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EXECUTIVE SUMMARY

When the Former Nansemond Ordnance Depot (FNOD) was included on the Superfund
National Priorities List in 1999, the Pesticide Drum Area was identified as Other Area of
Investigation 7. Initial investigations at the site were performed by Gannett-Fleming.
Gannett-Fleming collected surface soil samples from two locations in 1998 and a sample of
drum liquid in 1999. In November 2000, a screening surface soil sample and a drum rinsate
sample were collected and the two abandoned drums at this site were placed in overpack
drums. One of the overpack drums was removed from the site and disposed of in February
2001, the other was missing. Based on the preliminary sample results from 1998, 1999, and
2000, a sampling effort was performed under the Site Screening Process (SSP) in 2002. The
SSP report included a screening risk assessment (SRA) for the site using all data collected
from 1998 through 2002. Based on new Formerly Used Defense Sites requirements, it was
determined that the data collected at the site be incorporated in a Remedial Investigation (RI)
Report.

The SRA determined that additional dieldrin (a pesticide), polychlorinated dibenzo-p-dioxin
(PCDD), and polychlorinated dibenzofuran (PCDF) data were required to complete the
characterization of the Site. Additional sampling for dieldrin and PCDDs/PCDFs was
conducted in February 2004. The complete 2002 data set and the supplemental 2004 dieldrin
and PCDD/PCDF data were incorporated into the human health risk assessment (HHRA) and
screening level ecological risk assessment (SLERA) performed in support of this RI. The
1998 soil sample results were included in the HHRA and the SLERA. The 2000 soil data set
was not validated and was not incorporated in the HHRA or SLERA with the exception of the
metals results. The metals results from the 2000 soil sample were included in the HHRA and
SLERA due to the small size of the available metals data set.

The baseline HHRA considered current and future land uses and the potential for exposure to
adolescent and adult trespassers and visitors, industrial workers, construction workers, and
adult and child residents. No unacceptable risks or hazards were estimated for any of the
receptors evaluated. The SLERA determined that no chemicals detected at the site have the
potential to pose an unacceptable threat to individual receptors or their communities.

The results of the baseline HHRA and the screening SLERA demonstrate that the existing site
conditions are protective of human health and the environment under current and potential
future land use scenarios.

U.S. Army Corps of Engineers—Norfolk District

M:\Projects\NOR_004_010_11\R04-07.782.doc 1 HydroGeoLogic, Inc. 4/9/07



This page was intentionally left blank.



TABLE OF CONTENTS

Page

1.0 INTRODUCTION . ...ttt e e aeeneas 1-1
1.1  REGULATORY BACKGROUND ......ciitiiiiiiiiiiiiiiiieiieeeeeeae 1-1

1.2 SITE BACKGROUND ... 1-2

1.2.1 Facility DesCription. .......c.ovueiitiiiiiiiiieitiiieieieieeieieenaeenans 1-2

1.2.2 Facility HISTOTY ....oviieiiiiii e 1-3

1.2.3  Site DESCIIPLION . ..uutntetitee et e 1-4

1.2.4 Previous INVEStiZAtionsS .........couivuiiitiiiiiiiiieieiieiaiieeiiaeieanns 1-4

1.2.4.1  Gannett Fleming Site Sampling .................c.oeivinenn... 1-4

1.2.4.2  Desktop Audit and Site ViSit .........ccoceviiiiiiiiiiinen... 1-6

1.2.4.3 Removal Action and Screening Level Sampling ............. 1-6

1.3 REPORT ORGANIZATION .....oiiiiiiii e 1-8

2.0 REMEDIAL INVESTIGATION FIELD ACTIVITIES.......cccooiiiiiiiiieen, 2-1
2.1  FEBRUARY 2002 POST-REMOVAL ACTION SAMPLING .................. 2-1

2.2  FEBRUARY 2004 POST-REMOVAL ACTION SAMPLING................... 2-2

3.0 PHYSICAL CHARACTERISTICS OF THE STUDY AREA ............cociiiiiiinint. 3-1
3.1 SURFACE FEATURES ... ..o 3-1

3.2 SURFACE WATER HYDROLOGY .....ccoitiiiiiiiiiiiiiiiiieieeeeeeen 3-1

3.3 S OIS e 3-1

3.4 GEOLOGY ittt e 3-2

3.4.1 Site-Specific Geology of the Pesticide Drum Area........................ 3-3

3.5 HYDROGEOLOGY ...uiiiiiiitiiitii e 3-3

3.6 ECOLOGY ..iiiiiiiiiiti e e e e e 3-5

4.0 NATURE AND EXTENT OF CONTAMINATION.......ccoiiiiiiiiiiiiiiiiieeean, 4-1
4.1 SOURCES ..o e 4-1

4.2  SURFACE AND VADOSE ZONE SOILS ..ot 4-1

4.2.1 Pesticides by SWEO8TA .. .ottt 4-1

4.2.2 PAHS DY SWE310 ..oniiiiiiiii e 4-2

4.2.3 PCDDs/PCDFs by SW8290 .....c.ciiiuiiiiiiiiiiiiieiieeiieeeae 4-3

4.2.4 Previous INVeStiations .........coueeiiiiriiiiiiiiiiiiieeieieeieeireeeennnn 4-4

4.2.4.1 Volatile Organic Compounds.............covvirirreennennennn.. 4-4

4.2.4.2  Semivolatile Organic Compounds ...............ccceevvennenn... 4-4

4.2.4.3  POBS. .ttt 4-5

4.2.4.4  Explosives and Nitroglycerin...............ccoovvviiininnenn... 4-5

4245  Metals ..oueiniii 4-5

4246  Cyanide .........oouiiiiiiiiii e 4-5

5.0 CONTAMINANT FATE AND TRANSPORT.......ccoiiiiiiiiiiieieeeee 5-1
5.1 POTENTIAL ROUTES OF MIGRATION ......cccoiiiiiiiiiiiiiiiiiiieenne, 5-1

U.S. Army Corps of Engineers—Norfolk District

M:\Projects\NOR_004_010_11\R04-07.782.doc iii HydroGeoLogic, Inc. 4/9/07



TABLE OF CONTENTS (continued)

Page

5.1.1 SOil-to-GroUNAWALET ... .ueteitit ittt 5-1

T U B B 00) 4 01510 | PP 5-1

5.1.1.2  DIiSSOIULION ..uuvnuitiniitiee e 5-2

5.1.1.3  Comparison to Soil Screening Levels.......................... 5-2

5.1.1.4  Migration within Groundwater.................ccoeevieinnenn... 5-3

5.1.2  Soil-to-Air Migration..........c.ovuiiiiiiiiiiii i eeeaes 5-4

5.2  CONTAMINANT PERSISTENCE........oitiiiiiiiii e 5-4

5.2.1 Organic COmMPOUNAS.........uvuuireiitieteitt ettt eaeennenans 5-4

5.2.2 MeEalS. ... e 5-5

6.0  BASELINE RISK ASSESSMENT ... 6-1

6.1 HUMAN HEALTH RISK ASSESSMENT.... ..ot 6-1

6.1.1 Data Used in the Baseline Risk Assessment............c..oovvviiennnnnn. 6-1

6.1.2 Tentatively Identified Chemicals.................coooviiiiiiiiiiiiinnn... 6-2

6.1.3 EXpOSUIe ASSESSIMENL . ....uvenetententtentetteteeiteeaeeteaeenneaneannns 6-5

6.1.3.1  Characterization of the Exposure Setting...................... 6-5

6.1.3.2  Potential Exposure Pathways.................cccoviiiiiiinn., 6-5

6.1.3.3  Selection of Chemicals of Potential Concern ................. 6-8

6.1.3.4  Quantifying EXpOSUIes ...........ccoviiiiiiiiiiiiiiiiiiiinnan. 6-9

6.1.3.4.1  Exposure Point Concentrations ................. 6-9

6.1.3.4.2  Calculation of Intakes .......................... 6-10

6.1.4 TOXICILY ASSESSIMEIL. .. .euuetnetenteetenteententeaneenteaeenteaeenneaneans 6-10

6.1.4.1 Non-Cancer Effects .........c.ccooiiiiiiiiiiiiiii. 6-11

6.1.4.2  Carcinogenic Effects.............cccoviiiiiiiiiiiiiiinn... 6-11

6.1.4.3  Chemicals without Toxicity Values .......................... 6-12

6.1.5 Risk Characterization and Uncertainty AnalysiS................c......... 6-12

6.1.5.1  General Non-Carcinogenic Risk Discussion ................ 6-12

6.1.5.2  General Carcinogenic Risk Discussion ...................... 6-13

6.1.5.3  Cancer Risk and Hazard Estimates........................... 6-13

6.1.5.3.1  Current Adolescent Trespasser/Visitor ...... 6-14

6.1.5.3.2  Future Adolescent Trespasser/Visitor........ 6-14

6.1.5.3.3  Current Adult Trespasser/Visitor............. 6-14

6.1.5.3.4  Future Adult Trespasser/Visitor .............. 6-14

6.1.5.3.5  Current Industrial Worker ..................... 6-14

6.1.5.3.6  Future Industrial Worker....................... 6-14

6.1.5.3.7  Future Resident (Adult and Child) ........... 6-14

6.1.5.3.8  Future Construction Worker .................. 6-15

6.1.5.4  Summary of Risk Characterization........................... 6-15

6.1.5.5 Uncertainty ASSESSMENL ........ovuerueineeiniinienniinnennenns. 6-15
6.1.5.5.1 Uncertainty Associated with Chemical

Identification ............coooviiiiiiiiiiiiine.. 6-15

6.1.5.5.2  Uncertainty Associated with TICs............ 6-16

U.S. Army Corps of Engineers—Norfolk District

M:\Projects\NOR_004_010_11\R04-07.782.doc iv HydroGeoLogic, Inc. 4/9/07



TABLE OF CONTENTS (continued)

Page
6.1.5.5.3  Uncertainty from Exposure Assessment..... 6-16
6.1.5.5.4  Uncertainty Associated with Analytes
Not Detected in Any Samples................. 6-17
6.1.5.5.5 Uncertainty from Toxicity Assessment...... 6-19
6.1.6 Human Health Risk Assessment Summary ..............c.ccooeiiin.n. 6-19
6.2  SCREENING LEVEL ECOLOGICAL RISK ASSESSMENT ................ 6-20
6.2.1 Step 1 - Problem Formulation ................ccooiiiiiiiiiiiiiiiiiinn.n, 6-20
6.2.1.1  Site History and Environmental Setting ..................... 6-20
6.2.1.2  Contaminant SOUICES ..........euevreneeneenernenneneaneaneanens 6-21
6.2.1.3  Fate and TransSport ..........cevvueiviiiiiiiiniiiinienieennnnn. 6-21
6.2.1.4  Preliminary Conceptual Model.........................oo.e. 6-21
6.2.1.4.1 Exposure Pathways .....................ooeien. 6-21
6.2.1.4.2  ReCEPLOTS ..ovvviiiiiiiiii i 6-22
6.2.1.4.3  Assessment and Measurement Endpoints.... 6-22
6.2.2 Maximum Exposure Evaluation...................ooooiii 6-23
6.2.2.1  Comparison to Ecological Soil Screening Levels .......... 6-23
6.2.2.2  Comparison to Soil Benchmark Concentrations............ 6-26
6.2.2.2.1 Detected Analytes with Soil Benchmark
ConCentrations ..........ceveeeeeenennennennennn. 6-26
6.2.2.2.2 Non-Detected  Analytes with  Soil
Benchmark Concentrations .................... 6-27
6.2.2.2.3  Non-Detected Analytes Without Soil
Benchmark Concentrations .................... 6-29
6.2.2.2.4  SUMMATY......oitiiiiiiiiiiiiiieaieaiieanaans, 6-32
6.2.2.3  Food Web Exposure AnalysiS...........cccceveiiiinneannnn.. 6-32
6.2.2.3.1 Approach ...........coooiiiiiiiii 6-32
6.2.2.3.2 Food Web Exposure Analysis Results ....... 6-34
6.2.3 Food Web Exposure - Central Tendency Evaluation ................... 6-38
6.2.4 UNCEITAINLY ...vintitiitiitt et et et e e e ete et enaeaaeanaanns 6-39
6.2.5 SUMMATY ..ottt et 6-40
7.0 CONCLUSIONS AND RECOMMENDATIONS ....oiiiiiiiiiiieiieeeeeeaen 7-1
8.0  REFERENCES. ... e 8-1
8.1  REFERENCES CITED IN TABLES ONLY ....c.oiiiiiiiiiiiiiiieieeenen 8-5

U.S. Army Corps of Engineers—Norfolk District

M:\Projects\NOR_004_010_11\R04-07.782.doc v HydroGeoLogic, Inc. 4/9/07



TABLE OF CONTENTS (continued)

Page
APPENDIX A FIELD NOTES
APPENDIX B DRUM REMOVAL DOCUMENTATION
APPENDIX C SURVEY COORDINATES
APPENDIX D ANALYTICAL DATA SUMMARY
APPENDIX E RISK ASSESSMENT METHODS

U.S. Army Corps of Engineers—Norfolk District

M:\Projects\NOR_004_010_11\R04-07.782.doc vi HydroGeoLogic, Inc. 4/9/07



LIST OF TABLES

Table 1.1 1998 Analytical Results - Surface Soils

Table 1.2 1999 Analytical Results - Drum Contents

Table 1.3 Analytical Results from Surface Soil Beneath Drums, November 2000
Table 1.4 Analytical Results from Drum Rinsate, November 2000

Table 3.1 Soil Survey Information

Table 3.2 Stratigraphic and Hydrogeologic Units for the Coastal Plain of Virginia
Table 4.1 Analytical Detections, Post-Removal Action Samples - 2002

Table 4.2 Pesticide Drum Area Sample Results - 2004

Table 5.1 Comparison of Maximum Detected Concentration to SSLs

Table 6.1 Selection of Exposure Pathways—Pesticide Drum Area, Former Nansemond
Ordnance Depot

Table 6.2 Summary of Chemicals of Potential Concern-Pesticide Drum Area, Former
Nansemond Ordnance Depot

Table 6.3 Intake Equation and Exposure Assumptions for Ingestion of Chemicals in Soil-
Pesticide Drum Area, Former Nansemond Ordnance Depot

Table 6.4 Intake Equation and Exposure Assumptions for Dermal Absorption of

Chemicals in Soil-Pesticide Drum Area, Former Nansemond Ordnance Depot

Table 6.5 Summary of Receptor Risks and Hazards for COPCs Reasonable Maximum
Exposure-Pesticide Drum Area, Former Nansemond Ordnance Depot

Table 6.6 Summary of Receptor Risks and Hazards for COPCs Reasonable Maximum
Exposure-Pesticide Drum Area, Former Nansemond Ordnance Depot

Table 6.7 Summary of Receptor Risks and Hazards for COPCs Reasonable Maximum
Exposure-Pesticide Drum Area, Former Nansemond Ordnance Depot

Table 6.8 Summary of Receptor Risks and Hazards for COPCs Reasonable Maximum
Exposure-Pesticide Drum Area, Former Nansemond Ordnance Depot

Table 6.9 Summary of Receptor Risks and Hazards for COPCs Reasonable Maximum
Exposure-Pesticide Drum Area, Former Nansemond Ordnance Depot

Table 6.10  Summary of Receptor Risks and Hazards for COPCs Reasonable Maximum
Exposure-Pesticide Drum Area, Former Nansemond Ordnance Depot

Table 6.11  Summary of Receptor Risks and Hazards for COPCs Reasonable Maximum
Exposure-Pesticide Drum Area, Former Nansemond Ordnance Depot

Table 6.12  Summary of Receptor Risks and Hazards for COPCs Reasonable Maximum
Exposure-Pesticide Drum Area, Former Nansemond Ordnance Depot

Table 6.13  Summary of Receptor Risks and Hazards for COPCs Reasonable Maximum
Exposure-Pesticide Drum Area, Former Nansemond Ordnance Depot

Table 6.14  Summary of Receptor Risks and Hazards for COPCs Reasonable Maximum
Exposure-Pesticide Drum Area, Former Nansemond Ordnance Depot

Table 6.15  Summary of Risk Assessment Uncertainty—Pesticide Drum Area, Former
Nansemond Ordnance Depot

Table 6.16  Comparison of SQLs to Human Health-Based Screening Values, Analytes Not
Detected in Any Samples—Pesticide Drum Area, Former Nansemond Ordnance
Depot

U.S. Army Corps of Engineers—Norfolk District

M:\Projects\NOR_004_010_11\R04-07.782.doc vii HydroGeoLogic, Inc. 4/9/07



LIST OF TABLES (continued)

Table 6.17

Table 6.18

Table 6.19

Table 6.20

Table 6.21

Table 6.22

Table 6.23

Table 6.24

Table 6.25

Table 6.26

Table 6.27

Comparison to Ecological Soil Screening Levels Pesticide Drum Area, Former
Nansemond Ordnance Depot

Comparison to Soil Benchmark Concentrations-Pesticide Drum Area, Former
Nansemond Ordnance Depot

Comparison of TEQs from each Surface, Soil Sample to Soil Benchmark
Concentration-Pesticide Drum Area, Former Nansemond Ordnance Depot
Bioaccumulative Chemicals and Their Log Kow Values-Pesticide Drum Area,
Former Nansemond Ordnance Depot

Exposure Parameters for Upper Trophic Level Ecological Receptors - Step 2-
Pesticide Drum Area, Former Nansemond Ordnance Depot

Soil Bioconcentration/Bioaccumulation Factors Used for Plants and Soil
Invertebrates—-Pesticide Drum Area, Former Nansemond Ordnance Depot

Soil Bioaccumulation Factors Used for Small Mammals-Pesticide Drum Area,
Former Nansemond Ordnance Depot

Step 2 Evaluation, Exposure of Terrestrial Wildlife Receptors to Surface Soil-
Pesticide Drum Area, Former Nansemond Ordnance Depot

PCDD/PCDF Step 2 Evaluation, Exposure of Terrestrial Wildlife Receptors to
PCDDs/PCDFs in Surface Soil-Pesticide Drum Area, Former Nansemond
Ordnance Depot

Exposure Parameters for Upper Trophic Level Ecological Receptors - Step 3A-
Pesticide Drum Area, Former Nansemond Ordnance Depot

Step 3A, Exposure of Terrestrial Wildlife Receptors to Surface Soil-Pesticide
Drum Area, Former Nansemond Ordnance Depot

M:\Projects\NOR_004_010_11\R04-07.782.doc viii

U.S. Army Corps of Engineers—Norfolk District

HydroGeoLogic, Inc. 4/9/07



LIST OF FIGURES

Figure 1.1 Site Location - Former Nansemond Ordnance Depot (FNOD)

Figure 1.2 Location of Pesticide Drum Area - Former Nansemond Ordnance Depot
Figure 1.3 Location of Site O-7 - Pesticide Drum Area

Figure 1.4  Soil Sample Locations - Pesticide Drum Area

Figure 4.1  Pesticide, PAH, and PCDD/PCDF Sampling Results - Pesticide Drum Area

U.S. Army Corps of Engineers—Norfolk District

M:\Projects\NOR_004_010_11\R04-07.782.doc ix HydroGeoLogic, Inc. 4/9/07



LIST OF ACRONYMS AND ABBREVIATIONS

AOC
ATSDR

BAF
BCF
bgs
BTAG

°C
CERCLA

CLP
cm/sec
COPEC
COPC
CRDL
CRQL
Cr(VI)
CSF

DAF
DDD
DDE
DDT
DERP
DoD

EPA
EPACMTP

EPC
EQ
ERDA
ESSL

FNOD
fOC
FUDS

Gannett Fleming

GE
HEAST

Area of Concern
Agency for Toxic Substances and Disease Registry

bioaccumulation factor
bioconcentration factor

below ground surface

Biological Technical Advisory Group

degrees Celsius

Comprehensive Environmental Response, Compensation, and Liability
Act (“Superfund”)

(U.S. EPA) Contract Laboratory Program
centimeters per second

chemical of potential ecological concern
chemical of potential concern

contract required detection limit

contract required quantitation limit
chromium (VI) (hexavalent chromium)
cancer slope factor

dilution and attenuation factor
4,4’-dichlorodiphenyldichloroethane
4,4’-dichlorodiphenyldichloroethene
4,4’'-dichlorodiphenyltrichloroethane
Defense Environmental Restoration Program
U.S. Department of Defense

U.S. Environmental Protection Agency

EPA Composite Model for Leachate Migration and Transportation
Products

Exposure Point Concentration

ecological quotient

Environmental Restoration Defense Account

ecological soil screening level

Former Nansemond Ordnance Depot
fraction of organic carbon
Formerly Used Defense Site

Gannett Fleming, Inc.
General Electric Company
Health Effects Assessment Summary Tables

U.S. Army Corps of Engineers—Norfolk District

M:\Projects\NOR_004_010_11\R04-07.782.doc X HydroGeoLogic, Inc. 4/9/07



LIST OF ACRONYMS AND ABBREVIATIONS (continued)

HgCL
Hg(ID)
HGL
HHRA
HI

HQ
HRSD
HxCDD

I-664
IAG
IDL
ILCR
IMS
Ip
IRIS

K

KOC
KOW
Ksp

LOAEC
LOAEL

M3
MATC
mg/kg
uglke
mg/kg/d
ug/L
mg/m’

m’/kg
mL/g
MicroPact
MLLW
msl

NCI
NFA
ng/kg
NIH
NOAEC

mercuric chloride

divalent mercury

HydroGeoLogic, Inc.

human health risk assessment
hazard index

hazard quotient

Hampton Roads Sanitation District
hexachlorodibenzo-p-dioxin

Interstate Highway 664
Inter-Agency Agreement
instrument detection limit
incremental lifetime cancer risk
Industrial Marine Services, Inc.
intraperitoneal

Integrated Risk Information System

distribution coefficient

carbon partition coefficient
octanol-water partition coefficient
solubility product constant

lowest observed adverse effect concentration
lowest observed adverse effect level

Manual Level 3

maximum acceptable toxicant concentration

milligrams per kilogram

micrograms per kilogram

milligrams of chemical per kilogram body weight per day
micrograms per liter

milligrams per cubic meter

cubic meters per kilogram
milliliters per gram
MicroPact Engineering, Inc.
mean lower low water
mean sea level

National Cancer Institute

No Further Action

nanograms per kilogram

National Institutes of Health

no observed adverse effect concentration

U.S. Army Corps of Engineers—Norfolk District

M:\Projects\NOR_004_010_11\R04-07.782. doc xi

HGL 4/9/07



LIST OF ACRONYMS AND ABBREVIATIONS (continued)

NOAEL no observed adverse effect level

OAOI Other Area of Investigation

ORNL Oak Ridge National Laboratory

QA quality assurance

PAH polynuclear aromatic hydrocarbon

PCB polychlorinated biphenyl

PCDD polychlorinated dibenzo-p-dioxin

PCDF polychlorinated dibenzofuran

PEF particulate emission factor

pg/g picograms per gram

PPRTV Provisional Peer-Reviewed Toxicity Value Database
RAGS Risk Assessment Guidance for Superfund
RBC risk-based concentration

RCRA Resource Conservation and Recovery Act
RfC reference concentration

RfD reference dose

RI Remedial Investigation

RME reasonable maximum exposure

SARA Superfund Amendment and Reauthorization Act
SLERA screening level ecological risk assessment
SOW scope of work

SQL sample quantitation limit

SRA screening risk assessment

SSL soil screening level

SSP Site Screening Process

STL Severn Trent Laboratories

SVOC semivolatile organic compound

TAL Target Analyte List

TCL Target Compound List

TCC Tidewater Community College

TCDD tetrachlorodibenzo-p-dioxin

TEF Toxicity Equivalency Factor

TEQ Toxicity Equivalent

TIC tentatively identified compound

UCL upper confidence level

UF uncertainty factor

USACE U.S. Army Corps of Engineers

U.S. Army Corps of Engineers—Norfolk District

M:\Projects\NOR_004_010_11\R04-07.782.doc xii HGL 4/9/07



LIST OF ACRONYMS AND ABBREVIATIONS (continued)

UTL

VDEQ
VDOT
VEPCO
VF
VOC

Weston
WP

upper tolerance limit

Virginia Department of Environmental Quality
Virginia Department of Transportation
Virginia Electric Power Company
volatilization factor

volatile organic compound

Weston Solutions, Inc. (formerly Roy F. Weston, Inc.)
work plan

U.S. Army Corps of Engineers—Norfolk District

M:\Projects\NOR_004_010_11\R04-07.782.doc Xiii

HGL 4/9/07



FINAL
REMEDIAL INVESTIGATION REPORT
FOR THE PESTICIDE DRUM AREA
AT THE
FORMER NANSEMOND ORDNANCE DEPOT
SUFFOLK, VIRGINIA

1.0 INTRODUCTION

This Remedial Investigation (RI) report presents the results and recommendations from the RI
of Site O-7, the Pesticide Drum Area, at the Former Nansemond Ordnance Depot (FNOD) in
Suffolk, Virginia. This RI report has been prepared by HydroGeolLogic, Inc. (HGL) for the
United States Army Corps of Engineers (USACE)-Norfolk District under Contract DACW65-
00-D-0019.

1.1 REGULATORY BACKGROUND

The FNOD, located in southeastern Virginia (Figure 1.1), qualifies as a Formerly Used
Defense Site (FUDS) pursuant to Environmental Restoration Defense Account (ERDA)
established by Public Law 98-212 in 1983 and the Defense Environmental Restoration
Program (DERP) established by Chapter 160 of the Superfund Amendment and
Reauthorization Act (SARA) in 1986. Under the law and through the Department of Defense
(DoD), the USACE has been assigned the responsibility for environmental investigations and
remediation of FUDS resulting from DoD activity. The Norfolk District is the USACE
geographic district responsible for oversight of FUDS activities at the FNOD (USACE-
Norfolk District, 2001a).

The investigation of the Pesticide Drum Area was initiated in accordance with the Site
Screening Process (SSP) for the Former Nansemond Ordnance Depot, Suffolk, Virginia
(USACE-Norfolk District, 2001b). The SSP was developed by the USACE-Norfolk to guide
the initial evaluation of potential sites at FNOD. Once a site is identified at FNOD, it is
evaluated using the SSP, which includes the five steps described as follows:

o A desktop audit and site visit are performed to determine if further investigation
is needed and, if so, to determine the scope of a work plan (WP) to characterize
the site.

o An SSP WP is developed with all appropriate components for the site. The WP
outlines sampling and analysis activities and includes a risk-screening plan
(human health and ecological, as appropriate) for project team approval.

o A field investigation is performed in accordance with the approved SSP WP.

o An evaluation of SSP data is performed and a pre-remedial risk screening
assessment (screening risk assessment [SRA]) is conducted.

U.S. Army Corps of Engineers—Norfolk District
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HGL—RI Report for the Pesticide Drum Area at the FNOD—Suffolk, VA

° Based on the results of the SSP, a determination is made whether the site should
continue through the Comprehensive Environmental Response, Compensation,
and Liability Act (CERCLA, also know as Superfund) process, be subject to a
removal action, or be considered for No Further Action (NFA).

Based on the SSP activities conducted at the Pesticide Drum Area and current DoD policy
concerning FUDS sites, it was determined in 2004 that the investigation at the Site should
continue through the CERCLA process and that an RI Report be prepared.

To date, 6 Site Source Areas, 21 Areas of Concern (AOCs), and 7 Other Areas of
Investigation (OAOIs) are listed for investigation at FNOD under the U.S. Environmental
Protection Agency (EPA) and the Virginia Department of Environmental Quality (VDEQ)-
approved SSP (USACE-Norfolk District, 2001b). Any additional sites identified at FNOD
will be added to this list and a site screening evaluation will be performed using the SSP. A
detail of FNOD, including the locations of the areas designated for investigation, is presented
as Figure 1.2.

Common practice among federal agencies involved in the remediation of Superfund sites is to
enter into an Inter-Agency Agreement (IAG). At this time there is no Final IAG between
USACE, the EPA, and the VDEQ. For the purposes of this report, all references to an IAG
refer to the Draft IAG dated June 2, 1999, which contains mostly JAG model language
developed between the EPA and the DoD. It should be noted that the EPA has listed FNOD
as a non-Federal Facility Superfund Site because the federal government does not control any
property at the FNOD. However, the EPA has named the federal government (DoD) as a
Primary Responsible Party for addressing environmental issues at FNOD (USACE-Norfolk
District, 2001a).

1.2 SITE BACKGROUND

This section presents general background information on FNOD and specific background
information on the Pesticide Drum Area (USACE, 2001a).

1.2.1 Facility Description

FNOD is located within the city of Suffolk, Virginia, and occupies 975 acres overlooking the
Nansemond and James Rivers (Figure 1.1). FNOD is bounded by the Nansemond River to the
west, the James River to the north, the Respass Beach/Holly Acres residential area to the east,
the Burbage Grant communities to the southeast, and the Huntersville and Wynwood
communities to the south. Current property owners are General Electric Company (GE),
Virginia Electric Power Company (VEPCO), Hampton Roads Sanitation District (HRSD),
Virginia Department of Transportation (VDOT), Dominion Lands, Continental Bridgeway
Office Park, and SYSCO Food Services. Currently, GE is leasing its building to various
companies and its land to the U.S. Navy for storage. The VEPCO property is being
developed by Dominion Lands, Inc. This property will be leased or sold and is zoned for
commercial development. VDOT has constructed Interstate Highway 664 (I-664) through the
eastern portion of FNOD, and has a maintenance facility adjacent to the highway. An HRSD

U.S. Army Corps of Engineers—Norfolk District
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wastewater treatment plant is located to the east of 1-664, and a small portion of that property
is on former depot land. Continental Bridgeway Office Park has completed a new office
building group at College Drive between Wellner and Bridgeway Commerce Park Drive.
SYSCO Food Services is also located in the Bridgeway Commerce Park and conducts large-
scale warehouse and shipment operations on property, which has a very small portion on
former depot land. The remaining 579.6 acres is owned by the State Board of Community
Colleges and is occupied by the Tidewater Community College (TCC) Portsmouth Campus
(USACE-Norfolk District, 2001a). Property boundaries within FNOD are illustrated in
Figure 1.2.

The land surrounding FNOD is mixed commercial and residential properties. The commercial
activities are primarily retail and warehousing. The residential properties are a mix of single-
family homes and low-rise apartments.

1.2.2 Facility History

FNOD originated as Pig Point Ordnance Depot and played an important role in the storage and
shipment of munitions during both World War I and World War II. Construction of the Pig
Point Ordnance Depot began in 1917. Originally constructed to support the Port of
Embarkation in Newport News, the depot functioned as a temporary storage and transshipment
facility. The mission of the Pig Point Ordnance Depot changed in 1919 to an intermediate
storage and distribution depot, and captured enemy munitions were also processed at this
location.  Pig Point Ordnance Depot received ammunition from overseas, prepared
ammunition for storage, transferred ammunition to other locations, and performed other
salvage and disposal operations. Between World War I and World War 1II, these operations
continued on both domestic and captured munitions. In 1929, the name of Pig Point Ordnance
Depot was officially changed to the Nansemond Ordnance Depot.

The original depot (circa 1917) included 28 standard ammunition magazines, 25 high
explosive magazines, 13 smokeless powder magazines, 8 primer and fuze magazines, a large
warehouse, 16 barracks buildings, 2 officers quarters, a hospital, a garage, a fire house, a
machine shop, an electric storage battery charging station, and other support buildings. Other
construction included a pier, jetties, guard towers, a water tower, a renovation and salvage
plant, railroads, and other roads within the site.

In 1950, the facility was transferred to the Department of the Navy and was then known as the
Marine Corps Supply Forwarding Annex. In 1960, the site was declared excess and was
acquired by the Beazly Foundation Boys Academy, with a Virginia Department of Highways
right-of-way easement (5.87 acres). Soon after, the Academy transferred 207 acres to
VEPCO. In 1965, 104.05 acres were conveyed to GE, and in 1966, Nansemond County
acquired a 4.70-acre road right-of-way. In 1968, the Beazly Foundation Boys Academy
closed, and the Beazly Foundation donated the remaining property to the Virginia State Board
of Community Colleges. In 1977, 79.95 acres were conveyed to the HRSD. The remaining
579.6 acres are currently owned by the State Board of Community Colleges and is the location
of the TCC Portsmouth Campus.

U.S. Army Corps of Engineers—Norfolk District
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1.2.3 Site Description

The Pesticide Drum Area consisted of two unsealed, unmarked, abandoned 55-gallon drums
(one empty and one containing an unknown liquid) located in a wooded area west of 1-664.
There is an existing non-paved access road near where the pesticide drums were located that
gives access to the site from Armistead Road. The drums were located approximately 250 feet
north of this access road near its termination. The location of the Pesticide Drum Area is
presented on Figure 1.3. One of the pesticide drums was described as being open with no lid
and lying on its side. The second drum was sealed with a lid containing several small holes.
This drum was found resting upright at an angle against a small log. Photographs of the two
drums are also provided in Figure 1.3. After a 1998 site visit conducted by Gannett Fleming,
Inc. (Gannett Fleming), it was reported that the soils around the empty drum were stained a
brownish color. Although the site is relatively flat, the stain was described as propagating to
the southeast (Gannett Fleming, 1999). During a subsequent site visit by a HGL
representative on February 3, 2000, no soil staining was observed (HGL, 2000a). During the
post-removal action sampling in February 2002, other debris, including an engine block, three
tires, a box with two tires, and scattered trash, was noted in the vicinity of the site.

The Pesticide Drum Area encompasses only the soil affected by the two formerly abandoned
55-gallon drums. The groundwater beneath the Pesticide Drum Area will be included in the
FNOD-wide groundwater site to be investigated in the future.

1.2.4 Previous Investigations

This section describes the preliminary sampling, removal actions, and confirmation sampling
conducted at the Pesticide Drum Area.

1.2.4.1 Gannett Fleming Site Sampling

In November 1998 and May 1999, Gannett Fleming conducted environmental sampling
activities at the Pesticide Drum Area'. This investigation was conducted under a contract with
the EPA and involved collecting samples for laboratory analysis from the surface soil at the
site (November 1998) and from the contents of one of the drums (May 1999). Details of the
investigation activities as well as analytical data are presented in the Final Sampling Report for
the Commonwealth of Virginia Excess Property (“Triangle” Area) (Gannett Fleming, 1999).
Investigation activities and results are summarized below.

In November 1998, two surface soil samples were collected southeast of the empty drum in the
brownish-stained area. Surface soil sample FNOD-CS-FD1 was collected approximately 3
feet southeast of the empty drum and surface soil sample FNOD-CS-FD2 was collected 13 feet
southeast of the empty drum. The 1998 soil sampling locations are presented on Figure 1.4.
Soil sample locations were selected based on site reconnaissance performed on July 28, 1998,
by representatives from Gannett Fleming, EPA, VDEQ, USACE, TCC, and the Virginia

! The Pesticide Drum Area was referred to as the “Abandoned Flammable Drum Area” in the Gannett
Fleming Report (Gannett Fleming, 1999).

U.S. Army Corps of Engineers—Norfolk District
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Community College System (Gannett Fleming, 1999). The two soil samples were analyzed
for the following:

o Target Compound List (TCL) volatile organic compounds (VOCs) by Contract
Laboratory Program (CLP) Scope of Work (SOW) OLMO03.2

o TCL semivolatile organic compounds (SVOCs) by CLP SOW OLMO03.2
o TCL pesticides/polychlorinated biphenyls (PCBs) by CLP SOW OLMO03.2
o Total Analyte List (TAL) metals and cyanide by CLP SOW I1L.M04.0

J Polychlorinated dibenzo-p-dioxins (PCDDs)/polychlorinated dibenzofurans
(PCDFs) by SW-846 Method 8290

o Nitroaromatics/nitramines by SW-846 Method 8330
o Nitroglycerin by SW-846 Method 8332

Arsenic was detected at 4.6 milligrams per kilogram [mg/kg] and 5.0 mg/kg in the two surface
soil samples collected at the site (Gannett Fleming, 1999). These concentrations exceed the
EPA Region III Risk Based Concentration (RBC) of 0.43 mg/kg for arsenic in residential
soils.> No other concentrations of metals or cyanide exceeded the associated residential soil
RBC:s in the surface soils sampled at the site. Analytical results for pesticides/PCBs indicated
low concentrations of endosulfan I and gamma-BHC (lindane) in surface soil sample FNOD-
CS-FD1. Both of these concentrations were qualified with a “J” indicating that although the
analyte was present, the reported values were estimated concentrations. One pesticide,
dieldrin, was detected in both surface soil samples above the residential soil RBC of 0.04
mg/kg. The dieldrin concentrations were 0.519 mg/kg and 0.731 mg/kg. Both dieldrin
results were qualified with a “*” indicating that the result was reported from a diluted sample.
Low concentrations of several SVOCs were present in the surface soils at concentrations
below residential soil RBCs. PCDDs/PCDFs concentrations (converted to 2,3,7,8-
tetrachlorodibenzo-p-dioxin [2,3,7,8-TCDD] Toxicity Equivalents [TEQ] [see Section 4.2.3])
were present slightly above the residential soil RBC at one soil sampling location. All
analytical results for VOCs, nitroaromatics/nitramines, and nitroglycerin (explosives) were
non-detections. Analytical results for the surface soil samples are presented in Table 1.1.
Although the Gannett Fleming report does not specify whether the data were validated, several
results are reported with EPA Region III data qualifiers. The use of EPA Region III qualifiers
indicates a likelihood that the data were validated to some extent, although several non-
standard qualifiers are also associated with these data. These sample results are included in
the pooled data set used to perform the risk assessment presented in Section 6.

It should be noted that the residential soil RBCs are generally more conservative than
industrial soil RBCs. Although the Gannett Fleming report compared detected concentrations
to residential soil RBCs, industrial soil RBCs are more applicable to this commercially-zoned
site. Consequently, Table 1.1 includes both the current residential soil RBCs and the current

? Note that all RBCs presented and referenced in this report are from EPA Region III’s most recent RBC
tables published in April 2005.

U.S. Army Corps of Engineers—Norfolk District
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industrial soil RBCs for comparison purposes. The 1998 arsenic and dieldrin results are also
above the industrial soil RBCs. The maximum PCDD/PCDF TEQ is less than the industrial
soil RBC. It should be noted that the arsenic results are less than the background level (see
Section 4.2.4).

In May 1999, aqueous samples ND-CS-FD-WW1 and ND-CS-FD-WWI1D (duplicate) were
collected from the unknown liquid inside one of the drums (Gannett Fleming, 1999). The
liquid contents of the drum were entirely consumed during sampling. Because a limited
volume of liquid was present at the time of sampling, the aqueous samples were analyzed for
TCL VOCs by CLP SOW OLMO03.2, TCL SVOCs by CLP SOW OLMO03.2, and TCL
pesticides/PCBs by CLP SOW OLMO03.2.

A summary of the analytical results is provided in Table 1.2. No VOCs were detected in the
aqueous samples collected from the drums. Four SVOCs and one pesticide, endosulfan
sulfate, were detected in the samples collected from the drums. The SVOCs detected in both
drum samples were 2,4-dimethylphenol; 2-methylphenol; 4-methylphenol; and phenol. Since
the drum contents were waste material and were not representative of an environmental
medium, no comparison to SSP criteria is presented. Because the data were reported with the
soil data collected in November 1998 (see above), the data are presumed to be validated.

Based on the results of this initial investigation, it was determined that the drums would be
removed and further sampling would be conducted.

1.2.4.2 Desktop Audit and Site Visit

In accordance with the SSP, a desktop audit of existing information was performed by HGL in
February 2000 to evaluate and document if operations at the Pesticide Drum Area may have
resulted in the release of hazardous substances, pollutants, contaminants, hazardous wastes, or
hazardous constituents to the environment. The Gannett Fleming report on the sampling
activities described in Section 1.2.4.1 was obtained and reviewed as part of the desktop audit.
Personnel from HGL, USACE-Norfolk District, and a subcontractor (Industrial Marine
Services, Inc. [IMS]) conducted a site visit in February 2000. The site was visually inspected
for evidence of contamination and to allow the subcontractor to estimate removal costs. No
evidence of contamination or soil staining was noted during the site visit.

1.2.4.3 Removal Action and Screening Level Sampling

In November 2000, HGL prepared the two abandoned drums at the Pesticide Drum Area for
removal and collected soil and rinsate samples. The removal action was conducted in
accordance with the Revised Draft Work Plan for the Removal of Pesticide Drums at the
Former Nansemond Ordnance Depot, Suffolk, Virginia (HGL, 2000a). Because no liquid was
present in either one of the drums, a rinsate sample was collected. Both drums were triple-
rinsed and drained into a catch basin, from which a composite sample was then collected. A
surface soil sample was also collected from where the bung end of one of the drums was
embedded. The location of this sample is shown in Figure 1.4. HGL did not observe any
staining in the vicinity of the drums. The two drums and the excess rinsate were placed into

U.S. Army Corps of Engineers—Norfolk District
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two overpack drums for disposal. The rinse samples were analyzed for the Resource
Conservation and Recovery Act (RCRA) waste disposal characteristics of ignitability,
corrosivity, reactivity, and toxicity. The toxicity analyses consisted of the EPA’s SW-846
methods for VOCs (SW8260B), SVOCs (SW8270C), pesticides (SW8081A), and metals
(SW6010B/SW7000A series). The soil samples were analyzed by SW-846 methods for VOCs
(SW8260B), SVOCs (SW8270C), pesticides (SW8081A), PCBs (SW8082), explosives
(SW8330), metals (SW6010B/SW7000A series), and cyanide (SW9012A). The analyses were
performed on the soil and rinsate samples under the USACE’s direct contract to Severn Trent
Laboratories (STL)-Baltimore. Results from the surface soil sample and rinsate sample are
presented in Tables 1.3 and 1.4, respectively. The analytical results from the surface soil and
rinsate samples were not validated and are considered to be screening level of data quality.
Screening level results are usually considered unsuitable for inclusion in risk assessments;
however, because of the small size of the site data set for metals, the metals soil results from
this event are included in the risk assessment presented in Section 6.

When HGL'’s subcontractor, IMS, returned to the site in February 2001, one of the two
overpack drums was missing. The remaining overpack drum (containing one drum and the
rinsate) was removed from the site by IMS, and the rinsate was disposed of by Safety Kleen,
Inc. A summary of the fieldwork conducted by HGL at the Pesticide Drum Area was
presented in a letter to the USACE-Norfolk District titled Summary of Field Activities at the
Former Nansemond Ordnance Depot, November 8, 2000 (HGL, 2000b). Field logbook
documentation of the field activities is presented in Appendix A; documentation of the removal
of the drums and rinsate is presented in Appendix B.

Based on review of the results from the 1998 and 1999 Gannett Fleming investigation and the
screening level surface soil and rinsate results from the 2000-2001 removal actions, the
following conclusions were reached:

o The drum content and rinsate data show limited presence of pesticides.

o Because the surface soil samples contained pesticides (dieldrin and lindane) not
found in the drum content and rinsate samples (with the exception of endosulfan
I, which is one of the parent materials for endosulfan sulfate), it is unlikely that
the pesticides detected in soil samples are related to the drum contents.

o Because the surface soil samples contained SVOCs not found in the drum
content and rinsate samples, it is unlikely that the SVOCs detected in the
surface soil are related to the drum contents.

. Fluoranthene and pyrene, which were found in all three surface soil samples,
are not associated with pesticides. Comparison of the drum content and rinsate
samples to the soil results show that the detections of fluoranthene and pyrene
are not related to the drum contents.

o Detections of metals in the surface soils are not indicative of a release; iron and
chromium are most likely attributable to the rusting of the drums.

U.S. Army Corps of Engineers—Norfolk District
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o Low levels of PCDDs and PCDFs are present in the surface soils at the site.
The drum samples were not analyzed for PCDDs/PCDFs because of sample
volume limitations and it cannot be determined whether the soil results are
related to the drum contents. However, two of the most common sources of
PCDDs/PCDFs are burning of chlorinated materials and as an impurity in
pentachlorophenol and some herbicides. Compounds that are associated with
PCDDs/PCDFs are not present at the site and it is unlikely that the detections of
PCDDs/PCDFs in soils are related to the drum contents.

o No explosives were detected in the surface soils at the site and it is unlikely that
there is any explosives contamination at the site.

J No VOCs were detected in the surface soils at the site (with the exception of
one soil sample containing acetone) and it is unlikely that there is any VOCs
contamination at the site.

o Di-n-butyl phthalate, bis(2-ethylhexyl)phthalate, and acetone were detected in
soil samples. All three are common laboratory contaminants and are most
likely not associated with a release from the drums.

1.3 REPORT ORGANIZATION

The remainder of this document is divided into the following sections:

o Section 2 summarizes the components of the RI field activities.

o Section 3 describes the physical characteristics of the study area.

o Section 4 summarizes the nature and extent of contamination.

o Section 5 discusses the fate and transport of contaminants found at the site.

o Section 6 presents the site human health risk assessment (HHRA) and screening
level ecological risk assessment (SLERA).

o Section 7 presents the conclusions and recommendations of the RI.

o Section 8 presents the references associated with the preparation of this RI
Report.

J Appendix A presents the field logbook entries associated with activities at the
site.

o Appendix B presents documentation of the 2001 drum removal activities.

o Appendix C presents the surveyed coordinates for sampling points at the site.

J Appendix D presents in tabular form the complete analytical data associated

with the site field activities.

o Appendix E presents the details of the risk assessment methods.

U.S. Army Corps of Engineers—Norfolk District
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Table 1.1
1998 Analytical Results - Surface Soils
Residential | Industrial
Soil RBC Soil RBC | FNOD-CS-FD1 | FNOD-CS-FD2
Analytical Method/Analyte | Background (mg/kg) (mg/kg) (mg/kg) (mg/kg)
TAL Metals and Cyanide
Aluminum 10,791 78,000 1,000,000 5,220 8,210
Arsenic 19.7 0.43 1.9 {4.6} {5.0}
Barium 48.5 5,500 72,000 30[], L 35[], L
Beryllium 0.34 160 2,000 ND 0.3[]
Calcium 852 NA NA 1,160 [ ] 1,430
Chromium' 20.9 230 3,100 8.8 30.4
Cobalt 1.13 1,600 20,000 1.0[] 3.8[]
Copper 14.4 3,100 41,000 13.2 24.8
Iron 6,002 23,000 310,000 3,650 16,700
Lead 31.9 NA NA 31.9 35.6
Magnesium 655 NA NA 501 [] 695 [ ]
Manganese’ 83.8 1,600 20,000 96.5 159
Mercury’ 0.57 23 310 0.14K 0.23K
Nickel 3.59 1,600 20,000 341(] 10[]
Potassium 389 NA NA 387 [ ] 460 [ ]
Selenium 0.65 390 5,100 ND 1.0[],K
Vanadium 17.0 78 1,000 12.5 20.2
Zinc 25.6 23,000 310,000 33.1 23.3
TCL VOCs - None Detected
TCL Pesticides/PCBs
Dieldrin NA 0.04 0.18 {0.519}* {0.731}*
Endosulfan I NA 470 6,100 0.002J ND
gamma-BHC (lindane) NA 0.49 2.2 0.002) ND
TCL SVOCs
bis(2-Ethylhexyl)phthalate NA 46 200 0.056] ND
Di-n-butyl phthalate NA 7,800 100,000 ND 0.055]
Fluoranthene NA 3,100 41,000 0.064) ND
Pyrene NA 2,300 31,000 0.062) ND
Nitroaromatics/Nitramines — None Detected
Nitroglycerin — None Detected
PCDDs/PCDFs
2,3,7,8-Tetrachlorodibenzo-p- NA 4.3x10° 1.9x10° 1.5x10° 8.2x10°

dioxin Toxicity Equivalents

Notes:

Background values for surface soil are the 95% upper tolerance limits (UTL) presented in Table 6-2 of the Final Background Sampling

Program Report [Weston Solutions, Inc (Weston, 2004)].
EPA Region III Risk-Based Concentration taken from EPA RBC tables dated April 2005.

RBC
ND
NA
J

K

L

[]
*

Not Detected
Value not available

= Result reported from diluted
2RBC values for manganese, non-food.

sample analysis.

Analyte present, but reported value may not be accurate or precise.
Analyte present, but reported value may be biased high. Actual value is expected to be lower.
Analyte present, but reported value may be biased low. Actual value is expected to be higher.
Analyte present. As values approach the instrument detection limit (IDL), the quantitation may not be accurate.

'RBC values for chromium (VI).
3RBC values for mercuric chloride.

Concentrations reported in bold exceed the residential soil RBC.
Concentrations reported in {bold and in braces} exceed both the Residential and industrial soil RBC.

All data are assumed to be validated.
Source: Gannett Fleming, 1999
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Table 1.2
1999 Analytical Results - Drum Contents
Analytical Method/Analyte | ND-CS-FD-WW1 (zg/L) | ND-CS-FD-WWI1D (ug/L)
TCL VOCs - None Detected
TCL Pesticides/PCBs
Endosulfan sulfate | 0.1J | 1.0J
TCL SVOCs
2,4-Dimethylphenol 5.0] 6.0]
2-Methylphenol 12.0] 13.0J
4-Methylphenol 75.0 86.0
Phenol 14.0J 16.0J
Notes:
J = Analyte present, but reported value may not be accurate or precise.
uglL = micrograms per liter

All data are assumed to be validated.

Source: Gannett Fleming, 1999
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Table 1.3

Analytical Results from Surface Soil Beneath Drums

November 2000

Analytical Method/Analyte

Background (mg/kg)

Residential Soil RBC (mg/kg)

Industrial Soil RBC (mg/kg)

TP-S0-01-0-1330-110800 (mg/kg)

Acetone NA 70,000 920,000 0.027
Dieldrin NA 0.04 0.18 {0.5} EP
Fluoranthene NA 3,100 41,000 0.0511J
Pyrene NA 2,300 31,000 0.049]
Aluminum 10,791 78,000 1,000,000 3,070
Arsenic 19.7 0.43 1.9 {4}
Barium 48.5 5,500 72,000 27
Beryllium 0.34 160 2,000 0.13B
Cadmium' 0.067 39 1,000 0.47B
Calcium 852 NA NA 934
Chromium?® 20.9 230 3,100 6.6
Cobalt 1.13 1,600 20,000 091 B
Copper 14.4 3,100 41,000 13.1
Iron 6,002 23,000 310,000 4,250
Lead 31.9 NA NA 26.6
Lithium NA 1,600 20,000 1.2
Magnesium 655 NA NA 274
Manganese’ 83.8 1,600 20,000 97.4
Mercury* 0.57 23 310 0.08 B
Nickel 3.59 1,600 20,000 1.6
Potassium 389 NA NA 244
Selenium 0.65 390 5,100 0.35B
Sodium 53.8 NA NA 95 B
Vanadium 17.0 78 1,000 10.3
Zinc 25.6 23,000 310,000 23.7
Notes:

Only detections are shown.

NA = Value not available
EP =
J = Result is an estimation.

2RBC values for chromium (VI).

4RBC values for mercuric chloride.

RBC =
B =

EPA Region III Risk-Based Concentration taken from EPA RBC tables dated April 2005.

Result is less than the reporting limit but greater than the method detection limit.
Result exceeds calibrated range. Precision criterion between primary and secondary column not met.

I'RBC values for cadmium, water.
3RBC values for manganese, non-food.

Concentrations reported in {bold and in braces} exceed both the Residential and industrial soil RBC.

All data are unvalidated.
Source: USACE, 2000

Background values for surface soil are the 95% upper tolerance limits (UTL) presented in Table 6-2 of the Final Background Sampling Program Report [Weston Solutions, Inc (Weston, 2004)].
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Table 1.4
Analytical Results from Drum Rinsate
November 2000
Analytical Method/Analyte DRM-WC-01-0-1115-110800 (ng/L)
Chloroform 3.0J
3&4-Methylphenol 18]
Arsenic 1.9B
Barium 28 B
Selenium 2.6 B
Silver 2.5B

Notes:
Only detections are shown.

B = Result is less than the reporting limit but greater than the method detection limit.
J = Result is an estimation.
ug/L = micrograms per liter

All data are unvalidated.
Source: USACE, 2000
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Figure 1.2
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HGL—RI Report for the Pesticide Drum Area at the FNOD—Suffolk, VA

2.0 REMEDIAL INVESTIGATION FIELD ACTIVITIES

This section describes the post-drum removal sampling and delineation sampling conducted at
the Pesticide Drum Area. These sampling events encompass the RI field activities conducted
at the site.

2.1 FEBRUARY 2002 POST-REMOVAL ACTION SAMPLING

Based on the observations and conclusions presented in Section 1.2.4.3, HGL recommended in
an October 2001 letter report (HGL, 2001) that eight additional soil samples be collected at the
Pesticide Drum Area. Four sampling locations were identified, and each sampling location
would have both surface (0- to 0.5-foot below ground surface [bgs]) and shallow subsurface
(5- to 5.5-foot bgs) samples collected. Borings were to be advanced to 5.5-feet bgs or to the
top of the water table, whichever was encountered first. Based on the results from the
previous sampling at the site, a reduced list of analyses was recommended for the additional
sampling: polynuclear aromatic hydrocarbons (PAHs) by method SW8310, PCDDs/PCDFs by
method SW8290, and pesticides by method SW8081A (HGL, 2001). This reduced list of
analyses and the sampling scheme were approved by a VDEQ representative during a
telephone conference call on November 7, 2001.

In February 2002, MicroPact Engineering, Inc. (MicroPact), along with representatives from
HGL and Durham Environmental Consulting (representing the USACE-Norfolk District)
performed post-removal soil sampling at the Pesticide Drum Area. Four soil sampling
locations were selected at the site; sample location PDSBO1 was placed where the drums had
been found and sample locations PDSB02, PDSB03, and PDSB04 were placed approximately
10 feet west, northwest, and southeast, respectively, of the former drum location. Two soil
samples were collected from each of the four sampling locations: one from the 0- to 0.5-foot
interval (surface soil) and one from the 5- to 5.5-foot interval (shallow subsurface soil). A
duplicate sample was collected from the subsurface interval of sample location PDSBO1. The
samples were sent to CompuChem laboratory in Cary, North Carolina; one replicate sample
was collected from the surface interval of sample location PDSB04 and sent to Accutest
Laboratory in Orlando, Florida, to provide quality assurance (QA). All surface and
subsurface samples were analyzed by the following methods:

o pesticides by EPA SW-846 method 8081A
. PAHs by EPA SW-846 method 8310
. PCDDs/PCDFs by EPA SW-846 method 8290

All data were validated by Synectics according to EPA Region III Manual Level 3 (M3)
specifications (EPA Region III, 1995a and 1999). All sampling activities are summarized and
documented in the letter report transmitted to the USACE-Norfolk District titled “Sampling
Trip Report, FNOD, August 20, 2002” (Micropact, 2002). Sample locations are presented in
Figure 1.4. The results for the post-removal action sampling effort are summarized in Table
4.1 and are discussed in Section 4.0. Field notes from this sampling event can be found in
Appendix A. Survey coordinates for these soil borings are presented in Appendix C. The
complete data set for the post-removal action sampling effort is presented in Appendix D.

U.S. Army Corps of Engineers—Norfolk District
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HGL—RI Report for the Pesticide Drum Area at the FNOD—Suffolk, VA

The results from the 1998, 1999, 2000, and 2002 sampling events at the Pesticide Drum Area
were presented and discussed in an SSP Report for the Site (HGL, 2004). The SSP Report
also presented an SRA performed using the pooled results of the 1998 Gannett Fleming
sampling event and the 2000 and 2002 post-removal sampling events. This SRA identified
aluminum, arsenic, chromium, iron, dieldrin, and PCDDs/PCDFs as contaminants of potential
concern (COPCs) at the site. The SRA concluded that a quantitative risk assessment would be
required for arsenic, dieldrin, and PCDDs/PCDFs. Arsenic was detected in all three samples
analyzed for metals; however, these detections were consistent with the preliminary
background concentrations provided by Weston in 2002 (before the release of the background
study report [Weston, 2004]) and it was determined by the USACE-Norfolk that no additional
sampling for arsenic was necessary; however, additional samples for dieldrin and
PCDDs/PCDFs were determined to be necessary to delineate the post-removal sampling
results and to provide additional data for the human health risk assessment.

2.2 FEBRUARY 2004 POST-REMOVAL ACTION SAMPLING

In February 2004, representatives of the USACE-Norfolk collected samples from 14 locations
at the surface (0-0.5 feet bgs) and near subsurface (1-2 feet bgs). These samples were
submitted for analysis for dieldrin and/or PCDDs/PCDFs. All post-removal action sample
results were validated by HGL in accordance with EPA Region III M3 specifications (EPA
Region III, 1995a and 1999). The data validation activities were documented in Data
Validation Report, Case C4B130226 and Data Validation Report, Case C4B130233 (HGL,
2004a and b). The analytical results from this sampling event are discussed in Section 4.2.

U.S. Army Corps of Engineers—Norfolk District
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HGL—RI Report for the Pesticide Drum Area at the FNOD—Suffolk, VA

3.0 PHYSICAL CHARACTERISTICS OF THE STUDY AREA

The information contained within this section was taken and modified from the Archives
Search Report Findings for the Nansemond Ordnance Depot by the USACE - St. Louis
District (USACE-St. Louis District, 1993).

3.1 SURFACE FEATURES

The site is located on the Churchland flat of the York-James Peninsula of Virginia, which is
within the Atlantic Coastal Plain physiographic province. The coastal plain of Virginia is
characterized by a gently seaward-sloping land surface and a dissected lowland with a series of
broad, seaward-facing, ocean-cut terraces trending north-south. The Churchland flat has
average elevations of 20 to 24 feet above mean sea level (msl).

Considerable erosion by river channels occurred during the Pleistocene when sea level was
300-400 feet below the present level. When sea level subsequently rose, these river channels
were drowned and backfilled. The James River is estimated to have been 155 feet deeper than
present sea level during the Pleistocene.

3.2 SURFACE WATER HYDROLOGY

The major surface water features of the study area are the Nansemond and lower James
Rivers, and the Chesapeake Bay. The lower James River is considered an estuary because of
tidal influence by the Atlantic Ocean.

The official measuring location and forecast point for tides along this section of the Atlantic
coast is at Sewells Point, located at the mouth of the Elizabeth River. Tide levels are usually
given in reference to mean lower low water (MLLW), which is the average of all lowest tides
that occur each day. At Sewells Point, the normal high tide varies for 1.8 to 3.6 feet above
MLLW. Normal low tide varies from about 0.3 to 0.8 feet above MLLW.

3.3 SOILS

The site soils consist of moderately well drained to well drained soils with an organic silty or
clayey subsoil. Soils in the study area are thick and lie on nearly level plains to steep terraces.
These soils are underlain by unconsolidated sediments of sand, silt, and clay.

The available water capacity of the soils in the study area is moderate to high, and the surface
runoff is slow. The susceptibility to sheet and rill erosion is moderate. Soils are acidic and

vertical permeability rates range from 0.6-2.0 inches/hour.

Soil survey information is provided in Table 3.1.

U.S. Army Corps of Engineers—Norfolk District
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Table 3.1
Soil Survey Information

DEPT PERCENTAGE PASSING
H SOIL SIEVE NUMBER: LIQUID
(IN.) DESCRIPTION #4 #40 #200 LIMIT PLASTICITY INDEX
0-14 Clayey organic silt, 95-100 | 80-100 50-90 20-35 6-20
organic clay, clay
(CL,CL-ML)
14-29 | Clay, organic clay, 95-100 | 75-95 60-85 20-75 6-45

silty organic clay,
(CL,CH,CL-ML)
29-47 | Sandy organic clay, 91-100 | 80-95 11-85 35-75 20-45
clay , silty organic
clay (SC,CL,CH)
47-75 | Stratified sand to 90-100 | 20-95 5-85 15-75 6-45
clay, silty organic
clay (SC, CL, CH,
CL-MH)

3.4 GEOLOGY

The study area is underlain by near-shore deposits of recent age. These deposits are
unconsolidated soft, thick, silty, and clayey sediments containing much organic debris.

The Pleistocene- and Holocene-age Columbia Group is composed of gray sand and marl beds
of marine origin. It has a maximum thickness of approximately 30 feet.

The Columbia Group overlies the Miocene- and Pliocene-age Chesapeake Group, which
extends to about 410 feet below sea level at Newport News, Virginia. The Chesapeake Group
consists mainly of shell marl, dark-blue or gray clay, and subordinate sandy strata. The
Pliocene-age Yorktown Formation is sandy and highly fossiliferous and yields small quantities
of hard water. The Miocene-age St. Marys formation is a confining blue or gray clay layer.
The basal Calvert Formation is diatomaceous and sandy but is less fossiliferous than the
Yorktown.

The Chesapeake Group is underlain by the Chickahominy Formation of upper Eocene-age. It
is a marine gray marl containing subordinate glauconite and pyrite and is highly foraminiferal.
The Nanjemoy Formation is lower to middle Eocene-age and consists of marine, gray marl,
glauconite and quartz sand and thin limestone beds. The Aquia Formation of upper Paleocene-
age consists of glauconitic marl and basal quartz sand beds (Meng and Harsh, 1988). The
maximum thickness of the Aquia Formation is 125 feet.

The Late Cretaceous- and Paleocene-age Mattaponi Formation consists of mottled clay,
glauconitic sand and marl, and thick basal quartz sand. The Mattaponi was deposited in
estuaries and bays and is a prolific water-bearing formation. The Potomac Group of Lower
and Upper Cretaceous sand and clay beds are deltaic sediments that were deposited in fresh to
slightly brackish waters.

U.S. Army Corps of Engineers—Norfolk District
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3.4.1 Site-Specific Geology of the Pesticide Drum Area

Lithological information was collected during post-removal soil sampling at the Pesticide
Drum Area. Soil borings were completed using a clean, decontaminated, 3-inch diameter
bucket-style hand auger. All four sampling locations yielded similar lithologic information
because of their close proximity (all four borings were within 10 feet of one another). Surface
soils (from O- to 0.5-feet bgs) are fine- to medium-grained silty sands; sands are moderately-
to well-sorted with less than 1% coarse-grained material. Some rock fragments were found
within the surface soils as well as organic material. Surface soils were moist with a low
plasticity. Subsurface soils at the site (from 5- to 5.5-feet bgs) are well-sorted fine sands with
some moisture and traces of mica. The water table was not encountered at any of the soil
boring locations. Additionally, no gross evidence of contamination (staining or odor) was
encountered in any of the soil borings. Appendix B contains field notes with detailed
descriptions of the soils encountered at the site.

3.5 HYDROGEOLOGY

The groundwater flow system in the Coastal Plain of Virginia is a multi-aquifer system
consisting of an eastward-thickening wedge of unconsolidated sand and clay that
unconformably rests on the basement rock. Table 3.2 shows the relation between stratigraphic
and hydrogeologic units defined for the Coastal Plain of Virginia.

The sediments are subdivided into a sequence of discrete lithologic layers that form a
regionally correlative geohydrologic framework of aquifers and confining units. Delineated
aquifers, from youngest to oldest, are the Columbia; Yorktown-Eastover; St. Marys-
Choptank; Chickahominy-Piney Point; Aquia; and upper, middle, and lower Potomac
Aquifers. The Columbia Aquifer is the only unconfined aquifer throughout its entire extent.
As a result of Pleistocene channel incision, aquifers and confining units were partially or
completely eroded and replaced by material more permeable than the confining units but less
permeable than the aquifers. This condition increased the hydraulic connection between
surface water in the major river channels and groundwater in the underlying aquifers.

The surficial aquifer, the Columbia Aquifer, is made up of primarily Holocene- and
Pleistocene-age sediments that were deposited as channel fill and fluvial-marine terraces. The
aquifer is composed of interbedded gravel, sand, silt, and clay and is unconfined. The aquifer
is a major source of recharge to the underlying confined flow system. Average thickness is 30
feet and maximum thickness is no greater than 60 feet. Aquifer tests indicate a transmissivity
of 250 feet*/day.

U.S. Army Corps of Engineers—Norfolk District
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Table 3.2
Stratigraphic and Hydrogeologic Units for the Coastal Plain of Virginia
Geologic Age
Period Epoch Stratigraphic Formation Hydrogeologic Unit
Holocene Holocene deposits
lumbia Aquif
Quaternary Pleistocene Undifferentiated deposits Columbia Aquifer
. . Yorktown Confining Unit
Pliocene Yorktown Formation
Yorktown-Eastover Aquifer
Eastover Formation — -
Mi St. Marys Confining Unit
iocene :
St. Marys Formation .
. Marys-Ch k Aquif
Choptank Formation St. Marys-Choptank Aquifer
Tert; Calvert Formation Calvert Confining Unit
ertiary
Oligocene Old Church Formation
Chickahominy Formation Chickahominy-Piney Point aquifer
Eocene Piney Point Formation
11:1/[11?1?;? (I:lz;matlon Nanjemoy-Marlboro Clay Confining Unit
Paleocene Aquia Formation Aquia Aquifer
Brightseat Formation Brightseat-upper Potomac Confining Unit
Brightseat-upper Potomac Aquifer
Late Cretaceous Middle Potomac Confining Unit
Cretaceous Potomac Formation Middle Potomac Aquifer
Lower Potomac Confining Unit
Earl
arly Cretaceous Lower Potomac Aquifer

The Yorktown-Eastover Aquifer includes the Pliocene Yorktown Formation and the upper
portion of the Miocene Eastover Formation. These units were deposited in a shallow marine to
deltaic or estuarine environment. The aquifer is confined and is made up of eastward-
thickening, interfingering, fine to coarse sand interbedded with clay, shell, and sandy clay. It
ranges in thickness from 6 feet at its northwestern edge, to approximately 100 feet in the
southeastern part of the Virginia Coastal Plain. Permeability ranges from 7.1 x 10 centimeters
(cm)/sec to 1.1 x 10 cm/sec in the southeastern part of the Virginia Coastal Plain.

The St. Marys-Choptank Aquifer is defined by predominantly sandy facies of the St. Marys
and Choptank Formations. The aquifer sediments are typically gray fine- to medium-grained
quartzose sands, often containing shells and interlayed with clays and silts. The depositional
environment consisted of a shallow, open-marine, inner-shelf setting that was modified by
varying water depths and sporadic influxes of terrigenous clastic sediments from the north
(Meng and Harsh, 1988).

The Chickahominy-Piney Point aquifer is a fine to medium, well-sorted, glauconitic sand
interbedded with dark-green micaceous clay and calcareous shell fragments that were
deposited in a shallow neritic environment. This aquifer thickness averages 85 feet and
permeability ranges from 6.2 x 10™ cm/sec to 8.3 x 10° cm/sec.

U.S. Army Corps of Engineers—Norfolk District
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The Aquia Aquifer consists primarily of sediments of marine origin that are well-sorted, dark
green, fine to medium glauconitic sands interbedded with marl and shell fragments. Thickness
averages 95 feet and permeability ranges from 4.6 x 10 cm/sec to 4.0 x 10 cm/sec.

The upper Potomac Aquifer sediments are typically white to gray, medium to very fine
grained quartzose sand interbedded with dark-colored micaceous clay, varying amounts of
shell material, lignite, and glauconite. These sediments are marine in origin and represent
either a marginal outer-delta or nearshore intertidal environment. The sands form an eastward-
thickening wedge with an average permeability of 2.5 x 10~ cm/sec.

The middle Potomac Aquifer sediments are continental in origin and were deposited in
fluvial-deltaic environments. The aquifer typically consists of interfingering lenses of medium
sand, silt, and clay of varied thickness. Hydraulic conductivity decreases seaward because of
increased silt and clay content, but averages 6.8 x 10 cm/sec.

The lower Potomac aquifer is the lowermost aquifer in the Coastal Plain and lies
unconformably on basement rock. The sediments typically consist of coarse, arkosic quartz
sand with intervening clay. Even though the aquifer thickens seaward, permeability decreases
because of a facies change to finer grained marine sediments having lower permeability.
Permeability ranges from 1.4 x 10° cm/sec to 2.2 x 10 cm/sec.

3.6 ECOLOGY

Ecological information for the City of Suffolk was obtained from the Virginia Department of
Conservation and Recreation website (http://www.dcr.state.va.us).

Species currently listed as endangered in the City of Suffolk are the Red-cockaded woodpecker
(Picoides borealis) and the Eastern big-eared bat (Corynorhinus rafinesquii macrotis). The
Red-cockaded woodpecker is also federally listed as an endangered species.

Species that are currently listed as threatened in the City of Suffolk are the Bald eagle
(Haliaeetus leucocephalus) and Mabee’s salamander (Ambystoma mabeei). The Bald eagle is
also federally listed as a threatened species.

Several species are also listed federally as “species of concern” and state-wide as species of
“special concern.” The Oak toad (Bufo quercicus), Swainson’s warbler (Limnothlypis
swainsonii), and Eastern lampmussel (Lampsilis radiata) are listed with the state as being of
special concern while the Phreatic isopod (Caecidotea phreatica), Raven’s seedbox (Ludwigia
ravenii), Mountain-mint (Pycnanthemum monotrichum), and Virginia least trillium (Trillium
pusillum var. virginianum) are listed federally as species of concern.

U.S. Army Corps of Engineers—Norfolk District
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HGL—RI Report for the Pesticide Drum Area at the FNOD—Suffolk, VA

4.0 NATURE AND EXTENT OF CONTAMINATION
4.1 SOURCES

Two drums that contained an unknown liquid are the sources at this site. Samples of the liquid
present in the drums were collected in 1999 (see Section 1.2.4.1) and were analyzed for
VOCs, SVOCs, pesticides, and PCBs; however, the drums contained insufficient liquid to
allow analysis for all the parameters that were analyzed in the associated soil samples.
Consequently, there are no drum liquid results for metals or PCDDs/PCDFs. The liquid
material in the drums was found to contain the SVOCs 2,4-dimethylphenol, 2-methylphenol,
4-methylphenol, and phenol and the pesticide endosulfan sulfate (Table 1.2). Based on the
analytical results, the previous contents of the drums cannot be reliably determined, although it
is possible that the drums contained a chemical product that was based on phenol. The two
drums were removed in 2000 and an RI field effort consisting of two rounds of post-removal
surface and subsurface soil sampling has been completed.

4.2 SURFACE AND VADOSE ZONE SOILS

The results of the 2002 and 2004 RI soil sample analyses are presented in this section, along
with a discussion of the relationship between these results and those from the preliminary
investigation conducted by Gannett Fleming in 1999 (see Section 1.2.4.1) and the single soil
sample collected by HGL during the drum removal preparation activities in November 2000
(see Section 1.2.4.3).

The results for analytes that were detected in soils at the site during the 2002 post-removal
action soil sampling event and the 2004 follow-on sampling event are presented in Tables 4.1
and 4.2, respectively; Appendix D contains a complete list of all analytical results from the
2002 and 2004 RI sampling events. Soil boring locations are presented on Figure 4.1.

4.2.1 Pesticides by SW8081A

As shown in Table 1.1, the pesticides dieldrin, endosulfan I, and gamma-BHC (lindane) were
detected in surface soil samples collected by Gannett Fleming in 1998. The pesticides detected
in these samples appear to be unrelated to the pesticides detected in the drum liquid, with one
exception. Endosulfan I is a compound related to the pesticide endosulfan sulfate that was
detected in the drum liquid. Because dieldrin was detected in surface soils at concentrations of
0.519 mg/kg and 0.731 mg/kg, which are above both the residential and industrial RBCs, it
was determined that sampling for pesticides in site soils would be included in the first RI
sampling event conducted in 2002. Three pesticides, 4,4’-dichlorodiphenyldichloroethene
(DDE), 4,4'-dichlorodiphenyltrichloroethane (DDT), and dieldrin, were detected in the 2002
post-removal action soil samples collected from the Pesticide Drum Area. Only dieldrin,
however, was detected above the residential soil RBC of 40 micrograms («g)/kg in borings
PDSBO1 (at 81 ug/kg), PDSB02 (at 77 ng/kg), and PDSB03 (at 380 ug/kg), in the surface
interval only (Figure 4.1). Of these three detections, only the detection in the surface of
boring PDSB03 was also above the industrial soil RBC of 180 ng/kg. The dieldrin observed
in the surface soil is delineated to below the residential soil RBC to the northeast by boring

U.S. Army Corps of Engineers—Norfolk District
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PDSB04. Concentrations of dieldrin decreased with depth in all soil borings and are
delineated vertically to below the residential soil RBC in borings PDSBO1, PDSB02, and
PDSBO03. DDE and DDT were detected in only the surface sample from boring PDSB04 at
1.2 J ug/kg and 5.2 J ug/kg; these concentrations are below the residential soil RBC of 8,400
ugl/kg established for both compounds.

Because the dieldrin concentrations were greater than the human health-based screening value,
additional soil samples were collected for pesticides analysis during the February 2004 soil
sampling effort. Dieldrin was detected at each of the 14 surface soil sample locations and at 2
subsurface locations (Figure 4.1). The dieldrin results at the surface interval of locations PD-
SO-04 (56 wng/kg), PD-SO-05 (130 wug/kg), PD-SO-07 (170 ng/kg), PD-SO-09 (45 ug/kg),
and PD-SO-10 (74 J ug/kg) were above the residential RBC of 40 ng/kg but below the
industrial RBC of 180 ng/kg. The other nine surface soil and both subsurface soil detections
of dieldrin were below the residential RBC.

Figure 4.1 presents the dieldrin results from the 1998 preliminary sampling event and both the
2002 and 2004 RI sampling events. The dieldrin detections in the 2002 sampling event are
delineated to north and west by the 2004 samples. The 2004 sampling results show decreasing
concentrations to the east and to the south in samples collected further from the drum area.
Comparison of these pesticide data with data for other sites at the FNOD indicates that the
pesticide levels observed in the Site are consistent with those observed elsewhere on the
facility (Science Applications International Corporation, 2002; HGL, 2004), although dieldrin
was not detected in any of the 12 background surface soil samples (Weston, 2004). DDE and
DDT were both detected in one of the 12 background soil samples and at concentrations that
are comparable to the levels detected at the Pesticide Drum Area. It is hypothesized that the
pesticides observed at the Site, in particular dieldrin, resulted from facility-wide practices, not
from activities related to the Site.

4.2.2 PAHs by SW8310

Among the SVOCs detected in the 1998 preliminary soil sampling event were single detections
of fluoranthene (0.064 J mg/kg) and pyrene (0.062 J mg/kg). These compounds are members
of a subset of SVOCs known as PAHs. Neither fluoranthene nor pyrene was detected above
the residential soil RBCs of 3,100 mg/kg and 2,300 mg/kg, respectively. PAHs were not
detected in the 1999 drum content or 2000 drum rinsate samples. However, these two
compounds were detected in the screening soil sample collected in 2000 and it was determined
that sampling for PAHs in site soils would be included in the first RI sampling event
conducted in 2002. The PAHs found in the 1998 and 2000 soil samples were detected using
methods OLMO03.2 and SW8270C, which are general methods for SVOCs. The analytical
method selected in the 2002 RI sampling event was SW8310, which is specific for PAHs.
Fourteen different PAH compounds were detected in 2002 RI soil samples collected from the
Pesticide Drum Area. All PAH concentrations were below both the industrial and residential
soil RBCs established for each PAH, and concentrations decreased with depth in three out of
four soil borings. The exception was boring PDSB04, which had higher PAH concentrations
(but still below residential and industrial soil RBCs) in the 5-5.5 foot interval than in the 0-0.5
foot interval.

U.S. Army Corps of Engineers—Norfolk District
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PAHs in the environment can result from a variety of natural and man-made sources and are
not necessarily indicative of a release at the site. PAHs were not detected in the 1999 drum
liquid samples. Nine of the 14 PAHs detected in samples from the 2002 RI soil sampling
event were also detected in one of the 12 surface soil samples analyzed for PAHs in the
background sampling event, and pyrene was detected in two of the 12 background samples
(Weston, 2004). Each of the PAHs detected in the background study were at a higher
concentration than the maximum concentration detected at the Pesticide Drum Area. As the
PAH concentrations at the site do not appear to be indicative of a release and are not above
residential RBCs at any sampled location, it was determined that additional sampling for PAH
analyses was not necessary in the 2004 RI sampling event.

4.2.3 PCDDs/PCDFs by SW8290

Although residential and industrial soil RBCs have been calculated for 2,3,7,8-TCDD and for
total hexachlorodibenzo-p-dioxins (HxCDDs), many of the congeners reported as detected in
the samples do not have corresponding RBC values. To evaluate the PCDD/PCDF soil
sample results from the Pesticide Drum Area, the concentration of each congener is converted
to TEQs relative to the toxicity of 2,3,7,8-TCDD. On a per-sample basis, the concentration of
each detected congener that shows a 2,3,7,8- chlorine substitution pattern (e.g., 1,2,3,7,8-
pentachlorodibenzofuran [1,2,3,7,8-PeCDF]) is multiplied by the congener-specific Toxicity
Equivalency Factor (Federal Register, 1996; EPA Region III, 1999) to yield a TEQ for that
congener, expressed as nanograms per kilogram (ng/kg) of 2,3,7,8-TCDD.? The converted
concentrations for each congener are summed and the resulting total is the TEQ for that
sample. TEQs are compared to the residential and industrial soil RBCs for 2,3,7,8-TCDD.
Complete PCDDs/PCDFs results for all reported congeners are included in the Data Summary
presented in Appendix D.

One of the two surface soil samples collected during the 1998 preliminary sampling event
contained a TEQ of 8.2 ng/kg, which is above the residential soil RBC of 4.3 ng/kg but below
the industrial soil RBC of 19 ng/kg. There was insufficient material in the drums to sample
for PCDDs/PCDFs during the 1999 event and it could not be determined if the soil
concentrations were related to the drum contents. Consequently, it was determined that
sampling for PCDDs/PCDFs in site soils would be included in the first RI sampling event
conducted in 2002.

Several PCDDs/PCDFs were detected in the 2002 post-removal soil samples collected from
the Pesticide Drum Area (Figure 4.1). In general, concentrations of PCDDs/PCDFs
decreased with depth for all borings. The TEQs for the surface soil samples at PDSB02 and
PDSBO04, calculated to be 6.50 ng/kg and 7.2 ng/kg, respectively, exceeded the residential soil
RBC but were less than the industrial soil RBC. The TEQ concentrations of PCDDs/PCDFs
decreased with depth in all soil borings and are delineated vertically to below the residential
soil RBC in borings PDSB02 and PDSB04. Each detected TEQ concentration above the

* PCDDs/PCDFs concentrations in soil are sometimes expressed as picograms per gram (pg/g); a
concentration expressed in pg/g is equivalent to a concentration expressed in ng/kg.
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residential soil RBC is delineated toward the center of the site (to the east of boring PDSB02
and to the west of boring PDSB04). The TEQ concentration above the residential soil RBC at
PDSB04 is in the QA replicate sample only; the parent sample concentration of 4.2 ng/kg was
slightly below the residential soil RBC. Consequently, there is some question as to the actual
status of this location relative to the residential soil RBC for 2,3,7,8-TCDD, measured as a
TEQ.

Selected 2004 sampling event samples were analyzed for PCDDs/PCDFs. These samples
included the surface intervals of locations PD-SO-03, PD-SO-06, PD-SO-10, PD-SO-13, and
PD-SO-14 and the subsurface intervals of locations PD-SO-09, PD-SO-11, and PD-SO-13
(Figure 4.1). The TEQs of the PCDD/PCDF concentrations in all 2004 RI samples were
below the residential RBC.

4.2.4 Previous Investigations

The RI sampling event in 2002 and the follow-on event in 2004 focused on pesticides, PAHs,
and PCDDs/PCDFs as the primary site contaminants. Sufficient data were available from the
1998 and 2000 sampling events to allow VOCs, SVOCs, explosives, metals, and cyanide to be
eliminated from the analyses to be conducted in the RI. A summary of the analytical results
for each of these classes of analyses is presented below.

4.2.4.1 Volatile Organic Compounds

No VOCs were detected in the surface soil samples collected in the 1998 sampling event and
no VOCs were detected in the 1999 drum contents sample. Acetone was detected at 0.027
mg/kg in the 2000 soil screening sample. The detected concentration was six orders of
magnitude less than the residential soil RBC of 70,000 mg/kg, and acetone is a common
laboratory contaminant. The 2002 drum rinsate sample contained 3.0 J ng/L of chloroform.
Chloroform is commonly found at low concentrations in tap water and deionized water as a
byproduct of disinfection with chlorine. Based on the low concentration and the fact that no
other VOCs were detected, VOCs analysis was not included in the subsequent RI.

4.2.4.2 Semivolatile Organic Compounds

The fluoranthene and pyrene were detected in the surface soil samples collected in the 1998
sampling event and in the 2000 screening soil sample. These two SVOCs are also included in
the subcategory of PAHs and the results are discussed in Section 4.2.2 above. Di-n-butyl
phthalate and bis(2-ethylhexyl)phthalate were each detected in a single surface soil sample
collected in the 1998 sampling event, at 0.055 J mg/kg and 0.056 J mg/kg, respectively. The
applicable residential soil RBCs are 7,800 mg/kg for di-n-butyl phthalate and 46 mg/kg. The
detected concentrations are three to five orders of magnitude below the applicable RBC, and
phthalate esters are common laboratory contaminants. None of the SVOCs detected in the soil
samples are related to the SVOCs detected in the drum contents (2,4-dimethylphenol, 2-
methylphenol, 4-methylphenol, and phenol) or in the 2000 drum rinsate sample (3&4-
methylphenol). Based on the low concentrations detected and the fact that no other SVOCs

U.S. Army Corps of Engineers—Norfolk District
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were detected in surface soil samples, SVOCs analysis (with the exception of PAHs) was not
included in the subsequent RI.

4.2.4.3 PCBs

PCBs were not detected in surface soil samples collected in the 1998 and 2000 sampling
events, and PCBs analysis was not included in the subsequent RI.

4.2.4.4 Explosives and Nitroglycerin

No explosives were detected in surface soil samples collected in the 1998 sampling event or in
the 2000 screening soil sample. Nitroglycerin was not detected in surface soil samples
collected in the 1998 sampling event; the 2000 soil screening sample was not analyzed for
nitroglycerin.  Explosives and nitroglycerin contamination were not considered in the
subsequent RI.

4.2.4.5 Metals

The metals results from the 1998 sampling event and the 2000 screening soil sample were
evaluated against 95 percent upper tolerance limits (UTLs) for surface soil presented in the
Background Sampling Program Report (Weston, 2004). The following metals were
considered to be above background based on this comparison: cadmium, calcium, chromium,
cobalt, copper, iron, lead, magnesium, manganese, nickel, potassium, selenium, sodium,
vanadium, and zinc. Calcium, magnesium, potassium, and sodium are essential nutrients and
were not considered site contaminants (see Section 6.1.3.3). None of the metals that were
detected above background levels were above the corresponding residential soil RBC. The
only metal that was detected above the residential soil RBC was arsenic. The arsenic
residential soil RBC is 0.43 mg/kg and the detected concentrations ranged from 4 mg/kg to 5
mg/kg. Because no metal results above background were also above the corresponding
residential soil RBC, metals analysis were not included in the subsequent RI.

4.2.4.6 Cyanide

Cyanide was not detected in surface soil samples collected in the 1998 and 2000 sampling
events, and cyanide analysis was not included in the subsequent RI.

U.S. Army Corps of Engineers—Norfolk District
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Table 4.1

Analytical Detections
Post-Removal Action Samples - 2002

PDSB01B PDSB04A
Analytical Residential Industrial PDSBO01A PDSB01B DUPO01 PDSB02A | PDSB02B | PDSBO03A PDSB03B PDSB04A DUP02 PDSB04B

Method/Analyte Units Soil RBC Soil RBC 0'-0.5' 5'-5.5 5'-5.5' 0'-0.5' 5'-5.5' 0'-0.5' 5'-5.5' 0'-0.5' 0'-0.5" 5'-5.5'
Pesticides (SW8081)
4,4'-DDE ng/kg 1,900 8,400 ND ND ND ND ND ND ND 1.271 ND ND
4,4'-DDT pg/kg 1,900 8,400 ND ND ND ND ND ND ND 521 ND ND
Dieldrin pg/kg 40 180 81 ND 0.837 77 2 {380} 4 12 5.4 1.17J
PAHs (SW8310)
Acenaphthene pg/kg 4.7 x 10° 6.1x 10 74 ND ND 447 ND ND ND ND ND ND
Anthracene nglkg 2.3x 10 3.1x10° ND ND ND ND ND ND ND ND ND 127
Benzo(a)anthracene ug/kg 870 3,900 591 ND ND 351 ND 201 ND 291] ND 60J
Benzo(a)pyrene ug/kg 87 390 32 ND ND 27 ND 31 ND 17 ND 29
Benzo(b)fluoranthene ug/kg 870 3,900 42 ND ND 27 ND 30 ND 20 ND 33
Benzo(g,h,i)perylene’ ng/kg 2.3x10% 3.1x 107 18 ND ND 17 ND 9.2K ND ND ND 16
Benzo(k)fluoranthene ug/kg 8,700 39,000 16 ND ND 23 ND 15 ND 4.6] ND 13
Chrysene pg/kg 87,000 390,000 43 ND ND 22 ND 28 ND 15 ND 48
Dibenzo(a,h)anthracene ug/kg 87 390 12 ND ND 12 ND ND ND 10J ND 14
Fluoranthene png/kg 3.1x10° 4.1x 10 1007 ND ND 587 ND 607 ND 3671 ND 1207J
Indeno(1,2,3-cd)pyrene ung/kg 870 3,900 20K ND ND 15K ND ND ND ND ND ND
Naphthalene pglkg 1.6 x 10° 2.0x 107 94 ND ND 557 ND ND ND ND ND ND
Phenanthrene' ne/kg 2.3x10° 3.1x107 50 ND ND 271 ND 2817 ND 1517 ND 56
Pyrene pg/kg 2.3x 10° 3.1x 107 93] 137 ND 4317 127 657 127 307 ND 1207
PCDDs/PCDFs (SW8290)
TCDD TEQ ng/kg 4.3 19 3.44 0.60 0.49 6.50 0.36 1.73 0.20 4.2 7.2 0.41
Total HxCDDs ng/kg 100 460 12 17 16 33 6.4 21 8.8 13 12.9 17

Notes:

Bold type indicates compound detected above EPA Region III RBC for residential soil.

NA = Not available.

ND = Not detected.

RBC = EPA Region III Risk-Based Concentration from EPA RBC tables dated April 2003.
'RBC values for pyrene used as surrogate for benzo(g,h,i)perylene and phenanthrene.
?PDSB04A-DUPO2 was a QA sample analyzed by a different laboratory.

{Bold type in brackets} indicates compound detected above EPA Region III RBC for both residential and industrial soil.
All data are validated.
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HGL—RI Report for the Pesticide Drum Area at the FNOD—Suffolk, VA

5.0 CONTAMINANT FATE AND TRANSPORT

This section evaluates the fate and transport of the various chemicals detected in the soil
samples collected at the Site. The fate and transport analysis supports identification of
potential routes by which contamination at the Site could affect human and ecological
receptors.

5.1 POTENTIAL ROUTES OF MIGRATION

The Pesticide Drum Area is located in a wooded area. Because of the flat terrain and
vegetation, minimal erosion from the site is expected. There is no surface water at or adjacent
to the site. Although no groundwater data are available, based on facility-wide data, it is
expected that the depth to groundwater is approximately 10 feet. Therefore, potential
transport pathways for chemicals in the surface soil and subsurface soil are leaching to
groundwater, volatilization to air, and entrainment in fugitive dust emissions. Factors
affecting the migration of contaminants by these processes are discussed in the subsections
below.

5.1.1 Soil-to-Groundwater

The migration of a contaminant from the soil to the underlying groundwater is affected by the
physical and chemical properties of the contaminant and the soil system. The mobility of
contaminants through infiltrating precipitation will be retarded by the sorption properties of
each contaminant and will be increased by the solubility of each contaminant. Once soil
contamination has been transported to groundwater, each contaminant’s mobility is affected by
how that contaminant behaves within the groundwater system.

5.1.1.1 Sorption

Sorption describes the association, or adsorption, of a chemical to and the dissociation, or
desorption, of a chemical from the medium through which the chemical is being transported.
Chemicals typically adsorb to clays and organic material, both of which are present in the
surface and subsurface soils and in sediment. Inorganic chemicals may also adsorb to iron,
manganese, and aluminum oxyhydroxide or oxide coatings on soil and sediment grains.
Adsorption of metals can be irreversible because of the process of fixation. A chemical that is
adsorbed to the soil matrix tends to remain in place. For example, a chemical sorbed to the
soil will not be readily transported vertically with infiltrating precipitation. For the chemical
to move with the infiltrating precipitation, the chemical must first desorb from the solid matrix
into the soil water.

The conventional measure of sorption is the distribution coefficient (Ka) of soil and geologic
material for the chemical. The Kua for organic chemicals is calculated as the product of the
organic carbon partition coefficient (Koc) and the fraction of organic carbon (foc) present. In
general, chemicals with a Koc greater than 10,000 milliliters per gram (mL/g) (e.g., many
SVOCs) have high degrees of adsorption and consequently low mobility, whereas chemicals
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with a Koc lower than 1,000 mL/g (e.g., many VOCs) have lower degrees of adsorption and
consequently higher mobility.

The Ku for inorganic chemicals is a complex function of pH, organic content, oxide coatings,
and other factors; therefore, Ka is not easily estimated for metals by methods other than site-
specific testing.

5.1.1.2 Dissolution

Dissolution is the process by which a chemical moves into an aqueous solution. The solubility
of organic chemicals is inversely related to the Koc. Solubility is a measure of a chemical’s
ability to associate with water, which is polar, while Ko is a measure of a chemical’s ability to
associate with organic matter, which tends to be non-polar.

The solubility of metals is governed by precipitation. The solubility product constant (Ks) for
metals depends on a number of factors including pH, oxidation-reduction potential, the

presence of co-precipitates, and the presence of common ions.

5.1.1.3 Comparison to Soil Screening Levels

Because groundwater data were not collected from the site, soil screening levels (SSLs) were
used to assess the potential for chemicals in the soil to threaten human health via the
groundwater pathway. EPA Region III provides SSLs that are protective of chemical
migration to groundwater. These SSLs are based on generic groundwater dilution and
attenuation factors (DAF) provided in EPA’s Soil Screening Guidance (EPA, 1996).
According to the SSP, “[a] dilution and attenuation factor of 20 may be used unless ground-
water is considered to be shallow.” Based on the depth to groundwater at other sites in the
FNOD, the groundwater at the Pesticide Drum Area is expected to be shallow. Another
consideration is that the default DAFs used in the Soil Screening Guidance reflect a default
source area of 0.5 acres. The pesticide drum “source area” is much smaller than 0.5 acres.
For these reasons, site-specific SSLs were calculated for the Pesticide Drum Area, assuming a
30 x 30 foot source area. First, a site-specific DAF was calculated using the EPA’s
Composite Model for Leachate Migration and Transformation Products (EPACMTP).4 Next,
the EPA Region III SSLs for DAF=1 were multiplied by this site-specific DAF to obtain
SSLs that are representative of the pesticide drum area. The site-specific DAF was calculated
to be 37. Maximum soil concentrations were compared against SSLs with DAF=37; the
results of this comparison are presented in Table 5.1. The maximum concentration of arsenic
and dieldrin exceeded the site-specific SSL; the maximum soil concentrations of the other
chemicals were below SSLs.

4 The DAF calculations used in EPA’s 1996 Soil Screening Guidance were performed
by HGL under contract to the EPA Office of Solid Waste. The current site-specific DAF
values were calculated using the same methodology and the current version of the EPACMTP
model.
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It should be noted that the comparison of PCDDs/PCDFs results to SSLs was based on the
total concentrations of tetrachloro-, pentachloro-, hexachloro-, heptachloro-, and octachloro-
congeners. Because the congeners have differing physical and chemical properties, the
congeners will be characterized by differing soil-to-groundwater ratios. Therefore, the use of
the TEQ approach for evaluating the potential threat to groundwater posed by the PCDDs/
PCDF:s is not suitable.

In the case of arsenic, the maximum detected surface soil concentration of 5 mg/kg is
consistent with site background levels, as discussed in Sections 2.1 and 4.2. Although no
subsurface soil samples were analyzed for inorganics, the available data suggest that the
arsenic concentrations present at the site are attributable to background conditions. Dieldrin
was detected at all 18 surface soil locations sampled in the 2002 and 2004 RI sampling events;
however, it was detected in only 5 of the 18 corresponding subsurface soil sample locations.
The dieldrin concentration in subsurface soil sample PD-SO-10-01 was 8.1 x 10° mg/kg,
which is above the SSL of 4 x 10° mg/kg. The dieldrin concentrations in the four other
subsurface soil samples where it was detected ranged from 6.8 x 10 mg/kg to 4 x 10” mg/kg,
which are at or below the SSL.

The dilution calculations referenced above are expected to be very conservative for a chemical
like dieldrin. The DAF analysis ignores adsorption and chemical degradation. Although
generally persistent, dieldrin does degrade through hydrolysis, with a half-life on the order of
7 years (National Institutes of Health [NIH], 2004) to 11 years (EPA, 1993). Dieldrin is also
very immobile, with an organic carbon partition coefficient (Koc) of 1 x 10° L/kg. Dieldrin
would therefore not generally be considered a threat to groundwater. A follow-on modeling
analysis was performed for dieldrin to determine a more accurate SSL based on a site- and
constituent-specific DAF. The EPACMTP model was applied in the same manner as before,
but utilizing dieldrin-specific hydrolysis and Koc values. This analysis resulted in a dieldrin-
specific DAF value exceeding 1 x 10°. This large value for the dilution-attenuation factor
indicates that dieldrin is expected to attenuate to very low concentration values before reaching
a groundwater exposure point, through a combination of dilution in groundwater, retardation,
and chemical degradation.

The comparison to the site-specific SSLs show that the chemicals detected in the soil at the
Pesticide Drum Area do not pose a potential threat to groundwater, with the exception of
arsenic and dieldrin. The arsenic concentrations at the site are consistent with background
levels and do not constitute a contamination threat to groundwater. The maximum dieldrin
concentration in subsurface soil was above the site-specific SSL, but was below the SSL
calculated for dieldrin using compound-specific factors. The concentrations of analytes
detected in the soils at the site do not pose a threat to underlying groundwater. Regardless, the
quality of the groundwater underlying the Pesticide Drum Area will be investigated as part of
a larger groundwater study conducted by the USACE at FNOD.

5.1.1.4 Migration within Groundwater

Advection and dispersion are the primary processes affecting the movement of a chemical
within the groundwater system. Advection is the movement of a chemical with the bulk fluid

U.S. Army Corps of Engineers—Norfolk District

M:\Projects\NOR_004_010_11\R04-07.782.doc 5-3 HGL 4/9/07



HGL—RI Report for the Pesticide Drum Area at the FNOD—Suffolk, VA

flow. Dispersion is the spreading of the leading edge of the plume due to spatial variation in
the aquifer characteristics, fluid mixing, and diffusion. Within groundwater, the migration
rates of dissolved chemicals range widely because different chemicals undergo different
degrees of adsorption. Chemicals will not move as rapidly as the groundwater in which they
are dissolved because of adsorption of the chemical on the subsurface media. This process is
known as retardation. For organic compounds, a retardation factor may be estimated using a
chemical’s Ko, and the organic carbon content, bulk density, and void fraction of the
subsurface matrix. Chemicals with high Ko values, such as SVOCs, will have higher
retardation factors than organics characterized by low Ko values, such as VOCs. Thus,
depending on the nature of the subsurface matrix, it should take longer for SVOCs to travel a
given distance than for VOCs. Because of the complexities of the physico-chemical
interactions between inorganic compounds and the subsurface material, it is difficult to
estimate the extent of retardation for an inorganic compound.

Based on the comparison of soil concentrations to SSLs, it is unlikely that the site
contaminants would adversely affect the underlying groundwater.  For this reason,
contaminant migration within the groundwater is not expected to be a migration pathway of
concern.

5.1.2 Soil-to-Air Migration

Soil-to-air migration can occur through volatilization of contaminants into soil gas and through
fugitive dust emissions from wind erosion. Because of the heavily vegetated nature of the site,
the latter transport pathway is expected to contribute minimally to chemical migration. Within
the soil gas, the primary mechanism of transport is diffusion. Chemicals present in the soil
gas will diffuse from areas of high concentrations to areas of low concentrations. The rate of
diffusion is calculated using the chemical’s diffusivity, which is inversely related to the
chemical’s molecular weight. In an environmental setting, the chemical must be volatile in
order for it to be present in the soil gas at appreciable concentrations. Based on the limited
number of VOCs detected at the site, it is unlikely that volatilization is a major migration
process. Although there is minimal potential for site contaminants to migrate via the soil-to-
air pathway, this pathway was retained for evaluation in the risk assessment.

5.2 CONTAMINANT PERSISTENCE

The tendency for a contaminant to persist at a site is determined by its ability to undergo or
withstand chemical change by a variety of processes. Uptake by animal and plant life at the
Site will also affect the persistence of a contaminant.

5.2.1 Organic Compounds

The persistence of an organic chemical is affected by the propensity of that chemical to
undergo degradation or bioaccumulation.

Degradation is the transformation of one chemical to another by such processes as hydrolysis,
photolysis, and biodegradation. Hydrolysis is the reaction of a chemical with water and
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photolysis is the result of exposing the chemical to light. Biodegradation occurs when
microorganisms convert one chemical to another as part of their respiration process.
Degradation is commonly expressed as a half-life that takes into account the various
mechanisms or pathways by which the compound may be degraded. The organochlorine
pesticide dieldrin was detected at the site at several locations; some of these detections were
elevated relative to the screening criteria. Based on available literature, the half-life of
dieldrin in soil is approximately 7 years (NIH, 2004) to 11 years (EPA, 1993). Based on this
half-life, it is possible that the concentrations of dieldrin currently at the site could decrease
appreciably over time.

Bioaccumulation is the process of chemicals associating with or accumulating in plants and the
organ tissue of animals. Chemicals with a high Ko tend to associate with plant or animal
tissue; however, if a chemical is not dissolved in water, then it is not readily bioavailable (in a
form that may be taken up by plants or in a form that may be absorbed by an animal during
the digestion process). The tendency of organic compounds with high Koc values to associate
with soil organic matter and clay, combined with the generally low aqueous solubility of these
compounds, reduces their bioavailability. Thus, even though a specific SVOC may have a
tendency to associate with plant tissue, the inability of that chemical to remain dissolved in the
soil water (through adsorption to the soil) limits its potential impact on or uptake by the plant.
In addition, the sorption of an SVOC to soil organic matter and clay may reduce the transfer
of this chemical from the soil to the tissue of an animal during the digestion process. Organic
chemicals that tend to remain dissolved in water, such as VOCs, tend to be more bioavailable.

5.2.2 Metals

Unlike organic compounds, metals do not degrade. The main process affecting the persistence
of a metal is the process of transformation and the effect on that metal’s mobility and
bioavailability. Transformation occurs when metals are increased or reduced in valence state
by oxidation or reduction, respectively, and may have a significant effect (positive or negative)
on the mobility of a metal. Transformation can be caused by oxidation-reduction potential
changes, pH changes, and by microbial or abiotic processes.
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Table 5.1
Comparison of Maximum Detected Concentration to SSLs
Analyte Maximum SSL with DAF = 37 Exceed
Concentration (mg/kg) (mg/kg) SSL?
Inorganics
Aluminum 8,210 NA
Arsenic 5 0.048 yes
Barium 35 4,070 no
Beryllium 0.3 2,146 no
Cadmium' 0.47 99.9 no
Chromium? 30.4 77.7 no
Cobalt 3.8 NA
Copper 24.8 19,610 no
Iron 16,700 NA
Lead 35.6 NA
Lithium 1.2 NA
Manganese® 159 1,776 no
Mercury 0.23 NA
Nickel 10 NA
Selenium 1 35.2 no
Vanadium 20.2 1,369 no
Zinc 33.1 25,160 no
VOCs - None Detected
SVOC:s (excluding PAHs)
bis(2-Ethylhexyl)phthalate 0.0558 5,180 no
Di-n-butylphthalate 0.0551 9,250 no
PAHs
Acenaphthene 0.074 192 no
Anthracene 0.012 851 no
Benzo(a)anthracene 0.06 2.7 no
Benzo(a)pyrene 0.032 0.70 no
Benzo(b)fluoranthene 0.042 8.51 no
Benzo(g,h,i)perylene* 0.018 1,258
Benzo(k)fluoranthene 0.023 85.1 no
Chrysene 0.048 270 no
Dibenzo(a,h)anthracene 0.014 2.59 no
Fluoranthene 0.12 11,470 no
Indeno(1,2,3-cd)pyrene 0.02 23.7 no
Naphthalene 0.094 0.285 no
Phenanthrene* 0.056 1,258
Pyrene 0.12 1,258 no
Pesticides
DDE 0.0012 66.6 no
DDT 0.0052 2.15 no
Dieldrin 0.731 0.004 yes®
Endosulfan I 0.00221 36.3 no
Gamma-BHC (lindane) 0.00156 0.008 yes
PCDDs/PCDFs
Total TCDF | 0.000021 NA
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Comparison of Maximum Detected Concentration to SSLs

Table 5.1 (continued)

Analyte Maximum SSL with DAF = 37 Exceed
Concentration (mg/kg) (mg/kg) SSL?
Total TCDD 0.0000054 0.000016° no
Total PeCDF 0.00002 NA
Total PeCDD 0.0000075 NA
Total HXCDF 0.00002 NA
Total HxCDD 0.000033 NA
Total HpCDF 0.000012 NA
Total HpCDD 0.00011 NA
OCDF 0.0000085 NA
OCDD 0.00518 NA

NA = Not available

SSL = Soil Screening Level, based on SSL with DAF = 1 from EPA Region III tables dated April 2005.
DAF = dilution and attenuation factor

! SSL value based on cadmium, food

2SSL value based on chromium (VI)

3 SSL value based on manganese, non-food
*SSL value for pyrene used as a surrogate for benzo(g,h.i)perylene and phenanthene
5 SSL not exceeded when dieldrin-specific DAF is used
¢ SSL for 2,3,7,8-TCDD used
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6.0 BASELINE RISK ASSESSMENT

A baseline risk assessment is an evaluation of risk, if any, to human and ecological receptors
posed by the presence of chemicals at a site if no remedial action is performed. A summary of
the baseline HHRA and SLERA is provided in this section. Preliminary conceptual models
have been developed to identify potential release and transport mechanisms, potential
receptors, and exposure pathways associated with activities at the subject site. The objective
of these risk assessments is to characterize the potential risks associated with exposure to site
media.

6.1 HUMAN HEALTH RISK ASSESSMENT

EPA’s Risk Assessment Guidance for Superfund (RAGS): Volume 1, Human Health Evaluation
Manual (Part A), and RAGS: Volume I, Human Health Evaluation Manual (Part D,
Standardized Planning, Reporting, and Review of Superfund Risk Assessments) form the basis
for the approach to assess human health risk at the Pesticide Drum Area at FNOD (EPA, 1989
and 2001). The HHRA is summarized in this section. Details of the HHRA are presented in
Appendix E.

The HHRA evaluation includes:

Data evaluation

Exposure assessment

Toxicity assessment

Risk characterization and uncertainty analysis

D=

6.1.1 Data Used in the Baseline Risk Assessment

Data from surface soil samples collected in November 1998 (pre-drum removal), surface and
subsurface soil samples collected in February 2002 (post-drum removal), and surface and
subsurface soil samples collected in February 2004 were used in this HHRA. Also, metals
data from a surface soil sample collected from beneath the drums in November 2000 were
used. Although the November 2000 data were not validated and would not normally be used,
these data were included in the HHRA because of the small data set for metals. Data used in
the HHRA included analytical results for VOCs, SVOCs, pesticides, PAHs, PCBs,
explosives/nitroglycerin, PCDDs/PCDFs, metals, and cyanide. Results from the following
sample media were used in this HHRA:

o Surface soil - collected from 0 to 0.5 feet bgs (all events),

o Shallow subsurface soil - collected from 1 to 2 feet bgs (2004 RI sampling
event), and

J Shallow subsurface soil - collected from 5- to 5.5-feet bgs (2002 RI sampling
event).

U.S. Army Corps of Engineers—Norfolk District
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No surface water or sediment is present at or adjacent to the site; therefore, these media were
not sampled as part of the site investigation. Because the comparison of maximum detected
concentrations to SSLs (see Section 5.1.1.3) indicated that the site contaminants will not
adversely affect the underlying groundwater quality, no groundwater samples were collected.

Data qualified as rejected (R-flagged) were not used in the HHRA. Data qualified as
estimated (J-flagged) were included in the HHRA calculations as if the data were not qualified.
If a concentration was qualified “B” as a potential artifact based on blank contamination, then
the result was treated as a non-detection. If a given analyte was not detected in a sample, then
half of the sample quantitation limit (SQL) for that analyte was used as a proxy concentration.

6.1.2 Tentatively Identified Chemicals

The analytical results included several tentatively identified chemicals (TICs). In accordance
with RAGS (EPA, 1989), the detection frequency, estimated concentration(s), and potential
sources of each TIC were evaluated to determine if the TIC should be included in the baseline
risk assessment. The TICs and the rationale for their inclusion in or exclusion from the
baseline risk assessments (HHRA and SLERA) are presented below:

o Bicycloheptanone isomer/derivative: Bicycloheptanone isomers/derivatives were
detected twice at concentrations of 95 pg/kg and 210 ug/kg. There was not
enough information to determine the identity of the isomers/derivatives present.
Fenchone (d- and /- conformations) is included in this class of compounds. d-
Fenchone has been used as a flavor and fragrance ingredient since the 1930s
and fenchones also occur naturally in anise, fennel, and pine. Because pine
trees are common in the area where this site is located, it is likely that the
bicycloheptanone isomers/derivatives resulted from naturally-occurring matter.
Based on the likely natural source and the uncertainty associated with a
quantitative  evaluation of an wunidentified chemical, the unknown
bicycloheptanone isomer/derivative TICs were not included in the quantitative
HHRA and SLERA.

J Benzodioxole, (propenyl)-isomer: Propenyl benzodioxole isomers were detected
twice at concentrations of 2,000 pg/kg and 8,600 pg/kg. There was not enough
information to determine the identity of the isomers present and without
additional information concerning the identities of the unknown propenyl
benzodioxole isomers, a quantitative assessment of the potential risk is highly
uncertain. Safrole, dihydrosafrole, and isosafrole are included in this class of
compounds. Safrole is the principal constituent of oil of sassafras and a minor
constituent of many other essential oils. Isosafrole also occurs as a minor
constituent of many essential oils with a distribution similar to that of safrole,
and dihydrosafrole is not known to occur naturally but is formed in the
production of piperonyl butoxide. Because sassafras naturally occurs in the area
where this site is located, it is likely that the propenyl benzodioxole isomers
resulted from naturally-occurring matter. Based on the likely natural source
and the uncertainty associated with a quantitative evaluation of an unidentified

U.S. Army Corps of Engineers—Norfolk District
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chemical, the unknown propenyl benzodioxole isomer TICs were not included
in the quantitative HHRA and SLERA.

Benzaldehyde, hydroxyl-isomer: One hydroxyl benzaldehyde isomer was
detected at a concentration of 100 ug/kg. There was not enough information to
determine the identity of the isomer present. Without additional information
concerning the identity of the unknown hydroxyl benzaldehyde isomer, a
quantitative assessment of the potential risk is highly uncertain. m-,p-, and o-
hydroxybenzaldehyde are included in this class of chemicals. 0-
Hydroxybenzaldehyde  (salicylal) is a  flavoring agent and p-
hydroxybenzaldehyde is used as a flavoring agent and in pharmaceuticals,
agrochemicals, and petrochemicals. The use of m-hydroxybenzaldehyde was
not identified. @ Based on the uncertainty associated with a quantitative
evaluation of an unidentified chemical, the unknown hydroxyl benzaldehyde
isomer TIC was not included in the quantitative HHRA and SLERA.

Ethanone, (hydroxyl-methoxyphenyl): Limited information was found for the
chemical 1-(4-hydroxy-3-methoxyphenyl)-ethanone. This chemical is also
known as acetovanillone, 4-hydroxy-3-methoxyacetophenone, and apocynin.
This plant-derived chemical is being investigated as a treatment for rheumatoid
arthritis and is also used as an intermediate in perfumery chemicals. Based on
the low detection frequency, the low detected concentration (170 ug/kg), and its
uses, this TIC was not included in the quantitative HHRA and SLERA.

Unknown TIC: Twenty-seven unknown TICs were detected that ranged in
concentration from 88 pg/kg to 1,300 pg/kg. Because the results do not even
provide a chemical group for these TICs, any type of evaluation of the TICs is
impossible. Therefore, the unknown TICs were not included in the quantitative
HHRA and SLERA.

Unknown aldehyde: Four unknown aldehyde TICs were detected at
concentrations ranging from 110 ug/kg to 310 ug/kg. Aldehydes are any class
of organic compounds that contain a carbonyl group bonded to at least terminal
one hydrogen atom. Aldehydes are used for the manufacture of synthetic resins
and for making dyestuffs, flavorings, perfumes, and other chemicals. Similar
to the unknown TICs, there is not enough information in the analytical results to
allow an evaluation of these TICs. Because the samples were analyzed for the
full suites of VOCs and SVOCs, the potential for the analyses to have failed to
detect a hydrocarbon contaminant is low. Therefore, these TICs were not
considered in the quantitative HHRA and SLERA.

Unknown benzene derivative: Three unknown benzene derivatives were
observed at concentrations ranging from 130 pg/kg to 510 ug/kg. Without
additional information concerning the identities of the unknown benzene
derivatives, a quantitative assessment of the potential risk is highly uncertain.
Benzene itself is an organic compound that has been used in the manufacturing
of rubber, paint, plastics, resins, and pesticides. It can also be found in organic
solvents and gasoline. Based on the uncertainty associated with a quantitative
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evaluation of an unidentified chemical, the unknown benzene derivative TICs
were not included in the quantitative HHRA and SLERA.

o Unknown ketone: This TIC was detected in one sample at a concentration of
800 ng/kg. Ketones are any class of organic compounds that contain the
carbonyl group and in which the carbonyl group is bonded only to carbon
atoms. Acetone, the simplest ketone, is one of the most important chemicals
used in industry. Low molecular weight ketones are mainly used as solvents.
Without additional information concerning the identities of the unknown ketone
TIC, a quantitative assessment of the potential risk is highly uncertain. Based
on the uncertainty associated with a quantitative evaluation of an unidentified
chemical, the unknown ketone TIC was not included in the quantitative HHRA
and SLERA.

o Unknown oxygenated hydrocarbon: Oxygenated hydrocarbons are organic
compounds containing oxygenated functional groups, such as aldehydes,
ketones, alcohols, carboxylic acids, and nitrates. Four unknown oxygenated
hydrocarbon TICs were detected at concentrations ranging from 140 ug/kg to
310 pg/kg. Without additional information concerning the identities of the
unknown oxygenated hydrocarbons, a quantitative assessment of the potential
risk is highly uncertain. Based on the uncertainty associated with a quantitative
evaluation of an unidentified chemical, the unknown oxygenated hydrocarbon
TICs were not included in the quantitative HHRA and SLERA.

J Unknown polynuclear aromatic hydrocarbon: This TIC was detected in one
sample at a concentration of 1200 pg/kg. Because some PAHs are considered
to be carcinogens while other PAHs are not, without additional information
concerning the identity of the unknown PAH a quantitative assessment of the
potential risk is highly uncertain. Based on the low detection frequency and the
uncertainty associated with a quantitative evaluation of an unidentified chemical,
the unknown PAH TIC was not included in the quantitative HHRA and
SLERA.

o Unknown steroid: Steroids are lipids characterized by a carbon skeleton with
four fused rings. Hundreds of distinct steroids have been identified in plants
and animals. Their most important role in most living systems is as hormones.
Two unknown steroid TICs were detected at concentrations of 730 pg/kg and
890 pg/kg. As with the other unknown TICs, without additional information
concerning the identities of the unknown steroids, a quantitative assessment of
the potential risk is highly uncertain. Based on the uncertainty associated with a
quantitative evaluation of an unidentified chemical, the unknown steroid TICs
were not included in the quantitative HHRA and SLERA.

In summary, of the TICs included in the analytical results, no compounds were evaluated
quantitatively in the HHRA and SLERA. The exclusion of the TICs from the quantitative
assessments is evaluated qualitatively in the discussion of the uncertainty associated with the
HHRA (Section 6.1.5.5.2).

U.S. Army Corps of Engineers—Norfolk District
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6.1.3 Exposure Assessment

The exposure assessment estimates the magnitude, frequency, duration, and routes of
exposure. The exposure assessment includes current and future exposures. Exposure
assessment involves three distinct processes: 1) characterizing the exposure setting, 2)
identifying exposure pathways, and 3) quantifying exposure.

6.1.3.1 Characterization of the Exposure Setting

This step describes the exposure setting in terms of physical characteristics of the site and
populations that might be exposed. Population characteristics include the location of current
and future receptors, the presence of sensitive sub-populations, and the activity patterns of
current and future populations.

The Pesticide Drum Area is located within FNOD which is located within the city of Suffolk,
Virginia. FNOD is bounded by the Nansemond River to the west and the James River to the
north. The Respass Beach/Holly Acres residential area is located one mile east of the site and
to the east of I-664 and Streeter Creek. The Huntersville and Wynwood communities are
located approximately two miles south of the site and east of 1-664.

As described in Section 1.2.1, the current property owners of FNOD are GE, VEPCO, the
HRSD, VDOT, Dominion Lands, Continental Bridgeway Office Park, and SYSCO Food
Services. Currently, GE is leasing its building to various companies and land to the U.S.
Navy for storage. The VEPCO property is being developed by Dominion Lands for lease or
sale and is zoned for commercial development. VDOT has constructed I-664 through the
eastern portion of FNOD, and has a maintenance facility adjacent to the highway. An HRSD
wastewater treatment plant is located to the east of 1-664, and a small portion of that property
is on former depot land. Continental Bridgeway Office Park has a new office building group
in Bridgeway Commerce Park completed at College Drive between Wellner and Bridgeway
Commerce Park Drive. SYSCO Food Services is also located in the Bridgeway Commerce
Park and conducts large-scale warehouse and shipment operations on property which includes
a very small portion on former depot land. The remaining land is currently owned by the
State Board of Community Colleges and is the location of the TCC Portsmouth Campus
(USACE-Norfolk District, 2001a).

6.1.3.2 Potential Exposure Pathways

Health risks may occur when there is contact with a chemical by a receptor population.
Exposed populations must ingest, inhale, or dermally absorb a chemical of potential concern
(COPC) to complete an exposure pathway and potentially experience an adverse health risk.
Exposure pathways are determined by the locations of sources, types of release mechanisms,
types of contaminants, fate and transport mechanisms, and the locations and activities of the
receptors.

Two abandoned 55-gallon drums were the sources of contamination at this site. The removal
of the 55-gallon drums, performed in 2001, eliminated the potential for human receptors
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exposed to the contamination source; however, receptors may be exposed to contaminants that
had been released to the soil.

Table 6.1 summarizes the selection of exposure pathways for the Pesticide Drum Area. The
following discussion identifies potential exposure pathways that may be complete.

Current and Future Trespasser or Site Visitor (Adult and Adolescent)

Trespassers or site visitors may be students at TCC or residents of the Respass Beach/Holly
Acres, Huntersville, or Wynwood communities. 1-664 forms a boundary which hinders
intentional or casual unintentional passage by adults or adolescents onto the Pesticide Drum
Area. Direct contact with surface soil could lead to incidental ingestion of chemicals and
absorption of chemicals through dermal contact. Fugitive dusts from surface soil at the site
could be generated by wind or play activities and subsequently inhaled by the trespasser or
visitor. A trespasser or visitor may contact subsurface soil in the future if the soil has been
disturbed during site development activities.

In summary, the exposure pathways which may potentially be considered complete for the
current and future trespasser or site visitor scenario are:

o Incidental ingestion of chemicals in surface soil (current),

o Absorption through dermal contact with chemicals in surface soil (current),

o Inhalation of chemicals in fugitive dust emissions from surface soil (current),

o Incidental ingestion of chemicals in surface and subsurface soil (future),

J Absorption through dermal contact with chemicals in surface and subsurface

soil (future), and

o Inhalation of chemicals in fugitive dust emissions from surface and subsurface
soil (future).

Current and Future Industrial Worker

A site industrial worker who spends much of his/her workday outdoors may have direct
contact with contaminated surface soil at the Pesticide Drum Area. Direct contact with surface
soil could lead to incidental ingestion of chemicals and absorption of chemicals through dermal
contact. Fugitive dusts from surface soil could be generated by wind or maintenance activities
and subsequently be inhaled by a worker. These emissions are unlikely because of extensive
vegetation; however, they were evaluated in this HHRA. A site industrial worker may contact
subsurface soil in the future if the soil has been disturbed during site development activities.

In summary, the exposure pathways which may potentially be considered complete for the
current and future industrial worker scenario are:

o Incidental ingestion of chemicals in surface soil (current),

U.S. Army Corps of Engineers—Norfolk District
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J Absorption through dermal contact with chemicals in surface soil (current),

o Inhalation of chemicals in fugitive dust emissions from surface soil (current),

o Incidental ingestion of chemicals in surface and subsurface soil (future),

o Absorption through dermal contact with chemicals in surface and subsurface

soil (future), and

J Inhalation of chemicals in fugitive dust emissions from surface and subsurface
soil (future).

Future Construction Worker Scenario

Should the site be disturbed in the future during development activities, construction workers
may be exposed to surface and shallow subsurface soils. Direct contact with the soil could
lead to incidental ingestion of chemicals and absorption of chemicals through dermal contact.
Fugitive dusts from excavated soils could be generated by wind and/or equipment and
subsequently be inhaled by a worker. VOCs within the subsurface soil may volatilize as the
soils are exposed to the air. These volatile emissions may also be inhaled by the construction
worker.

In summary, the exposure pathways which may potentially be considered complete for the
future construction worker are:
o Incidental ingestion of chemicals in surface and subsurface soil (future),

J Absorption through dermal contact with chemicals in surface and subsurface
soil (future), and

o Inhalation of chemicals in fugitive dust emissions from surface and subsurface
soil (future).

Future Resident (Adult and Child)

The HHRA considers all potential future land use scenarios and, therefore, considers the
future adult and child resident. Although the land is zoned for commercial use and it is not
expected that in the future this land will be utilized for residential purposes, the hypothetical
future resident receptor was evaluated. Should the site be disturbed in the future development
of residential housing, future residents may have direct contact with contaminated surface and
shallow subsurface soils. Direct contact with soil could lead to incidental ingestion of
chemicals and absorption of chemicals through dermal contact. Fugitive dusts from surface
soil could be generated by wind or site activities and subsequently be inhaled by the resident.
Because the comparison of maximum detected concentrations to SSLs (Section 5.1.1.3)
indicated that site contaminants will not adversely affect the quality of the underlying
groundwater, exposure of the resident to groundwater was not identified as a complete
pathway.
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In summary, the exposure pathways which may potentially be considered complete for the
future resident are:
o Incidental ingestion of chemicals in surface and subsurface soil (future),

J Absorption through dermal contact with chemicals in surface and subsurface
soil (future), and

o Inhalation of chemicals in fugitive dust emissions from surface and subsurface
soil (future).

6.1.3.3 Selection of Chemicals of Potential Concern

To reduce the number of chemicals analyzed quantitatively in the HHRA, the data were
screened to select the COPCs. Analytes that were not detected in any of the samples for a
particular medium were excluded from the COPC list. In addition, in accordance with RAGS
(EPA, 1989), calcium, magnesium, potassium, and sodium were not identified as COPCs
because of their status as essential nutrients.

To identify the COPCs for direct contact with soil, the soil concentrations were compared to
screening values based on the EPA Region III RBC for residential soil. For carcinogens, the
screening value was equal to the residential soil RBC. For non-carcinogens, the screening
value was equal to one-tenth the residential soil RBC. This adjustment in the RBC value was
performed to account for the potential additive effect of exposure to multiple non-carcinogenic
chemicals. For carcinogens with more conservative non-cancer based screening values, the
table of alternate RBCs (using the one-tenth adjustment) developed by EPA Region III was
consulted to provide the appropriate screening value. For the selection of COPCs for current
receptors, the maximum concentration of each detected surface soil analyte was compared to
the screening value. For the selection of COPCs for future receptors, the surface soil and
subsurface soil data were pooled. The soil data are pooled to account for potential soil
turnover which may occur during future activities such as construction.

To identify the COPCs for inhalation of fugitive dust or volatile emissions from the soil, it is
first necessary to estimate the ambient air concentration of each detected analyte. The general
equation used to estimate the ambient air concentration is:

Cair = Csoil (I/PEF + I/VF)

where:
C.ir = ambient air concentration (mg/m’)
Csoit = soil concentration (mg/kg)
PEF = particulate emission factor (cubic meters per kilogram [m’/kg])
VF = volatilization factor (m*/kg)

For receptors not involved in excavation activities, such as the resident or industrial worker, a
default PEF of 1.36 x 10° m’/kg was used (EPA, 2002a). For the construction worker, a site-
specific PEF was calculated. For all receptors, VFs were calculated for those analytes
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identified as volatile in the EPA Region III October 2005 RBC Table. The equations used to
calculate the construction worker PEF and the VFs are presented in detail in Attachments 1
and 2 of Appendix E. All calculations were performed in accordance with the EPA’s
Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites (EPA,
2002a). The construction scenario assumed for calculation of the construction worker PEF is
described below.

The Pesticide Drum Area is small, encompassing only 1200 ft* (30 ft x 40 ft). Because of the
small size of the Pesticide Drum Area, it was assumed that no temporary construction road
would be placed across this site. The fugitive dust emissions were assumed to be generated
through excavation, dozing, and grading activities; and wind erosion. Construction activities
were assumed to occur over the course of one year. This one year duration is very
conservative given the small size of the site. For example, to grade the site once would take
less than one hour. The resulting PEF was 2.06 x 10° cubic meters per kilogram (m*/kg).

The estimated ambient air concentrations associated with non-excavation activities and with
excavation activities were compared to the EPA Region III ambient air RBC for carcinogens
and one-tenth the ambient air RBC for non-carcinogens.

The selection of the COPCs is presented in detail in Tables 2.1 through 2.5 of Appendix E,
and the results are summarized in Table 6.2. The calculation of PEFs and VFs is presented in
detail in Attachments 1 and 2 to Appendix E, respectively.

6.1.3.4 Quantifying Exposures

This process is conducted in two steps: 1) estimation of exposure point concentrations (EPCs)
and 2) calculation of intakes. The analytical data were evaluated to determine the EPC for
each COPC identified in Table 6.2. Intake equations were developed for each potential
receptor, exposure pathway, and intake route.

6.1.3.4.1 Exposure Point Concentrations

EPA Supplemental Guidance to RAGS, Calculating the Concentration Term (EPA, 1992)
specifies that the reasonable maximum exposure (RME) concentration for a receptor
population be calculated using the 95 percent upper confidence limit (UCL) of the arithmetic
mean of chemical concentration. This guidance has been supplemented with EPA’s
Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste
Sites (EPA, 2002b) recommending the use of ProUCL to evaluate the distributions and
calculate the appropriate UCL. ProUCL 3.0 is statistical software which evaluates the data
distribution and provides recommendations on which statistical value is appropriate to use for
a particular data set.

Because only three samples from this site were analyzed for metals, there are not enough data
to calculate a 95 percent UCL for each metal detected in the site soil. Therefore, the
maximum concentration was used for metal COPCs. For the remaining COPCs, there were
enough data to use ProUCL to calculate the EPC. ProUCL 3.0 was used to identify the most
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appropriate statistical value for the 95 percent UCL based on the data distribution. If the
recommended statistical value was greater than the maximum detected concentration, then the
maximum detected concentration was the EPC.

The maximum detected concentration, the EPC, and the statistical distribution of each COPC
are presented in Table 3.1 (surface soil) and Table 3.2 (combined surface and subsurface soil)
of Appendix E.

6.1.3.4.2 Calculation of Intakes

In general, the exposure parameters were obtained from EPA guidance documents (EPA,
1989; EPA, 2002a; and EPA, 2004). As appropriate, professional judgment was used to
develop site-specific values for exposure parameters.

Chemical intake is expressed as milligrams of chemical per kilogram body weight per day
(mg/kg/d). Intake rates for all COPCs were quantified using pathway-specific equations from
EPA RAGS guidance (EPA, 1989). These equations are presented in Tables 6.3 and 6.4.
Intake variables were established specifically to derive an RME estimate. An RME estimate
represents a high-end exposure situation, but one still within the realm of probable exposures.
Exposure assumptions used for each receptor exposed to soil via ingestion and dermal contact
are presented in Tables 6.3 and 6.4, respectively. Additional detail on the exposure
parameters is provided in Tables 4.1 through 4.7 of Appendix E. Because no COPCs were
identified for the inhalation exposure route, chemical intake via inhalation was not quantified.

6.1.4 Toxicity Assessment

Toxicity assessment consists of two stages: hazard identification and dose-response
assessment. Hazard identification evaluates whether a particular chemical can cause a
particular health effect (such as cancer or birth defects) and if the adverse health effect occurs
in humans. Hazard identification also evaluates the nature and strength of the evidence of
causation. Dose-response assessment quantitatively evaluates toxicity information for a
chemical to determine the relationship between the administered dose of that chemical to the
incidence of a particular adverse effect in the exposed population. Toxicity values for
carcinogens, also known as cancer slope factors (CSF), are expressed in units of cancer
incidence per unit dose of chemical. For non-carcinogens, the toxicity values or reference
doses (RfDs) are expressed in terms of a threshold value below which adverse effects are not
expected to be observed.

All CSFs and RfDs used in this HHRA were developed by EPA. Toxicity values promulgated
by EPA are subject to a scientific peer-review. In the development of toxicity values, the EPA
gathers toxicological information from sources including experimental animal studies,
epidemiologic investigations, and clinical human studies. Well-conducted epidemiologic
studies that show a positive correlation between an agent and a disease represent the most
convincing evidence about human risk. At present, human data adequate to serve as the sole
basis for the development of toxicity values are available for only a few chemicals. In most
cases where there are insufficient direct human data, EPA uses toxicity information developed
from experiments conducted on non-human mammals such as rats, mice, dogs, or rabbits.
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A database search was conducted to identify the toxicity values for this HHRA. The EPA’s
Integrated Risk Information System (IRIS) database served as the primary source of human
health toxicity values (EPA, 2006) and EPA’s Provisional Peer-Reviewed Toxicity Values
Database (PPRTV) served as the secondary source. Additional toxicity data were obtained
through the EPA’s Health Effects Assessment Summary Tables (HEAST) (EPA, 1997a) and
EPA Region III RBC Tables (EPA Region III, 2005).

6.1.4.1 Non-Cancer Effects

The RfD and reference concentration (RfC) are the toxicity values used in assessing non-
cancer health effects from oral and inhalation exposure, respectively. For non-cancer health
effects, the level of exposure below which no adverse health effects develop is termed the
threshold level or threshold dose. RfDs and RfCs represent exposure levels which are well
below threshold. Each value is an estimate of daily exposure to the general human population
(including sensitive sub-populations) that is unlikely to pose an appreciable likelihood of
adverse effects during a given term of exposure.

The RfD and/or RfC for a chemical are derived from experimentally derived no observed
adverse effect levels (NOAELs) or lowest observed adverse effect levels (LOAELs) by
application of uncertainty factors (UFs). Uncertainty factors of 10 are used to protect sensitive
sub-populations and to account for interspecies variability. A UF of 10 is also used when the
toxicity value is derived from a LOAEL rather than a NOAEL or to account for data being
obtained from sub-chronic rather than chronic studies.

RfD values are expressed as mg/kg/d, and RfC values are expressed as a chemical
concentration in air in milligrams per cubic meter (mg/m’). For consistency with the
inhalation intake dose units, RfC values may be converted to inhalation RfD values, which are
then expressed as mg/kg/d.

There are no dermal absorption toxicity values currently available, necessitating use of oral
toxicity values. However, oral values are typically developed from laboratory animal studies
and reflect an administered (in feed or water) rather than an absorbed (through the
gastrointestinal tract) dose. Degree of gastrointestinal absorption varies widely among
different chemicals with some being readily absorbed and some being poorly absorbed. To
reflect this phenomenon, default gastric absorption efficiency factors presented in RAGS Part
E, Supplemental Guidance for Dermal Risk Assessment (EPA, 2004) were used to modify oral
RfD values for evaluating risk through dermal exposure.

Non-cancer toxicity information and RfD values are presented in Table 5.1 of Appendix E.

6.1.4.2 Carcinogenic Effects

The toxicity values used in assessing carcinogenic risk are slope factors. A slope factor
represents the 95 percent UCL on the probability that a carcinogen will cause cancer at a dose
of 1 mg/kg/d over a lifetime. Unlike most non-carcinogenic health effects, carcinogenesis is
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not believed to conform to the concept of a threshold dose. Mechanistic data indicate that
even the smallest dose of a carcinogen can lead to a clinical state of disease. For this reason,
it is not possible to determine a no-response dose, but rather it is necessary to relate a specific
dose to the statistical probability of a carcinogenic response.

For carcinogenic effects, the substance is given a weight-of-evidence classification and a slope
factor is calculated. To determine the weight-of-evidence classification, the available evidence
is evaluated to determine the likelihood that the agent is a human carcinogen. Based on the
potency of the agent as a carcinogen in experimental animals and/or humans, the slope factor
is developed. Slope factors are available in IRIS, PPRTV, or HEAST for many substances
categorized by EPA as A, B, or C carcinogens. Class A status indicates known human
carcinogen. Class B indicates a probable human carcinogen, with B1 indicating limited human
data and sufficient animal data and class B2 indicating sufficient evidence in animals and
inadequate or no evidence in humans. Class C indicates a possible human carcinogen with
inadequate human and limited animal data.

As with RfDs, slope factors are not available for dermal exposure. Default gastric absorption
efficiency factors presented in RAGS Part E, Supplemental Guidance for Dermal Risk
Assessment (EPA, 2004) were used to modify oral CSF values for evaluating risk through
dermal exposure.

Carcinogenic toxicity information and CSFs are presented in Table 6.1 of Appendix E.

6.1.4.3 Chemicals without Toxicity Values

No chemicals without toxicity values were identified as COPCs.
6.1.5 Risk Characterization and Uncertainty Analysis

The final stage of the HHRA process is risk characterization and uncertainty analysis. The
risk characterization step integrates information from the toxicity and exposure assessments to
express risk quantitatively.  The following two subsections define the general risk
characterization process for evaluating non-carcinogenic and carcinogenic chemicals. Risk
characterization for each potentially exposed population and a qualitative uncertainty analysis
then follow.

6.1.5.1 General Non-Carcinogenic Risk Discussion

To characterize the risk of non-carcinogenic effects, toxicity values are used in conjunction
with dose estimates for each exposure scenario to quantitatively estimate the potential for
adverse health effects. Chemical-specific doses calculated for each exposure pathway are
compared with the RfD for that chemical. If the estimated dose does not exceed the reference
value, then adverse non-carcinogenic health effects are not expected. The comparison of dose
to reference value is expressed mathematically as a hazard quotient (HQ), which is the dose
divided by the reference value:
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HQ = Intake (mg/kg/d) / RfD (mg/kg/d)

HQs for chemicals within a pathway are summed to give the pathway hazard index (HI).
Pathway HIs are then summed for a total exposure HI. The summation of chemical and
pathway HI assumes that simultaneous sub-threshold exposures to multiple chemicals could
result in incrementally greater human health effects. This assumption is conservative and
health-protective. It is most likely true only when the chemicals exert similar effects on the
same target organs or via the same mechanisms of action, or when evidence suggests that the
physiological effects of different chemicals are additive. If the total exposure HI is one or
less, it is unlikely for even sensitive populations to experience adverse health effects within the
described scenario.

6.1.5.2 General Carcinogenic Risk Discussion

Carcinogenic risk is expressed as a probability of developing a carcinogenic response as a
result of exposure to a given chemical. The estimated dose for each cancer-causing substance
is multiplied by the corresponding slope factor to calculate the incremental lifetime cancer risk
(ILCR). The expression is as follows:

ILCR = Intake (mg/kg/d) x CSF (mg/kg/d)™

For simultaneous exposure to several carcinogens, the calculated ILCRs are summed within
each pathway and then across all pathways to yield the total ILCR posed by a site.

This approach represents the probability of developing a carcinogenic response that is solely
attributable to exposure to chemicals from the site and that is in excess of the general
background risk. Based on National Cancer Institute (NCI) statistics (NCI, 1990), background
risk is estimated to be 0.33 (3.3 x 10™! or 3.3E-01 in scientific notation) because approximately
one in three people in the United States will develop some form of cancer during a lifetime.

Based on the assumption that any exposure to a carcinogen poses some risk, zero risk is not
achievable in a practical sense. Therefore, the EPA developed the target risk range of 107 to
10 to determine conditions which are protective of human health. In other words, a cancer
risk greater than one in 10,000 would generally be considered unacceptably high, while risks
within the range would be acceptable depending upon site use. Cancer risks of one in a
million or less are generally considered insignificant. The concept of insignificance can be
numerically illustrated by adding the excess cancer risk of one in million (1E-06) to the NCI
background cancer risk in the United States (3.3E-01). This sum results in a total lifetime
cancer risk of 0.330001.

6.1.5.3 Cancer Risk and Hazard Estimates

The following subsections summarize the results of the risk characterization for the
populations evaluated at the Pesticide Drum Area. The detailed risk characterization,
including the calculation of chemical intakes, is provided in Tables 7.1 through 7.9, Tables
8.1 through 8.8, and Tables 9.1 through 9.10 of Appendix E.

U.S. Army Corps of Engineers—Norfolk District

M:\Projects\NOR_004_010_11\R04-07.782.doc 6-13 HGL 4/9/07



HGL—RI Report for the Pesticide Drum Area at the FNOD—Suffolk, VA

6.1.5.3.1 Current Adolescent Trespasser/Visitor

Table 6.5 summarizes the carcinogenic risk estimates and non-cancer HQs for each COPC via
each exposure route and the total ILCR and total HI across all routes for the current adolescent
trespasser/visitor. The total ILCR for all pathways is 8.5E-07. This ILCR is less than the
EPA target risk range of 1E-04 to 1E-6 (one in 10,000 to one in a million). The total HI for
all pathways is 0.10, which is less than the target value of 1.

6.1.5.3.2 Future Adolescent Trespasser/Visitor

The results of the risk characterization for the future adolescent trespasser/visitor are presented
in Table 6.6. The total ILCR for all pathways is 9.5E-07 and the total HI for all pathways is
0.10. These values are less than the EPA target risk range and target HI, respectively.

6.1.5.3.3 Current Adult Trespasser/Visitor

Table 6.7 presents the results of the risk characterization for the current adult
trespasser/visitor. The total ILCR for all pathways, 1.0E-06, is at the low end of the EPA
target risk range. The total HI for all pathways, 0.03, is less than the target value of 1.

6.1.5.3.4 Future Adult Trespasser/Visitor

The cancer risks and non-cancer hazards to the future adult trespasser/visitor are summarized
in Table 6.8. The total ILCR for all pathways is 1.1E-06, which is at the low end of the EPA
target risk range. The total HI for all pathways is 0.03, which is less than the EPA target
value of 1.

6.1.5.3.5 Current Industrial Worker

The total ILCR posed by the site to the current industrial worker is 5.7E-06 (Table 6.9). This
ILCR is at the lower end of the 1E-04 to 1E-6 target risk range. The total HI for all pathways
is 0.19 (Table 6.9), which is less than the target value of 1.

6.1.5.3.6 Future Industrial Worker

Table 6.10 summarizes the results of the risk characterization for the future industrial worker.
The total ILCR is 6.2E-06, and the total HI is 0.19. The ILCR is at the lower end of the EPA
target risk range, and the HI is less than the target value of 1.

6.1.5.3.7 Future Resident (Adult and Child)

The non-cancer hazards for the future adult resident and future child resident are summarized
in Tables 6.11 and 6.12, respectively. The total HI for the future adult resident is 0.22, which
is less than the target value of 1. The total HI for the future child resident is 1.9, which is
greater than the target value of 1. Therefore, the risk assessment quantified the HI on a target

U.S. Army Corps of Engineers—Norfolk District

M:\Projects\NOR_004_010_11\R04-07.782.doc 6-14 HGL 4/9/07



HGL—RI Report for the Pesticide Drum Area at the FNOD—Suffolk, VA

organ basis. Because different chemicals have different target organs and modes of action, a
target organ analysis provides a more refined evaluation of whether a site poses a non-cancer
hazard to a receptor. On a target organ basis, all HIs were less than 1, indicating that all
intakes were below the values associated with an adverse effect for each potentially affected
organ.

The cancer risk for the future age-adjusted resident is presented in Table 6.13. The total
ILCR of 2.4E-05 is in the middle of the EPA target risk range.

6.1.5.3.8 Future Construction Worker
The potential risks to the future construction worker are summarized in Table 6.14. The total
ILCR for all pathways is 7.0E-07, which is less than the EPA target risk range. The total HI

is 0.42, which is less than the target value of 1.

6.1.5.4 Summary of Risk Characterization

Because no target organ HI exceeded 1, non-cancer adverse effects are not expected. All
ILCRs were either less than or within the EPA target risk range. Therefore, site conditions
are protective of current and potential future receptors.

6.1.5.5 Uncertainty Assessment

Conducting a risk assessment requires making several assumptions that introduce uncertainty
in the risk and hazard estimates. The following sections discuss the uncertainties resulting
from chemical identification, exposure assessment, and toxicity assessment. Table 6.15
presents a summary of uncertainties and their potential effect on the risk and hazard estimates.

6.1.5.5.1 Uncertainty Associated with Chemical Identification

At any site, it is possible that there are more individual chemical substances present than
identified in the sampling and analysis effort. The selection of media to be sampled, number
of samples, and analyses requested are determined by a review of the history of the site,
information on current conditions, and an evaluation as to which chemicals could potentially
be present. Although a limited number of samples were analyzed for metal, VOCs, and
SVOCs (excluding PAHs), there is minimal uncertainty concerning characterization of the site
because the site is small. The only indication of release at the site was two drums. The
collection of the samples from soil adjacent to and under the drums ensures that if metals,
VOCs, or SVOCs had been released by the drums, the chemical(s) would have been detected.

Because of the conservative nature of the SSL analysis described in Section 5, the decision not
to perform sample groundwater is associated with low potential to underestimate risk. The use
of a SSL with a DAF of 37 is highly conservative because the DAF value does not take into
account degradation processes or retardation of the chemical by the subsurface matrix.

The wide parameter coverage of the sampling events (including metals, VOCs, SVOCs,
pesticides, PAHs, PCBs, PCDDs/PCDFs, nitroaromatics/nitramines, and nitroglycerin)
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provides confidence that the chemical residuals potentially present at the site have been
identified. Given the nature of the site and the level and identity of the chemicals analyzed in
the sampling efforts, it is unlikely that significant chemical contamination went undetected.
Further, the application of quality control throughout the sampling, analysis, and data
validation phases reduced uncertainty in the results. Therefore, the chemical identification
phase of the risk assessment does not appear to have introduced substantial uncertainty.

6.1.5.5.2 Uncertainty Associated with TICs

As described in Section 6.1.2, the analytical results included a number of TICs. The majority
of these TICs were not considered in the quantitative HHRA because of low detection
frequency, low detected concentrations, or the natural occurrence of each TIC. Other TICs
were eliminated from consideration in the quantitative HHRA because sufficient information to
determine the identity of the TICs was not available. By reducing the number of chemicals
quantitatively evaluated, this approach has the potential to underestimate the risk. For the
following reasons, however, the potential to underestimate the risk is low. First, the soils
were analyzed for a full suite of chemicals, so it is unlikely that a potential contaminant would
have been omitted from the analyte list. Second, the majority of TICs not considered in the
HHRA had low detection frequencies, indicating that their presence was isolated. Third, the
detected concentrations were low. Finally, some of the TICs not quantitatively evaluated were
likely  naturally-occurring (e.g., propenyl benzodioxole and  bicycloheptanone
isomer/derivative). A substance that is naturally occurring is not part of a CERCLA release.
For these reasons, the deletion of TICs from the COPC list has low potential to cause the site
risk to be underestimated.

6.1.5.5.3 Uncertainty from Exposure Assessment

When evaluating exposure, probable scenarios are developed to estimate conditions and
duration of human contact with COPCs. Scenarios are based on observations or assumptions
about the current or potential activities of human populations that could result in direct
exposure. To prevent underestimations of risk, scenarios incorporate exposure levels,
frequencies, and durations at or near the top end of the range of probable values. This
approach is sometimes termed a reasonable maximum exposure, one that may be at the high
end of a range of exposures but still probable.

Default values, such as ingestion rates, are used in the exposure calculations to quantify
intakes. Although these values are based on EPA-validated data, there is uncertainty in the
applicability of such values to any particular exposed population or individual. To address this
uncertainty, default values are typically selected to err on the side of conservatism.

Exposure concentrations of COPCs are developed from the analytical results. It was assumed
the contaminant levels used in the exposure calculations remained constant throughout the
exposure period with no reduction due to chemical attenuation, depletion, or degradation.
This assumption is conservative and most likely results in overestimation of exposure. The
associated uncertainty is that actual risk is less than estimated.
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While all of the metals evaluated quantitatively in the HHRA were detected in all samples, the
two organic COPCs were detected only in some samples. These organic COPCs include total
PCDDs/PCDFs (expressed as a TEQ) and the pesticide dieldrin. Because the TEQ is a sum of
adjusted individual PCDD/PCDF congener concentrations, no quantitation limit is associated
with the TEQ. Proxy concentrations were not used for non-detect results for individual
congeners and the TEQ contribution from these non-detected congeners was set to zero. For
dieldrin, uncertainty in the EPC is introduced through the use of a proxy concentration of one-
half the SQL for non-detected results. Typically, however, this uncertainty is low. If a
chemical is detected in some samples but not others, indicating that the chemical is present at
the site, the possible range of concentrations for non-detect results is from zero to the SQL.
For dieldrin, if the SQL was used as the proxy concentration, the EPC for the future receptor
would remain unaffected at 0.31 mg/kg. Likewise, if it is assumed that the non-detect results
are essentially zero (0.00001), the EPC would remain unaffected at 0.31 mg/kg. As this
comparison shows, use of a proxy value of one-half the SQL does not substantially affect the
EPC.

The uncertainty associated with the exposure assessment is appreciable. However, the
uncertainty derives from conservative overestimation of exposure variables in order to ensure
that the assessment is protective of potentially exposed populations. All of these factors
contribute to a substantial but not unusually high level of uncertainty in the estimates of risk
for all exposure pathways. The uncertainty is generally that risk has been overestimated, not
underestimated.

6.1.5.5.4 Uncertainty Associated with Analytes Not Detected in Any Samples

Uncertainty is introduced when an analyte is not detected in any sample, but the SQL exceeds
the human health-based screening value. A comparison of the SQL (when available) or the
contract required quantitation limit (CRQL) (organic analytes)/contract required detection limit
(CRDL) (inorganic analytes) (when SQLs were not available) to human health-based screening
value for analytes not detected in any of the soil samples are provided in Table 6.16. The
human health-based screening values are the RBC for carcinogens and one-tenth the RBC for
non-carcinogens. The alternate RBC table was used for carcinogenic compounds which have
non-cancer endpoint screening level lower than the carcinogenic RBC.

The following chemicals had CRQLs/CRDLs that exceeded the human health-based screening
value: antimony; thallium; 4,6-dinitro-2-methylphenol; and N-nitrosodi-n-propylamine.

The antimony CRQL of 6 mg/kg exceeds the screening value of 3.1 mg/kg. Antimony is used
in grid metal for lead acid storage batteries, in ammunition and cable sheathing, in
semiconductors, and thermoelectric devices such as infrared detectors and diodes (Agency for
Toxic Substances and Disease Registry [ATSDR], 1992a). Nonmetal products include
enamels for plastics, pigments in paints and ceramics, and stabilizers in plastics, but the most
common end-use of antimony compounds is antimony trioxide for fire retardation (ATSDR,
1992a). Although antimony has many uses, there is no evidence of its release to the site
because it was not detected in any soil samples or in the drum contents. Also, even if
antimony were present across the site at a concentration equal to the CRQL, then using the
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most sensitive screening value, the HQ for the most sensitive receptor would be 0.19. Based
on this analysis, the presence of antimony at concentrations less than the CRQL would not
result in a non-cancer health threat to the child resident.

The thallium CRDL of 2.5 mg/kg exceeds the screening value of 0.55 mg/kg. Thallium is
used in semiconductors, optical systems, thermometers, photoelectric cells, solutions for ore
separation, signals at sea, low melting glass, and fireworks (ATSDR, 1992b). Thallium
nitrate is used as a catalyst in chlorination (ATSDR, 1992b). Before 1972, thallium was
present in rodenticides and insecticides (ATSDR, 1992b). However, thallium was not present
in the drum contents, suggesting that it was not released from the site. Even if thallium were
present across the site at a concentration equal to the CRDL, and using the more conservative
thallium screening value, the thallium HQ for the most conservative receptor (child resident)
would be 0.45. The target organ for thallium is blood chemistry; no other COPC has blood
chemistry as the target organ (see Table 9.8 of Appendix E). Based on target organ analysis,
the presence of thallium at concentrations less than the CRDL would not result in a non-cancer
health threat to the child resident.

The CRQL for 4,6-dinitro-2-methylphenol, 0.83 mg/kg, slightly exceeded the human health-
based screening level of 0.78 mg/kg. 4,6-Dinitro-2-methylphenol is identified in the EPA
Region III RBC Table as a non-carcinogen. The screening value is based on an HQ of 0.1 for
the child resident. It is unlikely 4,6-dinitro-2-methylphenol was present across the site at a
concentration equal to the CRQL, especially considering it was not detected in the drum
contents. However, if it were, the resulting HQ for the most conservative receptor would be
0.11. The specific target organ for this chemical could not be found. However, if 0.11 were
added to the HIs for the various target organs calculated for the child resident, none of the
resulting HIs would exceed 1. The presence of 4,6-dinitro-2-methylphenol across the site at
concentrations less than the CRQL would not pose a non-cancer threat.

The screening value for N-nitrosodi-n-propylamine is based on cancer risk. The screening
value is based on a target cancer risk of 10° for the most conservative receptor, the age-
adjusted adult. N-Nitrosodi-n-propylamine is used as a research chemical (ATSDR, 1989).
This chemical may also be present in the herbicides trifluralin, isopropalin, and oryzalin as an
impurity (ATSDR, 1989). Trifluralin is used in the control of grasses and broadleaf weeds.
Isopropalin was used for weed control in tobacco production. Oryzalin is used as an herbicide
in agriculture, landscaping, and management of rights-of way. It is unlikely that N-nitrosodi-
n-propylamine is present at the site, especially considering it was not detected in the drum
contents. If, however, this chemical were present across the site at concentrations equal to the
CRQL, then the total cancer risk to the most conservative receptor would increase by 3.6 x
10°. The net effect of the presence of the N-nitrosodi-n-propylamine at concentrations equal
to the CRQL would be to increase the total cancer risk for the most conservative receptor from
2.4 x 10° to 2.8 x 10”, which is still within the EPA target risk range.

Human health-based screening values were not available for 2-hexanone, 2-nitrophenol, 4-
chloro-3-methylphenol, 4-chlorophenyl-phenylether, 4-methyl-2-pentanone (also known as
methyl isobutyl ketone), 4-nitrophenol, and chloromethane. The lack of human health-based
screening values for these chemicals contributes to the uncertainty of the risk assessment
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because the relative toxicities of these chemicals are not known. Based on commercial use, it
is unlikely that 2-hexanone and 4-chloro-3-methylphenol would have been released to the site.
2-Hexanone was previously used as a solvent in the lacquer industry and for ink thinners,
resins, oils, fats, and waxes (ATSDR, 1992c). 2-Hexanone is also a by-product of coal
gasification, wood pulping, and oil shale processing. 4-Chloro-3-methylphenol is a biocide
that is used as a disinfectant, such as in antibacterial wipes. Methyl isobutyl ketone is a VOC
used as a solvent. Only one VOC, acetone (a common laboratory contaminant), was detected
at a low concentration (0.027 mg/kg) in the unvalidated 2000 data set. These results indicate
no VOC release at the site.

In summary, the potential effect of the non-detected chemicals without human health-based
screening values on the uncertainty of the results cannot be determined. Because these
chemicals were not detected and there is no evidence that they were present in the two drums,
it is unlikely that these chemicals are present at the site in substantial quantities. Therefore,
the overall effect on the uncertainty is expected to be low.

6.1.5.5.5 Uncertainty from Toxicity Assessment

For some chemical substances, there is little or no toxicity information available and for many
chemicals, the available data are typically from animal studies. The relative strength of the
available toxicological information generates some uncertainty in the evaluation of possible
adverse health effects and the exposure level at which they may occur. To provide for a
margin of error, EPA applies conservative adjustments to the toxicity values.

For non-carcinogenic substances, RfD and RfC values are typically established only after
uncertainty and/or modifying factors are applied. These factors may result in an RfD/RfC that
is as small as a thousandth or less of the “safe” dose level determined through animal studies.

Numerical toxicity values for dermal exposure have not been developed by EPA. To
quantitatively assess risk from dermal exposure, route-to-route extrapolation of the oral
toxicity value to a dermal toxicity value was used. Because of potential differences in patterns
of distribution, metabolism, and excretion between oral and dermal routes of exposure, use of
oral toxicity values for dermal exposure may over- or under-estimate risk, depending on the
chemical.

For carcinogens, the slope factor represents the 95 percent UCL of an extrapolated low dose
response curve. The actual carcinogenic potency of a substance at low doses is almost
certainly less. Additionally, many substances identified as carcinogens in high-dose laboratory
testing may not be carcinogenic at low doses and/or may not be carcinogenic to humans.

6.1.6 Human Health Risk Assessment Summary

A baseline human health risk assessment was conducted at the Pesticide Drum Area.
Exposures to current and future adolescent and adult trespasser/visitors, current and future
industrial workers, future construction workers, and future residents (adult and child) were
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considered. The results demonstrated that the chemical concentrations in the site soil are
protective of human health.

6.2 SCREENING LEVEL ECOLOGICAL RISK ASSESSMENT

In accordance with EPA’s Ecological Risk Assessment Guidance for Superfund: Process for
Designing and Conducting Ecological Risk Assessments (EPA, 1997b), the first step in a
SLERA is the initial problem formulation. The next step is an initial screening based on a
very conservative approach. To provide the risk manager with additional information, this
SLERA includes a central tendency evaluation of chemicals identified during the initial
screening.

6.2.1 Step 1 - Problem Formulation

Problem formulation involves preparing descriptions of the site history and environmental
setting, contaminant sources, fate and transport of site chemicals, and potential receptors.
This information is used to build the conceptual model. The conceptual model includes a
discussion of exposure pathways, as well as assessment and measurement endpoints.

6.2.1.1 Site History and Environmental Setting

As described in Section 1.2.2, FNOD originated as Pig Point Ordnance Depot and played an
important role in the storage and shipment of munitions during both World War I and World
War II. The original depot (circa 1917) included 28 standard ammunition magazines, 25 high
explosive magazines, 13 smokeless powder magazines, 8 primer and fuze magazines, a large
warehouse, 16 barracks buildings, 2 officers quarters, a hospital, a garage, a fire house, a
machine shop, an electric storage battery charging station, and other support buildings. Other
construction included a pier, jetties, guard towers, a water tower, a renovation and salvage
plant, railroads, and other roads within the site.

In 1950, the facility was transferred to the Department of the Navy, and was renamed the
Marine Corps Supply Forwarding Annex. In 1960, the site was declared excess and was
acquired by the Beazly Foundation Boys Academy, with a Virginia Department of Highways
right of way easement (5.87 acres). Soon after, the Academy transferred 207 acres to
VEPCO. In 1965, 104.05 acres were conveyed to GE, and Nansemond County acquired a
4.70-acre road right of way in 1966. In 1968, the Beazly Foundation Boys Academy closed
and the Beazly Foundation donated the remaining property to the Virginia State Board of
Community Colleges. In 1977, 79.95 acres was conveyed to the HRSD. The remaining
579.6 acres is currently owned by the State Board of Community Colleges and is the location
of the TCC, Portsmouth Campus.

The Pesticide Drum Area consisted of two unsealed, unmarked, abandoned 55-gallon drums,
one empty and one containing an unknown liquid, located in a wooded area west of Interstate
664. There is an existing non-paved access road near the area where the pesticide drums were
located. This road gives access to the site from Armistead Road. The drums were located
approximately 250 feet north of this access road near its termination. One of the pesticide
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drums was described as being open with no lid and lying on its side. The second drum was
sealed with a lid containing several small holes. This drum was found resting upright at an
angle against a small log.

6.2.1.2 Contaminant Sources

The primary contaminant sources were the two unsealed, unmarked, abandoned 55-gallon
drums. Contaminants from these sources could have leaked or leached into the surface soil.
The primary contaminant sources were removed in 2001; however, the surface soil left in
place after the drum removal may have been impacted and could act as a secondary source of
contamination.

6.2.1.3 Fate and Transport

A detailed description of the major fate and transport processes at the site is provided in
Section 5. Because the site is flat and vegetated, there is minimal potential for contaminants to
migrate through surface water runoff or soil erosion. The vegetated nature of the site also
prevents contaminants in the surface soil from being entrained by the wind and transported.
The surface soil contaminants may leach through the surface soil into the underlying
subsurface soil; however, most of the organic chemicals detected in the surface soil are
hydrophobic and would tend to remain sorbed to the soil matrix instead of being leached
through to the subsurface soil. Similarly, the metals detected at the site tend to remain in an
insoluble form and therefore be resistant to leaching. As described in Section 5.1.1.3, a
comparison of the maximum detected concentrations to SSLs indicated minimal potential for
the chemicals in the soil to adversely affect the underlying groundwater.

Various metals and organic chemicals detected in the surface soil may bioaccumulate. This fate
process was evaluated in the food web exposure scenario.

6.2.1.4 Preliminary Conceptual Model

Information on the habitat features and the fate and transport of the chemicals detected at the
site were used to build the preliminary conceptual model. The conceptual model addresses
complete exposure pathways, receptors, and endpoints.

6.2.1.4.1 Exposure Pathways

The two 55-gallon drums have been removed; however, residual contamination may have been
left in the surface soil and shallow subsurface soil. The site is located in a wooded area with
no surface water features in or near the site boundary. Based on a comparison of the
subsurface soil concentrations to the SSLs (see Section 5.1.1.3), there is minimal potential for
the site contaminants to adversely affect the underlying shallow groundwater and discharge to
nearby surface water bodies. Therefore, no complete exposure pathway for surface water or
sediment exists at this site.
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The only potentially complete exposure pathway for ecological receptors is exposure to the site
soil. Because ecological receptors primarily contact surface soil, the ecological risk assessment
considered exposure to chemicals only in the surface soil. Lower trophic level receptors, such
as plants, will be exposed through direct contact. Wildlife receptors may be exposed to soil
contaminants through inhalation and dermal contact as well as ingestion. The data necessary
to estimate dermal exposure are generally not available for wildlife, and the data and methods
required to estimate inhalation exposure are poorly developed or not available (EPA, 1993).
Therefore, for the purposes of this assessment, both dermal and inhalation exposure are
assumed to be negligible. For wildlife receptors, only exposure through the ingestion pathway
was quantified.

6.2.1.4.2 Receptors

Based on the wooded nature of the site, potential ecological receptors include terrestrial plants,
soil invertebrates, terrestrial mammals, and terrestrial birds. Reptiles and amphibians could
also be exposed to the chemicals in the surface soil. Because no surface water is present at the
site or is affected by site contaminants, no aquatic receptors were identified.

6.2.1.4.3 Assessment and Measurement Endpoints

The conclusion of the problem formulation includes the selection of assessment and
measurement endpoints. Based on the habitat and types of chemicals present, six assessment
endpoints were chosen to evaluate the potential risk to ecological receptor populations at the
site. Each assessment endpoint and corresponding representative species or community is
described below.

Growth, survival, and reproduction of soil invertebrate communities — Soil invertebrates, such
as earthworms, promote soil fertility by breaking down organic matter and releasing nutrients.
Invertebrates also improve aeration, drainage, and aggregation of soil, and serve as a forage
base for many terrestrial species. The soils at the site will support fewer insectivorous birds
and mammals if chemical concentrations are limiting the growth, survival, and reproduction of
soil invertebrate communities.

Growth, survival, and reproduction of terrestrial plant communities — Plants provide food,
cover, and nesting material for many animals. The soils at the site will support fewer birds and
mammals if chemical concentrations are limiting the growth, survival, and reproduction of
plants.

Growth, survival, and reproduction of avian terrestrial insectivores — These receptors
consume insects or other soil invertebrates. These birds are second order consumers and are
thus susceptible to exposure to bioaccumulative chemicals. Many insectivores also have
significant direct contact with soils while foraging. A juvenile American robin (Turdus
migratorius) was chosen to represent this assessment endpoint. Robins live in a variety of
habitats, including woodlands, swamps, suburbs, and parks. They forage along the ground for
ground-dwelling invertebrates and search for fruit and foliage-dwelling insects in low tree
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branches (EPA, 1993). While growing in the nest, earthworms constitute the majority of the
diet of the juvenile robin.

Growth, survival, and reproduction of avian terrestrial carnivores — These receptors are top
level predators and are susceptible to bioaccumulative chemicals, especially those that have the
potential to biomagnify through terrestrial food chains. The red-tailed hawk (Buteo
jamaicensis) was selected to represent this endpoint. Red-tailed hawks nest primarily in
woodlands. They feed in open country on a wide variety of small- to medium-sized prey
(EPA, 1993).

Growth, survival, and reproduction of mammalian terrestrial omnivores — These receptors are
second order consumers and are susceptible to exposure to bioaccumulative chemicals. The
white-footed mouse (Peromyscus leucopus) was selected to represent this endpoint. These
mice typically consume various kinds of plant material and insects.

Growth, survival, and reproduction of mammalian terrestrial carnivores — Because these
receptors are top level consumers, they are susceptible to bioaccumulative chemicals,
especially those that have the potential to biomagnify through terrestrial food chains. The red
fox (Vulpes vulpes) was selected to represent this endpoint. The diet of a red fox typically
includes various small mammals such as mice, shrews, and voles and could potentially include
small birds (e.g., fledglings).

Although potentially complete exposure pathways exist for reptiles and amphibians, they were
not specifically selected as receptors because information concerning toxicological effects on
these receptors is limited. The assessment indirectly evaluates these groups because there are
receptors included in the assessment that have similar diets to reptiles and amphibians (such as
the red fox and white-footed mouse).

6.2.2 Maximum Exposure Evaluation

The initial screening is a very conservative evaluation in which the maximum concentration in a
particular medium is compared to benchmark values for a target community (e.g., soil
invertebrates) or is used to estimate the chemical consumption rate for comparison to NOAELSs
for wildlife receptors (e.g., mammalian insectivores). The approach used and the results for the
initial screening are described below.

6.2.2.1 Comparison to Ecological Soil Screening Levels

The EPA is in the process of developing ecological soil screening levels (ESSLs) for a number
of chemicals. ESSLs have currently been developed only for a limited number of chemicals,
primarily metals. The ESSLs provide conservative benchmark values that are protective of
terrestrial plants, soil invertebrates, mammals, and birds. In this section, the maximum
detected concentration of chemicals with ESSLs is compared to these benchmark values. For
chemicals that were not detected in any samples, the CRQL or CRDL was used because
reporting limits were not available. The comparisons are provided in Table 6.17.
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Aluminum does not have a screening value (EPA, 2003a). Instead, the soil conditions are
used to evaluate whether this metal should be identified as a contaminant of potential
ecological concern (COPEC). Aluminum is potentially toxic to ecological receptors if the soil
pH is less than 5.5 (EPA, 2003a). No soil pH data were collected for the Pesticide Drum
Area. Soils at FNOD, however, have been classified as acidic. As shown in Tables 1.1 and
1.3, the aluminum detected in the site samples was lower than naturally-occurring background
concentrations. In addition, aluminum was not detected in the drum contents. Therefore,
aluminum was not identified as a COPEC.

Antimony was not detected in any of the surface soil samples or in the drum contents. The
CRDL was less than the ESSL for soil invertebrates, but greater than the ESSL. for mammals.
Therefore, antimony was evaluated in the food web exposure analysis. ESSLs for terrestrial
plants and birds were not available. Comparing the antimony CRDL to a 5 mg/kg soil
benchmark concentration for plants obtained from Oak Ridge National Laboratory (ORNL)
(1997a) results in a hazard quotient (HQ) of 1.2, which only slightly exceeds the target of 1.
Antimony was not detected in the drum contents and the soil analytical results show that is
unlikely that antimony concentrations would be equal to the CRDL across the site. Therefore,
adverse effects to plants are not expected.

Cadmium was detected at 0.47 mg/kg in one of the three surface soil samples. The maximum
detected value was less than the ESSL for terrestrial plants, soil invertebrates, and birds but
greater than the ESSL for mammals. Therefore, cadmium was evaluated in the food web
analysis for mammals.

The maximum chromium concentration exceeded the avian ESSL but not the mammalian
ESSL. Therefore, chromium was evaluated in the food web exposure analysis for birds.
ESSLs for terrestrial plants and soil invertebrates are not available. According to Ecological
Soil Screening Levels for Chromium (EPA, 2005a), no plant toxicity studies that met the ESSL
guidance criteria were found in the literature. However, a soil benchmark concentration of 1
mg/kg for plants was obtained from ORNL (1997a). This benchmark was based on the results
of two studies. In the first study, hexavalent chromium (Cr(VI)) had no effect on soybean
seedling growth at 10 mg/kg after 3 days but reduced fresh shoot weight by 30% at 30 mg/kg.
In the second study, 14-day ECsy values for Cr(VI) effects on lettuce, tomatoes, and oats
ranged from 1.8 to 31 mg/kg, depending on plant species and soil type. The soil data show
isolated chromium concentrations (6.6, 8.8, and 30.4 mg/kg) and the limited areal extent
indicates minimal potential for adverse effects to the plant community. Two soil invertebrate
studies were found that met the ESSL guidance criteria; however, three are required for
development of an ESSL. In both studies, a maximum acceptable toxicant concentration
(MATC) of 57 mg/kg, based on reproduction, was determined. These studies suggest that the
chromium concentrations at the site have minimal potential to adversely affect soil
invertebrates.

The maximum detected concentrations of arsenic, barium, beryllium, and cobalt were less than
the available ESSLs. Terrestrial plant ESSLs were not available for barium and beryllium.
However, soil benchmark concentrations of 500 mg/kg and 10 mg/kg for barium and
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beryllium, respectively, were obtained from ORNL (1997a). Barium and beryllium
concentrations detected in soil samples were well below these soil benchmark concentrations
for terrestrial plants, indicating minimal potential for adverse effects on the plant community.
Soil invertebrate ESSLs were not available for arsenic and cobalt, but a soil benchmark
concentration for earthworms of 60 mg/kg for arsenic was obtained from ORNL (1997b).
Arsenic concentrations were well below this soil benchmark concentration, indicating minimal
potential for adverse effects to the soil invertebrate community. Data on the effects of cobalt
on terrestrial invertebrates are limited. The soil concentrations are low (1.0 mg/kg and 3.8
mg) and the site is of a small area. Consequently, the site is unlikely to pose a potential threat
to terrestrial invertebrates. Avian ESSLs were not available for barium and beryllium.
Maximum arsenic, barium, and beryllium concentrations detected at the site were below
background concentrations (Tables 1.1 and 1.3). Therefore, any potential effects to the
receptor classes that lacked ESSLs would be consistent with background effects. None of
these metals were identified as COPECs.

The maximum lead concentration exceeded the avian ESSL. Therefore, lead was included in
the food web exposure analysis for birds. The maximum lead concentration did not exceed the
terrestrial plant, soil invertebrate, or mammalian ESSLs, indicating minimal potential for
adverse effects to these receptors.

The maximum vanadium detection exceeded the avian ESSL, but not the mammalian ESSL.
Therefore, vanadium was evaluated in the food web analysis for birds. Terrestrial plant and
soil invertebrate ESSLs were not available for vanadium. According to Ecological Soil
Screening Levels for Vanadium (EPA, 2005b), two plant toxicity studies that met the ESSL
guidance criteria were found in the literature; however, three studies are required for
development of an ESSL. In one study, a vanadium concentration of 100 mg/kg was
identified as the no observed adverse effect concentration (NOAEC). In the other study, 100
mg/kg was identified as the lowest observed adverse effect concentration (LOAEC). These
studies suggest that the vanadium concentrations at the site, which ranged from 10.3 mg/kg to
20.2 mg/kg, have minimal potential to adversely affect plants. With respect to the effect of
vanadium on soil invertebrates, minimal data are available. The ORNL identified a soil
benchmark concentration of 20 mg/kg for soil microorganisms and microbial processes
(ORNL, 1997b). The maximum detected concentration, 20.2 mg/kg, is approximately equal
to this benchmark value. Based on the available toxicity information, vanadium has minimal
potential to adversely affect lower trophic level receptors at the site.

The maximum dieldrin concentration exceeded the mammalian and avian ESSLs. Therefore,
dieldrin was evaluated in the food web exposure analysis. Terrestrial plant and soil
invertebrate ESSLs were not available for dieldrin; however, the EPA did identify several
studies that evaluated the effect of dieldrin on plant growth. These studies resulted in
geometric means of NOAECs and LOAECs that ranged from 7.1 mg/kg to 44.7 mg/kg.
These concentrations are one to two orders of magnitude higher than the maximum dieldrin
concentration observed at the site (0.73 mg/kg). Based on these plant studies, the dieldrin at
the site has minimal potential to adversely affect plants.
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Minimal information concerning the toxicity of dieldrin towards soil invertebrates could be
found. The available information suggests that dieldrin is toxic to earthworms only at high
application rates.”® However, residual concentrations are not consistent with a high
application rate because most detections range from non-detect to 20 ug/kg.

The CRQL for pentachlorophenol was less than the terrestrial plant ESSL and the soil
invertebrate ESSL but was greater than the mammalian ESSL and avian ESSL. Therefore,
pentachlorophenol was evaluated in the food web exposure analysis.

In summary, comparison to ESSLs resulted in antimony, cadmium, chromium, dieldrin, lead,
pentachlorophenol, and vanadium being evaluated in the food web exposure analysis (Section
6.2.2.3) to assess the potential for these chemicals to pose a threat to wildlife (i.e., avian and
mammalian) receptors. However, the chemicals discussed above are unlikely to result in an
adverse effect to terrestrial plant and soil invertebrate communities.

6.2.2.2 Comparison to Soil Benchmark Concentrations

ESSLs have not been developed for the majority of the chemicals on the analyte list for the
Site. To determine whether a chemical has the potential to adversely affect soil invertebrates,
terrestrial plants, or wildlife receptors that directly contact the soil, the maximum
concentration or CRQL/CRDL (because the maximum reporting limit for non-detected
analytes was not available) was compared to soil benchmark concentrations resulting in the
ecological quotient (EQ = concentration of chemical/soil benchmark concentration). An EQ
less than or equal to 1 is considered to be protective, so only EQs greater than 1 will be
discussed. Soil benchmark concentrations were obtained from EPA Region III Biological
Technical Advisory Group (BTAG) (EPA Region III, 1995b), ORNL (ORNL, 1997a; ORNL,
1997b), and other agencies (EPA, 2003c). This comparison is provided in Table 6.18.

6.2.2.2.1 Detected Analytes with Soil Benchmark Concentrations

The maximum mercury concentration resulted in an EQ of 2.3. A soil benchmark
concentration for plants of 0.3 mg/kg was obtained from ORNL (1997a). The maximum
detected concentration of mercury was 0.23 mg/kg, indicating minimal potential for mercury
to adversely affect plant communities. A soil benchmark concentration for earthworms of 0.1
mg/kg was obtained from ORNL (1997b). This value is based on a single study that assessed
the effect of divalent mercury (Hg(Il)), added as mercuric chloride (HgCl,), on the survival
and reproduction of Octochaetus pattoni. At 0.5 mg/kg (the lowest concentration tested),
survival and cocoon production were reduced by 65 percent and 40 percent, respectively.
Another study evaluating the effects of methyl mercury on survival and segment regeneration
of Eisenia fetida found that 12.5 mg/kg mercury reduced survival by 21 percent and the ability
to regenerate excised segments by 69 percent after 84 days. No effect was observed at 2.5
mg/kg. The low concentrations (0.14 and 0.23 mg/kg) detected and the limited areal extent
indicates minimal potential for adverse effects to soil invertebrate communities. In addition,

> http://www.p2pays.org/ref/20/19982.htm; hitp://tnau.ac.in/cpps/pestenv/lectures/earthwormramesh. pdf
8 http://www.uwex.edu/ces/wihort/turf/Earthworms.htm
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the maximum mercury concentration detected (0.23 mg/kg) is less than the background
concentration of 0.57 mg/kg. Therefore, any potential effects would be consistent with
background effects.

Soil benchmark concentrations for the individual PCDD/PCDF congeners were not available.
However, the British Columbia government and the Canadian Council of Ministers of the
Environment have developed a soil benchmark concentration for agricultural land based on
toxicity to soil invertebrates and plants. This soil benchmark concentration is based on the
NATO International Toxicity Equivalency Factors (TEFs) for the 2,3,7,8-PCDD/PCDF
congeners. The conversion of each 2,3,7,8-PCDD/PCDF congener to the TEQ for each
surface soil sample using the NATO TEFs is presented in Table 6.19. The resulting TEQs
range from 0.51 ng/kg to 8.2 ng/kg, which are less than the soil benchmark concentration of
10 ng/kg, indicating minimal potential to adversely affect soil invertebrates and plants.

6.2.2.2.2 Non-Detected Analytes with Soil Benchmark Concentrations

Thallium was not detected in any soil samples or in the drum contents; however, its CRDL
resulted in an EQ of 2.5. Even if thallium was present, it is unlikely for the concentration
across the entire site to be equal to the CRDL, so the EQ of 2.5 is an overestimation. Based
on the absence of thallium detections and the low EQ, it is unlikely that thallium has the
potential to adversely affect ecological receptors.

Total cyanide was not detected in any of the soil samples or in the drum contents, but had a
CRDL that resulted in an EQ of 2.8. Based on the absence of total cyanide detections and the
low EQ, it is unlikely that total cyanide has the potential to adversely affect ecological
receptors.

The following organic chemicals were not detected in any of the soil samples but had CRQLs
that exceeded the screening values: 2,4-dichlorophenol; 2,4-dimethylphenol; 2-chlorophenol;
2-methylphenol;  2-nitrophenol; 4,6-dinitro-2-methylphenol; 4-methylphenol; and 4-
nitrophenol.

The CRQLs of both 2-chlorophenol and 2,4-dichlorophenol resulted in EQs of 6.6. The soil
benchmark concentration of 50 pug/kg obtained for each chemical is a Canadian Council of
Ministers of the Environment and British Columbia Agricultural Land Use screening value.
Although a soil benchmark concentration for 2-chlorophenol and 2,4-dichlorophenol was not
available from BTAG, BTAG developed soil benchmark concentrations of 100 pg/kg for
pentachlorophenol, tetrachlorophenol, and trichlorophenol. In general, toxicity increases with
degree of chlorination,” so monochlorophenols and dichlorophenols are expected to be less
toxic than their tri-, tetra-, and pentachlorinated counterparts. For this reason, the soil
benchmark concentration of 50 ug/kg is very conservative. It should also be noted that ORNL
developed an earthworm soil benchmark concentration of 400 mg/kg for pentachlorophenol
(1997b) and a plant soil benchmark concentration of 20 mg/kg for 3,4-dichlorophenol (1997a).
2-Chlorophenol and 2,4-dichlorophenol were not detected in the drum contents, which

7 http://www.inchem.org/documents/ehc/ehc/ehc093.htm#SectionNumber: 1.6
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suggests these compounds were not released to the site. Based on the absence of evidence of a
release, the low EQs associated with the conservative soil benchmark concentrations, and the
toxicity information for other chlorinated phenols, 2-chlorophenol and 2,4-dichlorophenol
were not retained as COPECs.

4-Methylphenol (p-cresol) was detected in both the drum contents and the drum rinsate, while
2-methylphenol (o-cresol) and 2,4-dimethylphenol were only detected in the drum contents.
These results suggest that these compounds could have been released to the site; however,
none of these compounds were detected in any soil samples. Because reporting limits were not
available, the CRQL was used and resulted in EQs of 3.3 for all three chemicals. Cresols are
a naturally occurring and manufactured group of chemicals (ATSDR, 1992d) found in many
foods and in wood and tobacco smoke, crude oil, coal tar, and wood preservatives. Although
cresols are common in the environment, they are usually present at low concentrations because
they rapidly degrade. For example, the half-life of cresols in soil is about one week, which is
likely the reason they were not detected in any of the soil samples. The short half-life also
makes it unlikely that cresols would be present across the entire site at concentrations equal to
the CRQL. Based on the short half-life, lack of detection in soil samples, natural occurrence,
and low EQ, cresols are unlikely to pose adverse effects and were eliminated as COPECs.

The CRQL for 4,6-dinitro-2-methylphenol exceeded the soil benchmark concentration by a
factor of 8.3. Soil benchmarks are conservative screening values; therefore, the CRQL was
also evaluated against supplemental toxicity information. A NOAEC of 10 mg/kg for the
earthworm was developed by van der Hoeven.! The CRQL, 0.83 mg/kg, is less than this
NOAEC, indicating minimal potential for 4,6-dinitro-2-methylphenol to affect soil
invertebrates even if the chemical were present at the site. Based on the available toxicity
information and the absence of detections, 4,6-dinitro-2-methylphenol was eliminated as a
COPEC.

2-Nitrophenol is used as an intermediate in the production of a number of chemicals, including
rubber chemicals (ATSDR, 1992¢). Several other analytes, including 1,3,5-trinitrobenzene
(ATSDR, 1995), carbon disulfide (ATSDR, 1996), and hexachlorobutadiene (ATSDR, 1994),
are also used in the production of natural or synthetic rubber. None of these analytes were
detected in any soil samples. 2-Nitrophenol is also used in the production of dyes, pigments,
and fungicides. It is unlikely that dyes, pigments, or fungicides were released at the site.
Based on the data and the known commercial uses of 2-nitrophenol, it is unlikely that this
chemical was released to the site. The soil benchmark concentration used for 2-nitrophenol
was a British Columbia Agricultural Land Use value. The EQ associated with the CRQL was
3.3. In tests using earthworms, Broeker et al., and Koerdal et al.,” developed 28-day LCso (a
concentration lethal to 50 percent of the tested organisms) values of 250 to 500 mg/kg. For
plants, Broeker et al. and Koerdal et al. also developed a 14-day effects ECio (a concentration
showing an effect on 10 percent of the tested organisms) of 10 mg/kg. These concentrations
are two to three orders of magnitude higher than the CRQL, indicating minimal potential for
toxicity to lower trophic level receptors if the chemical were present at the site. Based on the

8 as cited in http://www.inchem.org/documents/ehc/ehc/ehc220.htm# Toc478363977
° http://www.inchem.org/documents/cicads/cicads/cicad 20.htm#SectionNumber:10.2
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absence of detections and the available toxicity information, 2-nitrophenol was not retained as
a COPEC.

The CRQL of 4-nitrophenol exceeded the screening value by a factor of 1.2. Even if present
at the site, it is unlikely that the soil concentration across the site would be equal to the CRQL.
Based on the small factor by which the reporting limit exceeds the screening value and the
absence of detections in the soil samples, 4-nitrophenol was eliminated as a COPEC.

2,4-Dimethylphenol, which was not detected in any soil samples, had a CRQL that exceeded
the soil benchmark concentration by a factor of 3.3. Based on the absence of detections, the
presence of 2,4-dimethylphenol at the site is questionable. Even if present at the site, it is
unlikely that the concentration across the site would be equal to the CRQL. The CRQL
exceeds the soil benchmark concentration by a relatively small factor. For these reasons, it is
unlikely that 2,4-dimethylphenol poses an adverse effect to ecological receptors and this
chemical was eliminated as a COPEC.

6.2.2.2.3 Non-Detected Analytes Without Soil Benchmark Concentrations

Several organic chemicals were not detected in the soil samples and were not characterized by
soil benchmark concentrations. These chemicals include the VOCs carbon disulfide,
chloroethane, chloromethane, and 2-hexanone; the SVOCs 1,3,5-trinitrobenzene, 1,3-
dinitrobenzene, 2-chloronaphthalene, 2-nitroaniline, 3,3’-dichlorobenzidine, 3-nitroaniline, 4-
amino-2,6-dinitrotoluene, 4-bromophenyl-phenylether, 4-chloro-3-methylphenol, 4-
chloroaniline,  4-chlorophenyl-phenylether,  4-nitroaniline, butyl benzyl phthalate,
dibenzofuran, di-n-octyl phthalate, hexachlorobutadiene, isophorone, o-nitrotoluene, m-
nitrotoluene, p-nitrotoluene, and N-nitrosodi-n-propylamine; and the pesticide toxaphene.

Chloromethane was not detected in any soil samples or in the drum contents. This compound
has a boiling point of -24.2 degrees Celsius (°C) and is a gas at ambient temperatures. Based
on the lack of detections, high volatility, and low CRQL (10 ug/kg), it is unlikely that this
VOC is present at the site in high enough quantities to pose a threat to ecological receptors.
Therefore, chloromethane was not retained as a COPEC.

As described in Section 6.1.5.5.4, it is unlikely that 2-hexanone and 4-chloro-3-methylphenol
were released at the site. Neither of these chemicals was detected in the drum contents. 2-
Hexanone has been used as a solvent in the lacquer industry and for ink thinners, resins, oils,
fats, and waxes (ATSDR, 1992c). 2-Hexanone is also a by-product of coal gasification, wood
pulping, and oil shale processing. 4-Chloro-3-methylphenol is a biocide that is used as a
disinfectant, such as in antibacterial wipes. These two chemicals were eliminated as COPECs.

2-Nitroaniline and 4-nitroaniline are used primarily as intermediates in the production of a
variety of chemicals. The uses of 4-nitroaniline include production of antioxidants,
antiozonants, dyes, and pigments; the uses of 2-nitroanline include the production of polymer
additives, veterinary pharmaceuticals, and water-treatment chemicals.'” A related compound,

10 http://www.epa.gov/chemrtk/mntranlc/c14391tp.pdf
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3-nitroaniline, is used in the production of dyes."" Based on these uses, and on the fact that

nitroanilines were not detected in the drum contents, it is unlikely that nitroanilines would
have been released to the site. Therefore, these chemicals were eliminated as COPECs.

3,3’-Dichlorobenzidine is used in the production of some paint pigments (ATSDR, 1998a).
However, there is no evidence that the drums contained paint and 3,3’-dichlorobenzidine was
not detected in the drum contents. Based on the known uses and lack of detection of 3,3'-
dichlorobenzidine, it is unlikely that this chemical was released to the site. Therefore, this
chemical was eliminated as a COPEC.

Historically, the primary use of chloroethane was in the production of tetraethyl lead (ASTDR,
1998b). Chloroethane is also used as a solvent, refrigerant, in medication, and in the
production of ethyl cellulose, dyes, and pharmaceuticals. The lack of detections of
chloroethane in the drum contents (along with its uses) makes it unlikely that chloroethane was
released at the site. Therefore, this chemical was eliminated as a COPEC.

1,3-Dinitrobenzene has been used as an explosive. A number of other chemicals on the
analyte list were used as explosives or in the production of explosives, including HMX, RDX,
tetryl, 2-amino-4,6-dinitrotoluene, 4-amino-2,6-dinitrotoluene, 2,4-dinitrotoluene, 2,6-
dinitrotoluene, 2,4,6-trinitrotoluene, 1,3,5-trinitrobenzene, and nitrotoluenes. None of these
analytes were detected in the site soil samples. Based on the absence of detections of
explosive and explosive-related compounds, it is unlikely that previous DoD activities resulted
in the release of explosive materials to the site. 1,3-Dinitrobenzene is also used in the
production of synthetic fibers and dyes, and in the medical field (ATSDR, 1995). It is
unlikely that 1,3-dinitrobenzene was released at the site. Therefore, this chemical was
eliminated as a COPEC.

Many nitrotoluenes are used in the production of explosives. m-Nitrotoluene is also used in
the production of dyes, toluidines, and nitrobenzoic acids."””  As supported by the lack of
detections of other explosive compounds (e.g., 1,3-dinitrobenzene, 1,3,5-trinitrobenzene,
RDX, HMX, 2-amino-4,6-dinitrotoluene), there is no evidence that explosives or related
compounds were released to the site. Based on this information, it is unlikely that
nitrotoluenes were released to the site.  Similarly, it is unlikely that 4-amino-2,6-
dinitrotoluene, another explosive compound, was released at the site. Therefore, these
nitrotoluenes were eliminated as COPECs.

Several of the non-detected analytes are used in the production of natural or synthetic rubber.
These chemicals are 1,3,5-trinitrobenzene (ATSDR, 1995), carbon disulfide (ATSDR, 1996),
and hexachlorobutadiene (ATSDR, 1994). Carbon disulfide was not detected in the drum
contents and hexachlorobutadiene was not present in the drum contents or drum rinsate.
1,3,5-trinitrobenzene was not analyzed for in the drum contents or rinsate. Based on the
absence of detections, these chemicals were eliminated as COPECs.

" http://www.inchem.org/documents/sids/sids/99092 . pdf
12 http://www.epa.gov/chemrtk/mnitrtln/c13289tp.pdf
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N-Nitrosodi-n-propylamine was not detected in the drum contents, which suggests it was not
released to the site. Therefore, this chemical was eliminated as a COPEC.

Although no screening value was available for 4-chloroaniline, some ecological toxicity
information was found in a document prepared under the joint sponsorship of the United
Nations Environment Programme, the International Labour Organization, and the World
Health Organization.”> “The results available on microorganisms and plants indicate a low
toxicity potential of PCA in the terrestrial environment.” Based on the absence of detections
in the soil samples and drum contents and the available ecotoxicity information, 4-
chloroaniline was elminated as a COPEC.

Monochloronaphthalenes have been used in gauge fluids, instrument seals, heat exchange
fluids, specialty solvents, engine crankcase additives, color dispersions, motor tune-up
compounds, in the synthesis of dyes, and as a wood preservative.'*  The lack of petroleum
hydrocarbon and VOC detections suggests that fluids associated with engine maintenance and
solvents were not disposed at the site. Based on the uses of monochloronaphthalenes and the
lack of detections in the drum contents, it is unlikely that 2-chloronaphthalene was released to
the site. Therefore, this chemical was eliminated as a COPEC.

Butyl benzyl phthalate is a plasticizer used in the manufacture of polyvinyl chloride for vinyl
floor tile, vinyl foams, and carpet backing; cellulose plastics; polyvinyl acetate; polysulfides;
and polyurethane.” Based on these uses and on the absence of detections in the soil and drum
contents, it is unlikely that butyl benzyl phthalate was released to the site through DoD
activities. Therefore, butyl benzyl phthalate was eliminated as a COPEC.

Some ecological toxicity information on dibenzofuran was obtained.'® One study evaluated the
effects of 12 PAHs on three worm species. For the most sensitive species, Eisenia veneta, the
most toxic PAHs, fluorene and dibenzofuran, had 28-day LCsos of 69 mg/kg and 78 mg/kg,
respectively. Based on this information, the CRQL for dibenzofuran is substantially lower
than the concentrations associated with adverse effects for soil invertebrates. Based on this
toxicity information and the absence of detections of dibenzofuran in soil samples or the drum
contents, this chemical was eliminated as a COPEC.

Although toxaphene was first produced in 1946, its use did not become prevalent until the
1970s when it became a replacement insecticide for DDT (Lake Michigan Management
Plan)."” Toxaphene’s primary use was as an insecticide on agricultural crops such as cotton,
peas, corn, fruit, vegetables, and rice. Toxaphene was also used on flowering plants and to
control livestock parasites. Based on these agricultural uses, it is unlikely that toxaphene was
applied at the site. For this reason and due to the absence of detection in the drum contents or
drum rinsate, toxaphene was eliminated as a COPEC.

" http://www.inchem.org/documents/cicads/cicads/cicad48.htm#4.2

' http://www.inchem.org/documents/cicads/cicads/cicad34.htm#4.0

'S http://www.inchem.org/documents/cicads/cicads/cicad17 .htm#PartNumber:4

16 http://www.reckenholz.ch/doc/de/forsch/control/biosi/riskchemsubber.pdf

' http://www.epa.gov/grtlakes/lakemich/Imlamp2000/LM %20Table % 200f %20Contents. pdf
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4-Chlorophenyl-phenylether, isophorone, and di-n-octyl phthalate were not detected in any soil
samples collected from the site or in the drum contents. The CRQL for these chemicals was
0.33 mg/kg. Based on the lack of detections and the CRQL, even if these three chemicals
were present at the site, they would not be present in substantial quantities. For this reason,
these chemicals were eliminated as COPECs.

6.2.2.2.4 Summary

In summary, no COPECs were identified based on the comparison to soil benchmark
concentrations.

6.2.2.3 Food Web Exposure Analysis

6.2.2.3.1 Approach

The food web exposure analysis evaluates the potential for mammals and birds exposed to food
(e.g., plants, worms) potentially affected by the soil contaminants to experience adverse
effects. In accordance with EPA Region III guidance,' only those chemicals identified as
important bioaccumulative chemicals (EPA, 2000) were evaluated for exposure to upper
trophic level receptors via the food web. These chemicals and their octanol-water partition
coefficients (Kow) are presented in Table 6.20. Unless otherwise noted in Section 6.2.2.1,
chemicals with mammalian and avian ESSLs were not included in the food web exposure
analysis.

Food web exposure for wildlife is expressed in terms of dietary doses. These dietary doses
are estimated based on models that integrate species-specific life history attributes and
chemical-specific bioaccumulation relationships. The intakes estimated by these models are
compared to NOAELSs to identify COPECs requiring further evaluation (see Section 6.2.3).
The ingestion of chemicals in the soil by wildlife receptors was estimated using the following
equation:

E, = [Soil, x P, x FIR]+{§: B, x P, x FIR}

i=1

Where:
E;j = total exposure to chemical (j) (mg/kg/d)
Soili = concentration of chemical (j) in soil (mg/kg)
Ps = soil ingestion rate as proportion of diet
FIR = species-specific food ingestion rate (kg food/kg body weight/d)
Bi = concentration of chemical (j) in biota type (i) (mg/kg)
Pi = proportion of biota type (i) in diet

18 http://www.epa.gov/reg3hwmd/risk/eco/fags/screenbench.htm#q04
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For the initial screening, it was assumed that the ecological receptors would be exposed to the
maximum soil concentration, that the receptor would consume food only from the site, and
that all of the chemical contamination associated with the soil is bioavailable. These
assumptions are very conservative.

The specific life history parameters required to estimate exposure of each receptor to
chemicals in the site soil include body weight, food ingestion rates, dietary components and
percentage of the overall diet represented by each major food type, and approximate amount of
soil that may be incidentally ingested based on feeding habits. The values used for these
parameters are presented in Table 6.21. The values were selected to provide a maximum
exposure analysis (i.e., assuming minimum species body weight and maximum food ingestion
rate). The diet of the American robin is for a 7-day old hatchling instead of an adult; the diet
of the hatchling includes earthworms and soil, but no plant material.

A critical component for the estimation of dietary exposure of birds and mammals is
measurements of concentrations of COPECs in wildlife foods. Because no site-specific data
were available, it was necessary to estimate dietary concentrations based on values in the
literature. Dietary items for which tissue concentrations were estimated include terrestrial
plants, soil invertebrates (earthworms), and small mammals. The methodologies used for
these tissue calculations are outlined below. The uptake of chemicals from the abiotic media
into these food items was based on a variety of literature-based models: log-linear regression
models (where available); 90™ percentile or maximum estimates of measured bioconcentration
factors (BCFs) or bioaccumulation factors (BAFs); or BAFs calculated based on Kow
relationships. Default factors of 1 were used only when suitable bioaccumulation data were
unavailable.

Plant Bioaccumulation: The plant BCFs used in the calculations are presented in Table 6.22.
Literature-based values were used when available. For inorganic chemicals without literature-
based BCFs, the bioaccumulation models presented in Efroymson et al. (2002), Bechtel-Jacobs
(1998), or Baes et al. (1984) were used. For organic chemicals without literature-based BCFs,
soil-to-plant BCFs were estimated in accordance with EPA, 2003b.

Bioaccumulation by Earthworms: The earthworm BAFs used in the calculations are presented
in Table 6.22. Tissue concentrations in soil invertebrates (earthworms) were estimated by
multiplying the surface soil concentration for each chemical by chemical-specific BCFs or
BAFs. For chemicals without measured BAFs or BCFs available in the literature, the
earthworm models and BAFs in Sample et al. (1999), Sample et al. (1998), and the Kow model
presented in EPA (2003b) were used.

Ingestion of Small Mammals: The small mammal BAFs used in the calculations are presented
in Table 6.23. Whole-body tissue concentrations in small mammals (e.g., shrews, voles,
mice) were estimated using one of two approaches. For a limited number of chemicals, BAFs
were obtained from Sample et al. (1998) (the general small mammal values) and from EPA’s
ESSL guidance. For inorganic chemicals and organic chemicals without soil-to-small mammal
BAF values, a BAF of 1 was assumed (EPA, 2003b).
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Essential Nutrients: Many substances are essential for the well-being of living things and are
not known to be toxic at any dose while other essential nutrients are required only in trace
amounts and may be toxic at higher levels. First category essential nutrients include calcium,
magnesium, iron, potassium, and sodium; these are commonly eliminated as COPECs in
ecological risk assessment (EPA, 1997b).

6.2.2.3.2 Food Web Exposure Analysis Results

The NOAEL-based EQ is obtained by dividing the chemical intake by the chemical NOAEL,
and the LOAEL-based EQ is obtained by dividing the chemical intake by the chemical
LOAEL. A NOAEL-based EQ less than or equal to one indicates that the chemical is not
expected to pose a threat to the wildlife receptor. Similarly, a LOAEL-based EQ less than one
indicates that the calculated intake for the wildlife receptor is less than the amount estimated to
pose a measurable effect on the wildlife receptor. The discussion below focuses on chemicals
with LOAEL-based EQs greater than 1. The EQs are presented in Table 6.24.

Metals: For antimony, the NOAEL-based EQs for the red fox and white-footed mouse were
0.47 and 2.67, respectively. However, the LOAEL-based EQ for the white-footed mouse was
less than 1, indicating minimal potential of antimony to adversely affect this mammalian
receptor. Avian NOAELs/LOAELSs are not available for antimony. However, the fact that
antimony was not detected in any soil samples or in the drum contents, it is unlikely that
antimony was released at the site. Therefore, antimony was eliminated as a COPEC.

The maximum mercury concentration resulted in NOAEL-based EQs less than 1 for the
mammalian receptors and the red-tailed hawk. For the American robin, the maximum
mercury concentration resulted in a NOAEL-based EQ of 2.3 and a LOAEL-based EQ of 1.1.
Therefore, mercury ingestion by the American robin was included in the central tendency food
web analysis.

No screening values were available for silver. Silver was not detected in any of the site soil
samples or drum contents, but was detected in the drum rinsate (Table 1.4). Studies on avian
species found that turkeys (Meleagris gallopavo) had enlarged hearts and reduced growth
when exposed to a diet containing 900 mg silver/kg feed for 4 weeks and chicks had reduced
growth and liver necrosis when exposed to a diet containing 200 mg silver/kg ration and
drinking water containing 100 mg silver/L, respectively.” No studies were found showing the
effects of silver on wild mammals, but silver was found to be lethal to laboratory mice and
rabbits at doses of 13.9 mg per kg of body weight (mg/kg b.w.) and 20 mg/kg b.w.,
respectively, by intraperitoneal (IP) injection; to dogs at 50 mg/kg b.w. by IP injection; and to
rats at 1,586 mg/L in drinking water for 37 weeks.”® Based on the lack of detection of silver
in the soil samples and drum contents, the low concentration detected in the drum rinsate, the
toxicity data, and the small site area, silver is not expected to have detrimental effects on the
avian and mammalian populations. Therefore, silver was eliminated as a COPEC for wildlife
receptors.

' http://www.inchem.org/documents/cicads/cicads/cicad44. htm#7.2
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As described in Section 6.2.2.1, vanadium ingestion was evaluated for avian receptors only.
The NOAEL-based EQ for the red-tailed hawk was less than 1, and the NOAEL-based EQ for
the American robin was 1.2. Vanadium ingestion by the American robin was included in the
central tendency food web exposure analysis.

Organic Chemicals with Mammalian and Avian NOAELs/LOAELs: Both mammalian and avian
benchmark values were available for alpha-BHC, beta-BHC, chlordane, DDT, delta-BHC,
dieldrin, endosulfan I and II, endrin, gamma-BHC, PCB-1242, PCB-1254, and
pentachlorophenol. = The NOAEL-based EQs for the BHC isomers, chlordane, the
endosulfans, PCB-1242, and PCB-1254 were less than 1. Endrin, which was not detected in
any samples, had a LOAEL-based EQ of 23 for the American robin. Therefore, endrin was
included in the central tendency analysis.

The CRQL for pentachlorophenol resulted in a NOAEL-based EQ of 7.7 for the American
robin. Although this EQ calculation is very conservative, pentachlorophenol was included in
the central tendency analysis.

The maximum DDT concentration resulted in NOAEL-based EQs less than 1 for the
mammalian receptors and the red-tailed hawk. For the American robin, the maximum DDT
concentration resulted in a NOAEL-based EQ of 12 and a LOAEL-based EQ of 1.3.
Therefore, DDT ingestion by the American robin was included in the central tendency
analysis.

The maximum dieldrin concentration resulted in NOAEL-based EQs that exceeded 1 for avian
and mammalian receptors. LOAELs were not available for the American robin or red-tailed
hawk. The LOAEL-based EQ for the white-footed mouse was below 1; however, the
LOAEL-based EQ for the red fox was 8.9. Therefore, dieldrin ingestion by the American
robin, red-tailed hawk, and red fox was included in the central tendency analysis.

In accordance with EPA guidance, exposure to PCDDs/PCDFs was evaluated cumulatively by
converting the chemical intake rate for each 2,3,7,8-congener to a 2,3,7,8-TCDD TEQ. The
TEQ for each wildlife receptor was compared to the NOAEL and LOAEL for 2,3,7,8-TCDD
(Table 6.25). All EQs were less than 1.

Organic Chemicals with Mammalian NOAELs/LOAELs Only: Aldrin, heptachlor,
methoxychlor, PCB-1016, PCB-1248, toxaphene, and the PAHs had NOAELs for the
mammalian receptors but not for the avian receptors. For all these chemicals, except the PAH
acenaphthylene, the mammalian NOAEL-based EQs were equal to or less than 1.

No PCBs were detected in the site samples or in the drum contents. Based on the lack of PCB
detections, it is unlikely that historical activities resulted in the release of PCBs to the site.
Therefore, PCB-1016 and PCB-1248 were eliminated as wildlife COPECs.

Aldrin, heptachlor, methoxychlor, and toxaphene were not detected in any of the soil samples
or drum contents. Also, heptachlor, methoxychlor, and toxaphene were not detected in the
drum rinsate; aldrin was not analyzed for in the drum rinsate. The lack of detections makes it
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unlikely that these pesticides were released to this site; thus, these four chemicals were
eliminated as wildlife COPECs.

Mammalian NOAELs and LOAELs were available for the PAHs acenaphthene,
acenaphthylene, anthracene, benzo[a]anthracene, benzo[a]pyrene, benzo[b]fluoranthene,
benzo[g,h,i]perylene, benzo[k]fluoranthene, chrysene, dibenzo[a,h]anthracene, fluoranthene,
fluorene, indeno[1,2,3-c,d]pyrene, phenanthrene, and pyrene, but no avian NOAELs or
LOAELSs were available for these PAHs. The CRQL for acenaphthylene resulted in NOAEL-
based EQs greater than 1, but LOAEL-based EQs less than 1. The NOAEL-based EQs for all
other PAHs are less than or equal to 1. PAHs were not detected in the drum contents. As a
result, there is no evidence of PAHSs released to the site; thus, all listed PAHs were eliminated
as wildlife COPECs.

Organic Chemicals Without NOAELs/LOAELs: The following chemicals had no screening
values for any wildlife receptors: the VOC 1,1,2,2-tetrachloroethane; the SVOCs 1,2-
dichlorobenzene, 1,3-dichlorobenzene, 1,4-dichlorobenzene, 1,2,4-trichlorobenzene, 4-
bromophenyl-phenylether, 4-chlorophenyl-phenyl ether, hexachlorobenzene,
hexachlorobutadiene; hexachlorocyclopentadiene, and hexachloroethane; the pesticides 4,4'-
dichlorodiphenyldichloroethane (DDD), DDE, and heptachlor epoxide; and the PCBs PCB-
1221, PCB-1232, and PCB-1260. Of these chemicals, only DDE was actually detected. DDE
was detected in only one soil sample at a concentration of 1.2 ug/kg. Based on the low
concentrations and isolated occurrence, it is unlikely that DDE is present at the site in
sufficient quantity to pose a threat to wildlife receptors. Also, DDE was not detected in the
drum contents, providing evidence that a release to the site is unlikely. Therefore, DDE was
eliminated as a COPEC.

It is wunlikely that 1,2-dichlorobenzene; 1,3-dichlorobenzene; 1,4-dichlorobenzene; and
hexachlorobutadiene were released to the site. According to the ATSDR (2004), 1,2-
dichlorobenzene is used as a solvent, in odor control products, and in the production of dyes
and 3,4-dichloroaniline herbicides. 1,3-Dichlorobenzene is used in the production of both
herbicides and insecticides, and 1,4-dichlorobenzene enters the environment when it is used in
mothballs and in toilet-deodorizer blocks. No dichlorobenzenes were detected in any soil
sample or in the drum contents, and 1,4-dichlorobenzene was not detected in the drum rinsate
(1,2-dichlorobenzene and 1,3-dichlorobenzene were not analyzed for in the drum rinsate).
Based on the lack of detection of these chemicals, there is no evidence of release of these
chemicals at this site. As a result, these chemicals were eliminated as COPECs.

Hexachlorobutadiene (ATSDR, 1994) is used in the production of natural or synthetic rubber.
Other chemicals, such as 1,3,5-trinitrobenzene (ATSDR, 1995) and carbon disulfide (ATSDR,
1996) are also used in the production of natural or synthetic rubber. None of these analytes
were detected in any soil samples. Also, hexachlorobutadiene was not detected in the drum
contents or drum rinsate. The absence of detections of these chemicals suggests that potential
organic constituents of natural or synthetic rubber were not present in the soil. Therefore,
hexachlorobutadiene was eliminated as a COPEC for wildlife receptors.
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The CRQL for 1,1,2,2-tetrachloroethane was 10 ng/kg. Based on the absence of detections, it
is unlikely that 1,1,2,2-tetrachloroethane is present at the site in sufficient quantities to pose an
adverse effect to wildlife.

Hexachlorobenzene was used as an agricultural fungicide; in the production of
pyrotechnic/ordnance materials, synthetic rubber, and dyes; in the manufacture of electrodes;
and as a wood preservative (ATSDR, 2002). Because no explosive compounds were detected
in any of the soil samples, it is unlikely that the site was affected by the release of pyrotechnic
or ordinance materials. Based on the commercial uses of hexachlorobenzene and the lack of
detection in the drum contents and drum rinsate, it is unlikely that hexachlorobenzene was
released to the site. Therefore, this chemical was eliminated as a COPEC.

The primary use of hexachlorocyclopentadiene is in the manufacture of chlorinated cyclodiene
pesticides (ATSDR, 1999). With the exception of dieldrin, none of these pesticides were
detected in the soil samples. Hexachlorocyclopentadiene may be present at the site as an
impurity associated with the dieldrin detections. As an impurity, however, this chemical
should be present at much lower concentrations than dieldrin. In addition,
hexachlorocyclopentadiene is not persistent in the environment, is readily biodegraded under
both aerobic and anaerobic conditions, and is subject to photolysis and hydrolysis (ATSDR,
1999). Based on the tendency for this chemical to degrade, the fact that it would be present
only as an impurity associated with dieldrin, the low dieldrin concentrations found across the
site, and the fact that hexachlorocyclopentadiene was not detected in any soil samples, it is
unlikely that this chemical is present in sufficient quantity to pose an adverse effect to wildlife
receptors. Therefore, this chemical was eliminated as a COPEC.

Hexachloroethane was historically used by the military in smoke pots and grenades (ATSDR,
1997). Because explosive compounds were not detected in any of the site soil samples, it is
unlikely that DoD activities released pyrotechnic or explosive materials to the site.
Hexachloroethane is also a component of insecticidal formulations (ATSDR, 1997). Dieldrin
was the only insecticide detected in multiple samples across the site. Other pesticide
detections were of limited frequency and of very low concentration (on the order of 1 ng/kg).
These data indicate minimal release of pesticides to the site. Because hexachloroethane was
not detected in any soil samples or the drum contents or drum rinsate, and the limited
occurrence of pesticides at the site, it is unlikely that hexachloroethane is present at the site in
sufficient quantity to pose a potential threat to wildlife receptors. Therefore, this chemical
was eliminated as a COPEC.

1,2,4-Trichlorobenzene was primarily used in the textile industry as a dye carrier; other uses
include the manufacture of herbicides, as a wood preservative, in abrasives, and as a solvent.*
The limited detections of organic compounds in the soil samples indicate that solvents were not
released to the site. 1,2,4-Trichlorobenzene was not detected in the drum contents.
Therefore, this chemical was eliminated as a COPEC.

2 http://www.epa.gov/safewater/contaminants/dw_contamfs/124-tric.html
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The reporting limits for heptachlor epoxide and DDD ranged from 0.91 to 11 ng/kg and from
3.6 to 45 ug/kg, respectively. Based on these reporting limits and the fact that DDD and
heptachlor epoxide were not detected in the drum contents and that heptachlor epoxide was not
detected in the drum rinsate (DDD was not analyzed in the rinsate), it is unlikely that
heptachlor epoxide and DDD were released to the site and present in sufficient quantities to
pose a potential threat to wildlife receptors. Therefore, these chemicals were eliminated as
COPECs.

As stated previously, no PCBs were detected in site soils or in the drum contents. Therefore,
PCB-1221, PCB-1232, and PCB-1260 were eliminated as wildlife COPECs.

4-Bromophenyl-phenylether and 4-chlorophenyl-phenylether were not detected in any soil
samples or in the drum contents. Based on the lack of detections of this chemical, it was
eliminated as a COPEC for wildlife receptors.

Summary: Mercury, vanadium, dieldrin, DDT, endrin, and pentachlorophenol were retained
for further evaluation with respect to food web exposure.

6.2.3 Food Web Exposure - Central Tendency Evaluation

The initial screening was performed with extremely conservative assumptions that would result
in the maximum possible intake by the wildlife receptor. The central tendency evaluation
provides the risk manager with an assessment based on a more probable set of exposure
assumptions. The refinement of the assumptions and associated justification are presented
below:

o Maximum chemical concentrations were replaced by the 95 percent UCL for
dieldrin. It is unlikely that an animal will obtain all of its food from a single
location at the site. Therefore, use of the maximum detected concentration as
the EPC overestimates the actual chemical intake that a bird or mammal may
experience. For non-detect results, half the reporting limit was used as a proxy
value in the calculation of the 95 percent UCL for dieldrin.

o Because only three soil samples were collected for metal analysis, the maximum
detected concentration was used for mercury and vanadium. The maximum
detected concentration was used for DDT because of the limited detection
frequency (one in six samples). Also, the maximum reporting limit was used
for endrin because it was not detected in any samples, and the CRQL was used
for pentachlorophenol because it was not detected in any samples and the
reporting limits were not available.

o In the calculation of contaminant ingestion rate, foraging area was taken into
account for each species. In the screening level evaluation, it was assumed that
food consumption occurred entirely within the contaminated site. The Pesticide
Drum Area encompasses only 0.03 acres, which is only a fraction of the
foraging areas for the receptor species. Therefore, the contaminant ingestion

U.S. Army Corps of Engineers—Norfolk District

M:\Projects\NOR_004_010_11\R04-07.782.doc 6-38 HGL 4/9/07



HGL—RI Report for the Pesticide Drum Area at the FNOD—Suffolk, VA

rate was adjusted in proportion to the site size as a fraction of the foraging area
for each species.

o Central tendency estimates for body weight and ingestion rate were used to
develop exposure estimates rather than minimum body weights and maximum
ingestion rates. The use of central tendency parameters is more relevant
because they represent the characteristics of a greater proportion of the
individuals in the population.

Refined exposure parameters for each receptor endpoint species are presented in Table 6.26.
The results are presented in Table 6.27.

The use of the central tendency body weights and ingestion rates and consideration of the size
of the site relative to the American robin’s foraging area resulted in NOAEL-based EQs of
less than 1 for mercury, vanadium, DDT, and pentachlorophenol, and in a LOAEL-based EQ
of less than 1 for endrin. The 95 percent UCL concentration for dieldrin resulted in NOAEL-
based EQs less than 1 for the American robin, red-tailed hawk, and red fox. Adverse effects
to wildlife receptors from exposure to mercury, vanadium, DDT, dieldrin, endrin, and
pentachlorophenol in the site soil is not expected.

6.2.4 Uncertainty

The primary uncertainties associated with this SLERA stem from the lack of screening values
and NOAELs/LOAELSs for multiple chemicals. In the absence of toxicological information, it
is difficult to determine whether exclusion of these chemicals as COPECs would substantially
affect the SLERA conclusions. Most of the chemicals that lacked screening values, however,
were not detected in any of the soil samples, the drum contents, or drum rinsate, indicating no
release to the site. Chemicals which lacked NOAELs and LOAELs were detected at low
concentrations in soil, but were not detected in drum contents or rinsate. The lack of release
is also supported by the commercial/industrial use of chemicals. For these reasons, the
uncertainty associated with the lack of screening values is low.

Even though a chemical’s concentration exceeds a screening value, it does not necessarily
follow that the chemical will cause an adverse effect. The screening values are based on
studies which use the chemicals in a readily bioavailable form. At a site, particularly a site
that has been contaminated for a longer period of time, the bioavailability of the chemicals,
particularly organic chemicals, may be low. To be bioavailable, the chemical needs to move
into aqueous solution. At a site with aged contamination, such as the Pesticide Drum Area,
chemicals which move readily into solution would have leached from the surface soil due to
the effects of infiltrating precipitation. Those chemicals which remain tend to be sorbed to the
soil and have limited bioavailability. The majority of the organic chemicals detected in the
surface soil were SVOCs, which tend to be hydrophobic and preferentially associate with the
soil organic matter. The screening values used in the SLERA likely overestimate the potential
for ecological risk from organic compounds found at the site. In addition, most metals were
present at or below background concentrations, which indicates that most potential effects
from metals are due to background conditions.
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6.2.5 Summary

The analytical data were evaluated against ESSLs, soil benchmark values, NOAELs, and
LOAELSs to determine whether the site contaminants posed a threat to each of the assessment
and measurement endpoints identified in Section 6.2.1.4.3. Based on this evaluation, the
chemicals present at the site have minimal potential to pose a threat to the terrestrial plant, soil
invertebrate, and wildlife communities identified as the potential ecological receptors.
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Table 6.2
Summary of Chemicals of Potential Concern
Pesticide Drum Area, Former Nansemond Ordnance Depot

Total PCDDs/PCDFs
Arsenic
Chromium
Dieldrin
Iron
Vanadium

Surface Soil Surface Soi

Surface Soil Air None
Shatlow Subsurface Soil Shallow Subsurface Soil Total PCDDs/PCDFs
Arsenic

Chromium
Dieldrin
Iron
Vanadium

Shallow Subsurface Soil . Air - N one
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Table 6.15
Summary of Risk Assessment Uncertainty
Pesticide Drum Area, Former Nansemond Ordnance Depot

Chemical Identification Uncertainty

Characterization of the extent and magnitude of contamination incomplete. Low Low
Major contaminant undetected. Low Low
Systematic or random errors in the chemical analyses. Low Low
Probability of insufficient samples taken to characierize the Low Low

environmental media being evaluated.

Systematic or random errors in chemical analyses may yield erroneous data. Low Low

Proxy concentrations assigned as one-half the reporting limit for Low Low
undetected concentrations.

Use of the 95 percent upper confidence limit as exposure point concentration. Moderate Low
[[Selection of COPCs

Deletion of TICs from COPC list Low Low
IExposure Uncertainty

Relevant pathway omitted Low Low

Source concentration constant High Low

Physical attribute of receptors:
-Body weight Low Low
-Life expectancy Low Low

Industrial worker exposure assumptions:
-Exposure time, frequency, and duration High Low

Trespasser/visitor exposure assumptions:
-Exposure time, frequency, and duration ' High Low

Construction worker exposure assumptions:
-Exposure time, frequency, and duration High Low

Future resident (Adult and Child) exposure assumptions:

-Exposure time, frequency, and duration High Low
Intake is assumed to be constant over the exposure duration i High Low
Default values are used in the exposure calculations to quantify intakes. Moderate Low
IAssumed contaminant levels used in exposure calculations remained constant Moderate Low

throughout the exposure period with no reduction.

Reasonable Maximum Exposure scenarios were used to evaluate risk. Moderate Low

Toxicity Uncertainty

Route-to-route extrapolations of oral toxicity values were used for Moderate Moderate
dermal risk characterization.

Note: As a general guideline, assumptions marked as "low" may affect estimates of exposure by less than one order of magnitude,
assumptions marked “moderate” may affect estimates of exposure by 1 to 2 orders of magnitude, and assumptions marked "high” may
affect estimates by more than 2 orders of magnitude (USEPA, 1989).



Analytes Not Detected in Any Samples

Table 6.16
Comparison of SQLs to Human Health-Based Screening Values

Human Health
Reporting Limit | Screening Value
Chemical (mglkg)’ (mglkg)
Inorganic compounds
Anfimony
Cadmium
Cyanide, Total
Silver
Thallium
il
|[Other Organic Compounds
Il,1,1-Trichloroethane 0.01 2200
1,1,2,2-Tetrachloroethane 0.01 3.2
1,1,2-Trichloroethane 0.01 11
1,1-Dichloroethane 0.01 780
1,1-Dichloroethene 0.01 390
1,2,4-Trichlorobenzene 0.01 78
1,2-Dichiorobenzene 0.01 700
1,2-Dichloroethane 0.01 T
1,2-Dichloropropane 0.01 94
1,3,5-Trinifrobenzene 0.25 230
1,3-Dichlorobenzene 0.01 23
1,3-Dinitrobenzene 0.25 7.8
1,4-Dichlorobenzene 0.01 27
2,2'-Oxybis(1-chloropropane) 0.33 9.1
2,4,5-Trichlorophenol 0.83 780
2,4,6-Trichlorophenol 0.33 58
2,4,6-Trinitrotoluene 0.25 3.9
2,4-Dichlorophencl 0.33 23
2,4-Dimethylphenol 0.33 160
2,4-Dinitrophenol 0.83 16
2,4-Dinitrofoluene 0.33 . 0.94
2,6-Dinitrotoluene 0.33 0.94
2-Amino-4,6-dinitrotoluene NA 1.6
2-Chloronaphthalene 0.33 630
2-Chlorophenol 0.33 3.9
2-Hexanone 0.01 NA
2-Methylnaphthalene 0.33 31
2-Methylphenol 0.33 39
2-Nitroaniline 0.83 23
2-Nitrophenol 0.33 NA
3,3"-Dichlorobenzidine 0.33 1.4
3-Nitroaniline 0.83 2.3
4.4-DDD 0.0036 - 0.045 2.7
4,6-Dinitro-2-methylphenol
4-Amino-2,6-dinitrotoluene
4-Chloro-3-methylphenol
4-Chloroaniline
4-Chlorophenyl-phenylether 0.33 NA
4-Methyl-2-Pentanone 0.01 NA
4-Methylphenol 0.33 39
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Table 6.16

Comparison of SQLs to Human Health-Based Screening Values

Analytes Not Detected in Any Samples

Human Health
Reporting Limit [  Screening Value
Chemical {mglkg)" (mglkg)
U-Nitroaniline 0.83 235
4-Nitrophenol 0.83 NA
BAcenaphthylene 0.047 - 0.81 470
[lAldrin 0.0009 - 0.011 0.0038
[Alpha-BHC 0.0009 - 0.011 0.1
[Alpha-Chlordane 0.0019 - 0.023 1.8
{Benzene 0.01 12
|Beta-BHC , 0.0019 - 0.023 0.35
[Ibis(2-Chloroethyl)ether 0.33 0.58
[[Bromodichioromethane 0.01 10
{[Bromoform 0.01 81
{Bromomethane 0.01 11
liCarbon Disulfide 0.01 780
[icarbon Tetrachioride 0.01 4.9
[ichiordane 0.0017 1.8
|lchiorobenzene 0.01 160
f{Chioroethane 0.01 220
lichloromethane 0.01 NA
|lchioroform 0.01 78
||cis-1 ,2-Dichloroethene 0.01 78
[[cis-1,3-Dichloropropene 0.01 6.4
[[Delta-BHC 0.0009 - 0.011 0.35
[[Dibenzofuran 0.33 16
[IDibromochioromethane 0.01 7.6
[[Diethylphthalate 0.33 6,300
{IDimethyl phthalate 0.33 78,000
IDi-n-octylphthalate 0.33 310
|[Endosuifan 1t 0.0036 - 0.045 47
|[Endosulfan Sulfate 0.0036 - 0.045 47
[Erdrn 0.0036 - 0.045 23
[[Endrin aldehyde 0.0036 - 0.045 2.3
[lEndrin ketone 0.004 - 0.11 2.3
[{Ethylbenzene 0.01 780
[lois(2-Ethylhexyl)phthalate 0.33 46
[Fluoranthene 0.33 310
[[Fluorene 0.046 - 0.400 310
{lGamma-Chlordane 0.009 - 0.011 1.8
{[Heptachior 0.009 - 0.011 0.14
{lHeptachlor Epoxide 0.009 - 0.011 0.07
lHexachlorobenzene 0.33 0.40
|Hexachlorobutadiene 0.33 1.6
[[Hexachlorocyclopentadiene 0.33 47
[[Hexachloroethane 0.33 7.8
[HVX 22 390
[lsophorone 0.33 670
"m,p-Xernes 0.01 1,600
IMethoxychior -0.0091 - 0.11 39
{Methylene Chioride 0.01 85
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- Table 6.16
Comparison of SQLs to Human Health-Based Screening Values
Analytes Not Detected in Any Samples

_ Human Health
Reporting Limit | Screening Value
Chemical {mgl/kg)* (mglkg)
"m-Nitrotquene 0.2 160
[INitrobenzene 0.26 3.9
[in-Nitroso-di-n-propylamine
lin-Nitrosodiphenylamine 0.33 130
[lo-Nitrotoluene 0.25 2.8
[to-xylene 0.01 1,600
[PcB-1016 0.033 0.55
[PcB-1221 0.067 0.32
[PcB-1232 . 0.033 0.32
{PcB-1242 , 0.033 0.32
[PcB-1248 0.033 0.32
[PcB-1254 0.033 0.32
[Pce-1260 0.033 0.32
{Pentachlorophenol 0.83 5.3
{Phenol 0.33 2,300
| p-Nitrotoluene 0.25 38
RDX 1.0 5.8
Styrene 0.01 1,600
Tetrachloroethene 0.01 1.2
Tetryl 0.65 78
Toluene : 0.01 1,600
Toxaphene ' 0.17 0.58
[krans-1,2-dichloroethene 0.01 160
||trans-1 ,3-dichloropropene 0.01 6.4
|[Trichloroethene 0.01 1.6
[lviny! Chloride 0.01 0.09

*For compounds in which only a single reporting limit value is presented, reporting limits were no
If no reporting limits were available, the Contract Required Quantitation Limits (CRQLs) were us
For endrin aldehyde and endrin ketone, the endrin screening value was used

NA = Not available
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Table 6.19

Comparison of TEQs from each Surface
Soil Sample to Soil Benchmark Concentration
FNOD Pesticide Drum Area, Suffolk, VA

Tl
Screening Value
Sample TEQ (ng/kg) (nglkg)!
FNOD-CS-FD1 1.5 10
fIFNOD-CS-FD2 8.2 10
[PDSBO1A 34 10
[PosBo2A 6.5 10
- [lPosBo3A 1.7. 10
[PDsBo4A 7.2 10
[[ENOD-PD-50-01-00 ND 10
{IFNOD-PD-50-02-00 ND 10
IFNOD-PD-50-03-00 1.4 10
[IFNOD-PD-50-04-00 ND 10
[[FNOD-PD-50-05-00 ND 10
[IFNOD-PD-50-06-00 0.51 10
[FNOD-PD-50-07-00 ND 10
[[FNOD-PD-50-08-00 ND 10
{[FNOD-PD-50-08-00 ND 10
{FNOD-PD-50-10-00 0.58 10
'lIFNOD-PD-80-11-00 ND 10
IFNOD-PD-50-12-00 ND 10
fIFNOD-PD-50-13-00 4.0 10
[FNOD-PD-S0-14-00 0.65 10 I

ND = Not Detected

"The British Columbia government and the Canadian Council of
Ministers of the Environment soil benchmark concentration
for agricultural land based toxicity to soil invertebrates and plants.



‘Table 6.20

Bioaccumulative Chemicals and Their Log Kow Values

FNOD Pesticide Drum Area, Suffolk, VA

Organic Compounds

USEPA 1996

1,1,2,2-Tetrachloroethane 2.39 9.33E+01|USEPA 1996
1,2-Dichlorobenzene 3.43 USEPA 1996 6.17E+02|USEPA 1996
1,2,4-Trichlorobenzene 4.01 USEPA 1996 1.78E+03|USEPA 1996
1,3-Dichlorobenzene 3.53 TOXNET HSDB 300 TOXNET HSDB
1 4-Dichlorobenzene 3.42 USEPA 1996 6.17E+02|USEPA 1996
4-chlorophenyl phenyl ether 4.08 TOXNET HSDB 2260 |[TOXNET HSDB
JAcenaphthene ’ 3.92 USEPA, 1995 7800 |USEPA 1996
Acenaphthylene 4.10 USEPA, 1995 950 [TOXNET HSDB
Aldrin 6.50 USEPA, 1995 2.45E+06|USEPA 1996
alpha-BHC 3.80 USEPA, 1995 1.23E+4-03|USEPA 1996
Anthracene 4.55 USEPA, 1995 29500 |USEPA 1996
Benzo(a)anthracene 5.70 USEPA, 1995 3.98E4-05|USEPA 1996
Benzo(a)pyrene 6.11 USEPA, 1995 1.02E+06|USEPA 1996
Benzo(b)fluoranthene 6.20 USEPA, 1995 1.23E4+-06|USEPA 1996
Benzo(g,h,i)perylene 6.70 USEPA, 1995 35,000 |TOXNET HSDB
Benzo(k)fluoranthene 6.20 USEPA, 1995 1.23E4+-06{USEPA 1996
beta-BHC 3.81 USEPA 1996 1260 |USEPA 1996
Chlordane 6.32 USEPA 1996 1.20E+05|USEPA 1996
Chrysene 5.70 USEPA, 1995 3.98E+05|USEPA 1996
DDD 6.10 EPA, 2003 1.00E4+-06|USEPA 1996
DDE 6.76 EPA, 2003 4.47E+06|USEPA 1996
DDT 6.53 EPA, 2003 12.63E+06|USEPA 1996
delta-BHC , 4.14 ATSDR, 2003 6310 |TOXNET HSDB
dibenzo(a,h)anthracene 6.69 USEPA, 1995 3.80E+06|USEPA 1996
Dieldrin 5.37 USEPA 1996 21400 |JUSEPA 1996
Endosulfan | 4.10 USEPA 1996 2140 {USEPA 1996
Endosulfan |l 4.10 USEPA 1996 2140 |USEPA 1996
Endrin 5.06 USEPA 1996 12300 JUSEPA 1996
Fluoranthene 5.12 USEPA, 1995 1.07E+05|USEPA 1996
Fluorene 4.21 USEPA 1996 13800 JUSEPA 1996
gamma-BHC, lindane 3.73 USEPA 1996 1070 |USEPA 1996
Heptachlor 6.26 USEPA 1996 1.41E+-06|USEPA 1996
Heptachlor epoxide 5.00 USEPA 1996 83200 |USEPA 1996
Hexachlorobenzene 5.89 USEPA 1996 55000 |USEPA 1996
Hexachlorobutadiene 4.81 USEPA 1996 53700 |USEPA 1996
Hexachlorocyclopentadiene 5.39 USEPA 1996 2.00E+05|USEPA 1996
Hexachloroethane 4.00 USEPA 1996 1780 |USEPA 1996
Indeno(1,2,3-cd)pyrene 6.65 USEPA, 1995 3.47E+06|USEPA 1996
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Table 6.20 :
Bioaccumulative Chemicals and Their Log Kow Values
FNOD Pesticide Drum Area, Suffolk, VA

Methoxychlor 5.08 USEPA 1996 97700 JUSEPA 1996
PCB-1016 4.38 TOXNET HSDB 3.17 1466 |EPA 2003
PCB-1221 4.09 TOXNET HSDB 2.91 809 |EPA 2003
PCB-1232 4.54 TOXNET HSDB 3.31 2035 |EPA 2003
PCB-1242 4.11 TOXNET HSDB 2.93 843  |EPA 2003
PCB-1248 6.20 TOXNET HSDB 4.79 | 61,094 |EPA 2003
PCB-1254 6.30 TOXNET HSDB 4.88 74,989 |EPA 2003
PCB-1260 6.80 TOXNET HSDB 5.32 | 208,930 |EPA 2003
Phenanthrene 4.55 USEPA, 1995. 22,909 |TOXNET HSDB
Pyrene 5.11 USEPA, 1995 1.05E+05|USEPA 1996
Toxaphene 5.50 USEPA 1996 2.57E4+05|USEPA 1996
Dioxins/Furans
EPA 2003 general
1,2,3,4,6,7,8-HpCDD 10.50 ATSDR, 1998 10.3  |2.10E410|model
: EPA 2003 general
1,2,3,4,7,8-HxCDD 9.80 ATSDR, 1998 9.6 |4.30E+09|model
v EPA 2003 general
1,2,3,4,7,8-HxCDF 7.92 KowWin calculation 7.8 }6.10E+07|model
EPA 2003 general
1,2,3,6,7,8-HxCDD 9.80 same as 1,2,3,4,7,8-HxCDD| 9.6 [4.30E+09]|model
ATSDR, 1998 value for EPA 2003 general
1,2,3,7,8-PeCDD 9.1 1,2,3,4,7-PeCDD 8.9 |8.82E+08|model
, EPA 2003 general
1,2,3,7,8-PeCDF 6.79 ATSDR, 1994 6.7 |4.73E+06|model
SRC Physical : EPA 2003 general
2,3,4,7,8-PeCDF 6.92 Properties Database 6.8 |6.35E406]|model
SRC Physical .|EPA 2003 general
2,3,7,8-TCDD 6.80 Properties Database 6.7 |4.84E+06]|model
2,3,7,8-TCDF 5.82 ATSDR, 1994 5.61 [4.07E4+05] ATSDR, 1994
Notes:

TOXNET Hazardous Substances Data Bank (HSDB)
USEPA 2003 Guidance for Developing Ecological Soil Screening Levels,

Attachment 4-1: Exposure Factors and Bioaccumulation Models for Derivation of Wildlife Eco-SSL

USEPA 1996 Soil Screening Guidance: Technical Background Document
USPEA 1995,Environmental Research Laboratory, Internal Réport on Summary of Measured,

Calculated, and Recommended Log Kow Values,
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Table 6.23

Soil Bioaccumulation Factors Used For Small Mammals
FNOD Pesticide Drum Area, Suffolk, VA

e

Antimony 0.05 EPA, 2005a
Cadmium eqn EPA, 2005g
Chromium eqn EPA, 2005e
Copper 1.045 Sample et al., 1998
Lead eqn EPA, 2005 )
Mercury 0.192 Sample et al., 1998 -
Nickel 0.589 Sample et al., 1998
Selenium 1.187 Sample et al., 1998
Silver 1 EPA, 2003
Vanadium 0.00052 EPA, 2005b
Zinc 2.688 Sample et al., 1998
Organic Compounds
1,1,2,2-Tetrachloroethane 1 EPA, 2003
1,2-Dichlorobenzene 1 EPA, 2003
1,2,4-Trichlorocbenzene 1 . EPA, 2003
1,3-Dichlorobenzene 1 EPA, 2003
1,4-Dichlorobenzene 1 EPA, 2003
4-chlorophenyl phenyl ether 1 EPA, 2003
|Acenaphthene 1 EPA, 2003
| Acenaphthylene 1 EPA, 2003
JAldrin 1 EPA, 2003
alpha-BHC 1 EPA, 2003
[lAnthracene 1 EPA, 2003
[Benzo(a)anthracene 1 EPA, 2003
[Benzo(a)pyrene 1 EPA, 2003
Benzo(b)fluoranthene 1 EPA, 2003
Benzo(g,h,i)perylene 1 EPA, 2003
Benzo(k)fluoranthene 1 EPA, 2003
Ibeta-BHC 1 EPA, 2003
HChlordane 1 EPA, 2003
Chrysene 1 EPA, 2003
DDD 1 EPA, 2003
DDE 1 EPA, 2003
DDT 1 EPA, 2003
lldelta-BHC 1 EPA, 2003
[ldibenzo(a,h)anthracene 1 EPA, 2003
Dieldrin Eqn EPA, 2005¢
[Endosulfan I 1 EPA, 2003
Endosulfan II 1 EPA, 2003
[Endrin 1 EPA, 2003
Fluoranthene 1 EPA, 2003
Fluorene 1 EPA, 2003
Gamma-BHC (Lindane) 1 EPA, 2003
Heptachlor 1 EPA, 2003
iHeptachlor Epoxide 1 EPA, 2003
Hexachlorobenzene 1. EPA, 2003

Page 1 of 2




‘ Table 6.23
Soil Bioaccumulation Factors Used For Small Mammals
FNOD Pesticide Drum Area, Suffolk, VA

5=

Hexachlorobutadiene 1 EPA, 2003
IHexachlorocyclopentadiene 1 EPA, 2003
l[Hexachloroethane 1 EPA, 2003
lindeno(1,2,3-cd)pyrene 1 EPA, 2003
[IMethoxychior 1 EPA, 2003
llpcB-1016 1 EPA, 2003
llPCB-1221 1 EPA, 2003
llPCB-1232 1 EPA, 2003
llPcB-1242 1 EPA, 2003
liPCB-1248 1 EPA, 2003
llpcB-1254 1 EPA, 2003
liPCB-1260 1 EPA, 2003
{Pentachlorophenol Eqn EPA, 2005d
Phenanthrene 1 EPA, 2003
Pyrene 1 EPA, 2003
[Toxaphene 1 EPA, 2003

Dioxin/Furans

1,2,3,4,6,7,8-HpCDD 1 EPA, 2003

1,2,3,4,7,8-HxCDD 1 EPA, 2003

1,2,3,4,7,8-HxCDF 1 EPA, 2003

1,2,3,6,7,8-HxCDD 1 EPA, 2003

1,2,3,7,8-PeCDD 1 EPA, 2003

1,2,3,7,8-PeCDF 1 EPA, 2003
2,3,4,7,8-PCDF 1 EPA, 2003
2,3,7,8-TCDF 0.1571 Sample et al. 1998
2,3,7,8-TCDD 2.2 Sample et al. 1998

Notes:
EPA, 2005a. Ecological Soil Screening Levels for Antimony, Interim Final, February 2005.
EPA, 2005b. Ecological Soil Screening Levels for Cadmium, Interim Final, March 2005.
EPA, 2005¢c. Ecological Soil Screening Levels for Chromium, Interim Final, March 2005.
EPA, 2005d. Ecological Soil Screening Levels for Lead, Interim Final, March 2005.
EPA, 2005e. Ecological Soil Screening Levels for Vanadium, Interim Final, April 2005.
EPA, 2005f. Ecological Soil Screening Levels for Dieldrin, Interim Final, March 2005.
EPA, 2005g. Ecological Soil Screening Levels for Pentachlorophenol, Interim Final, March 2005.
EPA, 2003, Guidance for Developing Ecological Soil Screening Levels (Eco-SSLs). OSWER
Directive 92857-55. November, 2003.

Sample, B.E., J.J. Beauchamp, R.A. Efroymson, and G.W. Suter II, 1998. Development

and Validation of Bioaccumulation Models for Small Mammals, ES/ER/TM-219.
Equations:

For dieldrin, In(mammal) = 0.6076 x [0.8756xIn(soil) +2.2757) +1.9582

For pentachlorophenol, mammal = 0.00452[exp(0.3308xIn(soil) +5.5463)] +0.198

For cadmium, In(mammal) = -1.2571+0.4723In(soil)

For chromium, In(mammal) = -1.4599+0.7338In(soil)

For lead, In{fmammal) = 0.0761+0.442In(soil)
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HGL—RI Report for the Pesticide Drum Area at the FNOD—Suffolk, VA

7.0 CONCLUSIONS AND RECOMMENDATIONS

The SRA performed on the 1998, 2000, and 2002 sampling event data sets determined that
additional dieldrin and PCDD/PCDF data were required to complete the characterization of
the Site and additional sampling for dieldrin and PCDD/PCDF was conducted in February
2004. The complete 1998, 2002, and 2004 data sets were incorporated into the HHRA and
SLERA performed in support of this RI. The 2000 data set was not validated and was not
incorporated into the HHRA and SLERA, with the exception of the metals results.

The baseline HHRA considered current and future land uses and the potential for exposure to
adolescent and adult trespassers and visitors, industrial workers, construction workers, and
adult and child residents. No unacceptable risks or hazards were identified for any of the
receptors evaluated.

The SLERA evaluated the Site data set against ESSLs, soil benchmark concentrations, and
NOAELs to determine whether the Site contaminants posed a threat to each of the assessment
and measurement endpoints described in Section 6.2.1.4.3. The evaluation of site
contaminants was performed against conservative criteria to identify COPECs. Those
COPECs identified in the screening process then underwent a central-tendency evaluation
using more realistic and site-specific criteria. Based on this evaluation, it was determined that
no chemicals detected at the site have the potential to pose an unacceptable threat to individual
receptors or their communities.

The results of the baseline HHRA and the screening SLERA demonstrate that the existing site
conditions are protective of human health and the environment under current and potential
future land use scenarios.
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DRUM REMOVAL DOCUMENTATION



Feb~14-01 05:04pm  From=-INDUSTRIAL MARINE SERVICES 7574365268

Mailing Address.P.Q.Box 1779 24 Hours: (7S7) 436-3000
Norfolk, VA 23501-1779 1-800-989-4447

Shipping Address: 929 Professianal Place Fax: (757) 438-5266
Chesapeake, VA 23320 :

T-383 P.02/04 F-082

ENVIRONMENTAL
SERVICES

February 6, 2001

Mr, Darrell Hallowell ~
HydroGeoLogic In¢. -

1155 Herndon Parkway

Suire 900

- Hemndon, Virginia 20170

Re: Certificate of disposal for Nanesmond Ordinance Depot

Dear Mr. Hallowell:

Enclosed please find copies of all documentation for the disposal of one drum of non-hazardous
rinse water from the EMR Nanesmond Ordinance Depot, in Suffolk, Virginia. IMS transported
the drum to our location at 1301 Marsh St. in Norfolk, Virginia under Bill of Lading Number
20752L on January 3, 2001. Safety Kleen mransported the drum to their Reidsville, North
Carolina facility for disposal on January 15, 2001. We suggest that you retain this information
indefinitely. ’

Should you have any questions please do not hesitate to contact me at (757) 436-3000.

Sincerely,
IMS ENVIRONMENTAL

D_yl oy | -

Douglas E. Macnab
Project Engineer

INDUSTRIAL MarINE SERVICE, INnc.

Esiablishied 1858 » Environmental Consulting and Ramediallien Contracting « Oif and Hazardous Materials Emergency Responss Tank and
Plpeline Cleaning, Testing, Ramoval, Installation, and Repairs » Haalth and Safety Consulting, Training, and Exarcises » Industrial Cleaning
and Vacuum Truck Servicas = Construction/Demolitien = Marine Salvage » Locations In Virginia, West Virginia, Maryland & Narth Carolina

www.img-inc-va.com



Feb~14-01 05:05pm  From-INDUSTRIAL MARINE SERVICES 7674385266 T-383 P.03/04 F-082
@ase print of type.  (Form designed .for use on elite {12-pitch) typewritsr.) Form Approved. OMB No. 206¢~0038. Expires 9-30-99
\ UNIFORM HAZARDOUS 1. Generators US EPA ID No. E"gg‘f,‘?:;n, No. 2 Z;aga 1 Information In the shaded areas
WASTE MANIFEST vVislclelslalel | | L1 j2lelsglt 1 | isnotrequired by Federal law.
3, Generators Name and Maillng Address Plecwie TOMY mornlesT tTa: LA. Stata Manifest Document Number
: . SV Fo ARAE TG Lo .
NORFOLE USACE R Poloasnal . :
FER JANESHOND ORDNANCE DEFOY, SUFFOLE, VA 23434 O Sapaies, N4 |0 State Senerars D
4. Generater's Phone ( 183 -~478-5186 23320 ..
&. Transporter 1 Company Name 6. US EPA ID Number G. State Transportors 1D .
LI LA LTt 1 |pTensporterskhone -
7. Trangperter 2 Company Name 8. US EPA ID Number E. State Transpaners|D- |
Sofeiry - ¥\don (TG |SLCIR | B|8|ALT IS [A] | [Frransporiers Phane (goRY 53~ 9S00
9. Deslgnated Facility Name and Sita Aadress A US EFA ID Number G.Stme FacliysiD - .
SAFEYY-KLEEN (YS], INC. : '
208 WAYLINGYON INDUSTRIAL DR. H. Facility's Phone :
REIRSVILLE, NC 27320- |Hqnd9egagqsl (336) 302-6106 -
11. US DOT Description (including Proper Shipping Name, Hazard Class and ID Number) 12. Contalners Tomky o Wast'-e No.
G ™ No, ] Tvpe Quantity WiVl .
E :
NI JOF BEGULAYED NATERTAL, NONE ) | O HE
E
" olejt|ojolple |30 &
T b,
(o]
R [
c,
d.
Je ﬁ{dditional Descriptions for Materials Listed Ahove : K. Handling Codes for Wagtes Listed Above
. Addizlomal a. o - : _ L _a.-lﬂ.u
Eu Waste b. : . S b.
o ﬁ“' ’ cn: ' : ' . s . ’ . - 4 _"' . . : . .":-c’.
15. Special Handling Instructions and Addlitdonal Informatian Profile a.080U5181 §0d: 58115
JIDUAYRIAL NARINE SERVICE Noabers b. EmBygency
P.0. BROX 1779 c. Contact: 1-B88-468-1768(598)
NORPOLY, VA 23581-177% d. T p 3E Company Eax 760-602-888%
RANER: 524372
16. GENERATOR'S CERTIFICATION: 1 hareby deciase mat the conlents of this cansignment are fully and accuratoly descrbed abave by
proper shipping name and are classified, packed, marked, and labelad, and ars in &ll respacts in proper condlron for transport by Righway
fccording 16 applicable intemational and National Aovernment tegulations,
i | am & large quaniity generator, | cortify that | have a progrem in piace 1o reducs ihe volume and toxicily of waste ganerated 1o the degres | have datermined 1o ha economicall
. practicaple and that | have selacted the practicable methed of weatment, stofage, of disposal currently avai bl 1o me which minimizes the presant and fupure thraat to human heal
and the snvirenment; OR, if | am 1 3mal} quantity generater, | nave made u good falth affort to minimize my waste generaton énd eelect the hast waste managamam method that la
available 10 me and that | can arford. Z
v Printed/Typed Name (-‘Wre : Month Day Year
HMare D- Gurtegrman —'m leli 11 jlel
T | 17. Transporter 1 Acknowladgament of Racsipt of Materials V4 / ]
R - £
A rinted/Typed Name Signature M Month Day_ Year
N P
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APPENDIX C

SURVEY COORDINATES



HGL—RI Report for the Pesticide Drum Area at the FNOD—Suffolk, VA

Table C.1

Sample Survey Coordinates — Pesticide Drum Area

Sample Location ID Sampling Event/Date Northing Easting

FNOD-CS-FD1 Initial Sampling/Nov 1998 | 3492526.0000 | 12089124.0000
FNOD-CS-FD2 Initial Sampling/Nov 1998 | 3492517.0000 | 12089134.0000
PDSBO1 Post-Removal/Feb 2002 3492524.1364 | 12089123.3019
PDSB02 Post-Removal/Feb 2002 3492517.7989 | 12089112.1064
PDSBO03 Post-Removal/Feb 2002 3492512.4014 | 12089125.5331
PDSB04 Post-Removal/Feb 2002 3492526.9252 | 12089129.3856

FNOD-PD-S0-01

Delineation/Feb 2004

3492522.5230

12089090.1360

FNOD-PD-S0-02

Delineation/Feb 2004

3492522.1840

12089097.7830

FNOD-PD-S0O-03

Delineation/Feb 2004

3492520.0450

12089102.9090

FNOD-PD-S0-04

Delineation/Feb 2004

3492513.3850

12089100.2430

FNOD-PD-SO-05 Delineation/Feb 2004 3492513.5560 | 12089094.5670
FNOD-PD-SO-06 Delineation/Feb 2004 3492514.0220 | 12089088.9400
FNOD-PD-SO-07 Delineation/Feb 2004 3492503.8840 | 12089093.9830
FNOD-PD-SO-08 Delineation/Feb 2004 3492503.9380 | 12089107.2170
FNOD-PD-SO-09 Delineation/Feb 2004 3492515.5290 | 12089112.1250
FNOD-PD-SO-10 Delineation/Feb 2004 3492525.6600 | 12089108.7880
FNOD-PD-SO-11 Delineation/Feb 2004 3492532.2980 | 12089098.3390
FNOD-PD-SO-12 Delineation/Feb 2004 3492528.9830 | 12089089.4750
FNOD-PD-SO-13 Delineation/Feb 2004 3492520.2670 | 12089083.0550
FNOD-PD-SO-14 Delineation/Feb 2004 3492511.2490 | 12089084.6410

Notes:

All coordinates values are NADS83 State Plane Coordinates, Virginia South, feet.
All survey data collected with a global positioning system and
corrected to the nearest base station.

U.S. Army Corps of Engineers—Norfolk District
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APPENDIX D

ANALYTICAL DATA SUMMARY



HydroGeoLogic, Inc.—RI Report for the Pesticide Drum Area at the FNOD—Suffolk, VA

Table D.1
. 2002 Post-Removal Action Results Summary - Pesticide Drum Area

SW8081 a-BHC ' '9.9U - 0.930 0.93U0 11U 0.93U
|l Sw8o81 b-BHC 20U - -1.9U 1.90 - 23U 1.9U

SW38081 d-BHC : 9.9U 0.93U | 0.93U 11U 0.93U
SW8081 | g-BHC (Lindane) - 99U 0.93U 0.93U 11U : 0.93U
SW38081 a-Chlordane 20U ‘ 1.9U 1.9U0 23U 1.9U

' SW8081 g-Chlordane 9.9U 0.93U . 093U 11U 0.93U
SW8081 4,4'-DDD 39U 3.70 3.70 45U 3.70
SW8081 4,4'-DDE 20U 1.9U 1.9U 23U 1.90
SW8081 44'-DDT . 60U 5.6U . 5.6U 68U 5.6U
SW8081 Dieldrin 81 1.9U 0.83J 77 2
SW38081 Endosulfan I 20U 19U 1.9U ‘ 23U 1.9U0
SW8081 . | Endosulfan Il 390 3.70 3.70 45U 3.70
SW8081 Endosulfan Sulfate 39U 3.70 3.7U0 45U 3.70
SW8081 Endrin 39U 3.7U0 3.70 45U 3.7U

|| SW8081 | Endrin Aldehyde 39U 3.70 3.70 45U 3.7U0

SW8081 Endrin Ketone 99U 9.3U 9.3U 110U 9.3U
SW8081 Heptachlor 9.9U 0.93U 0.93U 110 0.93U
SW8081 Heptachlor Epoxide 9.9U 0.930 0.93U 11U 0.93U
SW8081 Methoxychlor 99U 9.3U 9.3U 110U 9.3U
SW38081 Toxaphene 990U 93U 93U . 1100U 93U -
SW8310 Acenaphthene 74 47U 470 ' 44) 470
SW8310 | Acenaphthylene 50U 47U 47U 57U 470
SW8310 | Anthracene 50U 47U 470 570 470
SW8310 | Benzo(a)anthracene - 59] 9.3U 9.3U 353 9.3U0
SW8310 Benzo(a)pyrene 32 9.3U 9.3U 27 9.3U
SW8310 Benzo(b)fluoranthene 42 ] 9.3U 9.3U 27 9.3U
SW8310 | Benzo(g,h,i)perylene 18 9.3U 9.3U 17 9.3U
SW8310 | Benzo(k)fluoranthene - 16 "9.3U 9.3U 23 9.3U
SW8310 | Chrysene 43 9.3U 9.3U " 22 9.3U
SW8310 Dibenzo(a,h)anthracene 12 9.3U - 9.3U 12 9.3U0
SW8310 | Fluorene . 50U 47U 47U 57U 470,
SW8310 | Fluoranthene 1007 19U 19U 58] 19U
SW8310 | Indeno(1,2,3-cd)pyrene 20K 9.3U 9.3U 15K 9.3U
SW8310 | Naphthalene 94 47U 47U 551 470
SW8310 | Phenanthrene 50 47U 470 27 470
SW8310 | Pyrene 93] 13] 19U 43] 123
"SW8290 | 2,3,7,8- TCDF 0.5 0.2U 0.2U 1.4 0.23])
SW8290 | Total TCDFs 2.4 0.2U 0.2U 21 0.233
SW8290 | 2,3,7,8-TCDD 0.19U 0.2U 0.2U 0.373 - 0.2U
SW8290 | Total TCDDs 0.19U 02U 0.21) 54 0.2U
SW8290 1,2,3,7,8-PeCDF - 2E 0.99U 0.99U 4.4E 0.99U
SW8290 | 2,3,4,7,8-PeCDF 0.96U 0.99U 0.99U 2.6 0.99U

U.S. Army Corps of Engineers—Norfolk District
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HydroGeoLogic, Inc.—RI Report for the Pesticide Drum Area at the FNOD—Suffolk, VA

Table D.1 (continued)
2002 Post-Removal Action Results Summary - Pesticide Drum Area

SW8290 1,2,3,7,8-PeCDD 0.96U 0.99U 0.99U 1.7] 0.99U
SW8290 . | Total PeCDDs 0.96U- 0.99U 0.99U . 7.4 0.99U0
SW8290 | 1,2,3,4,7,8-HxCDF 0.96U 0.99U 0.99U ' 24E 0.99U
SW8290 1,2,3,6,7,8-HxCDF - 0.96U -~ 0.99U 0.99U 1.9 0.99U
SW8290 | 2,3,4,6,7,8-HxCDF 0.96U 0.990 0.99U 1.8) 0.99U
SW8290 1,2,3,7,8,9-HxCDF 0.96U 0.99U 0.99U 0.97U 0.99U
SW38290 | Total HXCDFs 2.5) 0.99U . 0.99U 19 0.99U
SW8290 1,2,3,4,7,8-HxCDD 0.96U 0.99U 0.99U 1.9 0.99U
SW8290 1,2,3,6,7,8-HxCDD 0.96U 0.99U 0.99U0 | 2.41 0.99U
SW8290 | 1,2,3,7,8,9-HxCDD 0.96U 0.99U - 0.99U 2.1) 0.99U
SW8290 | Total HxCDDs 12 17 16 33 6.4
SW8290 1,2,3,4,6,7,8-HpCDF 3J 0.99U 0.99U 8 0.99U
SW8290 1,2,3,4,7,8,9-HpCDF 0.96U 0.99U 0.99U 0.970 0.99U
1 SW8290 | Total HpCDFs 5] 0.99U0 0.99U 12 0.99U
SW8290 1,2,3,4,6,7,8-HpCDD 36 10 9.2 49 6.6-
SW8290 | Total HpCDDs 86 40 37 110 23
SW8290 | OCDF 4.1 20 2U 6.4] . 20
SW8290 | OCDD 3000 - 500 400 3100 270

(2) Method SW8081 and SW8310 results in rg/kg; Method SW8290 results in ng/kg.
(b) Sample DUPO1 is a field duplicate PDSB01B.

(c) Sample DUP02 is a QA split sample for PDSB04A.

The qualifiers applied to the data are in accordance with the EPA Region Il qualifiers defined in Innovative Approaches to
Data Validation (U.S. EPA ‘Region III, 1995) with the exception of the E qualifier. "The E-qualifier is applied to PCDDs/
PCDFs results that are reported as estimated maximum potential concentrations (EMPCs). Per EPA Region Il guidance,
values noted as EMPCs are not included in the calculation of TEQ, nor are values qualified B as potential artifacts.

U.S. Army Corps of Engineers—Norfolk District
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HydroGeoLogic, Inc.—RI Report for the Pesticide Drum Area at the FNOD—Suffolk, VA

SW8081

Table D.1 (continued)
2002 Post-Removal Action Results Summary - Pesticide Drum Area

Aldrin 5.1U0 0.91U 1U 2U 0.91U
SW8081 a-BHC 5.1U0 0.91U 1U 120 0.91U
SW8081 | b-BHC 10U 1.9U }2.1U 2U 1.9U0
SW8081 d-BHC 5.10 0.91U 10 20 0.91U0
SW8081 g-BHC (Lindane) 5.1U 0.91U 1U 2U 0.91U
SW8081 a-Chlordane 10U 1.9U 2.1U 4U 1.9U0
SW8081 g-Chlordane | 5.1U0 1 0.91U 1U 4U 0.91U
SW8081 4,4'-DDD 20U 3.6U 4.1U0 4U 3.6U
SW8081 [ 4,4'-DDE 10U 1.9U 1.21 4U 1.9U
SW8081 4,4'-DDT 310U 5.50 5.2) 40U 5.5U
SW8081 Dieldrin 380 4 12 54 1.1
SW8081 Endosulfan I 10U 1.9U 2.10 2U 1.9U
SW8081 Endosulfan II 20U 3.6U 4.1U 4U 3.6U
SW8081 Endosulfan Sulfate 20U 3.6U 4.1U 4U - 3.6U
SW8081 = { Endrin 20U 3.6U 4.10 4U 3.6U
SW8081 Endrin Aldehyde 20U 3.6U 4.10 4U -3.6U
SW8081 Endrin Ketone 51U 9.1U 10U 4U 9.1U
SW3081 Heptachlor. 5.10 0.91U0 1U 20 0.91U
SW8081 Heptachlor Epoxide 5.10 0.91U 1U 2U 0.91U
Sw8081 Methoxychlor 510 9.1U0 10U 81U 9.1U0
SW8081 Toxaphene 510U 91U 100U 200U 91U
SW8310 | Acenaphthene 52U 46U 52U 810U 46U
SW8310 | Acenaphthylene 1 520 46U 52U 810U 46U
SW8310 | Anthracene 52U 46U 52U 400U 12)
SW8310 | Benzo(a)anthracene 201 9.1U 293 400U 60J
SW8310 | Benzo(a)pyrene 31 9.1U 117 81U 29
SW8310 | Benzo(b)fluoranthene 30 9.1U 20 81U 33
SW8310 Benzo(g,h,i)perylene 9.2K 9.1U 10U 81U 16
SW8310 | Benzo(k)fluoranthene 15 9.1U 4.6] 81U 13
SW8310 | Chrysene 28 9.1U 15 400U . 48
SW8310 | Dibenzo(a,h)anthracene | 10U 9.1U 10¥ 81U 14
SW8310 | Fluorene 520 46U 520 400U 46U
SW8310 Fluoranthene 60J 19U 36J ‘| 400U 1203
SW8310 Indeno(1,2,3-cd)pyrene | 10U 9.1U 10U 81U 9.1U
SW8310 Naphthalene 52U 46U 520 400U 46U
SW8310 | Phenanthrene 283 46U 15J 400U 56
SW8310 | Pyrene 65J 12) 30017 400U 1201
SW8290 | 2,3,7,8-TCDF 0.82) 0.19U 0.58] 0.614 0.19U
SW8290 | Total TCDFs 7.6 0.19U 3.9 8.7 0.19U
SW8290 | 2,3,7,8-TCDD 0.2U 0.19U . 0.19U 0.244) 0.19U
SW8290 | Total TCDDs 1.0 0.19U 0.19U 2.01 0.19U0
SW8290 1,2,3,7,8-PeCDF 2.2E 0.96U 1.8E 0.747¥ 0.93U
SW8290 | 2,3.4,7,8-PeCDF 0.99U 0.96U 0.95U 1.05J 0.93U0
SW8290 | Total PeCDFs 4.9 0.96U 4.4 12.5 0.93U

M:\Projects\NOR_004_013_04_01\R01-06.533.doc
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HydroGeoLogic, Inc.—RI Report for the Pesticide Drum Area at the FNOD—Suffolk, VA

Table D.1 (continued)
2002 Post-Removal Action Results Summary - Pesticide Drum Area

SW8290 1,2,3,7,8-PeCDD. 0.96U 0.95U 0.649B 0.93U
SW8290 | Total PeCDDs 0.99U 0.96U 0.95U 7.5 0.93U
SW8290 1,2,3,4,7,8-HxCDF 1.1 0.96U 1J 1.16] 0.93U0
SW8290 1,2,3,6,7,8-HxCDF | 0.99U 0.96U 0.95U 1.13] 0.93U
SW8290 | 2,3,4,6,7,8-HxCDF 0.99U 0.96U 0.95U 1.11 0.93U
SW38290 1,2,3,7,8,9-HxCDF 0.99U 0.96U 0.95U0 0.203B 0.93U
SW38290 | Total HXCDFs 4.6] 0.96U 5.9 1122 0.93U
SW8290 1,2,3,4,7,8-HxCDD 1.2] 0.96U 0.95U 0.939] 10.93U
SW8290 1,2,3,6,7,8-HxCDD 1.33 0.96U 1.1J 1.4) 0.93U
SW8290 1,2,3,7,8,9-HxCDD 1.5 0.96U 1 0.95U 1.39] 0.93U -
SW8290 | Total HxCDDs 21 8.8 13 12.9 17
SW8290 1,2,3,4,6,7,8-HpCDF | 3.91 0.96U 4.3] 4.93 0.93U
SW8290 1,2,3,4,7,8,9-HpCDF | 0.99U 0.96U 0.95U 0.281) -0.930
SW8290 | Total HpCDFs 6J ' 0.96U 7.21 | 8.6 0.93U
SW8290 1,2,3,4,6,7,8-HpCDD | 28 5.3 35 45.6 8.6
SW38290 | Total HpCDDs 76 22 83 104 40 -
SW8290 | OCDF 4.2) 1.90- 4.8 5.3 1.9U
SW8290 | OCDD 810 150 3500 | 51803 320

(a) Method SW8081 and SW8310 resuits in pug/kg; Method SW8290 results in ng/kg.

(b) Sample DUPOI is a field duplicate PDSBO1B.

(¢) Sample DUP02 is a QA split sample for PDSB0O4A.

The qualifiers applied to the data are in accordance with the EPA Region HI qualifiers defined in Innovative Approaches to
Data Validation (U.S. EPA Region 11, 1995) with the exception of the E qualifier. The E-qualifier is applied to PCDDs/
PCDFs results that are reported as estimated maximum potential cencentrations (EMPCs). Per EPA Region IlI guidance,
values noted as EMPCs are not included in the calculation of TEQ, nor are values qualified B as potential artifacts.

U.S. Army Corps of Engineers—Norfolk District
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APPENDIX E - ATTACHMENT 1

CALCULATION OF THE PARTICULATE EMISSION FACTOR



HGL—RI Report for the Pesticide Drum Area at the FNOD—Suffolk, VA

Appendix E - Attachment 1
Particulate Emission Factor Calculation

The particulate emissions factor (PEF) was calculated in accordance with Appendix E of the
Supplemental Guidance for the Development of Soil Screening Levels for Superfund Sites
(EPA, 2002).

The site measures approximately 30 feet by 40 feet, covering an area of 1,200 square feet.
Because the site is small, it was assumed that no temporary construction road would be placed
across the site. The fugitive dust emissions were assumed to be generated through excavation,
dozing, and grading activities, and wind erosion. The emissions from these sources are first
calculated separately then their sum is normalized over the entire contaminated area and the
duration of the construction. The following equations are used to estimate the PEF from wind
erosion and construction activities.

Muina = 0.036(1-V)(Un/Uo)’[F(x)]AsurtED(8,760 hr/year) (Eqn. 1)

Where: Muwina = unit mass emitted from wind erosion (g)
\" = fraction of vegetative cover (unitless), default = 0
Un = mean windspeed during construction (m/s), default value of 4.69 m/s
Ut = equivalent threshold value of windspeed at 7 m (m/s), default value of
11.32 m/s

F(x) = function dependent on Uw/U: derived from Cowherd, et al. (1985)
(unitless), default value of 0.194

Awt = areal extent of site with surface soil contamination (m?)

ED = exposure duration (yr)

Mexcav = 0. 35(000 1 6) [(Um/2 2)13/(M/2) ! 4] psoilAexcavdexcavNA(l ,000 g/kg) (Eqn 2)

Where: Mexcav = unit mass emitted from excavation (g)
M = gravimetric soil moisture content (%), default = 12%
psoil = in situ soil density (includes water) (Mg/m?), default = 1.68 Mg/m’
Aexcav = areal extent of excavation (m?)
dexcav = average depth of excavation (m)
Na = number of times soil is dumped (unitless), default = 2

Mz = 0.75[0.45(s)"°/(M)"*1(ZVKT/S)(1,000 g/kg) (Eqn. 3)

Where: Mz = unit mass emitted from dozing operations (g)
S soil silt content (%), default = 6.9 %
M gravimetric moisture content (%), default = 7.9 %
Y>VKT = sum of dozing kilometers traveled (km)
S = average dozing speed (kph), default = 11.4 kph

Merate = 0.6(0.0056)S’XVKT(1,000 g/kg) (Eqn. 4)

U.S. Army Corps of Engineers—Norfolk District
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HGL—RI Report for the Pesticide Drum Area at the FNOD—Suffolk, VA

Where: M;ree = unit mass emitted by grading operations (g)
S = average grading speed (kph), default = 11.4 kph
Y>VKT = sum of grading kilometers traveled (km)

The total time-average unit emission flux from the above sources is estimated by:

<Jr> = (Mwind + Mexcav + Moz + Mgrade)/(AcT) (Eqn 5)

Where: <J't> = total time-average PM10 unit emission flux for construction activities
other than traffic on unpaved roads (g/m*-s)
Ac = areal extent of soil contamination (m?)

All other variables are as previously defined.
The PEF for emissions from construction activities is calculated using:
PEF'sc = Q/Csa(1/Fp)(1/<J't>) (Eqn. 6)
Where: PEF’sc = subchronic particulate emission factor for construction activities
(m’/kg)
Q/Cs«a = inverse of the ratio of the 1-h geometric mean air concentration and
the emission flux at the center of the square emission source (g/m*s

per kg/m’)
Fo = dispersion correction factor (unitless)

The term Q/Csa is calculated as follows:

Q/Cwu = A x exp[(InAc-B)*/C] (Eqn. 7)

Where: A = constant, default = 2.4538
B = constant, default = 17.566
C = constant, default = 189.0426
Ac = areal extent of site soil contamination (acres)

The term FD is calculated as follows:
Fp = 0.1852 + 5.3537/tc + (-9.6318)/t*> (Eqn. 8)
Where: te = duration of construction (hours) (tc = T in units of hours)

In order to calculate the construction-related PEFs, it was necessary to make assumptions
concerning the type of construction work that would be reasonably expected to occur. To be
conservative, it was assumed that construction activities would last for one year. Given the
small area of the site (1,200 square feet), it is unlikely that future construction activities could
take one year; however, this assumption was made to be consistent with the standard exposure

U.S. Army Corps of Engineers—Norfolk District
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HGL—RI Report for the Pesticide Drum Area at the FNOD—Suffolk, VA

duration for the construction activities used in the chemical intake calculations. It was also
assumed that the entire site would be susceptible to wind erosion and would be graded and
dozed twice. With respect to excavation, it was assumed that the excavation would cover half
of the site to a depth of 5.5 feet, which is the vertical extent of the soil sampling. The values
used for the variables in the above equations are presented in Table E.1.

Results

The PEF for the Pesticide Drum Area was calculated to be 2.06 x 10° m*/kg.

U.S. Army Corps of Engineers—Norfolk District
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HGL—RI Report for the Pesticide Drum Area at the FNOD—Suffolk, VA

Table E.1

Values of Equation Variables

Variable Value | Rationale
Wind Erosion
\Y 0 assumed that entire site is cleared of vegetation
Unm 4.69 m/s Default value
Ui 11.32 m/s Default value
F(x) 0.194 Default value
Asurt 111.5m? Assumed that the entire site is susceptible to wind erosion
ED 1 year construction activities assumed to last for one year
Excavation
Unm 4.69 m/s Default value
M 12 % Default value
Psoil 1.68 Mg/m? Default value
Aexcay 55.7 m’ Assumed that excavation covers half of the site
dexcav 1.67m Assumed that the excavation depth is 5.5 feet, the depth of the
deepest samples
Na 2 Default value
Dozing
S 6.9 % Default value
M 7.9 % Default value
YXVKT 0.09 km assumed entire site is dozed twice
S 11.4 kph Default value
Grading
S 11.4 kph Default value
>VKT 0.09 km assumed entire site has two grading passes
Other Variables
T 7,488,000 sec Assumed construction activities to occur 40 hours per week for
52 weeks
Ac 111.5m? Assumed entire site is affected by construction

U.S. Army Corps of Engineers—Norfolk District
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HGL—RI Report for the Pesticide Drum Area at the FNOD—Suffolk, VA

Appendix E - Attachment 2
Volatilization Factor Calculation

The EPA Region III RBC Table designates those chemicals that should be evaluated as
volatiles in the human health risk assessment. For these chemicals, a volatilization factor (VF)
was calculated in accordance with the Supplemental Guidance for the Development of Soil
Screening Levels for Superfund Sites (EPA, 2002a).

The VF is calculated using the following equation:

VF = Q/C x (3.14 x Da x T)"* x 10 m*/cm?
2X1 X Da

The Da term is calculated as follows:

Da = [(Q:'”* x Dix H' + Qu'*? x Dw)/n’]
(v xKa + Qv + Qux H')

The Q/C term is calculated as follows:

Q/C = Q/Cx x (1/Fp)

Where: VF = volatilization factor
Da = apparent diffusivity
T = exposure interval (seconds)

T soil bulk density (g/cm?)

Qa = air-filled soil porosity = n-Qw

n = total porosity = 1-1v/Ts

Qw = water-filled soil porosity

I's = soil particle density (g/cm?)

Ka = Koc X foc

foc = fraction organic carbon in soil

Koc = organic carbon partition coefficient

The default value for Fp is 0.185. Q/Cs is calculated as described in Attachment E.1. The
compound-specific VF calculations are provided in Table E.2a (non-excavation scenario) and
Table E.2b (excavation scenario).

U.S. Army Corps of Engineers—Norfolk District
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Table E.2a

Calculation of Chemical Specific Volatilization Factors (Non-Excavation Scenario)

Henry’s Seil Organic Soil Water
Law Diffusivity Carbon Partition Solubility Apparent
Diffusivity Constant in Water Partition Coefficient in Water Diffusivity | Volatilization
Chemical in Air (Di) H") Dw) Coefficient (Koc) (Ka = Koc x Foc) (©) (Da) Factor (VF)
(cm?/s) (unitless) (cm?/s) (cm®/g) (g/cm®) (mg/L) (cm?/s) (m’/kg)
Volatile Organics
Acenaphthene 4.21E-02 6.36E-03 7.69E-06 7.08E+03 4.25E+01 4.24E+00 3.36E-07 2.14E+05
Acetone 1.24E-01 1.59E-03 1.14E-05 5.75E-01 3.45E-03 1.00E+06 1.02E-04 1.23E+04
Anthracene 3.24E-02 2.67E-03 7.74E-06 2.95E+04 1.77E402 4.34E-02 2.63E-08 7.65E+05
Naphthalene 5.90E-02 1.98E-02 7.50E-06 2.00E+03 1.20E+01 3.10E+01 5.15E-06 5.47E+04
Pyrene 2.72E-02 4.51E-04 7.24E-06 1.05E+05 6.30E+02 1.35E-01 1.11E-09 3.73E+06
Volatilization factor (VF) = Q/C * (3.14 * Da * T)'2 * 10 m*/cm?
(in m3/kg)
2 *rp* Da
Apparent Diffusivity (Da) = [(Qa10/3 * Di * H' + Qw10/3 * Dw)/n?
(in cm?/s) m*Ka + Qv + Qa*H')
Parameters Values
Q/C - Inverse of the mean concentration at the center 68.18
of a 0.5-acre-square source (g/m?-s per kg/m?)
T - Exposure interval (s) 9.5E+08
1 - Soil bulk density (g/cm®) 1.5
Q. - Air-filled soil porosity (Lair/Lwater) = n - Qw 0.28
n - Total soil porosity (Lpore/Lsoil) = 1 - (rv/1s) 0.43
Qw - Water-filled soil porosity (Lwater/Lsoil) 0.15
1s - Soil particle density (g/cm®) 2.65
foc - fraction organic carbon in soil (g/g) 0.006

Notes:

Chemical and physical properties from EPA 2002a or from EPA Correspondence.
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Table E.2b
Calculation of Chemical Specific Volatilization Factors (Excavation Scenario)

5 5 3 5
e Henry’s | 1y trusivity Soil Organic Soil Water | o 1 bility | Apparent o
Diffusivity Law . Carbon Partition . Bt Volatilization
o A in Water e A in Water Diffusivity
. in Air (Di) Constant Partition Coefficient Factor (VF)
Chemical 2 (Dw) . (S) (Da) 3
(cm?®/s) H") (o) Coefficient (Koc) (Ka = Koc x Foc) (mg/L) (01 (m°/kg)
(unitless) (cm’/g) (g/em) &
Volatile Organics
Acenaphthene 4.21E-02 6.36E-03 7.69E-06 7.08E+03 4.25E+01 4.24E+00 3.36E-07 3.95E4+04
Acetone 1.24E-01 1.59E-03 1.14E-05 5.75E-01 3.45E-03 1.00E+06 1.02E-04 2.27E+03
Anthracene 3.24E-02 2.67E-03 7.74E-06 2.95E+04 1.77E402 4.34E-02 2.63E-08 1.41E405
Naphthalene 5.90E-02 1.98E-02 7.50E-06 2.00E+03 1.20E+01 3.10E+01 5.15E-06 1.01E+04
Pyrene 2.72E-02 4.51E-04 7.24E-06 1.05E+05 6.30E+02 1.35E-01 1.11E-09 6.87E+05
Volatilization factor (VF) = Q/C * (3.14 * Da * T)"2 * 10™* m*/ cm?
(in m3/kg)
2 *rp* Da
Apparent Diffusivity (Da) = [(Qa10/3 * Di * H' + Qw10/3 * Dy)/n?
(in em?/s) m*Ka + Qv + Qa*H)
Parameters Values
Q/C = Q/Csa(1/Fa); Q/Csa calculated per Eqn 5-15 (EPA, 2002a), 141.6
default value for Fais 0.185 '
T - Exposure interval (s) 7.49E+06
1 - Soil bulk density (g/cm®) 1.5
Q. - Air-filled soil porosity (Lair/Lwater) = n - Qw 0.28
n - Total soil porosity (Lpore/Lsoil) = 1 - (rv/1s) 0.43
Qw - Water-filled soil porosity (Lwater/Lsoil) 0.15
1s - Soil particle density (g/cm®) 2.65
foc - fraction organic carbon in soil (g/g) 0.006

Notes:

Chemical and physical properties from EPA 2002a or from EPA Correspondence.
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