35.49 
SELENIUM 6 6 NA NA 0.1 4.1 0.28 1.042 1.562 
SILVER 6 6 NA NA 0.02 1.2 0.035 0.2333 0.4743 
THALLIUM 6 2 0.06 0.21 0.45 1.4 0.0875 0.3492 0.5384 
TIN 6 6 NA NA 0.52 0.95 0.595 0.6667 0.1708 
URANIUM 6 6 NA NA 0.31 2.1 0.63 0.855 0.6527 
VANADIUM 6 6 NA NA 14 68.5 26.25 31.5 20.46 
ZINC 6 6 NA NA 12.3 126 21.95 38.63 43.12 

a  Median, mean and standard deviation are calculated using all data where nondetects (“U” and “B” qualifiers) are replaced with 
half the detection limit. 

NA = Not applicable, ND = Nondetects, N = Sample size. 
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Table A16. Background Comparisons for Inorganics in Subsurface Soils 

Analyte 

Subsurface 
Soil Num 

Detect 

Bkg 
Subsurface 

Soil N 

Bkg 
Subsurface 
Soil Num 

Detect 

Shapiro-
Wilk 

p-value 

Two-
Sample 
t-test 

Gehan 
Test 

Quantile 
Test 

(0.75) 

Quantile 
Test 

(0.90) 
Slippage 

Test 
ALUMINUM 6 28 28 0.474 0.995 0.961 1 1 1 
ANTIMONY 0 31 3 0.141 1 1 NA NA 1 
ARSENIC 6 31 27 0.018 0.149 0.084 0.140 0.115 0.162 
BARIUM 6 31 31 0.197 0.224 0.182 0.457 0.115 1 
BERYLLIUM 6 31 26 0.014 0.159 0.223 0.387 0.115 0.162 
CADMIUM 5 31 10 0.006 0.574 0.985 NA NA 0.1875 
CHROMIUM 6 31 31 0.000 0.277 0.525 0.838 0.524 0.162 
COBALT 6 31 31 0.001 0.435 0.097 0.457 0.524 1 
COPPER 6 31 29 0.051 0.125 0.101 0.457 0.115 0.023 
IRON 6 28 28 0.251 0.884 0.817 1 1 1 
LEAD 6 31 28 0.055 0.179 0.199 NA NA 0.167 
MAGNESIUM 6 28 28 0.574 0.990 0.880 1 1 1 
MANGANESE 6 28 28 0.298 0.699 0.171 0.513 0.135 1 
MERCURY 6 31 19 0.039 0.105 0.089 0.101 0.115 0.023 
NICKEL 6 31 31 0.051 0.062 0.002 0.022 0.010 0.003 
SELENIUM 6 31 15 0.004 0.331 0.876 NA 0.524 0.162 
SILVER 6 31 10 0.000 0.778 0.989 NA 0.524 1 
THALLIUM 2 31 11 0.005 0.976 0.993 NA 1 1 
TIN 6 16 0 0.133 1 1 NA NA NA 
VANADIUM 6 31 31 0.200 0.726 0.718 0.838 0.524 1 
ZINC 6 31 31 0.001 0.190 0.101 0.457 0.524 0.162 

NA = Not applicable. 
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Table A17. Summary Statistics for Inorganics in Surface Sediment (mg/kg) 

Analyte N 
Num 

Detect
Min 
ND 

Max 
ND 

Min 
Detect 

Max 
Detect Mediana Meana 

Standard 
Deviationa

ALUMINUM 6 6 NA NA 6780 18100 14200 13610 3865 
ANTIMONY 6 0 0.28 0.74 NA NA 0.1675 0.2067 0.08727 
ARSENIC 6 6 NA NA 6.1 56.1 11.8 19.02 18.76 
BARIUM 6 6 NA NA 92.1 138 121.5 117 18.54 
BERYLLIUM 6 6 NA NA 0.98 4 1.3 1.697 1.158 
BORON 6 2 7.4 11 7.2 10.3 5.35 5.992 2.446 
CADMIUM 6 6 NA NA 0.72 2.1 1.1 1.217 0.4769 
CHROMIUM 6 6 NA NA 18.4 28.2 24.25 23.52 3.313 
COBALT 6 6 NA NA 16.3 93.9 27.75 36.97 29.27 
COPPER 6 6 NA NA 24.5 33.4 28.5 28.55 3.585 
IRON 6 6 NA NA 11900 27800 18550 19750 6012 
LEAD 6 6 NA NA 29.5 55.1 43.55 43.17 8.238 
MAGNESIUM 6 6 NA NA 1670 2650 2335 2267 365.2 
MANGANESE 6 6 NA NA 159 569 356.5 351.2 146 
MERCURY 6 6 NA NA 0.21 0.5 0.37 0.3467 0.1065 
MOLYBDENUM 6 0 2.7 4.9 NA NA 2 1.975 0.3711 
NICKEL 6 6 NA NA 28.2 83.7 40.3 50.83 25.6 
SELENIUM 6 3 0.66 0.93 1.3 1.8 0.8825 0.9917 0.6514 
SILVER 6 6 NA NA 2 7.2 5.25 5.017 2.088 
THALLIUM 6 0 0.19 0.36 NA NA 0.1425 0.1383 0.02787 
TIN 6 5 2.2 2.2 1.5 2.3 1.8 1.767 0.432 
URANIUM 6 6 NA NA 1.8 3.4 2.25 2.45 0.6921 
VANADIUM 6 6 NA NA 37.2 79 56.8 58.82 14.29 
ZINC 6 6 NA NA 104 248 158.5 172.2 56.36 

a Median, mean and standard deviation are calculated using all data where nondetects (“U” and “B” qualifiers) are replaced with 
half the detection limit. 

NA = Not applicable, ND = Nondetects, N = Sample size. 
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Table A18. Summary Statistics for Miscellaneous Parameters in Surface Soils 

Analyte N 
Num 

Detect 
Min 
ND 

Max 
ND 

Min 
Detect 

Max 
Detect Mediana Meana 

Standard 
Deviationa 

FLUORIDE 6 6 NA NA 25 76 44.5 48 20.72 
PERCENT MOISTURE 6 6 NA NA 10 28 17 19 7.099 
TOTAL ORGANIC CARBON 6 6 NA NA 10000 170000 34500 51500 59530 
TOTAL SOLIDS 6 6 NA NA 72 90 83 81 7.099 

a Median, mean and standard deviation are calculated using all data where nondetects (“U” and “B” qualifiers) are replaced with half the 
detection limit. 

NA = Not applicable, ND = Nondetects, N = Sample size. 
 

Table A19. Summary Statistics for Miscellaneous Parameters in Subsurface Soils 

Analyte N 
Num 

Detect 
Min 
ND 

Max 
ND 

Min 
Detect 

Max 
Detect Mediana Meana 

Standard 
Deviationa

FLUORIDE 6 6 NA NA 27 73 48 49.67 18.93 
PERCENT MOISTURE 6 6 NA NA 8.1 40 10.75 17.13 12.89 
TOTAL ORGANIC CARBON 6 6 NA NA 3200 330000 21000 97470 136400 
TOTAL SOLIDS 6 6 NA NA 60 92 89 82.83 12.88 

a Median, mean and standard deviation are calculated using all data where nondetects (“U” and “B” qualifiers) are replaced with half the 
detection limit. 

NA = Not applicable, ND = Nondetects, N = Sample size. 
 

Table A20. Summary Statistics for Miscellaneous Parameters in Surface Sediments 

Analyte N 
Num 

Detect
Min 
ND 

Max 
ND 

Min 
Detect 

Max 
Detect Mediana Meana 

Standard 
Deviationa

FLUORIDE 6 6 NA NA 110 220 180 171.7 47.92 
PERCENT MOISTURE 6 6 NA NA 75 84 79 79.17 3.189 
TOTAL ORGANIC 
CARBON 6 6 NA NA 120000 340000 215000 220000 81730 

TOTAL SOLIDS 6 6 NA NA 15 24 20.5 20.33 3.204 
a Median, mean and standard deviation are calculated using all data where nondetects (“U” and “B” qualifiers) are replaced with 

half the detection limit. 
NA = Not applicable, ND = Nondetects, N = Sample size. 
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Table A21. Summary Statistics for Background Surface Soil Data 

Analyte N 
Num 

Detect Min ND Max ND
Min 

Detect 
Max 

Detect Mediana Meana 
Standard 
Deviationa 

Inorganics (mg/kg) 
ALUMINUM 34 34 NA NA 2010 15500 6765 7690 3457 
ANTIMONY 35 0 0.182 2.2 NA NA 0.475 0.485 0.280 
ARSENIC 36 32 1.6 3.8 0.78 18.3 3.15 4.083 3.309 
BARIUM 36 36 NA NA 12.5 97.2 41.45 44.19 18.77 
BERYLLIUM 36 26 0.047 0.53 0.05 1.3 0.315 0.356 0.283 
CADMIUM 36 14 0.06 0.57 0.098 2.5 0.109 0.204 0.406 
CALCIUM 34 24 98.8 275 83.9 2420 273 372.7 471 
CHROMIUM 36 36 NA NA 3.5 28.9 13.2 13.79 6.026 
COBALT 36 36 NA NA 0.58 17.5 4.25 5.748 4.297 
COPPER 36 34 4.5 4.6 1.8 22.6 5.4 6.942 4.864 
CYANIDE 11 4 0.073 1.1 0.59 0.73 0.535 0.392 0.280 
IRON 34 34 NA NA 2770 38700 11700 13820 8107 
LEAD 36 34 9.4 10 3.5 149 13.15 17.9 23.85 
MAGNESIUM 34 34 NA NA 143 1990 577.5 618 336.3 
MANGANESE 34 34 NA NA 17.4 882 160.5 231.2 216.1 
MERCURY 36 24 0.02 0.077 0.03 0.13 0.039 0.050 0.030 
NICKEL 36 36 NA NA 1.7 18.6 5.05 5.808 3.596 
NITRITE.NITRATE 2 1 1.5 1.5 1.9 1.9 1.325 1.325 0.8132 
POTASSIUM 34 34 NA NA 128 2620 433.5 512.6 431.9 
SELENIUM 36 14 0.16 1.9 0.168 1.2 0.535 0.536 0.287 
SILVER 36 11 0.06 0.92 0.27 0.84 0.24 0.3116 0.2767 
SODIUM 34 16 19.2 407 38.5 120 51.15 66.26 51.12 
THALLIUM 36 8 0.22 3 1.2 2.3 0.493 0.640 0.552 
TIN 14 0 1.9 6.5 NA NA 1.45 1.699 0.577 
VANADIUM 36 36 NA NA 9.83 63.7 23.55 23.73 10.84 
ZINC 36 36 NA NA 6.2 52.5 21.3 21.21 9.156 

 



August 2006 A-86 CTO 006 

Table A21. Summary Statistics for Background Surface Soil Data (continued) 

Analyte N 
Num 

Detect Min ND Max ND
Min 

Detect 
Max 

Detect Mediana Meana 
Standard 
Deviationa 

PAHs (µg/kg) 
CHRYSENE 25 1 21 490 440 440 195 172.1 97.71 
INDENO(1,2,3-CD)PYRENE 25 1 46.4 490 100 100 185 159 80.19 
Pesticides (µg/kg) 
4,4'-DDD 21 0 1.8 4.2 NA NA 1.8 1.693 0.4537 
4,4'-DDE 20 6 1.4 4.1 0.23 10 0.82 1.546 2.07 
4,4'-DDT 20 5 1.9 4.6 0.38 9.4 1.925 2.244 1.798 
Semivolatile Organics (µg/kg) 
BIS(2-ETHYLHEXYL)PHTHALATE 25 8 58 490 51 7500 185 449.7 1474 
Other 
PERCENT MOISTURE 11 11 NA NA 14.6 32.9 24.1 24.78 5.844 
TOTAL ORGANIC CARBON 30 30 NA NA 1410 40100 7395 10650 10590 
TOTAL SOLIDS 7 7 NA NA 66 79.2 77.4 75.37 4.573 
DIESEL RANGE ORGANICS 6 5 4 4 3.8 47 5.95 13.28 17.13 
GASOLINE RANGE ORGANICS 5 2 0.13 0.14 0.17 0.18 0.07 0.11 0.059 
TPH 1 1 NA NA 33.7 33.7 33.7 33.7 NA 

a Median, mean and standard deviation are calculated using all data where nondetects (“U” and “B” qualifiers) are replaced with half the detection limit. 
NA = Not applicable, ND = Nondetects, N = Sample size. 
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Table A22. Summary Statistics for Background Subsurface Soil Data 

Analyte N 
Num 

Detect 
Min 
ND 

Max 
ND 

Min 
Detect 

Max 
Detect Mediana Meana 

Standard 
Deviationa 

Inorganics (mg/kg) 
ALUMINUM 28 28 NA NA 3070 25300 11200 12690 6584 
ANTIMONY 31 3 0.174 2.1 0.68 1.8 0.5 0.5523 0.4162 
ARSENIC 31 27 0.76 4.5 1.8 16.9 4.1 5.372 4.1 
BARIUM 31 31 NA NA 9.07 101 36.7 38.41 20.46 
BERYLLIUM 31 26 0.14 0.36 0.12 1.1 0.34 0.3931 0.2585 
CADMIUM 31 10 0.06 0.59 0.095 0.27 0.08 0.1211 0.08395 
CALCIUM 28 16 49.6 263 50.7 785 130.8 194.7 186 
CHROMIUM 31 31 NA NA 6.1 47.7 18.4 22.68 13.19 
COBALT 31 31 NA NA 0.79 133 3.34 8.022 23.39 
COPPER 31 29 1.53 4.5 1.6 25.9 7.5 9.104 6.375 
CYANIDE 6 3 1.02 2.5 0.59 0.68 0.595 0.7033 0.2732 
IRON 28 28 NA NA 4030 61600 19600 24460 15920 
LEAD 31 28 5.3 28.8 3.1 27.9 8.7 10.46 6.427 
MAGNESIUM 28 28 NA NA 215 1990 704 838.3 445.3 
MANGANESE 28 28 NA NA 15.9 1270 58.8 130.4 272.8 
MERCURY 31 19 0.02 0.063 0.01 0.18 0.03 0.04287 0.03972 
NICKEL 31 31 NA NA 0.71 18.2 5.4 6.006 3.504 
NITRITE.NITRATE 2 0 1.8 2.6 NA NA 1.1 1.1 0.2828 
POTASSIUM 28 28 NA NA 237 3020 559 826.6 685.2 
SELENIUM 31 15 0.153 2 0.28 2.7 0.55 0.7413 0.7095 
SILVER 31 10 0.06 0.78 0.63 2.3 0.09 0.4102 0.5866 
SODIUM 28 18 18.4 447 44.5 241 64.15 81.02 63.52 
THALLIUM 31 11 0.22 2.2 0.48 6.5 0.5 1.098 1.58 
TIN 16 0 1.6 4.8 NA NA 1.75 1.671 0.4941 
VANADIUM 31 31 NA NA 9.4 127 30.9 37.47 25.74 
ZINC 31 31 NA NA 7.3 70.4 19.3 21.58 12.27 
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Table A22. Summary Statistics for Background Subsurface Soil Data (continued) 

Analyte N 
Num 

Detect 
Min 
ND 

Max 
ND 

Min 
Detect 

Max 
Detect Mediana Meana 

Standard 
Deviationa 

PAHs (µg/kg) 
CHRYSENE 19 0 22.2 450 NA NA 175 122.8 83.47 
INDENO(1,2,3-CD)PYRENE 19 0 48.8 450 NA NA 175 123.5 82.53 
Pesticides (µg/kg) 
4,4'-DDD 22 0 1.8 5.3 NA NA 2 1.859 0.4644 
4,4'-DDE 22 5 1.4 4.2 0.24 2.9 0.875 1.26 0.7284 
4,4'-DDT 22 3 1.8 5.7 0.58 2.4 2.1 1.921 0.5841 
Semivolatile Organics (µg/kg) 
BIS(2-ETHYLHEXYL)PHTHALATE 19 7 75 450 57 130 84 114.2 67.32 
Other 
PERCENT MOISTURE 4 4 NA NA 14.5 26.6 17.65 19.1 5.558 
TOTAL ORGANIC CARBON 24 23 87.5 87.5 261 8300 1745 3086 2974 
DIESEL RANGE ORGANICS 4 0 3.5 4.1 NA NA 1.825 1.862 0.1436 
GASOLINE RANGE ORGANICS 4 0 0.12 0.14 NA NA 0.0625 0.0638 0.0048 
TOTAL PETROLEUHYDROCARBONS 1 1 NA NA 39.1 39.1 39.1 39.1 NA 

a Median, mean and standard deviation are calculated using all data where nondetects (“U” and “B” qualifiers) are replaced with half the detection limit. 
NA = Not applicable, ND = Nondetects, N = Sample size. 
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Table A23. Statistical Summaries for Distributional Comparisons between Surface Soil and 
Subsurface Soil Samples, as well as Surface Soil and Surface Sediment Samples 

 Surface Soil vs. Subsurface Soil Surface Soil vs. Surface Sediment 

Analyte 
Shapiro-Wilk 

p-valuea 
2-Sample 

t-test 
Gehan 

Test 
Shapiro-Wilk 

p-valuea 
2-Sample 

t-test 
Gehan 

Test 
ALUMINUM 0.961 0.736 0.873 0.587 0.009 0.025 
ANTIMONY 0.005 0.681 0.361 0.044 0.403 1 
ARSENIC 0.03 0.284 0.173 0.009 0.128 0.025 
BARIUM 0.001 0.932 0.688 0.498 0.001 0.01 
BERYLLIUM 0.001 0.543 0.936 0.004 0.057 0.016 
BORON 0.01 0.539 0.708 0.309 0.008 0.052 
CADMIUM 0.45 0.815 0.377 0.227 0.002 0.013 
CHROMIUM 0.965 0.3 0.078 0.751 0 0.004 
COBALT 0.142 0.339 0.261 0.023 0.04 0.004 
COPPER 0.029 0.723 0.749 0.624 0.027 0.045 
IRON 0.102 0.256 0.261 0.762 0.048 0.037 
LEAD 0.008 0.893 0.423 0.538 0 0.006 
MAGNESIUM 0.235 0.126 0.109 0.573 0 0.004 
MANGANESE 0.098 0.222 0.262 0.952 0.003 0.004 
MERCURY 0.139 0.763 0.872 0.62 0.003 0.006 
MOLYBDENUM 0.029 0.312 0.317 0.841 0 NA 
NICKEL 0.052 0.198 0.262 0.054 0.011 0.004 
SELENIUM 0.022 0.398 0.806 0.148 0.128 0.115 
SILVER 0.002 0.328 0.054 0.41 0.003 0.006 
THALLIUM 0 0.487 0.528 0.733 0.768 0.893 
TIN 0.225 0.73 0.612 0.964 0.001 0.022 
URANIUM 0.09 0.503 0.936 0.171 0.001 0.004 
VANADIUM 0.006 0.628 1 0.902 0.002 0.006 
ZINC 0.025 0.532 0.873 0.604 0.001 0.004 

a Probability values are for the site data. 



August 2006 A-90 CTO 006 

Table A24. Results for Regression Analyses Performed for Percent 
Fines and Concentration 

 Surface Soil Surface Sediment 

Analyte 
Regression 

p-value 
Regression 
R-squared 

Regression 
p-value 

Regression 
R-squared 

ALUMINUM 0.157 0.430 0.281 0.279 
ANTIMONY 0.064 0.616 0.842 0.011 
ARSENIC 0.322 0.242 0.986 0.000 
BARIUM 0.824 0.014 0.859 0.009 
BERYLLIUM 0.827 0.013 0.892 0.005 
BORON 0.593 0.077 0.384 0.193 
CADMIUM 0.028 0.741 0.340 0.227 
CHROMIUM 0.265 0.295 0.149 0.444 
COBALT 0.302 0.260 0.909 0.004 
COPPER 0.215 0.352 0.484 0.129 
IRON 0.444 0.153 0.416 0.171 
LEAD 0.148 0.444 0.765 0.025 
MAGNESIUM 0.054 0.645 0.717 0.036 
MANGANESE 0.044 0.679 0.600 0.075 
MERCURY 0.078 0.581 0.011 0.831 
MOLYBDENUM 0.363 0.209 0.427 0.163 
NICKEL 0.301 0.261 0.267 0.294 
SELENIUM 0.568 0.088 0.184 0.392 
SILVER 0.580 0.083 0.551 0.096 
THALLIUM 0.664 0.052 0.042 0.685 
TIN 0.067 0.609 0.702 0.041 
URANIUM 0.935 0.002 0.632 0.063 
VANADIUM 0.657 0.054 0.140 0.458 
ZINC 0.099 0.534 0.407 0.176 

Reported values are the p-value and R-squared from the regression analysis for each 
analyte from surface soil and surface sediment samples. 
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APPENDIX B 
ECOLOGICAL RISK ASSESSMENT SUPPORTING INFORMATION 

B.1 CHECKLIST FOR ECOLOGICAL ASSESSMENT/SAMPLING 

I. SITE DESCRIPTION 

1. Site Name: IR Site 18-Hog Island, Site visit date 3 November 2004 ___  

Location: Naval District Washington, Indian Head  

Indian Head, MD  

County: Charles Co. City:  Indian Head State:  MD  

2. Latitude:  __________________ Longitude:    

3. What is the approximate area of the site? 1.8 acres (0.73 hectares)  

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

Date(s) of previous site visit(s):__________________________________  

5. Please attach to the checklist USGS topographic map(s) of the site, if available. 
Attached at I.A. 

6. Are aerial or other site photographs available? X  yes    no If yes, please attach 
any available photo(s) to the site map at the conclusion of this section. See photos 
1 and 2 

 
7. The land use on the site is: area surrounding the site:  

  facility-wide mile radius 

 ________ % Urban ________ % Urban 

 __100___ % Rural ________ % Rural 

 ________ % Residential _____≈10___ % Residential 

 _______ % Industrial (  light   heavy) ≈45 % Industrial 
   (X light X heavy) 

 _______ % Agricultural _______ % Agricultural 
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 (Crops: _______________________ ) (Crops:_____________________ ) 

 _______ % Recreational ___≈45 % Recreational 

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

Creek around site is used by boaters and by fishermen for bass tournaments, etc.) 

 ______ % Undisturbed ______ % Undisturbed 

Other 100___ % Other-site 
is a peninsula (formerly an 
island) in Mattawoman Creek 

 

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

  Agricultural Use X Heavy Equipment 

  Mining 

 __X__ Natural Events X Erosion 

  Other 

 Please describe: 
 

A large amount of fill was added using heavy equipment to connect the 
island to the mainland.  A dirt road also runs up the center of the island 
from the main paved road.  There is significant erosion of the steep area of 
this dirt road on the island.  There appears to be some natural mass wasting 
of soil into Mattawoman Creek from a high area of the undisturbed portion 
of the island 

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

 Yes, a well-developed cattail wetland exists adjacent to the south side of 
Hog Island as shown in photos 3 and 4.  The remainder of the island adjoins 
estuarine creeks 

Please provide the source(s) of information used to identify these sensitive areas, 
and indicate their general location on the site map.  See attached photos (3 and 4) 
of wetland area and map of island with wetland designated in green. 

 



August 2006 B-3 CTO 006 

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

  Chemical  Manufacturing   Mixing  Waste disposal 

 X Other (specify) site is undeveloped area of a research, development, test, and 
evaluation (RDT &E), engineering, and manufacturing 
facility 

11. What are the suspected contaminants of concern at the site? If known, what 
are the maximum concentration levels? No previous analytical sampling has 
been done at this site, so the suspected contaminants of concern are based on 
process knowledge.  Metals, semi-volatile organic chemicals, PCBs, and 
pesticides may have been deposited at the site as part of fill and sludge application 
operations.  Cadmium may be present from sand blast grit potentially deposited at 
the site.  Metals may also have been deposited with “clinker” (coal-fired boiler 
ash) that may have been deposited at the site.  Concrete debris was observed at the 
northern end of the site. 

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

at the site: 

 X Swales  Depressions  Drainage ditches 

 X Runoff  Windblown particulates  Vehicular traffic 

13. If known, what is the approximate depth to the water table? Filled area adjacent to 
Island is elevated  1-5 ft above estuary 

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

 X Surface water  Groundwater  Sewer  Collection impoundment 

15.  Is there a navigable waterbody or tributary to a navigable waterbody? 

 X yes    no 
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16. Is there a waterbody anywhere on or in the vicinity of the site? If yes, also 
complete Section III: Aquatic Habitat Checklist -- Non-Flowing Systems and/or 
Section IV: Aquatic Habitat Checklist -- Flowing Systems. 

 X  yes (approx. distance 0 ft-surrounds site)  no 

17. Is there evidence of flooding? X yes   no Wetlands and flood plains are not 
always obvious; do not answer “no” without confirming information. If yes, 
complete Section V: Wetland Habitat Checklist. 

18. If a field guide was used to aid any of the identifications, please provide a 
reference. Also, estimate the time spent identifying fauna. [Use a blank sheet if 
additional space is needed for text.]  Time spent identifying fauna approximately 
30 minutes. Deer frequent Hog Island: a buck ran across island during visit, deer 
pellets and buck rub were also seen.  Red-winged blackbirds, cardinals, and white 
throated sparrows seen in wetland area.  Belted kingfisher seen perched on other 
side of island.  Ospreys and ducks were not actually viewed during the visit, but 
the island contains an unoccupied osprey nest platform and there is a duck hunting 
platform in the creek across from the island.  There is also a bluebird nest box on 
the island. Most of the island has tree cover of medium to large oaks of several 
species, hollies, sycamores, locust, sweet gums, eastern red cedar, and some small 
pines and junipers. 

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

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

Date: 11/03/2004 

 Low  20s/70s Temperature (°C/°F) _________ Normal daily high 

temperature 

 _______________________ calm Wind (direction/speed)   

none________________________  Precipitation (rain, snow) 

   partly cloudyCloud cover 
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SUMMARY OF OBSERVATIONS AND SITE SETTING 

 

 

N 

0 200 400 feet 

Legend 
Area considered in 
sampling design 
IR Site 18 
Wetland area 
Dirt/gravel road 
Paved road 
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Open field

Open field

Open field 
and approx. 
extent of fill 
area

Cattail wetland

Area of erosion 
on dirt road

Mattawoman Creek

Duck blind

Bluebird box

Osprey platform

= tree >12 in

= tree 0-6  in

gate

Paved road

Emergent 
aquatic 
vegetation

Emergent aquatic vegetation

Area of 
concrete 
debris

Pink line 
represents revised 
area of interest for 
sampling

 

Notes on site sketch:  Site consists of two apparent areas: a higher elevation area shown 
in the top of the sketch which represents the original island, and a lower area of fill 
subsequently revegetated as wildlife feeding plots. Pink area represents revised area of 
interest for sampling design based on observations during the site visit of possible extent 
of fill and areas potentially impacted by transport of contaminants in soil and sediment.  
Also, the tree symbols represent areas of the site with tree cover of that size class, and do 
not represent the measured position of individual trees. 

Completed by  Kirby S. Olson, Ph.D.   Affiliation Neptune and Company, Inc. 

Additional Preparers Greg McDermott (photos), Dean Neptune (tree ID), 
both with Neptune and Company, Inc.  

Site Manager  Shawn Jorgensen  Site RPM Jeff Morris 

Date 11/03/2004  

N
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II. TERRESTRIAL HABITAT CHECKLIST 

WOODED 

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

2. What percentage or area of the site is wooded? (_50_%_0.9_acres). Indicate the 
wooded area on the site map which is attached to a copy of this checklist. Please 
identify what information was used to determine the wooded area of the site. 

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

Dominant plant, if known:  Deciduous trees (oaks, locust, and sweet gums) 
predominate at site 

4. What is the predominant size of the trees at the site? Use diameter at breast 
height. 

X 0-6 in.  6-12 in. X > 12 in.   Note: 0-6 inch trees predominate in fill 
area, >12 inch trees predominate in undisturbed area-see photo 7 

5. Specify type of understory present, if known. Provide a photograph, if available.  
Understory trees are hollies (undisturbed area) and small pines and junipers in 
disturbed area. 

OPEN FIELD 

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

 Prairie/plains  Savannah  Old field X Other (specify) revegetated field 

2. What percentage of the site is open field? (_50_%__0.9_areas). Indicate the open 
fields on the site map. 

3. What is/are the dominant plant(s)? Provide a photograph, if available. Grasses 
from revegetation and establishment of wildlife feeding plots. See attached 
photos 9 and 10. 

4. What is the approximate average height of the dominant plant? 1 ft (0.3 m) _    



August 2006 B-8 CTO 006 

5. Describe the vegetation cover: X Dense  Sparse  Patchy 

MISCELLANEOUS 

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

2. Describe the terrestrial miscellaneous habitat(s) and identify these area(s) on 
the site map. 

3. What observations, if any, were made at the site regarding the presence and/or 
absence of insects, fish, birds, mammals, etc.? Deer (buck ran across island 
during visit, deer pellets and buck rub also seen).  Red-winged blackbirds, 
cardinals, and white throated sparrows seen in wetland area.  Belted kingfisher 
seen perched on other side of island.  Ospreys and ducks were not actually viewed 
during the visit, but the island contains an unoccupied osprey nest platform and 
there is a duck hunting platform in the creek across from the island.  There is also 
a bluebird nest box on the island.  

4. Review the questions in Section 1 to determine if any additional habitat checklists 
should be completed for this site. 

 

III. AQUATIC HABITAT CHECKLIST – NON-FLOWING SYSTEMS –
not applicable 

IV. AQUATIC HABITAT CHECKLIST – FLOWING SYSTEMS 

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

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

 River  Stream X Creek 

 Dry wash  Arroyo  Brook 

 Artificially  Intermittent Stream  Channeling 

 created  Other (specify) _______  

 (ditch, etc.) 
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2. If known, what is the name of the water body? Mattawoman Creek ________ 

3. For natural systems, are there any indicators of physical alteration (e.g., 
channeling, debris, etc.)? 

X yes  no     If yes, please describe indicators that were observed. Concrete 
debris along the shore of Mattawoman Creek at the north end of 
Hog Island (photo 5); portion of the wetland area filled to island. 

4. What is the general composition of the substrate? Check a11 that apply. 

  Bedrock X Sand (coarse)  Muck ( fine/black) 

  Boulder (>10 in.) X Silt (fine)  Debris 

  Cobble (2.5-10 in.)  Mart (shells)  Detritus 

 X Gravel (0.1-2.5 in.)  Clay (slick) X Concrete 

  Other (specify)- ________________________  

5. What is the condition of the bank (e.g., height, slope, extent of vegetative 
cover)? Along Hog Island bank is steeply sloped and heavily vegetated except at 
the cliff area which is eroding on the undisturbed portion of the island.  
Opposite shore is also heavily vegetated, but less steeply sloped (shown in 
photo 11). 

6. Is the system influenced by tides? X yes    no What information was used to 
make this determination?  Based on NOAA tide tables  

7. Is the flow intermittent?  yes   X no If yes, please note the information that was 
used in making this determination. 

8. Is there a discharge from the site to the water body? X yes    no If yes, please 
describe the discharge and its path.  Surface drainage from site south across 
wetland into Mattawoman Creek 

9. Is there a discharge from the water body? X yes    no If yes, and the information 
is available, please identify what the water body discharges to and whether the 
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discharge is on site or off site. Further down Mattawoman Creek discharges into 
the Potomac River 

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

No data collected as part of the site visit. 

11. Describe observed color and area of coloration.  Several areas with large algae 
floating mats off shore in the Creek. 

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

 X Emergent-cattails  Submergent X Floating 

13. Mark the flowing water system on the attached site map.    See green area of 
wetland on topographic map under section I.A. summary of observations and site 
setting   

14. What observations were made at the water body regarding the presence and/or 
absence of benthic macroinvertebrates, fish, birds, mammals, etc.? 

Forsters tern fishing in the creek 

ducks in creek 

V. WETLAND HABITAT CHECKLIST 

1. Based on observations and/or available information, are designated or known 
wetlands definitely present at the site? X yes    no 

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

Based on site observation. 

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

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

  Submergent X Emergent 

  Scrub/Shrub  Wooded 

  Other (specify) __________  

4. Provide a general description of the vegetation present in and around the wetland 
(height, color, etc.). Provide a photograph of the known or suspected wetlands, if 
available.  Cattails (currently brown and dormant) approximately 2 ft (0.7 m) 
high.  Wetland shown in photos 3 and 4. 

5. Is standing water present?  yes X no If yes, is this water:  Fresh    

Brackish 

_______________________________________________What is the 
approximate area of the water (sq. ft.)? _______________  

Please complete questions 4, 11, 12 in Checklist III — Aquatic Habitat -- Non-
Flowing Systems. 

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

  Buttressing  Water marks  Mud cracks 

  Debris line  Other (describe below) 

7. If known, what is the source of the water in the wetland? 

X  Stream/River/Creek/Lake/Pond  Groundwater  

 Flooding  Surface Runoff' 
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8. Is there a discharge from the site to a known or suspected wetland? X yes   no If 
yes, please describe. Intermittent drainage after rainfall across site (fill area and 
undisturbed island) into wetland 

9. Is there a discharge from the wetland?  X yes   no. If yes, to what water body is 
discharge released? 

X Surface Stream/River  Groundwater  Lake/Pond  Marine 

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

Color (blue/gray, brown, black, mottled) can’t be determined through vegetation 
cover _______________________________________________________  

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

11. Mark the observed wetland area(s) on the attached site map. 

See green area of wetland on topographic map under section I.A.  Area appears to be tidal 
influenced in much of the wetland area. 
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PHOTOGRAPHS FROM SITE VISIT 

 

Photo 1.  Aerial photo from 1961 

 

 

Photo 2.  Aerial photo from 1967 (with fill) 
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B.2.0 TRVS USED IN FOOD CHAIN MODELING 

Table B-1.  Proposed TRVs 
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Aluminum none 
unless 
pH < 5 

EPA 2005 none 
unless 
pH < 5 

EPA 2005 none 
unless 
pH < 5 

EPA 2005 none 
unless 
pH < 5 

EPA 2005 

Antimony 0.059 EPA 2005 n/a  n/a  n/a  
Arsenic 0.105 EPA 2005 n/a  2.24 EPA 2005 7.38 Sample et al., 1996 
Barium 51.8 EPA 2005 n/a  20.8 Sample et al., 1996 41.7 Sample et al., 1996 
Beryllium 0.532 EPA 2005 n/a  n/a  n/a  
Cadmium 0.770 EPA 2005 n/a  1.47 EPA 2005 20.3 Sample et al., 1996 
Chromium (+6) 2.4 EPA 2005 13.14 Sample et al., 1996 2.66 EPA 2005 5 Sample et al., 1996 
Cobalt 7.33 EPA 2005 n/a  7.61 EPA 2005 n/a  
Copper 11.7 Sample et al., 1996 15.1 Sample et al., 1996 47 Sample et al., 1996 61.7 Sample et al., 1996 
Lead 4.7 EPA 2005 n/a  1.63 EPA 2005 39.6 EPA 2005 
Manganese 88 Sample et al., 1996 284 Sample et al., 1996 997 Sample et al., 1996 9970 (1) Sample et al., 1996 
Mercury 0.032 Sample et al., 1996 0.16 Sample et al., 1996 0.0064 Sample et al., 1996 0.064 Sample et al., 1996 
Nickel 40 Sample et al., 1996 80 Sample et al., 1996 77.4 Sample et al., 1996 107 Sample et al., 1996 
Selenium 0.2 Sample et al., 1996 0.33 Sample et al., 1996 0.5 Sample et al., 1996 1 Sample et al., 1996 
Silver 1.81 Rungby and 

Danscher, 1984 
18.1 Rungby and 

Danscher, 1984 
5.44 Peterson and 

Jensen, 1975 
54.4 (1) Peterson and 

Jensen, 1975 
Thallium 0.0074 Sample et al., 1996 0.074 Sample et al., 1996 n/a  n/a  
Vanadium 4.16 EPA 2005 n/a  0.344 EPA 2005 n/a  
Zinc 160 Sample et al., 1996 320 Sample et al., 1996 14.5 Sample et al., 1996 131 Sample et al., 1996 
Benzo(a)anthracene 0.17 (2) PRC, 1996 1.7  PRC, 1996 n/a  n/a  
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Table B-1.  Proposed TRVs 
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Benzo(a)pyrene 1.31 Sample et al., 1996 10 Sample et al., 1996 n/a  n/a  
Benzo(b) fluoranthene 4 (2) PRC, 1996 40  PRC, 1996 n/a  n/a  
Benzo(g,h,i) perylene 7.2 (2) PRC, 1996 72  PRC, 1996 n/a  n/a  
Benzo(k) fluoranthene 7.2 (2) PRC, 1996 72  PRC, 1996 n/a  n/a  
Chrysene 0.17 (2) PRC, 1996 1.7  PRC, 1996 n/a  n/a  
Dibenz(a,h) anthracene 1.33 (2) PRC, 1996 13.3  PRC, 1996 n/a  n/a  
Fluoranthene 12.5 Sample et al., 1996 25 Sample et al., 1996 n/a  n/a  
Indeno(1,2,3-cd) pyrene 7.2 (2) PRC, 1996 72  PRC, 1996 n/a  n/a  
Perylene n/a  n/a  n/a  n/a  
Pyrene 7.5 Sample et al., 1996 12.5 Sample et al., 1996 n/a  n/a  
Acenaphthene 17.5 Sample et al., 1996 35 Sample et al., 1996 n/a  n/a  
Acenaphthylene 70 (2)  PRC, 1996 700   PRC, 1996 n/a  n/a  
Anthracene 100 (2) IT Corp., 1997 1000  IT Corp., 1997 n/a  n/a  
Fluorene 125 (2) PRC, 1996 1250  PRC, 1996 n/a  n/a  
Total PAHs n/a  n/a  2 Trust et al. 1994 20 Trust et al. 1994 
Total PCBs 0.14 (3) Sample, 1998 0.69 (3) Sample, 1998 0.18 (2) Sample, 1998 1.8 Sample, 1998 
Total DDTs 0.8 Sample, 1998 4 Sample, 1998 0.009 EPA, 1995 0.052 (1) EPA, 1995 
Aldrin 0.2 Sample, 1998 1 Sample, 1998 n/a  n/a  
Alpha-chlordane 4.58 Sample et al., 1996 9.2 Sample et al., 1996 2.14 Sample et al., 1996 10.7 Sample et al., 1996 
Dieldrin 0.015 EPA 2003 n/a  0.0709 EPA 2003 n/a  
Gamma-BHC (Lindane) 0.05 Navy 1999 3.75 Navy 1999 2 (2) Sample et al., 1996 20 Sample et al., 1996 
Gamma-chlordane 4.58 Sample et al., 1996 9.2 Sample et al., 1996 2.1 Sample et al., 1996 10.7 Sample et al., 1996 
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TRV References: 
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EPA, 2005. Interim Ecological Soil Screening Levels, OSWER Directives 92857-56 through 92857-75. Office of Solid Waste and Emergency 
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Table B.2. Uptake Factors Used in Site 18 Food Chain Models 

Analyte 
Soil/Sediment 

to Plant Source 
Soil/Sediment 

to Invertebrate Source 
Sediment to 

Fish Source 
ALUMINUM 0.004 ORNL, 1998b 1 Default 1 Default 
ANTIMONY 0.2 Baes, 1984 1 Default 1 Default 
ARSENIC 0.0371 Baes, 1984 0.127 ORNL, 1998a 1 Default 
BARIUM 0.15 Baes, 1984 1 Default 1 Default 
BERYLLIUM 0.01 Baes, 1984 1 Default 1 Default 
BORON 4 Baes, 1984 1 Default 1 Default 

CADMIUM 0.514 ORNL, 1998b
1 (soil), 3.07 

(sediment ORNL, 1998a 1 Default 
CHROMIUM 0.0075 Baes, 1984 1 Default 1 Default 
COBALT 0.02 Baes, 1984 1 Default 1 Default 
COPPER 0.123 ORNL, 1998b 1 Default 1 Default 
IRON 0.004 Baes, 1984 1 Default 1 Default 

LEAD 0.0377 ORNL, 1998b 0.066 ORNL, 1998a 0.054 

Battelle and 
Neptune and 

Co., 2004 
MAGNESIUM 1 Baes, 1984 1 Default 1 Default 
MANGANESE 0.25 Baes, 1984 1 Default 1 Default 
MERCURY 0.344 ORNL, 1998b 0.18 NIWQP, 1998 0.39 NIWQP, 1998
MOLYBDENUM 0.25 Baes, 1984 1 Default 1 Default 
NICKEL 0.0342 ORNL, 1998b 1 Default 1 Default 
SELENIUM 0.567 ORNL, 1998b 1 Default 1 Default 
SILVER 0.4 Baes, 1984 1 Default 1 Default 
THALLIUM 1 Baes, 1984 1 Default 1 Default 
TIN 0.03 Baes, 1984 1 Default 1 Default 
URANIUM 0.0085 Baes, 1984 1 Default 1 Default 
VANADIUM 0.0054 Baes, 1984 0.042 EPA, 2005 1 Default 
ZINC 0.358 ORNL, 1998b 1 Default 1 Default 
ACENAPHTHENE 1 Default 1 Default 0.29 EPA, 2004 
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Table B.2. Uptake Factors Used in Site 18 Food Chain Models 

Analyte 
Soil/Sediment 

to Plant Source 
Soil/Sediment 

to Invertebrate Source 
Sediment to 

Fish Source 
ACENAPHTHYLENE 1 Default 1 Default 0.29 EPA, 2004 
ANTHRACENE 1 Default 1 Default 0.29 EPA, 2004 
BENZO(A)ANTHRACENE 1 Default 1 Default 0.29 EPA, 2004 
BENZO(A)PYRENE 1 Default 1 Default 0.29 EPA, 2004 
BENZO(B)FLUORANTHENE 1 Default 1 Default 0.29 EPA, 2004 
BENZO(G,H,I)PERYLENE 1 Default 1 Default 0.29 EPA, 2004 
BENZO(K)FLUORANTHENE 1 Default 1 Default 0.29 EPA, 2004 
CHRYSENE 1 Default 1 Default 0.29 EPA, 2004 
DIBENZO(A,H)ANTHRACENE 1 Default 1 Default 0.29 EPA, 2004 
FLUORANTHENE 1 Default 1 Default 0.29 EPA, 2004 
FLUORENE 1 Default 1 Default 0.29 EPA, 2004 
INDENO(1,2,3-CD)PYRENE 1 Default 1 Default 0.29 EPA, 2004 
NAPHTHALENE 1 Default 1 Default 0.29 EPA, 2004 
PHENANTHRENE 1 Default 1 Default 0.29 EPA, 2004 
PYRENE 1 Default 1 Default 0.29 EPA, 2004 
Total PAHs 1 Default 1 Default 0.29 EPA, 2004 
Total 4,4'-DDx 1 Default 5.1 NIWQP, 1998 1.67 EPA, 2004 
ALPHA-CHLORDANE 1 Default 1 Default 4.77 EPA, 2004 
AROCLOR-1016 1 Default 1 Default 1.8 EPA, 2004 
AROCLOR-1221 1 Default 1 Default 1.8 EPA, 2004 
AROCLOR-1232 1 Default 1 Default 1.8 EPA, 2004 
AROCLOR-1242 1 Default 1 Default 1.8 EPA, 2004 
AROCLOR-1248 1 Default 1 Default 1.8 EPA, 2004 
AROCLOR-1254 1 Default 1 Default 1.8 EPA, 2004 
AROCLOR-1260 1 Default 1 Default 1.8 EPA, 2004 
GAMMA-CHLORDANE 1 Default 1 Default 2.22 EPA, 2004 
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APPENDIX C 
SITE 18 DATA 

Table C-1. Site 18 Surface Soil Data       
SITE 18 18 18 18 18 18 18 
LOCATION S18SB001 S18SB001 S18SB002 S18SB003 S18SB004 S18SB005 S18SB006 
NORTHING 331986.5413 331986.5413 332041.5413 331935.9512 331935.6244 331935.4528 331877.5041 
EASTING 1260109.481 1260109.481 1259923.772 1259912.125 1260075.074 1260160.837 1260000.629 
NSAMPLE S18SS0010101 S18SS0010101-D S18SS0020101 S18SS0030101 S18SS0040101 S18SS0050101 S18SS0060101
SAMPLE  S18SS0010101 S18SSDUP0101 S18SS0020101 S18SS0030101 S18SS0040101 S18SS0050101 S18SS0060101
MATRIX SO SO SO SO SO SO SO 
TOP DEPTH 0 0 0 0 0 0 0 
BOTTOM DEPTH 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
SAMPLE DATE  08/23/05 08/23/05 08/24/05 08/24/05 08/23/05 08/23/05 08/24/05 
Semivolatile Organics (µg/kg)        
1,2,4,5-TETRACHLOROBENZENE 450  U 400  U 460  UJ 370  U 400  U 390  U 400  U 
2,3,4,6-TETRACHLOROPHENOL 450  U 400  U 460  UJ 370  U 400  U 390  U 400  U 
2,4,5-TRICHLOROPHENOL 1100  U 1000  U 1100  UJ 910  U 990  U 970  U 980  U 
2,4,6-TRICHLOROPHENOL 450  U 400  U 460  UJ 370  U 400  U 390  U 400  U 
2,4-DICHLOROPHENOL 450  U 400  U 460  UJ 370  U 400  U 390  U 400  U 
2,4-DIMETHYLPHENOL 450  U 400  U 460  UJ 370  U 400  U 390  U 400  U 
2,4-DINITROPHENOL 1100  U 1000  U 1100  UJ 910  U 990  U 970  U 980  U 
2,6-DICHLOROPHENOL 450  U 400  U 460  UJ 370  U 400  U 390  U 400  U 
2-CHLORONAPHTHALENE 450  U 400  U 460  UJ 370  U 400  U 390  U 400  U 
2-CHLOROPHENOL 450  U 400  U 460  UJ 370  U 400  U 390  U 400  U 
2-METHYLNAPHTHALENE 450  U 400  U 460  UJ 370  U 400  U 390  U 400  U 
2-METHYLPHENOL 450  U 400  U 460  UJ 370  U 400  U 390  U 400  U 
4-METHYLPHENOL 450  U 400  U 460  UJ 370  U 400  U 390  U 400  U 
4-NITROPHENOL 1100  U 1000  U 1100  UJ 910  U 990  U 970  U 980  U 
BENZOIC ACID 1100  UJ 1000  U 1100  UJ 910  U 990  U 970  U 980  UJ 
BENZYL ALCOHOL 450  U 400  UJ 460  UJ 370  U 400  U 390  U 400  U 
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Table C-1. Site 18 Surface Soil Data       
SITE 18 18 18 18 18 18 18 
LOCATION S18SB001 S18SB001 S18SB002 S18SB003 S18SB004 S18SB005 S18SB006 
NORTHING 331986.5413 331986.5413 332041.5413 331935.9512 331935.6244 331935.4528 331877.5041 
EASTING 1260109.481 1260109.481 1259923.772 1259912.125 1260075.074 1260160.837 1260000.629 
NSAMPLE S18SS0010101 S18SS0010101-D S18SS0020101 S18SS0030101 S18SS0040101 S18SS0050101 S18SS0060101
SAMPLE  S18SS0010101 S18SSDUP0101 S18SS0020101 S18SS0030101 S18SS0040101 S18SS0050101 S18SS0060101
MATRIX SO SO SO SO SO SO SO 
TOP DEPTH 0 0 0 0 0 0 0 
BOTTOM DEPTH 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
SAMPLE DATE  08/23/05 08/23/05 08/24/05 08/24/05 08/23/05 08/23/05 08/24/05 
BIS(2-ETHYLHEXYL)PHTHALATE 450  U 110  B 460  UJ 370  U 400  U 390  U 400  U 
BUTYL BENZYL PHTHALATE 450  U 400  U 460  UJ 370  U 400  U 390  U 400  U 
DI-N-BUTYL PHTHALATE 450  U 400  U 460  UJ 370  U 400  U 390  U 400  U 
DI-N-OCTYL PHTHALATE 450  UJ 400  U 460  UJ 370  U 400  U 390  UJ 400  UJ 
DIBENZOFURAN 450  U 400  U 460  UJ 370  U 400  U 390  U 400  U 
DIETHYL PHTHALATE 450  U 400  U 460  UJ 370  U 400  U 390  U 400  U 
DIMETHYL PHTHALATE 450  U 400  U 460  UJ 370  U 400  U 390  U 400  U 
N-NITROSODIPHENYLAMINE 450  U 400  U 460  UJ 370  U 400  U 390  U 400  U 
PENTACHLOROBENZENE 450  U 400  U 460  UJ 370  U 400  U 390  U 400  U 
PENTACHLOROPHENOL 1100  U 1000  U 1100  UJ 910  U 990  U 970  U 980  U 
PHENOL 450  U 400  U 460  UJ 370  U 400  U 390  U 400  U 
Polynuclear Aromatic Hydrocarbons (µg/kg)       
ACENAPHTHENE 27  U 24  U 28  UL 22  U 5.1  J 22  J 24  U 
ACENAPHTHYLENE 1.4  B 1.5  J 28  UL 22  U 10  J 27 24  U 
ANTHRACENE 3.1  B 1.7  J 28  UL 22  U 20  J 55 1.2  B 
BENZO(A)ANTHRACENE 29  B 28  J 16  J 11  J 190  J 430  J 16  B 
BENZO(A)PYRENE 21  J 22  J 4.9  J 6.4  J 140 370 11  J 
BENZO(B)FLUORANTHENE 27  J 32 13  J 11  J 220 450 16  J 
BENZO(G,H,I)PERYLENE 7.8  J 9.2  J 6  J 2.9  J 60 180 24  U 
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Table C-1. Site 18 Surface Soil Data       
SITE 18 18 18 18 18 18 18 
LOCATION S18SB001 S18SB001 S18SB002 S18SB003 S18SB004 S18SB005 S18SB006 
NORTHING 331986.5413 331986.5413 332041.5413 331935.9512 331935.6244 331935.4528 331877.5041 
EASTING 1260109.481 1260109.481 1259923.772 1259912.125 1260075.074 1260160.837 1260000.629 
NSAMPLE S18SS0010101 S18SS0010101-D S18SS0020101 S18SS0030101 S18SS0040101 S18SS0050101 S18SS0060101
SAMPLE  S18SS0010101 S18SSDUP0101 S18SS0020101 S18SS0030101 S18SS0040101 S18SS0050101 S18SS0060101
MATRIX SO SO SO SO SO SO SO 
TOP DEPTH 0 0 0 0 0 0 0 
BOTTOM DEPTH 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
SAMPLE DATE  08/23/05 08/23/05 08/24/05 08/24/05 08/23/05 08/23/05 08/24/05 
BENZO(K)FLUORANTHENE 9.3  J 9.9  J 4.6  J 2.1  J 50 130 5.4  J 
CHRYSENE 16  J 15  J 5.1  J 3.9  J 110 260 7.9  J 
DIBENZO(A,H)ANTHRACENE 27  U 24  U 5.2  J 22  U 11  J 24  U 24  U 
FLUORANTHENE 26  J 24  J 9.3  J 7.8  J 200 540 13  J 
FLUORENE 27  U 24  U 28  UL 22  U 5.9  J 19  J 24  U 
INDENO(1,2,3-CD)PYRENE 9.8  J 12  J 4.6  J 3.5  J 67  J 190 24  U 
NAPHTHALENE 1.9  B 1.7  J 1.5  J 1.5  J 3.8  J 11  J 1.7  B 
PHENANTHRENE 12  B 10  J 3.9  J 3.5  J 83 280 6.4  B 
PYRENE 37 30 5.4  J 22  U 210  J 520 18  J 
Total PAH 255.3 233 135.5 119.6 1888.9 3496 168.6 
Pesticides/PCBs (µg/kg)        
4,4'-DDD 4.9 4  U 4.6  U 3.7  U 0.76  J 2.2  J 4  U 
4,4'-DDE 53 4  U 4.6  U 3.7  U 2.2  J 13  L 4  UL 
4,4'-DDT 14 1.4  J 4.6  UJ 3.7  UJ 6.4 21  L 4  UJ 
ALDRIN 2.3  U 2.1  U 2.3  U 1.9  U 2.1  U 2  UL 2  U 
ALPHA-CHLORDANE 2.3  U 2.1  U 2.3  U 1.9  U 2.1  U 2  UL 2  UL 
AROCLOR-1016 23  UJ 21  U 23  U 19  U 21  U 20  UL 20  UJ 
AROCLOR-1221 23  UJ 21  U 23  U 19  U 21  U 20  UL 20  UJ 
AROCLOR-1232 23  UJ 21  U 23  U 19  U 21  U 20  UL 20  UJ 
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Table C-1. Site 18 Surface Soil Data       
SITE 18 18 18 18 18 18 18 
LOCATION S18SB001 S18SB001 S18SB002 S18SB003 S18SB004 S18SB005 S18SB006 
NORTHING 331986.5413 331986.5413 332041.5413 331935.9512 331935.6244 331935.4528 331877.5041 
EASTING 1260109.481 1260109.481 1259923.772 1259912.125 1260075.074 1260160.837 1260000.629 
NSAMPLE S18SS0010101 S18SS0010101-D S18SS0020101 S18SS0030101 S18SS0040101 S18SS0050101 S18SS0060101
SAMPLE  S18SS0010101 S18SSDUP0101 S18SS0020101 S18SS0030101 S18SS0040101 S18SS0050101 S18SS0060101
MATRIX SO SO SO SO SO SO SO 
TOP DEPTH 0 0 0 0 0 0 0 
BOTTOM DEPTH 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
SAMPLE DATE  08/23/05 08/23/05 08/24/05 08/24/05 08/23/05 08/23/05 08/24/05 
AROCLOR-1242 23  UJ 21  U 23  U 19  U 21  U 20  UL 20  UJ 
AROCLOR-1248 23  UJ 21  U 23  U 19  U 21  U 20  UL 20  UJ 
AROCLOR-1254 23  UJ 21  U 23  U 19  U 21  U 20  UL 20  UJ 
AROCLOR-1260 23  UJ 21  U 23  U 19  U 21  U 20  UL 20  UJ 
CHLORDANE 23  U 21  U 23  U 19  U 21  U 20  UL 20  U 
DIELDRIN 4.5  U 4  U 4.6  U 3.7  U 4  U 3.9  UL 4  UL 
ENDRIN 4.5  U 4  U 4.6  U 3.7  U 4  U 3.9  UL 4  UL 
GAMMA-BHC (LINDANE) 2.3  U 2.1  U 2.3  U 1.9  U 2.1  U 2  UL 2  U 
GAMMA-CHLORDANE 1.4  J 2.1  U 2.3  U 1.9  U 2.1  U 2  UL 2  UL 
HEPTACHLOR EPOXIDE 2.3  U 2.1  U 2.3  U 1.9  U 2.1  U 2  UL 2  U 
METHOXYCHLOR 23  U 21  UJ 23  UJ 19  UJ 21  U 20  UL 20  UJ 
Explosives (µg/kg)        
1,3,5-TRINITROBENZENE 340  U 300  U 340  UR 280  UJ 300  U 300  U 300  U 
1,3-DINITROBENZENE 340  U 300  U 340  UR 280  UJ 300  U 300  U 300  U 
2,4,6-TRINITROTOLUENE 340  U 300  U 340  UR 280  UJ 300  U 300  U 300  U 
2,4-DINITROTOLUENE 340  U 300  U 340  UR 280  UJ 300  U 300  U 300  U 
2,6-DINITROTOLUENE 340  U 300  U 340  UR 280  UJ 300  U 300  U 300  U 
2-AMINO-4,6-DINITROTOLUENE 340  U 300  U 340  UR 280  UJ 300  U 300  U 300  U 
2-NITROTOLUENE 680  U 610  U 690  UR 560  UJ 610  U 590  U 600  U 
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Table C-1. Site 18 Surface Soil Data       
SITE 18 18 18 18 18 18 18 
LOCATION S18SB001 S18SB001 S18SB002 S18SB003 S18SB004 S18SB005 S18SB006 
NORTHING 331986.5413 331986.5413 332041.5413 331935.9512 331935.6244 331935.4528 331877.5041 
EASTING 1260109.481 1260109.481 1259923.772 1259912.125 1260075.074 1260160.837 1260000.629 
NSAMPLE S18SS0010101 S18SS0010101-D S18SS0020101 S18SS0030101 S18SS0040101 S18SS0050101 S18SS0060101
SAMPLE  S18SS0010101 S18SSDUP0101 S18SS0020101 S18SS0030101 S18SS0040101 S18SS0050101 S18SS0060101
MATRIX SO SO SO SO SO SO SO 
TOP DEPTH 0 0 0 0 0 0 0 
BOTTOM DEPTH 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
SAMPLE DATE  08/23/05 08/23/05 08/24/05 08/24/05 08/23/05 08/23/05 08/24/05 
3-NITROTOLUENE 680  U 610  U 690  UR 560  UJ 610  U 590  U 600  U 
4-AMINO-2,6-DINITROTOLUENE 340  U 300  U 340  UR 280  UJ 300  U 300  U 300  U 
4-NITROTOLUENE 680  U 610  U 690  UR 560  UJ 610  U 590  U 600  U 
HMX 680  U 610  U 690  UR 560  UJ 610  U 590  U 600  U 
NITROBENZENE 340  U 300  U 340  UR 280  UJ 300  U 300  U 300  U 
NITROGLYCERIN 6800  U 6100  U 6900  UL 5600  U 6100  U 5900  U 6000  U 
NITROGUANIDINE 250  U 250  U 250  U 250  U 250  U 250  U 250  U 
RDX 680  U 610  U 690  UR 560  UJ 610  U 590  U 600  U 
TETRYL 680  U 610  U 690  UR 560  UJ 610  U 590  U 600  U 
Inorganics (mg/kg)        
ALUMINUM 8890 8520 7430 5270 7110 6590 8280 
ANTIMONY 0.10  B 0.10  B 0.32  B 0.09  B 0.11  B 0.48  L 0.05  B 
ARSENIC 1.9 3.0 14.1 2.5 2.9 6.8 1.4 
BARIUM 37.1 36.2 101 27.3 35.1 32.9 34.8 
BERYLLIUM 0.46 0.48 1.3 0.29 0.41 0.34 0.36 
BORON 2.4  B 1.8  B 5.7  L 1.6  B 0.87  B 1.8  L 0.79  B 
CADMIUM 0.08 0.05 0.22 0.11 0.09 0.24 0.03  B 
CHROMIUM 13.6 14.2 15.0 9.7 12.0 17.1 11.3 
COBALT 3.0 3.4 7.8 2.2 3.3 5.6 2.6 
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Table C-1. Site 18 Surface Soil Data       
SITE 18 18 18 18 18 18 18 
LOCATION S18SB001 S18SB001 S18SB002 S18SB003 S18SB004 S18SB005 S18SB006 
NORTHING 331986.5413 331986.5413 332041.5413 331935.9512 331935.6244 331935.4528 331877.5041 
EASTING 1260109.481 1260109.481 1259923.772 1259912.125 1260075.074 1260160.837 1260000.629 
NSAMPLE S18SS0010101 S18SS0010101-D S18SS0020101 S18SS0030101 S18SS0040101 S18SS0050101 S18SS0060101
SAMPLE  S18SS0010101 S18SSDUP0101 S18SS0020101 S18SS0030101 S18SS0040101 S18SS0050101 S18SS0060101
MATRIX SO SO SO SO SO SO SO 
TOP DEPTH 0 0 0 0 0 0 0 
BOTTOM DEPTH 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
SAMPLE DATE  08/23/05 08/23/05 08/24/05 08/24/05 08/23/05 08/23/05 08/24/05 
COPPER 9.5 9.6 32.6 8.4 8.2 24.5 6.9 
IRON 10500 13200 22200 7990 11200 13700 8830 
LEAD 12.3 12.0 11.8 8.1 14.8 35.8 9.8 
MAGNESIUM 791  K 758  K 787  K 687  K 646  K 1200  K 526  K 
MANGANESE 36.6 33.3 58.5 30.5 47.5 137 13.2 
MERCURY 0.04 0.03 0.23 0.17 0.06 0.19 0.04 
MOLYBDENUM 0.61  B 0.64  B 1.9  B 0.59  B 0.64  B 0.96  B 0.41  B 
NICKEL 7.0 7.0 25.1 4.9 7.3 16.2 5.4 
SELENIUM 0.14  UL 0.38  J 1.4  J 0.26  B 0.22  J 0.48  J 0.30  J 
SILVER 0.15  L 0.10  L 0.08  L 3.2 0.39  L 0.66  L 0.26  L 
THALLIUM 0.17  B 0.12  B 0.69 0.10  B 0.11  B 0.18  B 0.11  B 
TIN 0.63  B 0.52  B 0.87 0.47  B 0.55 1.4 0.38  B 
URANIUM 0.76 0.74 1.0 0.51 0.60 0.51 0.56 
VANADIUM 24.4 25.5 51.7 17.6 22.2 24.2 19.3 
ZINC 26.0 25.0 24.0 20.6 24.7 45.7 18.6 
Grain Size (%)        
SIEVE 1/2"         100 94   
SIEVE 3/4"           100   
SIEVE 3/8" 100 100 100 100 93 83 100 
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Table C-1. Site 18 Surface Soil Data       
SITE 18 18 18 18 18 18 18 
LOCATION S18SB001 S18SB001 S18SB002 S18SB003 S18SB004 S18SB005 S18SB006 
NORTHING 331986.5413 331986.5413 332041.5413 331935.9512 331935.6244 331935.4528 331877.5041 
EASTING 1260109.481 1260109.481 1259923.772 1259912.125 1260075.074 1260160.837 1260000.629 
NSAMPLE S18SS0010101 S18SS0010101-D S18SS0020101 S18SS0030101 S18SS0040101 S18SS0050101 S18SS0060101
SAMPLE  S18SS0010101 S18SSDUP0101 S18SS0020101 S18SS0030101 S18SS0040101 S18SS0050101 S18SS0060101
MATRIX SO SO SO SO SO SO SO 
TOP DEPTH 0 0 0 0 0 0 0 
BOTTOM DEPTH 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
SAMPLE DATE  08/23/05 08/23/05 08/24/05 08/24/05 08/23/05 08/23/05 08/24/05 
SIEVE NO. 004 100 99 98 100 91 73 99 
SIEVE NO. 010 98 97 95 97 86 66 97 
SIEVE NO. 020 97 95 92 94 83 60 95 
SIEVE NO. 040 94 91 87 90 75 48 93 
SIEVE NO. 060 89 86 78 79 67 38 91 
SIEVE NO. 100 80 78 64 64 61 32 89 
SIEVE NO. 200 64 61 46 45 52 26 85 
Miscellaneous Parameters        
FLUORIDE (MG/KG) 76  L 49  L 25  L 38  L 68  L 30  L 51  L 
NITROCELLULOSE (MG/KG) 3.8  B 2.8  B 5.1  B 2.9  B 2.6  B 6.5  B 1.9  B 
PERCENT MOISTURE (%) 27 18 28 10 18 15 16 
TOTAL ORGANIC CARBON  (MG/KG) 15000 25000 170000 34000 35000 45000 10000 
TOTAL SOLIDS (%) 73 82 72 90 82 85 84 
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Table C-2. Site 18 Subsurface Soil Data       
SITE 18 18 18 18 18 18 18 
LOCATION S18SB001 S18SB002 S18SB003 S18SB003 S18SB004 S18SB005 S18SB006 
NORTHING 331986.5413 332041.5413 331935.9512 331935.9512 331935.6244 331935.4528 331877.5041 
EASTING 1260109.481 1259923.772 1259912.125 1259912.125 1260075.074 1260160.837 1260000.629 
NSAMPLE S18SB0010201 S18SB0020201 S18SB0030201 S18SB0030201-D S18SB0040201 S18SB0050201 S18SB0060201
SAMPLE  S18SB0010201 S18SB0020201 S18SB0030201 S18SBDUP0201 S18SB0040201 S18SB0050201 S18SB0060201
MATRIX SO SO SO SO SO SO SO 
TOP DEPTH 2.5 2 1.5 1.5 1.5 1 1.5 
BOTTOM DEPTH 3 3 2.5 2.5 2 2 2.5 
SAMPLE DATE  08/23/05 08/24/05 08/24/05 08/24/05 08/23/05 08/23/05 08/24/05 
Semivolatile Organics (µg/kg)        
1,2,4,5-TETRACHLOROBENZENE 440  U 550  UJ 360  U 360  U 360  U 380  U 360  U 
2,3,4,6-TETRACHLOROPHENOL 440  U 550  UJ 360  U 360  U 360  U 380  U 360  U 
2,4,5-TRICHLOROPHENOL 1100  U 1400  UJ 900  U 880  U 890  U 930  U 890  U 
2,4,6-TRICHLOROPHENOL 440  U 550  UJ 360  U 360  U 360  U 380  U 360  U 
2,4-DICHLOROPHENOL 440  U 550  UJ 360  U 360  U 360  U 380  U 360  U 
2,4-DIMETHYLPHENOL 440  U 550  UR 360  U 360  U 360  U 380  U 360  U 
2,4-DINITROPHENOL 1100  U 1400  UJ 900  U 880  U 890  U 930  U 890  U 
2,6-DICHLOROPHENOL 440  U 550  UJ 360  U 360  U 360  U 380  U 360  U 
2-CHLORONAPHTHALENE 440  U 550  UJ 360  U 360  U 360  U 380  U 360  U 
2-CHLOROPHENOL 440  U 550  UJ 360  U 360  U 360  U 380  U 360  U 
2-METHYLNAPHTHALENE 440  U 550  UJ 360  U 360  U 360  U 380  U 360  U 
2-METHYLPHENOL 440  U 550  UJ 360  U 360  U 360  U 380  U 360  U 
4-METHYLPHENOL 440  U 550  UJ 360  U 360  U 360  U 380  U 360  U 
4-NITROPHENOL 1100  U 1400  UJ 900  U 880  U 890  U 930  U 890  U 
BENZOIC ACID 1100  UJ 1400  UJ 900  U 880  U 890  U 930  UJ 890  U 
BENZYL ALCOHOL 440  U 550  UJ 360  UJ 360  UJ 360  U 380  U 360  U 
BIS(2-ETHYLHEXYL)PHTHALATE 170  B 550  UJ 180  B 130  B 360  U 380  U 95  B 
BUTYL BENZYL PHTHALATE 440  U 550  UJ 360  U 360  U 360  U 380  U 360  U 
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Table C-2. Site 18 Subsurface Soil Data       
SITE 18 18 18 18 18 18 18 
LOCATION S18SB001 S18SB002 S18SB003 S18SB003 S18SB004 S18SB005 S18SB006 
NORTHING 331986.5413 332041.5413 331935.9512 331935.9512 331935.6244 331935.4528 331877.5041 
EASTING 1260109.481 1259923.772 1259912.125 1259912.125 1260075.074 1260160.837 1260000.629 
NSAMPLE S18SB0010201 S18SB0020201 S18SB0030201 S18SB0030201-D S18SB0040201 S18SB0050201 S18SB0060201
SAMPLE  S18SB0010201 S18SB0020201 S18SB0030201 S18SBDUP0201 S18SB0040201 S18SB0050201 S18SB0060201
MATRIX SO SO SO SO SO SO SO 
TOP DEPTH 2.5 2 1.5 1.5 1.5 1 1.5 
BOTTOM DEPTH 3 3 2.5 2.5 2 2 2.5 
SAMPLE DATE  08/23/05 08/24/05 08/24/05 08/24/05 08/23/05 08/23/05 08/24/05 
DI-N-BUTYL PHTHALATE 440  U 550  UJ 360  U 360  U 360  U 380  U 360  U 
DI-N-OCTYL PHTHALATE 440  UJ 550  UJ 360  U 360  U 360  U 380  UJ 360  U 
DIBENZOFURAN 440  U 550  UJ 360  U 360  U 360  U 380  U 360  U 
DIETHYL PHTHALATE 440  U 550  UJ 360  U 360  U 360  U 380  U 360  U 
DIMETHYL PHTHALATE 440  U 550  UJ 360  U 360  U 360  U 380  U 360  U 
N-NITROSODIPHENYLAMINE 440  U 550  UJ 360  U 360  U 360  U 380  U 360  U 
PENTACHLOROBENZENE 440  U 550  UJ 360  U 360  U 360  U 380  U 360  U 
PENTACHLOROPHENOL 1100  U 1400  UJ 900  U 880  U 890  U 930  U 890  U 
PHENOL 440  U 550  UJ 360  U 360  U 360  U 380  U 360  U 
Polynuclear Aromatic Hydrocarbons (µg/kg)       
ACENAPHTHENE 1.2  J 33  UJ 2.2  J 1.3  J 22  U 1  J 3  J 
ACENAPHTHYLENE 2  J 33  UJ 10  J 4.9  J 27 2.2  B 4.7  J 
ANTHRACENE 4.6  B 33  UJ 7.7  J 5.4  J 9.5  J 3  B 11  J 
BENZO(A)ANTHRACENE 14  B 11  B 130  J 74  J 240  J 40 140  J 
BENZO(A)PYRENE 4.1  B 33  UJ 130  J 60  J 330 34 120 
BENZO(B)FLUORANTHENE 10  B 8.2  B 160  J 80  J 380 45  J 200  J 
BENZO(G,H,I)PERYLENE 3.6  B 33  UJ 49  J 27  J 170 14  J 52 
BENZO(K)FLUORANTHENE 3.7  B 33  UJ 39 26 97 18  J 56 
CHRYSENE 4.5  B 33  UJ 82  J 46  J 140 26 100 
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Table C-2. Site 18 Subsurface Soil Data       
SITE 18 18 18 18 18 18 18 
LOCATION S18SB001 S18SB002 S18SB003 S18SB003 S18SB004 S18SB005 S18SB006 
NORTHING 331986.5413 332041.5413 331935.9512 331935.9512 331935.6244 331935.4528 331877.5041 
EASTING 1260109.481 1259923.772 1259912.125 1259912.125 1260075.074 1260160.837 1260000.629 
NSAMPLE S18SB0010201 S18SB0020201 S18SB0030201 S18SB0030201-D S18SB0040201 S18SB0050201 S18SB0060201
SAMPLE  S18SB0010201 S18SB0020201 S18SB0030201 S18SBDUP0201 S18SB0040201 S18SB0050201 S18SB0060201
MATRIX SO SO SO SO SO SO SO 
TOP DEPTH 2.5 2 1.5 1.5 1.5 1 1.5 
BOTTOM DEPTH 3 3 2.5 2.5 2 2 2.5 
SAMPLE DATE  08/23/05 08/24/05 08/24/05 08/24/05 08/23/05 08/23/05 08/24/05 
DIBENZO(A,H)ANTHRACENE 4  B 33  UJ 22  U 22  U 22  U 23  U 22  U 
FLUORANTHENE 12  B 33  UJ 110 74 140 49 190 
FLUORENE 2.2  J 33  UJ 3  J 22  U 2.7  J 23  U 3.5  J 
INDENO(1,2,3-CD)PYRENE 4.5  B 33  UJ 54  J 34  J 210 19  J 65  J 
NAPHTHALENE 2.4  J 3.4  J 4.5  J 2.6  J 4.4  J 2.7  B 3.6  J 
PHENANTHRENE 9.2  B 33  UJ 42  J 24  J 35 21  B 81 
PYRENE 6.9  J 33  UJ 150  J 75  J 270  J 50 220 
Total PAH 88.9 237.1 984.4 556.2 2077.6 347.9 1260.8 
Pesticides/PCBs (µg/kg)        
4,4'-DDD 1.5  J 5.5  U 18  J 5.7  J 6.8  J 3.6  J 30  J 
4,4'-DDE 4.4  U 5.5  U 4 1.8  J 20 41  J 89 
4,4'-DDT 4.4  U 5.5  UJ 6.8  J 4.2  J 81  J 13  J 24  J 
ALDRIN 2.3  U 2.8  U 1.9  U 1.8  UJ 1.8  U 1.9  UJ 1.8  U 
ALPHA-CHLORDANE 2.3  U 2.8  U 1.9  U 1.8  UJ 1.8  U 1.9  UJ 1.8  U 
AROCLOR-1016 23  U 28  U 19  U 18  UJ 18  U 19  U 18  U 
AROCLOR-1221 23  U 28  U 19  U 18  UJ 18  U 19  U 18  U 
AROCLOR-1232 23  U 28  U 19  U 18  UJ 18  U 19  U 18  U 
AROCLOR-1242 23  U 28  U 19  U 18  UJ 18  U 19  U 18  U 
AROCLOR-1248 23  U 28  U 19  U 18  UJ 18  U 19  U 18  U 
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Table C-2. Site 18 Subsurface Soil Data       
SITE 18 18 18 18 18 18 18 
LOCATION S18SB001 S18SB002 S18SB003 S18SB003 S18SB004 S18SB005 S18SB006 
NORTHING 331986.5413 332041.5413 331935.9512 331935.9512 331935.6244 331935.4528 331877.5041 
EASTING 1260109.481 1259923.772 1259912.125 1259912.125 1260075.074 1260160.837 1260000.629 
NSAMPLE S18SB0010201 S18SB0020201 S18SB0030201 S18SB0030201-D S18SB0040201 S18SB0050201 S18SB0060201
SAMPLE  S18SB0010201 S18SB0020201 S18SB0030201 S18SBDUP0201 S18SB0040201 S18SB0050201 S18SB0060201
MATRIX SO SO SO SO SO SO SO 
TOP DEPTH 2.5 2 1.5 1.5 1.5 1 1.5 
BOTTOM DEPTH 3 3 2.5 2.5 2 2 2.5 
SAMPLE DATE  08/23/05 08/24/05 08/24/05 08/24/05 08/23/05 08/23/05 08/24/05 
AROCLOR-1254 23  U 28  U 19  U 18  UJ 18  U 19  U 18  U 
AROCLOR-1260 23  U 28  U 19  U 18  UJ 18  U 19  U 18  U 
CHLORDANE 23  U 28  U 19  U 18  UJ 18  U 19  UJ 18  U 
DIELDRIN 4.4  U 5.5  U 3.6  U 3.6  UJ 3.6  U 3.8  UJ 3.6  U 
ENDRIN 4.4  U 5.5  U 3.6  U 3.6  UJ 3.6  U 3.8  UJ 3.6  U 
GAMMA-BHC (LINDANE) 2.3  U 2.8  U 1.9  U 1.8  UJ 1.8  U 1.9  UJ 1.8  U 
GAMMA-CHLORDANE 2.3  U 2.8  U 1.9  U 1.8  UJ 1.8  U 1.9  UJ 1.8  U 
HEPTACHLOR EPOXIDE 2.3  U 2.8  U 1.9  U 1.8  UJ 1.8  U 1.9  UJ 1.8  U 
METHOXYCHLOR 23  U 28  UJ 19  UJ 18  UJ 18  UJ 19  UJ 18  UJ 
Explosives (µg/kg)        
1,3,5-TRINITROBENZENE 330  UR 420  UR 280  UJ 270  U 270  U 280  U 270  U 
1,3-DINITROBENZENE 330  UR 420  UR 280  UJ 270  U 270  U 280  U 270  U 
2,4,6-TRINITROTOLUENE 330  UR 420  UR 280  UJ 270  U 270  U 280  U 270  U 
2,4-DINITROTOLUENE 330  UR 420  UR 280  UJ 270  U 270  U 280  U 270  U 
2,6-DINITROTOLUENE 330  UR 420  UR 280  UJ 270  U 270  U 280  U 270  U 
2-AMINO-4,6-DINITROTOLUENE 330  UR 420  UR 280  UJ 270  U 270  U 280  U 270  U 
2-NITROTOLUENE 670  UR 840  UR 550  UJ 540  U 540  U 570  U 540  U 
3-NITROTOLUENE 670  UR 840  UR 550  UJ 540  U 540  U 570  U 540  U 
4-AMINO-2,6-DINITROTOLUENE 330  UR 420  UR 280  UJ 270  U 270  U 280  U 270  U 
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Table C-2. Site 18 Subsurface Soil Data       
SITE 18 18 18 18 18 18 18 
LOCATION S18SB001 S18SB002 S18SB003 S18SB003 S18SB004 S18SB005 S18SB006 
NORTHING 331986.5413 332041.5413 331935.9512 331935.9512 331935.6244 331935.4528 331877.5041 
EASTING 1260109.481 1259923.772 1259912.125 1259912.125 1260075.074 1260160.837 1260000.629 
NSAMPLE S18SB0010201 S18SB0020201 S18SB0030201 S18SB0030201-D S18SB0040201 S18SB0050201 S18SB0060201
SAMPLE  S18SB0010201 S18SB0020201 S18SB0030201 S18SBDUP0201 S18SB0040201 S18SB0050201 S18SB0060201
MATRIX SO SO SO SO SO SO SO 
TOP DEPTH 2.5 2 1.5 1.5 1.5 1 1.5 
BOTTOM DEPTH 3 3 2.5 2.5 2 2 2.5 
SAMPLE DATE  08/23/05 08/24/05 08/24/05 08/24/05 08/23/05 08/23/05 08/24/05 
4-NITROTOLUENE 670  UR 840  UR 550  UJ 540  U 540  U 570  U 540  U 
HMX 670  UR 840  UR 550  UJ 540  U 540  U 570  U 540  U 
NITROBENZENE 330  UR 420  UR 280  UJ 270  U 270  U 280  U 270  U 
NITROGLYCERIN 6000  J 8400  UR 5500  U 5400  U 22000 5700  U 5400  U 
NITROGUANIDINE 250  U 250  UR 250  U 250  U 250  U 250  U 250  U 
RDX 670  UR 840  UR 550  UJ 540  U 540  U 570  U 540  U 
TETRYL 670  UR 840  UR 550  UJ 540  U 540  U 570  U 540  U 
Inorganics (mg/kg)        
ALUMINUM 6860 8880 7120 6880 4280 13000 6220 
ANTIMONY 0.18  B 0.48  B 0.10  B 0.09  B 0.07  B 0.17  B 0.23  B 
ARSENIC 9.8 35.6 3.3 3.1 2.5 5.0 11.6 
BARIUM 69.8 74.0 39.8 32.7 24.3 40.5 27.3 
BERYLLIUM 0.97 2.3 0.42 0.36 0.21 0.31 0.34 
BORON 3.6 10.8 1.1  B 1.6  B 0.64  B 1.5 1.4  B 
CADMIUM 0.07 0.36 0.06 0.07 0.03  B 0.10 0.06 
CHROMIUM 14.4 21.1 13.9 12.9 12.1 18.8 126 
COBALT 7.1 32.2 3.3 2.8 3.0 3.7 5.1 
COPPER 30.9 45.9 9.7 10.4 4.5 8.6 8.3 
IRON 30700 29400 11400 9520 6990 18500 11400 



August 2006 C-13 CTO 006 

Table C-2. Site 18 Subsurface Soil Data       
SITE 18 18 18 18 18 18 18 
LOCATION S18SB001 S18SB002 S18SB003 S18SB003 S18SB004 S18SB005 S18SB006 
NORTHING 331986.5413 332041.5413 331935.9512 331935.9512 331935.6244 331935.4528 331877.5041 
EASTING 1260109.481 1259923.772 1259912.125 1259912.125 1260075.074 1260160.837 1260000.629 
NSAMPLE S18SB0010201 S18SB0020201 S18SB0030201 S18SB0030201-D S18SB0040201 S18SB0050201 S18SB0060201
SAMPLE  S18SB0010201 S18SB0020201 S18SB0030201 S18SBDUP0201 S18SB0040201 S18SB0050201 S18SB0060201
MATRIX SO SO SO SO SO SO SO 
TOP DEPTH 2.5 2 1.5 1.5 1.5 1 1.5 
BOTTOM DEPTH 3 3 2.5 2.5 2 2 2.5 
SAMPLE DATE  08/23/05 08/24/05 08/24/05 08/24/05 08/23/05 08/23/05 08/24/05 
LEAD 7.0 10.6 8.8 8.9 7.5 30.3 23.6 
MAGNESIUM 402 602 750 637 451 723 583 
MANGANESE 36.5  L 208  L 29.0  L 24.1  L 165  L 80.2  L 76.5  L 
MERCURY 0.20 0.48 0.07 0.08 0.02 0.09 0.02 
MOLYBDENUM 1.9  B 11.3  L 0.69  B 0.71  B 0.40  B 0.88  B 2.7  B 
NICKEL 20.7 90.6 9.0 7.3 6.9 6.6 62.6 
SELENIUM 1.3  J 4.1 0.27  J 0.18  B 0.19  J 0.29  J 0.10  J 
SILVER 0.02  L 0.03  L 1.2  L 2.9 0.02  L 0.09  L 0.04  L 
THALLIUM 0.45  L 1.4  L 0.14  B 0.12  B 0.06  B 0.21  B 0.08  B 
TIN 0.52 0.95 0.54 0.50 0.60 0.80 0.59 
URANIUM 1.0 2.1 0.58 0.61 0.31 0.68 0.46 
VANADIUM 38.9 68.5 21.8 21.0 14.0 30.7 15.1 
ZINC 22.3  K 126 21.6 23.3 12.3 28.8 20.8 
Grain Size (%)        
SIEVE 1/2"         94   100 
SIEVE 3/4"         100     
SIEVE 3/8" 100 100 100 100 90 100 96 
SIEVE NO. 004 96 96 98 99 85 95 88 
SIEVE NO. 010 94 94 97 98 80 93 80 
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Table C-2. Site 18 Subsurface Soil Data       
SITE 18 18 18 18 18 18 18 
LOCATION S18SB001 S18SB002 S18SB003 S18SB003 S18SB004 S18SB005 S18SB006 
NORTHING 331986.5413 332041.5413 331935.9512 331935.9512 331935.6244 331935.4528 331877.5041 
EASTING 1260109.481 1259923.772 1259912.125 1259912.125 1260075.074 1260160.837 1260000.629 
NSAMPLE S18SB0010201 S18SB0020201 S18SB0030201 S18SB0030201-D S18SB0040201 S18SB0050201 S18SB0060201
SAMPLE  S18SB0010201 S18SB0020201 S18SB0030201 S18SBDUP0201 S18SB0040201 S18SB0050201 S18SB0060201
MATRIX SO SO SO SO SO SO SO 
TOP DEPTH 2.5 2 1.5 1.5 1.5 1 1.5 
BOTTOM DEPTH 3 3 2.5 2.5 2 2 2.5 
SAMPLE DATE  08/23/05 08/24/05 08/24/05 08/24/05 08/23/05 08/23/05 08/24/05 
SIEVE NO. 020 92 93 96 97 75 91 74 
SIEVE NO. 040 89 88 92 93 52 84 59 
SIEVE NO. 060 84 81 84 84 24 76 44 
SIEVE NO. 100 74 68 70 69 19 70 38 
SIEVE NO. 200 57 52 53 51 15 64 32 
Miscellaneous Parameters        
FLUORIDE (MG/KG) 73 70 32 73 27 47 49 
NITROCELLULOSE (MG/KG) 2.7  B 4.4  B 1.7  B 1.4  B 1.8  B 3.5  B 75.1  J 
PERCENT MOISTURE (%) 25 40 9.5 7.2 8.2 12 8.1 
TOTAL ORGANIC CARBON  (MG/KG) 200000  J 330000  J 28000  J 15000  J 3200  J 14000  J 9600  J 
TOTAL SOLIDS (%) 75 60 90 93 92 88 92 
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Table C-3.  Site 18 Sediment Data       
SITE 18 18 18 18 18 18 18 
LOCATION S18SD007 S18SD008 S18SD009 S18SD009 S18SD010 S18SD011 S18SD012 
NORTHING 331829.7712 331826.2723 331731.7107 331731.7107 331716.9374 331611.4559 331611.193 
EASTING 1260194.931 1260123.454 1260060.372 1260060.372 1260163.259 1260097.295 1260228.8 
NSAMPLE S18SD0070101 S18SD0080101 S18SD0090101 S18SD0090101-D S18SD0100101 S18SD0110101 S18SD0120101
SAMPLE  S18SD0070101 S18SD0080101 S18SD0090101 S18SDDUP0101 S18SD0100101 S18SD0110101 S18SD0120101
MATRIX SD SD SD SD SD SD SD 
TOP DEPTH 0 0 0 0 0 0 0 
BOTTOM DEPTH 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
SAMPLE DATE  08/24/05 08/24/05 08/24/05 08/24/05 08/24/05 08/23/05 08/24/05 
Semivolatile Organics (µg/kg)        
1,2,4,5-TETRACHLOROBENZENE 2100  UJ 1400  UJ 1700  UJ 1700  UJ 1300  UJ 1500  UJ 1600  UJ 
2,3,4,6-TETRACHLOROPHENOL 2100  UJ 1400  UJ 1700  UJ 1700  UJ 1300  UJ 1500  UJ 1600  UJ 
2,4,5-TRICHLOROPHENOL 5300  UJ 3600  UJ 4300  UJ 4100  UJ 3300  UJ 3800  UJ 4000  UJ 
2,4,6-TRICHLOROPHENOL 2100  UJ 1400  UJ 1700  UJ 1700  UJ 1300  UJ 1500  UJ 1600  UJ 
2,4-DICHLOROPHENOL 2100  UJ 1400  UJ 1700  UJ 1700  UJ 1300  UJ 1500  UJ 1600  UJ 
2,4-DIMETHYLPHENOL 2100  UJ 1400  UJ 1700  UJ 1700  UJ 1300  UJ 1500  UJ 1600  UJ 
2,4-DINITROPHENOL 5300  UJ 3600  UJ 4300  UJ 4100  UJ 3300  UJ 3800  UJ 4000  UJ 
2,6-DICHLOROPHENOL 2100  UJ 1400  UJ 1700  UJ 1700  UJ 1300  UJ 1500  UJ 1600  UJ 
2-CHLORONAPHTHALENE 2100  UJ 1400  UJ 1700  UJ 1700  UJ 1300  UJ 1500  UJ 1600  UJ 
2-CHLOROPHENOL 2100  UJ 1400  UJ 1700  UJ 1700  UJ 1300  UJ 1500  UJ 1600  UJ 
2-METHYLNAPHTHALENE 2100  UJ 1400  UJ 1700  UJ 1700  UJ 1300  UJ 1500  UJ 1600  UJ 
2-METHYLPHENOL 2100  UJ 1400  UJ 1700  UJ 1700  UJ 1300  UJ 1500  UJ 1600  UJ 
4-METHYLPHENOL 2100  UJ 1400  UJ 1700  UJ 1700  UJ 1300  UJ 1500  UJ 1600  UJ 
4-NITROPHENOL 5300  UJ 3600  UJ 4300  UJ 4100  UJ 3300  UJ 3800  UJ 4000  UJ 
BENZOIC ACID 5300  UJ 3600  UJ 4300  UJ 4100  UJ 3300  UJ 3800  UJ 4000  UJ 
BENZYL ALCOHOL 2100  UJ 1400  UJ 1700  UJ 1700  UJ 1300  UJ 1500  UJ 1600  UJ 
BIS(2-ETHYLHEXYL)PHTHALATE 2100  UJ 1400  UJ 1700  UJ 1700  UJ 1300  UJ 1500  UJ 450  B 
BUTYL BENZYL PHTHALATE 2100  UJ 1400  UJ 1700  UJ 1700  UJ 1300  UJ 1500  UJ 1600  UJ 



August 2006 C-16 CTO 006 

Table C-3.  Site 18 Sediment Data       
SITE 18 18 18 18 18 18 18 
LOCATION S18SD007 S18SD008 S18SD009 S18SD009 S18SD010 S18SD011 S18SD012 
NORTHING 331829.7712 331826.2723 331731.7107 331731.7107 331716.9374 331611.4559 331611.193 
EASTING 1260194.931 1260123.454 1260060.372 1260060.372 1260163.259 1260097.295 1260228.8 
NSAMPLE S18SD0070101 S18SD0080101 S18SD0090101 S18SD0090101-D S18SD0100101 S18SD0110101 S18SD0120101
SAMPLE  S18SD0070101 S18SD0080101 S18SD0090101 S18SDDUP0101 S18SD0100101 S18SD0110101 S18SD0120101
MATRIX SD SD SD SD SD SD SD 
TOP DEPTH 0 0 0 0 0 0 0 
BOTTOM DEPTH 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
SAMPLE DATE  08/24/05 08/24/05 08/24/05 08/24/05 08/24/05 08/23/05 08/24/05 
DI-N-BUTYL PHTHALATE 2100  UJ 1400  UJ 1700  UJ 1700  UJ 1300  UJ 1500  UJ 1600  UJ 
DI-N-OCTYL PHTHALATE 2100  UJ 1400  UJ 1700  UJ 1700  UJ 1300  UJ 1500  UJ 1600  UJ 
DIBENZOFURAN 2100  UJ 1400  UJ 1700  UJ 1700  UJ 1300  UJ 1500  UJ 1600  UJ 
DIETHYL PHTHALATE 2100  UJ 1400  UJ 1700  UJ 1700  UJ 1300  UJ 1500  UJ 1600  UJ 
DIMETHYL PHTHALATE 2100  UJ 1400  UJ 1700  UJ 1700  UJ 1300  UJ 1500  UJ 1600  UJ 
N-NITROSODIPHENYLAMINE 2100  UJ 1400  UJ 1700  UJ 1700  UJ 1300  UJ 1500  UJ 1600  UJ 
PENTACHLOROBENZENE 2100  UJ 1400  UJ 1700  UJ 1700  UJ 1300  UJ 1500  UJ 1600  UJ 
PENTACHLOROPHENOL 5300  UJ 3600  UJ 4300  UJ 4100  UJ 3300  UJ 3800  UJ 4000  UJ 
PHENOL 2100  UJ 1400  UJ 1700  UJ 1700  UJ 1300  UJ 1500  UJ 1600  UJ 
Polynuclear Aromatic Hydrocarbons (µg/kg)       
ACENAPHTHENE 5  J 3.6  J 13  J 8.3  J 5.6  J 3.9  J 17  J 
ACENAPHTHYLENE 130  UJ 9.9  J 14  J 21  J 9.2  B 93  UJ 99  UJ 
ANTHRACENE 18  J 12  J 38  J 49  J 21  B 11  J 33  J 
BENZO(A)ANTHRACENE 160  J 140  J 230  J 480  J 95  B 93  J 180  J 
BENZO(A)PYRENE 180  J 120  J 120  J 260  J 75  J 65  J 190  J 
BENZO(B)FLUORANTHENE 210  J 220  J 370  J 650  J 160 120  J 290  J 
BENZO(G,H,I)PERYLENE 77  J 60  J 58  J 87  J 35  J 78  J 84  J 
BENZO(K)FLUORANTHENE 67  J 64  J 86  J 180  J 37  J 36  J 68  J 
CHRYSENE 110  J 86  J 190  J 330  J 60  J 48  J 100  J 
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Table C-3.  Site 18 Sediment Data       
SITE 18 18 18 18 18 18 18 
LOCATION S18SD007 S18SD008 S18SD009 S18SD009 S18SD010 S18SD011 S18SD012 
NORTHING 331829.7712 331826.2723 331731.7107 331731.7107 331716.9374 331611.4559 331611.193 
EASTING 1260194.931 1260123.454 1260060.372 1260060.372 1260163.259 1260097.295 1260228.8 
NSAMPLE S18SD0070101 S18SD0080101 S18SD0090101 S18SD0090101-D S18SD0100101 S18SD0110101 S18SD0120101
SAMPLE  S18SD0070101 S18SD0080101 S18SD0090101 S18SDDUP0101 S18SD0100101 S18SD0110101 S18SD0120101
MATRIX SD SD SD SD SD SD SD 
TOP DEPTH 0 0 0 0 0 0 0 
BOTTOM DEPTH 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
SAMPLE DATE  08/24/05 08/24/05 08/24/05 08/24/05 08/24/05 08/23/05 08/24/05 
DIBENZO(A,H)ANTHRACENE 54  J 87  UJ 100  UJ 100  UJ 81  U 93  UJ 99  UJ 
FLUORANTHENE 150  J 160  J 610  J 570  J 140 85  J 170  J 
FLUORENE 10  J 6.4  J 45  J 22  J 13  J 9.2  J 99  UJ 
INDENO(1,2,3-CD)PYRENE 130  UJ 82  J 67  J 150  J 53  J 68  J 140  J 
NAPHTHALENE 11  J 8.4  J 12  J 8.4  J 5.7  B 6.7  J 9.6  J 
PHENANTHRENE 59  J 56  J 300  J 150  J 64  B 45  J 75  J 
PYRENE 190  J 150  J 380  J 660  J 120 84  J 160  J 
Total PAH 1431 1221.8 2583 3675.7 934 845.8 1665.1 
Pesticides/PCBs (µg/kg)        
4,4'-DDD 51  J 4.6  J 17  UJ 17  UJ 3.6  J 4.3  J 16  UJ 
4,4'-DDE 38  J 12  J 7.4  J 17  UJ 9.7  J 8.4  J 16  UJ 
4,4'-DDT 21  UJ 14  UJ 17  UJ 17  UJ 13  UJ 15  UJ 16  UJ 
ALDRIN 11  UJ 7.4  UJ 8.9  UJ 8.6  UJ 6.9  UJ 7.9  UJ 8.4  UJ 
ALPHA-CHLORDANE 11  UJ 7.4  UJ 8.9  UJ 8.6  UJ 6.9  UJ 7.9  UJ 9.9  J 
AROCLOR-1016 110  UJ 74  UJ 89  UJ 86  UJ 69  UJ 79  UJ 84  UJ 
AROCLOR-1221 110  UJ 74  UJ 89  UJ 86  UJ 69  UJ 79  UJ 84  UJ 
AROCLOR-1232 110  UJ 74  UJ 89  UJ 86  UJ 69  UJ 79  UJ 84  UJ 
AROCLOR-1242 110  UJ 74  UJ 89  UJ 86  UJ 69  UJ 79  UJ 84  UJ 
AROCLOR-1248 110  UJ 74  UJ 89  UJ 86  UJ 69  UJ 79  UJ 84  UJ 
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Table C-3.  Site 18 Sediment Data       
SITE 18 18 18 18 18 18 18 
LOCATION S18SD007 S18SD008 S18SD009 S18SD009 S18SD010 S18SD011 S18SD012 
NORTHING 331829.7712 331826.2723 331731.7107 331731.7107 331716.9374 331611.4559 331611.193 
EASTING 1260194.931 1260123.454 1260060.372 1260060.372 1260163.259 1260097.295 1260228.8 
NSAMPLE S18SD0070101 S18SD0080101 S18SD0090101 S18SD0090101-D S18SD0100101 S18SD0110101 S18SD0120101
SAMPLE  S18SD0070101 S18SD0080101 S18SD0090101 S18SDDUP0101 S18SD0100101 S18SD0110101 S18SD0120101
MATRIX SD SD SD SD SD SD SD 
TOP DEPTH 0 0 0 0 0 0 0 
BOTTOM DEPTH 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
SAMPLE DATE  08/24/05 08/24/05 08/24/05 08/24/05 08/24/05 08/23/05 08/24/05 
AROCLOR-1254 110  UJ 74  UJ 89  UJ 86  UJ 69  UJ 79  UJ 84  UJ 
AROCLOR-1260 110  UJ 74  UJ 89  UJ 86  UJ 69  UJ 79  UJ 84  UJ 
CHLORDANE 110  UJ 74  UJ 89  UJ 86  UJ 69  UJ 79  UJ 84  UJ 
DIELDRIN 21  UJ 14  UJ 17  UJ 17  UJ 13  UJ 15  UJ 16  UJ 
ENDRIN 21  UJ 14  UJ 17  UJ 17  UJ 13  UJ 15  UJ 16  UJ 
GAMMA-BHC (LINDANE) 11  UJ 7.4  UJ 8.9  UJ 8.6  UJ 6.9  UJ 7.9  UJ 8.4  UJ 
GAMMA-CHLORDANE 11  UJ 7.4  UJ 8.9  UJ 8.6  UJ 6.9  UJ 7.9  UJ 8.4  UJ 
HEPTACHLOR EPOXIDE 11  UJ 7.4  UJ 8.9  UJ 8.6  UJ 6.9  UJ 7.9  UJ 8.4  UJ 
METHOXYCHLOR 110  UJ 74  UJ 89  UJ 86  UJ 69  UJ 79  UJ 84  UJ 
Explosives (µg/kg)        
1,3,5-TRINITROBENZENE 9400  J 1100  UJ 1300  UJ 4300  J 1000  UJ 1200  UJ 1200  UJ 
1,3-DINITROBENZENE 1600  UJ 1100  UJ 1300  UJ 1300  UJ 1000  UJ 1200  UJ 1200  UJ 
2,4,6-TRINITROTOLUENE 1600  UJ 1100  UJ 1300  UJ 1300  UJ 1000  UJ 1200  UJ 1200  UJ 
2,4-DINITROTOLUENE 1600  UJ 1100  UJ 1300  UJ 1300  UJ 1000  UJ 1200  UJ 1200  UJ 
2,6-DINITROTOLUENE 1600  UJ 1100  UJ 1300  UJ 1300  UJ 1000  UJ 1200  UJ 1200  UJ 
2-AMINO-4,6-DINITROTOLUENE 1600  UJ 1100  UJ 1300  UJ 1300  UJ 1000  UJ 1200  UJ 1200  UJ 
2-NITROTOLUENE 3200  UJ 2200  UJ 2600  UJ 2500  UJ 2000  UJ 2300  UJ 2500  UJ 
3-NITROTOLUENE 3200  UJ 2200  UJ 2600  UJ 2500  UJ 2000  UJ 2300  UJ 2500  UJ 
4-AMINO-2,6-DINITROTOLUENE 1600  UJ 1100  UJ 1300  UJ 1300  UJ 1000  UJ 1200  UJ 1200  UJ 
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Table C-3.  Site 18 Sediment Data       
SITE 18 18 18 18 18 18 18 
LOCATION S18SD007 S18SD008 S18SD009 S18SD009 S18SD010 S18SD011 S18SD012 
NORTHING 331829.7712 331826.2723 331731.7107 331731.7107 331716.9374 331611.4559 331611.193 
EASTING 1260194.931 1260123.454 1260060.372 1260060.372 1260163.259 1260097.295 1260228.8 
NSAMPLE S18SD0070101 S18SD0080101 S18SD0090101 S18SD0090101-D S18SD0100101 S18SD0110101 S18SD0120101
SAMPLE  S18SD0070101 S18SD0080101 S18SD0090101 S18SDDUP0101 S18SD0100101 S18SD0110101 S18SD0120101
MATRIX SD SD SD SD SD SD SD 
TOP DEPTH 0 0 0 0 0 0 0 
BOTTOM DEPTH 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
SAMPLE DATE  08/24/05 08/24/05 08/24/05 08/24/05 08/24/05 08/23/05 08/24/05 
4-NITROTOLUENE 3200  UJ 2200  UJ 2600  UJ 2500  UJ 2000  UJ 2300  UJ 2500  UJ 
HMX 3200  UJ 2200  UJ 2600  UJ 2500  UJ 2000  UJ 2300  UJ 2500  UJ 
NITROBENZENE 1600  UJ 1100  UJ 1300  UJ 1300  UJ 1000  UJ 1200  UJ 1200  UJ 
NITROGLYCERIN 32000  UJ 22000  UJ 26000  UJ 25000  UJ 20000  UJ 23000  UJ 25000  UJ 
NITROGUANIDINE 250  UJ 250  UJ 250  UJ 250  UJ 250  UJ 250  UJ 250  UJ 
RDX 3200  UJ 2200  UJ 2600  UJ 2500  UJ 2000  UJ 2300  UJ 2500  UJ 
TETRYL 3200  UJ 2200  UJ 2600  UJ 2500  UJ 2000  UJ 2300  UJ 2500  UJ 
Inorganics (mg/kg)        
ALUMINUM 12500  J 18100  J 15900  J 16400  J 13600  J 6780  J 14800  J 
ANTIMONY 0.74  B 0.28  B 0.35  B 0.38  B 0.48  B 0.32  B 0.31  B 
ARSENIC 56.1  J 19.4  J 9.4  J 8.2  J 8.9  J 14.2  J 6.1  J 
BARIUM 116  J 127  J 138  J 133  J 98.0  J 92.1  J 131  J 
BERYLLIUM 4.0  J 1.6  J 1.0  J 1.0  J 0.98  J 1.1  J 1.5  J 
BORON 10.4  B 7.4  B 10.3  J 11.5  J 8.1  B 7.2  J 11.0  B 
CADMIUM 1.2  J 2.1  J 1.0  J 0.94  J 0.98  J 1.3  J 0.72  J 
CHROMIUM 21.4  J 28.2  J 24.6  J 22.8  J 24.4  J 18.4  J 24.1  J 
COBALT 93.9  J 39.5  J 16.3  J 16.4  J 16.6  J 31.3  J 24.2  J 
COPPER 24.8  J 31.6  J 27.8  J 26.3  J 24.5  J 33.4  J 29.2  J 
IRON 27800  J 20500  J 16300  J 13300  J 11900  J 25400  J 16600  J 
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Table C-3.  Site 18 Sediment Data       
SITE 18 18 18 18 18 18 18 
LOCATION S18SD007 S18SD008 S18SD009 S18SD009 S18SD010 S18SD011 S18SD012 
NORTHING 331829.7712 331826.2723 331731.7107 331731.7107 331716.9374 331611.4559 331611.193 
EASTING 1260194.931 1260123.454 1260060.372 1260060.372 1260163.259 1260097.295 1260228.8 
NSAMPLE S18SD0070101 S18SD0080101 S18SD0090101 S18SD0090101-D S18SD0100101 S18SD0110101 S18SD0120101
SAMPLE  S18SD0070101 S18SD0080101 S18SD0090101 S18SDDUP0101 S18SD0100101 S18SD0110101 S18SD0120101
MATRIX SD SD SD SD SD SD SD 
TOP DEPTH 0 0 0 0 0 0 0 
BOTTOM DEPTH 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
SAMPLE DATE  08/24/05 08/24/05 08/24/05 08/24/05 08/24/05 08/23/05 08/24/05 
LEAD 41.5  J 43.3  J 43.8  J 40.9  J 45.8  J 29.5  J 55.1  J 
MAGNESIUM 2030  J 2320  J 2580  J 2650  J 2350  J 1670  J 2650  J 
MANGANESE 305  J 423  J 569  J 384  J 159  J 408  J 243  J 
MERCURY 0.39  J 0.24  J 0.36  J 0.47  J 0.21  J 0.38  J 0.50  J 
MOLYBDENUM 4.9  B 4.1  B 4.4  B 5.0  B 2.7  B 3.7  B 3.9  B 
NICKEL 82.5  J 83.7  J 36.7  J 33.2  J 43.9  J 28.2  J 30.0  J 
SELENIUM 0.66  UJ 0.93  B 1.6  J 0.79  B 0.91  B 1.3  J 1.8  J 
SILVER 6.8  J 7.2  J 3.6  J 3.2  J 4.1  J 2.0  J 6.4  J 
THALLIUM 0.28  B 0.29  B 0.29  B 0.27  B 0.36  B 0.19  B 0.25  B 
TIN 2.2  B 1.7  J 2.1  J 1.9  J 1.9  J 1.5  J 2.3  J 
URANIUM 1.8  J 2.3  J 3.2  J 3.2  J 2.2  J 1.8  J 3.4  J 
VANADIUM 69.1  J 79.0  J 54.0  J 52.2  J 58.9  J 37.2  J 54.7  J 
ZINC 230  J 248  J 134  J 128  J 146  J 171  J 104  J 
Grain Size (%)        
SIEVE 1/2"               
SIEVE 3/4"               
SIEVE 3/8"             100 
SIEVE NO. 004 100 100 100 100 100 100 91 
SIEVE NO. 010 82 86 83 75 85 90 69 
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Table C-3.  Site 18 Sediment Data       
SITE 18 18 18 18 18 18 18 
LOCATION S18SD007 S18SD008 S18SD009 S18SD009 S18SD010 S18SD011 S18SD012 
NORTHING 331829.7712 331826.2723 331731.7107 331731.7107 331716.9374 331611.4559 331611.193 
EASTING 1260194.931 1260123.454 1260060.372 1260060.372 1260163.259 1260097.295 1260228.8 
NSAMPLE S18SD0070101 S18SD0080101 S18SD0090101 S18SD0090101-D S18SD0100101 S18SD0110101 S18SD0120101
SAMPLE  S18SD0070101 S18SD0080101 S18SD0090101 S18SDDUP0101 S18SD0100101 S18SD0110101 S18SD0120101
MATRIX SD SD SD SD SD SD SD 
TOP DEPTH 0 0 0 0 0 0 0 
BOTTOM DEPTH 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
SAMPLE DATE  08/24/05 08/24/05 08/24/05 08/24/05 08/24/05 08/23/05 08/24/05 
SIEVE NO. 020 70 79 69 62 80 77 59 
SIEVE NO. 040 65 76 63 55 78 67 55 
SIEVE NO. 060 62 75 60 53 77 61 53 
SIEVE NO. 100 60 74 58 51 76 54 52 
SIEVE NO. 200 59 73 57 49 75 50 51 
Miscellaneous Parameters        
FLUORIDE (MG/KG) 220  J 170  J 190  J 220  J 120  J 110  J 220  J 
NITROCELLULOSE (MG/KG) 20.2  B 13.1  B 23.9  B 29.6  J 17.6  B 19.0  B 39.5  J 
PERCENT MOISTURE (%) 84 77 81 80 75 78 80 
TOTAL ORGANIC CARBON  (MG/KG) 340000  J 120000  J 230000  J 210000  J 150000  J 280000  J 200000  J 
TOTAL SOLIDS (%) 15 23 19 20 24 21 20 
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