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* ~~~~~~EXECUTIVE SUMMARY

INTRODUCTION

The Defense Supply Center Richmond (DSCR) is located 11 miles south of Richmond, Virginia, and

16 miles north of Petersburg, Virginia, in Chesterfield County. Purchased by the U.S. Army in 1941, the

DSCR is operated by the Defense Logistics Agency (DLA).

The DSCR was added to the Comprehensive Environmental Response, Compensation, and Liability Act

(CERCLA) National Priorities List (NFL) in 1987. A human health risk assessment was prepared in

subsequent remedial investigations and feasibility studies (Law Engineering and Environmental Services,

Inc. [Law] 1992). Based on the original risk evaluation, the Record of Decision (ROD) for Operable Unit

(OU)l, which was signed in May of 1992, included an interim remedy that restricted access at the Open

Storage Area (OSA) to limit exposure to site soils and incorporated institutional controls (DLA 1992). As

part of the requirements under CERCLA, 5-year reviews were conducted in 1997 and 2003.

The initial 5-year review (Law 1997) stated that the interim remedy (i.e., institutional controls) continued

to prevent direct exposure to site soils. The results of the second 5-year review (Mactee 2003) also

* ~~indicated that the interim remedy continued to function as intended in the ROD in preventing direct
exposures to soils; however, three elements of the remedy needed reconsideration:

1. Chemical concentrations in soil may have the potential to leach to groundwater.

2. Inhalation of soil vapor in buildings needed to be evaluated.

3. Continuing source(s) of groundwater contamination needed to be identified.

In accordance with the 5-year review recommendations for OUt (Mactec 2003), inhalation of soil vapor

in current and future buildings is included in this Revised Human Health Baseline Risk Assessment

(HJJBRA) along with direct routes of exposure to soil. Other potential hazards, including the leaching

and potential impacts of contaminants to groundwater, are addressed in the 0U6 groundwater evaluation

(Mactee 2005a).

DATA QUALITY ASSESSMENT

Numerous soil samples have been collected over time at various OUI locations. In accordance with the

approved Human Health Risk Assessment Work Plan (Mactec 2005a as modified), data collected prior to
* ~~1992 were not included in the chemical data set for OUl. In 1998, soil samples were collected as part of

an investigation for a natural gas pipeline through OUI. In 2002, soil samples were collected along the

western road as part of an investigation for a fiber-optics line. Four soil gas samples were collected in

L:ly 80B844 0eIA~e,ablesiDSCR-OUlininaI DSCR.OUI -Novembr 2006.doc ES-i
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April 2004 adjacent to buildings in which storage activities take place. The soil samples collected in 1998
and 2002 and soil gas samples collected in 2004 were used to estimate risks at OUL. Chemicals detected
at least once underwent a screening procedure to identify those chemicals that should be retained for
further evaluation.

LAND USE AND RECEPTORS

Access to the OSA by various receptors is limited by the restrictions of fencing and the OSA's location
within an operating U.S. Armed Forces complex. Therefore, on-site receptors are restricted to industrial
workers and construction workers. A distinction was made for industrial workers who spend more time
outside and are involved with potential direct contact with soils and indoor workers who may be exposed
to contaminated soils brought into a building, but are likely to be exposed via inhalation of volatile
organic compounds (VOCs) in indoor air. The following current and future receptors were evaluated for
OUI:

* Current and future on-site outdoor industrial workers (adult),
* Current and future on-site indoor industrial workers (adult),
a Future on-site construction workers (adult), and
* Current and future off-site residents (adult/child).

The exposure pathways by which receptors may become exposed are incidental ingestion, dermal contact,
and inhalation of fugitive particulates (i.e., dust) for outside industrial workers and construction workers,
ingestion and dermal contact with soils and inhalation of volatile chemicals in indoor air for indoor
industrial workers, and inhalation of fugitive particulates for off-site residents.

CHEMICALS OF POTENTIAL CONCERN

To identify those site-related chemicals of potential concern (COP~s), a screening process is needed
whereby analytical results are compared to levels having negligible potential for adverse health effects.
Through this screening process, chemicals that have little potential for causing adverse health are omnitted
from further evaluation, and COP~s are retained for a more rigorous risk evaluation.

Fifty-seven chemicals were detected in surface and subsurface soils at OUl with a frequency of detection
ranging from 3 percent to 100 percent (Tables ES-lI and ES-2). Identifying COPCs for further evaluation
required that a detected chemical exceed the protective risk-based concentration (RBC) developed for
screening purposes (i.e., the United States Environmental Protection Agency [EPA] Region III industrial
soil risk-based concentration RBC or RBC calculated for a construction trench worker, whichever is
lower) or potentially pose an unacceptable risk through inhalation of indoor air (Tables ES-I and ES-2).

L~mM044 08b~slSROULiaDCR-OU1 -Nogmeft2005.doc 
ES-ui
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Revised Human Health Baseline Risk Assessment Deceber200
Operable Unit I
Defense Supply Center Richmond, Virginia. ~~For surface and subsurface soil intervals, 10 chemicals met the above conditions and are considered
COPCs for OIJI:

* Arsenic
* Iron
* Thallium,
* Benzo[a]anthracene
* Benzo[a]pyrene
* Benzo[b~fluoranthene
* Dibenz[a,h]anthracene
* Naphthalene
* Chloroform
* Trichloroethene (TCE)

These 10 chemicals were further evaluated in a site-specific risk assessment even though the polynuclear
aromatic hydrocarbons (PA~s) were dete-rmined to be present at background levels.

ExposuRE ASSESSMENT

The exposure assessment identifies the degree of exposure one would expect for receptors at the site.
Exposure is measured as the average daily dose (ADD) a receptor receives as a result of chemical

* ~~concentrations in various exposure media and receptor-specific exposure factors. Two elements needed
in estimating the ADD are the concentration of COPCs to which a receptor is expected to be (or become)
exposed (i.e., exposure point concentration [EPC] and the intake factors that estimate the degree to which
chemicals enter the body of the receptor.

EXPOSURE POINT CONCENTRATIONS

EPCs are typically represented by average concentrations. For adequately sized data sets, EPA has
developed ProUCL software for determining a conservative estimate for the average concentration (EPA
2004a). The estimates involve computing the upper percent confidence level (UCL) (95 UCL to 99 UCL)
on the mean concentration in accordance with ProUCL recommendation. Because the uncertainty of the
UCL increases as the detection frequency decreases, ProUCL was utilized only for those data sets having
fewer than (or equal to) 15 percent non-detections; where the UCL exceeded the maximum detected
concentration (MDC), the latter was used as the EPC. For chemicals with fewer than I1I detections, the
MDC was used as the EPC.

ESTIMATION OF AVERAGE DAILY DOSES

* The chemical intake or ADD for each receptor and exposure route was calculated using the general
equation (EPA 1989). Averaging time (and as a result, ADD) is different for carcinogens and

L~worM80844lD&elAbieswscR-oulnnaI DSCR-OU1 -Noyombfr 2006.dcc ES-vii
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* ~~noncarcinogens. To determine the ADD from dermal absorption, the dermal absorption factor for each
COPC is included. Equations used to calculate the specific ADD for each receptor and exposure pathway
are presented in Appendix D.

TOXICITY ASSESSMENT

Information about chemical toxicity is needed in estimating risks. Toxicity values provide a quantitative
estimate of the relationship between the magnitude of exposure and the likelihood or severity of adverse
health effects (i.e., dose-response assessment [EPA 1989]). The derivation of toxicity values differs for
carcinogens and noncarcinogens and results in cancer slope factors (CSFs) and reference doses (RfDs),
respectively. EPA provided policy for identifying the appropriate toxicity values for use in risk
assessments (EPA 2003a). In the policy, a hierarchy was defined that was to be used in selecting the
appropriate toxicity values. The foremost source of toxicity information is the Integrated Risk
Information System (IRIS); when toxicity information and factors are not available in IRIS, a provisional
value is sought (EPA 2003a). Sources for provisional values include the EPA's provisional peer-
reviewed toxicity values for Superfund, Agency for Toxic Substances and Disease Registry minimal risk
levels, National Center for Environmental Assessment, and the Office of Environmental Health Hazard

* Assessment of the California EPA.

RISK CHARACTERIZATION

In the risk characterization, ADDs of each COPC are applied in conjunction with toxicity values (RfDs
and CSFs) to estimate non-carcinogenic and carcinogenic health risks.

Risk estimates are presented for each receptor and include the background contribution (Table ES-3).
Total carcinogenic risk and non-carcinogenic hazard estimates are determined by summuing the risks of all
pathways.

Ltwwk1B084410.el/v a blea/DSCR-UlItFin, OSCR-DUl . Noverbs 20064cc ES-viai
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* ~~Table ES-3. Risk Characterization Summary - Operable Unit 1

Current Industrial Worker HI Risk
TOTAL 0.5 IE-04

Background: <0.01 5E-O5
Site-Related: 0.5 4E-05

Future Outdoor Industrial Worker HI Risk
TOTAL 0.3 91E-05

Background: <0.01I 61E-05
Site-Related: 0.3 31E-05

Current Indoor Industrial Worker HI Risk
TOTAL <0.01 IE-07

Background: -- 2E-09
Site-Related: <0.01I 1E-07

Future Indoor Industrial Worker HI Risk
TOTAL 0.2 IEL07

Background: 0.2 2E-09
Site-Related: <0.01 IE-07

Future Construction Worker HI Risk
TOTAL 1 5E-06

Background: <0.01 3E-06
Site-Related: I 2E-06

Current/Future Off-site Residents HI Risk
TOTAL <0.01 <1E-07

Notes
HI Hazard Index
Risk Incremental Lifetime Cancer Risk

UNCERTAINTY ANALYSIS

Uncertainties affecting the risk estimates occur in each element of the risk assessment process, namely

data assessment, exposure assessment, toxicity assessment, and risk characterization, However, based on

the conservative nature of the risk assessment process, the risk estimates presented are likely

overestimated. One reason for the potential overestimation of risks is data representativeness.

The data set used to evaluate risks at OIJI was taken from the 1998 soil investigation for the natural gas
line and the 2002 soil survey for the fiber-optics line. Although the results from these soil surveys may

* ~~not accurately reflect site-related drum recoupment and drum storage activities, the data do provide
important information on the concentrations to which receptors may become exposed within OUI.

L. woki808441Detwaber~sIDSCR.OU1tFtnaiDSCR-OUI -November 2006 doe ES-ix
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Samples were originally collected from other areas of OUI; however, during the data assessment period
for this RHHRA, all data collected prior to 1992 were removed because of uncertainty associated with the
quality of the data. The removal of data from these locations resulted in a less representative data set
since sample locations used to estimate risks at OUI are disproportionately focused along one storage row
and along the western road. Based on a qualitative evaluation of the pre-1992 data, the following
conclusions can be made regarding representativeness of the cm-rent data set:

* The current data set is likely adequate in identifying COPCs since the MDCs of all additionalchemicals in the pre-1992 data were at least an order of magnitude lower than RBCs for direct
exposure.

* Except as stated below, the current data set is likely sufficiently representative to estimate riskseven though average chemical concentrations could potentially be underestimated or
overestimated.

* The current data set may identify chemiical-specific risks as site-related (e.g., arsenic) althoughthe chemical may be present at background levels.

CONCLUSIONS AND RECOMMENDATIONS

Potential cancer risk for current outdoor industrial workers exposed to surface soil was estimated at IE-
04. For future outdoor workers who may become exposed to COPCs in surface and subsurface soils, the
potential cancer risk was 9E-05. These estimates are within the target risk range of IE-06 to IE-04.
Much of this risk (approximately 70 percent) is due to background levels of carcinogenic PA~s. Without
background contribution, the estimated cancer risks for current and future industrial workers are 4E-05
and 3E-05, respectively. This remaining site-related risk is due primarily to arsenic. Non-cancer hazard
estimates were below 1.

Potential risks for current indoor workers were below target risk levels since the only chemicals detected
in soil gas samples (i.e., l,2 ,4-trimethylbenzene and hexane) were not detected at concentrations that
could pose an unacceptable risk for indoor exposures. For future indoor workers, the potential cancer risk
from indoor vapor inhalation was estimated at l E-07, which is below the target risk range of I1E-06 to
1 E-04. The estimated non-cancer hazard was below 1.

Potential cancer risk for future construction workers who may become exposed to surface and subsurface
soils was estimated at 5E-06, which is within the target risk range of l E-06 to IlE-04. The estimated non-
cancer hazard was near 1, with arsenic posing much of the risk. Target organ segregation resulted in no

* organ-specific hazard that exceeded the target hazard of 1.

L krk8C844lDaI&erbleslnSCRnOUF1.rIa OSCR-OUI -Novembo 200& doe ES-x
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For outdoor industrial workers and construction workers, incidental soil ingestion is the exposure
pathway producing most of the overall chemical dose, with most of the risk (and hazard) due to arsenic
and benzo[a]pyrene. The estimates for outdoor industrial workers and construction workers are likely
conservative for the following reasons:

* The estimates assume the reasonable maximum exposure scenario.

* The site-related risk is predominantly driven by arsenic, for which the MDC of
132 milligrams per kilogram highly weights the EPC.

* The data set used to calculate EPCs is likely biased high, resulting in potentially elevated
EPCs and the potentially incorrect conclusion that certain chemicals (most notably,
arsenic) exceed background concentrations.

* The bioavailability of arsenic and benzo[alpyrene in soil is likely lower than the
bioavailability of these COPCs in water or food used during toxicity testing.

A number of background chemicals were detected at levels that exceeded EPA Region III industrial soil
RBCs, including most notably benzo[a]pyrene and dibenz[a,h]anthracene.

Potential cancer risks associated with exposure to background levels in surface and subsurface soils were
estimated as 5E-05 for current industrial workers, 6E3-O5 for future industrial workers, and 3E-06 for
future construction workers. These risk levels are approximately 1 to 2 times higher than the risk posed
by site-related COPCs.

L~work 8O844DOell~verblesOnSCR-OUlWina! DSCR-OUI -November 2006.doc ES-xi
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1.0 INTRODUCTION

1.1 PURPOSE

1.1.0.1 This document presents a Revised Human Health Baseline Risk Assessment (HHBRA) for
Operable Unit (OU) I at the Defense Supply Center Richmond (DSCR), Virginia. OU'l consists of a 43-
acre fenced drum storage area known as the Open Storage Area (OSA). The Revised 1{HBRA estimates
risks at OUl based on current and anticipated future land use with an industrial exposure scenario.
Previous HHBRAs at the OSA focused on direct exposure to soils. This HHBRA also focuses on the
soils of the OSA and includes indirect exposure pathways not previously considered.

1.2 CERCLA RISK ASSESSMENT PROCESS

1.2.0.1 The Comprehensive Environmental Response, Compensation, and Liability Act of 1980
(CERCLA) established a national approach to protect human health and the environment from current and
potential threats from hazardous substances. Site chemical concentrations are evaluated in a HHBRA
using the following steps:

*Data evaluation
* Exposure assessment
*Toxicity assessment
*Risk characterization
* Uncertainty evaluation

1.2.0.2 Data evaluation for the HHBRA includes evaluation of available chemical data, development
of a data set, and identification of chemicals of potential concern (COPCs). The review of the available
chemical data historically collected for site characterization encompasses evaluation of qualified results,
removal of quality assurance (QA) and quality control (QC) results, and averaging of duplicate results.
The maximum detected concentration (MDC) of each analyte is determined for each appropriate medium
using this finalized data set. Coupled with information regarding detection frequency and background
levels of various chemicals, MDCs are compared to conservative risk-based screening levels that are
protective of human health to narrow the data set to those chemicals likely to significantly contribute to
the overall risk for the defined exposure pathways (i.e., COPCs).

1.2.0.3 The exposure assessment couples an exposure point concentration (EPC) with intake
assumptions (lAs) to determine an average daily dose (ADD) for each COPC, receptor, and exposure
pathway. Each COPC is statistically evaluated, and chemicals with fewer than (or equal to) 15 percent
non-detections are analyzed using ProUCL to determine an upper confidence limit (UCL) on the mean
concentrations with at least 95 percent confidence. The lesser of the UCL and the MDC is chosen as the
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EPC for "direct" or soil exposure pathways and as the basis for Calculating EPCs through "indirect"
pathways. Indirect pathways involve at least one intermediumn-transfer step.

1.2.0.4 The HBBRA toxicity assessment evaluates noncarcinogenic and carcinogenic effects using
toxicity values from the United States Environm~ental Protection Agency's (EPA's) Integrated Risk
Information System (IRIS) and provisional peer-reviewed toxicity values (PPRTVs) developed by the
National Center for Environmental Assessment (NCEA) and the Superfund Health Risk Technical
Support Center.

1.2.0.5 Risk characterization predicts the site-specific response for each receptor, pathway, and
COPO by combining the ADD with dose-response toxicity values to produce noncarcinogenic hazard
quotients (HQs) or individual incremental cancer risks. These chemical-specific and pathway-specific
responses are summed for each receptor to produce the total noncarcinogenic hazard index (HI-) and the
incremental lifetime cancer risk and are then compared with acceptable levels as determined by regulatory
agencies. Chemicals whose concentrations exceed benchmark levels established for the site are identified
as chemicals of concern (CO~s) and may require remedial action to mnitigate potential health effects for
receptors.

1.2.0.6 The HHBRA uncertainty analysis identifies and evaluates the effect of uncertainty in the
values of the variables on the characterization of risk. Specifically, the uncertainty in major elements of
the risk assessment (i.e., data evaluation, exposure assessment, toxicity assessment, and risk
characterization) is evaluated to define the overall uncertainty in the risk assessment. This evaluation
allows the level of conservatism to be qualified, thus providing a measure of confidence in the H13HRA
results for application in risk management decisions.

1.2.0.7 The OUL Revised HHBRA is based upon the Draft Revised Human Health Baseline Risk
Assessment Work Plan for DSCR (as approved) (Work Plan) (Mactec 2005a). Revisions to earlier risk
assessment work plans include the following items:

* Risks associated with the inhalation of volatile organic compounds (VOCs) that resulted
from potential soil vapor migration will be evaluated for indoor industrial workers.

* Risks associated with background levels of various COPCs are identified and presented.

* Following EPA (1989) risk assessment guidance, "JB3"-flagged data are eliminated from
the data set and are not retained as nondetections. "B"-flagged data, chenmicals withblank sample concentrations exceeding the QA criteria as defined in the Final General
Sampling and Analysis Plan (Mactec 2004), are included in the total chemical databasefor OUI (Attachment A. 1 to Appendix A), but were removed from the data set prior to
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HHIBRA analysis. For OUi, "B"-flagged data were defined similarly for organic andinorganic chemicals.

lAs are updated to reflect more recent regulatory guidance.

1.3 SITE DESCRIPTION

1.3.0.1 The DSCR is located ii1 miles south of Richmond, Virginia, and 16 miles north of
Petersburg, Virginia, in Chesterfield County (Figure 1-1). Purchased by the U.S. Army in 1941, the
DSCR is operated by the Defense Logistics Agency (DLA). The main function at DSCR is to manage
and furnish general military supplies to the U.S. Armed Forces and several Federal civilian agencies
(Dames & Moore 1989). The OSA (OUl) supports this function by providing a 43-acre fenced and
access-restricted area, which originally was used for the storage of bulk drummed chemicals and re-
containment of damaged drums. The majority of the bulk drummed materials were 5 5-gallon drums
containing petroleum, oils, and lubricants (POLs), but the inventory also includes solvents, pesticides,
herbicides, and compressed gas.

1.3.0.2 The GSA is primarily a level, gravel-covered site that is not vegetated (Dames & Moore
1989), Natural near-surface soils are considered "made land" since they have been either regraded or
removed (U.S. Department of Agriculture 1978, as cited in Dames & Moore 1989). Recent modifications
to the OSA include construction of a recoupmnent annex building in 1995, a covered storage structure for
oil drums, several large asphalt and gravel open storage areas, and asphalt and gravel roadways. The
OSA is currently used primarily for the storage of empty compressed gas cylinders.

1.3.0.3 Soil types at GUI range from a loamy sand to clay. The top 80 feet of stratigraphy consist of
unconsolidated soils, including 15 to 25 feet of sand, silt, clay, and gravel of the Eastover Formation;
approximately I1I feet of clay and silt of the Calvert Formation; 8 feet of dense silt, sand, and gravel of the
Aquia Formation; and approximately 43 feet of sand and gravel of the Potomac Formation. The Calvert
and Aquia Formations compose the confining unit that separates two aquifers.

1.3.0.4 The GSA has storm sewer inlets that feed into No-Name Creek. Surface drainage tends
toward the northeast. Potential leaching of soil contaminants into the groundwater from this and adjacent
GUs is addressed in a separate evaluation (i.e., the 0U6 evaluation [Mactee 2005a]).

1.4 REGULATORY HISTORY

1.4.0.1 Soil samples have been collected at numerous locations to assess the impact of storage
activities (Figure 1-2). Early investigations indicate that drummed chemicals were primarily stored on the
ground surface or on pallets in stacks two- to four-containers high (Chemical Systems Laboratory 1981).
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Past spills of POL and three pesticide spills between 1977 and 1980 produced stained soils. Analytical
results of soil samples collected in these areas indicated the presence of polynuclear aromatic
hydrocarbons (PAHs), metals (arsenic, antimony, cadmium, and chromium), VOCs, and pesticides.

1.4.0.2 As a result of these spill incidents, the DSCR was recommended for inclusion on the National
Priorities List (NFL) under CERCLA in 1984 and was added to the NFL in 1987 (Law Engineering and
Environmental Services, Inc. [Law] 1997). In 1986, EPA Region Ill issued a Corrective Action Permit
to the DSCR pursuant to the Resource Conservation and Recovery Act (RCRA), 42 U.S.C. § 6901 et seq.
(Law 1997). In 1989, three remedial investigation reports (including OUI) were issued as part of the
RCRA permit activities to determine the extent and magnitude of contamination resulting from site
activities (Dames & Moore 1989). The main COPCs identified in OUI soil at that time were PAHs, with
other constituents being VOCs, pesticides, and metals (antimony, arsenic, cadmium, and chromium).
Most of the contamination was restricted to surface soil as the highest detections of PA~s, and pesticides
were noted in soil samples from 0 to 4 feet below ground surface (bgs).

1.4.0.3 The risk assessment evaluated exposure to site soils by an on-site worker through ingestion,
inhalation of fugitive dust, and dermal contact (Law 1994). The risk assessment also evaluated the
inhalation of fugitive dust by off-site (but on-base) residents. The risk assessment did not evaluate
inhalation of VOCs in vapors. The cumulative carcinogenic risk for the occupational adult worker was
3E-05, and the carcinogenic risk for the resident was 3E-06. For the site worker, risks for the incidental
ingestion and dermal contact pathways were equal to or greater than IE-05. The main carcinogenic risk
drivers for the site worker were arsenic, beryllium, and several PA~s, and for the resident was arsenic.
The cumulative Hls were below I for both receptors.

1.4.0.4 The final Record of Decision (ROD) for OUJ, signed in May 1992, included an interim
remedy that restricted access at the OSA to limit exposure to site soils and that incorporated institutional
controls (DLA 1992).

1.4.0.5 During the initial 5-year review in 1997, the remedy presented in the ROD was reviewed to
determine whether institutional controls were still protective of human health at OUI. Site data were
compared to risk-based concentrations (RBCs). These RLBCs were developed to be protective of a worker
who may become exposed to site contaminants through incidental ingestion, dermal contact, or inhalation
of fugitive dust during excavation activities (Law 1992). Because the level of exposure assumed in the
derivation of RBCs is greater than that expected by on-site workers, the RBCs were deemed protective of
industrial exposure scenarios anticipated for OUL. Chemical concentrations in soil were also compared to
background levels to determine those COPCs that are the result of site-related activities. Only seven
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* ~chemicals exceeded background levels, including antimony, cadmiumn, benzo[b]fluoranthene,

benzo~k]fluoranthene, chrysene, di-n-octylphthalate, and 4,4'-dichlorodiphenyltrichloroethane (4,4'-

DDT). Only the MDC of antimony (6.6 milligrams per kilogram [mg/kg]) exceeded the RBC of 6.0

mg/kg, but this sample was collected at a depth of over 15 feet bgs. The final recommendation of the

1997 5-year review was for no additional action but for continued implementation of institutional

controls.

1.4.0.6 Since the 1997 5-year review, two additional soil sampling events have been conducted. In

1998, soil samples were collected prior to the installation of a natural gas line through OUI (Mactec

2003), and in 2002, soil samples were collected prior to the installation of a fiber-optics line along the

western road of OUI (Central Virginia Laboratories and Consultants 2003).

1.4.0.7 The second 5-year review was completed in July 2003 (Mactec 2003). Data used in the

review include all samples through the 1998 soil sampling event; however, results from the fiber-optics

survey were not included. A site inspection of OUI revealed changes to the site since the original remedy

selection, including constmuction of a recoupment annex in 1994 and 1995, installation of a natural gas. ~~pipeline in 1999, and removal of railroad tracks in the area (Mactec 2003). Results of the second 5-year
review indicated that the interim remedy (i.e., institutional controls) continues to furnction as intended in

the ROD in preventing direct exposure to soils; however, three elements of the 'remedy needed

reconsideration:

1. Chemical concentrations in soil may have had the potential to leach to groundwater.
2. Inhalation of soil vapor in buildings needed to be evaluated.
3. Continuing sources of groundwater contamination needed to be identified.

1.4.0.8 In accordance with the recommendations in the Five-Year Review for OUI (Mactec 2003),

inhalation of soil vapor in current and future buildings is included in this Revised HHBRA, along with

direct routes of exposure to soil (based on the 1998 and 2002 soil data). To address potential indoor

inhalation in current buildings, four soil gas samples were collected in 2004 via SummaTm canisters.

Other potential hazards, including the leaching and potential impacts of contaminants to groundwater, are

addressed in the 0U6 groundwater evaluation.
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2.0 DATA EVALUATION

2.0.0.1 This section presents the details of the data quality assessment process that results in the final
data set used for risk assessment purposes. This section also presents the procedures and results of a
screening process by which COPCs are identified.

2.1 DATA QUALITY ASSESSMENT AND DATA REDUCTION

2.1.0.1 Numerous soil samples have been collected over time at various OUl locations (see Figure I1-
2). In addition, four soil gas samples were collected in April 2004 adjacent to buildings in which storage
activities take place. Typically, a data quality assessment is conducted in accordance with the site QA
management plan or program plan. In general, the data were validated by the analytical laboratory and
underwent a separate third-party QA validation.

2.1.0.2 Data collected prior to 1992 were not included in the chemical data set for OUI (Table A-I of
Appendix A) in accordance with the approved HHIBRA Work Plan (Mactec 2005a, as modified). The
effect on sample representativeness of removing pre-1992 data is discussed in Section 6, Uncertainty
Analysis.

2.1.0.3 Soil samples collected in 1998 underwent a data quality validation process similar to that
detailed in Quality Assurance Project Plan of the Final General Sampling and Analysis Plan (Mactec
2004). Soil samples obtained during the October 2002 proposed fiber-optic investigation in OUI were
analyzed, and the results were validated by Accutest according to its Quality Assurance Management
Plan. The data were further validated by Test America Incorporated according to its Quality Assurance
Program Plan (Central Virginia Laboratories and Consultants 2003).

2.1.0.4 Soil gas samples collected in 2004 were analyzed by approved laboratories and validated
according to the procedures outlined above for soil (Mactec 2004). The chemical data set for soil gas,
with the exception of the QA/QC results, is presented in Table A-2.

2.1.0.5 This 1HHBRA focuses on data from the impacted area(s) within OUI. Chemicals detected at
least once underwent a screening procedure to identify those chemicals that should be retained for further
evaluation. The resulting relevant data sets are identified to determine site-related chemicals and
chemical EPCs to which receptors may reasonably be exposed. To obtain a data set that is relevant for
risk assessment purposes and that meets the data quality objectives (DQOs) for the site, the chemical data
set required further data selection filters or data reduction rules, as follows:
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* Data for essential nutrients such as calcium, chloride, potassium, and sodium, for whichEPA Region mI RBCs are lacking, were omitted.

* Data for undetected chemicals were removed but were evaluated for adequacy of
reporting limits.

* The OU-specific background sample CSMDPT-12S0 was omnitted.

* All QA/QC sample results were removed.

* Data qualified by the laboratory as "R" (rejected) were omitted.

* Data qualified by the laboratory as "B" were omitted. B-qualified data represent analyteconcentrations that, depending on the chemical, were less than 5 or 10 times theconcentration detected in the associated laboratory and/or field blank. As mentionedearlier, the "B" flag was applied to both inorganic and organic chemicals. As a result ofblank contamination, 102 soil sample results were removed from the data set:

- Common laboratory agent's acetone and methylene chloride invalidated 43 results.

- The remaining 59 results were invalidated by the presence of at least one of thefollowing metals in the laboratory or field blank: antimony, arsenic, beryllium,
cobalt, manganese, mercury, or thallium.

* Duplicate sample results and original sample results were averaged where present
(Mactec 2005a). When either or both results were non-detections, the reporting limit washalved before averaging.

* Data results for a-chlordane were added to results for y-chlordane, and the sum wascombined with "Technical Chlordane" since each of these isomers were analyzed indifferent samples.

Evaluation of Sample Reporting Limits

2.1.0.6 The lower value between two non-residential sets of soil RBCs were used as screening levels
in this evaluation since the restricted future use of the site excludes residential use: EPA Region III
industrial RBCs and soil RBCs that were derived to be protective of a construction trench worker (see
Section 2.3.4). Reporting limits were evaluated to determine if they were sufficiently below the
appropriate screening values. Specifically, the range of reporting limits for each non-detected chemical in
soil was compared to the lower value between EPA Region III industrial soil RBC and the RBC that was
derived for a worker in a trench setting (Table 2-1). The range of reporting limits for all chemicals in
both surface soil and subsurface soil was below the RBCs. Therefore, the exclusion of non-detected
chemicals is not believed to result in an underestimation of risk, even if a chemical is truly present at or

* below its reporting limit.
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* 2.1.0.7 Reporting limits for soil-gas results were also evaluated for their adequacy in meeting

screening purposes. While guidance for the EPA Johnson-Ettinger (J&E) model provides soil-gas

screening values, these criteria were developed for the residential exposure scenario (EPA 2002a) and

were deemed inappropriate for evaluation of the industrial scenario. To screen chemicals for the

industrial setting, the model was configured as follows. Soil and exposure conditions were the same as

those identified in Section 2.3.5 and Section 3.2. Toxicity values in the model were updated with current

information from the Oak Ridge National Laboratory's Risk Assessment Information System (2005). No

route-to-route extrapolation was used to estimate either the unit risk factor or the reference concentration

(RfC) from oral toxicity information. Reporting limits were then input into the J&E model, and the

resulting risk estimates were tabulated (Table 2-2). An example of the J&E model run for benzene is

presented in Table A-3 of Appendix A.

2.1.0.8 Fourteen of the 45 chemicals analyzed in the soil gas had reporting limits that could

potentially lead to a significant, but unrecognized, indoor risk (Table 2-2). If any of these 14 chemicals

are truly present in soil at the reporting limits, indoor air risks could be significantly underestimated.

However, of these 14 chemicals, only benzene, chloroform, and trichloroethylene (TCE) were detected in

* soil. Each of these three chemicals was detected only once. Therefore, the likelihood of these chemicals

truly being present in soil-gas and improperly omitted as COPCs in soil is low.

2.1.0.9 Based on the data quality assessment and reduction procedures identified above, the final

chemical data set used to evaluate risks at OUI was established for both soil sample results and soil gas

results (Tables A-4 and A-5 in Appendix A). In accordance with the Work Plan (Mactec 2005a), soil data

were segregated into surface and subsurface soil data. While surface soil was originally defined as the

interval between 0 and 2 feet bgs, data for OUI were collected from the 0- to 3-oot bgs interval.

Subsurface soil samples consist of the 3- to 6-foot bgs interval. However, since exposure to subsurface

soils first requires exposure to surface soils, the subsurface soil interval used in this risk evaluation

includes the 0- to 3-oot bgs interval.

2.1.0.10 Potential vapor migration may also occur from groundwater and soil depths greater than

15 feet. Potential vapor migration from groundwater will be further assessed in a separate evaluation

(0U6) (Mactec 2005a). While data from soil depths greater than 15 feet were originally collected, all of

these data were collected prior to 1992. Without knowing the quality of this data set, its use in evaluating

vapor migration is questionable and therefore was not used.
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* ~~2.1.0.11 The final soil data set used to evaluate risks at OUI consists of 15 inorganic metals, 9 VO~s,

18 PAI-s plus I additional sernivolatile organic compound, 13 pesticides, and 1 polychlorinated biphenyl

(PCB). Each of these chemicals was evaluated for its potential to pose an unacceptable risk at OUL.

2.2 CONCEPTUAL EXPOSURE MODEL

2.2.0.1 The evaluation of risks at OUI requires an understanding of chemicals present, persons who

are or may become exposed, and the manner in which they are potentially exposed. The conceptual

exposure model (GEM) is a schematic representation of the chemical source areas, chemical release

mechanisms, environmental transport media, potential exposure routes, and potential receptors. It is used

to guiide the evaluation of potential exposures so that relevant pathways, exposure routes, and ultimately

risk can be evaluated in the HI-BRA. The primary purpose of the GEM in this risk evaluation is to

represent chemical sources and exposure pathways that may result in human health risks. Only

potentially complete exposure pathways are evaluated quantitatively in the risk assessment, consistent

with EPA guidance (EPA 1989). A complete exposure pathway includes all of the following elements:

* Sources and types of chemicals present
* Affected media

* Chemical release and transport mechanisms
* Known and potential routes of exposure
* Known or potential human and environmental receptors

2.2.0.2 The absence of any one of these elements results in an incomplete exposure pathway, which

requires no further evaluation. Figure 2-1 is the GEM for current and anticipated future receptors

potentially exposed to COPCs in surface and subsurface soil at OUL. Information from the GEM is

transcribed into a table format as recommended in the Risk Assessment Guidance for Superfund (RAGS),

Part D (EPA 200 1a) and presented as Table A-6 (Appendix A). The exposure pathways for each scenario

and each receptor shown in the CEM are described below.

2.2.1 Land Use and Receptors

2.2.1.1 Access to the OSA by various receptors is limited by the restrictions of fencing and its

location within an operating U.S. Armed Forces complex. Therefore, on-site receptors are restricted to

industrial workers and construction workers. A distinction was made between outdoor industrial workers,

who spend more time outside and are potentially in direct contact with soils, and indoor workers, who are

more likely to be exposed via inhalation of VOCs in indoor air. Whifle workers may actually engage in

* ~~both indoor and outdoor activities, the separate evaluation of these two exposure scenarios provides a

conservative estimate of risks associated with each of these exposure scenarios. For example, exposure
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* ~~for indoor workers was purposely restricted to the inhalation of indoor VOCs during a complete work day

to maximize potential chemical intake from this exposure pathway. For an indoor worker to be

significantly exposed to soils would require less time spent indoors and more time spent outdoors. Thus,

the additional chemical intake that could occur from exposure to soils would be countered by the

reduction of intake through the inhalation of indoor VO~s. The addition of intake from exposure to soil

to that from indoor inhalation of VOCs was not calculated since each is based on a complete work day;

their addition essentially adds two work days together, creating an unlikely exposure setting. In addition

to on-site workers, off-site residents may also be indirectly exposed to site soils through the migration of

soil dust. Therefore, the current human receptors identified for evaluation include the following:

* Current on-site outdoor industrial workers (adult)
* Current on-site indoor industrial workers (adult)
* Current off-site residents (adult/child) residing in the downwind direction

2.2.1.2 Future land use at OUl is restricted to industrial use. Therefore, future on-site receptors are

expected to remain similar to the current use. However, future construction of office buildings or

warehouses or the installation of utilities could provide a different type of exposure condition that

requires separate evaluation. Because unrestricted future development at the boundary of the installation

is possible, the location for off-site residential use is much closer than for the current situation. Future

receptors include:

* Future on-site outdoor industrial workers (adult)
* Future on-site indoor industrial workers (adult)
* Future on-site construction workers (adult)
* Future off-site residents (adult/child) residing at the facility boundary

2.2.2 Exposure Pathways

2.2.2.1 Exposure pathways are specifically associated with the environmental medium being

evaluated. In a generic context, soil, water, and air pathways may facilitate exposure; each of these might

result in intake by applicable exposure routes, such as ingestion, dermal absorption, or inhalation. In

most settings, exposure pathways may be incomplete or complete. Some exposure pathways that may be

technically complete are deemed insignificant and need not be evaluated further. The rationale for

designating exposure pathways as complete, incomplete, or complete but insignificant is presented below.

Potentially Complete Exposure Pathways

2.2.2.2 Based on analysis of the GEM, the following exposure pathways were considered for

evaluation:
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* Incidental ingestion of chemicals in surface soil is potentially complete for current on-site
outdoor industrial workers since work activities would likely require them to come into
direct contact with surface soils.

* Incidental ingestion of chemicals in subsurface soil is potentially complete for future on-
site construction workers since work activities would likely require them to come into
direct contact with subsurface soils. Excavation activities could expose subsurface soils
or re-deposit them on the ground surface, providing exposure for future outdoor on-site
industrial workers.

* Dermal absorption of chemicals in surface soil is potentially complete for current on-site
outdoor industrial workers since work activities would likely require them to come into
direct contact with surface soils.

* Dermal absorption of chemicals in subsurface soil is potentially complete for future on-
site construction workers since work activities would likely require them to come into
direct contact with subsurface soils. Excavation activities could expose subsurface soils
or re-deposit them on the ground surface, providing exposure for future outdoor on-site
industrial workers.

* Inhalation of fugitive particulates from surface soils is potentially complete for current
on-site outdoor industrial workers engaged in outdoor activities during dust-generating
conditions.

* Inhalation of fugitive particulates from subsurface soils (if disturbed or otherwise re-
deposited on the ground after excavation) is potentially complete for all future receptors
engaged in outdoor activities during dust-generating conditions.

* Inhalation of VOCs that have migrated from soil source areas into indoor air for current
and future on-site indoor workers is potentially complete.

* Inhalation of VOCs that have migrated from groundwater source areas into indoor air for
on-site indoor workers and off-site residents. Ths pathway will be evaluated as part of a
separate groundwater evaluation (0U6).

• Inhalation by construction workers of VOCs that have migrated from groundwater source
areas into a trench during excavation activities. This pathway will be evaluated as part of
a separate groundwater evaluation (0U6).

* Dermal absorption and ingestion of chemicals in groundwater may be potentially
complete for future on-site and off-site residents through possible use of groundwater as a
source for tap water. Current off-site residents do not utilize groundwater as their
drinking water source. This pathway will be evaluated as part of groundwater (0U6).

2.2.2.3 Although groundwater beneath OUL will be evaluated as a separate OU, the total risk for

current and future on-site workers includes only exposure to VOCs in groundwater that may migrate into

buildings or ambient air. The uncertainty associated with the exclusion of groundwater from the

0 ~~estimation of site risks is presented in Section 6.2, Uncertainties in Exposure Assessment.
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. Incomplete or Insignificant Exposure Pathways

2.2.2.4 Of those exposure pathways that are presented on Figure 2-1, several have been deemed

incomplete, insignificant, or not applicable to the HIBRA. Thus, these pathways do not warrant

quantitative assessment. The rationale for excluding a pathway from further evaluation includes:

* Inhalation of VOCs in ambient air resulting from surface soils and subsurface soils by all
current and fuiture receptors is considered a complete, but insignificant exposure pathway
because of the expected degree of dilution in ambient air as VOC vapors mnix with fresh
air, the degree of dispersion expected with any travel distance due to local wind
conditions, and the general infrequency with which VOCs are detected in soils (only one
detection except for acetone and toluene). The low detections of risk drivers such as 2
ug/kg of chloroformn and trichloroethene are at least an order of magnitude lower than
screening values that can be calculated using USEPA's online calculator tool
(http://rais.ornl.Qov/ena/ssll.shtml) (Table A-7, Appendix A).

2.3 CHEMICALS OF POTENTIAL CONCERN

2.3.0.1 The presence of the chemicals in soil may be the result of site-related activities or due to

natural or anthropogenic background conditions. The detection of a chemical in soil does not necessarily

mean it is problematic; some chemicals may have the potential to cause adverse health while others do

* not. To identify those site-related chemicals in soil that could potentially pose adverse health (i.e.,

COPCs), a screening process is needed whereby analytical results are compared to levels having

negligible potential for adverse health effects. Through this screening process, chemicals that have little

potential for causing adverse health are omnitted from fuirther evaluation, and COPCs are retained for a

more rigorous risk evaluation.

2.3.0.2 The identification of COPCs at OUl consisted of a four-step evaluation (Mactec 2005 a):

1. Frequency of detection for each chemical detected in soil
2. Comparison of site-related chemical data sets to background data sets
3. Comparison of MDCs to applicable or relevant and appropriate requirements (ARARs)
4. Comparison of MDCs to RiBCs

2.3.0.3 Each of these steps is detailed below.

2.3.1 Frequency of Detection

2.3.1.1 Significant risks from a site are not likely to result from exposure to chemicals that are not

frequently present. The frequencies of detection for each detected chemical in surface soil, subsurface

* ~~soil, and soil gas are presented in Tables 2-3 through 2-5. Early risk assessment guidance for Superfund

identified a minimum detection frequency of 5 percent for chemicals to be further evaluated (EPA 1989).

Lvw±rk808440DoIAerablesiDSCR.OU1f~ina( DSCR-OUI . Novembwr2006.doc 2-7



890 32
Revised Human Health Baseline Risk Assessment December 2006

Operable Unit I
Defense Supply Center Richmond, Virginia

* At DSCR, this criterion may be used only if the chemical is not reasonably associated with site-related

activities, the concentration of detections is low, and the chemical is infrequently detected in all other

media (Mactec 2005a). Because of the uncertainty of whether the chemical was ever used, stored, or

otherwise present at the site, this criterion alone was insufficient to eliminate possible COPCs in soil at

Oul1.

2.3.2 Comparison to Background

2.3.2.1 Analytical data from OUI reflect site-related activities and background conditions (whether

naturally occurring or anthropogenic). To specifically ascertain risks associated with 01U1, the evaluation

of risks from site-related activities would ideally consider only those chemicals with concentrations that

are greater than background. Therefore, the evaluation of risks from 0151 considered all chemicals;

however, those background chemicals likely to pose significant risks are identified and reported. The

difference between these two risk estimates, as reported, can then be taken as the risk associated with site-

related activities.

2.3.2.2 Background comparisons entailed statistical evaluations that focused on either mean (or

* median) values when the data set had sufficient detections, or if not, on the highest values of a ranked

ordcred set. Including the procedures outlined in the work plan (Mactec 2005a), the following process

details the steps taken to identify those chemicals that are present at 0151 above background and are

considered site-related.

2.3.2.3 The background data set (Table A-8, Appendix A) includes 53 chemicals detected in any of

18 locations throughout the facility, including 1 within 0151 (Figure 2-2) (Mactec 2005a). The data set

for risk assessment purposes at 0151 identified 57 detected chemicals. Of these chemicals, only 37 were

included in the backgrouhd comparison. Others were omnitted because either the chemicals were not

analyzed in background soil samples or were not detected in the background samples. Regardless of the

reason, the following 27 chemicals have no background complement for comparison purposes, and as

such, are considered site-related:
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* 1,1I-Dichioroethane * Technical-chlordane
* 4,4'-DDD * Dibenzofuran
* 4,4'-DDE * Dieldrin
* 4,4'-DDT * Endosulfan II
* Acetone * Endrin
* Aldrin * Endrin ketone
* Antimony * Ethylbenzene
* Aroclor 1260 * Heptachior
* Benzene * Heptachlor epoxide
* beta-Hexachidorocyclohexane (BHC) * Methyl ethyl ketone (MEK)
* gamma-BHC * Pentachlorophenol
* bis(2-Ethylhexyl)phthalate * Toluene
* Carbazole * TCE
* Chloroform

2.3.2.4 The method used to compare each of the remaining 30 chemicals to background

concentrations is based on the procedure described in the approved Work Plan (Mactec 2005a as

modified), with one minor change as described below. The choice of method used for the background

comparison depended in part upon the number of detections and distributions of data in both the OUI and

background data sets. 'Where all or virtually all results are detections, the sample set is adequate to

* ~~estimate mean values. When available for both site and background areas, data sets with sufficient

detections allow for the use of parametric statistical tests such as the two sample t-test. Up to a frequency

of 15 percent, nondetections will have little influence on estimates of mean values, and the use of

parametric tests provides the most powerful statistical method to detect differences in mean

concentrations between OUI and background soils.

2.3.2.5 As the number of nondetections increases, estimates of the mean values become increasingly

uncertain because the reporting limits for nondetected results have greater influence in these estimates. In

these instances (e.g., when nondetected values are greater than 15 percent but less than 50 percent),

comparisons between site and background conditions cannot accurately be evaluated using mean values

and must instead rely on median values. The Wilcoxon Rank Sum (WIRS) test (for data sets with single

reporting limits) and the Gehan test (for data sets with multiple reporting limits) are nonparametric

methods of evaluating median values. Once the proportion of nondetections increases above 50 percent,

the use of median values becomes highly uncertain, and another nonparametric method such as the

Quantile test must be used to identify' differences between the higher values (or the right tails) of each

distribution.

* ~~2.3.2.6 Information about the distribution of data and the frequency of detections was used in

identifying the appropriate test to compare site and background data. ProUCL version 3.01 (EPA 2004a)
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* ~~was used to determine whether the distribution of each data set in OUl or background surface soils is

normal, is lognormal, follows a gamma distribution, or follows none of these distributions. One-half the

reporting limit was used for all nondetected sample results in preparing the data sets for ProUCL input

(Appendix A, Table A-9). Since many of the statistical tests require that the data be normally distributed

or can be approximated by the normal distribution through manipulation such as the natural log-

transformation, data sets that are neither normal or lognormal were deemed nonparametric. If both the

site data and background data follow either the normal or lognormal distribution, a two sample t-est was

used. For lognormal distributions, the data were first transformed using natural logarithm. If the

distributions for site data and background were not the same, a nonparametric test was used. Table 2-6

identifies the distribution, the frequency of detection, and the statistical test chosen for background

comparisons in the surface soil and subsurface soil intervals.

2.3.2.7 Two sample t-tests were used to detect differences in mean concentrations for most metals.

Where the variance of the site data and background data was not significantly different using the F-test

(and assumed equal), Student's t-est was utilized using an estimate of the variance from a pooled data

set; where variances were significantly different, the Satterthwaite t-est was used. Each of these tests

* ~~was run at an alpha level (or acceptable false positive rate) of 5 percent and used an Excel" spreadsheet.

The resulting p-value for each F-test and two sample t-est is presented in Table 2-7. Chemical

comparisons to background are also presented in Tables 2-3 and 2-4 for surface and subsurface soils,

respectively.

2.3.2.8 The WRS test or Gehan test was used when either site data or background data contained too

few detections to accurately apply statistical tests to mean values (i.e., when percent nondetections

exceeded 15 percent), when the distribution of either data set was neither normal or lognormal (i.e.,

nonparametric), or when the normal or lognormal distribution could not adequately characterize both data

sets as required by parametric tests. The WRS test requires the same reporting limit for nondetections (a

rarity); it was used only for those metals having 100 percent detections but for which the normal or

lognormal distribution did not apply to both distributions. For all other data sets meeting the above

conditions, the Gehan test was used. The WRS or Gehan test was applied as a one-tail test since the

question investigated is whether the chemical at the site is greater than background. Results of these

nonparametric tests on median values are presented in Table 2-8 as p-values. Tables 2-3 and 2-4 indicate

whether the chemical is greater than background for surface and subsurface soils, respectively. Individual

WRS or Gehan evaluations are presented in Tables B31-l through B32-9 of Appendix B.
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* 2.3.2.9 Statistical tests, such as the Quantile test, provide a method of comparing highest values

(detections or assigned proxy values for nondetections) between site data and background data

(Tables B33-1 through B3-36 of Appendix B). When the highest values are predominantly from the site

data, one concludes the chemical at the site is greater than at background locations. A proprietary Excel

spreadsheet developed for Earth Tech (Redus 2001) uses the calculated rank of each datum in the

combined data set to identify the highest ranked values. The test is run at specified levels for alpha that

are based on the size of the data set. For surface soil at OUI, for which there are approximately

17 background samples and 23 site samples, generally the 5 highest values must come from the site in

order to conclude that the chemical is greater than background. For the subsurface soil evaluation (which

includes the surface soil interval), the seven highest values must come from the site in order to conclude

that the chemical is greater than background. Results of the Quantile tests for each chemical are

presented in Appendix B and are summarized in Table 2-9 with the alpha-level for each test. Tables 2-3

and 2-4 indicate whether the chemical is greater than background for surface and subsurface soils,

respectively.

2.3.2.10 The results of various statistical tests identified the following chemicals in surface soil that

exceed background levels:

S *~~~ Aluminum * Nickel
* Arsenic * Selenium
* Chromium * Thallium
* Cobalt * Vanadium
* Iron

2.3.2.11 No organic chemical was determined to be statistically above background levels even though

the highest detection for each PAH occurred in site soils. However, as noted above, numerous organic

chemicals were determined to be site-related because they were not analyzed or detected in background

soil samples. The evaluation of subsurface soils (which included surface soils as well) did not change the

conclusions of the background evaluations.

2.3.3 Comparison to ARARS

2.3.3.1 Unlike groundwater, which has Federally implemented standards, soil and soil gas have no

AIRARs. As such, no comparison to ARARs can be made for soil or soil gas, and no chemical was

eliminated as a potential COPC using this criterion.
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* ~~2.3.4 Comparison to RZBCs

2.3.4.1 EPA Region HII has developed RBCs for both residential and industrial exposure assumptions

in soil that correspond to cancer risks of IE-06 and a noncancer HQ of 1.0 (EPA 2005a). Because the

future land use at OUI is restricted to industrial and construction worker scenarios, the industrial RBCs

were evaluated as soil screening criteria. The HHBRA Work Plan (Mactee 2005 a, as modified) states that

the screening of data from site media will include RBCs that are protective of a construction worker who

works in a trench. The Virginia Department of Environmental Quality (VDEQ) Voluntary Remediation

Program provides a prescribed method for evaluating sites, including the use of EPA Region HII

residential soil RBCs to identify COP~s (VDEQ 2006). VDEQ also provides the method for evaluating a

trench worker who may be exposed to groundwater.

2.3.4.2 At the DSCR, groundwater is evaluated as a separate OU such that soil is the only medium of

interest at OUI in the evaluation of the trench worker. While VDEQ has developed a model to estimate

contaminant transfer from groundwater to a trench worker's air space, a similar model from soil is not

available. Instead, development of soil RBCs that are protective of trench workers were derived from

modified versions of algorithms (EPA 2002b, Appendix ClI). The calculated trench worker RBCs include

*0 exposure through ingestion, dermal contact, and inhalation; EPA Region mI RBCs only consider

incidental ingestion. The lower value between the calculated trench worker RBCs and EPA Region HI

industrial RBCs was chosen for screening site data in the identification of COPCs. Screening of soil

constituents against RBCs utilized MDCs for each of the soil intervals evaluated for risks (i.e., 0 to 3 feet

for surface soil; 0 to 6 feet for subsurface soil). Results of these comparisons identified several

carcinogenic PAHs and three metals that are present at levels exceeding the RBCs used for screening

purposes (Tables 2-3 and 2-4). Only the three metals (arsenic, iron, and thallium) exceeding background

levels are considered site-related.

2.3.5 Soil Vapor Intrusion

2.3.5.1 For RB~s to be relevant in the evaluation, exposure pathways and exposure parameters in the

GEM should be similar to those used to develop the RB~s for comparison. The industrial exposure

pathways and default exposure parameters are assumed td be the same as those used to develop industrial

prelinmiary renmediation goals (PRGs). However, the RB~s provided by EPA Region HI do not include

potential exposure to chemicals resulting from vapor intrusion into buildings. Because several

warehouses are present at OUI (e.g., Buildings 41 and 54), the potential migration of volatile chemicals

fr~om soil to indoor air was also considered during the screening process. Two methods were used to

assess this potential exposure pathway: (1) evaluation of chemicals in soil and (2) the assessment of
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* ~~chemicals in soil gas. Both media were evaluated because soil gas results are restricted to locations near

existing buildings, whereas soil provides information about soil vapor migration for future buildings.

Additionally, chemidcals in soil gas may have originated from groundwater instead of soil. For the

evaluation of chemicals in soil, MDCs were used in running the J&E model for indoor air using the

simplified screening version (EPA 2002c) with the following modifications and assumptions:

* The type of constmuction was assumed to be slab-on-grade with a depth of 15 centimeters

(CM).

* The depth to contamination was assumed to be 15 cm.

* A loamy sand soil type was conservatively chosen.

* Soil vapor permeability was estimated using soil type.

* The vapor intrusion flow rate was calculated based on soil and building characteristics.

2.3.5.2 All other parameters for the vapor intrusion model were default values. Modeled VOC

concentrations in indoor air were then inserted into the dose and risk algorithms (presented in Sections 3

and 5). The inhalation risks associated with the inhalation of vapors that have migrated into indoor air are

* ~~presented in Table 2-3 for surface soil and Table 2-4 for subsurface soil. Any chemical that potentially

poses a cancer risk greater than IE-06 and/or a noncancer hazard greater than 0.1 was retained as a

COPC. Those chemicals posing potential inhalation risks above target levels include naphthalene,

chloroform, and TCE. However, each of these chemicals was detected in only one site sample, with

chloroform and WCE being co-located.

2.3.5.3 A second method for identifyig chemicals that potentially could pose unacceptable indoor

risks was to retain those chemicals in soil for which soil gas concentrations pose potentially unacceptable

indoor risks. The draft guidance for the J&E model provides screening values for soil gas (EPA 2002a).

Four soil gas samples were collected by installing SurnmaTMA canisters adjacent to Buildings 41 and 54 at

1 to 2 feet bgs near the bottom of building foundations. Soil gas samples were analyzed by a modified air

sample Method TO014. Only two VOCs were detected in soil gas, 1,2,4-trimethylbenzene and hexane.

Neither of these chemicals was detected in soils or was present in soil gas at concentrations that could

potentially pose an unacceptable indoor risk (Table 2-5). Therefore, the screening of soil gas at OU1 did

not identify any additional chemidcals in soil that require further risk evaluation.

IN
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* ~~2.3.6 Screening Results: Identification of COPCs

2.3.6.1 Fifty-seven chemicals were detected in surface and subsurface soils at OUI with a frequency

of detection ranging from 3 percent to 100 percent (Tables 2-3 and 2-4). Many of those chemicals

infrequently detected (less than 5 percent) were co-located at one of two locations, OSA-SB-03 and OSA-

SB-10. Although chemicals are sometimes ornitted as COPCs if infrequently detected, this criterion was

not used to screen potential COPCs. While direct contact with soils would likely occur over the entire

exposure area, potential construction of buildings at individual locations could result in higher exposures

near these locations.

2.3.6.2 Metals and PAils were compared to background levels (Tables 2-3 and 2-4). Most of the

metals (with the exception of barium, copper, lead, manganese, and zinc) exceeded background levels.

None of the PAils was determined to exceed background despite the highest detection occurring in OUI

soils. For many VOCs and all pesticides, the absence of detections in background soil precluded

comparisons; these chemicals were necessarily considered site-related.

2.3.6.3 MD)Cs were compared to soil screening levels (SSLs) to identify those chemicals that may

* ~~have the potential to leach to groundwater to the extent of posing unacceptable risks from groundwater

exposure (Tables 2-3 and 2-4). A dilution attenuation factor of 20 was used in defining these SSLs since

future groundwater use would most likely occur at off-site locations. For those chemicals without listed

SSLs, values were calculated from Region III tap water RBCs or Federal action levels and soil

characteristics (Table 2-10). For screening purposes, noncarcinogenic chemicals were adjusted by a

factor of one-tenth to account for possible cumulative effects. Chemicals exceeding SSLs included three

VOCs, nine PA~s, one pesticide, and seven metals. The MDC of 7 of these 20 chemicals also exceeded

RBCs for direct exposure. These are benzo[alanthracene, benzo[a]pyrene, benzo[b]fluoranthene,

dibenz[a,h]anthracene, arsenic, iron, and thallium.

2.3.6.4 Potential inhalation risks associated with volatile chemicals were also estimated for indoor

workers. Using MDCs, naphthalene, chloroform, and TCE may have the potential to migrate into

buildings and pose unacceptable risks.

2.3.6.5 Identifying COPCs for further evaluation required that a detected chemical exceed the

protective RBC or potentially pose an unacceptable risk through inhalation of indoor air (Tables 2-3 and

2-4). For surface and subsurface soil intervals, 10 chemicals met the above conditions and are considered. ~COPCs for OUI:

aArsenic
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* Iron
*Thallium.
* Benzo [a] anthracene
* Benzo~a]pyrene
* Benzo[b]fluoranthene
* Dibenz[a,h]anthracene
* Naphthalene
* Chloroform
* TCE

2.3.6.6 These 10 chemicals were further evaluated in a site-specific risk assessment, even though the

PA~s were determined to be present at background levels.
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3.0 EXPOSURE ASSESSMENT

3.0.0.1 The exposure assessment identifies the degree of exposure one would expect for receptors at
the site. Exposure is measured as the ADD a receptor receives as a result of chemical concentrations in
various exposure media and receptor-specific exposure factors. Units for ADD are milligrams per
kilogram per day. Using receptors and exposure pathways identified in the GEM, the exposure
assessment details those elements needed to quantitatively estimate the dose. Two elements needed in
estimating the ADD are the concentration of COPO to which a receptor is expected to be (or become)
exposed (also known as the EPC) and intake factors that estimate the degree to which chemicals enter the
body of the receptor. These are detailed below.

3.1 ESTIMATION OF EXPOSURE POINT CONCENTRATIONS

3.1.0.1 The concentration of COPCs in a given medium varies temporally and spatially. The
anticipated level of contamination to which one is exposed is likely an average level. EPCs are typically
represented by average concentrations. For adequately sized data sets, EPA has developed ProUCL
software for determining a conservative estimate for the average concentration (EPA 2004a). The
estimates involve computing the upper percent confidence level (95 UCL to 99 UCL) on the mean

* ~~concentration. Where the 95 percent UCL fails to provide adequate coverage, a 97.5 percent or 99
percent confidence limit of the mean is selected, per ProUCL recommendation.

3.1.0.2 'When data sets are relatively small (fewer than 10 samples), there is great uncertainty in the
confidence of the calculated 95 percent UCL (EPA 1992a). For data sets of 10 -20 samples, estimates of
the mean are only somewhat better; only when there are more than 20 samples are estimates close to the
true mean. All data sets at OU-1 have at least 15 samples. Uncertainty also increases as the number of
non-detected results increases. ProUCL makes no evaluation of non-detected results; professional
judgment is needed in selecting the minimum number of samples or detections to run ProUCL with
minimal influence due to non-detected results. To minimize the bias associated with data sets having
large percentage of non-detections, ProUCL Version 3 will be applied to all chemicals (retained after the
original risk screening) having a frequency of non-detection of less than or equal to 15 percent. For all
other chemicals having a frequency of non-detection greater than 15 percent, no UCL of the mean will be
calculated and the MDC will be used as the EPC. In general, when the MDC exceeds the 95 percent
UCL, the 95 percent UCL is chosen as the EPC. Alternatively, when the maximum value is less than the
95 percent UCL, the maximum value is chosen as the EPC. According to EPA's most recent guidance for
calculating UCLs for EPCs (EPA 2002d), "defaulting to the maximum value of small data sets may be the
best approach to use in evaluating risk at a site." To derive the 95 percent UCL and to minimize
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* ~~uncertainties that may arise with the use and application of various statistical software packages, ProUCL

was used to calculate the 95 percent UCLs. To simplify', the following rules were applied when choosing

the EPC:

1. When the percentage of non-detections exceeded 15, the MDC was used as the EPC.

2. When the percentage of non-detections less than or equal to 15, the UCL on the mean
was calculated using the ProUGL software; the UCE was selected based on the
recommended output of the ProUCL results.

3.1.0.3 Data distributions and calculated UCLs of the mean for each COPC are presented' where

appropriate for surface and subsurface soil intervals (Table C2 in Appendix C).

3.1.0.4 Exposure to COPCs at OUI may occur from direct contact with soils (through incidental

ingestion or dermal contact) or may occur indirectly from the inhalation of airborne particulates and

chemical vapors. The inhalation of COPCs requires their transfer from soil to air as a result of either

vaporization or the generation of airborne dust. Ongoing vaporization since the original spill incident

would likely reduce the source area to the extent that VOC concentrations in air are expectedly low.

Additionally, the expected degree of dilution of VOCs in ambient air due to mixing and dispersion, and

* ~~the general infrequency with which VOCs are detected in soils likely result in an insignificant chemical

dose from inhalation. This assertion is further supported by comparing the maximum detected

concentrations of TCE and chloroform in soil to soil screening levels protective of ambient air exposures

(Table A-7, Appendix A). Therefore, the inhalation of VOCs in ambient air was not evaluated further.

3.1.0.5 The inhalation of particulates may occur for outdoor industrial workers and construction

workers, but the level of particulates generated is different for each receptor because of differences in

work activities. To estimate the concentration of dust and associated COPCs, separate methods were

utilized for the outdoor industrial worker and the construction worker. For the former, the reciprocal of

the standard EPA default particulate emission factor (PEE) of 1.36 E+09 cubic meters per kilogram

(m3/kg) (or 7.35 E-10 kg/rn 3) was chosen to represent dust concentrations (EPA 2002b). For the

construction worker, dust concentrations were estimated using algorithms provided in Section 5.0 of the

supplemental soil screening guidance (EPA 2002b). Based on assumptions about weather conditions

(chosen to be the same as those of the closest station similarly evaluated [Philadelphia, Pennsylvania]),

presumed size of construction area (2 acres), and the length and width of a construction road (295 feet

long and 20 feet wide), a PEF for construction activities was calculated to be 7.44 E-i06 m3?/kg (Mactec

*0 2005b). This PEE value translates to a calculated dust concentration of I1.34E-07 kg/rn3 to which

construction workers may be exposed (Table 3-1).
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concentrations in indoor air were estimated using the advanced version of the J&E model (Advance

model from soil emissions, ver. 3.0 [EPA 2002c]). Model runs for TOE, chloroformn,

benzo[blfluoranthene, and naphthalene are provided in Appendix 03.

3.1.0.7 EPCs in surface soil and subsurface soil are presented in Table 3-1. For indirect exposure to

COP~s through inhalation of particulates, dust concentrations for outdoor industrial workers and

construction workers and the resulting COPC concentrations are also presented.

3.2 CHEMICAL INTAKE ASSUMPTIONS

3.2.0.1 The CEM identifies those pathways through which receptors at OUlI are potentially exposed.

For each route of exposure, COP~s enter the body through routes of exposure that are relevant to each

receptor. Receptor-specific intake factors or lAs are used to quantitate the ADD of each COPC

(Table 3-2). Most factors are standard values frequently used to evaluate a reasonable maximum

exposure scenario with the exception of inhalation rate. While the Exposure Factors Handbook (EPA

1997a) presents various inhalation rates for the adult worker, the hourly inhalation rate of 0.83 rn per

* hour is based on an adult daily rate of 20 nin per day. Additionally, the exposure frequency for outdoor

industrial workers is 225 days per year (EPA 2002b) instead of 250 days per year typically used. All lAs

used are taken from the approved Work Plan (Mactec 2005 a).

Estimation of Average Daily Doses

3.2.0.2 Chemical intake or ADD for each receptor and exposure route was calculated using the

following general equation (EPA 1989):

ADD = EPC x IAI x 1A2 x... .x IAn
BW xAT

3.2.0.3 where

ADD = average daily dose
EPC exposure point concentration
1A1 intake assumption 1 defining the contact rate with COPC I
1A2 = intake assumption 2 defining the contact rate with COPC 2
lAn = intake assumption n defining the contact rate with COP C n
BW = body weight in kilograms

0 ~~~AT averaging time (different for carcinogens and noncarcinogens)
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determine the ADD from dermal absorption, the dermal absorption factor for each COPC is needed

(Table 3-3). The ADD for each receptor and exposure pathway is presented in Table 3-4. Equations used

to calculate the ADD specific for each receptor and exposure pathway, are presented in Tables D-1

through D-1O0 (Appendix 0).
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4.0 TOXICITY ASSESSMENT

4.0.0.1 The purpose of the toxicity assessment is to weigh the available evidence regarding the

potential for chemicals to cause adverse health effects and to provide a quantitative estimate of the

relationship between the magnitude of exposure and the likelihood or severity of adverse health effects

(i.e., dose-response assessment [EPA 1989]). Toxicity values are used to provide a quantitative estimate

of the relationship between the magnitude of exposure and the potential for adverse health effects.

4.0.0.2 EPA provided policy for identifying the appropriate toxicity values for use in risk

assessments (EPA 2003a). In the policy, a hierarchy was defined that was to be used in selecting the

appropriate toxicity values. The foremost source of toxicity information is IRIS; when toxicity

information and factors are not available in IRIS, a provisional value is sought (EPA 2003a). Sources for

provisional values include the EPA's PPRTV for Superfund, Agency for Toxic Substances and Disease

Registry minimum risk levels, NCEA, and the Office of Environmental Health Hazard Assessment of the

California EPA.

4.0.0.3 The process by which toxicity values are derived is different for noncarcinogens and

* carcinogens. Each is presented below.

4.1 TOXICIfl VALUES FOR NONCARCINOGENS

4.1.0.1 Toxicity values are presented as reference doses (Rfl:s) for noncarcmnogens. The EPA

Region III RBC table provided all the RfDs and sources of those RB)Cs used in this assessment (EPA

2005a). Non-carcinogenic chemicals with provisional values are listed and discussed in the uncertainty

section (Section 6).

4.1.0.2 Oral Rffls (expressed in units of mg/kg-day) have been developed to evaluate the potential

for adverse noncancer health effects from ingestion of chemicals. Chronic Rfl:s are specifically

developed to be protective for long-term exposure to a chemical and are generally used to evaluate the

potential noncancer effects associated with exposure periods between 7 years and a lifetime (EPA 1989).

Although exposures for construction workers at OUI are likely to be less than 1 year, the same chronic

RfDs used to evaluate industrial workers were conservatively used for construction workers. The

uncertainty associated with this approach is discussed in the uncertainty section (Section 6). Final RfDs

used in this assessment are presented in Table 4-1.

* ~~4.1.0.3 The RfD is derived from a no-observed-adverse-effect-level (NOAEL) or a lowest-observed-

adverse-effect-level (LOAEL). For the risk assessment, a NOAEL is the key datum obtained from a
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* study of a dose-response relationship. It is the highest level tested at which no adverse effects were

demonstrated. In some studies, only a LOAEL rather than a NOAEL is available. However, the use of a

LOAEL requires additional uncertainty factors (UFs) and modifying factors (M~s) to ensure that a health-

protective toxicity value is used.

4.1.0.4 IJ~s are typically 10-fold factors used for estimating RfDs from laboratory data (EPA 2005b)

to account for the (1) variation in sensitivity among the members of the human population (i.e., inter-

human or intra-species variability); (2) uncertainty in extrapolating animal data to humans (i.e.,

interspecies variability); (3) uncertainty in extrapolating from data obtained in a study with less-than-

lifetime exposure to lifetime exposure (i.e., extrapolating from sub-chronic to chronic exposure);

(4) uncertainty in extrapolating from a LOAEL rather than from a NOAEL; and (5) uncertainty associated

with extrapolation from animal data when the database is incomplete.

4.1.0.5 M~s are included to reflect the scientific uncertainties not explicitly addressed using UFs, and

range from I to 1 0. The default value for an ME is 1.

4.1.0.6 Methods used to derive inhalation RfDs are conceptually similar to those used to derive oral

* ~~RfDs. However, the actual analysis of inhalation exposures is more complex than that for oral exposures

because of the dynamics and differential structures of the respiratory system and the ability to account for

the inhaled dose in the experiment design of laboratory studies. The reference values from inhalation

studies are generally reported as a RfC in air (milligrams per cubic meter [mg/m3]). However, these

values are converted to RfDs for use in risk assessments by using a human body weight of 70 kg and

inhalation rate of 20 in3 per day.

4.2 TOXICITY VALUES FOR CARCINOGENS

4.2.0.1 The predominant theory behind cancer development as it relates to risk assessment is that a

small number of molecular events can evoke changes in a single cell, which can lead to uncontrolled

cellular proliferation and, eventually, to cancer. In this model (i.e., the linear low dose model), it is

assumed that there is no level of exposure to a chemical that does not pose "a finite probability, however

small, of generating a carcinogenic response" (EPA 1989). Recent insight into the cancer processes does,

however, suggest that theoretically, a threshold mechanism may be operative, especially if the cancer is a

1..secondary effect of toxicity or of an induced physiological change that is itself a threshold" (EPA

2003c). Generally, data are not yet sufficient to apply the "threshold" concept in the development of risk

0 ~~assessments for carcinogens that are intended to be protective of the potentially exposed receptor group.
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concept. Thus, the linear low-dose model is still considered applicable in most instances.

4.2.0.2 The evaluation of the chemical carcinogenicity is a complex process that can be summarized

by two primary steps. Initially, the toxicity database for a substance is evaluated for its potential utility in

assessing carcinogenic potential. In this step, a weight-of-evidence (WOE) classification is assigned to

the chemidcal. The WOE classification scheme is designed to present the likelihood that a chemical will

cause cancer in humans based on the strength of supporting human and/or animal data.

4.2.0.3 Currently, there are two WOE classifications available for use in conjunction with human

health risk assessments. The WOE discussion provided in the existing MRIS chemical profiles for most

chemicals is based on the 1986 EPA guidelines. The most recent WOE classification is defined in the

latest EPA cancer risk assessment guidelines (EPA 2005c) and is designed to revise and replace the

Guidelines for Carcinogen Risk Assessment published in September 1986. The IRIS program has begun

incorporation of all new WOE discussion/criteria into revised or new IRIS chemical profiles. The WOE

descriptors based on the current 2005 Guidelines are summarized as:

* "Likely to Be Carcinogenic to Humans" - This descriptor reflects strong evidence of0 ~ ~~~~~carcinogenicity.

* "Suggestive Evidence of Carcinogenic Potential" - This descriptor is used when there is
sufficient evidence to demonstrate potential carcinogenicity to humans.

* "Inadequate Information to Assess Carcinogenic Potential" - This descriptor is used
when there is sufficient evidence to suggest a concern for potential carcinogenic effects
in humans, but data are not sufficient for a strong conclusion.

* "Not Likely to Be Carcinogenic to Humans" - This descriptor is used when data are
determined to be inadequate for applying one of the other three descriptors.

4.2.0.4 Because most of the chemicals in the IRIS profiles still need to be updated, the WOE

classifications defined by EPA (1 986) are still used when interpreting this risk assessment and as shown

in the toxicity profiles on the IRIS system. The WOE classifications used in this risk assessment are

defined as:

* Group A: Known human carcinogen

* Group B: Probable human carcinogen

0 0~~~~~ Group Bl:Limiited evidence of carcinogeniicity in humans

* Group B32: Sufficient evidence in animals, but inadequate evidence in humans
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* Group C: Possible human carcinogen (limited evidence of carcinogenicity in animals in

the absence of human data)

* Group D: Human carcinogenicity not classifiable because of lack of data

* Group E: Evidence of non-carcinogenicity in humans (no evidence in at least two
adequate animal tests in different species or in both epidemiological and animal studies)

4.2.0.5 The second step in evaluating chemical carcinogenicity is quantifying the potency. Oral

cancer slope factors (CSFo) are expressed as the proportion of a population affected per mg/kg-day dose

and are typically reported in units of (mg/kg-day)'. Currently, CSFo are derived for chemicals with

WOE classifications of A, 81, or B2, and occasionally C (noted above). Inhalation cancer toxicity data

are presented as a unit risk (expressed as [mg/rn3]' or micrograms per cubic meter [~g/rn 3]') and can be

interpreted as ". ... the increase in the lifetime risk of an individual who is exposed for a lifetime to either

I mg/in 3 or pg/M3 of the cancer agent" (EPA 1986). EPA Region mn converted unit risks to CSFo by

multiplying by the inhalation rate of 20 m3/day and dividing by a body weight of 70 kg. SFs for

carcinogenic chemnicals evaluated in this HHBRA are based on either the value used by EPA Region III

(e.g., arsenic) or presented by NCEA (for TCE) (EPA 2001b). While several values for the oral SF have

been presented for TCE, the higher value of 4E-O1 mg/kg-day-I was chosen for this evaluation. The

uncertainty associated with this choice is presented in Section 6.3. Final S~s used in this assessment are

presented in Table 4-1.

Availability of Toxicity Values

4.2.0.6 Some chemicals may exhibit both carcinogenic and non-carcinogenic health effects. Toxicity

values are generally available for the oral route of exposure. Inhalation toxicity values have also been

developed for some constituents. While route-to-route extrapolations are sometimes used when there are

no toxicity values available for a given route of exposure, route-to-route extrapolation was not employed

to estimate inhalation toxicity values for this HHBRA.

4.2.0.7 Chemical disposition in the body may determine the dose of a toxicant that reaches the

target organ, confounding the interpretation of toxicity values. For instance, toxicity values for

the oral exposure pathway are based on applied or administered doses, whereas those for dermal

exposures, which rarely result in the entire applied dose entening systemic circulation, should

ideally be based on absorbed doses. Because this phenomenon is poorly quantified, toxicity

* ~values for evaluating risk from dermal exposure often require route-to-route (oral-to-dermal)

extrapolations that take into account the differences between applied and absorbed doses. EPA
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has not developed specific toxicity values for the dermal pathway. Therefore, in accordance with

the EPA dermal guidance (2004b), dermal values were derived by adjusting oral toxicity factors

by chemical-specific gastrointestinal (GI) absorption factors, as shown in Table 4-1. Whifle the

orally administered dose is often not entirely absorbed from the GI tract into systemic

circulation, no adjustment was made since oral toxicity factors are based on applied doses.
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5.0 RISK CHARACTERIZATION

5.0.0.1 In the risk characterization, ADDs of each COPC are applied in conjunction with toxicity

values (RfDs and CSFs) to estimate non-carcinogenic and carcinogenic health risks. The derivation of

these risk estimates is presented below. Carcinogenic risk and non-carcinogenic hazard tables prepared

for each exposure pathway are presented in Tables D-1I through D-7 for the current and future industrial

worker and Tables D-8 through D-10 for the construction worker (Appendix D). A summary risk table

for each receptor and each impacted medium is presented in each subsequent subsection.

5.1 HAZARD QUOTIENTS AND HAZARD INDICES

5.1.0.1 The potential for non-carcinogenic effects is characterized by comparing noncarcinogenic

ADD with chemical-specific RfDs. The resulting ratio is the HQ and is derived in the following manner:

Chemical Intake(gm

Noncancer Hazard Quotient = - day

RJD (kg

. ~~5.1.0.2 For each COPC, a unitless HQ of I or less indicates that no unacceptable health risk is

expected from the exposure conditions evaluated. An HQ above 1 does not indicate that an actual health

threat exists, but that there is concern for potential adverse health effects.

5.1.0.3 To assess multiple exposures to multiple chemicals, the EQs for each chemical are sumnmed

to yield an HI. If a receptor is exposed through multiple pathways, HIs from all relevant pathways are

summed to obtain the total HI for that receptor. Where an HI exceeds 1, target organ segregation was

conducted in which an HI is calculated for each target organ potentially affected by the COPCs.

5.2 CANCER RISKS

5.2.0.1 Potential carcinogenic effects are characterized in terms of the incremental probability of an

individual developing cancer over a lifetime as a result of exposure to a potential carcinogen. Excess

lifetime cancer risk is calculated by multiplying the estimated carcinogenic ADD by the cancer CSF, as

follows:

Incremental Lifetime Cancer Risk =AveratgeDailyDose mg X xCSF m* C ~~~~~~~ ~~~~~~~~~~kg -day) kg -day)
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* ~~5.2.0.2 EPA's target acceptable incremental lifetime cancer risk range is 1E-06 to 1E-04 (1 in

1,000,000 to 1 in 10,000) (EPA 1991). The risks resulting from exposure to multiple carcinogens are

assumed to be additive. The total cancer risk is estimated by summing the risks estimated for each COPC

and for each pathway.

5.3 RESULTS

5.3.0.1 Risk estimates are presented for both the industrial worker and the construction worker and

for each exposure pathway. Total carcinogenic risk and non-carcinogenic hazard are determined by

summing the risks of all pathways.

5.3.1 On-site Industrial Worker

5.3.1.1 Current outdoor industrial use of OUI results in possible exposure to COPCs in surface soil,

whereas future exposures could include subsurface soils if they are excavated and subsequently

redistributed on the ground surface. Estimated risks and hazards for current and future outdoor industrial

workers are presented in Table 5-1. Risks associated with background levels are provided for comparison

purposes and include exposure to carcinogenic PA~s. Risks from site-related chemicals are also

* ~~presented. Pathway-specific risks are presented in Tables D- 1 through D-6 of Appendix D.

Table 5-1. Summary of Health Risks for Current and Future Outdoor Industrial Workers

Outdoor Industrial Workers

Current Future
Exposure Pathway

Hi CR Hi CR

Ingestion of Soil 0.4 6E-05 0.3 6E-05
Dermal Contact with Soil 0.08 3E-05 0.06 3E-05

Inhalation of Soil <0.01 2E-08 <0.01 IE-OS
Total 0.5 1E-04 0.3 9E-05

(Risk from Background) (<0.01) (5E-05) (<0.01) (6E-05)

Risk without Background Contribution 0.5 4E-05 0.3 3E-05
Notes:
CR - excess cancer risk
HI - hazard index

5.3.1.2 The carcinogenic risk estimates of IE-04 for current outdoor workers and 9E-05 for future

outdoor workers are within the target risk range of I1E-06 to I E-04 established by the EPA under the

National Oil and Hazardous Substances Pollution Contingency Plan (NCP). Incidental ingestion

constitutes the greatest exposure pathway, with arsenic and benzo[a]pyrene posing approximately 90

O ~~percent of the risk (Tables D-1 and D-4 of Appendix D). The arsenic EPC of 74.7 mg/kg is heavily

influenced by the maximum detection of 132 mg/kg, which occurred in the northwest corner of OUI at
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* ~~SB-O1. The risk from benzo[a]pyrene was estimated using the MDC of 9.6 mg/kg (detected at OSA-SB-

03) as the EPC.

5.3.1.3 Background conditions at DSCR include PAHs and naturally occurring metals. Cancer risks

associated with potential exposure to background conditions were estimated as 5E-05 for the current

outdoor industrial worker and 6E-05 for the future outdoor industrial worker. These risk estimates are

driven primarily by background levels of benzo[a]pyrene. Without this background contribution, the

estimated carcinogenic risk from site-related activities is 4E-05 for the current outdoor industrial worker

and 3E-05 for the future outdoor industrial worker, with arsenic representing over 80 percent of the risk.

These estimates are within the potential target risk range of IlE-06 to 1E-04 established by the EPA under

the NOP.

5.3.1.4 Estimated non-carcinogenic hazard indices for current and future outdoor industrial workers

are less than 1.0. Incidental ingestion is the most significant pathway.

5.3.2 Indoor Industrial Worker

5.3.2.1 Indoor workers are potentially exposed via inhalation to chemical vapors that may migrate

* ~~into buildings. For current indoor workers, results from soil gas analysis provide the best estimate of

chemical concentrations in indoor air. For future indoor workers, soil results are used to estimate indoor

air concentrations. Estimated cancer risk and noncancer hazard for future indoor industrial workers are

presented in Table 5-2. Pathway-specific risks for the future indoor workers are presented in Table D-7

of Appendix D. Risks associated with background levels are provided for comparison purposes and

include exposure to PAHs. Risks from site-related chemicals are also presented.

Table 5-2. Summary of Health Risks for Current and Future Indoor Industrial Workers

Indoor Industrial Workers

Current Future
Exposure Pathway

Hi CR HI CR

Ingestion of Soil

Dermal Contact with Soil

Inhalation of Soil <0.01 ----

Total <0.01 -- 0.2 JE-07

(Risk from Background) - (0.2) (2E-09)

Risk without Background Contribution <0.01 -- <0.01 1E-07 _

CR - excess cancer risk

Hf1 - h~azard index
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* ~~5.3.2.2 Carcinogenic risk estimate could not be estimated for current indoor industrial workers since

no carcinogen was detected in the soil-gas results. For future indoor industrial workers, the estimated

carcinogenic risk is I1E-07, which is below the target risk range of IlE-06 to I1E-04. The estimate used

results from the EPA's J&E model and is driven mostly by single low detections of TCE and chloroform

(Table D-7 in Appendix D). Noncancer hazard associated with indoor vapor inhalation is less than 1 for

both current and future indoor workers and is driven by the presence of I1,2,4-trimethylbenzene for current

workers and naphthalene for future indoor workers. Naphthalene and other PAl-s are present in soils at

background levels.

5.3.3 Future Construction Worker

5.3.3.1 Estimated risks and hazards for future constmuction workers exposed to subsurface soils

(includes surface soils) are presented in Table 5-3. Risks from naturally occurring background conditions

are presented for comparison. Risks from site-related chemicals are also presented. Risk estimates for

the ingestion, dermal absorption, and inhalation pathways are presented in Tables D-8 through D-1O of

Appendix D.

Table 5-3. Summary of Health Risks for Future Construction WorkersFureCntcio

Exposure Pathway Workers

HI CR

Ingestion of Soil 1E4-00 4E-06

Dermal Contact with Soil IE-01 IE-06

Inhalation of Soil <0.01I 6E-08
Total 1E+0O 5E-06

(Risk from Background) (<0.01) (3E-06)
Rsk without Background Contribution 1E+0O 2E-06

No-tes:
CR - excess cancer risk
HI - hazard index

5.3.3.2 The carcinogenic risk estimate of 5E-06 is within the target risk range of 1E-06 to IE-04

established by the EPA under the NCP. Incidental ingestion constitutes the greatest exposure pathway

with arsenic and benzo[a]pyrene posing approximately 85 percent of the risk (Table D-8 of Appendix D).

The arsenic EPC of 74.7 mg/kg is heavily influenced by the maximum detection of 132 mg/kg, which

occurred in the northwest corner of OUI at SB3-0l. The MDC of 9.6 mg/kg for benzo[alpyrene was

assigned as the EPC since few detections preclude an accurate estimate of the UCL of the mean.

L:Iwork\BO8440Detlveables\DSCR.OUflFinaI DSCR-OUI -November 20065doc 5-4



890 53
Revised Humtan Health Baseline Risk Assessment December 2006
Operable Unit I
Defense Supply Center Richmond, Virginia

* ~~5.3.3.3 Cancer risks associated with potential exposure to background conditions were estimated as

3E3-06 for the construction worker. These risk estimates are driven primarily from background levels of

benzo[alpyrene. Without this contribution, the estimated carcinogenic risk from site-related activities is

2E-06, which is within the potential target risk range of IE-06 to 11E-04.

5.3.3.4 The estimated non-carcinogenic HI for future construction workers is 1.0. Incidental

ingestion is the most significant pathway, with arsenic representing approximately two-thirds of the

nonicancer hazard.

5.3.3.5 Target organ segregation results in a nonicancer hazard of 0.8 for both the skin and vascular

tissue (primarily from exposure to arsenic), 0.3 for the GI tract (primarily due to iron), and 0.2 for the

liver (primarily from exposure to thallium). Estimates of noncancer hazards for the kidney, reproductive

system, and whole body effects are all less than 0.1. Each of the organ-specific noncancer hazard

estimates is below the target level of 1.

5.3.4 Off-site Residents

5.3.4.1 Risks for off-site residents who may be potentially exposed to site soils through the migration

O ~~of soil dust were evaluated qualitatively by comparing inhalation risks for on-site receptors. Risks to on-

site outdoor industrial workers and constmuction workers from the inhalation of particulates are less than

1E-07 (Tables D-3, D-6 and 0-10 of Appendix D). This risk level is over an order of magnitude below

the IE-06 point of departure. Given the expected level of dispersion between OUI and the nearest off-

based location, the concentration of dust is expectedly low. Although the time spent at a residence is

longer than an occupational workday (up to 3 times longer), the resulting chemnical doses for a residential

receptor would likely be lower than for on-site receptors primarily because of dispersion effects. Thus,

resulting risks would likely remain below the 11E-06 point of departure.
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6.0 UNCERTAINTY ANALYSIS

6.0.0.1 Uncertainty and limitations are inherent in the risk assessment process. The level of certainty

associated with the conclusions of the HHBRA is conditional upon the quality of data and models used to

identify COPCs and estimate EPCs, the assumptions made in estimating exposure conditions, and the

methods used to develop toxicity factbrs. This risk assessment has been developed to be protective rather

than accurately predictive. As a result, the risk assessment is believed to represent a substantial

overestimation of cancer risk and noncancer hazard. This section presents a discussion of some of the

uncertainties inherent in the risk assessment with focus on key factors believed to influence the risk

assessment process and application to risk management activities. Uncertainties involved in each major

step of the risk assessment process (i.e., data assessment, exposure assessment, toxicity assessment, and

risk characterization) are discussed separately below.

6.1 UNCERTAINTIES IN DATA ASSESSMENT

6.1.0.1 Omitted Results. Some of the analytical results for OUl were omnitted because either the data

were collected prior to 1992 or the data were "B-flagged." The validation of data collected prior to 1992

could not be verified, and their inclusion would have introduced additional uncertainty into estimates of

* EPCs. As later samples provide a better characterization of current conditions at OUt, the exclusion of

older data is not expected to negatively impact risk conclusions.

6.1.0.2 A review of the historical data indicates that the MDCs of chemicals detected in the pre-1992

data, but not included in this Revised HHBRA, are all below soil screening values (i.e., EPA Region HII

industrial soil RB~2s or calculated trench worker RBCs, whichever is lower). Therefore, the exclusion of

older soil data from the risk assessment data set has no effect on the identification of COPCs and is not

likely to have a significant effect on calculated EPCs or the outcome of this Revised HHBR.A.

6.1.0.3 Data were B3-flagged when the chemicals were also detected in associated blank samples; the

presence and concentration of the chemicals in site samples were uncertain. The omission of B-flagged

data may result in either the underestimation or overestimation of EPCs to which receptors are potentially

exposed.

6.1.0.4 Reporting Limit Evaluation. Several chemicals in surface soil and subsurface soil were not

detected in any of the collected samples. These chemicals may not have been detected because they truly

are not present or the reporting limit was insufficient to detect their presence. If any of these chemicals. were truly present, risk would be underestimated. The degree of this potential underestimation in soil can

be evaluated by comparing reporting limits to RBCs. For soil, all reporting limits were below EPA
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* Region III industrial RBCs and calculated trench worker RI3Cs. Therefore, this uncertainty is not likely

to have a significant effect on the outcome of this Revised HHBRA.

6.1.0.5 Fourteen of the 45 chemicals analyzed in soil gas had reporting limits that could potentially

lead to a significant, but unrecognized, indoor risk. If any of these 14 chemicals are truly present in soil

at the reporting limits, indoor air risks could be significantly underestimated. However, of these 14

chemicals, only benzene, chloroform, and TCE were detected in soil. Each of these three chemicals was

detected only once. Also, the two VOCs detected in soil gas, 1 ,2,4-trimethylbenzene and hexane, were

not detected in any soil sample. Therefore, the likelihood of chemicals truly being present in soil gas and

improperly omitted as COPCs in soil is low.

6.1.0.6 For detected chemicals, reporting limits may influence EPC calculations. However, for soils

at OUI, reporting limits were of no significance for each of the 10 COPCs. While arsenic and iron were

detected in all samples, the single detections of chloroform and TCE precluded any reasonable calculation

of 95 percent UCLs, and their single detections were used as EPCs. For the PA~s, MDCs were used as

EPCs such that reporting limits were of no consequence in identif'ing EPCs. For thallium, reporting

limits were insignificant in estimating 95 percent UCLs since (1) the frequency of detection was

* ~~approximately 85 percent in both surface and subsurface soil intervals, and (2) reporting limits were

below all detections and not elevated because of laboratory interferences.

6.1.0.7 Identification of COPCs. EPA Region III industrial soil RB~s or calculated trench worker

RBCs (whichever is lower) were used to identify COPCs. The trench worker RM~ were derived using

default exposure factors from VDEQ. These include the assumptions that the worker is exposed in a

trench for 4 hours per event, the exposure frequency is 125 days per year, and the construction or

trenching activity lasts for 1 year. The use of industrial RU~s or trench worker RM~ is likely adequately

protective of general construction workers. For the evaluation of carcinogens, EPA Region III industrial

soil RBCs were lower than calculated trench worker RBM. Industrial soil RHM are protective of

construction workers because chemicals intake is averaged over a lifetime. While a general construction

worker is assumed to ingest more soil per day (330 mg/day versus 100 mg/day for the industrial worker),

the outdoor industrial worker is assumed to be present and exposed for much longer period of time (25

years versus 0.5 year for the construction worker). Thus, the ADD of carcinogens is greater for the

industrial worker than the general construction worker or trench worker.

. ~~6.1.0.8 Calculated trench worker RBM were generally lower than EPA Region mI industrial RM~

for noncarcinogens. The time over which the chemical dose is averaged is only over the period of

exposure; the ADD for the trench worker or a general construction worker is greater than that for the
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* ~~industrial worker. Because exposure conditions for the trench worker are likely greater than those for a

general construction worker, trench worker RBCs are likely protective of a general construction worker.

The conservative exposure assumptions for the trench worker (e.g., higher soil ingestion rate) likely

permit the use of trench worker RBCs for a general construction worker scenario without significant

underreporting of COPCs.

6.1.0.9 Data Representativeness. Risk management decisions for OUI should be made with the

proper understanding of the effectiveness of sampling design and sample results. Whiile the data

validation process permits evaluation of the analytical results and determines whether they meet intended

or minimum requirements, a second aspect of the effectiveness is the understanding of the degree to

which sample locations and associated results are representative of the exposure area (i.e., OUI).

6.1.0.10 Soil data at GUI were used to evaluate risks in three steps: (I) to identify COPCs by

comparing MDCs to non-residential RBCs; (2) to calculate a conservative estimate of the average COPC

concentration to which receptors may become exposed; and (3) to make background comparisons. Soil

samples at OUI were originally collected in areas where contamination was most likely to occur-the

drum recoupment area and the drum storage areas. However, the final soil data set used to characterize

* ~~risks came from investigations for the installation of a natural gas pipeline and a fiber-optics line.

6.1.0.11 Data from soil samples collected along the western road for the fiber-optics line were

included in determining whether chemicals exceeded background and for estimating UCLs of mean

chemical concentrations. From this data subset come several high detections, including the MDC of

132 mg/kg for arsemic. Additionally, 9 of the 10 highest detections of arsenic came from samples

collected along this road. Other than the MDC of 132 mg/kg, no other arsenic detection exceeded 40

mg/kg. Naturally occurring levels of arsenic are reportedly as high as 73 mg/kg by the U.S. Geological

Survey (USGS, as reported in Dames & Moore 1989). Excluding background chemicals such as

carcinogenic PA~s, arsenic is the main risk driver for both carcinogenic and noncarcinogenic endpoints.

While chemical concentrations along this road (and along the natural gas pipeline) may not reflect drum

recoupment and storage activities at GUI, they do provide important information on the concentrations to

which receptors may become exposed, and for this reason were retained in the data set.

6.1.0.12 Samples from other areas of GUI were originally collected (Figure 1-2); however, during the

data assessment period for this HHBRA, all data collected prior to 1992 were removed in accordance with

* ~the approved HHBRA work plan. The removal of data from these locations resulted in a less

representative data set since sample locations used to estimate risks at OUI (Figure 1-2) are

disproportionately focused along one storage row and along the western road. The degree to which the
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* resulting data set is less representative of conditions at OUlI and the potential bias associated with its tise

is further evaluated below through a qualitative assessment of the pre- 1992 data.

Identification of COPCs

6.1.0.13 The pre-1992 data set includes sample locations from additional drum areas and areas on the

eastern portion of OUL. These locations were sampled to investigate the drum recoupment area and its

potential for groundwater contamination (e.g., DMS-61 near storage row 39 and MW-15 through

MW-iS) and as part of the Corrective Action Permit Modification for the construction of a newer

recoupment building and connector warehouse (Dames & Moore 1989). In all, 56 samples were collected

prior to 1992 from a range of depths (to 56 feet bgs), with 30 collected in the top 2 feet of the soil surface

(Appendix E). The chemicals detected in these omitted soil results are similar to those used in the

assessment with the following notable differences:

* Additional inorganic chemicals that were detected include beryllium, cadmium, mercury,
silver, and cyanide. Frequency of detection ranged between 9 percent and 21 percent,
and MDCs were less than 1/10 of respective RBCs.

* Additional organic chemicals that were detected include 2,4-D, methylene chloride,
mixed xylenes, dibutyl- and dioctyl-phthalate, benzoic acid, and 4-nitrophenol. Other
than methylene chloride and dioctylphthalate, chemicals were detected in one or two soil
samples. MDCs were near or less than 1/1,000 of the respective RBCs.

6.1.0.14 Although additional chemicals were detected in the pre-1992 data set, the levels of these

chemicals suggest additional COPCs were not overlooked. Therefore, the current data set is likely

appropriately representative in identifying COPCs.

Calculation of Average Chemical Concentrations

6.1.0.15 Representativeness expresses the degree to which the data accurately and precisely represent

a selected characteristic of the sampled population. For OUI, the chosen characteristic for this RHERA

is the average chemical concentration over the entire site to which receptors may become exposed. While

designed to identify the extent and degree of contamination, the judgmental sampling provides a data set

that is likely biased in any estimate of average concentrations. The data set used in the current risk

estimates may result in average concentrations that are potentially biased high. A qualitative assessment

of the pre-1 992 data provides a method of judging the possible degree to which average concentrations

are biased high or low.
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* 6.1.0.16 A number of chemicals in the pre-1992 data set were detected at concentrations that were

greater than those of the final data set used in this HHBRA, including, most notably, chloroform (due to

its contribution, along with TCE, to the risk for indoor workers). Chloroform was detected more

frequently and at a MDC that is approximately 6 times greater than the MDC (and EFC) of the actual data

set used. This information suggests that the presence of chloroform may not be as isolated as reported by

the single detection in the current data set, and that additional soil samples could provide more accurate

estimates of the average concentration to which receptors may be exposed. However, while additional

samples could improve representativeness, the currently used data set is likely sufficiently representative.

Whether the current data set is adequately representative depends upon how significantly risk estimates

would likely change with additional sampling. For example, a more accurate mean chloroform

concentration would not significantly alter the risk estimate for indoor workers since TCE, and not

chloroform, is the risk driver for this pathway, and TCE was not detected in any soil samples collected

prior to 1992. A six-fold increase in the chloroform EPC would lead only to a two-fold increase in the

resulting risk. Therefore, the older data suggest that a more representative data set would not likely

identify significant contaminants levels such that risks as currently estimated would be significantly

underestimated.

S 6.1.0.17 For numerous compounds, including the carcinogenic PAHs, concentrations detected in the

pre- 1992 data were similar to the post- 1992 data set used to evaluate risks; however, the MDCs were over

an order of magnitude lower in the pre-1992 data. Therefore, the risks from carcinogenic PAils as

currently estimated would probably not change since they are based on MDM. However, the presence of

additional detections of carcinogenic PAi~s would justify the use of a UCL of the mean concentration as

the EPCs, as opposed to the MDM, are currently used. Resulting risks may be reduced by as much as an

order of magnitude.

Background Cornnrisons

6.1.0.18 Average concentrations, along with MDCs, are used in defining EPCs. Another equally

important characteristic of the sampled population is whether levels noted in site soils exceed background

levels. For two sample t-tests, background comparisons utilize average or mean chemical concentrations,

A quantitative assessment can evaluate whether the resulting number of samples is appropriate to detect

differences between areas impacted by site activities and those unimpacted by site activities (i.e.,

background areas).
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* ~~6.1.0.19 Estimates of appropriate sample size require several characteristics of the parameter in

question, namely how variable the measurements are for the parameter (as measured by the coefficient of

variation [CV]), the distribution of the parameter, and the minimum detectable relative difference

(MDRD) between site data and background. If the data set used to make background comparisons is truly

biased high, then risks associated with certain chemicals (most notably, arsenic) may be attributed to site-

related activities when in actuality, they are due to background condition at the site. Several inorganic

chemicals were statistically determined to be present at levels exceeding background, including the risk

driver arsenic.

6.1.0.20 Equations used to estimate sample size assume data are normally distributed or can be made

to follow the normal distribution through mathematical transformnation. For several COPCs, such as iron,

the distribution is known and the appropriate sample size can be evaluated. For other COPCs, such as

arsenic, the distribution is unknown or nonparametric.

6.1.0.21 For normally distributed chemidcals, estimates of sample size are given by the following

equation (EPA 1 992a):

N = [(Zct ± Zp)/D]2 +ZQ'/2

6.1.0.22 where

D = MDRD between site and background conditions/CV
4 = Percentile of the standard normal curve at a confidence level of 1 - a (or 1 - the

acceptable Type I error rate)
4 = Percentile of the standard normal curve at a power level of I -3(or 1 - the acceptable

Type II error rate)

6.1.0.23 Although not specifically stated in the Final General Sampling and Analysis Plan for DSCR

(Mactee 2004), minimum recommended requirements for statistical performance objectives typically

include a confidence of 90 percent (i.e., a = 0.1) and a power of 80 percent (i.e., j3 = 0.2) (EPA 1992a).

For COPCs with low variability, such as iron (CV = 44 percent), the number of samples required to detect

a MDRD of 20 percent is 22. With 23 samples collected in the surface soil, a sufficient number of

samples were collected to detect differences in iron concentrations. However, for COPCs with high or

extreme variability such as arsenic (CV = 200 percent), many more would theoretically be needed to

detect differences between background and the site. That differences were detected for many inorganic

chemicals with high variability using two sample t-tests or nonparametric tests suggests that the 23

samples used to represent surface soil and 31 samples for subsurface soil may be biased high and may not

accurately reflect true chemical concentrations across OUL. Therefore, the confidence with which
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. differences are noted between background and site soils is lower (and much lower in some cases, such as

arsenic) than desired or designed.

6.1.0.24 Additional detections of COPCs could also result in their re-definition as site-related

chemicals. Fortunately for carcinogenic PAHs at OUI, this possibility seems unlikely. PA~s were

determined via the Quantile test to be present at background levels, even though MDCs occurred in the

OSA. Based on information from the pre-1992 data set, however, the preponderance of highest detections

would likely remain from the background data set such that PAHs at OUI would continue to be present at

background levels.

6.1.0.25 In summary, the uncertainty associated with the representativeness of the data set likely

overestimates risks, although it may improperly attribute certain chemidcal-specific risks (including most

notably, arsenic) to site-related activities.

6.2 UNCERTAINTIES IN EXPOSURE ASSESSMENT
0

6.2.0.1 Uncertainty in the exposure assessment is a function of several factors, including assumptions

regarding actual current and/or future site land use, identification of relevant receptor groups and

* activities, and even the extent to which certain chemicals are physiologically retained and transferred to

target organs of the selected receptors.

6.2.0.2 Receptor and Exposure Pathway Assumptions: For this evaluation, assumptions have been

made to realistically characterize current and future site use. The exposure pathways evaluated were

those considered to be significant. While other pathways could potentially be present (e.g., the inhalation

of VOCs in ambient air that has migrated from soils), these other pathways are likely insignificant relative

to those identified for each receptor. If receptors are truly exposed through any of these additional

pathways, risk would be underestimated, but only to an insignificant degree.

6.2.0.3 The only possible exception to this assumption is the potential ingestion of chemicals in site

soil by the indoor worker. Cancer risks and non-cancer hazards for the indoor worker were estimated as

I E-07 and 0.2, respectively. The additional risk and hazard from the incidental ingestion of impacted

soils could theoretically be as high as that noted for the outdoor worker (i.e., 6E-05 and 0.4, respectively).

While this additional exposure would produce an overall cancer risk of 6E-05 and noncancer hazard of

0.6 for the indoor worker, these estimates are likely biased high for the following reasons:

1) Any soil adhered to shoes or clothing would likely be a combination of soils between the home

residence and the site, and not restricted to site-related soils;
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2) Walkways into existing buildings are over an improved surface such as concrete or asphalt, which

limits the opportunity for site-related soils to adhere to clothing;

3) Entrances into work buildings include mats for wiping soles of shoes, which limit the amount of

soil that adheres to shoes.

Therefore, any additional risk to the indoor worker from incidental ingestion of chemicals in site soils

likely does not elevate the overall risk to the indoor worker to unacceptable levels.

6.2.0.4 Exclusion of Groundwater: Groundwater was omitted from the evaluation of risks at OUL.

Its evaluation as a separate OU serves to streamline the assessment process and provides a mechanism for

the potential delisting of surface OUs. While exposure to chemicals in groundwater may be limited for

current receptors (especially outdoor workers exposed to ambient VOCs), risks for current and future

indoor workers could be underestimated. The degree of potential underestimation is unknown until the

results of the groundwater evaluation (0(U6) are available.

6.2.0.5 Chosen Exposure Factors: All of the exposure factors that are used to characterize average

* daily doses are conservatively developed to evaluate the reasonable maximum exposure scenario. The

use of these conservative factors ensures that, if anything, the risk is overestimated.

6.2.0.6 One exception to the general rule is the inhalation rate for the construction worker, which is

based on 20 m3/day (Mactec 2005a). While this rate is the adult daily inhalation rate that EPA Region HII

uses, it includes periods of activity and rest. This daily rate is for industrial workers and not necessarily

specific to construction workers. The Exposure Factors Handbook (EPA 1997a) provides more accurate

estimates of the inhalation rate for outdoor workers engaged in heavy, medium, and light activity. While

using the daily inhalation rate may underestimate the actual inhalation rate for the construction worker,

the conservative nature of other exposure factors likely offsets this effect and continues to provide an

overall conservative estimate of the ADD. Additionally, exposure through inhalation provides a small

proportion of the overall chemical dose such that risks are not substantially under-reported.

6.2.0.7 Exposure Point Concentrations: Because of the inherent variability of sample collection,

sample analysis, and distributions in the environment, the determination of an EPC that represents an

average exposure with confidence can be difficult. EPA guidance (1992b) allows the use of the "lesser'

of the two values between the MDC and the 95 percent UCL. When samples are collected (and therefore

to define a data set) and when the variability among the observations is great, the 95 percent UCL will likely

be greater than the maximum concentration. Defaulting to the lesser of the two concentrations helps to
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. minimize the overestimation of risk, but does not eliminate the potential to overestimate the risk based on

the "average" exposure condition, which is the anticipated level of exposure. The EPC could, in fact,

yield an overestimate or underestimate of risk depending on the true underlying distribution of the

data/chemical concentrations.

6.2.0.8 Use of Default Particulate Emission Factors. While it is true that activity-specific PE~s may

be developed to characterize risk during site-specific activities, the extent to which any activity dominates

an exposure scenario is limited by the frequency of occurrence relative to other exposure routes (i.e., oral,

dermal). In this assessment, the default PEE was used for the outdoor industrial worker and the result on

the risk estimate could be an overestimate or underestimate based on the actual PEE value that would

result from any site-specific activities. A site-specific PEE value was calculated for the construction

worker.

6.2.0.9 Bioavailability of COPCs. Cancer risk and non-cancer hazard estimates from the oral

exposure route were evaluated against toxicity values that are based on applied doses. Whether

risks/hazards from potential oral doses at DSCR are accurately estimated using these oral toxicity values

depends upon two factors: (1) the bioavailability of chemicals in the toxicity dosing regimen used to. develop the toxicity values and (2) the chemical-soil association at DSCR. For a given applied dose, a

chemical in a more bioavailable form will be subject to systemic metabolic processes to a greater extent

than responses resulting from other chemical forms that are less bioavailable. Dosing regimens for

toxicity testing usually rely on chemicals in relatively bioavailable forms, such as in water or food, that

differ from those in soil evaluated at DSCR. For example, hyperpigmentation and keratosis or internal

organ and skin cancer demonstrated by arsenic were based on various arsenic concentrations in water

(MRIS 2005b,), a relatively bioavailable form of arsenic. Toxicity testing of benzo[a]pyrene used a dosing

regimen of the chemicals in food, again a likely bioavailable form of PAH. Though not specifically

stated in IRIS, the bioavailability of inorganic arsenic in water is likely much higher than the

bioavailability of arsenic found in soil. The EPA SSG (2002d) states that arsenic absorption through the

GI tract is 95 percent efficient and that for PAHs is 58 to 89 percent.

6.2.0.10 The assumption of high bioavailability of COPCs in soil almost assuredly overestimates the

true degree of chemical assimilation through ingestion, and as a result overestimates potential risk from

exposure at the site. For example, incremental lifetime cancer risks including chemicals at background

levels were driven by the presence of carcinogenic PAils. However, PA~s have recently been re-

* ~~evaluated for their bioavailability through the ingested exposure route (Ramesh et al. 2004). For PAils

that are in soil, the mean percentage of bioavailability was 31 percent, suggesting that risks from exposure
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* to PAH in soil via ingestion could be overestimated by up to a factor of three. Since most of the chemical

intake documented in this assessment is through ingestion (Appendix F), estimated cancer risks and non-

cancer hazards are likely overestimated by approximately a factor of 2 to 3.

6.2.0.11 Estimates of cancer risks and non-cancer hazards without the contribution of chemicals at

background levels were driven by the presence of arsenic. The actual availability of arsenic through the

GI tract is reported as 41 percent in the Oak Ridge National Laboratory Risk Assessment Information

System (ORNL 2005). One study has reported a range of bloavailability of arsenic in primates between

10 and 25 percent (Roberts, S. M., et al. Draft Document). Thus, the intake of biologically available levels

of arsenic through ingestion (the main route of exposure) and the resulting risks/hazards are likely

overestimated by a factor of 2 to 10.

6.2.0.12 In sumnmary, based on the assessment of land use, receptor selection, associated activities and

exposure factors, and the bioavailability of COPCs, the exposure assessment is believed to overestimate

risk. However, the contribution to risk from potential exposure to chemicals in groundwater has not yet

been determined. 'While the risk from exposure to chemicals in soil is likely overestimated, the overall

site risks could potentially remain underestimated.

6.3 UNCERTAINTIES INl TOXICITY ASSESSMENT

6.3.0.1 Toxicity assessment involves the selection of noncancer toxicity indices (i.e., RfDs) and

CS~s.

6.3.0.2 Reference Doses: RfDs are developed using animal data that must be applied to human

receptors for the risk assessment. The process typically involves application of several U~s and M~s to

animal test data that lower the RM, given extrapolation from animal tests to human health risk

assessment. For instance, U~s of 10 are often applied to animal data to reduce a threshold dose 10-fold to

amrve at the RfD. This application of the U~s is likely to overestimate non-carcinogenic toxicity as noted

by Dourson et al. (1997).

6.3.0.3 Expected exposure for the construction worker is less than 1 year, but the noncancer risks for

the construction worker were estimated using chronic RfDs. Although the chronic RflD for many

chemicals is derived from a LOAEL or NOAEL under a subchronilc dosing regimen (to which an UP of

10 is applied), the chronic RfD for the main noncancer risk driver arsenic is not. The chronic RfD for. ~~arsenic (as provided by IRIS) and the subchronic RfD (as provided by the Health Effects Assessment

Summary Tables [EPA 1997b]) are both listed as 3E-04 mg/kg-day. Therefore, the use of chronic RfDs

results in the slight overestimation of non-cancer hazards for construction workers. However, since the
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* hazard estimate was at the target level using chronic RfDs, non-cancer hazards would be at or below the

target level using subchronic RfDs.

6.3.0.4 Cancer Slope Factors: SFs developed by the EPA are conservative and represent the upper

bound limit (i.e., upper 95 percent UCL) on the probability of a cancer response occurring. Thus, the

actual carcinogenic risk due to exposure to selected chemicals is likely to be lower than the actual risk

experienced by the receptor. One other source of uncertainty in the toxicity assessment lies in

extrapolating experimental carcinogenic observations at high doses to the low doses. experienced by the

human population of interest. Because there is no empirical way to detect risks below the 5 to 10 percent

range, assumptions must be made about the shape of the dose-response curve in the low dose region

(Rodricks 1992). Because the standard default is to assume that all carcinogens have a linear no-

threshold dose-response curve, the cancer potency for carcinogenic COPCs (e.g., arsenic) is likely

overestimated.

6.3.0.5 Dermal Toxicity Values: Toxicity values for evaluation of the dermal exposure route should

be based on an absorbed dose of a chemical. Because most oral toxicity values are based on an applied

dose, the oral toxicity value may be adjusted by the degree of GI absorption to derive an absorption-based. ~~toxicity value. Where the GI absorption is sufficiently close to 100 percent, no adjustment is required.

EPA's Dermal Guidance recommends adjustment for only those chemicals with a GI absorption of less

than 50 percent (EPA 2004b). Values for GI absorption used in this assessment were mostly taken from

Dermal Guidance. All of these recommended values for GI absorption exceeded the 50 percent threshold

such that no adjustment of the oral toxicity value was performed. Other sources for information regarding

GI absorption, such as the Oak Ridge National Laboratory Risk Assessment Information System (2005),

provide lower GI absorption values for several of the COPCs, which would require adjustment of the oral

toxicity values. The use of G1 absorption values from EPA's JDermal'Guidance may underestimate the

risk/hazard associated with the dermal exposure pathway. The degree to which overall site risks for each

receptor may be underestimated depends on the relative contribution of the dermal exposure pathway.

6.3.0.6 Chemicals with Provisional Toxicity Values: The primary source of toxicity information is

the EPA IRIS system. When a toxicity value is not available in IRIS, other sources of toxicity

information can be considered in accordance with EPA guidance (EPA 2003a). These additional sources

are considered provisional. In this assessment, the RBCs for several chemicals were based on provisional

toxicity values. The chemidcals with provisional RfDs (for noncancer risk) include:

*Chloroform
*Iron
*TCE
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6.3.0.7 The chemicals with provisional CSFs (cancer risk) include:

* TOE
* Benz[a]anthracene
* Benzo [i] fluoranthene
* Dibenz[a,h]anthracene

6.3.0.8 Several provisional OS~s have been presented for TCE; the high-end value was used in

developing RBCs used for screening purposes, and as the CSE for TOE in all risk calculations. While

risks from TOE may be overestimated as a result, repercussions of using either the higher slope factor or a

mid-point value is of little consequence since TOE is of little concern at OUL. Although all of the

aforementioned chemicals have provisional toxicity values, the uncertainty associated with these values is

of little significance at OUL since none is a risk driver (as compared to arsenic and benzo[a]pyrene) for

this site.

6.3.0.9 Chemicals Without Toxicity Values: When chemicals do not have available toxicity factors,

the chemicals cannot be evaluated and potential contribution to the risk/hazard estimates cannot be

completed. In all likelihood, the detection of chemicals without toxicity values will yield an

underestimate of risk because the chemicals would not be included in the cumulative risk/hazard

estimates. In this assessment, magnesium, calcium, potassium, sodium, phenanthrene, and

benzo[g,h,i]perylcne were all detected and without toxicity values; therefore, risks could be

underestimated based on this uncertainty. Because magnesium, calcium, potassium, and sodium are

essential nutrients and because the magnitude of the detected concentrations in the media at OUt is

relatively small, it is not expected that the exclusion of these nutrients will underestimate risk. The lack

of toxicity data for phenanthrene and benzo[g,h,ilperylene (both non-carcinogens) is not expected to

substantially impact the nonicancer risk estimate.

6.4 UNCERTAINTIES IN ESTIMATION OF SITE-RELATED RISK

6.4.0.1 EPA guidance indicates that carcinogenic risks and HQs resulting from various multiple

chemicals should be considered additive (EPA 1989). In the absence of supporting data for synergy or

antagonism, the assumption of additivity could overestimate or underestimate potential cancer risk or

HQs for receptors.
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7.0 CONCLUSIONS AND RECOMMENDATIONS

7.0.0.1 The HHBRA for surface and subsurface soil at OUl identified 10 chemicals as COPCs:

arsenic, iron, thallium, benzo[a]anthracene, benzo[a]pyrene, benzo[b]fluoranthene, dibenz[a,hlanthracene,

naphthalene, chloroform, and TCE. A number of chemicals, including all PA~s, were detected in soil

samples but were not detected at levels that exceeded background conditions. To be considered a COPC,

one of two conditions was met: (1) the MDC of the chemical exceeded the RBSL (i.e., the lower value

between the EPA Region mI industrial soil RBC and calculated trench worker RBC), or (2) the potential

chemical-specific inhalation risk for indoor workers is above a cancer or noncancer target level.

7.0.0.2 Cancer risks and noncancer hazards for each receptor at OUI were estimated assuming

exposure through relevant pathways, as summarized in Table 7-1. Risks were also summarized in a

format recommended by RAGS, Part D (EPA 2001 a) in which chemical risk drivers for each receptor and

exposure pathway were identified (Appendix F).

7.0.0.3 Risks were estimated for outdoor and indoor industrial workers and constmuction workers.

While exposure for outdoor workers included soil ingestion, dermal absorption, and inhalation of

* particulates, indoor workers are likely exposed only through inhalation of volatile chemicals from soil

vapor migration. Evaluation of current indoor workers at Buildings 41 and 54 (also known as Building

232) used soil gas results from samples collected in SummaTm canisters. Potential risks for future indoor

workers were evaluated by modeling indoor air concentrations from volatile soil COPCs.

7.0.0.4 Potential cancer risk for current outdoor industrial workers exposed to surface soil was

estimated to be I1E-04. For future outdoor workers who may become exposed to COPCs in surface and

subsurface soils, the potential cancer risk was 9E-05. These estimates are within the target risk range of

ILE-06 to I E-04. Much of this risk (approximately 70 percent) is due to background levels of carcinogenic

PAils. Without background contribution, the estimated cancer risks for current and future industrial

workers are 4E-05 and 3E-05, respectively. This remaining site-related risk is due primarily to arsenic.

Nonicancer hazard estimates were below 1.

7.0.0.5 Potential risks for current indoor workers were below target risk levels since the only

chemnicals detected in soil gas samples (i.e., l,2,4-trimethylbenzene and hexane) were not detected at

concentrations that could pose an unacceptable risk for indoor exposures. For future indoor workers, the

potential cancer risk from indoor vapor inhalation was estimated at 1 E-07, which is below the target risk

* range of IlE-06 to IlE-04. The estimated nonicancer hazard was below 1.
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* 7.0.0.6 Potential cancer risk for future constmuction workers who may become exposed to surface and

subsurface soils was estimated at 5E-06, which is within the target risk range of IE-06 to lE-04. The

estimated noncancer hazard was near I, with arsenic posing much of the risk. Target organ segregation

resulted in no organ-specific hazard that exceeded the target hazard of I.

7.0.0.7 For outdoor industrial workers and construction workers, incidental soil ingestion is the

exposure pathway producing most of the overall chemnical dose, with most of the risk (and hazard) due to

arsenic and benzo[a]pyrene. The estimates for outdoor industrial workers and construction workers are

likely conservative for the following reasons:

* The estimates assume the reasonable maximum exposure scenario.

* The site-related risk is predominantly driven by arsenic, for which the MDC of
132 mg/kg highly weights the EPC.

* The data set produced EP~s that may be biased high, resulting in potentially elevated
EPCs and the potentially incorrect conclusion that certain chemicals (most notably,
arsenic) exceeds background concentrations.

7.0.0.8 A number of background chemicals were detected at levels that exceeded Region III

O industrial soil RBCs, including, most notably, benizo[a~pyrene and dibenz~a,hjanthracene. Potential

cancer risks associated with exposure to background levels in surface and subsurface soils were estimated

as 5E-05 for current industrial workers, 6E-05 for future industrial workers, and 3E-06 for future

construction workers. These risk levels are approximately 1 to 2 times higher than the risk posed by site-

related COPCs.
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TABLE 2-1 8 0 1
REPORTING LIMIT EVALUATION IN SOILS

HUMAN HEALTH BASELINE RISK ASSESSMENT - OPERABLE UNIT I
DEFENSE SUPPLY CENTER RICHMOND

RICHMOND, VIRGINIA

Soil
Screening Range of Reporting
Criterim' Limits Frequency ofChemical rAS m/k)(m/g Exceedance

Surface Soil (0 to 3 feet bgs) (mg/kg) by Method 6010B
Beryllium 7440417 l.61E+03 0.555 -0.6 0.0%
Cadmium 7440O439 7.28E+02 ~ O0.02 -06 0.0%/
Mercury 7439976 3.1013+01 0.06 -0.06 0.0%
Silver 744~0224 3.~84E+03 0. 04-1.8 0.0%
Surface Soil (0t etbgs) (mg/kg) by Method 7471A
Mercury7497 3.0 1008-0020%
Surface Soil(0t3fetg)(m/gbyMho80A
2,4,5-T 93765 I .00E+04 0.0076 - 0.0084 0.0%
2,4,5-TP (Silvex) 93721 8.0+3007 .040.0%
2,4-D 94757 7.49E+03 0.038 - 0.042 0.0%
2,4-B 9T48~26 8.20E+03 0. 076 - 0.084 0.0%
alpha-BHC bneeeachloride) 319846 4.50E-01 0.00014 -0.0021 0.0%
Dalapon 75990 2.002+04008-00200

-delta-BHC 31l9~868 - 0.00019 -0.00498 --
Dicamba 1918009 3. 10E+04 0.0076 - 0.00840%
Dichloroprop -12~0365 -- 003 .02
Dinoseb 88857 6.802006-008400
Endosulfan I1527 13+00009-004200
Endosulfan sulfate1007--0038-004
Endrin aldehyde 7421934 -- 0.00038 -06.015 --

* gamma-Chlordane 57749 8.-2~0E+00 0.0001 7 -0.001 7 0.0
MCPA (2-MeLthyl-4-chlorophenoxyacctic acid) 944O.4+0 .-. .0%
MCIPP( 2 -(2-Mty--hoohnx~rpoi cd962 1020 . 2100
Methoxychlor 7451120 .0200100
Toxaphene 8032 2620 . S-.600
Surface Soil] (O to 3 feet bg)(mg/kg) by Method 815 IA
2,4,5-T 9~3765 1 .00E+04 0. 022 - 0.024 ~ 0.0~%
2,4,5-TP (Silvex) 93721 8.20E+03 0.022 - 0.0240%
2,4-D 94757 7.49E+03005-00900
2,4-OB 948-26 -820E+03 0.22 -0.24 0.0%

Dicamba 1918009 3.102+04 ~~~~~~~~~~~~~ ~ ~ ~~0.022 - 0.024 0.0%
Dichloropro 1235- .2 .024 -

Dinoseb 88857 6.68E+02 0.022 - 0.024 0.0%
MCPA (2-Methyl-4.chlorophenoxyacetic acid) 94746 3.34+01I - 12 0.0%MCPP (2-(2-Methyl-4.ch rpeoypoioi cd962 1.00E+03 11 -12 0.0%/
Picloram 1918021 - 0.22 -0.24 -

Surface Soil (0t etbgs) (mg/kg) by Method 8260B
1, 1 I -Trichloroethane 71556 1.5623+04 0.0051 - 0.0062 0~.0%
1, 1,2,2-Tetrachloroethane 79345 1.4011+01 0.0051 - 0.006 0.0%
1, 1,2-Trichloroethane 79005 5. 0 0 24 U-01.0 51 -l 0.0062 0.0%
l,l-Dichloroethene 75354 I1.7413+03 0.0051 - 0.006200
I1,2-Dichlorovthane 107062 3.10E+01 0.0051 - 0.00620%
1,2-Dichloroethene, total 540590 2.04E+03 0.006 - 0.0600
I1,2-Dichlorpropane 78875 3.35E+01 0.0051 - 0.0062 00
2-Hexanone 518 .006002-

4-Methyl-2-pem:anone 108101 7.6E+04 0.006 -0.012~0.0-%
Bromodichloromethane 75274 4.60E401 0.0051 - 0.0062 0.0%
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TABLE 2-1 890 73
REPORTING LIMIT EVALUATION IN SOILS

HUMAN HEALTH BASELINE RISK ASSESSMENT - OPERABLE UNIT 1
DEFENSE SUPPLY CENTER RICHMOND

RICHMOND, VIRGINIA

Soil
Screening Range of Reporting
Criterim' Limits Frequency of

Chemical CAS (mg/kg) (mg/kg) Exceedance
Bromoform 75252 3.60E1+02 0.0051 -0.0062 0.0%
Carbon Disulfide 75150 2.7613+03 0.01 -0.012 0.0%/
Carbon Tetrachloride 56235 2.20E+01 0.0051 - 0.0062 0. 0%o
Chlorobenzene 108907 1. II2+03 0.0051 -0.0062 0.0%
Chloroethane 75003 9.90E+02 0.0051 - 0.0062 0.0%
cis-l ,2-Dich loroethene 156592 1.00E+04 0.0051 - 0.0062 0.0%
cis- 1,3 -Dichloropropene 10061015 .. 0.0051 -0.0062 -
Dibromochloromethane 124481 3.40E+01 0.0051 - 0.0062 0.0%
Methyl bromide 74839 -- 0.0051 - 0.0062 --

Methylene Chloride 75092 3.80E+02 0.0051 -0.0062 0.0%
Styrene 100425 3.51E+04 0.0051 - 0.0062 0.0%/
Tetrachloroethene 127184 5.30E+00 0.0051 - 0.0062 0.0%
trans- 1,2-Dichloroethene 156605 5.5 1 +02 0.0051 -0.0062 0.0%
trans-I1,3-dichloropropcne 542756 2.90E+01 0.0051 - 0.0062 0.0%
Vinyl Chloride 75014 4.002+00 0.0051 - 0.0062 0.0%
Xylenes, Total 1330207 1.96E+03 0.005 -0.019 0.0%
Surface Soil[ (0 to 3 feet bgs) (mg/kg) by Method 8260C
Bromodichloromethane 75274 4.60E+01 0.006 - 0.006 0.0%
Bromofoarm 75252 3.602+02 0.006 -0.006 0.0%
Bromonrethane 74839 3.18 E±02 0.006 - 0.006 0.0%O Carbon Disulfide 75150 2.76E+03 0.006 - 0.006 0.0%
Carbon Tetrachloride 56235 2.20E+01 0.006 -0.006 0.0%
Chlorobenzcne 108907 1. I12+03 0.006 -0.006 0.0%
Chloroethane 75003 9.90E+02 0.006 - 0.006 0.0%
Chloromethane 74873 6.48E+01 0.006 - 0.006 0.0%
cis-I1,3-Dichloropropene 10061015 .- 0.006 -0.006 --

Dibromochloromethane 124481 3.40E+01 0.006 - 0.006 0.0%/
Surface Soil] (0 to 3 feet bgs) (mg/kg) by Method 8270C
I ,2,4-Trichlorobenzene 120821 2.24E+03 0.19 -0.41 0.0%
I1,2-Dichlorobenzene 95501 1.47E+04 0.19 -0.41 0.0%
I ,3-Dichlrobenzene 541731 6.8 12+02 0.19 -0.41 0.0%
I1,4-Dichlorobenzene 106467 1.20E+02 0.19 -0.41 0.0%
2- & 3-Methylphenol 5.10E+04 0.19 -0.21 0.0%
2,4,5-Trichlorophenol 95954 1.00E+05 0.19 -2 0.0%
2,4,6-Tr-ichlorophenol 88062 2.6013+02 0.19 -0.41 0.0%/
2,4-Dichlorophenol 120832 3.10E+03 0.19 -0.41 0.0%
2,4-Dimethylphenol 105679 2.00E+04 0.19 -0.41 0.0%
2,4-Dinitrophenol 51285 4.54E+02 0.95 - I 0.0%/
2,4-Dinitrotoluene 121142 4.5423+02 0.19 -0.41 0.0%
2,6-Dinitrotoluene 606202 I .0013+03 0.19 -0.41 0.0%/
2-Chloronaphthalene 91587 8.2012+04 0.19 -0.41 0.0%
2-Chlorophenol 95578 5. 10E+03 0.19 -G0.l 0.0%
2-Methyl-4,6-Dinitrophenol 534521 1.00E+02 0.38 -2 0.0%
2-Methylpheniol 95487 1.14E+04 0.37 -0.41 0.0%
2-Nitroaniline 88744 6.50E+02 0.95 - 1 0.00%
2-Nitrophenol 88755 -- 0.19 -0.41 -
3,3'-Dichlorobeazidine 91941 6.40E+00 0.37 -0.42 0.0%/. 3-Nitroaniline 99092 6.81E+01 0.38- I 0.0%/
4-bromophenyl-phenylether 101553 -- 0.19 -0.41 --
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TABLE 2-1 890 74

REPORTING LIMIT EVALUATION IN SOILS
HUMAN HEALTH BASELINE RISK ASSESSMENT - OPERABLE UNIT 1

DEFENSE SUPPLY CENTER RICHMOND
RICHMOND, VIRGINIA

Soil
Screening Range of Reporting

Criterirn' Limits Frequency of

Chemical CAS (mg/kg) (mg/kg) Exceeclance

4-Chloro-3-Methylphenol 59507 -- .19-0O41 --

4-Chloroaniline 106478 5.30E+01 0.19-0O41 0.0%
4-Chlorophenyl-phenyl ether 7005723 -- 0.19-0.41 --

4-Methylphenol 106445 1.14E-403 0.19 -0A41 0.0%

4-Nitroaniline 100016 1.40E+02 0.95 -2 0.0%/

4-Nitrophenol 100027 -- 0.95 - 2

Acenaphthylene 208968 -0.37 - 0.41 --

Benzoic Acid 65850 2.67E+06 0.95 - 0.0%

Benzyl Alcohol 100516 3.10E+05 0.19 -0.21 0.0%

bis(2-Chlorotoy Mtae111911 -- 0.19 -0.41 0.0%/

bis(2-Chloroethyl) Ether 111444 2.60E-I00 0 37 -0.41 0.0%

bis(2-chloroisopropyl) ether 108601 4.10E+01 0.19 -0.41 0.0%

Butylbenzylphthalate 85687 1.50E+03 0.19 -0.41 0.0%

Diethyl phthalate 84662 8.20E+05 0.19 -0.41 0.0%

Dimethylphthalate 131113 2,27E+06 0.19 -0.41 0.0%/

di-n-Butylphthalate 84742 1.00E+05 0.19 -0.41 0.0%

di-n-Octylphhlae117840 9.08E+03 0.19 - 0,41 0.0%/

Hexachlorbenzene 118741 1.80E+00 0.19 -0.41 0.0%

Hexachlorobutadiene 87683 3.70E+01 0.19 -O0A4 0.0%

Hexachlorocyclopentadiene 77474 6.10E+03 0.19 -0.41 0.0%S Hexachloroethane 67721 2.002+02 0.19 -0.41 0.0%

Isophorone 78591 3.002+03 0.19 -0.41 0.0%/

Nitrobenzene 98953 2.45E+02 0.1t9 -0.~41 0.0%

N-Nitrosodi-N.Propylamine 621647 4.10E-01 0.19 -0.41 0.0%

N-Nitroso-Diphenylamine 86306 5.80E+02 0.19 -0.41 0.0%

Pentachlorophenol 87865 2.40E+01 0.95 -2 0.0%

Phenol 108952 6.8 1E+04 0.19 -0.41 0.0%/

Cyanide (free) 57125 4.5412+03 0.22 -0.31 0.0%

Surface Soil (0 to 3 feet bgs) (mg/kg) by Method 8082

Aroclor 1016 12674112 1.59E-40C 0.01 - 0.19 0.0%

Aroclor 1221 11104282 1.40E+00 0.0082 -0.19 0.0%

Aroclor 1232 11141165 1.40E+00 0.011 -0.19 0.0%/

Aroclor 1242 53469219 1.4023+00 0.0052 -0.19 0.0%

Aroclor 1248 12672296 1.40E+00 0.0093 -0.1t9 0.0%

Aroclor 1254 11097691 1.40E+00 0.0033 -0.19 0.0%/

Subsurface Soil (0 to 6 feet bgs) (mg/kg) by Method 6010B

Beryllium 7440417 1.61E+03 0.555 -0.6 0.0%/

Cadmium 7440439 7.28E+02 0.02 -0.6 0.0%

Mercury 7439976 3.10E+01 0.05 -0.09 0.0%

Silver .7440224 3.84E+03 0.04 -1.8 0.0%

Subsurface Soil (0 to 6 feet bgs) (mg/kg) by Method 7471A

Mercury 7439976 3.1011+01 0.068 - 0.082 0.0%

Subsurface Soil[ (0 to 6 feet bgs) (mg/kg) by Method 8081A

2,4,5-T 93765 1.00E+04 0.0076 - 0.0084 0.0%

2,4,5-TP' (Silvex) 93721 8.20E±03 0.0076 - 0.0084 0.0%

2,4-D 94757 7.49E+03 0.038 - 0.042 0.0%

2,4-DB 94826 8.2012±03 0.076 - 0.084 0.0%. alpha-BHC 319846 4.50E-01 0.00014 - 0.0021 0.0%/

Dalapon 75990 2.002+04 0.038 - 0.042 0.0%
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TABLE 2-1 890 75
REPORTING LIMIT EVALUATION IN SOILS

HUMAN HEALTH BASELINE RISK ASSESSMENT - OPERABLE UNIT 1
DEFENSE SUPPLY CENTER RICHMOND

RICHMOND, VIRGINIA

Soil
Screening Range of Reporting
Criterimo Limits Frequency of

Chemical CAS (mglkg) (mg/kg) Exceedance
delta-BHC 319868 -- 0.00019 -0.00498 --

Dicamba 1918009 3.10E+04 0.0076 - 0.0084 0.0%
Dichioroprop 120365 -- 0.0038 - 0.0042 --

Dinoseb 88857 6.68E+02 0.0076 - 0.0084 0.00/
Endosulfan 1 115297 1.36E+03 0.00019 -0.0043 0.0%
Endosuifan sulfate 1031078 -- 0.00038 - 0.0042 --

Endrin aldehyde 7421934 -- 0.00038 -0,015 --

gamma-Chlordane 57749 8.2011+00 0.00017 - 0.0017 0.0%
MCPA (2-Methyl-4-chiorophenoxyacetic acid) 94746 3.34E+02 1.9 -2.1 0.0%
MCPP (2-(2-Methyl-4-chlorophenoxy)propionic acid 93652 I .00E+03 1.9- 2.1 0.0%/
MethoxychloT 72435 1.14E+03 0.0012 -0.021 0.0%
Toxaphene 8001352 2.60E+00 0.013 -0.16 0.0%
Subsurface Soil (0 to 6 feet bgs) (mg/kg) by Method 81510
2,4,5-T 93765 1.00E+04 0.022 - 0.024 0.0%
2,4,5-TP (Silvex) 93721 8.2012+03 0.022 - 0.024 0.0%
2,4-D 94757 7.49E+03 0.045 - 0.049 0.0%/
2,4-DB 94826 8.20E+03 0.22 -0.24 0.0%
Dalapon 75990 2.00E+04 0.22 - 0.24 0.0%
Dicarnba 1918009 3.10E+04 0.022 -0.024 0.0%/
Dichlo rorop 120365 -- 0.022 -0.024 -. Dinoseb 88857 6.68E+02 0.022 - 0.024 0.0%
MCPA (2-Methyl.4-chlorophenoxyacetic acid) 94746 3.34E+02 II - 12 0.0%
MCPP (2-(2-Methyl-4-chlorophenoxy)propionic acid 93652 1.00E+03 II- 12 0.0%
Picloram 1918021 -- 0.22 -0.24
Subsurface Soil (0 to 6 feet bgs) (mg/kg) by Method 8260B
1,1,1 -Trichloroethane 71556 1.5613+04 0.0051 - 0.0062 0.0%
1, 1 2,2-Tetrachloroethane 79345 1.40E+01 0.0051 -0.0062 0.0%
1,1 ,2-Trichloroethane 79005 5.00E+01 0.0051 - 0.0062 0.0%
1,l1,2-Trichlorotri fl uoroethane 76131 3110O+07 0.0051 -0.0062 0.0%
1,1 -Dichloroethene 75354 1.74E+03 0.0051 - 0.0062 0.0%/
I1,2-Dichlorcethane 107062 3.102+01 0.0051 - 0.0062 0.0%
1,2-Dichloroethene, total 540590 2.04E+03 0.006 - 0.006 0.0%
I1,2-Dichlorpropane 78875 3.35E3+01 0.0051 - 0.0062 0.0%
2-Hexanone 591786 -- 0.006 - 0.012 --

4-Methyl-2-pentanone 108101 7.613+04 0.006 -0,012 0.0%
Bromodichloromethane 75274 4,60E-101 0.0051 - 0.0062 0.0%
Bromoform 75252 3.60E+02 0.0051 - 0.0062 0.0%
Carbon Disulfide 75150 2.76E-103 0.01 - 0.012 0.0%
Carbon Tetrachloride 56235 2.20E+01 0.005 I - 0.0062 0.00/0
Chiorobenzene 108907 1.112I +03 0.0051 - 0.0062 0.0%
Chloroethane 75003 9.90E-102 0.0051 - 0.0062 0.0%
cis- I1.2-Dichloroethene 156592 1.00E+04 0.0051 - 0.0062 0.0%
cis-l1,3-Dichloropropene 10061015 -- 0.0051 - 0.0062 0.0%
Dibromochloromethane 124481 3.40E+0 1 0.0051 - 0.0062 0.0%/
Methyl bromide 74839 -- 0.0051 - 0.0062 0.0%
Methyl chloride 74873 3.80E+02 0.005 I - 0.0062 0.0%
Styrene 100425 3.51 E+04 0.0051 - 0.0062 0.0%
Tetrachloroethene 127184 5.30E+00 0.0051 - 0.0062 0.0%/. trans- 1,2-Dichioroethene 156605 5.512E+02 0.0051 - 0.0062 0.0%
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TABLE 2-1 890 76

REPORTING LIMIT EVALUATION IN SOILS
HUMAN HEALTH BASELINE RISK ASSESSMENT - OPERABLE UNIT 1

DEFENSE SUPPLY CENTER RICHMOND
RICHMOND, VIRGINIA

Soil
Screening Range of Reporting

Criterim' Limits Frequency of

Chemical CAS (mg/kg) (mg/kg) Exceedance

trans-1,3-dichloropropene 542756 2.90E+0l 0.0051 -0.0062 0.0%
Vinyl Chloride 75014 4.002+00 0.0051 - 0.0062 0.0%

Xylenes, Total 1330207 l.96E+03 0.005 -0.019 0.0%

Subsurface Soil (0 to 6 feet bgs) (mg/kg) by Method 8260C
Bromodichloromethane 75274 4.60E+01 0.006 -0.006 0.0O/0

Bromoform 75252 3.60E+02 0.006 - 0.006 0.0%

Bromomethane 74839 3.18E402 0.006 - 0.006 0.0%/

Carbon Disulfide 75150 2.76E+03 0.006 - 0.006 0.0%

Carbon Tetrachloride 56235 2.20E±01 0.006 - 0.006 0.0% -

Chlorobenzene 108907 1.112I +03 0.006 - 0.006 0.0% -

Chlorcethane 75003 9.9012+02 0.006 - 0.006 0,0%

Chloromethane 74873 6.48E±01 0.006 - 0.006 0.0% -

cis- I1,3-Dichloropropene 10061015 -- 0.006 -0.006 0.0%

Dibromochloromethane 124481 3.40213-01 0.006 -0.006 0.0%

Subsurface Soil (0 to 6 feet bgs) (mg/kg) by Method 8270C
1 ,2,4-Trichlorobenzene 120821 2.24E+03 0.19 - 0,41 0.0%

1,2-Dichlorobenzene 95501 1A47E+04 0.19 -0.41 0.0%

1 ,3-Dichlrobenzene 541731 6.8 1 +02 0.19 -0.41 0.0% -

I1,4-Dichlorobenzene ____106467 1.20E+02 0.19 -0.41 0.0%

2- & 3-Methylphenol 5.1011+04 0.19 -0.21 0.0% -. 2,4,5-Trichlorophenol 95954 1.00E+05 0.19 -2 0.0%
2.4,6-Trichlorophenol 88062 2.6013+02 0.19 -0.41 0.0%

2,4-Dichlorophenol 120832 3.I1OE+03 0.19 -0.41 0.0%

2,4-Dimethylphenol 105679 2.0012+04 0.19 -0.41 0.0%/

2,4-Dinitrophenol 51285 4.54E+02 0.95 -2 0.0%

2,4-Dinitrotoluene 121142 4.5411+02 0.19 -Q0A4 0.0%/

2,6-Dinitrotoluene 606202 1.00E+03 0.19 -0.41 0.0%

2-Chloronaphthalene 91587 8.20E+04 0.19 -O0A4 0.0%

2-Chlorophenol 95578 5.10E+03 0.19 -0.41 0.0%

2-Methyl-4,6-Dinitrophenol 534521 1.OOE+02 0.38 -2 0.0%

2-Methylphenol 95487 1. 14E+04 0.37 -0.41 0.0%

2-Nitroaniline 88744 6.50E+02 0.95 - 2 0.0%

2-Nitrophenol 88755 -- 0.19 -0.41 --

3,3'-Dichlorobenzidine 91941 6.40E+00 0.37 -0.42 0.0%/

3-Nitroaniline 99092 6.8 1E+01 0.38 -2 0.0%

4-bronoph~enyl-phenylet~her 101553 -- 0.19 -0.42 --

4-Chloro-3-Methylphenol 59507 -- 0.19 -0.42 --

4-Chloroaniline 106478 5.30E+01 0.19 -0.42 0.0%/

4-Chlorophenyl-phenyl ether 7005723 -- 0.19 -0.41 0.0%

4-Methylphenol 106445 1. 1412+03 0.19 -0.41 0.0%

4-Nitroaniline 100016 1.40E+02 0.95 -2 0.0%/

4-Nitrophenol 100027 -- 0.2 -2 0.0%

Acenaphthylene 208968 -- 0.37 -0.41 0.0%/

Benizoic Acid 65850 2.6712+06 0.95 - 1 0.0%

Benzyl Alcohol 100516 3.10E+05 0.19 -0.21 0.0%

bis(2-Chloroethoxy) Methane 111911 -- 0,19 -0.41 --

bis(2-Chlorocthyl) Ether 111444 2.60E-I00 0.19 -0.41 0.0%. bis(2-chloroisopropyl) ether 108601 4.1013+01 0.19 -0.41 0.0%/
Butylbenzylphthalate 85687 1.50E+03 0.19 -0.41 0.0% -
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TABLE 2-1 890 77
REPORTING LIMIT EVALUATION IN SOILS

HUMAN HEALTH BASELINE RISK ASSESSMENT - OPERABLE UNIT 1
DEFENSE SUPPLY CENTER RICHMOND

RICHMOND, VIRGINIA

Soil
Screening Range of Reporting

Criterion Limits Frequency of
Chemical CAS (mg/kg) (mg/kg) Exceedance
fliethyl phthalate 84662 8.20E+05 0.19-0.41 0.0%
Dimethylphthalate 131113 2.2712+06 0.19-0.41 0.0%
di-n-Butylphthalate 84742 l.OOE+05 0.19- 0.41 0. 0%0
di-n-Octylphthalate 117840 9.OSE+03 0.19 -O0.4 0.0%
Hexachlorbenzene 118741 1.80E+00 0.19 -OAI4 0.0%
Hexachlorobutadiene 87683 3.70E+01 0.19 -0.41 0.0%/
H-exachlorocyclopentadien~e 77474 6. 10E+03 0.19 -0.41 0.0%
FHexachloroethane 67721 2.OOE+02 0.19 -0.41 0.0%
lsophorone 78591 3.002+03 0.19 -0.41 0.0%/
Nitrobenzene 98953 2.45E+02 0.19 -0.41 0.0%
N-Nitrosodi-N-Propylamine 621647 4.10E-01 0.19 -0.41 0.0%
N-Nitroso-Diphenylaminie 86306 5.80E+02 0.19 -0.41 0.0%/
Pentachlorophenol 87865 2.40E+01 0.95 -2 0.0%/
Phenol 108952 6.8 12+04 0.19 -O0.4 0.0%
Subsurface Soil (0 to 6 feet bgs) (mgtkg) by Method 9012
Cyanide (free) 57125 4.5412+03 0.22 -0.31 0.0%
Subsurface Soil] (0 to 6 feet bgs) (mg/kg) by Method 8082
Aroclor 1016 12674112 1.59E+01 0.01 -0.19 0.0%
Aroclor 1221 11104282 1.40E+00 0.0082 - 0.19 0.0%/
Aroclor 1232 11141165 1.40E+00 0.011 -0.19 0.0%. Aroclor 1242 53469219 1.40E±00 0.0052 - 0.19 0.0%
Aroclor 1248 12672296 1.40E+00 0.0093 -0.19 0.00%
Aroclor 1254 11097691 1.40E+00 0.0033 -0.19 0.0%

Notes:
' The screening criteria are the lower value between EPA Region III industrial RBCs and calculated

trench worker R-BCs (Appendix ClI).
bgs = below ground surface
mg/kg - milligrams per kilogram

%= percent

-- - No RBC available.
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TABLE 2-9 890 a89

QUANTILE TEST RESULTS FOR BACKGROUND COMPARISONS
HUMAN HEALTH BASELINE RISKASSESSMENT -OPERABLE UNIT 1

DEFENSE SUPPLY CENTER RICHMOND
RICHMOND, VIRGINIA

Definition No. of Site Results
No. of Results In of In Highest r' Site Exceeds

Chemical Soil Interval Combined Data Set Site Release Alpha of Test Values Background?

2-Methylnaphthalene Surface 40 5 highest values are from au-1 0,051 I No
Subsurface 48 7 highest values are from OU1-I 0.036 3 NO

Acenaphthcne Surface 40 3 highest values are from OU-1- 0.179 I No
Subsurface 48 7 highest values are from 0OU-1 0.036 1 No

Anthracene Surface 40 5 highest values are from OU-I 0.051 1 No
Subsurface 48 7 highest values ate from OU-l 0.036 1 No

Benzo(a)anthracene Surface 39 6 highest vaiues ame from OU13- 0.031 I No
Subsurface 48 7 highest values ame from au-I 0.036 I No

Benzo(a)pyrene Surface 40 5 highest values are from 0U1- 0.05 I 1 No
Subsurface 48 7 highest values are from aU-I 0.036 I No

Becnzo~h)tluoranthenc Surface 40 S highest values are from OUT-1 0.051 2 No
Subsurface 48 7 highest values are from OUT-1 0.036 3 No

Surface 40 5 highest values are forom au-I 0.051 2 No
Subsurface 48 7 highest values are from OU-i 0.036 2 No

Benzo(k)fluormnthene Surface 40 5 highest values are from OlU-i 0.051 I No
Subsurface 48 7 highest values are from OtT-I 0.036 1 No

Chrysene Surface 40 5 highest values are from OU-i1 0.051 I No
Subsurface 48 7 highest values are from OU-i 0.036 I No. Dibenz(a~h)atlnacene Surface 40 5 highest values are from au-I 0.051 I No
Subsurface 48 7 highest values are from 0O1-1 0.036 1 No

Fluoranthene Surface 39 6 highest values are from aU-I 0.031 I No
Subsurface 48 7 highest values are from aU-I 0.036 I No

Fluorene Surface 40 5 highest values are from aU-i 0.051 1 No
Subsurface 48 7 highest values are from OU-l1 0.036 I NO

Indcno(1I 2,3-cdinyrerie Surface 40 5 highest values are from OU1- 0.051 1 No
Subsurface 48 .7 highest values are from OU-I 0,036 2 No

Naphthalenie Surface 48 4 highest values ame from OU1.- 0.046 I No
Subsurface 79 S of 6highest values are from OU-I 0.032 I No

Phenanthrenc Surface 40 5 highest values are from OUl-I 0.051 1 No
Subsurface 48 7 highest values are from OU-i 0.036 I No

Pyrene Surface 40 5 highest values are from aU-i1 0.051 I NO
Subsurface 48 7 highest values are from OU-I 0.036 2 NO

Selenium Surface 39 5 highest values are from OU'-I 0.046 5 Yes
Subsurface 65 4 highest values are from Old-i 0.046 4 Yes

Thallium Surface 40 6 highest values are from 0O1-1 0.026 6 Yes
Subsurface 66 4 highest values are from OU-I 0.038 4 Yes

Notes:
Thenecessary incre~asecofr and kto includeties lead toa required rtbat was higher than thenumber of sitemrsults. Values forr and kadjusted to exclude the ties.
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TABLE 3-2 890 92
INTAKE ASSUMPTIONS

HUMAN HEALTH BASELINE RISK ASSESSMENT
OPERABLE UNIT I

DEFENSE SUPPLY CENTER RICHMOND
RICHMOND, VIRGINIA

Industrial Worker
Intake Assumaption Symbol Units Value

Soil ingestion rate I. nmg/d 100 (a)
Soil adherence factor SAF mng/cmi!il 0.2 (b)
Exposed skin area SA cm'e 3300 (b)
Inhalation rate I.R. m5/hr 0.83 (c)
Exposure time ET hrId a (dt)
Converaion factor CF kg/mg I .OOE-06
Exposure finequency EF 4/yr

outdoor 225 (e)
indoor 250 (J)

Exposure duration ED yr 25 (C)
Carcinogenic averaging time Atc d 25550 (g)
Non-carcinogenic averaging time Amt d 9125 (g)
Body weight BW kg 70 (I,)

Construction Worker
Intake Assumption Symbol Units Value

Soil ingestion rate lBR mg/d 330 (i)
Soil adherence factor SAF mgfcrr,'-d 0.3 (6)
Exposed skin area SA cmi 3300 (b), (i)
Inhalation rte mnR m`/Th- 0.83 Wc , (i)
Exposure tint ET' Wit 8 (d)
Conversion factor CF kglmg 1.OOE-06
Exposure frequency EF d/yr 250 (
Exposure duration ED yr 0.5 i
Carcinogenic avenaging time Ate dt 25550 (g)
Non-carcinoeic averaging time Am dt 182.5 (g
Body weight BW kg 70 (h)

No te
(a) Default value for an adult (USEPA, 2003b)
(b) R AGS E recoissendation for adult worker (USEPA, 2004b).

(c) The default value for an adult based upon 20m`/d (USEPA, 2003o)
(d) typical workday
(e) Reconmntnded value for outdoor industrial worker (USEPA 2002b).
(0) Default occupational value for an adult (USEPA. 2003b)
(g) Default avenaging time for nonicaircingens is exposure duration in days; for carcinogens,

it is a 70-year lifetime in days (USEPA, 2003a)
(h) Defasult value for an adult (USEPA. 2003b)
Ci) Reconmmended value for construction worker (USEPA, 2002b)
(j) Assumed work schedule for the consarniction worker is 5 days per week foar 26 weeks (Mactet 2005a).

cm' centimeoters squared
d day
d/yr days per year
Wid hou=sperday
kg kilogram
kg/mog kilograms per milligram
n/crm'-d milligrams per centimeter squared per day
m'/hr cubic meters per hour
mg/d mnilligrams; per day
yr year

MacTee. 2005a. Draft Revised Human Health Baseline Risk Assessment Workplan. Defense Supply Center Richmond. May.
USEPA. 199 1. Risk Assessment Guidance for Superfisind: Volume I Human Health Evaluation Mansual

(Part B: Developnment of Preliminary Risk-Based Renmediatior, Goals.) Interim. October.
USEPA. 1997a. Exposure Factors Handbook, Volume I. August.
USEPA. 20026. Supplemental Guidance for Developing Soil Screening Levels for Superfundl Sites,

OS WEB.9355.4-24.
USEPA. 2003b. Technicai Background indornnation: Development of Risk-Based Concentrations.

Region 3. April 16.
USEPA. 2003c, Updated Dermal Exposure Assessment Guidance. Region 3. June.
USEPA 2004b. Risk Assessment Guidance for Superfund! Volume I: Human Health Evaluation Manual (Part E. Supplemental

Guidance for Dermal Risk Assessment) Final
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TABLE 3-3 890 93

DERMAL ABSORPTION FACTORS
HUMAN HEALTH BASELINE RISK ASSESSMENT

OPERABLE UNIT 1
DEFENSE SUPPLY CENTER RICHMOND

RICHMOND, VIRGINIA

Chemical Dermal Absorption Factor (DeA.F) Reference
Metals/Inorganics:
Arsenic 0.03 (a)
Iron 0.01 (b)
Thallium 0.01 (b)

Organics:,
Benzo(a)anthracene 0.13 (a)
Benzo(a)pyrene 0.13 (a)
Benzo(b)fluoranthene 0.13 (___a)_
Dibenzo(a,h)anthracene 0.13 (a)
Naphthalene 0.13 (a)
Chloroform 0.03 (b,)
TCE 0.03 (b)

Notes:
(a) USEPA. 2004b. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual

(Part E, Supplemental Guidance for Dermal Assessment). Final. July.O (b) USEPA Region III default.
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TABLE 7-1 890 97

RISK CHARACTERIZATION SUMMARY
HUMAN HEALTH BASELINE RISK ASSESSMENT

OPERABLE UNIT 1
DEFENSE SUPPLY CENTER RICHMOND

RICHMOND, VIRGINIA

Current Industrial Worker
HI Risk

Soil Ingestion 4E-01 6E-05 (a)
Dermnal Contact 8SE-02 3E-05 (b)
Dust Inhalation 2E-07 2E3-O8 (c)

TOTAL 5E-01 1E-04

Future Outdoor Industrial Worker
HI Risk

Soil Ingestion 3E-01 6E-05 (d)
Dermal Contact 61E-02 3E-05 (e)
Dust Inhalation 2E-07 IE-08 (f)

TOTAL 3E-01 9E-05

Future Indoor Industrial Worker
HI Risk

Soil Ingestion - (g)

Dermal Contact -- (g)
Dust Inhalation -- (g)

Vapor Inhalation 2E-01 lE-07 (h)
TOTAL ZE-01 1E-07

Future Construction Worker
HI Risk

Soil Ingestion lE3+00 4E-06 (i)
Dermal Contact IE-01 IE-06 (I)
Dust Inhalation 4E-05 6E3-08 (kc)

TOTAL lE-I-O( 5E-06

Notes
HI Hazard Index
(a) Table D-1.
(b) Table D-2.
(c) Table D-3.
(d) Table D-4.
(e) Table D-5.
(f) Table D-6.
(g) Not a significant exposure pathway for indoor workers. See Uncertainty Section.
(hi) Table D-7.
(i) Table D-8.
(J) Table D-9.
(k) Table D-10.

80844.04 1 of I
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APPENDIX A

0 ~RAW DATA, DATA REDUCTION, AND COMPARISON OF SITE VOLATILE
CHEMICALS TO SOIL SCREENING LEVELS
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TABLE A-2 890 1ID
DATA SUMMARY TABLE

OPERABLE UNIT 1 - SOIL GAS
Revised Human Health Risk Assessment

Defense Supply Center, Richmond

10 ~ ~~~~~~~~~~~~~Richmond, Virginia

Sample Type: Sample Sample Sample Sample
Sample Location: BLDG 232-SUMMA I BILDG 232-SUMMA 2 BLDG 232-SUMMA 3 BLDG 41-SUMMA

Sample Date: 4/21/2004 4/21/2004 4/21/2004 4/21/2004
Soil Gas by MOD T0 14 ( m/r)
1, 1, 1-Trichloroethane < 0.068 < 0.064 < 0.067 < 0.067
1, 1 .2,2-Tetrachloroethane < 0.068 < 0.064 < 0.067 < 0.067
1,1 ,2-Trichloro-1,.2,2-trifluoroethane < 0.068 < 0.064 < 0.067 < 0.067
1, 1,2-Trichloroethane < 0.068 < 0.064 < 0.067 < 0.067
1 1-Dichloroethane < 0.068 < 0.064 < 0.067 < 0.067
1,1-Dichioroethene < 0.068 < 0.064 < 0.067 < 0.067
1 .2,4-Trichlorobenizene < 0.068 < 0.064 < 0.067 < 0.067
I1,2,4-Trimethylbenzene 0.046 0.048 JO 0.094 < 0.067
1 ,2-Dibromoethane < 0.068 < 0.064 < 0.067 < 0.067
1 ,2-Dichlorobenzene < 0.068 < 0.064 < 0.067 < 0.067
1 .2-Dichloroethane < 0.068 < 0.064 < 0.067 < 0.067
I1.2-Dichloropropane < 0.068 < 0.064 < 0.067 < 0.067
1 ,3,5-Trimethylbenzene < 0.068 < 0.064 < 0.067 < 0.067
1 ,3-Dlchlorobenzene < 0.068 < 0.064 < 0.067 < 0.067
1 .4-Dlchlorobenzene < 0.068 < 0.064 < 0.067 < 0.067
2-Chlorotoluene < 0.068 < 0.064 < 0.067 < 0.067
4-Ethyltoluene < 0.068 . < 0.064 0.084 < 0.067
Benzene < 0.068 < 0.064 < 0.067 < 0.067
Bromodichloromethane < 0.068 < 0.064 < 0.067 < 0.067
Bromoform < 0.068 < 0.064 < 0.067 < 0.067
Bromomethane < 0.068 < 0.064 < 0.067 < 0.067. Carbon disulflde < 0.068 < 0.064 < 0.067 < 0.067
Carbon tetrachloride < 0.068 < 0.064 < 0.067 < 0.067
Chlorobenzene < 0.068 < 0.064 < 0.067 < 0.067
Chloroethane < 0.068 < 0.064 < 0.067 < 0.067
Chloroform < 0.068 < 0.064 < 0.067 < 0.067
Chloromethane < 0.068 < 0.064 < 0.067 < 0.067
cis-1 .2-Dichloroethene < 0.068 < 0.064 < 0.067 < 0.067
cis-1,3-Dichloropropene < 0.068 < 0.064 < 0.067 < 0.067
Dibromochloromethane < 0.068 < 0.064 < 0.067 < 0.067
Dichlorodifluoromethane < 0.068 < 0.064 < 0.067 < 0.067
Dichlorotetrafluoroethane < 0.068 < 0.064 < 0.067 < 0.067
Ethylbenzene < 0.068 < 0.064 < 0.067 < 0.067
Hexachlorobutadiene < 0.068 < 0.064 < 0.067 < 0.067
Hexane < 0.068 0.44 < 0.067 0.15
m,p-Xylenes < 0.14 < 0.13 < 0.13 < 0.13
Methyl tert-butyl ether < 0.068 < 0.064 < 0.067 < 0.067
Methylene chloride < 0.068 < 0.064 < 0.067 < 0.067
o-Xylene < 0.068 < 0.064 < 0.067 < 0.067
Styrene < 0.068 < 0.064 < 0.067 < 0.067
Tetrachloroethene < 0.068 < 0.064 < 0.067 < 0.067
Toluene < 0.068 < 0.064 < 0.067 < 0.067
trans-i 2-Dichloroethene < 0.068 < 0.064 < 0.067 < 0.067
trans-i 3-Dichloropropene < 0.068 < 0.064 < 0.067 < 0.067
trans-i1,4-Dichloro-2-butene < 0.068 < 0.064 < 0.067 < 0.067
Trichloroethene < 0.068 < 0.064 < 0.067 < 0.067
TrIchlorofluoromethane < 0.068 < 0.064 < 0.067 < 0.067
Vinyl chloride < 0.068 < 0.064 < 0.067 < 0.067

PREPARED/DATE: LHO 09123/05
CHECKED/DATE: SDK 10/31/05

80844.04 1 of 1
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TABLE A-9-1

ProUCL INPUT FILES FOR SITE SOIL: 0 - 3 FOOT DEPTH
OPERABLE UNIT I

Revised Human Health Baseline Risk Assessment
* ~~~~~~~~~~Defense Supply Center Richmond

Richmond, Virginia

Test Value (mg/kg)
Raw Data

1,1 -Dichloroethane 2-methyl naphthalene 4,4'-DDD 4,4'-DDE 4,4'-DDT Acenaphthene
0.002 0.105 0.0021 0.0063 0.0475 6.1
0.003 0.1 0.001375 0.0063 0.0126 0.185
0.003 0.1 0.000175 0.0038 0.0119 0.19
0.003 0.1 0.00018 0.0038 0.009 0.205
0.003 0.105 0.000195 0.001 0.006 0.205
0.003 0.095 0.00019 0.00012 0.0058 0.2
0.003 0.1 0.000195 0.000125 0.0049 0.19
0.003 0.095 0.00017 0.000135 0.0047 0.19

0.00275 0.1 0.00018 0.00013 0.0039 0.105
0.00295 0.095 0.002 0.0001 35 0.002 0.1
0.003 0.095 0.002 0.000125 0.000115 0.1
0.0031 0.095 0.00195 0.000125 0.00012 0.1
0.003 0.1 0.0021 0.002 0.00012 0.105

0.00275 0.1 0.00195 0.002 0.0001 25 0.095
0.0028 0.1 0.002 0.0021 0.000125 0.1
0.0031 1.2 0.0019 0.00195 0.000125 0.095

0.002675 0.185 0.001 95 0.002 0.00012 0.1
0.00265 0.19 0.001925 0.001925 0.00012 0.095
0.0027 0.205 0.0019 0.0019 0.002 0.095

0.00295 0.205 0.0019 0.0019 0.0021 0.095
0.0029 0.2 0.00195 0.00195 0.00195 0.1
0.0027 0.19 0.002 0.002 0.00195 0.1

0.00305 0.19 0.00195 0.00195 0.002 0.1

LIN Data
1,1 -Dichloroethane 2-methyl naphthalene 4,4'-DDD 4,4'-DDE 4,4'-DDT Acenaphthene

-6.214608098 -2.253794929 -6.165818 -5.067206 -3.047026 1.808288771
-5.80914299 -2.302585093 -6.589302 -5.067206 -4.374058 -1.687399454
-5.80914299 -2.302585093 -8.650725 -5.572754 -4.431217 -1.660731207
-5.80914299 -2.302585093 -8.622554 -5.572754 -4.710531 -1.5847453
-5.80914299 -2.253794929 -8.542511 -6.907755 -5.115996 -1.5847453
-5.80914299 -2.353878387 -8.568486 -9.028019 -5.149897 -1.609437912
-5.80914299 -2.302585093 -8.542511 -8.987197 -5.31852 -1.660731207
-5.80914299 -2.353878387 -8.679712 -8.910236 -5.360193 -1.660731207

-5.896154367 -2.302585093 -8.622554 -8.947976 -5.546779 -2.253794929
-5.825950109 -2.353878387 -6.214608 -8.910236 -6.214608 -2.302585093
-5.80914299 -2.353878387 -6.214608 -8.987197 -9.070578 -2.302585093

-5.776353167 -2.353878387 -6.239926 -8.987197 -9.028019 -2.302585093
-5.80914299 -2.302585093 -6.165818 -6.214608 -9.028019 -2.253794929
-5.8961 54367 -2.302585093 -6.239926 -6.214608 -8.987197 -2.353878387
-5.878135862 -2.302585093 -6.214608 -6.165818 -8.987197 -2.302585093
-5.776353167 0.182321557 -6.265901 -6.239926 -8.987197 -2.353878387
-5.923805899 -1.687399454 -6.239926 -6.214608 -9.028019 -2.302585093
-5.933195639 -1 .660731207 -6.252829 -6.252829 -9.028019 -2.353878387
-5.914503506 -1.5847453 -6.2659Q1 -6.265901 -6.214608 -2.353878387
-5.825950109 -1.5847453 -6.265901 -6.265901 -6.165818 -2.353878387
-5.843044542 -1.609437912 -6.239926 -6.239926 -6.239926 -2.302585093
-5.914503506 -1.660731207 -6.214608 -6.214608 -6.239926 -2.302585093
-5.792613688 -1.660731207 -6.239926 -6.239926 -6.214608 -2.302585093

Page 1 of 7
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TABLE A-9-1

ProUCL INPUT FILES FOR SITE SOIL: 0 - 3 FOOT DEPTH
OPERABLE UNIT 1

Revised Human Health Baseline Risk Assessment
Defense Supply Center Richmond

Richmond, Virginia

Acetone Aidrin alphachlordane Aluminum Anthracene Antimony aroclor 1260 As Ba
0.061 0.00095 0.00105 20200 3.8 1.3 0.0411 132 114
0.021 0.000065 0.001 18900 0.185 0.3 0.0261 39.5 110
0.016 0.00007 0.001 18800 0.19 0.28 0.0218 39.2 80.1

0.0055 0.000075 0.001 17400 0.205 0.295 0.0178 24.3 73.6
0.006 0.00007 0.00105 16900 0.205 0.29 0.0137 8.75 68.5
0.006 0.000075 0.00095 16500 0.2 0.25 0.01 7.9 65
0.006 0.00007 0.001 16400 0.19 0.285 0.01 7.8 64.9
0.006 0.00007 0.00095 15800 0.19 0.25 0.0105 5 63.7
0.0893 0.00105 0.001 15600 0.105 0.295 0.095 4.8 50.5
0.0355 0.001 0.00095 15350 0.1 0.2775 0.01 4.7 48.4
0.0351 0.001 0.00095 15200 0.1 0.28 0.0095 4.6 44.5
0.0347 0.001 0.00095 14800 0.1 0.28 0.0095 4.5 37.7
0.0347 0.00105 0.001 13900 0.105 0.295 0.01 4.4 37.2

0.00095 0.001 13900 0.095 0.29 0.01 4.4 30.9
0.001 0.001 12100 0.1 0.285 0.01 4 30.2

0.00095 0.017 9345 0.095 0.0044 3.2 29.6
0.001 0.000055 9330 0.1 0.004575 3.2 26.8

0.00095 0.000055 9230 0.095 0.00455 2.95 26.7
0.00095 0.00006 9150 0.095 0.00485 2.8 26.6
0.00095 0.00006 8410 0.095 0.0048 2.6 22.2

0.001 0.00006 8080 0.1 0.00485 2.2 19.3
0.001 0.000055 6150 0.1 0.0046 1.2 18.5
0.001 0.000055 5280 0.1 0.00455 14

Acetone Aldrin alphachtordane Aluminum Anthracene Antimony aroclor 1260 As Ba
-2.796881 -6.959049 -6.858965115 9.913438 1.33500107 0.262364 -3.19174716 4.882802 4.736198
-3.863233 -9.641123 -6.907755279 9.846917 -1.68739945 -1.203973 -3.64581996 3.676301 4.70048
-4.135167 -9.567015 -6.907755279 9.841612 -1.66073121 -1.272966 -3.82584531 3.668677 4.383276
-5.203007 -9.498022 -6.907755279 9.764225 -1.5847453 -1.22078 -4.02855682 3.190476 4.298645
-5.115996 -9.567015 -6.858965115 9.735069 -1.5847453 -1.237874 -4.29035945 2.169054 4.226834
-5.115996 -9.498022 -6.959048573 9.711116 -1.60943791 -1.386294 -4.60517019 2.066863 4.174387
-5.115996 -9.567015 -6.907755279 9.705037 -1.66073121 -1.255266 -4.60517019 2.054124 4.172848
-5.115996 -9.567015 -6.959048573 9.667765 -1.66073121 -1.386294 -4.55638002 1 .609438 4.154185
-2.41 5754 -6.858965 -6.907755279 9.655026 -2.25379493 -1.22078 -2.35387839 1.568616 3.921973
-3.338223 -6.907755 -6.959048573 9.638871 -2.30258509 -1.281934 -4.60517019 1.547563 3.8795
-3.349554 -6.907755 -6.959048573 9.629051 -2.30258509 -1.272966 -4.65646348 1 .526056 3.795489
-3.361016 -6.907755 -6.959048573 9.602382 -2.30258509 -1.272966 -4.65646348 1.504077 3.62966
-3.361016 -6.858965 -6.907755279 9.539644 -2.25379493 -1.22078 -4.60517019 1.481605 3.616309

-6.959049 -6.907755279 9.539644 -2.35387839 -1 .237874 -4.60517019 1.481605 3.430756
-6.907755 -6.907755279 9.400961 -2.30258509 -1.255266 -4.60517019 1.386294 3.407842
-6.959049 -4.074541935 9.142597 -2.35387839 -5.42615074 1.163151 3.387774
-6.907755 -9.808177373 9.14099 -2.30258509 -5.38714858 1.163151 3.288402
-6.959049 -9.808177373 9.130214 -2.35387839 -5.39262805 1.081805 3.284664
-6.959049 -9.721165996 9.121509 -2.35387839 -5.32877657 1.029619 3.280911
-6.959049 -9.721165996 9.037177 -2.35387839 -5.33913936 0.955511 3.100092
-6.907755 -9.721165996 8.997147 -2.30258509 -5.32877657 0.788457 2.960105
-6.907755 -9.808177373 8.724207 -2.30258509 -5.38169898 0.182322 2.917771
-6.907755 -9.808177373 8.571681 -2.30258509 -5.39262805 2.639057
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890 t8y
TABLE A-9-1

ProUCL INPUT FILES FOR SITE SOIL: 0 - 3 FOOT DEPTH
OPERABLE UNIT 1

Revised Human Health Baseline Risk Assessment
* ~~~~~~~~~~Defense Supply Center Richmond

Richmond, Virginia

Bnz BaA BaP BbF BghiP BkF beta-BHC BEHP Carbazole
0.002 0.37 0.364 0.927 0.233 0.271 0.00035 0.105 3.5
0.003 0.232 0.299 0.546 3.8 0.246 0.00024 0.1 0.185
0.003 0.139 0.16 0.307 0.185 0.176 0.000255 0.1 0.19
0.003 0.0926 0.0987 0.147 0.19 7.8 0.000045 0.1 0.205
0.003 0.0923 0.07645 0.131 0.205 0.185 0.000045 0.105 0.205
0.003 10.5 0.0696 0.1305 0.205 0.19 0.000045 0.095 0.2
0.003 0.185 0.0591 0.123 0.2 0.205 0.000045 0.1 0.19
0.003 0.19 9.6 0.099 0.19 0.205 0.000045 0.095 0.19

0.00275 0.205 0.185 9.7 0.19 0.2 0.00105 0.1 0.105
0.00295 0.205 0.19 0.185 0.1 0.19 0.001 0.095 0.1
0.003 0.2 0.205 0.19 0.1 0.19 0.001 0.095 0.1
0.0031 0.19 0.205 0.205 0.1 0.1 0.001 0.095 0.1
0.003 0.19 0.2 0.205 0.105 0.1 0.00105 0.1 0.105

0.00275 0.1 0.19 0.2 0.095 0.105 0.00095 0.1 0.095
0.0028 0.1 0.19 0.19 0.1 0.095 0.001 0.1 0.1
0.0031 0.105 0.1 0.19 0.095 0.1 0.00095 0.12 0.095

0.002675 0.1 0.1 0.1 0.1 0.095 0.001 0.185 0.1
0.00265 0.095 0.105 0.1 0.095 0.095 0.00095 0.1925 0.095
0.0027 0.095 0.095 0.105 0.095 0.095 0.00095 0.19 0.095. 0.00295 0.095 0.095 0.095 0.095 0.095 0.00095 0.205 0.095
0.0029 0.1 0.095 0.095 0.1 0.1 0.001 0.205 0.1
0.0027 0.1 0.1 0.1 0.1 0.1 0.001 0.2 0.1
0.00305 0.1 0.1 0.1 0.1 0.1 0.001 0.19 0.1

Bnz BaA BaP BbF BghiP BkF beta-BHC BEHP Carbazole
-6.214608 -0.994252 -1.010601 -0.075802 -1.456717 -1.305636 -7.957577 -2.253795 1.252763
-5.809143 -1.461018 -1.207312 -0.605136 1.335001 -1.402424 -8.334872 -2.302585 -1.687399
-5.809143 -1.973281 -1.832581 -1.180908 -1.687399 -1.737271 -8.274247 -2.302585 -1.660731
-5.809143 -2.379466 -2.31567 -1.917323 -1.660731 2.054124 -10.00885 -2.302585 -1.584745
-5.809143 -2.382711 -2.571118 -2.032558 -1.584745 -1.687399 -10.00885 -2.253795 -1.584745
-5.809143 2.351375 -2.664991 -2.036382 -1.584745 -1.660731 -10.00885 -2.353878 -1.609438
-5.809143 -1.687399 -2.828524 -2.095571 -1.609438 -1.584745 -10.00885 -2.302585 -1.660731
-5.809143 -1.660731 2.261763 -2.312635 -1.660731 -1.584745 -10.00885 -2.353878 -1.660731
-5.896154 -1.584745 -1.687399 2.272126 -1.660731 -1.609438 -6.858965 -2.302585 -2.253795
-5.82595 -1.584745 -1 .660731 -1.687399 -2.302585 -1 .660731 -6.907755 -2.353878 -2.302585

-5.809143 -1.609438 -1.584745 -1.660731 -2.302585 -1.660731 -6.907755 -2.353878 -2.302585
-5.776353 -1.660731 -1.584745 -1 .584745 -2.302585 -2.302585 -6.907755 -2.353878 -2.302585
-5.809143 -1.660731 -1.609438 -1.584745 -2.253795 -2.302585 -6.858965 -2.302585 -2.253795
-5.896154 -2.302585 -1.660731 -1.609438 -2.353878 -2.253795 -6.959049 -2.302585 -2.353878
-5.878136 -2.302585 -1 .660731 -1.660731 -2.302585 -2.353878 -6.907755 -2.302585 -2.302585
-5.776353 -2.253795 -2.302585 -1.660731 -2.353878 -2.302585 -6.959049 -2.120264 -2.353878
-5.923806 -2.302585 -2.302585 -2.302585 -2.302585 -2.353878 -6.907755 -1.687399 -2.302585

* 5.933196 -2.353878 -2.253795 -2.302585 -2.353878 -2.353878 -6.959049 -1.647659 -2.353878
-5.914504 -2.353878 -2.353878 -2.253795 -2.353878 -2.353878 -6.959049 -1.660731 -2.353878
-5.82595 -2.353878 -2.353878 -2.353878 -2.353878 -2.353878 -6.959049 -1.584745 -2.353878
-5.843045 -2.302585 -2.353878 -2.353878 -2.302585 -2.302585 -6.907755 -1.584745 -2.302585
-5.914504 -2.302585 -2.302585 -2.302585 -2.302585 -2.302585 -6.907755 -1.609438 -2.302585
-5.792614 -2.302585 -2.302585 -2.302585 -2.302585 -2.302585 -6.907755 -1.660731 -2.302585
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830 182
TABLE A-9-1

ProUCL INPUT FILES FOR SITE SOIL: 0 -3 FOOT DEPTH
OPERABLE UNIT 1

Revised Human Health Baseline Risk Assessment
* ~~~~~~~~~~Defense Supply Center Richmond

Richmond, Virginia

Chloroform Cr Chry Co Cu DahA dibenzofuran Dieldrin Endosulfan 11
0.002 32.6 0.432 6.9 17.7 1.85 2.9 0.001135 0.000825
0.003 26.8 0.272 4.6 14 0.185 0.185 0.00017 0.000205
0.003 24.9 0.195 3.5 12.8 0.19 0.19 0.000175 0.00021
0.003 24.8 0.131 3.5 12.1 0.205 0.205 0.00019 0.000225
0.003 24.1 0.10785 3 11.3 0.205 0.205 0.000185 0.00022
0.003 23.5 0.0879 3 10.8 0.2 0.2 0.00019 0.000225
0.003 20.95 10.5 2.9 10.6 0.19 0.19 0.00018 0.00021
0.003 20.6 0.185 2.8 10 0.19 0.19 0.000175 0.00021

0.00275 19.7 0.19 2.75 10 0.105 0.105 0.00205 0.00205
0.00295 19.6 0.205 2.6 9.8 0.1 0.1 0.002 0.002

0.003 19.3 0.205 2.4 9.6 0.1 0.1 0.002 0.002
0.0031 19 0.2 2.3 9.4 0.1 0.1 0.00195 0.00195
0.003 18.5 0.19 1.9 9.1 0.105 0.105 0.0021 0.0021

0.00275 17.8 0.19 1.6 8.7 0.095 0.095 0.00195 0.00195
0.0028 17 0.1 1.5 8.5 0.1 0.1 0.002 0.002
0.0031 16.7 0.1 1.1 8.5 0.095 0.095 0.0019 0.0019

0.002675 16.3 0.105 1.1 7.4 0.1 0.1 0.00195 0.00195
0.00265 15.9 0.1 1.08 7.15 0.095 0.095 0.001925 0.001925

* 0.0027 15.6 0.095 0.89 6.7 0.095 0.095 0.0019 0.0019
0.00295 13.7 0.095 1 4.3 0.095 0.095 0.0019 0.0019
0.0029 9.7 0.095 4.1 0.1 0.1 0.00195 0.00195
0.0027 9.2 0.1 3.3 0.1 0.1 0.002 0.002
0.00305 7.5 0.1 2.6 0.1 0.1 0.00195 0.00195

Chloroform Cr Chry Co Cu DahA dibenzofuran Dieldrin Endosulfan 11
-6.214608 3.484312 -0.83933 1.931521 2.873565 0.615186 1.064710737 -6.781123 -7.1001272
-5.809143 3.288402 -1.301953 1.526056 2.639057 -1.687399 -1.68739945 -8.679712 -8.4925006
-5.809143 3.214868 -1.634756 1.252763 2.549445 -1.660731 -1.66073121 -8.650725 -8.468403
-5.809143 3.210844 -2.032558 1.252763 2.493205 -1.584745 -1.5847453 -8.568486 -8.3994102
-5.809143 3.182212 -2.227014 1.098612 2.424803 -1.584745 -1.5847453 -8.595155 -8.421883
-5.809143 3.157 -2.431555 1.098612 2.379546 -1.609438 -1.60943791 -8.568486 -8.3994102
-5.809143 3.042139 2.351375 1.064711 2.360854 -1.660731 -1.66073121 -8.622554 -8.468403
-5.809143 3.025291 -1.687399 1.029619 2.302585 -1.660731 -1.66073121 -8.650725 -8.468403
-5.896154 2.980619 -1.660731 1.011601 2.302585 -2.253795 -2.25379493 -6.189915 -6.1899155
-5.82595 2.97553 -1.584745 0.955511 2.282382 -2.302585 -2.30258509 -6.214608 -6.2146081
-5.809143 2.960105 -1.584745 0.875469 2.261763 -2.302585 -2.30258509 -6.214608 -6.2146081
-5.776353 2.944439 -1.609438 0.832909 2.24071 -2.302585 -2.30258509 -6.239926 -6.2399259
-5.809143 2.917771 -1.660731 0.641854 2.208274 -2.253795 -2.25379493 -6.165818 -6.1658179
-5.896154 2.879198 -1.660731 0.470004 2.163323 -2.353878 -2.35387839 -6.239926 -6.2399259
-5.878136 2.833213 -2.302585 0.405465 2.140066 -2.302585 -2.30258509 -6.214608 -6.2146081
-5.776353 2.815409 -2.302585 0.09531 2.140066 -2.353878 -2.35387839 -6.265901 -6.2659014
-5.923806 2.791165 -2.253795 0.09531 2.00148 -2.302585 -2.30258509 -6.239926 -6.2399259S 5.933196 2.766319 -2.302585 0.076961 1.967112 -2.353878 -2.35387839 -6.252829 -6.2528293
-5.914504 2.747271 -2.353878 -0.116534 1.902108 -2.353878 -2.35387839 -6.265901 -6.2659014
-5.82595 2.617396 -2.353878 0 1.458615 -2.353878 -2.35387839 -6.265901 -6.2659014

-5.843045 2.272126 -2.353878 1.410987 -2.302585 -2.30258509 -6.239926 -6.2399259
-5.914504 2.219203 -2.302585 1.193922 -2.302585 -2.30258509 -6.214608 -6.2146081
-5.792614 2.014903 -2.302585 0.955511 -2.302585 -2.30258509 -6.239926 -6.2399259
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890 183
TABLE A-S-1

ProUCL INPUT FILES FOR SITE SOIL: 0 -3 FOOT DEPTH
OPERABLE UNIT 1

Revised Human Health Baseline Risk Assessment
* ~~~~~~~~~~Defense Supply Center Richmond

Richmond, Virginia

Endrin Endrin ketone Ethylbenzene fluoranthene fluorene gamma-BHO Heptachior
0.0005 0.0157 0.002 0.579 4.8 0.0018 0.001

0.000165 0.00065 0.003 0.418 0.185 0.001425 0.00085
0.00096 0.0007 0.003 0.365 0.19 0.0012 0.00079
0.00017 0.00075 0.003 0.306 0.205 0.0012 0.00075
0.00018 0.0007 0.003 0.155 0.205 0.001 0.00065
0.00018 0.00075 0.003 0.128 0.2 0.001 0.00039
0.00017 0.0007 0.003 0.102 0.19 0.001 0.00032
0.00017 0.0007 0.003 19.5 0.19 0.00095 0.000355
0.00205 0.00205 0.00275 0.185 0.105 0.001 0.00105
0.002 0.002 0.00295 0.19 0.1 0.001 0.001
0.002 0.002 0.003 0.205 0.1 0.00095 0.001

0.00195 0.00195 0.0031 0.205 0.1 0.00095 0.001
0.0021 0.0021 0.003 0.2 0.105 0.001 0.00105

0.00195 0.00195 0.00275 0.19 0.095 0.001 0.00095
0.002 0.002 0.0028 0.19 0.1 0.001 0.001

0.0019 0.0019 0.0031 0.1 0.095 0.00095
0.00195 0.00195 0.002675 0.1 0.1 0.001
0.001 925 0.0019 0.00265 0.105 0.095 0.00095
0.0019 0.0019 0.0027 0.095 0.095 0.00095O 0.0019 0.0019 0.00295 0.095 0.095 0.00095

0.00195 0.001 95 0.0029 0.095 0.1 0.001
0.002 0.002 0.0027 0.1 0.1 0.001

0.00195 0.00195 0.00305 0.1 0.1 0.001

Endrin Endrin ketone Ethylbenzene fluoranthene fluorene gamma-BHC Heptachior
-7.600902 -4.154094567 -6.214608098 -0.546452801 1.568616 -6.319968614 -6.90775528
-8.709565 -7.338538195 -5.80914299 -0.872273846 -1.687399 -6.553583465 -7.07027421
-6.948577 -7.264430223 -5.80914299 -1.007857925 -1.660731 -6.725433722 -7.14347761
-8.679712 -7.195437351 -5.80914299 -1.184170177 -1.584745 -6.725433722 -7.19543735
-8.622554 -7.264430223 -5.80914299 -1.864330162 -1.584745 -6.907755279 -7.3385382
-8.622554 -7.195437351 -5.80914299 -2.055725015 -1.609438 -6.907755279 -7.84930382
-8.679712 -7.264430223 -5.80914299 -2.282782466 -1.660731 -6.907755279 -8.04718956
-8.679712 -7.264430223 -5.80914299 2.970414466 -1.660731 -6.959048573 -7.94339277
-6.189915 -6.189915486 -5.896154367 -1.687399454 -2.253795 -6.907755279 -6.85896511
-6.214608 -6.214608098 -5.825950109 -1 .660731207 -2.302585 -6.907755279 -6.90775528
-6.214608 -6.214608098 -5.80914299 -1.5847453 -2.302585 -6.959048573 -6.90775528
-6.239926 -6.239925906 -5.776353167 -1 .5847453 -2.302585 -6.959048573 -6.90775528
-6.165818 -6.165817934 -5.80914299 -1.609437912 -2.253795 -6.907755279 -6.85896511
-6.239926 -6.239925906 -5.896154367 -1.660731207 -2.353878 -6.907755279 -6.95904857
-6.214608 -6.214608098 -5.8781 35862 -1 .660731207 -2.302585 -6.907755279 -6.90775528
-6.265901 -6.265901 393 -5.776353167 -2.302585093 -2.353878 -6.95904857
-6.239926 -6.239925906 -5.923805899 -2.302585093 -2.302585 -6.90775528

* 6.252829 -6.265901393 -5.933195639 -2.253794929 -2.353878 -6.95904857
-6.265901 -6.265901 393 -5.914503506 -2.353878387 -2.353878 -6.95904857
-6.265901 -6.265901393 -5.825950109 -2.353878387 -2.353878 -6.95904857
-6.239926 -6.239925906 -5.843044542 -2.353878387 -2.302585 -6.90775528
-6.214608 -6.214608098 -5.914503506 -2.302585093 -2.302585 -6.90775528
-6.239926 -6.239925906 -5.79261 3688 -2.302585093 -2.302585 -6.90775528
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890 184
TABLE A-9-1

ProUCL INPUT FILES FOR SITE SOIL: 0 -3 FOOT DEPTH
OPERABLE UNIT 1

Revised Human Health Baseline Risk Assessment
* ~~~~~~~~~~Defense Supply Center Richmond

Richmond, Virginia

Heptachlor epoxide IcdP Fe Pb MEK Mn naphthalene Ni
0.034 0.263 43500 57.5 0.0056 275 3.5 10.3
0.0013 0.102 27900 51.7 0.0055 117 0.185 10.2

0.00072 3.85 26800 31.3 0.006 105 0.19 8.9
0.00046 0.185 26300 28.6 0.006 94.9 0.205 7.9
0.00019 0.19 25600 26.6 0.006 92.35 0.205 7.8
0.00006 0.205 24900 25.9 0.006 92.2 0.2 7.8
0.00006 0.205 24500 22.4 0.0055 75.5 0.19 7.5

0.000065 0.2 22900 22 0.0055 68.7 0.19 7.2
0.00105 0.19 22500 21.3 0.006 67.1 0.105 7.1

0.001 0.19 21700 16.65 0.0055 59.1 0.1 6.9
0.001 0.1 19950 16 0.0055 58.7 0.1 6.25
0.001 0.1 19750 12 0.006 58.4 0.1 6.2

0.00105 0.105 19700 11.3 0.006 47.8 0.105 6.1
0.00095 0.095 19600 1 1 0.0055 43.85 0.095 5.1

0.001 0.1 18800 10.3 0.006 35.1 0.1 5
0.00095 0.095 18400 10.1 28.9 0.095 2.9
0.001 0.1 17300 9.6 27.2 0.1 2.5

0.00095 0.095 13700 9.55 23.9 0.095 2.2
0.00095 0.095 13500 9.1 16.3 0.095 1.8
0.00095 0.095 13000 9.1 10.7 0.095 1.3

0.001 0.1 12800 8.4 2.3 0.1 1.3
0.001 0.1 11900 6.6 1.5 0.1 0.98
0.001 0.1 8560 6.4 0.1 0.92

Heptachlor epoxide IcdP Fe Pb MEK Mn naphthalene Ni
-3.381394754 -1.335601 10.68052 4.051785 -5.184989 5.616771 1.252762968 2.332144
-6.645391015 -2.282782 10.23638 3.945458 -5.203007 4.762174 -1.68739945 2.322388
-7.236259346 1.348073 10.19616 3.443618 -5.115996 4.65396 -1.66073121 2.186051
-7.684284068 -1.687399 10.17732 3.353407 -5.115996 4.552824 -1.5847453 2.066863
-8.568486486 -1.660731 10.15035 3.280911 -5.115996 4.525586 -1.5847453 2.054124
-9.721165996 -1.584745 10.12262 3.254243 -5.115996 4.52396 -1.60943791 2.054124
-9.721165996 -1.584745 10.10643 3.109061 -5.203007 4.324133 -1.66073121 2.014903
-9.641123288 -1.609438 10.03889 3.091042 -5.203007 4.229749 -1.66073121 1.974081
-6.858965115 -1.660731 10.02127 3.058707 -5.115996 4.206184 -2.25379493 1.960095
-6.907755279 -1.660731 9.985068 2.81241 -5.203007 4.079231 -2.30258509 1.931521
-6.907755279 -2.302585 9.900984 2.772589 -5.203007 4.07244 -2.30258509 1.832581
-6.907755279 -2.302585 9.890909 2.484907 -5.115996 4.067316 -2.30258509 1.824549
-6.558965115 -2.253795 9.888374 2.424803 -5.115996 3.867026 -2.25379493 1.808289
-6.959048573 -2.353878 9.883285 2.397895 -5.203007 3.780775 -2.35387839 1.629241
-6.907755279 -2.302585 9.841612 2.332144 -5.115996 3.558201 -2.30258509 1.609438
-6.959048573 -2.353878 9.820106 2.312535 3.363842 -2.35387839 1.064711
-6.907755279 -2.302585 9.786954 2.261763 3.303217 -2.30258509 0.916291

* -~~6.959048573 -2.353878 9.525151 2.256541 3.173878 -2.35387839 0.788457
-6.959048573 -2.353878 9.510445 2.208274 2.791165 -2.35387839 0.587787
-6.959048573 -2.353878 9.472705 2.208274 2.370244 -2.35387839 0.262364
-6.907755279 -2.302585 9.4572 2.128232 0.832909 -2.30258509 0.262364
-6.907755279 -2.302585 9.384294 1.88707 0.405465 -2.30258509 -0.020203
-6.907755279 -2.302585 9.054855 1.856298 -2.30258509 -0.053382
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890 185
TABLE A-9-1

ProUCL INPUT FILES FOR SITE SOIL: 0 -3 FOOT DEPTH
OPERABLE UNIT 1

Revised Human Health Baseline Risk Assessment
* ~~~~~~~~~~Defense Supply Center Richmond

Richmond, Virginia

PCP phen pyr Se TI Tol TCE V Zn
0.0026 0.273 0.808 1.1 10.1 0.003 0.002 54.4 59.2
0.001 05 0.268 0.52 1 5.8 0.003 0.003 50.6 45.6

0.001 0.0981 0.32 0.95 5.8 0.003 0.003 50.3 38.8
0.001 0.0798 0.255 0.9 4.5 0.003 0.003 47.4 35.2
0.001 15.5 0.1375 0.79 3.4 0.003 0.003 46.9 25.5

0.00105 0.185 0.105 0.74 2.9 0.003 0.003 41.1 24.6
0.00095 0.19 0.104 0.7 2.9 0.003 0.003 40.3 24.2

0.001 0.205 18.5 0.7 1.9 0.003 0.003 39.8 23.7
0.00095 0.205 0.185 0.68 1.1 0.002025 0.00275 38.3 23.5

0.001 0.2 0.19 0.66 1 0.0018 0.00295 37.6 22.4
0.00095 0.19 0.205 0.64 0.97 0.0016 0.003 36.5 22.2
0.00095 0.19 0.205 0.63 0.88 0.0015 0.0031 35.5 20.9
0.00095 0.1 0.2 0.595 0.86 0.0015 0.003 34.6 18.4

0.001 0.1 0.19 0.58 0.65 0.0015 0.00275 34.4 17.6
0.001 0.1 0.19 0.145 0.63 0.00295 0.0028 33.6 15.5

0.105 0.1 0.19 0.63 0.003 0.0031 32.15 15.4
0.1 0.1 0.19 0.59 0.0031 0.002675 30.7 15.1

0.095 0.105 0.165 0.56 0.003 0.00265 29.3 11.6
0.095 0.095 0.155 0.51 0.0031 0.0027 28.4 10.8
0.095 0.095 0.155 0.3 0.00265 0.00295 27.2 7.7

0.1 0.095 0.14 0.28 0.00295 0.0029 20.1 7.2
0.1 0.1 0.3 0.28 0.0027 0.0027 18.3 4.7
0.1 0.1 0.295 0.295 0.00305 0.00305 15.5 4.1

PCP phen pyr Se TI Tol TCE V Zn
-5.952244 -1 .298283 -0.213193 0.09531 2.312535 -5.809143 -6.214608 3.996364 4.080922
-6.858965 -1.316768 -0.653926 0 12757858 -5.809143 -5.809143 3.923952 3.819908
-6.907755 -2.321768 -1.139434 -0.051293 1.757858 -5.809143 -5.809143 3.918005 3.65842
-6.907755 -2.528232 -1.366492 -0.105361 1.504077 -5.809143 -5.809143 3.858622 3.561046
-6.907755 2.74084 -1.984131 -0.235722 1.223775 -5.809143 -5.809143 3.848018 3.238678
-6.858965 -1.687399 -2.253795 -0.301105 1.064711 -5.809143 -5.809143 3.716008 3.202746
-6.959049 -1.660731 -2.263364 -0.356675 1.064711 -5.809143 -5.809143 3.696351 3.186353
-6.907755 -1.584745 2.917771 -0.356675 0.641854 -5.809143 -5.809143 3.683867 3.165475
-6.959049 -1.584745 -1.687399 -0.385662 0.09531 -6.202186 -5.896154 3.64545 3.157
-6.907755 -1.609438 -1.660731 -0.415515 0 -6.319969 -5.82595 3.627004 3.109061
-6.959049 -1.660731 -1.584745 -0.446287 -0.030459 -6.437752 -5.809143 3.597312 3.100092
-6.959049 -1.660731 -1.584745 -0.462035 -0.127833 -6.50229 -5.776353 3.569533 3.039749
-6.959049 -2.302585 -1.609438 -0.519194 -0.150823 -6.50229 -5.809143 3.543854 2.912351
-6.907755 -2.302585 -1.660731 -0.544727 -0.430783 -6.50229 -5.896154 3.538057 2.867899
-6.907755 -2.302585 -1.660731 -1.931022 -0.462035 -5.82595 -5.878136 3.514526 2.74084

-2.253795 -2.302585 -1.660731 -0.462035 -5.809143 -5.776353 3.470412 2.734368
-2.302585 -2.302585 -1.660731 -0.527633 -5.776353 -5.923806 3.424263 2.714695
-2.353878 -2.253795 -1.80181 -0.579818 -5.809143 -5.933196 3.377588 2.451005

0 ~~~-2.353878 -2.353878 -1.86433 -0.673345 -5.776353 -5.914504 3.346389 2.379546
-2.353878 -2.353878 -1.86433 -1.203973 -5.933196 -5.82595 3.303217 2.04122
-2.302585 -2.353878 -1.966113 -1.272966 -5.82595 -5.843045 3.00072 1 .974081
-2.302585 -2.302585 -1.203973 -1.272966 -5.914504 -5.914504 2.906901 1.547563
-2.302585 -2.302585 -1.22078 -1.22078 -5.792614 -5.792614 2.74084 1.410987
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TABLE A-9-3 890 201
ProUCL INPUT FILES FOR BACKGROUND SOIL: 0 - 3 FOOT DEPTH

OPERABLE UNIT I
Revised Human Health Baseline Risk Assessment

Defense Supply Center Richmond
S ~~~~~~~~~~~~~Richmond, Virginia

W Background Value (mg/kg)
Raw Data
2-methyl naphthalene Acenaphthene Acenaphthylene Aldrin alpha-BHC Al Anthracene

0.018999999 0.540000021 0.079999998 0.000945 0.00481 5490 0.19
0.1000000011 0.013 0.008 0.001935 0.000945 11300 1.29999995
0.027000001 0.043000001 0.0075 0.002085 0.001935 13400 0.18000001

0.044 0.230000004 0.0075 0.00187 0.002085 4430 0.047
0.035 0.027000001 0.041499998 0.00211 0.00187 14200 0.11

0.0087 0.064999998 0.037500001 0.001875 0.00211 7490 0.11
0.048 0.057 0.041999999 0.00189 0.00189 5710 0.49000001

0.041499998 0.100000001 0.037999999 0.00181 0.00181 6550 0.25999999
0.041999999 0.0065 0.0385 0.00208 0.00208 9610 0.066
0.037999999 0.0075 0.0085 0.001 85 0.001 85 8630 0.068

0.007 0.0075 0.079999998 0.002035 0.002035 23000 0.014
0.0385 0.041499998 0.079999998 0.001915 0.001915 12800 0.0075

0.079999998 0.037500001 0.0075 0.001935 0.001935 12300 0.0075
0.079999998 0.037999999 0.0075 0.00095 0.00095 11400 0.0375
0.185000002 0.185000002 0.185000002 0.005 0.005 2810 0.185
0.174999997 0.174999997 0.174999997 0.005 0.005 8390 0.175
0.170000002 0.1 70000002 0.170000002 3675 0.17

LN Data
2-methyl naphthalene Acenaphthene Acenaphthylene Aldrin alpha-BHC Al Anthracene

-3.963316332 -0.6161861 -2.525728667 -6.964326 -5.33705823 8.610684 -1.66073122
-3.611918387 -3.146555129 -4.892852281 -6.172986 -6.24764798 9.50301 -1.71479839

-3.12356565 -1.469675952 -4.892852281 -6.281817 -6.1729864 8.396155 -3.05760771
-3.352407213 -3.611918387 -3.18206189 -6.161067 -6.28181683 9.560997 -2.20727492
-4.744432239 -2.733368046 -3.283414306 -6.279147 -6.16106733 8.921324 -2.20727492
-3.036554259 -2.864704011 -3.1 70085674 -6.271178 -6.27117847 8.649974 -0.71 334987
-3.18206189 -2.302585078 -3.270169151 -6.314428 -6.31442841 8.78722 -1.34707368

-3.170085674 -5.035953081 -3.257097043 -6.175387 -6.17538738 9.17056 -2.71810054
-3.270169151 -4.892852281 -4.767689061 -6.29257 -6.29256964 9.063 -2.68824752
-4.961845099 -4.892852281 -2.525728667 -6.19726 -6.19725951 10.04325 -4.26869792
-3.257097043 -3.182061 89 -2.525728667 -6.258038 -6.25803764 9.4572 -4.89285228
-2.525728667 -3.283414306 -4.892852281 -6.247648 -6.24764798 9.417355 -4.89285228
-2.525728667 -3.270169151 -4.892852281 -6.959049 -6.95904856 9.341369 -3.28341431
-1.687399441 -1.687399441 -1.687399441 -5.298317 -5.29831 739 7.94094 -1.68739944
-1.742969322 -1 .742969322 -1.742969322 -5.298317 -5.29831739 9.034796 -1.74296932
-1.771956831 -1.771956831 -1.771956831 #NUM! #NUM! 8.209308 -1.77195683
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TABLE A-9-3 8S0 202
ProUCL INPUT FILES FOR BACKGROUND SOIL: 0 -3 FOOT DEPTH

OPERABLE UNIT 1
Revised Human Health Baseline Risk Assessment

Defense Supply Center Richmond
Richmond, Virginia

Antimony Arsenic Barium BaA BaP BbF BghiP BkF Be
2.41 5.76 20.8 0.19 0.17 0.2 0.11 0.19 0.16
2.84 1.59 26.1 0.53 3.9 4.1 1.2 4.4 0.265

3.125 5.97 19.3 0.37 0.5 0.59 0.22 0.5 0.111
2.81 2.11 66.5 0.26 0.29 0.52 0.16 0.38 0.205
5.05 1.46 41.2 0.31 0.25 0.26 0.098 0.31 0.04
3.51 0.896 38 0.45 0.27 0.43 0.18 0.26 0.337
2.84 10.4 34.4 0.5 0.42 0.45 0.23 0.56 0.16

2.715 10.5 14.6 1.9 0.39 0.44 0.23 0.37 0.343
2.875 1.35 36.4 1.3 1.4 1.9 0.56 0.91 0.222

2.94 2.13 69.9 0.18 0.9 1.3 0.34 0.66 0.152
6.1 1.92 69.8 0.087 0.13 0.14 0.084 0.11 0.299

2.78 1.7 41 0.16 0.068 0.082 0.047 0.059 0.347
2.78 8.5 34.8 0.0935 0.12 0.21 0.092 0.0075 0.439
2.78 2.6 24.8 0.0075 0.123 0.145 0.1195 0.0075 0.283
1.15 0.461 41 0.0075 0.0075 0.0075 0,0075 0.185 0.278

1.125 0.461 30 0.185 0.0075 0.0075 0.0075 0.175 0.15
0.845 0.185 0.185 0.185 0.17 0.038
0.278

Antimony Arsenic Barium BaA BaP BbF BghiP BkF Be
0.879627 1.750938 3.034953 -1.660731 -1.771957 -1.609438 -2.207275 -1.660731 -1.832581
1.139434 1.786747 2.960105 -0.994252 -0.693147 -0.527633 -1.514128 -0.693147 -2.198225
1.033184 0.746688 4.197202 -1.347074 -1.237874 -0.653927 -1.832581 -0.967584 -1.584745
1.619388 0.378436 3.718438 -1.171183 -1.386294 -1.347074 -2.322788 -1.171183 -3.218876
1.255616 -0.109815 3.637586 -0.798508 -1.309333 -0.84397 -1.714798 -1.347074 -1.087672
1.043804 2.341806 3.538057 -0.693147 -0.867501 -0.798508 -1.469676 -0.579818 -1.832581
0.998792 2.351375 2.681022 0.641854 -0.941609 -0.820981 -1.469676 -0.994252 -1.070025
1.056053 0.300105 3.594569 0.262364 0.336472 0.641854 -0.579818 -0.094311 -1.605078

1.07841 0.756122 4.247066 -1.714798 -0.105361 0.262364 -1.07881 -0.415515 -1.883875
1.808289 0.652325 4.245634 -2.441847 -2.040221 -1.966113 -2.476938 -2.207275 -1.207312
1.022451 0.530628 3.713572 -1.832581 -2.688248 -2.501036 -3.057608 -2.830218 -1.05843
1.022451 2.140066 3.549617 -2.369794 -2.120264 -1.560648 -2.385967 -4.892852 -0.823256
1.022451 0.955511 3.210844 -4.892852 -2.095571 -1.931022 -2.124439 -4.892852 -1.262308
0.139762 -0.774357 3.713572 -4.892852 -4.892852 -4.892852 4.892852 -1.687399 -1.280134
0.117783 -0.774357 3.401197 -1.687399 4.892852 -4.892852 -4.892852 -1.742969 -1.89712
#NUM! -0.168419 #NUM! #NUMI -1.687399 -1.687399 -1.687399 -1.771957 -3.270169

-1.280134
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TABLE A-9-3
ProUCL INPUT FILES FOR BACKGROUND SOIL: 0 -3 FOOT DEPTH 890 203

OPERABLE UNIT 1
Revised Human Health Baseline Risk Assessment

Defense Supply Center Richmond
Richmond, Virginia

Cd Ca Cr Chry Co Cu Delta-BHO DahA Dieldrin
0.17 1500 5.32 0.19 1.37 2.43 0.000945 0.2 0.000945

0.112 1000 14 4 1.62 4.74 0.001935 1.4 0.001935
0.208 288 24 0.59 2.24 12.3 0.002085 0.15 0.002085
0.06 1260 9.16 0.46 1.22 6.92 0.00187 0.13 0.00187

0.1135 406 19.1 0.29 2.4 17.3 0.00211 0.099 0.00211
0.253 1170 13.6 0.29 1.68 11.1 0.001875 0.097 0.001875

0.1135 315 8.71 0.48 1.8 6.1 0.00189 0.15 0.00189
0.1085 1090 9.73 0.48 1.76 2.63 0.00181 0.13 0.00181

0.115 1000 14.2 1.4 1.28 12.8 0.00208 0.38 0.00208
0.1175 1120 14.3 0.91 1.4 33.1 0.00185 0.23 0.00185

0.244 934 35.6 0.15 2.79 22.9 0.002035 0.051 0.002035
0.111 1420 21.9 0.083 1.065 14.9 0.001915 0.024 0.001915
0.111 1100 14.6 0.16 0.429 6.39 0.001935 0.0075 0.001935

0.0555 249 8.43 0.103 0.8 3.1 0.00095 0.0075 0.00095
0.055 1010 4 0.0072 1.5 5.2 0.005 0.185 0.005
0.065 557.5 11 0.0075 1.05 4.2 0.005 0.175 0.005
0.065 558 6.5 0.185 1.9 5.2 0.17

Cd Ca Cr Chry Co Cu Delta-BHC DahA Dieldrin
-1.771957 7.31322 1.671473 -1.660731 0.314811 0.887891 -6.964326 -1.609438 -6.964326
-1 .570217 5.66296 3.178054 -0.527633 0.806476 2.509599 -6.172986 -1.89712 -6.172986
-2.813411 7.138867 2.214846 -0.776529 0.198851 1.934416 -6.281817 -2.040221 -6.281817
-2.175952 6.006353 2.949688 -1.237874 0.875469 2.850706 -6.161067 -2.312635 -6.161067
-1.374366 7.064759 2.61007 -1.237874 0.518794 2.406945 -6.279147 -2.333044 -6.279147
-2.175952 5.752573 2.164472 -0.733969 0.587787 1.808289 -6.271178 -1.89712 -6.271178
-2.221005 6.993933 2.275214 -0.733969 0.565314 0.966984 -6.314428 -2.040221 -6.314428
-2.162823 6.907755 2.653242 0.336472 0.24686 2,549445 -6.175387 -0.967584 -6.1 75387
-2.141317 7.021084 2.66026 -0.094311 0.336472 3.499533 -6.29257 -1.469676 -6.29257
-1.410587 6.839476 3.572346 -1.89712 1.026042 3.131137 -6.19726 -2.97593 -6.19726
-2.198225 7.258412 3.086487 -2.488915 0.062975 2.701361 -6.258038 -3.729701 -6.258038
-2.198225 7.003065 2.681022 -1.832581 -0.846298 1.854734 -6.247648 -4.892852 -6.247648
-2.891372 5.517453 2.131797 -2.273026 -0.223144 1.131402 -6.959049 -4.892852 -6.959049
-2.900422 6.917706 1.386294 -4933674 0.405465 1.648659 -5.298317 -1.687399 -5.298317
-2.733368 6.323463 2.397895 -4.892852 0.04879 1.435084 -5.298317 -1 .742969 -5.298317
-2.733368 6.324359 1.871802 -1.687399 0.641854 1.648659 #NUMI -1.771957 #NUMI
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TABLE A-9-3
ProUCL INPUT FILES FOR BACKGROUND SOIL: 0 -3 FOOT DEPTH 890 204

OPERABLE UNIT 1
Revised Human Health Baseline Risk Assessment

Defense Supply Center Richmond
Richmond, Virginia

Endosulfan I Endosulfan 1I Endosulfan sulfate Endrin Fluoranthe Fluorene Gammna-BHC (Heptachlor
0.000945 0.000945 0.000945 0.000945 0.016 0.1 0.000945 0.000945
0.001935 0.001935 0.001935 0.001935 0.02 0.45 0.001935 0.001935
0.002085 0.002085 0.002085 0.002085 0.16 0.013 0.002085 0.002085

0.00187 0.00187 0.00187 0.00187 0.97 0.038 0.00187 0.00187
0.00211 0.00211 0.00211 0.00211 0.51 0.22 0.00211 0.00211

0.001 875 0.001 875 0.001875 0.001875 0.48 0.033 0.001875 0.001 875
0.00189 0.00189 0.00189 0.00189 0.58 0.052 0.00189 0.00189
0.00181 0.00181 0.00181 0.00181 0.69 0.044 0.00181 0.00181
0.00208 0.00208 0.00208 0.00208 1.1 0.092 0.00208 0.00208
0.00185 0.00185 0.00185 0.00185 3.3 0.0058 0.00185 0.00185

0.002035 0.002035 0.002035 0.002035 2.3 0.0075 0.002035 0.002035
0.001915 0.001915 0.001915 0.001915 0.37 0.0075 0.001915 0.001915
0.001935 0.001935 0.001935 0.001935 0.16 0.0375 0.001935 0.001935

0.00095 0.00095 0.00095 0.00095 0.33 0.038 0.00095 0.00095
0.005 0.005 0.0155 0.005 0.19 0.185 0.005 0.005
0.005 0.005 0.0155 0.005 0.185 0.175 0.005 0.005

0.17

Endosulfan I Endosulfan 11 Endosulfan sulfate Endrin Fluoranthe Fluorene Gamma-BHC (Heptachior
-6.96432565 -6.96432565 -6.964325654 -6.964326 -4.135167 -2.302585 -6.964325654 -6.9643257

-6.1729864 -6.1729864 -6.172986403 -6.172986 -1.832581 -4.342806 -6.172986403 -6.1729864
-6.28181683 -6.28181683 -6.281816829 -6.281817 -0.030459 -3.270169 -6.281816829 -6.2818168
-6.16106733 -6.16106733 -6.161067331 -6.161067 -0.673345 -1.514128 -6.161067331 -6.1610673
-6.27914664 -6.27914664 -6.279146642 -6.279147 -0.733969 -3.411248 -6.279146642 -6.2791466
-6.27117847 -6.27117847 -6.271178473 -6.271178 -0.644727 -2.9566612 -6.271178473 -6.2711785
-6.31442841 -6.31442841 -6.314428409 -6.314428 -0.371064 -3.123566 -6.314425409 -6.3144284
-6.17538738 -6.1 7538738 -6.175387383 -6.1 75387 0.09531 -2.385967 -6.175387383 -6.1753874
-6.29256964 -6.29256964 -6.29256964 -6.29257 1.193922 -5.149897 -6.29256964 -6.2925696
-6.19725951 -6.19725951 -6.197259511 -6.19726 0.832909 -4.892852 -6.197259511 -6.1972595
-6.25803764 -6.25803764 -6.258037641 -6.258038 -0.994252 -4.892852 -6.258037641 -6.2580376
-6.24764798 -6.24764798 -6.247647979 -6.247648 -1.832581 -3.283414 -6.247647979 -6.247648
-6.95904856 -6.95904856 -6.959048557 -6.959049 -1.108663 -3.270169 -6.959048557 -6.95904866
-5.29831739 -5.29831739 -4.166915271 -5.298317 -1.660731 -1.687399 -5.298317389 -5.2983174
-5.29831739 -5.29831739 -4.166915271 -5.298317 -1.687399 -1.742969 -5.298317389 -5.2983174

#NUM! #NUIMI #NUM! #NUM! #NUMI -1 .771957 #NUM! #NUM!
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TABLE A-9-3
ProUCL INPUT FILES FOR BACKGROUND SOIL: 0 -3 FOOT DEPTH 890 205

OPERABLE UNIT 1
Revised Human Health Baseline Risk Assessment

Defense Supply Center Richmond
Richmond, Virginia

Icdl23P Fe Pb Mg Mn Hg Methoxychlor naphthalene Ni
0.18 4220 5.39 291 8.87 0.113 0.000945 0.017999999 1.31

2.3 13100 7.69 405 31.1 0.047 0.001935 0.085000001 3.46
0.27 34800 12.1 321 20.4 0.046 0.002085 0.129999995 3.02
0.24 5430 58.3 684 74.2 0.023 0.001 87 0.01 4.68
0.16 35300 17.1 301 58.8 0.038 0.00211 0.021 7.2
0.19 19400 18.5 447 62A4 0.026 0.001875 0.025 3.51
0.25 8780 46.9 618 72.7 0.027 0.00189 0.02 2.8
0.25 9560 5.4 406 24.6 0.032 0.00181 0.105 2.51
0.71 14000 58.2 782 94.2 0.043 0.00208 0.0085 4.17
0.43 13500 75 515 63 0.044 0.00185 0.0012 4.31

0.096 42000 24.2 682 40.8 0.065 0.002035 0.0042 7.29
0.047 23500 38.8 377 62.9 0.029 0.001915 0.017999999 3.86
0.086 16200 21.4 135 62.2 0.054 0.001935 0.041499998 3.93

0.0075 5720 9.94 624 27.4 0.06 0.0019 0.00285 4.36
0.0075 2700 22.3 272 77.3 0.055 0.026000001 0.041999999 2.3

0.185 11500 17.5 214 139 0.0145 0.026000001 0.0026 3.76
0.17 4800 32.85 94.4 53.2 0.00325 1.695

0.00275
0.0024
0.0385
0.0028

0.079999998
0.079999998
0.185000002
0.174999997

Icdl23P Fe Pb Mg Mn Hg Methoxychior naphthalene Ni
-1.714798 8.34759 1.684545 5.673323 2.182675 -2.040221 -6.964325654 -4.01738356 0.270027
-1.309333 10.45737 2.493205 5.771441 3.015535 -3.079114 -6.172986403 -2.46510401 1.105257
-1.427116 8.599694 4.065602 6.527958 4.306764 -3.772261 -6.281816829 -2.04022087 1.543298
-1.832581 10.47164 2.839078 5.70711 4.074142 -3.270169 -6.161067331 -4.60517021 1.974081
-1.660731 9.873028 2.917771 6.102559 4.133565 -3.649659 -6.279146642 -3.86323285 1.255616
-1.386294 9.080232 3.848018 6.426488 4.286341 -3.611918 -6.271178473 -3.68887944 1.029619
-1.386294 9.165343 1.686399 6.006353 3.202746 -3.442019 -6.314428409 -3.91202303 0.920283

-0.34249 9.546813 4.063885 6.661855 4.54542 -3.146555 -6.175387383 -2.25379492 1.427916
-0.84397 9.510445 4.317488 6.244167 4.143135 -3.123566 -6.29256964 -4.76768906 1.460938

-2.343407 10.64542 3.186353 6.52503 3.708682 -2.733368 -6.197259511 -6.72543367 1.986504
-3.057608 10.06476 3.65842 5.932245 4.141546 -3.540459 -6.258037641 -5.47267079 1.350667
-2.453408 9.692767 3.063391 4.905275 4.130355 -2.918771 -6.247647979 -4.01738356 1.368639
-4.892852 8.651724 2.296567 6.43615 3.310543 -2.813411 -6.265901376 -3.18206189 1.472472
-4.892852 7.901007 3.104587 5.605802 4.347694 -2.900422 -3.64965872 -5.86043627 0.832909
-1.687399 9.350102 2.862201 5.365976 4.934474 -4.233607 -3.64965872 -3.17008567 1.324419
-1.771957 8.476371 3.491952 4.547541 3.974058 #NUMI #NUMI -5.95224383 0.527683

-5.7291 0026
-5.89615437
-6.03228649
-3.25709704

49 ~~~~~~~~~~~~~~~~~~~~-5.8781359
-2.52572867
-2.52572867
-1 .68739944
-1.74296932
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TABLE A-9-389 20
ProUCL INPUT FILES FOR BACKGROUND SOIL: 0 -3 FOOT DEPTH89 20

OPERABLE UNIT I
Revised Human Health Baseline Risk Assessment

Defense Supply Center Richmond
Richmond, Virginia

Phen K Pyr Se Ag Na TI Toxaphene V
0.03 571 0.18 0.32 1.24 35.9 1.97 0.03785 8.32
0.16 592 7.3 0.375 0.482 111 0.2925 0.077500001 24.1

4.7 154 0.64 0.198 0.57 125 0.2815 0.083499998 47.5
0.66 785 0.59 0.318 0.625 671 0.3125 0.075000003 25.7

0.3 206.5 0.48 0.304 0.56 121 0.281 0.0845 41.4
0.33 411 0.42 0.32 1.015 763 0.3165 0.075000003 27.4
0.26 420 0.93 0.3035 0.7 134 0.27 0.075499997 22.2
0.49 541 0.89 0.2865 0.57 122 0.284 0.072499998 14.1
0.55 151 2.4 0.315 0.545 142 0.2475 0.082999997 25.4

2.2 879 1.5 0.283 0.575 149 0.291 0.074000001 27.6
1.3 421 0.31 0.319 0.59 278 0.299 0.081500001 69.9
0.3 312 0.15 0.2895 1.22 135 0.275 0.076499999 40.3

0.11 128 0.25 0.3075 0.555 148 0.267 0.077500001 29.5
0.19 523 0.14 0.28 0.555 271.5 0.278 0.037 7.67

0.0845 380 0.011 0.28 0.555 278 0.165 1.049999952 13.6
0.012 949 0.012 0.28 0.055 16.5 6E-05 1.049999952 22.3
0.185 342 0.185 0.23 16.5 6E-05 12

Phen K Pyr Se Ag Na TI Toxaphene V
-3.506558 6.347389 -1.714798 -1.139434 0.215111 3.580737 0.678034 -3.2741243 2.118662
1.547562 5.036953 -0.446287 -1.619488 -0.562119 4.828314 -1.267623 -2.48290867 3.86073

-0.415515 6.665684 -0.527633 -1.145704 -0.470004 6.508769 -1.163151 -2.59026713 3.246491
-1.203973 5.3303 -0.733969 -1.190728 -0.579818 4.795791 -1.269401 -2.47100375 3.723281
-1.108663 6.018593 -0.867501 -1.139434 0.014889 6.637258 -1.150432 -2.59026713 3.310543
-1.347074 6.040255 -0.072571 -1 i 92374 -0.356675 4.89784 -1.309333 -2.58362267 3.100092
-0.71335 6.293419 -0.116534 -1.250017 -0.562119 4.804021 -1.258781 -2.62416875 2.646175

-0.597837 5.01728 0.875469 -1.155183 -0.606969 4.955827 -1.396345 -2.48891471 3.234749
0.788457 6.778785 0.405465 -1.262308 -0.553385 5.003946 -1.234432 -2.60369017 3.317816
0.262364 6.042633 -1.171183 -1.142564 -0.527633 5.627621 -1.207312 -2.50715224 4.247066

-1.203973 5.743003 -1.89712 -1.2396 0.198851 4.905275 -1.290984 -2.57046456 3.696351
-2.207275 4.85203 -1.386294 -1.17928 -0.588787 4.983607 -1.320507 -2.55747733 3.38439
-1.660731 6.259581 -1.966113 -1.272966 -0.588787 5.603962 -1.280134 -3.29683735 2.037317
-2.471004 5.940171 -4.50986 -1.272966 -0.588787 5.627621 -1.80181 0.048790119 2.61007
-4.422849 6.855409 -4.422849 -1.272966 -2.900422 2.80336 -9.721166 0.048790119 3.104587
-1.687399 5.834811 -1.687399 #NUM! -1.469676 2.80336 -9.721166 #NUMI 2.484907
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TABLE A-9-3 890 207
ProUCL INPUT FILES FOR BACKGROUND SOIL: 0 -3 FOOT DEPTH

OPERABLE UNIT 1
Revised Human Health Baseline Risk Assessment

Defense Supply Center Richmond
Richmond, Virginia

Zn
6.97
10.3
12.3
49.8
29.4
31.2
26.6
6.94
52.7
70.5
32.2

86
19.3
14.5
18.3

33
21

Zn
1.941 615
2.509599
3.908015
3.380995
3.440418
3.280911
1.937302
3.964615
4.255613
3.471966
4.454347
2.960105
2.674149
2.906901
3.496508
3.044522

S
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Table B2-5

Wilcoxon Rank Sum Test Result for Copper In Subsurface Soil
Human Health Baseline Risk Assessment

Defense Supply Center Richmond
Richmond. VA

Background Cleanup Area Ordered, Ordered, From Gilbert 1987 (w/ ties)
Lab at Data Lab Val Combined Prelim Final Combined Final

Data Flag Plag I Lw Flag Flag Loc, Data Set L. Rank Rank Data Set Loc Rank TEST VALUES:
48.4 a 17.7 S 1.50 1 B 1 -1 1.50 B I Numerator -84.5
44.6 B 14 S 1.70 S 2 2 1.70 S 2 # de groups 2

12.8 S 1.71 B 3 3 1.71 a 3 # des in grp i 2
16.9 a 12.1 S 2.30 S 4 4 2.30 1 4 # des In grp 2 2
14.6 B 11.3 S 2.43 B 5 5 2.43 1 B 5 N ties In grp 3
13.8 B 10.8 S 2.60 S 6 6 2.60 S 6 # des In grp 413.6 I B l0a S 2.63 8 7 7 2.63 B 7 # ties in grP 5

10.245 B 10 S 3.10 B 8 8 3.10 B 8 # des in grP 6
9.81 B 10 S 3.10 S 9 9 3.10 S 9 # des In grp 7
9M a 9.8 S 3.20 S 10 10 3.20 S - # ties In grip 8834 I IB 9.6 S 3.30 S it 11 S 11 parenthesis 66.997
7.51 1 1B 9.4 S 3.51 B 12 12 3.51 a 12 Denominator 77.831
5.93 1 a 9.1 S 4.10 S 13 13 4.10 S 13 Zscore .1.086
4.72 1 B 8.7 S 4.20 B 14 14 4.20 B 14 n, . 31

4.485 1 1 1B 8.5 S 4.30 15 Is 4.30 S 15 n,= 35
3.51 1 B 8.5 S 4.30 S 15 15 4 30 S 15 66
1.5 B 7.4 S 4.49 B 17 17 4.49 B 17 Critical Z 1.6452.43 a 7.151 S 4.72 B 18 is 4.72 1 a 18 8 - B? NO

4.74 B 6.7 S 4.74 B 19 19 4.74 B Is P-value 0.861
0 4.3 S 4.90 S 20 20 4.90 S 20

6.92 B 4.1 S 5.20 B 21 21 5.20 a iT
17.3 a 3.3 S 5.20 B 22 22 5.20 B 22
11.1 B 2.6 S 5.93 B 23 5.93 B 23

a 7.7 s 6.10 B 24 6.10 a 24
B 6.2 S 6.20 S 25 6.20 S 25

8 B 4.9 S 6.39 B 26 6.39 8 26
4.3 S 6.70 S 27 6 70 S 27
3.2 S 6.92 B 28 28 6 92 B 28
3.1 S 7.15 S 29 29 7.15 S 29
2.3 S 7.40 S 30 30 S 30
1.7 s 7.51 B 3' 3' 7.51 B 31

7.70 S 32 32 7.70 S 32
8.50 S 33 33.5 8.50 S 33.5

5.2 B 8.50 S 33 33.5 8.50 S 33.5
1.71 13 8.70 S 35 35 8.70 1 s 35

8.84 B 36 36 8.84 B 36
9.10 S 37 37 9.10 S 37
9.40 S 3a 38 9.40 s 38
9.53 B 39 39 9 53 B 39
9.80 S 40 40 9 60 S 40
9.80 S 41 41 9.80 S 41
9.81 B 42 42 9.81 13 42
10.00 S 43 435 10.00 S 43.5
10 00 S 43 43.5 10.00 S 43.5
10.24 B 45 45 10.24 B 45
10.60 S 46 46 io 60 S 46
10 80 s 47 47 10.80 S 47
11.10 B 48 48 11.10 a 48
11.30 S 49 49 11.30 S 49
12.10 a 50 50 12.10 S 50
12.30 a 51 51 12.30 B 51
12.80 S 62 52 s 52
12.80 8 53 53 12.80 B 53
i3.6O B 54 54 13.60 B 54
13.50 S 55 55 13.80 B 55
14.00 S 56 56 14.00 s 56

B 57 57 14.60 B 57
B 58 58 14 90 B 58

16.90 B 59 59 16.90 B 59
17.30 B 60 60 17.30 B 60
17.70 S 61 61 17.70 S 61
22 90 13 62 62 22.90 8 62
33.10 B 63 63 33.10 a 63
33,30 a 64 64 33 30 B 64
44.00 B 65 44.60 6548.40 a 66 66 48 40 B 66

Pagelol"I



SSO 225
Table 132-6Wilcoxon Rank Sum Test Result for Iron in Subsurface SoilHuman Health Baseline Risk Assessment

Defense Supply Center Richmond
Richmond, VA

Background Cleanup Area Ordered, 
Ordered, Fro. Gilbert 1987 (.1 fiesIl

Lab V I Lab Val Combined Prelim Final Combined Final
Date Flag FI:g Lac Data Flag Flag I Loc, Data Set Lac Rank Rank Data Set Loc Rank TEST VALUES:

35200 8 43500 1 1 1 S 962 1B I I 1 962 B I Numerator 216.5

35200 B 27900 S 1010 B 2 1 2 1010 B 2 # de groups 5

23950 B 26M S 1520 1B 3 1 3 1520 B 3 # ties In ling 1 2

17BOOl I IB 26300 1 1 1 S 24DO IB 4 
B 4 # des In grp 2 2

15900 1 a 256DO s 27DO IB 5 5 2700 0 5 # des in grp 3 2

12300 1 a 24900 S 2740 1B 6 6 2740 8 6 # ties In ling 4 2

11400 1 a 24500 S 2760 iB 7 7 2760 B 7 # des In grip 6 2

9560 1 1 1B 229DO I I S 3G90 IS 8 a 3D90 S a # ties In grp 6

8270 1 1 1B 22500 1 1 1 S 3470 1B 9 9 3470 a 9 It des In ling 7

5080 1 a 21700 1 S 4220 1B 10 10 4220 B 10 # bes in grp 8

4710 1 19950 1 S 4710 B 11 li 4710 B 11 parenthesis 66.99377.829
3470 1 1 1B 1 5 4800 B 12 1 12 4800 B 12 Denornimtor

2760 1 1 1B 19700 
5080 B 13 13 5080 B 13 Zscore 2.782

2740 I IB 19800 S 5430 B 14 14 5430 B 14-- nj . 31

2400 B 18800 S 5720 a 15 is 
n2 . 35

1520 

6580 8 16 
66

1010 a 
8270 B 17 17 8270 a 17 Critical Z 1.645

962 B 13700 S 8560 S 18 1 18 0560 S 18 S � B? YES
4220 9 13500 S 8730 S 19 19 8730 S 19 p-value
13100 B 13000 s 8780 8 20 20 8780 B 20
348001 1 1B 12800 S 9560 a 21 21.5 a 21.5
5430 B 11900 S 9560 B 21 21.5 9560 B 21.5

353M B 8560 S 9920 S 23 23 9920 S 23
19400 B 2 S 108W S 24 24 

24
8780 B 14900 S 11400 B 25 25 11400 B 25
9560 13 13000 S 11500 B 26 26 11600 B 26
14000 a 10800 s ligoo S 27 27 11900 S 27

B 9920 S 12300 B 28 2-8 -T2-3001 a i 288 8730 S 29 129 12800 S 29
B 6580 1 S 13000 S 30 130.5 13000 S 30.5B 3090 S 130DO S 30 30.5 13000 S 30.5B 

13100 B 32 32 13100 8 32
B 

135M B 33 33.5 135()0 8 33.5B 
13500 S 33 33.5 S 33.5

B 
3700 S 35 35 13700 S 35i4DDO 113 36 36 14000 B 3614900 S 37 37 14900 S 3715900 a 38 38 15900 B 3816200 B 39 139 16200 8 3917800 B 40 140.5 17800 B 40.517800 S 40 140.5 17800 S 40.518400 S 42 142 18400 S 4218800 S 43 143 16800 S 4319400 B 44 144 19400 B 4419600 S 45 45 19600 S 4519700 S 46 46 19700 S 4619750 S 47 47 19750 S 4719950 S 48 48 19950 S 48S 49 49 21700 1 S 49S so 50 2500 5022900 S 51 51 2 5123300 S 52 52 

522350D B 53 53 23500 B 5323950 B 54 54 23950 B 5424500 5 55 55 245W S 5524900 S 56 56 24900 S 5656DO 57 57 25600 S 57900
2 5B 58 26300 S 5859 59 26800 S 59so 60 27900 S so61 61 34800 a 61

35200 - 62-5-35200 8 62 62.5 B352DO 62 62 5 35200 8 62.535300 
35300 B 6442000 65 65 42000 B 654350 68 66 43500 S 66
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Table B2-7 
890 226Wilcoxon Rank Sum Test Result for Lead In Subsurface SoilHuman Health Baseline Risk Assessment

Defense Supply Center Richmond
Richmond, VA

Background Cleanup Area Ordered, 
Ordered, From Gilbert 1987 (WI ties)

Lab v Lab a bined Prelim Final Combined Final
Flag FI:g V I LI, Conn Rank Rank Data Set Loc Rank TESTVALUES:

I Loc D Flag Fla Data Set
Data 

eta g 
ILee

16.4 B 57.6 s 2.21 18 1 1-1 2.21 B 1 Numerator 42.5
13.6 B 51.7 S 3.05 0 2 2 3.05 B 2 # be groups 2
13.5 B 31.3 S 3.74 B 3 3 3.74 3 # Use In grp 1 2
11.3 B 28.6 3.90 B 4 4 4 # lies In grp 2 2
9AI B .6 S 4.23 8 5 5 4.23 B 5 # bes In grp 3
8.98 B 25.9 S 4.40 S 6 6 4.40 s 8 # Use In grip 4
8.62 B 22.4 S 4.50 B 7 7 4.50 1 B 7 N ties In grp 5

22 S 4.94 B 8 a 4.94 8 8 # Ues In grp 6
8.13 B 2i.3I S 5.39 B 9 I 9 5.39 1 B 9 II lies in gap 7
7.46 B 16.651 S 5,40 18 10 I10 5.40 B 10 # ties in grp 8

16 1 S 5.68 B it I11 5.68 B 11 parenthesis 66.997
4.94 B 12 1 s 5.80 S 12 112 S 12 Denominator 77 831
4.5 a 11.31 s 6.10 S 13 1 s 13 Zscore 0.546

4.23 1 B 11 I I S 6.40 1S 14 s 14 n, 31
3.9 1 B 10.31 s 6.60 1S 15 6 60 S 15 r� 35
3.74 1 B 10.1I S 7.00 1S 16 7.00 S 16 66
3.05 1 B 9A I S 7.20 1S 17 7.20 S - 17 Critical Z 1.645

2.205 1 1 1 B 9.55 S 7.46 1B 18 7 46 B 18 s 87 NO7.69 B 9.1 S 8.13 B 20 20.5 8 13 8 20.5
12.1 B 8.4 S 8.13 20 20.5 8.13 B 20.5

B 6.6 s 8.30 S 22 22 8.30 s 22
17.1 B 6.4 s 8.40 S 23 23 8.40 S 23
18.5 B 8.9 S 8.60 IS 24 24 8.50 S 24
46.9 B 8.5 S 8.62 1B 25 25 8 62 B 25
5.4 B 8.3 s 8.90 S 26 26 8.90 S 26
58.2 a 7.2 S 8.98 a 27 27 8.98 a 27
75 a 7 S 9.10 S 28 28.5 9.10 s 28.5

24.2 B 6.1 S 9.10 S 28 128.5 9.10 I S 28 5
38.8 B 5.8 S 9.41 a 30 30 9.41 1 B 30
21.4 a 4.4 S 9.55 1S 31 31 9 55 S 31

B 9.60 1S 32 32 9.60 s 32
B 9.9't IB 33 33 S.N a 33B 10.10 S 34 134 10.10 5 3410.30 S 35 35 10.30 S 3511.00 S 36 36 11.00 S 3611.30 S 37 37 11.30 S 3711.30 13 38 38 11.30 8 3812.00 S 39 39 12.00 S 3912.10 B 40 40 12 10 I B 4013.50 8 41 41 13 50 1 8 4113.60 B 42 42 13.60 a 4216.00 S 43 43 16.DO S 4316.40 B 44 44 16.40 6 4416.65 S 45 45 16.65 S 4517.10 B 46 46 17.10 B 4617.50 B 47 47 17 so B 4718.50 6 46 148 18.50 a 4821.30 S 49 49 21.30 S 4921.40 B 50 50 21.40 6 5022.00 S 51 51 22.00 S 5122.30 8 52 52 22.30 B 5222.40 S 53 53 22.40 S 531 

24.20 B 54 54 24.20 1 8 5425.90 S 55 55 25.90 5 5526.60 s 56 56 26.60 S 5628.60 S 57 57 28 60 S 5731.30 S 58 58 31.30 S 5832.85 a 59 59 32.85 8 5938.80 B 60 60 38.80 8 60
8 61

62
67.50 S 63

.20 8 64
58.30 B 65
75 00 66

Pagelafl



Table B2-889 2 7
Wilcoxon Rank Sum Test Result for Manganese in Subsurface Soil

Human Health Baseline Risk Assessment
Defense Supply Center Richmond

Richmond, VA

Background Cleanup Area Ordered, Ordered, From Gilbert 1987 (wI ties)

Lab Val bet Lab Val Combined Prelm Final Combined Final

Data Flag Flag beo at Flag Flag ILot Data Set Loc Ran Rank Data Set Loc Rank TEST VALUES:
52 .2 8 275 - - S 1.30 1S 1I 1 B 1 Numerator 28
34.1 _ B 117 S 1.50 IS 2 2 3.05 B 2 #tHe groups 2
32.4 a_ 105 S 2.30 1S 3 3 3 74 8 3 #flesin grpl1 2

28.5 - 8 94.9 S 2.67 B 4 4 3.90 B ~ ~~~~~~~~~~~~~~~~~~~4 #fHas in grP2 2

2 5 8a 92.3 S 2.90 S B 1 5 #HasIn grp 3
14.1 - 2 .3 4 S 6 # tieslIngrp 4
13.8 - B 75S 34 S 7 7 4.0 B 7 #UeasIn grp 5

11.6 B 68.7 S ~~~~~~ ~~ ~ ~~3.4-4 1B 8 Ba 4 94 B 8 #tieslInqrP 6

10.5 8 67.1 - - S 4.31 8 9 I 9 5.39 B 9 #tHasIn grpl7
9.85 6 591 S 5.30 B 10 ID0 5.40 B 10 #tHasIn gtp 8
8.79 - B 58.7 S 5.38 B II I 11 5.68 B II parenthesis 63.997
5.38 - B 58.4 S 8.79 18 12 1 12 5.0 S 12 DenomInator 72.515

5.305 - B 47.8 8 8.837 IB 13 1 13 6.10 S 13 Zscora 0.386
4.31 B 43.85 S 9.10 S 14 14 6.40 S 14 fl1 = 29
3.4-4 8 35.1 S 9.20 S 15 15 .05 15 n2 = 34
3.39 _ B 28.9 _ S 9.85 a I 16 7.00 16 M= 63
2.67 - B 27.2 __ _ S 10.50 8 17 I? 7.0 17 Critical Z 1.645
8.87 - ~W 3.9 WS 10.70 5 18 1 18 76 6 16 5>6 ? NO

_______- - - - - - - - - -S ~~~~~~~ ~~11.60 B 19 I 19 7.89 B 19 p-vatue 0.350

20.4 B 10.7 S 13.80 8 20 120 8.13 8 20.5

74.2 B 2.3 S 14.10 B 21 21 8.13 B 20.5

58.8 B 1.5 S 16.30 5 22 22 8.30 S 22

62.4 a 42 S 20.40 8 23 23 8 40 S 23

72.7 B 37.6 S 23.90 S 24 24 8.50 S 24
24.6 B 9.2 S 24,60 8 25 25 8.62 B 25

94.2 ___ B 9.1 S 25.00 B 28 26 8.90 S 26
63 _____ ~~B 3.4 S 272 27 27 8.98 B 27

40.6 ___ ~~B 2.9 S 74 B 28 28 9.10 S 26 5

62.9 - ~~~8 1.3 - S 28.50 B 29 29 9.10 S 28.5

82.2 - ~~~8 28.90 5 30 30 9.41 B 30
27.4 ~~~~B 31.10 8 31 31 9.55 S 31. 77.3 ____ - ~~ ~~B -32,40 B 3 32 9.60 5 32
139 ~~~~~B 34.10 B 33 33 9.94 6 33

53.2 ~~~~B 35.10 5 34 34 10.10 S 34
~~~~~37.60 S 35 35 10.30 S 35
40.80 B 36 36 11.00 5 36
~~~~~42.00 S 37 37 11.30 S 37
43.85 S 38 38 11.30 8 38
47.80 5 39 39 12.00 S 39

5.0 B 40 40 12.10 B 40
53.2-0 B 41 41 13.50 B 41

58.40 S 42 42 13.60 8 42
58.70 5 43 43 18.00 5 43
58.80 B 44 4.4 16.40 8 44

59.10 5 45 45- 16.65 S 45
62.20 8 46 46 17.10 B 46
82 40 B 47 47 17 50 B 47
62.90 B 48 46 18.50 a 48
~~~~~63.00 B 49 49 21.30 S 49
67.10 S so 50 21.40 8 50
68.70 S 5I SI 22.00 5 S
~~~~~72.70 B 52 52 2.0 B 52
74.20 B 53 53 22.40 S 53

75.50 5 54 154 24 20 8 54
~~~~~77.30 B 55 155 25.90 S 55
92.20 S 56 156 26.60 1 S 56

92.35 5 ~~57 57 26.60 S 57
94.20 B ~~58 58 31.30 S 58

94.90 S 59 59 32.85 B 9
105.00 5 60 60 38.80 B 60

_____ ~~117.00 S 61 61 46.90 B 61
139.00 8 62 62 58 30 B 65

___________ ~~~~275.00 S 6 63 75.00 B 68
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Table B2-9 890 -228
Wilcoxon Rank Sum Test Result for Nickel in Subsurface Soil

Human Health Baseline Risk Assessment
Defense Supply Center Richmond

Richmond, VA

Background Ceanup Area Ordered, Ordered, From Gilbert 1987 (wl4 ties)
Lab Val Lab Val Combined Prelim Final Combined Final

Data Fiag Flag Leo Data Fiag Fiag Loc Data Set Leo Rank Rank Data Set Loc Rank TEST VALUES:
6.05 - B 10.3 S 0.34 B I 1 0 34 B I Numerator 91

68 B 1012 S 0.57 S 2 2 0.57 S 2 #tde groups 5
3.45 - B 8 .9 9 3 0.58 S 3 3 0.56 S 3 #tdes ingrpl1 2
2.99 - B 7.9 9 3 am6 B 4 4 0.61 B 4 # des in grp 2 2
2.89 - B 7.8 6 6 0.78 B S 0.78 B S # des in grp 3 2

2.37 - ~~~B 7.8 8 6 0.8 S 6 6 0.80 S 6 #tdes in grp 4 2
2.26 -. B 7.5 5 5 0.92 S 7 7 0.92 S 7 Ifties In gm 2
2.2 4 5 8 7.2 S 0.93 8 8 8 0.93 B 8 #eas in grp 6
2.17 - 7,1 - S 0.98 S 9 9 0.98 5 9 #tdes in gr7

2 B 6.9 S 1.3 S 10 10.5 1.30 S 10.5 # lesIn grp 8
1.85 B 8.25 - - S 1.3 S 10 10.5 1.30 5 10.5 pareolbesls 66.993
1.74 B 6.2 - - S 1.31 B 12 12 1.31 B 12 Denominator 77.829
1.62 - B 6. 1 8S 1.5 S 13 13 1 50 S 13 Zscore 1.169
1.6 B 5.1 - 1.60 B 14 14 1 60 a 14 nfl= 31

1.31 - - B S S 1.62 8 IS IS 1.62 8 15 nr= 35
3.4 6 8a 2. 9 8S 1.69 8 16 18 1.69 8 16 M= 66
3.02 - 2.5 S 1174 B 17 17 1174 8 17 crIUcal Z 1.645
4.68 B 2.2 - 18 S lB iB 1.80 S 18 8> ? NO
7.2 B 1.8 S 1.8 S lB 18 1.80 S 18 p-value 0.121

3.51 _____ 1.3 5 1.85 B 20 20 1 85 B 20
2.8 B 1.3 3 2 S 21 21.5 2.00 S 21.5

2.51 - 0.98 S 2.00 B 21 21.5 2.00 B 21.5
4,17 ____ B 0.92 S 2.17 8 23 23 2.17 8 23
4.31 a__ 2.5 5 2.2 S 24 24.5 2 20 S 24.5
7.29 B 2.2 S 2.2 S 24 24,5 2.20 S 24.5
3.86 8 26 2.25 a 28 26 2.25 B 26
a.93 B____ 1.8 ______S 2168 B 27 27 2.28 8 27
4.36 ___ B 1.5 6 2.30 B 28 28 2 30 B 28
2.3 a__ 0.8 S 2.37 a 29 29 2.37 8 29

3.76 _____ B 0.58 S 2.5 S 30 30 5 2 50 5 30.
1.695 __ 8 0.57 S 2.5 S 30 30.5 2.50 . S 30.5. 0.934 B__ 2.51 a 32 32 2.51 8 32
0.7821 8 2.80 6 33 33 2.80 8 33
0.612 B 2.89 B 34 34 2.89 B 34
0.335 B 2.9 5 35 35 2.90 S 35

2.99 B 36 36 2.99 8 36
3.02 B 37 37 3.02 8 37
3.45 B 38 38 3.45 B 38
~~~~~3.46 a 39 39 3.46 8 39
~~~~~3.51 B 40 40 3.51 B 40
~~~~~3.76 B 41 41 3.76 B 41
3,86 B 42 42 3.86 B 42
3.93 B 43 43 3.93 B 43
4.17 B 44 44 4.17 8 44
~~~~~4.31 B 45 45 4.31 a 45
4.38 a 46 46 4.36 B 46
~~~~~4.68 B 47 47 4.68 B 47

S S 48 48 5.00 S 48
5,1 S 49 49 5.10 S 49

6.00 B 50 so 6.00 8 50

~~~~~6.05 8 51 51 6.05 2 SI
6.1 5 52 52 6.10 S 52
6.2 S 53 53 6.20 S 53
6.25 S 54 54 6.25 5 54
6.9 3 55 55 6.90 S 55
7.1 S 56 58 7.10 S 56

7120 8 57 57 7 20 B 57
7.2 S 58 58 7.20 5 58

7.29 8 59 59 7.29 B 59
7.5 8 60 60 7.50 S 80
7 8 S 61 64.5 7. 80 S 6.
7.8 6 61 81.5 7.80 5 1.5

7.9 S 63 63 7.90 S 6
8.9 8 84 64 8.90 S 6
10.2 S 85 65 10.20 Ls 6O ~~~~~ ~~ ~~~ ~~~ ~~~~~~10.3 5 66 66 10.30 66

Page lof i
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APPENDIX C

DEVELOPMENT OF SCREENING RISK-BASED CONCENTRATIONS, UPPER41 ~ CONFIDENCE LIMITS OF MEAN CONCENTRATIONS AND JOHNSON &
ETTINGER EVALUATIONS OF INDOOR AIR

S
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Appendix C1. Development of Trench Worker Risk-Based Concentrations (RBCs) and
* Comparison to EPA Region III Industrial RBCs

The Human Health Risk Assessment Work Plan (Mactee 2005, as modified) states that the screening
of data from site media will include risk-based concentrations (RBCs) that are protective of a
construction worker who works in a trench. The Virginia Department of Environmental Quality
(VDEQ) Voluntary Remnediation Program provides a prescribed method for evaluating sites
including the use of EPA Region III residential soil RBCs to identify chemicals of potential concern
(COPCs) (URL: htto2://WWW.deu.state.va.us/vrprisk/raguide.html#322 . VDEQ also provides the
method for evaluating a trench worker who may be exposed to groundwater.

At the Defense Supply Center Richmond (DSCR), Virginia, groundwater is evaluated as a separate
operating unit (OU) such that soil is the only medium of interest at OUI in the evaluation of the
trench worker. While VDEQ has developed a model to estimate contaminant transfer from
groundwater to a trench worker's airfspace, a similar model from soil is not available. Instead,
development of soil RBCs that are protective of trench workers were based on a modified version of
algorithms presented in EPA's Supplemental Guidance for Developing Soil Screening Levels for
Superfund Sites (EPA 2002). The calculated trench worker RBCs include exposure through
ingestion, dermal contact, and inhalation; EPA Region III RBCs only consider incidental ingestion.
The model used for estimating the site-specific carcinogenic RBCs is shown below.

*2RGC = TCRxBWxAT
EDxEFx[(CSFx IRSxFlxCt' +(C SxA~ xVxCF'+ CSx 1x

x x x 1~x x . CSF~xI~xE~x PEF VF)

where:
PRGc = Site-specific PRG for specific receptors (mgikg)
TCR = Target cancer risk for exposure to carcinogenic chemicals (unitless)
BW = Body weight (kg)
AT = Carcinogenic averaging time (days)
ED = Exposure duration (years)
EF = Exposure frequency (days per year)
CSFo = Oral cancer slope factor for carcinogenic chemicals ((milligram per kilogram-day)-

' (mg/kg-day)-"]
IRS = Ingestion rate of soil (mg/day)
FI = Fraction ingestion from source (unitless)
CF = Conversion factor (kg/mg)
SA = Exposed skin surface area (square centimeters [cm2]/event)
ABS = Dermal absorption factor (unitless)2
AF = Adherence factor (milligrams per square centimeter [mg/cm2]
EV = Event frequency (events per day)
CSFi = Inhalation cancer slope factor for carcinogenic chemicals [(mng/kg-day)'1]
IRA = Inhalation rate (cubic meters [m 3]/hour)
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ET = Exposure time (hours/day)
PEF = Particulate emission factor (cubic meters per kilogram [m3/kg])
VF = Volatilization Factor (m 3/kg) [Note: the I/VP factor is included only for volatile

chemicals.]

A similar model is used to estimate the soil PR~s for non-carcinogenic chemicals. The model shown
below was used for estimating the non-carcinogenic PR~s.

PR G- THQxB WxAT
IRSxFIxEFx EDx CF SAx A~xABSx EFx EDxEVxCF IRAXETxEFx EDx(VF,;Yp~E)

RJD, ~~RJT4 RJA
where:

THQ = Target hazard quotient for exposure to non-carcinogenic chemicals (unitless)
RfDo = Oral reference dose for non-carcinogenic chemicals (mg/kg-day)
RfDi = Inhalation reference dose for non-carcinogenic chemicals (mg/kg-day)

The exposure parameters used in the soil PRO equations were taken primarily from VDEQ (Table
Cl-i).

Table Cl-i. Expos'ure Factors for the Trench Worker ________

Construction/ Utility WorkerParameter Definition RMEa IRS Soil Ingestion Rate (mg/day) 480
F1 ~~~Fraction Ingestion from Source (unitless) 0,

IRA Inhaiation Rate (mn/hour) 0.83
PEF Particuiate Emission Factor (m3/kg) 7.44E+06
SA Exposed Surface Area (cm2/event) 3,300
AF Weighted Adherence Factor (mg/cm2) 0.2
ABS Absorption Factor (unitless) Chemical-specific
ET Exposure Time (hour/day) 4
EF Exposure Frequency (days/year) 125
ED Exposure Duration (year) 1
EV Event Frequency (events/day) 1
CIF Conversion Factor (kg/mg) 1 .OOE-06
BW Body Weight (kg) 70
AT Averaging Time (days):

Noncarclnogenic 365
_________________ Carcinogenic 25,550

TCR Target Cancer Risk I1.OOE-06
THQ Target Hazard Quotient 1.0
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Because the exposure duration of the trench worker is 1 year, subchronic toxicity values were used
* to assess non-carcinogenic hazards. All toxicity values were taken from VDEQ with the exception

of aluminum. A subchronic oral reference dose of 2.0 E+00 milligrams per kilogram (mg/kg) was
chosen for aluminum and is based on a subchronic minimal risk level (MRL) provided by the
Agency of Toxic Substances and Disease Registry (July 1999).

Particulate emission factor (PEE) and volatilization factor (VF) are site-specific. The approved
Human Health Risk Assessment Work Plan (Mactec 2005, as modified) determined the PEF value of
7.44 E+06. The algorithms used in deriving VFs follow the Supplemental Guidance for Developing
Soil Screeningz Levels for Super fund Sites and are presented below (Equation 5-14; EPA 2002):

VF Q IC XlI FD X (3. 14 X DA X TAM~ X 104 M2/CM2
(2 x pb x DA)

where DA r (6a 1013 x Di x H") ± (Ow1013x DwYI/n2

[(pb x Kd1) + Ow + (Qa x H')]

Q/C = A exp ( (nAc -B)2 /C)
A , B, C are constants specific for construction worker
(A = 2.4538, B = 17.566, C = 189.0426)

Ac = extent of site soil contamination (in2)
Fd = 0.1 85 (unitless default factor from SSG)
DA apparent diffusivity (chemical-specific)

* T = total time over which construction occurs (seconds)
Pb = dry soil bulk density (g/cm3)
Oa = air-filled porosity (LaiYLsoit)

=w water-filled porosity (Lwater/Lsoii)
Di diffusivity in air (cm'lsec) (chemical-specific)
D = diffusivity in water (cm2/sec) (chemical-specific)

H' = unitless Henry's Law constant (chemical-specific)
Kd soil-water partition coefficient (CM3/g) (chemical-specific)

[Kd = Ka, x f00]
Ko00 soil-organic carbon partition coefficient (cm 3/g) (chemical-specific)
foe fraction of organic carbon in soil (g/g)

Default values for relevant soil geophysical parameters are available from the Supplemental
Guidance for Developing Soil Screening Levels for Superfund Sites (EPA 2002). These values can
be applied to all soil types (Table ClI-2).

Table C1-2. Soil Parameters for Estimating Apparent Diffusivity and Volatilization Factor

Parameter Value Reference

Construction Area 0.5 acres SSG default assumption
Construction Duration 1 year VDEQ default

a Dry Bulk Soil Density 1.5 SSG default assumption
Total Soil Porosity 0.434 SSG default assumption
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Air-filled Porosit 0.284 SSG default assumption
* IWater-filled Porosity 0.15 ISSG default assumption

Kd (= Koc x foc) Chemical-specific Based on a fraction of organic carbon
default value of 0.006 (SSG)

Using the above assumptions, VF for each volatile COPC is presented below (Table Cl-3). These
values are used in determining inhalation-based RBCs for construction workers.



890 272

0 09- -9 -- m m90 0 -----00 9 9 9

N-.. O~~~r O W N.00 ~- -N - - - -- -- - -

J. R 9.~j' . N . I L..0 N 0 N O 00. 0 t N 0 0 ~ ~ . ~ 0

0' 5 0''¶ ~~~~~~~~~~~~fl0.0.N 91 ~ 9 99

* ~ ~ ~ ~ ~ LU LU LU 0 2~~~~~~9 - - 222 21. . . . 00~~ w weI0 90 0 0 ' ~
Qfl OC~~~5OgOC~~O0000.n I-. - -nI-- 0000 00 00 0

~~~ 0 0 - 0 0 0 0 0 N W W O W 00 N~~~~~~~~9 9 W

C .#~~~~~~~~~~~~~~~~~~~~~~~~~~.N N N ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I

F- 999 ~ N N~ ON N N~b
LUWLULUW wuawwww LULUW LULUW LU LU LU LULULULUWLUW LULUW (03W OW LU LU LUWLUW~wL I

~~ 8~~ ~ ~ O O O O O ;;0 0 0~~~. . . .O N N.. .000 0' 0 . . 00 .

> 0U .. . .. .. . .. .. . .. ..

- o' Q-NNNNN~~W NI.OO-.N-.'.O~r-N ILONN N 4



890 273

Since the anticipated future use at OUlI of the DSCR is industrial, EPA Region III industrial soil
* RBCs were evaluated for screening purposes. The lower value between the calculated trench worker

RBCs and EPA Region III industrial RBCs was chosen for screening site data in the identification of
COPCs (Table C 1 -4). A comparison shows that Region III industrial RBCs are lower than calculated
trench worker RBCs for carcinogenic chemicals but are higher for most non-carcinogenic chemicals.
The reason for non-carcinogens to have lower trench worker RBCs is the higher chemical intake
over the lower averaging time.



Table C1-4 890 274
Comparison of EPA Region III Industrial Soil RBCs and Calucuisted Trench Worker RBCs

Human Health Baseline Risk Assessment
Defense Supply Center Richmond

Richmond, VA

Construction Trench Worker
V EPA Region III Baiof AutAutSlSceng

Chemical 0 Ind ustrIal PRG BaiVaAul dlo luSceenn
C (mglkg) PRO NC PRO (mg/kg) Cancer PRO (mg/kg) (mgkg)

Acetone x 9.202E-05 NC 2.27E+06 -9.20E+05

Aldrin _____ 1.7013-0t C 6.882+00 9.35E-0 I 1.70E-01
Aluminum- L.00+06 NC 2.28E-*05 -- 2.2813+05
Ammonia _____1.3 1 E-07 - .3i1E+07
Antinmony andecompounds _____- 4.10E+02 NC 2.41 E+02 -2,41 E+02
Arsenic _____6.8 1 E4el 6. 8 I +0I
Arsenic as carcinogen _____ 1.90E+00 C -- 3.612+01I 1.90E+00
Barium and compounds ____ 2.OOE+05 NC 4.64E+04 - 4.64E+04
Benzene x 5.20E+01 C 2.22E+02 6.781+01I 5.20E+01
Benzoic acid ____ 4.10E+06 NC 2.67E+06 - 2.6725+06
Benzyl alcohol 3. 102+05 NC 6.68E+05 -3.10E+05

Beryllium and compounds ____ 2,00E+03 NC 1.6tE+03 3.82E+03 1.61E+03
bis(2-Ethylhexyl phthalate(DEHP) _____ 2.002+02 . C 4.542+03 1.13E+03 2.002+02

Boron (and borates) _____ 2.002405 NC 1.6023+05 1-.60E+05
Bromodichloromethane x 4.602+01 C 4.542+03 5.432+01 4.60E+01I
Brornoform x 3.60E+02 C 4.54E+04 1.38E+03 3.60E+02
Bronaomethane _____ 1.4013+03 NC 3.188+02 -- 3.1813+02

Buylbezy ptaiate____ 1.50E+03 C 4.542+05 -1.50E+03

Cadmium an opudb____ 1.00E+03 NC 7.28E+02 5.092+03 7.28E+02
Carbon disuilide x 1.002+05 NC 2.76E+03 -2.76E+03

Carbon tetmachloride x 2 20E+01 C 1.44E+02 2.87E+01 2.20E+01
Chlordane (Technical) _____ 8.2011+00 C 1.36E+01 4.54E+01I 8.20E+00
Chiorobenzene x 2.002+04 NC 1.1I1I6+03 -1.112E+03

Chloroform x 1L002+04 NC 4.25E+02 3.22E+01 3.22E+01I
Chioromethane x - 7.006+02 6.48 E+O1 6.48E+01I
2-Chiorophenol 5.1013+03 NC 1.142+04 -5.1016+03

Chromium [II and compounds _____ 1.50E+06 NC 1.28E+06 -1.2912+06

Chromium VI and compounds _____ 3.10E+03 NC 7.416E+03 7.82E+02 7.82E+02
Chromium (Total) _____ _______ 7.1t92+03 7.632+02 7.6316+02a Cobalti 2.00E+04 NC 1.66E+03 - 1.66E+03V Co per and compounds 4.1023+04 NC 9.08E+03 - 9.08E+03Cyanide, free 2.0023+04 NC 4.54E+03 - 4.542+03
Dalapon 3.1023+04 NC 2.0011+04 - 2.00E+04

2,4- (2.-Diclornhenxyacticacid) 1.0023+04 NC 7.49E+03 - 7.49E+03
DDD 1.20E+01I C 4.546+02 6.62E+01 1.20E+01
DDE 8.40E+00 C - 4.67E+01 8.402+00
DDT 8.40E+00 C 1. 14E+02 4.67E+01 8.402+00
Dibenzofuiran9 2.002+03 NC 4.54E+02 -- 4.5421+02
Dibromochlorannethane x . 3.40E+01I C 4.54E+04 8.56E+01I 3.40E+01
Dibutyl phihalate L_____ 1.0+05 NC 2.27E+05 -. 1.00E*05
1,2-Dichlorobenzene x 9.20E+04 NC 1.47E+04 -1.47E+04

1,3-Dichlorobenzene 3. IOE+03 NC 6.812E+02 -6.8 1E+02
1,4-Dichlorobenzcne x -- 1.202E+o2 C 6.30E+03 2.382+02 1.2012+02
l[J-Dichloroethane _____ 2.002+05 NC 2.37E+04 -- 2.37E+04
1,2-Dichloroethane (EDC) x 3.1013401 C 4. 1013+03 3.74E+01I 3.102+01
il1-Dichloroethylene 5 .I02+04 NC 1.7413+03 -1.742+03

1,2-Dich~loroethylene (cis)- x 1.002+04 NC 2.272+04 -L1.00+04

1,2-Dichlonocthylene (trans) x 2.002O+04 NC 5.512+02 -- 5.5 12+02
l,2-Dichloroethwlene (mixture) x 9.20E+03 NC 2,04E+03 -2.0463+03

1,2-Dichlomopropane x 4.20E+01 C 1.412E+02 3.3523+01 3.35E+01
Dieidrin 1.80E-01 C 1,142+01 9.93E-01 1.80E-01
Diethyl phthalate ____ 8.202+05 NC 1.822+06 -8.20E+05

2,4-Dimethylplbenol _____ 2.0023+04 NC 4.542+04 - 2.002+04
2.6-Dimethylphenol 6,1023+02 NC 4.0112+03 - 6.10E+02
34.4Dimethylphenol 1.002+03 NC I 6.6821+03 - 1.00E+03
Dimetlhvl phthalatce 1.00E+07 NC 2.272+06 - 2.27E+06
I1,2-Dinitrcbcnzence L_____ 1.0+02 NC 6.68E+01 - 6.68E+01
1,3-Dinitrobenzene 1.002+02 NC 6.68E+01 - 6,6812+01
I1,4.Dinitrobenzene- 1.00E+02 NC 6.682E+0I -. 6.68E+01
2.4-Dinitrophenol OO00+03 NC 4.542+02 - 4.54E+02
Dinitrotoluene mixture _____ 4.20E+00 C -6.87E+01 4.20E+00
2-Amnino-4,6-dinitrooluene 9.35E+03 - 9.35E+03
4-Arnino-2,6-dinitrotoluene 6.68E+03 - 6.6812+03
2,4-Dinimrtoluene ____ 2.002+03 NC 4.54E+02 - 4.54E+02

I2.6-Dinitrotoluene 8.0012+03 NC 2.272+03 - 1.0021+03IDinoseb _____ .002+03 NC 6.682+402 - 6.6812+02
Idi-n-Ocylv phthalatet 4.10E+04 NC 9.08E+03 -. 9.08E+03



TabUle I4 890 275
Comparison of EPA Region III Industrial Soil RBCs and Caluculated Trench Worker RBCs

Human Health Baseline Risk Assessment
Defense Supply Center Richmond

Richmond, VA

Construction Trench Worker
EARegion II Basis of Adult Adult SoiluSceenn

Chemical ~~ ~~~~~~~~~~~0 Industrial PRO PRO NC PROG(mg/kg) Cancer PROG(mg/kg) (g/k)
C (Mglkg) m k;

Endosulfan - ~~~~~~~~~ ~~~ ~~~6.10E+03 NC 1.36E+03 - l.36E+03
Endrin 3.lOE+02 NC 6.8 1E+01I - 6.SIE+01

Elhylbenzene ~~ ~~~~~~~~ ~~x I.00E4+05 NC 2.76E*03 - 2.76E+03
fluorine (soluble fluoride) ________ ~~~6.10E+04 NC 41.0 1E±04 - 4.0 1E+04

14C (alp 41.50E-01 C 1. 14E+02 2.52E+00 4.50E-01
NCR (beta) 1.60E+00 C 4.54E+01 8.83E+00 1.60E+00
HICH (gammna)LUndone 2.2012+00 C 6.81E+02 1.221--0 I 2.20E1-00
HICH-technical 1.60E+00 C -- 2.98E+01I 1.60E1-00
Heptachlor 6.40E-01 C 1.14E+02 3.532,+00 6.40E601
Hceptochlor epoxide 3.iOE-0l C 2.9512+00 1.75E-400 3.10E-Ot
Hexachlorobenzene i.80E+00 C 1.82E+02 9.93E+00 1.806+00
Hexahydro-1,31,5-trinitro-Ik,3,5-triazine (RDX) _____ 2.60E-101 C 2.600+03 4.24E+02 2.606-OI-C
HydrazinelHyrazine sulfate 9.50E-01 C -- 1.55E+01 9.50E-01
Iron 3.10E+05 NC 6.8 1 E-04 -6.81E+041

isophoronc ____ 3.002E-03 C 4.546E-05 1.67E+04 3.0012+03
Mnganese: and compounds' ____ 2.OOE+04 NC 4.83E+03 -4.83E+03

Mercury (inorganic) ~~~~~~~~~ ~~~3.10E+02 NC 2.03E+03 -3.1012+02

Mehxclor 5.10E+03 NC 1.14E+03 -1.14E+03

1-etyl4-hOrhnxaei cd MP) _____ 5.10E+02 NC 3.34E+02 -- 3.34E+02
2-(2-Methvi.4.chlorophenoxy)propionic acid (MCPP _____ 1.00E+03 NC 6.68E+03 -L1,00+03

Methylene chloride x 3.8013+02 C 9.63E+03 9.23E+02 3.80E+02
yejvel ketone (MEK or 2-butanone) x 6.1013+05 NC 1.58E+05 -- 1.58E+05

Methyl isobutyl kcetone x ________7.65E+04 -7.65E+04

2Methylphenol (o-cresol) ____ 5.10E+04 NC 1.146+05 -- .10E+04
3-Methylphenol (ra-cresol) 5.I02+04 NC 1.14E+05 -5.I02+04

4-Methylphenol (p-cresol) ____ 5.10E+03 NC 1.14E+03 .- 1.146+03
Methyl styrene(nMixture) x 6.IOE+03 NC 1.12E+03 -. 1.1L2E+03
Molybdenum -. 5.106+03 NC 4.26E+03 -- 4.26E+03
Nickel and compounds 2.002+04 NC 1.5336+04 - 1.53E+04a Nitrate 1.60E+06 NC 1.36E+06 - 1.36E+06

W Nitrite 1.002+05 NC 8.5E+04 - 8.526+04
2-Nitrosniline- 3.10E+03 NC 6.5012+02 - 6.50E+02
3-Nitroaniline 1.40E+02 C 6.8 1 +01I 7.57E+02 6.8 1E+01I
4-Nitroanilirse 1.40E+02 C 6.80E+02 7.57E+02 1.40E+02
Nitrobenzene x 5.10E+02 NC 2.45E+02 -- 2,456+02
N-nitrosodiethylamnine _____ 1.9012-02 C -311.iIE0 I 1.9016-02
N-nifirosodi methylamine 5.6063-02 C 5.34E+00 9.16E-01 5.60E-02
N-N itrosodiphenylami ne ____ 5.80E+02 C 4.54E+03 3.24E+03 5.80E+02
N-nitroso-di-n-propylamine 4.10E-01. C -. 2.27E+00 4. 106-0 I
m-Nitratolucrne x 2,006+04 NC 8.52E+04 - 2.006+04
o-Nitrotoluene ,c L,00+04 NC 8.52E+04 8.30E+01I 8.30E+01
p-Nitrotoluene- x 1.70E+02 C R.52E+04 1.0813+03 1.70E+02

Oclhydro-135 7-tetrmitro- 13 57-tetmzocine (HMX) ____ 5,106+04 NC 3.34E+04 - 3.34E+04
Pentachlorophenol 2.40E+01 C 6.81E+03 1.32E+02 2.40E+01

echiorate 7.2013+02 NC 8.4911+0t 8.49E+01 __

Phenol 3.10E+05 N C 6.8 16+04 - 6.81I6+04
po~vch/pri~rpted binhen v/s (PC~sft _________ 1.40E+00 C -- 2.1515+01 . 1.40E+00

Aroclor 1016 4.10E+01 C 1.59E+01 2.27E+02 1.59E+01
Aroclor 1254 _____ 4.10E+00 C 1. 14E+01I 7.94E+00 4.10E400
Aroclor 1260 4. 10E+00 C 1.14E+02 7.94E+00 4.10E+00

Acenapht ____________ne___6.10E+04 NC 1.36E+05 -6. 10E+04
Anthr__________ccnc_______3.106+05 NC 6.8 1 +05 -. 3.10E+05

-Benz[alanthracene 3.9012+00 C - 2. 186 +0 I 3.90E+00
Itenzo[bjfluoranthene 3.90E+00 C -2.1 8E+0I 3.906+00
Bcnzoflclfluonanthcne 3.906+01 C - 2.1812+02 3.90E+01
Beozolalpyrene 3.906.01 C -- 2.18E+00 3.90E-01
Carbazole 1.40E+02 C -7.94E+02 1.40E+02
Chryscne 3.9012+02 C -2.18E+03 3.90E+02
Dibenzfahlanthracenc 3.90E-01 C - 2.188+00 3.90E.01
Fluoranthene 4.I02+04 N C 9.0813+04 -4.i1OE+04

Fluorene 4. 10E+04 NC 9.08E+041- 4.10E+04. fndeno~~~~~~l,2.3-cdlpyrene ~~~~~~~~3.90E+00 C -2.18E+01 3.90E+00
Naphthalene 2.00E+04 NC 4.49E+03 - 4.49E+03
Pyrene 3. 10E+04 NC 6.81E+04 - 3.10E+04

Selenium S.1I0O+03 NC 1.14E+03 - I.14E403
Silver and compounds 5.10E+03 NC 3.84E+03 - 3.84E+03
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Table C14

Comparison of EPA Region [II Industrial Soil RBCs and Caluculated Trench Worker RECs
Human Health Baseline Risk Assessment

Defense Supply Center Richmond
Richmond, VA

V EPA Region III ~ConstructIon Trench Worker Sl cenn
Chemical 0 EPA Region ~~~~~~~~ ~ ~~Basis of Adult Adult Si cenn

(mg/kg) PRO NC PROG(mg/kg) Cancer PROG(mg/kg) (g/kg)
Styrene x 2.O0E+05 NC 3.5I1E+04 -3.512E+04

2,3,7,S-TCDD (dioxin) _____ 1,902-05 C -1.06E-04 1.90E-05
l, 1.2,2-Tetrachloroethane x 1.40E+01 C 1.36E+04 3.93E*02 1.40E+01
Tetrachloroethylene (PCE) x 5.30E+00 C - 4.3012+03 2,39E+01 5.30E+00
Thallium and compounds _____ 7.20E+01 NC 1.59E+01 - 1.59E+01
Toluene x 8.20E+04 NC 2.70E+OS -- 8.20E+04
I ,2,4-Trichlorobenzene x 1.00E+04 NC 2.24E+03 - 2.24E+03
1,1,1-Trichloroethasne _____ 2.901+05 NC 1,5612+04 - 1.56E+04
l,I1,2-Trichloroethane x 5.OOE+0I C 9.08E+03 8.35E+01 5.00E+01
Trichloroethylene (TCE) x 7.20E+00 C 5.83E+0l 6.02E+00 6.02E+00
Trichlorofluoromethane x 3.10E+05 NC 1.85E+04 1- .SSE+04
i,2.3-Trichloropropane x 1.40E+00 C 2.002+02 4.29E+00 1.40E+00
1,3,5-Trinitrobenzene ____ 3.10E+04 NC 3.34E+02 -- 3.34E+02
Trinitrphenylmethvlnitramine C6.68E+04 -- 6.68E+04
2.4.6-Trininrtoluene ___ 9.50E+01 _____ 3.342+02 8,56E+03 9.50E+01
Vanadium I.00E+03 NC 7.95E+02 -- 7.95E+02
Vinyl chloride x 4.OOE+00 C 3.192+0 1,72E+01 4.002+00
m-Xylene x _______ __ 5.59E+03 .- 5.59E+03
o-Xylene it _______ 5.79E+03 -. 5.79E+03
R-XyLen t ________ ____ 5.49E+03 -. 5.492+03
Xylene (mixed) it 2.002+05 NC 1.96E+03 __________1,96E+03

Zinc 3.102+05 NC 6.882+04 - 6.812E+04

a PRO - Preliminary remedliatson goal.
b, Cadmium Region 3 PRO based upon food consumption.

cManganese Region 3 PRO based upon Nonfood consumption,

EPA Region 3 Industrial PROs from October 2005 SPA Region III RLBC Table.. Constituents withdrawn from Region [II RBC Table in October 2005. Values arm consistent wish EPA Region III April 2005 RBC Table.
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TABLE fl-i

RISK CHARACTERIZATION
SOIL INGESTION - CURRENT INDUSTRIAL WORKER

HUMAN HEALTH BASELINE RISK ASSESSMENT
OPERABLE UNIT 1

DEFENSE SUPPLY CENTER RICHMOND
RICHMOND, VIRGINIA

Chemical ADD (a) RfDo (b) HQ (c) ADDc (a) SFo (b) Risk (d)
Metals/nofais
Arsenic 6.612-05 3.OE-04 2.2E-01 2.3E-05 1.52±00 3.512-05
Iron 2.I1E-02 3.OE-01 6.9E-02 7.42-03 Nay Nay
Thallium 8.9E-06 7.0E-05 1.3E-01 3.2E-06 -Nav Nay

arnulcs:
Benzo(a)anthracene 9.2E-06 Nay Nay 3.3E-06 7.3E-01 2.413-06
Benz(a)pyrene 8.5E-06 Nay Nay 3.02-06 7.3E3+00 2.2E-05
Bezl bfuoathn _____ 8.2E-07 Nay Nay 2.9E-07 7.3E-01 2.I1E-07
Dibenzo(a,h)anthracene I1.6E-06 Nay Nay 5.8E-07 7.3E+00 4.2E-06
Naphthalene 3.12E-06 2.OE-02 1.5E-04 1.1E-06 Nay Nay
Chloroform 1.8E-09 LOE-02 1.812-07 6.3E-10 Nay Nay
TCE 1.8E-09 3.02-04 5.9E-06 6.3E-10 4.OE-01 2.5E-10

Total 4E-01 6E-05

Notes
(a) ADDn = (lWcur,dc x CF x IR x ElF x 20)/(BW x Atn)

ADDc = (lWcur,dc x CF x IR x EF x ED)/(BW x ATc)
Terms from Tables 3-1 and 3-2.

(b) Toxicity values from Table 4-1.
(c) ADDn/RfDo.
(d) AD~c x SFo

AD~c Average Daily Dose (carcinogenic)
AD~n Average Daily Dose (noncarcinogenic)
HQ Hazard Quotient
Nay Not available
RfDo Reference dose (oral)
S~o Cancer Slope Factor (oral)

80844.04 1of I
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TABLE D-2

RISK CHARACTERIZATION
SOIL DERMAL CONTACT - CURRENT INDUSTRIAL WORKER

HUMAN HEALTH BASELINE RISK ASSESSMENT
OPERABLE UNIT I

DEFENSE SUPPLY CENTER RICHMOND
RICHMOND, VIRGINIA

Chemical ADDn (a) RfDd (b) HQO(c) ADI~e (a) SFd (b) Risk (d)
Metals/Inoran ics:
Arsenic 1.3E-05 3.OE-04 4.32-02 4.723-06 1.513+00 7.02-06_
Iron 1.4E-03 4.5E-02 3.011-02 4.9E-04 Noy Nay
Thallium, 5.9E-07 7.OE-05 8.4E-03 2.12E-07 Nay Nav

O rean kv_ _ _ _ __c_ _ _ __ _ _ _ _ __ _ _ _ _ __ _ _ _ _

Benzo(a)anthracene 7.9E-06 Nav Nay 2.8E-06 7.3E-01 2.1 E-06
Benzo(a)pyrene 7.3E-06 Nay Nay 2.6E-06 7.3E+00 1.9E-05
Benzo(b)fluoranthene 7.OE-07 Nay Nay 2.5E-07 7.3E-01 1.8E-07
Dibenizo(a,h)anthracene 1.4E-06 Nay Nav 5.OE-07 7.32+00 3.6E-06
Naphthalene 2.62-06 2.OE-02 1.3E-04 9.4E-07 Nav Nav
Chloroform 3.5E-10 1.02-02 3.5E-08 1.2E-10 Nay Nay
TCE 3.512-10 3.02-04 1.2E-06 1.2E-10 4.023-01 5.02-11

Total 8E-02 3E-05

Notes:
(a) ADDn = (IWcur,dc x SAF x CF x SA x DeAF x EF' x ED)/(BW x Amn)

ADDc = (IWcur,dc x SAF x CF x SA x DeAFx EF x ED)/(BW x ATc)
Terms from Tables 3-1, 3-2 and 3-3.

(b) Toxicity values from Table 4-1.
(c) ADDn/RfDd.
(d) ADDc x SFd.

ADDc Average Daily Dose (carcinogenic)
ADDn Average Daily Dose (noncarcinogenic)

HQ Hazard Quotient
Nay Not available
RfDd Reference dose (dermal)
SFd Cancer Slope Factor (dermal)

80844.04 1 of I



890 290
TABLE D-3

RISK CHARACTERIZATION
DUST INHALATION - CURRENT INDUSTRIAL WORKER

HUMAN HEALTH BASELINE RISK ASSESSMENT
OPERABLE UNIT 1

DEFENSE SUPPLY CENTER RICHMOND
RICHMOND, VIRGINIA

Chemical ADDn (a) RfDi (b) HQ Cc) AD~c (a) SHi (b) Risk Cd)
Metals/Inorganics:
Arsenic 3.213-09 Nav Nay 1.2E-09 1.5E+01 1.713-08
Iron 1.013-06 Nay Nay 3.6E-07 Nay Nav
Thalliumn 4.42-to Nay Nay 1.6E-10 Nav Nav

Benzo(a)anthracene 4.5E2-lO Nav Nay 1.6E-10 3.1E-01 5.OE-lII
Benzo(a)pyrene 4.112-10 Nav Nay 1.5E3-10 3.112+00 4.6E-10
Benzo(b)fluoranthene 4.02-11 Nay Nay l.4E-11 3.1E-01 4.4E-12
Dibenzo(a,h)anthracene 8.OE-lIl Nay Nay 2.913-11 3.IE3+00 8.823-11
Naphthalene 1.5E-10 8.6E-04 1.8E-07 5.4E-1Il Nay Nay
Chloroform 8.6E-14 1.42-02 6.2E-12 3.IE-14 8.1E-02 2.5E-15
TCE 8.6E-14 1.0E-02 8.6E-12 3.1E- 14 4.02-01 1.2E-l4

Total 2E-07 2E-08

Notes:
(a) ADDc - (IWcur,du,c x InR x ET x EF x ED)/(BW x ATc)

AD~n - (lWcur~du,c x InR x ET x EF' x ED)/(BW x ATn)
Terms from Tables 3-1 and 3-2.

(b) Toxicity values from Table 4-1.
(c) ADDn/Rf Di.
(d) ADDc x SFi.

ADDc Average Daily Dose (carcinogenic)
ADDn Average Daily Dose (noncarcinogenic)
HQ Hazard Quotient
Nay Not available
Rf~i Reference dose (inhalation)
Sri Cancer Slope Factor (inhalation)

80844.04 I of I
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RISK CHARACTERIZATION

SOIL INGESTION - FUTURE INDUSTRIAL WORKER
HUMAN HEALTH BASELINE RISK ASSESSMENT

OPERABLE UNIT I
DEFENSE SUPPLY CENTER RICHMOND

RICHMOND, VIRGINIA

Chemical ADDn (a) RfDo (b) HQ0 Cc) ADDe (a) SFo (b) Risk (d)
Metals/I norca ales:
Arsenic 5.3E-05 3.023-04 1.813-01 1.913-05 1.512+00 2.8E-05
Iron 1.8E-02 3.013-01 6.1 E-02 6.51E-03 Nay Nav
Thallium 2.7E-06 7.013-05 3.8E-02 9.6E-07 Nay Nay

Orzaelcs:
Beno~aanthracene 9.213-06 Nay Nay 3.3E-06 7.3E-01 2.412-06
Benzo(a)pyrcne 8.521-06 Nay Nay 3.013-06 7.323+00 2.2E-05
Benzo(b)fluomanthene 8.512-06 Nay Nav 3.12-06 7.3E-01 2.212-06
Dibenzo(a,h)anthracene 1.6E-06 Nay Nay 5.8E-07 7.3E+00 4.2E-06
Naphthalene 3.1 E-06 2.02-02 1.5E-04 1LIE-06 Nay Nay
Chloroformn 1.82-09 I.OE3-02 1.8E-07 6.312-10 Nay Nay
TCE 1.8E-09 3.OE-04 5.9E-06 6.3E-10 4.OE-01 2.5E-10

Total 3E-01 6E-05

Notes
(a) ADI~c = (lWfut,dc x CF x JR x EF x ED)/(BW x ATc)

AD~n = (lWfut,dc x CF x JR x EF x ED)/(BW x ATn)
Terms from Tables 3 -I and 3-2.. b) Toxicity values from Table 4-1.

(c) ADDn/RfDo.
(d) ADDc x SFo

ADI~c Average Daily Dose (carcinogenic)
AD~n Average Daily Dose (noncarcinogenic)
HQ Hazard Quotient
Nay Not available
RfDo Reference dose (oral)
SFo Cancer Slope Factor (oral)

80844.04 I of I
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RISK CHARACTERIZATION
SOIL DERMAL CONTACT - FUTURE INDUSTRIAL WORKER

HUMAN HEALTH BASELINE RISK ASSESSMENT
OPERABLE UNIT I

DEFENSE SUPPLY CENTER RICHMOND
RICHMOND, VIRGINIA

Chemical ADDnI (a) RfDd (b) HQ (c) ADDc (a) SFd (Ib) Risk (d)
Metalshno rganics:
Arsenic 1.0E-05 3.OE-04 3.5E-02 3.7E-06 1.5E+00 5.6E-06
Iron 1.2E-03 4.5E-02 2.7E-02 4.3E-04 Nay Nay
Thallium 1.8E-07 7.02-05 2.5E-03 6.3E-08 Nay Nay

Benzo(a)anthracene 7.912-06 Nav Nay 2.8E-06 7.3E-01 2.1E-06
Benzo(a)pyrene 7.3E-06 Nay Nay 2.6E-06 7.3E+00 1.9E-05
Benzo(b)fluoranthene 7.3E-06 Nay Nay 2.6E-06 7.3E-01 1.9E-06
Dibenzo(a,h)anthracene 1.4E-06 Nay Nay 5.OE-07 7.3E+00 3.6E-06
Naphthalene 2.612-06 2.02-02 1.3E-04 9.42-07 Nav Nav
Chloroform 3.51E-10 1.0E-02 3.5E3-08 1.2E-10 Nay Nay
TCE 3.5E-10 3.02-04 1.2E-06 1.2E-10 4.02-01 5.OE-1I1

Total 6E-02 3E-05

Notes:
(a) ADDn - (lWfut,dc x SAP x CF x SA x DeAF x EF x ED)/(BW x ATn)

AD~c = (lWfut,dc x SAP x CF x SA x DeA~x EF x ED)/(BW x ATc)
Terms from Tables 3-1, 3-2 and 3-3.

(b) Toxicity values from Table 4- 1.
(c) ADD n/RfDd.

Ad)c AveaeD aily xS Doscringnc

ADDc Average Daily Dose (nocarcinogenic)

HQ Hazard Quotient
Nav Not available
Rtfld Reference dose (dermal)
S~d Cancer Slope Factor (dermal)

80844.04 1 of I
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TABLE D-6

RISK CHARACTERIZATION
DUST INHALATION - FUTURE INDUSTRIAL WORKER

HUMAN HEALTH BASELINE RISK ASSESSMENT
OPERABLE UNIT 1

DEFENSE SUPPLY CENTER RICHMOND
RICHMOND, VIRGINIA

Chemical ADDn (a) RfD)I (b) HQ fl ADI~c (a) SFf (b) Risk (d)
MetalsfInorgan ics:
Arsenic 2.6E-09 Nay Nay 9.22-10 1.521+01 1.4E-08
Iron 8.9E-07 Nav Nay 3.2E-07 Nay Nay
Thallium 1.3E-10 Nay Nay 4.7- IlI Nay Nay

Benzo(a)anthracene 4.5E-10 Nay Nay 1.6E-10 3.1-01 5.OE-11
Benzo(a)pyrene 4.1E-10 Nay Nay 1.5E-10 3.1 E+00 4.6E-10
Benzo(b)fluoranthcne 4.2E-10 Nay Nay 1.5E-10 3.1E-01 4.6E-I11
Dibenzo(a,h)anthracene 8.02-I1I Nay Nay 2.9E-11 3.12+00 8.8E-I1I
Naphthalene 1.5E-10 8.6E-04 1.8E-07 5.4- IlI Nay Nay
Chloroform 8.6E-14 1.4E-02 6.2E-12 3.1-14 8.lE-02 2.5E-15
TCE 8.6E-14 1.0E-02 8.6E-12 ME1-14 4.0E-01 1.2E-14

Total 2E-07 IE-08

Notes:
(a) ADDe = (IWfut,du,c x InR x ET x EF x ED)/(BW x ATc)

ADI~n = (lWfut,du,c x nR x ET x EF x ED)/(BW x ATn)
Terms from Tables 3-1 and 3-2.

(b) Toxicity values from Table 4-1.
() ADDn/RfDi.

) Average DailyDs crcngnc

AIc Average Daily Dose (nocarcinogenic)
ADI n HveazeardyQuotie nt nacnom
Nay NotavardQoiabl
Nal Referenceldose (naain

Sfi' Cancer Slope Factor (inhalation)

80844.04 I of
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TABLE D-7

RISK CHARACTERIZATION
VAPOR INHALATION - FUTURE INDOOR INDUSTRIAL WORKER

HUMAN HEALTH BASELINE RISK ASSESSMENT
OPERABLE UNIT 1

DEFENSE SUPPLY CENTER RICHMOND
RICHMOND, VIRGINIA

Chemical ADDn (a) RfDi ($HQ ( c) ADDc (a) S~i (b) Risk (d)
Metals/I noreanics:
Arsenic Nay Nay Nay Nav 1.5E-i01 Nay
Iron Nay Nay Nay Nav Nav Nay
Thallium Nay Nay Nay Nay Nay Nay

Benzo(a)anthracene Nay Nov Nav Nay 3.E-01 Nay
Benzo(a)pyrene _Nay Nay Nay Nay 3.1 E+00 Nay
Benzo(b)fluoranthene 2.2E-08 Nay Nay 7.812-09 3.E-0l 2.4E-09
Dibenzo(a,h)anthracene Nay Nay Nay Nay 3.1 E+00 Nay
Naphihalene 1.7E-04 8.6E-04 2.0E-01 6.OE-05 Nay Nay
Chloroform 6.3E-07 1.4E-02 4.5E-05 2.2E-07 8.IE-02 1.8E-08
TCE 6.3E-07 1.02-02 6.3E-05 2.2E-07 4.OE-01 9.02-08

Total 2E-01 1E-07

Notes:
(a) ADDc = (lWfutv,c x [nR x FT x EF' x ED)/(BW x ATc)

ADDn = (lWfut,v,c x hnR x ET x EF x ED)/(BW x ATn)
Terms from Tables 3-1 and 3-2.

(c) ADDndRfDi.
(b) Toxicit vaue S Froi Tb4

ADDc Average Daily Dose (carcinogenic)
AD~n Average Daily Dose (noncarcinogenic)
HQ Hazard Quotient
Nay Not available
RfDi Reference dose (inhalation)
SFi Cancer Slope Factor (inhalation)

80844.04 1 of I
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TABLE D-8

RISK CHARACTERIZATION
SOIL INGESTION - FUTURE CONSTRUCTION WORKER

HUMAN HEALTH BASELINE RISK ASSESSMENT
OPERABLE UNIT 1

DEFENSCE SUPPLY CENTER RICHMOND
RICHMOND, VIRGINIA

Chemical ADDok (a) RfDo (Ii) HQ (e) ADDc (a) S~o (b) Risk (d)
Metals/I no rganlcs:
Arsenic 1.9E-04 3.0E-04 ___ 6.4E-01 1.4E-06 1.5E+00 2.1E-06
Iron 6.7E-02 3.OE-01 2.2E-01 4.8E-04 Nay Nay
Thallium 9.8E-06 7.02-05 1.4E-01 7.OE-08 Nay Nay

Benzo(a)anthracene 3.4E-05 Nay Nav 2.42-07 7.3E-01 1.8E-07
Benzo(a)pyrene 3.1E-05 Nav Nay 2.2E-07 7.3E+00 1.6E-06
Benzo(b)fluoranthene 3.112-05 Nay Nay 2.22-07 7.3E-01 1.6E-07
Dibenzo(a,h)anthracene 6.O2-06 Nay Nav 4.3E-08 7.3E+00 3.1E-07
Naphthalene 1.12-05 2.02-02 5.7E-04 8.12E-08 Nay Nay
Chloroform 6.5E-09 L.0E-02 6.5E-07 4.6E-11 Nay Nay
TCE 6.5E-09 3.02-04 2.2E-05 4.6- IlI 4.02-01 1.8E-Il

Total 1E+00 4E-06

Notes:
(a) ADDn = (CWdc x CF x IR x EF' x ED)/(BW x ATn)

AkDDc = (CWdc x CF x IR x EF x ED)/(BW x ATc)
Terms from Tables 3-1 and 3-2.

(b) Toxicity values from Table 4-I1.
(c) ADDn/RfDo.
(d) ADDc x SFo

ADDo Average Daily Dose (carcinogenic)
ADDn Average Daily Dose (noncarcinogenic)
HQ Hazard Quotient
Nay Not available
RfDo Reference dose (oral)
SFo Cancer Slope Factor (oral)

80844.04 I of I
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TABLE D-9

RISK CHARACTERIZATION
SOIL DERMAL CONTACT - FUTURE CONSTRUCTION WORKER

HUMAN HEALTH BASELINE RISK ASSESSMENT

DEFENSE SUPPLY CENTER RICHMOND

RICHMOND, VIRGINIA

Chemical ADDn (a) RfDd (b) HQ (C) ADDe (a) S~d (b) Risk (d)
Metals/I noreanics:
Arsenic 1.7E-05 3.OE-04 5.8E-02 1.2E-07 1.5E+00 1.9E-07
Iron 2.02-03 4.5E-02 4.4E-02 1.4E-05 Nay Nav
Thallium 2.9E-07 7.02-05 4.2E-03 2.112-09 Nav Nay

Benzo(a)anthracene 1.312-05 Nay Nay 9.4E-08 7.3E-01 6.913-08
Benzo~~~a~pyrene 1.22-05 ~~Nay Nav 8.6E-08 7.3E+00 6.3E-07

Benzo(b)fluoranthene 1.2E-05 Nay Nav 8.7E-08 7.323-01 6.421-08
Dibenzo(a,h)anthracene 2.313-06 Nayv Nay 1.7E-08 7.313+00 1.2E-07
Naphthalene 4.4E-06 2.023-02 2.223-04 3.123-08 Nay Nay
Chloroform 5.8E-10 1.013-02 5.8E-08 4.212-12 Nay Nay
TCE 5.8E-10 3.012-04 1.9E-06 4.2E-12 4.02-01 1.723-12

Total I E-01 IE1-06

Notes:
(a) ADDc: = (CWdc x SAF x CF x SA x DeAFx EF x ED)/(BW x ATc)

ADDn = (CWdc: x SAF x CF x SA x DeAF x EF x ED)/(BW x ATn)
Terms from Tables 3-1, 3-2 and 3-3.

(b) Toxicity values from Table 4-1.
(c) ADDn/RfDd.

Ad)c Averag Dal S Dos cringnc

ADDn Average Daily Dose (nocarcinogenic)

HQ Hazard Quotient
Nay Not available
RfDd Reference dose (dermal)
S~d Cancer Slope Factor (dermal)

80844.04 I of I
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TABLE D-10

RISK CHARACTERIZATION
DUST INHALATION - FUTURE CONSTRUCTION WORKER

HUMAN HEALTH BASELINE RISK ASSESSMENT
OPERABLE UNIT 1

DEFENSE SUPPLY CENTER RICHMOND
RICHMOND, VIRGINIA

Chemical ADDn (a) RIMi (b) HQ (c) ADDe (a) SFI (b) Risk (d)
frti/IoMnics:

Arsenic 5.32-07 Nav Nay 3.8E-09 1.5E+01 5.7E-08
Iron 1.8E-04 Nay Nay 1.3E-06 Nay Nay
Thallium 2.7E-08 Nay Nay 1.92-jo Nav Nay

Bcnzo(a)anthracene 9.2E-08 Nay Nay 6.6E-10 3.AE-01 2.02-10
Benzo(a2)Tyrne 8.4E-08 Nay Nay 6.02-10 3. 12+00 1.9E-09
Benzo(b)fluoranthene 8.5E-08 Nay Nay 6.12-10 3.1E-01 1.9E-10
Dibenzo(a~h)anthracene 1.6E-08 Nay Nay 1.2E-10 3.1E+00 3.6E-10
Naphthalene 3.1 E-08 8.6E-04 ___ 3.6E-05 2.2E-10 Nay Nay
Chloroform 1.8E-lI 1.4E-02 1.3E-09 1.3E-13 8.12E-02 1.OE-14
TOE 1.8E-11 1.02-02 1.8E-09 1.3E-13 4.0E-01 5.OE-14

Total 4E-05 6E-08

N o t e s : C d u c x I n T F x D / B W x A c
a) ADDn = (CWdu,c x nR x ET x EF x ED)/(BW x ATe)

Terms from Tables 3-1 and 3-2.
(b) Toxicity values from Table 4-1.
(c) ADDn/RIDi.
(d) ADDc x SFi.

ADI~c Average Daily Dose (carcinogenic)
ADDn Average Daily Dose (noncarcinogenic)
HQ Hazard Quotient
Nay Not available
RfDi Reference dose (inhalation)
Sfi Cancer Slope Factor (inhalation)

80844.04 1of I
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