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EXECUTIVE SUMMARY 

The former Fire Training Area (FTA) is located on the Main Base of the National Aeronautics and Space 

Administration (NASA) Goddard Space Flight Center (GSFC) Wallops Flight Facility (WFF) in Accomack 

County, Virginia. Based on a Preliminary Assessment (PA) and a Site Inspection (SI) Report prlepared by 

Ebasco Services, Inc., in 1988 and 1990, and a revised St in 1992 by Metcalf & Eddy, Inc., the former 

FTA was identified as an area of concern at WFF. The SI indicated evidence of contamination in surface 

soils and groundwater. Four potential sources of contamination were identified at the site: the former fire 

training pit area, a former drum storage area, the sludge pile, and the construction debris disposal area. 

In 1986, approximately 20 truckloads of soil contaminated with a mixture of jet fuel and crankcase oil 

were removed from the tire training pit area. Drums of unknown contents were stored near the pit area 

for an undetermined amount of time. The sludge pile was used for the disposal of sludge from the WFF 

Wastewater Treatment Facility. The dates of disposal are unknown. The construction debris disposal area 

was primarily used for storage of clean fill, but over the years became the unauthorized disposal area for 

construction debris such as concrete and metal. 

As a part of this Remedial Investigation (RI), a field investigation was conducted to determine the physical 

characteristics of the site and the nature and extent of contamination. The field activities were conducted 

in December 1993 and January 1994. The field investigation consisted of a soil gas survey; soil borings; 

monitoring well installation; sample collection, analysis, and data validation; and a site survey. The soil 

gas survey was performed to determine potential contaminant migration since the 1990 SI Report, and to 

provide guidance for the selection of locations for monitoring wells and sampling locations. 

Surface and subsurface soil samples were collected in the vicinity of the FTA training pit, former tank 

location, former drum storage area, sludge pile, and the construction debris disposal area. A total of 10 

surface soil and 46 subsurface soil samples were collected. The groundwater investigation include:d the 

installation of IO monitoring wells to determine the extent of contamination in the shallow aquifer. 

Fourteen wells, including four previously installed wells were sampled. In addition, four surface water 

and sediment samples were taken from bodies of ponded water near the FTA. Each sample was analyzed 

for concentrations of volatiles, semivolatiles, pesticideslpolychlorinated biphcnyls (PC&), and metals. 
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The analysis and verification of data was performed as required under the Contract Laboratory Program 

(CLP). The data were further validated following U.S. Environmental Protection Agency (EPA) Region 

III data validation guidelines. 

A human health risk assessment was conducted to characterize current and potential threats to human 

health that may be posed by the contaminants found at the site and migrating off-site. Conservative 

assumptions were used to estimate potential carcinogenic risks and noncarcinogenic hazards. Current land 

use was judged to be industrial with usage limited by the proximity of the active runway. Future land use, 

at the request of EPA Region III, was assessed as being residential. The analytical data were screened to 

focus the risk assessment on the chemicals expected to present the greatest risk at the site. The resulting 

chemicals of concern included several volatiles, semivolatiles, pesticides, and metals. The volatile 

chemicals of concern were 1 , 1-dichloroethene, cis- 1,2-dichloroethene, methylene chloride, chloroform, 

benzene, tetrachloroethene, toluene, trimethylbenzene, and tetramethyibenzene. The semivolatiles 

included: 2-methylnaphthalene, naphthalene, phenanthrene, benzo(a)anthracene, benzo(a)pyrene, 

benzo(b)fluoranthene, dibenz(a,h)anthracene, and benzo(g,h,i) perylene. The pesticides were alpha-BHC, 

heptachlor epoxide, and gamma-chlordane. The metals of concern were arsenic and lead. An exposure 

assessment and risk characterization were then conducted. Under the current land use scenario, the two 

chemicals which pose the greatest noncarcinogenic risk are arsenic and lead. The U.S. EPA Biokinetic 

Uptake Model was used to evaluate potential health impacts from the lead concentrations found at the site. 

The model results indicated that the site concentrations detected do not result in blood lead levels in excess 

of the EPA minimum action criterion of 10 micrograms (pg) lead/deciliter (dl) blood. Exposure to arsenic 

and several other chemicals such as 1, I-dichloroethene, methylene chloride, chloroform, benzene, 

tetrachloroethene, alpha-BHC, heptachlor epoxide, and gamma-chlordane may pose a carcinogenic risk. 

An ecological risk assessment was also conducted. Observations were made of the flora and fauna present 

at the site as well as any potential exposure routes through which site-related contaminants could affect 

ecological receptors. After identifying the potential receptors and complete ecological pathways, the 

chemicals of ecological concern were determined. The semivolatile chemicals of concern included: di-n- 

butylphthalate, toxaphene, benzo(a)anthracene, chrysene, benzo(b)fluoranthene, benzo(k)fluoranthene, 

benzo(a)pyrene, indeno( 1,2,3-cd)pyrene, benzo(g,h,i)perylene, bis(2+%hylhexyl)phthalate, di-n- 

octylphthalate, dibenz(a,h)anthracene, and diethylphthalate. The pesticides of ecoIogical concern included: 

delta-BHC, endosulfan I, endosulfan sulfate, endrin aldehyde, endrin ketone, and 4,4-DDT. Finally, the 
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metals of concern included: aluminum, arsenic, barium, cadmium, calcium, copper, iron, lead, 

magnesium, manganese, mercury, potassium, sodium, and vanadium. An ecological risk was demrmined, 

using a worst case scenario for soil and sediment, by calculating maximum hazard quotients. The: total 

hazard quotient was 0.72, which is less than the risk comparison value of one. Based upon the re,sults of 

this assessment, it is unlikely that chemicals in environmental media at the former FTA present an 

ecological risk. 

The primary source for groundwater and residual soil contamination is the former pit area. The e:stimated 

area and volume of contaminated groundwater in the water table (Pleistocene) aquifer is 40,272 square feet 

and 587,971 cubic feet. The estimated area and volume of contaminated soil is 22,240 square feet and 

324,704 cubic feet. The direction of groundwater flow in the shallow aquifer is northeast toward Little 

Mosquito Creek. The contaminant plume extends approximately 400 feet northeast of the former pit area, 

while the creek is Iocated 2500 feet northeast. 

The results of the baseline risk assessment indicate that no remedial action is warranted for current land 

use conditions. For future residential land use, a scenario requested by the U.S. EPA Region III, risk to 

human health could result from use of contaminated groundwater as a potable water source. Since: the 

residual soil contamination may serve as a continuing source to groundwater contamination, remedial 

alternatives for both media should be evaluated. 

A Feasibility Study (FS) is recommended to evaluate remedial alternatives, including no action. A.dditional 

alternatives include institutional controls, such as a deed restriction, and remedial action alternatives to 

address groundwater contamination, using methods such as pump-and-treat, and soil contamination, 

encompassing in situ or ex situ treatment. 
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1.0 INTRODUCTION 

1.1 REMEDIAL INVESTIGATION OBJECTIVES 

The objectives of the Remedial Investigation (RI) are to provide the database and technical understanding 

needed to complete a Feasibility Study (FS) and, ultimately, to allow the selection of a cost-effective 

remedy which adequately protects human health and the environment. As a part of the RI process,, a risk 

assessment is performed to evaluate the potential risks to human health and the environment associated 

with contamination detected at the former Fire Training Area (ETA) at the National Aeronautics and Space 

Administration (NASA) Wallops Flight Facility (WFF), and to provide the basis for remedial action 

decision-making. 

The objectives of this RI are to: 

l Characterize the nature, magnitude, and extent of contamination in soil, sediment, surface 

water, and groundwater, and the potential impacts contaminant migration may have on the 

environment and potential receptors; and 

0 Evaluate the potential risks to public health and the environment posed by contamination at 

the site. 

Based upon the conclusions derived from performing these tasks, an evaluation of the necessity for, and 

extent of, remedial action at the site will be conducted as part of the FS. The FS will be submitted under 

separate cover and will consist of: 

0 Determination of need for source control actions; 

l Determination of need for migration control actions; 

0 Identification of source and migration control actions appropriate to the site conditions, 

particularly those actions that would offer a permanent solution or reduction in waste 

mobility, toxicity, or volume; and 
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0 Development and evaluation of appropriate migration and source control actions as well as 

the no action alternative. 

1.2 SITE BACKGROUND 

62.1 Site Description 

WFF is located in Accomack County, Virginia, on the Atlantic Coast of the Delmarva Peninsula (Figure l- 

I), approximately 160 miles southeast of Washington, D. C. The nearest private home is approximately 

1000 feet west of the Main Gate of the WFF Main Base. Farms and residences are located north across 

Little Mosquito Creek, approximately 3500 feet from the former FTA. A closed Accomack County 

landfill is located south of State Route 798, approximately 4500 feet southwest of the former FTA, and 

1000 feet west of the WFF Main Gate (Figure l-2). The nearest commercial business (a small store) is 

located 8000 feet southwest of the site, at the intersection of State Routes 175 and 679. Little Mosquito 

Creek forms the northern boundary of the WFF Main Base. Jenneys Gut, Little Simoneaston Creek, and 

Simoneaston Bay form the eastern boundary. 

Three separate land areas comprise WFF: the Main Base, Mainland, and Wallops Island. The Main Base 

of WFF includes the WFF headquarters, administrative offices, tracking facilities, a range control center, 

launch support facilities and shops, housing units, and an active research airport. The former FTA is 

located on the Main Base in the vicinity of the airfield, north of Runway lo-28 and a former taxiway. 

The FTA was designated as M-30 by NASA, which served as a location identifier. For ease of reference, 

the location of a tank used to simulate an airplane fuselage during training exercises is designated as Tank 

M-30 in this document. The site encompasses approximately one acre, and is located approximately 2200 

feet south of Little Mosquito Creek. According to WFF personnel, the FTA was in operation from 1965 

to 1987. The WFF Fire Department used the facility twice a week for training purposes. 

The FTA is cleared land with grassy vegetation. The land slopes gently to the north (at 1.5 to 2 percent) 

from the former Tank M-30 location at the edge of the old taxiway for a distance of 300 feet. The slope 

then increases at less than 1 percent for a distance of about 60 feet before rising sharply at approximately 

12 percent across an earthen berm which, in part, separates the FTA from the magazine area located to the 
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north. The berm is located at the southern edge of a treeline (Figure l-3), and is six feet high directly 

north of tie FTA. 

The forested area extends 450 feet north from the earthen berm. At the northern edge of the forested area 

is a barbed wire fence which surrounds the magazine area, and immediately north of the fence is Kneeland 

Road. Further to the north, between Kneeland Road and Little Mosquito Creek, are severa wooded areas, 

Blough Road (in the magazine area), and Building M-15. 

In general, surface runoff from the FTA occurs by overland flow, and accumulates in low-lying areas 

between the FTA and the earthen berm. The site does not contain or immediately border surface water 

bodies, other than intermittent ponded areas. 

1.2.2 History of Land Use 

The original facilities at WFF Main Base were constructed from 1941 through 1958 for use by the U.S. 

Navy as a base for flight operations, and ordnance and weapons testing. In 1959, the Navy closed the 

station, and NASA acquired the Main Base facility. 

NASA personnel originated use of the FTA site for tire fighting training in 1965. Combustible waste 

substances were discharged onto the ground or into an unlined pit located an estimated 100 feet north of 

Tank M-30. The waste substances were then ignited and extinguished as part of the training exercise. 

NASA later used an open tank (Tank M-30) to simulate an airplane fuselage. Flames were allowed1 to 

engulf the tank, and were then extinguished. A protective berm was constructed around the tank to reduce 

runoff, and a 500-galIon tank was installed to collect surface runoff during training exercises. The tank 

was removed intact in August 1990. 

The Training Pit was estimated to be two to three feet deep from photographs taken in 1986 prior to a 

cleanup effort at the site (NASA, 1986). NASA personnel did not maintain specitjc records of the 

substances burned during the tire fighting training exercises. NASA records of correspondence from the 

Virginia State Water Control Board (now part of the Department of Environmental Quality) following a 

1986 site inspection indicate that the pit contained a mixture of jet fuel and crankcase oil (Commonwealth 

of Virginia, 1986). Substances that may have been used include gasoline, jet f%el, waste oils, waste 
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solvents, and debris. Following a removal order from the Virginia Department of Waste Management, 

approximately 20 truckloads (about 120 cubic yards) of potentially contaminated soil were removed from 

the pit area in November 1986. The work crew excavated until no visual signs of oil contamination were 

apparent. The area was not surveyed, and analytical samples were not collected. 

The Sludge Pile is a mound of material disposed from the WFF wastewater treatment plant. Details 

regarding the dates of sludge disposal are unknown. The estimated areaI extent of the Sludge Pile is 4800 

square feet, The volume is estimated to be 38,400 cubic feet, based on an estimated average height of 

eight feet. 

The Construction Debris Disposal Area encompasses several soil piles, ranging from about three to eight 

feet in height, containing concrete and metal debris. Two of the piles are primarily from land clearing, 

containing tree stumps and other debris. In particular, the land clearing debris pile located east of MW- 

59s is composed of material resulting from line-of-sight land clearing for the research airport activities and 

is unrelated to the FTA. The combined area1 extent of the stockpiles is approximately 8,700 square feet. 

The volume is roughly estimated to be 37,ooO cubic feet. The disposal area was used until about 1991, 

with the soil piles originally serving as stockpiles for construction fill. 

The former Drum Storage Area is located approximately 200 feet west of the former FTA and was 

detected during previous investigations from historical aerial photographs which are no longer availabble. 

More than 50 drums of unknown contents were stored at the site. The date of drum removal is unknown, 

as are data concerning the contents and the integrity of the drums. 

1.2.3 Previous Investigations 

The former Fire Training Area was investigated previously by Ebasco Services, Inc., (October, 1990) and 

further reviewed by Metcalf & Eddy, Inc., (M&E) under Delivery Order 11, in support of NASA 

Contract NAS5-35042 in March 1993. As a result, a Work Plan and Field Operations Plan (FOP) were 

developed. The Work Plan proposed a staged remedial investigation, and the FOP specified the field 

investigation procedures and included the Health and Safety Plan (HASP). 
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The following documents provide a summary of previous investigations and the basis for development of 

the RI process. 

a Supplemental Site Characterization/Collective Action Work Plan for WFF, Wallops 

Island, VA. Prepared by Ebasco Services, Inc. November, 1989. 

0 Final Report of Site Investigation for Wallops Flight Facility. National Aeronautics 

and Space Administration, Goddard Space Flight Center, Wallops Flight Facility, Wallops 

Island, VA. Prepared by Ebasco Services, Inc. January 1990. 

0 Final Soil Gas Report. National Aeronautics and Space Administration, Goddard Space 

Flight Center, Wallops Flight Facility, Wallops Island, VA. Prepared by Ebasco 

Services, Inc. September 1990. 

0 Revision of Site Investigabon for Wallops Flight Facility, Wallops Island, Virginu. 

National Aeronautics and Space Administration, Goddard Space Flight Center, Wallops 

Flight Facility, Wallops Island, VA. Prepared by Metcalf & Eddy, Inc. August 1992. 

Results from the Soil Gas Study (NASA, September 1990) and the Site Investigation (SI) Report (NASA, 

January 1990), both conducted by Ebasco Services, Inc., were presented in the Work Plan. Overall, the 

Soil Gas Study concluded that significant soil contamination exists, and groundwater contamination may 

exist. The data indicate the presence of trichloroethene (TCE), toluene, tetrachloroethene (PCE), and 

unknown volatile hydrocarbons in the soil gases. PCE was the most widely detected compound; the 

highest detection was 3,900 parts per billion (ppb) by volume. 

Headspace anaIysis was performed on samples from the three monitoring wells in the FTA vicinity (MW- 

01, 45-55 feet deep; MW-02S, lo-30 feet deep; and MW-02D, 45-55 feet deep). The analysis indicated 

the presence of TCE and PCE contamination in well MW-O2S, at levels of 16 and 33 ppb, respectively. 

Overall, surface soil and groundwater samples showed indications of contamination. Surface soil samples 

collected as part of the SI showed high semi-volatile organic concentrations, which are probably reflective 

of high molecular weight hydrocarbons. Groundwater contaminants include the pesticide delta-BHC (0.02 
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micrograms per liter @g/t ) in well MW-O2D), 1,2dichloroethene (10 pg/l in well MW-O2S), carbon 

tetrachloride (6 pg/t in well MW-O2S), and 1, 1, 1-trichloroethane (52 pgll and 6 pg/l in wells MW-02S 

and MW-O2D, respectively). Of these, carbon tetrachloride was present in well MW-CQS at a 

concentration which slightly exceeded the EPA Maximum Con taminant Level (MCL) for drinking water. 

Based upon the data collected, the FTA had a preliminary Hazard Ranking System @IRS) score of 40.1, 

which is above the 28.5 criteria for National Priorities List (NPL) consideration. Therefore, the site may 

be a c&&date for the NPL. 

Since continued use of the FTA under current operating conditions would exacerbate existing 

environmental contamination, the SI Report (January 1990) recommended use of the FTA be discontinued 

until an engineered facility could be developed. In addition, an environmental investigation was 

recommended. Preparation of the RIM Work Plan and FOP followed that recommendation. The 

documents were completed in 1993. 

1.2.4 Preliminary Identification of Contamination 

The data collected during the SI led to the generation of the following list of suspected contaminants at the 

FTA. The suspected volatiles included: PCE, toluene, TCE, 2,4Mnitrotoluene, 1,2dichIoroethene:, 

carbon tetrachloride, trichlorotrifluoroethane, 1, 1, I-trichloroethane, and chlorobenzene. The semivolatiles 

included: di-n-octylphthalate and 4-nitrophenol. The pesticides suspected at the site included: 4,4-DDT, 

4,4-DDE, and 4,4-DDD. 

1.3 REPORT ORGANIZATION 

Section 2.0 is a description of the RI field investigation methodologies, environmental sampling, analytical 

data validation and review, and site surveying. Section 3.0 discusses the site characteristics including 

geographic setting, geology, hydrogeology, and ecological setting. Section 4.0 is a description of the 

nature and extent of contamination at the site, consisting of a discussion of contaminant sources, 

contamination distribution and trends, and the significance of the findings. Section 5.0 discusses 
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contaminant fate and transport including the physical and chemical properties of site contaminants and the 

contaminant migration trends. 

Section 6.0 is the Human Health Assessment. ‘Ihis section characterizes potential risk from exposure to 

chemicals of concern to human health for current and future land use scenarios. Included are a data 

summary, evaluation, characterization of exposure setting, identification of exposure pathways, 

quantification of potential exposure, toxicity assessment, risk characterization, lead biokinetic uptake 

model results, risk assessment results, and uncertainties and limitations. 

Section 7.0 is the Ecological Risk Assessment, in which observations were made of the flora and fauna 

present, as well as any potential exposure routes through which site-related contaminants could affect the 

ecological receptors. This risk assessment, along with the human health risk assessment, comprise the 

baseline risk assessment for the site. Section 8.0 discusses the remedial investigation summary, 

conclusions, and recommendations. 
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2.0 REMEDIAL INVESTIGATION 

2.1 FIELD INVESTIGATION OVERVIEW AND TECHNICAL APPROACEI 

M&E completed a field investigation as part of the RI of the former FTA. The field investigation activities 

were completed in December 1993 and January 1994. 

The field investigation was designed to collect the data required to determine the nature and extent of 

contamination, and provide the basis for an evaluation of remedial action alternatives as part of the FS. 

The specific objectives were: 

0 Evaluate potential migration since the 1990 SI. 

l Determine the nature and extent of contamination in the surface soil, subsurface soil, 

groundwater, surface water, and sediment which may be related to former FTA 

operations. 

0 Determine the nature and extent of any contamination potentially related to the former 

drum storage area, sludge pile, and construction debris disposal area. 

0 Gather data to support the human health and ecological risk evaluations, 

l Gather sufficient data to evaluate potential remedial action alternatives and technologies. 

Scope of Fidd InvestQafion 

The field investigation included a soil gas survey; soil borings; monitoring well installation; sample 

collection, analysis, and validation; and a site survey. The soil gas survey was conducted to evaluate 

potential contaminant migration since the 1990 SI, and to provide guidance for selection of locations for 

monitoring wells and sample collection. 

Surface and subsurface soil samples were collected in the vicinity of the FTA training pit, tank location, 

the former drum storage area, the sludge pile, and the construction debris disposal area. These data were 

used to evaluate the nature and extent of soil contamination in these areas. Table 2-l provides a summary 

of samples collected during the RI field activities. 
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TABLE 2-l 

SAMPLE SUMMARY 

LOCATION 

Upgradient 

NUMBER OF SAMPLES 

NUMBER OF Surface 
BORINGS Subsurface Soil Surface Soil Groundwater Water/Sediment 

1 3 3 

Training Pit and 
Downgradient 

7 21 10 11 

Drum Storage Area 1 3 

Construction Debris Disposal 
Area and Downgradient 

Sludge Pile 

11 

8 

Drainage Areas/ 
Intermittent Ponds 

414 

TOTAL 14 46 10 14 414 

Notes 

1. All borings were completed to the groundwater table with three samples recovered per boring. Two 
additional samples were collected from both the Sludge Pile and the Construction Debris Disposal Area. 

2. The groundwater samples from existing wells included sampling one existing background well and 
the three wells located in the FTA vicinity. Filtered and unfiltered samples were collected from each 
well for TAL analysis. 

3. QA/QC samples were collected, at a minimum, as follows: 
- One duplicate for every 20 environmental samples. 
- One field blank per medium for each day of sampling. 
- One equipment blank for each sampling process. 
- One trip blank shipped in each cooler storing samples for volatile analyses. 

The numbers of QAKX samples are not reflected in this table. 
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The initial site reconnaissance results indicated that the former FTA is a non-point source area ffor surface 

runoff. The site has no direct discharges to surface water bodies including Little Mosquito Creek and its 

tributaries. Surface water and sediment samples were collected from ponded areas downgradient of the 

former FTA training pit area to assess the nature of contamination in the runoff. Some recharge to 

groundwater of the ponded surface water and runoff may occur, but no direct connection between the two 

media exists at the site. 

Air monitoring was performed during on-site activities as part of the general health and safety program 

and prior to any intrusive work. Equipment used for air monitoring consisted of a photoionization detector 

(PID) or organic vapor analyzer (OVA). Calibration of equipment was performed according to the 

manufacturer’s instructions. 

2.2 FIELD METEIODOLOGJES 

The field investigation was conducted in accordance with the Work Plan and the FOP. Field activities 

consisted of a soil gas survey; soil borings and subsurface soil sample collection; monitoring well 

installation and development; collection of surface water, sediment, surface soil, and groundwatei 

samples; and a topographic site survey. 

2.2.1 Soil Gas Survey 

A soil gas survey was completed to update site information from the 1990 survey (NASA, September 

1990). The soil gas survey provided estimated contamination levels, probable limits of the contaminated 

groundwater plume location, and data to assist in the selection of the monitoring well and soil boring 

locations. General methodology guidance was provided in the Metcalf & Eddy Standard Operating 

Procedure for subsurface soil gas sampling and analytical procedures. 

The procedure for the soil gas survey was outlined in the Site Screening Report prepared by TARGET 

Environmental Services, Inc. Initially, a hydraulic probe was used to drive a l-inch diameter threa.ded 

steel casing into the ground to the desired sampling depth. By raising the casing, a disposable drive point 

was released and the casing bottom was opened. Then a teflon line with a perforated hollow stainless steel 
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probe end was inserted into the casing to the bottom of the hole. An inflatable packer was used to isolate 

the line perforations at the bottom of the hole from the up-hole annulus. Two soil gas samples were 

withdrawn through the probe, one to purge the system and the second one for chemical analysis. The 

second sample was collected in a self-sealing vial at two atmospheres of pressure. The vial was then 

detached from the system, packaged, labeled, and stored for laboratory analysis. After sampling, the 

holes were backfilled with bentonite and the surface was repaired with like material. The soil gas sample 

locations are presented in Figure 2-l. The samples were analyzed using an on-sit=, mobile laboratory. A 

gas chromatograph and flame ionization detector (CC/FBI) were used to analyzed the soil gas samples for 

selected volatile organic compounds (VOCs). The soil gas survey results are shown in‘Table 2-2. 

2.2.2 Soil Boring and Monitoring Well InstaUation 

Fourteen soil borings were conducted to provide sampling data for the evaluation of subsurface 

contamination downgradient of the FTA pit area, and to evaluate potential contamination resulting from 

other sources, The soil boring logs are presented in Appendix A. A total of ten groundwater monitoring 

wells were installed and one round of groundwater samples was collected from each of the wells, including 

both filtered and unfiltered samples for Target Analyte List (TAL) analysis. 

2.2.2.1 Rationale for Well Locations and Construction 

The primary purpose of the wells was to determine the extent of contamination in the Pleistocene age 

surficial aquifer. The well locations are shown in Figure 2-2 and the well completion diagrams are 

presented in Appendix A. Screened intervals were determined during well installation based on the 

hydrogeologic conditions encountered. According to the Viiginia State Water Control Board (SWCB), 

now part of the Virginia Department of Environmental Quality (DEQ), the groundwater table occurs at 

depths of 5 to 60 feet below the ground surface on the Eastern Shore of Virginia. In the FTA, the 

groundwater table occurs at depths of approximately 14 to 20 feet, based on field measurements from the 

previously installed monitoring wells. 

Wells were installed both upgradient and downgradient of the site, at the leading edge of the plume, and 

laterally to determine the extent of contamination. Ten additional wells were installed and three existing 

wells were redeveloped. The additional wells were completed in the shallow (Pleistocene) aquifer, with 
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TABLE 2-2 
SOIL GAS SURVEY RESULTS 

(Detection Limit) 
1 ETH 1 XYL 1 FID** 1 11DCE I t12DCE I IIDCA SOIL GAS BEN TOL 

SAMPLE**’ (1.0) (1.0) (1.0) (1.0) (lo) 
- cl2DCE IIlTCA 

SG-1 -4.0 65 (1.0) 

TCE PCE 

Cl.0 
(1.0) 

Cl.0 
(1.0) 

m-2 
259 

(1.0) (1.0) 
209 3.2 

<I .o 
11 

(1.0) (1.0) 

a.0 Cl.0 
12 

4 .o 439 

SG-3 

40 
6 

2.6 31 

4.0 
-4.0 a.0 

Cl.0 
-4.0 

Cl.0 
a.0 

9.2 Cl.0 2 

SG-4 Cl.0 cl.0 4.0 <I .o 3.9 42 

SG-5 4.0 -4.0 4.0 
4.0 

- 

Cl.0 cl0 
3.2 

SG-6 12 
<q.o- Cl.0 

Cl.0 
Cl.0 

4.0 4.0 
4.0 4.0 

4.0 
40 

6.5 

SG-8 1.1 4.0 Cl.0 Cl.0 
Cl.0 1.7 

a.0 Cl.0 4.0 
-4.0 

-40 
4.0 Cl.0 4.0 

JjG-9-6 3.4 Cl.0 4.0 cl.0 4.0 Cl.0 4.0 4.0 1.1 
40 

SG-9-6R 24 4.0 
a.0 4.0 

4.0 4.0 , Cl.0 
<1 .o 

4.0 
4.0 

11 
40 23 4.0 

4.0 1.6 

SG-9-12 Cl.0 Cl.0 Cl.0 
Cl.0 4.0 

4.0 11 

SG-10 

40 
30 

a.0 1.5 

Cl.0 4.0 Cl.0 a.0 14 Cl.0 2.2 

SG-11 Cl.0 
SG-12 Cl.0 
SG-13 Cl.0 
SG-14 11 
SG-15 <I .o 
SG-16 Cl.0 
SG-17 Cl.0 
SG-18 Cl.0 
SG-19 4.0 
SG-20 4.b - 
SG-21 4.0 
SG-22 4.0 
SG-22R a.0 
SG-23 4.0 
SG-25 Cl.0 

.l 

KEY: BEN=Benzene XYL=Xylenes 
TOL=Toluene FID=Total FID Volatiles 
ETH=Ethylbenzene 1 lDCE=l, 1-dichloroethene 

tl2DCE=trans-1,2-dichloroethene 
1 lDCA=l,l-dichloroethane 
cl2DCE=cis-1,2-dichloroethene 

11 lTCA=l,l,l-trichloroethane 
TCE=trichloroethene 
PCE=tetrachloroethene 

*Actual concentration may be higher than reported. 
**Calculated lrcinn tha cawm nf th,-. ----- -2 -1’ : m1 -. - ---.J .sv- --111 =I ~IIW =~=a* or arr rnregrated chromatogram peaks and the instrument response factor fortoluene. 
*“Only samples with at least one (1) detection were included. 



TABLE 2-2 cant 
SOIL GAS SURVEY RESULTS 

. . , . -. 

w.i 

<I. 

/_I,, I 

4.0 

4.0 1.2 
Cl.0 15 4.0 1 1.3 8.3 I 81 4 .o 2.2 

3.0 1 4.0 45 56 4.0 1 3.3 18 7 4.0 2.6 
1.0 I Cl.0 20 2.4 4.0 I 4.0 4.0 4.0 

KEY: BEN=Benzene XYL=Xylenes 
TOL=Toluene FID=Total FID Volatiles 
ETH=Ethylbenzene 11 DCE=l ,I-dichloroethene 

tl2DCE=tran+l,Zdichloroethene 
1 lDCA=l ,I-dichloroethane 
cl2OCE=cis-1,2-dichloroethene 

11 lTCA=l, l,l-trichloroethane 
TCGtrichloroethene 
PCE=tetrachloroethene 

‘Actual concentration may be higher than reported. , 
“Calculated using the sum of the areas of all integrated chromatogram peaks and the Instrument response factor for toluene. 
***Only samples with at least one (1) detection were included. 
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shallow, intermediate, and deep (base of shallow aquifer) screened intervals. Ail wells were constructed 

of 2-inch diameter Schedule 40 polyvinyl chloride (PVC) with IS-foot screened sections. Well MW-55, 

located approximately in the center of the Training Pit, was used as a cluster well with two completions in 

the Pleistocene age aquifer. An existing well (MW-OlD) located cross-gradient from the former PTA site 

was used for background comparisons. One other existing weil (MW-34s) and one newly constructed well 

(h4W-53s) are located upgradient of the former FTA and provide data for background evaluations. 

2.2.2.2 Soil Borings Installation and Sampling 

Soil boring locations were dictated by the locations selected for installation of monitoring wells to define 

the extent of the groundwater plume. During the installation of the monitoring wells, split-spoon samples 

were collected from the deepest boring or monitoring well at each location. The soil borings were 

completed using hollow-stem auger techniques. The split-spoon samples were collected using a 3-inch 

outside diameter (O.D.) stainless-steel split-spoon sampler. Split-spoon samples were collected every five 

feet, unless a zone of concern was encountered. The interval was then reduced to two feet. A zone of 

concern was defined by visible apparent contamination and/or elevated PID readings. At the discretion of 

the site geologist, selected split-spoon samples were sent to the laboratory and analyzed for full Target 

Compound List (TCL)ITAL compounds. At least three samples per boring were collected. 

The split-spoons were driven using a 140-pound drive hammer dropped approximately 30 inches. The 

split-spoon samples were classified using a combination of the But-mister Classification System and Unified 

Soils Classification System (WCS). 

A total of 46 subsurface soil samples were collected from 14 borings to evaluate soil contamination. One 

of the borings was upgradient of the former FTA and provided background data for screening purposes. 

Two borings were completed immediately downgradient of the sludge pile, and two samples were collected 

in the sludge pile, to evaluate any contribution to contamination found at the former FTA. Two borings 

were also completed immediately downgradient of the construction debris piles, and two samples were 

collected from the piles, to provide an evaluation of contribution to site contamination. The nine 

remaining borings were completed at the locations selected for monitoring well installations. 

All of the samples collected for chemical analysis were labeled, preserved, packaged, and shipped in 
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accordance with EPA requirements and the applicable Standard Operating Procedures (SOPS) included in 

the Work Plan and FOP. Drill cuttings were monitored for VOC contamination using the PID. Any 

cuttings with readings elevated above background were placed in Department of Transportation (DOT) 

specification 17E drums for disposal by NASA. The remaining cuttings were scattered at the site in a 

manner which would not result in erosion. All down-hole drilling and sampling equipment was 

decontaminated, in accordance with the SOPS, between borehole locations to prevent cross-contamination. 

The split-spoon sampler was decontaminated between sample collections. Boreholes not completed as 

monitoring wells were backfilled with clean drib cuttings (based on PID readings) or bentonite. 

2.2.2.3 Monitoring Well InstaJJation Procedures 

The 10 shallow aquifer wells were installed using hollow-stem auger techniques. Soil borings were drilled 

to the target depth. Decontaminated (steam-cleaned) PVC casings and 1.5foot screens were placed into the 

soil1 borings. The annulus was backfilled with sand to a level two feet above the top of the screened 

interval. A two-foot Iayer of bentonite pellets was placed above thesand pack and hydrated. Following 

hydration, the boring was grouted with a cement/bentonite mixture (4: 1) to the ground surface. Surf& 

completions were flush-mount “road boxes” or steel protective casings, as appropriate. A 1/4-&h 

diameter “weep dram” was drilled near the bottom of each protective casing. The well completion 

diagrams are included in Appendix A. 

2.2.2.4 Monitoring Well Development 

The three existing groundwater wells, MW-OlD, MW-O2S, and MW-CQD, were evaluated and 

redeveloped in accordance with the SOP for Evaluation of Existing Monitoring Wells. These wells were 

redeveloped to ensure that representative samples could be collected. The newly installed monitoring wells 

were developed using a submersible pump. The wells were pumped until the development water was 

visibly free of fine material, and the pH, conductivity, and temperature had stabilized within 10 percent for 

three consecutive readings. Development fluids were collected in DOT 17E drums, labeled, and staged at 

the site for disposal by NASA. Development equipment was decontaminated between wells in accordance 

with the SOPS to prevent cross-contamination. 

2-10 



2.2.3 Groundwater Elevation Measurements 

Groundwater depth measurements were collected at the time of well development and during the sampling 

event in January 1994. The measurements were collected from a marked measurement point at the top of 

the PVC casings using a Solinst water level indicator accurate to 0.01 foot. Readings were recorded in the 

field logbook. Following the field topographic survey, the depth data were converted to groundwater 

elevations for use in developing contour maps. 

2.2.4 Groundwater Sampling Protocol 

The objective of the groundwater sampling program was to determine the nature and extent of groundwater 

contamination in the Pleistocene age aquifer. The data provide the basis for evaluation of potential health 

hazards and the feasibility of potential remedial alternatives. 

Groundwater samples were collected from the three existing FTA wells, the previously installed 

background well (MW-34S), and the 10 wells installed during the field program. A minimum of one week 

elapsed between well development and sample collection. Headspace in each of the wells was monitored 

upon initial opening using a PJD. Readings were recorded on the well purging worksheets. The deep 

wells were monitored for the presence of dense non-aqueous phase liquids (DNAPLs) by lowering an 

interface probe to the bottom. The probe was decontaminated after each well. Although the presence of 

DNAPLs was not indicated by the probe, DNAPL samples were collected, prior to purging, from four 

wells (h4W-02D, W-SD, h4W-56D, and h4W-611). The DNAF’L samples were collected by lowering a 

dedicated, disposable, bottom-loading bailer to the bottom of the screened interval. The extracted sample 

volume was transferred to a 40-ml Volatile Organics Analysis (VOA) vial with the minimum disturbance 

possible. 

Each well was purged of three to five well volumes to remove stagnant water which may have accumulated 

in the well. Groundwater temperature, pH, and conductivity were measured for each well volume 

removed during purging. Purging continued until stabilization within 10 percent of the field parameters 

was recorded for three consecutive readings or five well volumes had been removed. Sampling occurred 

within twenty-four hours of purging, and was performed with disposable, dedicated bailers and suspension 

lines. Sampling was performed in accordance the SOP for Groundwater Sample Acquisition. 

Z-11 



Groundwater Sampling Procedure 

1. Wear appropriate health and safety equipment as outlined in the HASP. Samplers will 

change disposable gloves between wells. Place clean plastic sheeting on ground around 

each wellhead location. Preserve and label laboratory-supplied sample containers using a 

waterproof marker. Secure labels to bottles using a full wrap of water-resistant clear tape. 

2. Unlock well cap. Lift PVC cap slightly and insert PID probe tip to monitor headspace. 

Record reading. 

3. Measure the static water level in the well using a Sol& or equivalent water level meter 

reading to +/- 0.01 foot. Record reading. 

4. Use interface probe to determine presence of DNAPLs. If indicated, sample the DNAPLs 

by gently lowering a bottom-loading bailer for sample collection. Remove the bailer from 

the well slowly and place the sample in a preserved 40-ml vial. Cap tightly and tilt to 

ensure that no air bubbles are present in the sample. If air bubbles are present, recollect the 

sample. 

5. Calculate the volume of water in the well as follows: 

Volume (gallons) = 0.163 x T x r2 

Where T = well depth (feet) - static water level (feet) 

r = radius (inches) 

6. Purge three to five volumes of water from the well, using decontaminated or disposable 

dedicated equipment as follows: 

Use bailer, or submersible or centrifugal pump. Hose for the submersible or centrifugal 

pump will be made of polyethylene. Set intake line or pump at the surface level of the 

groundwater and start pump; continue to lower the intake line or the pump through the well 

to just above screen depth, ensuring that all standing water in the well is purged. 
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7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. Discard dedicated suction line used for purging wells. 

15. Replace PVC well cap and re-lock steel well cap. 

16. Dispose of dedicated bailer and sampling line, by the methods described in the SOP. 

17. 

18. 

Keep samples cool (to 4°C) on ice. 

Fill out field notebook, sample log sheet, and Chain-of-Custody forms. 

Measure and record temperature, pH, and specific conductance while purging. The well 

will be considered properly purged when tbe indicator parameters are observed to vary less 

than 10 percent over the removal of three to five well volumes. 

After purging, remove pump or suction line from well and allow static water level to 

recover approximately to the original level. 

Obtain sample from the well with a dedicated disposable bailer suspended on a dedicated, 

disposable polyethylene line. The maximum time between purging and sampling will be 

twenty-four hours. 

Remove first sample for TCL VOA, followed by additional organic and inorganic samples, 

directly from bailers. Place samples in laboratory-supplied, pre-preserved, and pre-labeled 

sample containers. Collect additional sample aliquots to be filtered for TAL analyses. 

Filter aliquot for dissolved TAL analysis directly into preserved and labeled sample 

containers using a dedicated disposible 0.45 micron filter, dedicated, disposable tubing, and 

a MasterFlex peristaltic pump. 

Cap all sample bottles tightly and store on ice in a cooler. 

Decontaminate submersible pump and cable by scrubbing with Alconox detergent solution. 

Pump approximately 20 gallons of potable water through pump. 
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2.2.5 Surface Water and Sediment Sampling Procedures 

Sutjizce Water Sampling 

Four surface water samples were collected from the ponded areas found at the site. Background sampling 

locations were not available in the vicinity of the former FTA. Background surface water data from a 

sample collected in Jenneys Gut during a previous investigation was used for screening surface water data. 

Surface Water Sampling Procedure 

1. Wear protective equipment as specified in the HASP. 

2. Label sample bottles using waterproof marker. Secure labels to bottles by applying a full 

wrap of water-resistant label tape. 

3. Lower sample container or, if necessary, decontaminated stainless steel bucket into surface 

water, avoiding stirring of soil/sediment. Remove container from surface water, 

4. Cap the container tightly, or fill the sample container from the bucket, as appropriate, and 

cap tightly. 

5. Take a temperature and pH reading of the aliquot remaining in the bucket or collect an 

additional aliquot to measure these parameters. 

6. Preserve inorganic samples to pH 2 or less by adding concentrated nitric acid. Preserve 

VOA samples to pH 2 or less using hydrochloric acid. Check pH with broad range pH 

paper to ensure samples are less than pH 2. Preserve cyanide samples to pH greater than 

12 using sodium hydroxide. 

8. Keep samples cool (to 4°C) on ice. 

9. Complete field notebook entry, sample log sheet, and Chain-of-Custody forms. 
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Sediment Sampling 

The locations of sediment samples are shown in Figure 2-l. The sediment samples were collected at 

surface water sampling locations following collection of those samples. Data collected during previous 

investigations at WFF provides facility background levels for chemical detections in sediment samples. 

Sediment sampling was performed in accordance with the general procedure outlined in the SOP for Soil 

and Rock Sample Acquisition. Sediment was gathered with a dedicated stainless steel scoop, placed in an 

appropriate sample jar, labeledqd preserved on ice (to 4°C) for shipment to the laboratory. Chain-of- 

Custody forms, sample log sheets, and field notebook entries were completed following collection and 

preservation of the samples. 

Surface Soil Sampling 

Ten surface soil samples were collected from areas in and downgradient of the former FTA. Data 

collected during previous investigations at WFF provides facility background concentrations for chemicals 

detected at the FTA. The soil samples were collected using dedicated stainless steel trowels. Surface 

debris and grasses were scraped away to expose the surface soil. The collected soil was packed into 

laboratory-supplied sample containers. The containers were tightly capped, labeled with waterproof 

marker and tape, and chilled on ice to 4°C. The samples were delivered to the laboratory in ice-filled 

coolers via overnight express service accompanied by chain-of-custody documentation. 

2.3 CHEMICAL ANALYSIS 

Surface soil, subsurface soil, groundwater, surface water, and sediment samples were collected and 

forwarded to the analytical laboratory for chemical analysis. The sample analyses were performed by a 

laboratory utilizing EPA Contract Laboratory Program (CLP) protocols and procedures. A summary of 

chemical analyses and methods is shown in Table 2-3. 
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TABLE 2-3 

I 

SUMMARY OF CHEMICAL ANALYSES AND METHODS 

SAMPLE TYPE 

LOCATION 
Swface 

Subsurface Soil Surface Soil Groundwater Water/Sediment 

Full TCL/TAL 
- OLMO 1.9, ILMO 3.0 
- Filtered TAL (ILMO 3.0) 

X X X X 

X 

’ Lower Detection Limit VOAs 
- EPA Superfund Analytical Method IO/92 

X 

TPH 
- EPA Method 418.1 

TCLP 
- Federal Register 

55 FR 11798 (3/29/90) 

Grain Size Distribution 
- ASTM Method E-422 

Heating Value 
- ASTM Method D-2382 

Porosity 
- Shelby Tube via Merlin, Grant, 

Splangler 

Bulk Density 
- ASTM Method D-4531 

X 

X 

X 

X 

X 

X 

X 

NOTES: 

OLMO 1 .Q = Organic Analysis Multi-Media, Multi-Concentration, Revision 1 .Q (CLP Method for Organic 

Compounds, All Matrices.) 

ILMO 3.0 = Inorganic Analysis Multi-Media, Multi-Concentration, Revision 3.0 (CLP Method for Inorganic 

Compounds, All Matrices.) 
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2.3.1 Soil Analysis 

Fifty-six soil samples (46 soiI boring samples and 10 surface soil samples) sent to the laboratory were 

analyzed for Total Petroleum Hydrocarbons (TPH) and full TCL and TAL analyses. The same analyses 

were performed on QA/QC samples, consisting of field blanks, field duplicates, and equipment blanks. 

The trip blanks were analyzed for TCL volatile organics only. Three composite sampIes, and one 

duplicate were collected from the drum containing the drill cuttings. These samples were analyzed using 

the EPA Toxicity Characteristic Leaching Procedure (TCLP) to provide soil disposal parameters. 

Three samples (from borings SB-Q, SB-7, and SB-10) were analyzed for grain size distribution, heating 

value, porosity, and moisture content. The results are shown in Table 2-4 and the grain size distribution 

curves are presented in Appendix A. These analyses provide data on physical soil characteristics for the 

risk assessment and feasibility study. 

TABLE 2-4 
SUMMARY OF GEOTECHNICAL SOILS TESTS 

HEATING DRY UNlT MOISTURE 

SAMPLE SAMPLE VALUE SPECIFIC WEIGHT CONTENT 

NO. DATE SOIL DESCRIPTION (BTU/lb) POROSITY GRAVITY (pc9 % 

W-4 12/3/93 Tan moist fine sand with trace 45.0 0.39 2.69 102.7 14.6 

silt 

SB-7 12/2/93 Brown silty fine sand 52.0 0.46 2.69 90.4 22.3 

SB-10 12/8/93 Brown silty moist sand with 66.0 0.49 2.69 85.0 38.0 

trace clay 
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2.3.2 Groundwater Analysis 

AI1 14 groundwater wells, including the existing background well MW-34S, the three existing PTA wells, 

and the 10 additional wells, were sampled once. Unfiltered samples and filtered samples from each well 

were analyzed for TAL parameters. Samples from the wells were analyzed for the full TCL using low- 

detection limit methods for drinking water criteria. QAiQC samples collected, consisting of a field 

duplicate, field blanks, and an equipment blank, were analyzed for the full TCL and TAL (both total and 

dissolved constituents). Trip blanks were analyzed for the full TCL using the lowdetection limit methods. 

2.3.3 Surface Water & Sediment Analysis 

Surface water and sediment samples were collected from the ponded areas on site. A total of four surface 

water and four sediment samples were collected and analyzed for Ml TCL/TAL, in accordance with EPA 

CLP protocols and procedures. Surface water samples were not filtered for TAL analysis. 

2.4 ANALYTICAL DATA VALIDATION AND REVIEW 

Data validation was completed by an independent, third-party validation subcontractor in accordance with 

EPA Region III procedures and guidelines. Based on the QA/QC data provided by the laboratory and 

from field evaluations, the data were considered acceptable, estimated, or rejected. Data were acceptable 

if the reviewer identified no significant problems with field or laboratory blank contamination, spike or 

surrogate recoveries, and replicate analyses. Data were flagged as estimated if spike recovery, surrogate 

recovery, replicate results, or blank results were outside acceptable EPA criteria. 

A value which fell below the contract required quanitation limit (CRQL) but above the instrument detection 

limit (IDL) was also considered estimated and flagged accordingly. Estimated data were flagged with a 

“J” following the analytical results. 

Data were rejected when the results of surrogates, spikes, duplicates, or blanks indicated that the 

reliablility of the reported data was questionable. No data were rejected under the data validation 

guidelines. Other flags used included “U” for values below the IDL, and “B” for compounds detected in 

the laboratory blanks. 

2-18 



2.5 !aTE SURVEY 

Upon completion of field operations, the topographic survey of the FTA site was completed by a 

subcontracted surveyor licensed in the Commonwealth of Virginia. Final sampling locations, monitoring 

well locations, well casing elevations, and site topography were established by the surveying subcontractor. 

A topographic site map complete with sample locations and elevations was prepared and is shown in 

Figure 2- 1. 
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3.0 SITE CHARACTERISTICS 

3.1 GEOGRAPHIC SETTING 

3.1.1 Demographics 

WFF is located in a rural area where year-round population densities are relatively low for neighboring 

areas. Chincoteague Island, which lies approximately five miles from the Main Base area of the facility, is 

the largest, most densely populated area near WFF. It has a resident population of approximately 3600 

people. Area populations are seasonal and can vastly fIuctuate. During the summer months, the 

population expands due to tourists and vacationers visiting the nature reserves and beaches of Assateague 

Island. Daily populations can reach up to 15,000 in the summer months. During special events like &e 

carnival and the pony roundup, sponsored by the Chincoteague Volunteer Fire Department each July, the 

daily summer population doubles. As a result, businesses in the Chincoteague area are generally targeted 

to the seasonal tourist industry, with the exception of fishing. 

3.1.2 Land Use 

The WFF Main Base contains offices, tracking facilities, range control center, rocket and fuel storage 

depot, shops, housing, and an airfield. Off-site, the nearest private home is approximately 1000 feet west 

of the Main Gate. Farms and residences are located north across Little Mosquito Creek, approximately 

3500 feet from the FTA. The Accomack County landfill (now closed) is located south of State Route 798, 

approximately 4500 feet southwest of the FTA and 1000 feet west of the Main Gate. Figure l-2 shows the 

relative locations of the landfill, the Main Gate, and the FTA. The nearest commercial business (a small 

store) is located 8000 feet southwest of the site, at the intersection of State Routes 175 and 679. Little 

Mosquito Creek forms the northern boundary and Simoneaston Bay, Little Simoneaston Creek, and 

Jenneys Gut form the eastern boundary of the Main Base. 

The FTA is no longer active for tire tighter training. The taxiway located immediately south of the site is 

now used only for vehicle traftic to access areas north of runway 10-28, which continues to be active for 

airfield research and transport activities. 
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3.1.3 Drinking Water Resources 

Groundwater is the principal source of potable water for WFF and the general vicinity. No major streams 

or other fresh surface water supplies are available as alternative sources of water for human consumption. 

A groundwater management planning program has been established by the Virginia DEQ, for the Eastern 

Shore of Virginia to ensure an optimal balance between groundwater withdrawal and recharge rates. This 

balance helps to minimize the problems of water quality due to salt water intrusion, aquifer dewatering, 

and well interference in the general area. 

Groundwater appropriation within WFF and its immediate vicinity can be categorized into agricultural, 

private, public, and industrial uses. Agricultural uses include crop irrigation and poultry. Based on 

reported 1990 water usage data in the Commonwealth of Virginia, Accomack County withdrew a total of 

more than 936 million gallons of water for crop irrigation (SWCB, 1991, Bulletin 85). In addition, based 

on an estimate of 0.09 gallons of water per day (gpd) per chicken (SWCB, 1983), an estimated 234,000 

gpd were used in 1990 for poultry production in the Eastern Shore area (HWH, 1991). 

SWCB permits are required for industrial and public water users withdrawing at least 10,000 gpd. WFF is 

presently limited to approximately 8.2 million gallons per month (1991 SWCB Permit ES 0038900). No 

record of total annual withdrawal is available for WFF. The Town of Chincoteague (TOC) is also 

supplied with water from wells. The 1991 water usage data from the TOC Department of Public Works 

indicates a total annual withdrawal of approximately 193.3 million gallons from eight wells located within 

WFF property. 

Extensive pumping of the upper and lower aquifers is associated with the Town of Chincoteague and WFF 

well fields. The Town of Chincoteague well fields are located on the eastern portion of the Main Base, 

with wells screened in both the Pleistocene and Miocene age aquifers. The WFF wells are located in 

various areas of the facility; however, most of the WFF Main Base supply wells are located in the central 

portion of the facility. NASA has recently converted all shallow supply wells to inactive status. Potable 

water is now supplied to WFF operations and facilities from five deep wells installed in the Miocene age 

aquifers. The well locations and descriptions are presented in Figures 3-l and Table 3-1. The water table 

elevations are presented in Figures 3-2 and 3-3. 
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TABLE 3-1. WELL DESCRIPTIONS - WALLOPS FLIGHT FACILITY 

DATE ELEVATION OF 
OF SCREENED TOP OF CASING 

INSTAL- DIAMETER DEPTH INTERVAL CASING (FEET ABOVE WELL 
ID OWNER LATION (INCHES) (FEET) (FEET) TYPE 1929 MSL) TYPE 

PLEISTOCENE AGE AQUIFER 
MWOl 2 
MWOZS 2 
MW02D 2 
MW03 2 
MW04 2 
MWOSS 2 
MWOSD 2 
MW06 2 
MW07 2 
MW08 2 
MW09 2 
MWIO 2 
MWil 2 
MW12 2 
MW13 2 
MW14 2 
MW15 2 
MW16 2 
MW17 2 
MW20 2 
MW21A 2 
MW22 2 
MW23 2 
MW24 2 
MW25 2 
MW26S 2 

NASA 1989 
NASA 1989 
NASA 1989 
NASA 1989 
NASA 1989 
NASA 1989 
NASA 1989 
NASA 1989 
NASA 1989 
NASA 1989 
NASA 1989 
NASA 1989 
NASA 1990 
NASA 1990 
NASA 1990 
NASA 1990 
NASA 1990 
NASA 1990 
NASA 1990 
NASA 1991 
NASA 1991 
NASA 1991 
NASA 1991 
NASA 1991 
NASA 1991 
NASA 1991 

57 45-55 PVC 
30 10-30 PVC 
57 45-55 PVC 
30 IO-30 PVC 
23 3-23 PVC 
30 10-30 PVC 
45 35-45 PVC 
35 15-35 PVC 
34 24-34 PVC 
29 19-29 PVC 

28.9 18.8-28.8 PVC 
26.5 6-26 PVC 
26 16-26 PVC 
30 18-28 PVC 
25 15-25 PVC 
62 52-62 PVC 
29 18-28 PVC 
26 16-26 PVC 
35 17-27 PVC 
62 45-60 PVC 
62 45-60 PVC 
37 22-37 PVC 
31 14-29 PVC 
20 5-20 PVC 
30 15-30 PVC 
30 15-30 PVC 

34.35 Monitoring Well 
33.01 Monitoring Well 
33.35 Monitoring Well 
34.01 Monitoring Well 
10.75 Monitoring Well 
38.87 Monitoring Well 
37.72 Monitoring Well 
36.34 Monitoring Well 
38.70 Monitoring Well 
32.97 Monitoring Well 
32.36 Monitoring Well 
34.50 Monitoring Well 
34.66 Monitoring Well 
38.01 Monitoring Well 
33.53 Monitoring Well 
34.55 Monitoring Well 
37.23 Monitoring Well 
34.57 Monitoring Well 
36.92 Monitoring Well 
17.64 Monitoring Well 
14.03 Monitoring Well 
9.02 Monitoring Well 
7.97 Monitoring Well 
11.65 Monitoring Well (Destroyed) 
34.85 Monitoring Well 
35.37 Monitoring We!! 
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TABLE 3.1. WELL DESCRIPTIONS - WALLOPS FLIGHT FACILITY (Continued) 

ID 

DATE ELEVATION OF 
OF SCREENED TOP OF CASING 

INSTAL- DIAMETER DEPTH INTERVAL CASING (FEET ABOVE WELL 
OWNER LATION (INCHES) (FEET) (FEET) TYPE 1929 MSL) TYPE 

PLEISTOCENE AGE AQUIFER (Continued) 
MW26D NASA 1991 
MW27 NASA 1991 
MW28 NASA 1991 
MW29 NASA 1991 
MW30 NASA 1991 
MW31 NASA 1992 
MW32 NASA 1992 
MW33 NASA 1992 
MW34 NASA 1992 
MW35 NASA 1992 
MW36 NASA 1992 
MW37 NASA 1992 
MW38 NASA 1992 
MW39 NASA 1992 
OW-I (D-39) NASA 1991 
OW-2 (D-39) NASA 1991 
MW40 NASA 1992 
MW41 NASA 1992 
MW42 NASA 1992 
MW43 NASA 1992 
MW44 NASA 1992 
H-l 14 NASA Unknown 
H-23 NASA 1948 
F-30 NASA 1948 
F-189 NASA Unknown 
D-36 NASA Unknown 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

Unknown 
8 
8 

Unknown 
Unknown 

61 45-60 PVC 34.98 Monitoring Well 
30 15-30 PVC 36.48 Monitoring Well 
27 12-27 PVC 33.50 Monitoring Well 
45 30-45 PVC 32.18 Monitoring Well 
30 15-30 PVC 38.16 Monitoring Well 
26 16-26 PVC Unknown Monitoring Well 
26 16-26 PVC Unknown Monitoring Well 
25 15-25 PVC Unknown Monitoring Well 
27 17-27 PVC Unknown Monitoring Well 
13 3-13 PVC Unknown Monitoring Well 
13 3-13 PVC unknown Monitoring Well 
14 4-14 PVC unknown Monitoring Well 

18.5 8.5-18.5 PVC UtlkIlQWn Monitoring Well 
19 9-19 PVC unknown Monitoring Well 
42 17-42 PVC 33.32 Observation Well 
50 20-50 PVC 34.08 Observation Well 
23 8-23 PVC Unknown Monitoring Well 

33.5 23.5-33.5 PVC Unknown Monitoring Well 
33.5 18.5-33.5 PVC Unknown Monitoring Well 
25 15-25 PVC Unknown Monitoring Well 
30 15-30 PVC Unknown Monitoring Well 

Unknown Unknown Unknown unknown Retired Drinking Water 
67 40-45,48-53 Unknown 37.0 Retired Drinking Water 
69 49-59 Unknown 37.0 Retired Drinking Water 

Unknown Unknown Unknown unknown Retired Drinking Water 
Unknown Unknown Unknown Unknown Retired Drinking Water 
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TABLE 3.1. WELL DESCRIPTIONS - WALLOPS FLIGHT FACILITY (Continued) 

DATE ELEVATION OF 
OF SCREENED TOP OF CASING 

INSTAL- DIAMETER DEPTH INTERVAL CASING (FEET ABOVE WELL 
ID OWNER LATION (INCHES) (FEET) (FEET) TYPE 1929 MSL) TYPE 

PLEISTOCENE AGE AQUlFER (Continued) 
D-37 NASA Unknown 
D-38 NASA Unknown 
A-40 NASA 1947 
B-49 NASA Unknown 
A-131 NASA 1963 
D-39 NASA 1947 
D-40 NASA 1947 
F-31 NASA 1948 
TOC 3-l TOC 1975 
TOC 3-2 TOC 1975 
TOC 3-3 TOC 1975 
TOC 3-4 TOC 1975 
TOC 3-5 TOC 1975 
TOC 3-6 TOC 1975 
TOC 3-7 TOC 1975 
TOC 3-8 TOC 1975 
TOC 3-9 TOC 1975 
TOG-3A TOC 1989 
TOC3B TOC 1989 
TOC-3C TOC 1989 

MIOCENE AGE AQUIFER 
NOAA NASA 1966 
F-113 NASA 1953 
D-46 NASA 1948 
J-20 NASA 1991 
F-35 NASA 1948 

Unknown Unknown 
Unknown Unknown 

8 60 
Unknown 60 
Unknown Unknown 

8 45 
8 50 
8 59 
4 50 
4 50 
4 50 
4 50 
4 50 
4 50 
4 50 
4 50 
4 50 
6 55 
6 60 
6 60 

260 151-? Unknown 35.0 
241 220-230 Unknown 32.0 
131 110-120 Unknown 33.0 
255 245-255 PVC un!!own 
120 1 IO-120 Unknown 37.0 

Unknown Unknown Unknown 
Unknown Unknown Unknown 

50-60 unknown 35.0 
Unknown Unknown 30.0 
Unknown Unknown Unknown 

28-33,35-40 Steel 37.0 
28-33,40-45 Unknown 30.0 

49-59 Unknown 33.0 
40-50 Steel w/SS Screen Unknown 
40-50 Steel w/SS Screen Unknown 
40-50 Steel w/SS Screen Unknown 
40-50 Steel w&S Screen Unknown 
40-50 Steel w/SS Screen Unknown 
40-50 Steel w/SS Screen Unknown 
40-50 Steel w/SS Screen Unknown 
40-50 Steel w&S Screen Unknown 
40-50 Steel w/SS Screen Unknown 
40-55 Steel w/SS Screen Unknown 
45-60 Steel w&S Screen Unknown 
45-60 Steel w&S Screen Unknown 

Retired Drinking Water 
Retired Drinking Water 
Retired Drinking Water 
Retired Drinking Water 
Retired Drinking Water 
Retired Drinking Water 
Retired Drinking Water 
Retired Drinking Water 
Retired Drinking Water 
Retired Drinking Water 
Retired Drinking Water 
Retired Drinking Water 
Retired Drinking Water 
Retired Drinking Water 
Retired Drinking Water 
Retired Drinking Water 
Retired Drinking Water 
Active Drinking Water 
Active Drinking Water 
Active Drinking Water 

Active Drinking Water 
Retired Drinking Water 
Retired Drinking Water 
.Active Drinhg Wa:er 
Retired Drinking Water 
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TABLE 3.1. WELL DESCRIPTIONS - WALLOPS FLIGHT FACILITY (Continued) 

ID 

DATE ELEVATION OF 
OF SCREENED TOP OF CASING 

INSTAL- DIAMETER DEPTH INTERVAL CASING (FEET ABOVE WELL 
OWNER LATION (INCHES) (FEET) (FEET) TYPE 1929 MSL) TYPE 

MIOCENE AGE AQUIFER (Continued) 
F-l 12 NASA 1983 
H-l 15 NASA 1990 
TOC-4 TOC 1965 
TOC-5 TOC 1972 
TOC-6 TOC 1977 

TOC-7A TOC 1983 
TOC-7B TOC 1983 
TOC-7C TOC 1983 
WELL 1 NASA 1992 
WELL 2 NASA 1993 
WELL 3 NASA 1992 
WELL 4 NASA 1992 

220 
260 
262 
256 
260 

107 
106 
100 
260 
150 
253 
265 

2 lo-220 Stainless Steel 
190-250 Stainless Steel 
216-245 Unknown 
223-256 Unknown 

154-159,180-185, Unknown 
192-197,210-225 

97-107 Unknown 
96-106 Unknown 
90-100 Unknown 
190-225 Stainless Steel 
loo-145 Stainless Steel 
198-248 Stainless Steel 
220-260 Stainless Steel 

34.0 Retired Drinking Water 
33.0 Active Drinking Water 
24.0 Active Drinking Water 
20.0 Active Drinking Water 
12.0 Active Drinking Water 

25.00 Active Drinking Water 
28.00 Active Drinking Water 
25.00 Inactive Drinking Water 
36.67 Active Drinking Water 
35.10 Active Drinking Water 
35.80 Active Drinking Water 
36.50 Active Drinking Water 

Abbreviations: 

D - Deep 
MSL - Mean Sea Level 
MW - Monitoring Well 
NOAA - National Oceanic and Atmospheric Administration 
ow - Observation Well 
PVC - Polyvinyl Chloride 
s - Shallow 
ss - Stainless Steel 
TOC - Town of Chincoteague 
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3.1.4 Climate 

The climate at WFF is humid with hot summers and no distinct dry season. From October through March, 

the weather at the facility is dominated by continental air masses with relatively low moisture content. 

From April through September, the air is more maritime with high moisture content at low levels due to 

circulation around the Bermuda high which reaches its peak intensity during late summer. 

The average annual precipitation is 36.8 inches. The average mean temperature is 56 degrees Fahrenheit 

(OF), with a mean maximum of 64°F and mean minimum of 48°F. The prevailing wind direction is 

southerly during the summer and northwesterly during the winter. The average wind speed is 10 knots. 

The cloud cover varies from month to month, being at a minimum in August and at a maximum in 

January. From June through November, the WFF and surrounding areas are subject to severe 

thunderstorms, high tides, heavy rains, and phenomena generally associated with hurricane season. From 

December through March, the area is subject to cold fronts, snow storms, and sleet. 

3.2 GEOLOGY 

3.2.1 Regional Geology 

WFF is part of the Atlantic Coastal Plain physiographic province, a seaward sloping stratified body of 

sediments bounded on the west by the Fall Line and on the east by the Atlantic Ocean. The facility is 

underlain by approximately 7,000 feet of unconsolidated sediments dating back to the Cretaceous era. 

Below this group of sediments are crystalline basement rocks of igneous and metamorphic origins. 

The water-bearing formations within the WFF area consist of sedimentary units ranging in age from 

Cretaceous to Quaternary. The two uppermost stratigraphic units, the Yorktown Formation and the 

overlying Columbia Group, are the most important water supply formations for agricultural, domestic, 

public, and industrial uses. 

The Yorktown Formation is the uppermost unit in the Chesapeake Group. The formation consists of tine 

to coarse, greenish gray, glauconitic quartz sand, which is clayey, silty, and in part, shelly. The formation 
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generally occurs at depths of 60 to 140 feet in Accomack County. 

The Columbia Group sediments represent the Holocene and Pleistocene epochs. Lithologies of the 

Columbia Group consist of sand, sandy clay, and minor amounts of gravel deposited during the sea level 

fluctuations in the Pleistocene epoch. 

3.2.2 Site Geology 

WFF ranges in elevations from mean sea level (MSL) to 42 feet above MSL, yet is mostly flat with slope 

ranges of 1 to 2 percent. The Columbia group, as encountered in borings completed at the FTA, is 

comprised of light brown to tan silty sand to sand with trace clay. The upper aquitard of the Yorktown 

Formation was encountered at depths of 32 feet to greater than 50 feet, and consisted of gray silty clay. 

3.3 HYDROGEOLOGY 

3.3.1 Surface Water Receptors and Drainage Patterns 

The generally level topography of WFF is typical of the Atlantic Coastal Plain physiographic province in 

Virginia. WFF is surrounded by a shallow estuarine environment which is composed of several marsh 

areas and creeks. Surface water generally tlows toward the nearest marsh or creek. Drainage is poorly 

defined on Wallops Main Base. 

General drainage patterns in the FTA vicinity ultimately flow north toward Little Mosquito Creek and 

adjacent marshlands through percolation into the Pleistocene age aquifer and recharge into the surface 

water. The topography in the vicinity of the FTA is generally flat, with slopes ranging from 1 to 2 

percent. Surface water in the immediate vicinity of the FTA is limited to intermittent ponds formed by 

surface runoff to low-lying areas north and northeast of the former training pit area. No direct connection 

between site surface runoff and more permanent tributaries or creeks were observed at the site. 

3.3.2 Regional Hydrogeology 

The Virginia DEQ identitied four major aquifers on the Eastern Shore of Virginia: the Pleistocene age 
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aquifer (Columbia Group) and the three separate units of Miocene age aquifers in the Yorktown 

Formation. The water table aquifer, or Pleistocene age aquifer, is unconfined and typically overlain by 

wind-deposited beach sands, silts, and gravel. This aquifer occurs between depths of 5 and 60 feet lbelow 

the ground surface. The water table ranges from depths of 0 to 30 feet below the ground surface. 

The top of the shallowest confined Miocene age aquifer of the Yorktown Formation is found at depths of 

approximately 100 feet below the ground surface at WPF. It is separated from the overlying Pleistocene 

age aquifer by a 20- to 30-foot confining layer (aquitard) of clay and silt. The Miocene age aquifers; are 

classified as the upper, the middle, and the lower Miocene age aquifers. Correspondingly, each Miocene 

age aquifer is overlain by the upper, middle, and lower Miocene age confining units. 

In general, the water table (Pleistocene) aquifer on the Delmarva Peninsula is recharged by surface waters 

or infiltration of precipitation. The confined aquifers are recharged by the same process, but from more 

distal areas located beyond the immediate vicinity of WFF. The annual average rainfall for WFF is 36.8 

inches, with an estimated annual net precipitation of 14 inches. Recent aquifer tests estimated hydraulic 

conductivity values ranging from approximately 80 to 200 feet per day, and specific yield values from 0.01 

to 0.13 for the unconfined aquifer. These values are typical of unconfined aquifers with mainly sand units, 

and demonstrate the ease of recharge from surface water and/or precipitation. The tests also indicated no 

significant vertical leakage through the aquitard below the unconfined aquifer. The confined aquifers are 

believed to be recharged laterally from an area with greater vertical leakages. Aquifer tests performed on 

the upper and middle Miocene age aquifers indicated a transmissivity range of 8500 to 14,500 gallons per 

day per foot (gpd/ft), a storativity of +0.003, and a vertical leakage rate of 0.0352 feet per day fo,r the 

upper Miocene aquifer. The middle Miocene age aquifer indicated a transmissivity of 4000 gpd/ft and a 

storativity range of 0.002 to 0.0002. 

3.3.3 Site Hydrogeology 

On the Main Base, groundwater tlow in the Pleistocene age aquifer is generally east and north toward 

nearby creeks and to the marsh area which separates Chincoteague Island from the mainland. However, 

the shallow groundwater flow appears to be locally intluenced on WFF by cones of depression and a 

groundwater divide along Runway 04-22. The cones of depression result from water supply wells installed 

in the Pleistocene age aquifer by the Town of Chincoteague. The groundwater divide separates 

groundwater flow on either side of Runway 04-22. 
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Figures 3-1 and 3-2 are groundwater contour maps developed from data cohected from monitoring wells 

completed in the Pleistocene age aquifer at the FTA. Groundwater flow in this portion of the Pleistocene 

age aquifer is generally northeast toward an unnamed tributary to Little Mosquito Creek. The unnamed 

tributary flows north and is located approximately 500 feet east of the FTA. 

Geologic cross-sections across the former FTA site are presented in Figures 3-6 and 3-7. Cross-section 

locations are indicated in Figure 3-8. The water table depth ranged from 14 to 16 feet below the ground 

surface during the January 1994 sampling event. Groundwater flow in the water table (Pleistocene) 

aquifer is toward the north-northeast, and generally follows the topographical trends of the site. 

3.4 ECOLOGICAL SETTING 

3.4.1 Wildlife 

3.4.1.1 Birds 

There are approximately 250 species of birds that may reside or migrate through the WFF vicinity. 

During the August 1994 site survey, significant bird activity was noted in the woodland area bordering the 

former FTA. Also, several perching bird species were observed in other areas of the FTA. Potential bird 

species at WFF are discussed in the Ecological Risk Assessment (Section 7.0). 

3.4.1.2 Mammals 

The setting at WFF provides several habitat types that may include approximately 61 mammal species. 

Few wildlife signs or tracks of these species were observed. Signs observed during the August 1994 site 

reconnaissance indicate the potential existence of white-tailed deer (Odocoihs virginianus) and raccoon 

(Procyon lofor) at or near the former FTA. Although, they were not observed during the ecological site 

survey, rabbits and bats may also be present. Additional information concerning the animal species 

present at the FTA can be found in Section 7.0. 
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3.4.1.3 Reptiles and Amphibians 

According to the WFF Environmental Resources Document, some species of reptiles such as the black rat 

snake (Ekzpha obsolera), hognose snake (Hererodon plaryrhinos), box turtle (Terrapene caolirta), and 

northern fence lizard (Scelopom wtdulancr) can be found in low lying shrubs at the WFF. Based upon the 

observed habitats, these snakes and terrestrial turtles may be present at the former FTA. 

3.4.2 Threatened and Endangered Species 

The Commonwealth of Virginia Department of Game and Inland Fisheries (VDGIF) provided information 

for the WFF Environmental Resources Document (NASA, 1994) on the Threatened and Endangered 

(T&E) species of plants and animals potentially present at WFF. None of these species were observed at 

the former FTA, nor were they expected, since the majority of these species live in or near the ocean, and 

the FTA is inland (on the main land portion of WFF). No suspect growing or nesting areas were observed 

at, or in the vicinity of, the FTA. 

3.4.3 Habitat Types 

The four primary terrestrial habitat types on WFF are dune systems, island forest, upland grasslands, and 

upland forest. The former FTA is dominated by upland tield habitat, with a nearby upland forest. The 

field habitat at this site is mowed, limiting its potential as a habitat for wildlife. Also, the former FTA is 

bounded by an active runway. 

The important habitats at, or near, the FTA are the pine woodland north of the site (not actually part of the 

ETA), and the scrub-shrub habitats forming on the dirt and brush piles scattered over the site. The 

ecological setting is described in greater detail in Sections 7.3 and 7.4. 

The aquatic environment at WFF is varied, comprising freshwater, brackish, and saltwater; tidal and non- 

tidal; lotic and lentic; and intermittent and perennial systems. However, the only aquatic systems noted in 

the immediate vicinity of the former ETA during the August 1994 site reconnaissance were a small, lo- by 

15foot, shallow (depth less than 2 inches) intermittent pool, and a tributary to Little Mosquito Creek, 

located over 500 feet to the east of the site. Due to the topography of the FTA and the surrounding area, 
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surface runoff from the PTA is not expected to enter this tributary. Several small intermittent pool:s were 

present at the site during the January 1994 sampling event. 

3.4.4 Wetlands 

Wetlands on WFF can be classified as tidal and non-tidal wetlands. Wetland delineations at WFF a:re 

coordinated with the Accomack County Wetlands Board (ACPC, 1983), the Commonwealth of Virginia, 

and the U.S. Army Corp of Engineers. There are three predominant wetland systems in the WFF area: 

marine wetlands, estuarine wetlands, and palustrine wetlands (ERD, 1992). However, no wetlands were 

reported or noted for the former FTA area. 
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4.0 NATURE AND EXTENT OF CONTAMINATION 

4.1 POTENTrA,Lf CONTAMINANT SOURCES 

Potential sources contributing to contamination of groundwater and other environmental media were 

identified from the previous investigation. The four sources of possible contamination at the site are: the 

former fire training pit area, the sludge pile, the construction debris disposal area, and the former drum 

storage area. These four source areas were targeted for investigation during the RI field activities. 

4.1.1 Former Fire Training Area 

Approximately 20 truckloads of soil, suspected to contain a mixture of jet fuel and crankcase oil, as well as 

other waste products, were removed from the former fire training pit area in 1986. Although tire training 

exercises are no longer conducted at the site and much of the contaminated soil may have been remloved, 

contaminated media including soil may still be present at the site. Therefore, based on the previous fire 

training activities, the fire training pit area is considered the most likely source of contamination of 

environmental media at this site. 

4.1.2 Sludge Pile 

The sludge pile is located west of the former fire training pit area, and resulted from the disposal of sludge 

from the WFP wastewater treatment plant. The pile is approximately eight to ten feet tall. Subsurface soil 

samples were collected downgradient of the pile and samples were removed from the pile itself to 

characterize potential contribution to site contamination. 

4.1.3 Construction Debris Disposal Area 

The construction debris disposal area is located to the east of the former fire training pit area . This area 

was previously referred to as a construction debris landfill. Originally the pile was intended for clean filI 

storage, but was used also for construction debris disposal. Subsurface and surface soil samples were 

collected in and around the area. Two other piles in the area of the construction debris piles were 

identified, but they appeared to contain only land clearing debris generated during the summer of 1993. 

The piles range from 3 to 8 feet tall. 
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4.1.4 Former Nun Storage Area 

Drums were reportedly stored on wooden pallets in the area east of the sludge pile. The contents of the 

drums are unknown, but may have been materials used in the training exercises. The date of removaI of 

the drums and the integrity of the drums are unknown. 

4.2 CONTAMINANT DISTRIBUT.ION AND TRENDS 

4.2.1 Data Presentation 

Each sample was analyzed for volatiles, semivolatiles, pesticides/PCBs, and metals. The data were then 

verified and validated. The resulting data are presented in Tables 4-l through 4-5. The tables include only 

TAL and TCL chemicals for which detections were reported. 

Surface soil analytical results are presented in Table 4-l. Samples SS-01 through SS-04, and SS-07 

through SS-10 were collected in the area of the former fire training pit and downgradient. Samples SS-05 

and SS-06 were collected in the former drum storage area. Sample SS-03 contained several Polycyclic 

Aromatic Hydrocarbons (PAHs), but there were few detections in the other samples. Total petroleum 

hydrocarbon levels range from 39.7 to 5890 micrograms per kilogram &g/kg) in the surface soil samples. 

Forty-six subsurface soil samples were taken during the 1993 boring program. Samples SBl-1 through 

SB2-4 were taken in the area of the sludge pile. Samples SB13-1 through SB14-4 were taken in and 

around the construction debris disposal area. The remaining subsurface soil samples were collected 

upgradient and downgradient of the former fire training pit. The data are presented in Table 4-2. 

The groundwater analytical data are presented in Table 4-3. The two wells with the most elevated 

contamination were MW-02S and h4W-5%. These samples were collected in the suspected area of the 

former fire training pit. 

Surface water analytical results are presented in Table 4-4. Very few volatiles, pesticides, or semivolatiles 

were detected, but several metals were reported in the surface water samples. Sediment analytical results 

are presented in Table 4-5. Trace amounts of voiatiles, pesticides/PCBs, semivolatiles, and metals were 

detected in the four sediment samples. Results from analytical testing conducted in 1990 as a part of the SI 

are presented in Table 4-6 (Groundwater) and Table 4-7 (Surface Soil). Only those compounds with at 

least one detection are presented in the data summary table for each medium sampled. 

4-2 



TABLE 4-l 
1994 SURFACE SOIL ANALYTICAL RESULTS 

I 

1 VOLATILE ORGANICS (Wnta) 
~~g&3g@g~~~~~~~ m 

Methyiene Chloride 78 18.8 6.-B -!I8 33.8 24-a -31 8 158 158 ,188 $3 8 

Acetone u40 98 U<lO u-40 110 8 29 8 70 8 16 8 20 8 I2 B 98 

PESTICIDES AND PC8s (WA@ 
Heptachlor U-cl.7 wTl.7 wt.7 WI .7 Usl,? WI.7 0.18 8 6.108 0.13 8 ..-U~j.7 WI.7 
Heptachlor apoxide U<I .7 uc1.7 w1.7 u-d.7 lJ<I .7 WI.7 w1.7 u-4.7 u-cl .7 w1.7 0.24 J 
EndoeuKan I --U-=1.7 U<I..7 ,Uci:E ... iI;: f 3.5 i&I-,7 WI ;z 
Dieldrin 

UC1 $7; :&1,7.-:- ..g;I9 J u4 .? 

u-4.7 WI.7 0.20 J uc1.7 u4.7 WI .7 uc1.7 WI .7 WI.7 u4.7 uc1.7 
-4,4.-DDE. -36 ,:.I f %l..& iliZ..& :::‘5,8 3.3.J ..:,; 4.6 .; :‘:4.4 ‘. :;. ..,. 2g ::. 3 J l.fJ 
4,4’-DDD 1.1 U0.3 W3.3 0.56 J uc3.3 uc3.3 UQ.3 0.29 J 0.56 J 0.4,2 J uc3.3 
Eildosulfan.sulfate :.:l.l&;~ .:~;.a22 j :.:‘.:lx35.3 .: .:y.-&,3: :&3&J :pQ.3- -;j&s ..,. ~~ljri;a.~ .~;:.o;+&,:.; a,$$ J 0.31: J. 

4,4’-DOT 

MethoxyChlor 3i93Ji 4*2 

3.1 J 3.3 J uo.3 1.9 J 2.5 J 2.1 J 18 10 2.9 J 
U<?7 : UC17 U47 035 8 .U<17 tX36.8 -0298: .6:26..6 -:0;608 u47: 

Endrin ketone 1 J uc3.3 uc3.3 ui3.3 w3.3 uc3.3 uc3.3 UQ.3 
2zndtlnakfehycle 

UQ.3 0.39 J ue3.3 
,rJ;47:t:.-.u4.3; :lJ& . . . . . -.0<3:3i- .. 4.4 :u%i:3 uy.3 U-3. elm t w3.3 u<3;3: 

alpha-Chlordane u4.7 lJd1.7 WI .7 w1.7 .1.8 J w1.7 w1.7 uc1.7 uc1.7 0.17 J us1.7 
gamma-Chbrdane WI .7 WI:7 Ut1.7 Ud.7 3 3 w1.7 UC? .7 U<I-.7 Lki.7~ 0,20 8 u-a.7 

SEMIVOLATILES (u&q) 

4-Niiphenot 41 .J ~:w<8Kl uc8f&: .uw W.800 tk800. lb800 lk800 ucl@O. ‘.Uc8Do L&300 
Phenanthrene uao uc330~ 71 J W330 U<339 Uc335 Uc330 Uc330 ~330 ~330 46J 

Pluoranthene : u4so: :ti23Qa:. -.21t.&J ,‘fhxm .u.a?o Uc33p ~.Uc330. .:O~jo ~Uc330 .. 86; 3 78.J 

Pyrene us330 ue30 190 J W330 Us330 Uc330 Uc330 Uc330 U<330 94 J 78 J 

Eqz(ajiwfhycew3 .--~:.~~.~.~O;“‘~:v93Q~:~:~:‘~w-~ .,;‘ua3g,: :u.c330 .-lkp.~ ‘Uc330- i.~~gol.~.:.u~0~~~:~~--61’:~ 47:d 
Chrysene ua3o uaso 130 J lie330 U-r330 W330 U&30 Uc33u Uc330 64 J .56J 

+@&yl~p~lafe i::j.:...::.: :.(. .,. ., .,...... .,,,,, ,. ,,_,. ,,,. . . :.. ~~.$;,# ij F:‘;: :‘~::‘~:;~~::~:&~~ ~&::..~:,uQ30,. ,::m a-’ .: .“&f,:.B . . . . . ., . . ., / . .:i i+f;lo’:fr ,, :: ij39..&i.:47~ B . . . . . -79 8. 
Benzo@)fluoranthene 

., . . 
u-am ue30 260 J W330 U<330 Uc330 U<330 t&330 lid30 93 J 94J 

8enzo&)tluoranthene . . : .‘... : &Jq@, .: ;$j$gj@:;::, :‘:p&j: ;;ip: : ‘;uLqi:,:. :: UQ30’. . . . . . . ,. ._. . . : 
Benzo(a)pyrene 

.::@+a. ‘.; .y+yJ$ :; t;i;;ejso 1; ‘+&pL:+ :y$i$:* 

ua30 u-330 130 J U-c330 Uc330 U-r330 W33C U&j6 U&j 

:,,:’ .: : .a:;t’: 

39 J W330 

-li#len6@;&3-&)pyrene :. ‘,(Je@ .: ;;:&3m:;. : .f’.j sg: +.$Jgq “:: &+o ::Jj*~py ( ~+qQ’: J:‘(jgg :. ., $J*i; ; .jj.gQ :. ‘.U<33Q 

Benzo(g.h,i)petylene UC330 UC330 91 J lJe330 U<330 Uc330 U<330 LX330 U-c330 Uc330 UC330 
Di-n-butylphthatate u-30. ..w;cdo~ uqo .:: 440:. :us10. qqo. .:wfo .. ::w~~o:.'.-:'ucIo..:.j 'u.qi~ wcia. 
Bis(2-ethylhexyi)phthalate u-a0 u40 UC10 WI0 &IO UC10 UC10 UC10 WI0 iJa0 UC10 

INORGANICS fma/k@ 
Aluminum 
Arsenic 

BariuM 
Cadmium 

calcium: 
Chromium 
coban 

Copper 
won:.: : 

Lead 
MaSpie$ium 
Manganese 
Nickel : 
Potassium 
Sodium’~ 
Vanadium 

Zinc : 

33.8 K 7 J 18.6 7.4 J 15.6 7.i 8.4 

,i.B72#4 ... ,&($ ‘:::: :I;. mo:,.. .. 6770 
12.4 i.9 J 9.9 19.6 K 

‘.‘.‘:,3,5, .:‘I:33j;‘.i . . . . . ‘7$4y?&i, : ‘az2~,:.~‘.:$~~,. .:,:‘&5 .,1’,,65., :.. “‘.g6$“‘.;. jsde Z8$ 

27.5 30.8 +30 36.6 41.2 53.4 68.7 119 30.4 70.5 i39 
fiW.s- Ui7.6 UcS.2 WS.3 ,tJ<8,3 LJq8.0 U-c&l .. u-3.9-,. .u<7.5 8 W8.3 

UC394 UC401 U-Xi3 W437 U<464 U<422 U<426 Uc417 U<390 541 lJ<437 

Ud9.? ,:.U~60:8. Us657 Uc66.2 W70.4 U<64.0 f.J<64:8 U&3.3 ~VsS9.2 U,<5C,S U<66.2 
8.6 8.9 14.3 7.4 8.4 11 11.5 14.4 7.4 19.6 15.9 

j Il.6 & .‘. :12;2 8 ‘X&4. 11.1 8 $3.4 .I738 14.6 8 20.6 -$I.2 8. .27.8 B 24.9 

SEX31 = Fire Ttaming Area Surface Soil Sample No. 1 
Uc8 = Undetected above numerical detection limit (e.g.. 8) 
J = Analyte present. Reported wlue may not be accurate or precise. 
B = Not detected substantially above the level reported in lab or field blank% 
L = Analyte present. Reported value may be biased low. Actual value is expected to be higher. 

K = Analyte present. Reported value may be biased high. Actual value is expected to be lower. 
&kg = mamgram/iologram 
mglkg = mtll~gram/kilogram 



VOLATILE ORGANICS lua/k@ 
Acetone 
cis-1,2-Dichloroethene 
Meth$qe Chloride 
2-Buenone 
I, ,I ,j-Tfichloroethane 
Toluye 
E*ylbemene 
Total Xylenes 

I ABLt 4-Z 

1993 SUBSURFACE SOIL ANALYTICAL RESULTS 
@up or 
SBlSl) 

sJ&j. sB1-2 w sB1-4 SBZ-I w ~ sB2-4 w sB3-2 s839 sB4-1 g&Q sBa3 

118 ” 28s 24 p 41 B i2B 198 72 B 33 B 178 ,nae 78 0 30 B 21 0 18B 
WI0 UC10 UC10 WI0 UC10 UC10 us10 UC10 UC10 WI0 UC10 UC10 WI0 UC10 

1 .A 0: . ...’ ‘1.3 gj I;:. :’ ,e 0 u;lo A..lo 
U<id 

330 .,: :. 4.8; *B’ 12ti II 8:. : 116 SEi 
WI0 UilO 

:7’6 : ;‘:.:..:,+lg l.OB :’ ..te 
WI0 WI0 WI0 28 WI0 UC10 WI0 WI0 it<10 

UC10 ,y’., ..ij&.:f . . . . :. &IQ IkltJ ,,.’ ‘. i&j0 ,,.’ 2:; +NJ Ij<,o ..,Ui&j’“, .,.., ‘j@) UMl ~Lkl6 yo- .‘, Ul;?O 
WI0 &IO U<lO UelO UC10 WI0 UC10 UC10 WI0 WI0 ‘UC10 l&IO u40 

.’ ,; ,ij+l@‘:.:(.i, ..&j<@;,,y. ~..+JS,@ ‘. 
U&J 

lJ$j,Q,, :::: :&I:@;: : .. U~lcj ‘. Ucf,Q iJ<jq .: .: tic@ .-:.~.~.&j ” u+) ” ~<jq.;:-. .-&IO ,., (jc+o 

UC10 UC10 U<lO U<lO UC10 WI0 WI0 WI0 ‘&IO WI0 WI0 WI0 UC10 

PESTICIDES AND PCBs ha/kg) PESTICIDES AND PCBs ha/kg) 
glpha$l-iC glpha$l-iC 

;, ,. ;, ,. 
‘, .&l.7.. .‘: :‘:’ g+j:.y? ~‘.l.l.l’~;.~ ljq ,a “‘,U@’ ‘, .&J+1.7.. .‘: :‘:’ g+j:.y? g’.l.j.j’~;.y ljq ,a “‘,U@’ . . Uli1.f ,tlCl.? ‘. ‘~~.~u*$r; ” qc1.3 Uli1.f ,tlCl.? ‘. ‘~~.~u*$r; ” qc1.3 lJC?.?y lJC?.?y +l.? ‘C.; WI,7 +l.? ‘C.; WI,7 :. tj+7 :. tj+7 

delta-BHC delta-BHC WI.7 WI.7 iii j iii j WI.7 WI.7 0.062 J 0.062 J uq1.7 
g;‘, g;‘, 

uq1.7 . WI.7 WI.7 ue1.7 ue1.7 WI.7 WI.7 WI.7 WI.7 WI .7 WI .7 WI .7 WI .7 t.W.7 t.W.7 uc1.7 uc1.7 
gamtia$HC (Lipdane) usl.i:.~.~r+ ilb$‘j~i:i:::.~- lJJ$7 Jl<j,? ‘, ;: i+?;?.... u$i:r ., ., .I::.,... .,.,.,,.,.,, ‘. u&7 j&l.7 ‘y.‘giJ?;T .,., -U$iJ ..L .4J<r,7 :u<r,y yg.7 “, $@,i : ::gpj;? “% t&j.? Uc$?::.- ” Irk?.? j+.? “. ~,J@,~. : ::gpjq “% UC!.? Uc$?::.- ” U’;rJ,? j, I+13 j, I+13 
Heotachlor Heptachlor WI.7 WI.7 0.69 0 0.69 0 u-4.7 u-4.7 0.13 E d.li B uc1.7 uc1.7 WI.7 WI.7 WI.7 uc1.7 WI .7 WI .7 WI .7 WI .7 0.11 B 0.11 B u4.7 u4.7 WI.7 WI.7 uc1.7 uc1.7 uc1.7 uc1.7 
AId!!?: . . ‘, ::::. ..ij2i;r.,isi’l:,,.~.~~~~ .I:+;.g<j,y M<i.T’.::. .:.@$I;~.:.‘- &I J y.7 licl;7:~:;>..,t+1.?: .c: :&II@ ,’ U<l,? +i,;i ” . . P<l;j <: ,qji+i 
Hqtachlor epotide WI.7 0.19 J WI .7 WI.7 WI.7 WI.7 WI.7 Wl.7 WI.7 WI.7 WI.7 WI.7 WI.7 WI.7 
End@$anI ... ., p ..> -.:.:~i:Q~i.~:~~~~:-~.~8t-'r~~~~:~:~~?.;~..~ ..clLl.~:.:::.:::i:~u~~~~..:- .4Juj:i . . .yi;Q :' iltii.r:.:z: :)j+~ :?;. ,:lu$$,J :,,,Q*j.? '~~~o;ig+l ? uq.t ,': : ygg 
Dieldrin uc3.3 uc3.3 uc3.3 ue3.3 W3.3 W3.3 uc3.3 uc3.3 uc3.3 0.096 J uc3.3 G3.j W3.3 W3.3 
,+$“ijpE .. Ij53.35. ij<$j::i:i;:;..:.j&j- ljc5,&. :‘:~;g~ ci’.&, .: . . .., . . . . :,, ..,. ...,,. iJ+ 3.2 J’ : .iiq,g; @,;i$J us3.,3 u-g.3 ‘.’ uc3;:! ‘.( it<@ 
Endrin lJc3.3 0.66 J uc3.3 uc3.3 uc3.3 ue3.3 uc3.3 uq3.3 lJc3.3 ue3.3 uc3.3 u43.3 uc3.3 tJc3.3 
Er#@fan II “’ ‘. : 

,,uc33; .,, .,, 
, .:,,,... .:.f ,y-+:$$ &3.? ” u,+3 ” ..$ I+$.. “:uc3.3 US5.i ,, ,. &3.j ...,g<q,3 .#q 

4/l’-DDD uc3.3 0.68 J W3.3 1.3 J 0.39 J 0.11 J 0.16 .i 2.1 J uc3.3 uc3.3 
w3.3 y$3 :. tJ4.p ‘. (k;; 
ucii W3.3 uc3.3 

.:tJ<3.~,:;:,.;.:.. U&j .;$;l’,:‘g& Iif& J ..:..:ii&. ~+i~,t,,! ,En(lpsutfan sulfate .., 
iJc3.3 

. . . . . t. ,. ‘. Us3.3, ” : g.38 J::: :., $3.3 ,,,, :~&3.3 vc3.3, u& :.j Lt<3.j ‘: .u& 
4,4’-DDT l&J uc3.3 0.78 J 0.93 J 0.21 J 0.66 J 4.6 uc3.3 0.41 J uc3.3 W3.3 uc3.3 W3.3 
&let&q%hlor ;:; u4i .:‘I u<i.?,:“:‘.: ‘y-g7 yt. .:.:..jy’i ‘. .a?7 ‘. ,,uq7 ,, ,, 

U&j 
us17 :..: ~~~j&i~, u97. u:17 WI?. .tiil? .- ua37 

Endrin ketone UC?:? uc3.3 ue3.3 ux3.3 uc3.3 uc3.3 uc3.3 uc3.3 uc3.3 uc3.3 W3.3 W3.3 lJc3.3 
En&j aldehyde &3J:..’ ,’ +?.3 .,G’, &f&3 !&W ‘. l&&3 ucq;j uc3.3 

tici: 
uq.3 p53.3 us3.3 u43.3 lJs3*$ : UC3?3 w%? 

alpha-Chlordane WI.7 7.6 WI.7 lJcI.7 uc1.7 WI.7 lJcl.7 W1.7 2 uc1.7 LJe1.7 W1.7 WI.7 
gamm&~~lordani, : Ucl ,t! 1:: :~:;i;,?;!l’,$Jj64.~ WI .7 ,. ;@@ p :, u4.7.: ,Ucl.i u4.t’ .4q.7,. :I$ J o.aa 0 u4,7 

‘u&3 U<j3 
i$I.;7 ‘Ui1.7 

Aroclot-1260 UC33 UC33 UC33 u<33 UC33 UC33 u<33 u<33 u<33 u<33 UC33 u<33 
Toxap@e u~I~o.~,, ur1?6~, :yiro Uslid u+l &I70 U<l TO UC170 u4 7D uq70 u<170 1OJ UiI70 UC170 

KEY: 
SBI-1 = Fire Training Area Soil Boring Sample No. 1 at 5 feet deep 
881-2 = Fire Training Area Soil Boring Sample No. 1 at IO feet deep 
SW-3 = Fire Training Area Soil Boring Sample No. 1 at 15 feet deep 
SBI-4 = Fire Training Area Soil Boring Sample No. 1 at 20 feet deep 
Uc13 = Undetected above numerical detection limit (e.g., 8) 

J = Analyte present. Reported value may not be accurate or precise. 
I3 = Not detected substantially above the level reported in lab or field blanks. 
L = Analyte present. Reported value may be biased low. Actual value is expected to be higher. 
K = Analyte present. Reported value may be biased high. Actual value is expected to be lower. 
&kg = microgramlkilogram 
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1993 SUBSURFACE SOIL ANALYTICAL RESULTS 

m 585-2 5853 sB6-1 $86-2- S86-3 SBf-i sB7-2 5879 sB8-1 s88-2 5683 m sB9-2 
4OLATlLE ORGANICS fucrlk& 

betone .,. 386 z&i6 1508 ?78 1OOB 73 B 4i’&.,,, 348 91 B io B 210 J %% B 288 468 
:is-1,2-Dichloroelhene u+io Wig WI0 WI0 &IO WI0 U<IO us10 U<lO WlO WI0 3J lJ<lO UK10 
Whylene Chloride ‘,. .. ‘: 9B 88 14 s 9’8 wa lSf3 

“...j$ a;... :.; 1o B. 
23 0 20 B lb B 13 B 140 13’8 

I-Bulanone 2B 68 20 UC10 WI0 28 uclo I0 w-10 U<lO 2J WI0 WI0 UC10 
I.l,I-Trlahloroelhane ’ ?:” ; U<lO pi0 UClO~ u40 UC10 UC16 ” +?a ‘. .; U<lO ye0 ,uc,o WlO 3J lJ<lO WI0 

Taluene U<lO us10 MO WI0 U<lO WI0 U<lO U<lO u-30 UC10 u-40 26 USlO WlO 
Ethylbenzene ‘. UC10 gsio uyo uqo u40 y10 “’ .,&,6 . . . . U&l u40 ucjo UC10 !OJ UC10 u4$ 
Total Xylems WI0 U<lO WlO WI0 UC10 WI0 WI0 WI0 UC10 U<lO U<lO 27 u.40 WI0 

PESTICIDES AND PCBt balk 
;jphamBHC’ .“’ :, ..,,y ” : lJif.7 f.jr1.7 r;j%;? ‘. ug;7 i&l>7 tJGj.7 : $j+j.;.;: uq;t w.7 w.7 UsI. O@ J iJc1.7 t(t’!i! 
delta-BHC w1.7 U<l.l WI.7 0.16 J U<l.i u*1.7 WI.7 WI.7 uc1.7 uc1.7 uc1.7 w-l.7 u4.7 UCi.7 
Hqjl&,\or .) ‘:::.::: &j,7 .“’ 

..u& ‘: u&t. .d.g$ $1 .j Ulj.j .:x$iiq’i:’ ‘, uq.7 0.889 8 U4.7 Uql.7 :uc1.t u-%7 +r..i: 
Aldrin w1.7 w1.7 WI.7 ua1.7 0.068 J uc1.7 WI.7 WI.7 WI.7 WI.7 WI.7 0.82 J us1.7 WI.7 
Endosulfan I .:‘:;; : ” ” WI.7 :‘.U$7 ” ht.7 ..’ Y5.s;~ +fJ.. U;lfj :;,i.:::.D~;i..i:.:,:.., &I.7 

: . .: lJq1.7 Us1.7 Lw.7 l.kl.? ua1.7 0.07+ 
Dieldrin w3.3 UB.3 w3.3 uc3.3 w3.3 u<3.3 w3.3 w3.3 w3.3 uc3.3 U<3.3 0.086 J w3.3 UB.3 
4,&DDE : .i,, .:,,;,.::. ,, 4&J .:;@3;3: :I, j;i J ,, $++j : &$a”i ‘1, jj<$;;i ~:~‘~:~~~,$‘~:‘:’ @ 

. . . 
.U+3,$. -tJq .: u*3.$” ,,ij&.$ Lw.3 g&J 

End& Ud3.3 u43.3 lJs3.3 0.33 J w3.3 03.3 w3.3 w3.3 uc3.3 w3.3 w3.3 03.3 uc3.3 w3.3 
4A’-DDD :. ,, :.{S.;, .‘. 4+3, .’ “145.3 “. I.)+3 ::.: :+;$f ;i Q&d.,, ” o;gj ,’ :..‘u@‘.::: Uk3.3 .: : U*3.3 .UQ.3 ,,‘, fJc3 wn y : G3.3 ii.+.& 
4,4’-DDT uc3.3 w3.3 0.36 J 1.4J ue3.3 uo.3 w3.3 0.82 J w3.3 w3.3 uc3.3 uc3.3 ue3.3 w3.3 
Methoxychlor . ;. WI7 : &I7 -ii.i*. ~.iJfji~.’ : u5,j: is i. . . .:.ui$.:y:: .u+ u47, WI? :.u.47 :y.yclT ‘, ‘0.62t3 ,. -flgsq 
Heptachlor epoxide ue1.7 WI.7 ‘, uc1.7 0.14 J WI.7 UCI.7 Ml.7 WI.7 u<1.7 w1.7 WI.7 u<1.7 uc1.7 WI.7 
Toxaghene .’ ,.,’ ~WlfO “’ ,U~l70 .:u@j ‘t&@-l u&o .ti& :;:. ‘ti~i&:c, .Wl’/ij ,: Uc17? U*l78 ‘:-:U~ql : ‘,@A ‘.. .LIq70 u,ajrs 
beta-BHC WI.7 w1.7 uc1.7 WI.7 UG1.7 WI.7 WI.7 1.1 J l.w.7 w1.7 WI.7 uc1.7 WI.7 WI.7 
&@Chlordane .?“I.. U&7 U&7 : .‘iji,;7.. ‘. y..::..g ,, U&7:. ,pj.;i ‘, ,y&i.;‘: u&r UsI.7 WI.7 WI.7 ;it.r,.i ue1.7 :bar;:! 
gamma-Chlordane WI.7 ‘UC1.7 UxI.7 4.8 Lidi .7 WI.7 u<1.7 Ud1.7 uq1.7 uc1.7 WI .7 ux1.7 WI.7 w1.7 

VOLATILE TICS&&J) 

Dimelhyipenlane~ “” .‘. .. ,“. .,.. 41 J 
Telramethylbutane 270 J 

DimeihyMxane RT *S@ 
,. ‘:‘, ,: :, ., : ,. ‘y ,:: :,y. ,.. .81& 

Dimethylhexane RT = 10.32 IOOJ 
Trimelhylpenlarw ” 965 
Nonane 61 J 

l3hyl,melhylb~nzen~ ‘. ‘., : 
.,... ‘...‘, ,.,, ,,,, .q...‘::, . . . . ‘. “. ,,333 ,’ .” 

Trimelhylbenzene 32J 

KEY; 
SW-1 = Fire Training Area Soil Boring Sample No. 1 at 5 feet deep J + Analyle present. Reported value may not be accurate or precise. 
SBI-2 = Fire Training Area Soil Boring Sample No. 1 at IO feet deep B = Not detected substantially above the !eu*I renfi%d in lab or fiski bianks, .-. ..y”‘L 
~81-3 s Fira Training Area Soii Soring Sampie No. 1 al 15 feet deep L = Anaiyte present. Reported value may be biased low. Actual value is expected to be higher. 
SEi-4 = Fire Training Area Soil Boring Sample No. 1 at 20 feet deep K = Analyle present. Reported value may be biased high. Actual value is expected to be lower. 
W8 = Undetected above numerical deledion limit (e.g., 8) pglkg = mlcrogramlkilogram 
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(Dup of 
SBl&1) 

S.BS-3 SBIO-I SBlO-2 “58103 SBll-1 SRll-2 SB11-3 5812-l SBl2-2 s012-3 st313-1 SBl3-2 SBl3-4 St3133 
VOLATILE ORGANICS lu~lkql 
A&tone ” 
cis-1,2-Dichloroethene 
Methylene f%loridti 
2-Butanone 
1,l ;I-Trichloroethane 
Toluene 
Ethylbenwie 
Total Xyienes 

3OB 428 11..8 jr B 
U<lO u-40 WI0 WI0 
12 0 $0 ‘: s:,g 126 

U<lO WI0 WI0 u-40 
u4g ::uq! :..g#l Ml0 
u-40 u40 u40 WI0 
&lo, .; ‘&IQ .fl+:gl lJc40 
U<lO u40 WI0 u40 

?? B .Zl B 47 B 
WI0 WI0 WI0 

48 65 18ti 
U<lO U<lO WI0 
uqi ‘:. ” UyqQ u-4 
u-40 WI0 lJ40 
lJd0 lJ<ld 
U<lij 

‘UC10 
UCiO u-40 

16s 12 B ,308 UC10 36 B 
U<lO u40 U<lO U<lO u40 

88 3B “7f3 7s 9s 
U<lO UC10 ‘wo UC10 U<lO 
uwl LklO L pi4 ual +I0 
u-40 u40 U<lO LWO UC10 
#IO U,+Q .-‘.u$lQ, U40 &IO 
WI0 u-40 u40 WI0 WI0 

69 8 U4Q 
u40 u-30 
1sri is 

u40 u40 
,iklQ uyo 
u40 WlO 
u4Ji .4J<id 
WI0 &IO 

PESTlCfDES AND PCBs a,phi;sHb:, ;... !!?Q Ik 9 

delta-BHC 
g~tim&J$I-G&iidane) 
Heptachlor 
Aid& ” 
Heptachlor epoxtde 
Endosulfa;n I 
Dieldrin 
4,4’zDDE 
Endrin 
.End@Nan:!l ” : 
4,4’-DDD 
End&Wan suffate 
4,4’-DDT 
Metli~&t$~t 
Endrin ketone 
Enlffin~fdehyd~ 
alpha-Chlordane 
gamina-Chlq&ne 
Aroclor-1260 

uc1;7 ” :.,~c’f;~,.,~~ j&J, UsI. pcl$ 4&1J uq,7 W1,7 
UG.7 ,,,:. 

US!;7 : ~-.u<l,? u-=1,7 U4‘7 UC!,7 IJsj *? 
UC1 7 lM.7 WI.7 uc1.7 uc1.7 LW.7 WI.7 lJ~1.7 USI .7 ue1.7 W1.7 W1.7 uc1.7 

+I;7 y .:::‘;.,~~;i;~,:~::.., q$j,$.:: ikl,? i;lsg;t ” ~:i3+$7 ..u~1.;7. ~!JCl+P lJ+g ..:.Akj,~ : .:. UC!,:? ‘. W&i UZi,? .$:..J 
uc1.7 t-M.7 uc1.7 &I .7 WI.7 WI.7 WI.7 WI .7 WI.7 uc1.7 UG1.7 W1.7 uc1.7 0.27 8 
Qsj,7, -,::.i$j &::: q&i .’ l&jJ tiCl.,.j : cj<j‘Y 
uc1.7 WI.7 Wl.7 uc1.7 WI.7 ‘: 

~.$JSlJ W.7. WJ:... ~~~::.t+j!s :: L!q.i .’ U<f,7 .,” U4;? ~~~~,~,,.~S)~),f 
WI.7 WI .7 W.7 Ml.7 Wl.7 WI .7 W1.7 WI.7 0.23 J 

us1.j ~~~:,oii”j:,~.:::ii:-,,~~~~~7.~ iJq.7 #I;.~ ‘:-:::.qq!? .lkk?’ UC!‘7 lJq.7. .?,:::.&I;~~ uq ,7 UqJ c ‘. iJ*j]l ;.:.:‘$4+7 
uc3.3 uc3.3 W3.3 uc3.3 W3.3 W3.3 lJe3.3 ue3.3 W3.3 W3.3 W3.3 W3.3 W3.3 uc3.3 
UCJ,$ :\:... .,:p:g.-.. ~~$ U.G.3 I&$~~.~~ i-uzIJ.i ‘,, .+g.j W.3 

” 
4-38 4 : ~‘~l+$S “.. U4.3 w3 usj.$. .:” : .:’ 49 

uc3.3 2.9 J lJe3.3 W3.3 ue3.3 uq3.3 uc3.3 ue3.3 uc3.3 uc3.3 W3.3 uq3.3 uc3.3 W3.3 
.: u+,3 .:>;.:g&#:<: f. (j#$ ljr3.3 &g;;i :gj~~~ ,:.:.’ Q.@ tj&*3 :.:(l;3,y:: ‘.~!iji& c ‘. lJq,q ‘, &z&3 pg?&i :?. i.‘~$H%? 

u43.3 W3.3 W3.3 uc3.3 uc3.3 uc3.3 uc3.3 uc3.3 uc3.3 uc3.3 uc3.3 uc3.3 uc3.3 160 
tj@ .., .‘: d&j :.;:.; $I&$ ‘. ,., &I.3 g<g‘3.~ ‘:, i&g;3 u&l tkq,3 ” lic3,3~‘.‘.:‘:‘~iic3,3”‘, ” u4,cj u53.3 U,Q~~‘.~ ‘::’ .‘l!gg 
uc3.3 8.4 uq3.3 uc3.3 W3.3 
gig ::.;,, .i:ugj pJi’ :> ::;g4f ‘Y .:‘+I.7 

Uq3.3 uq3.3 uc3.3 uc3.3 uc3.3 u<3.3 us3.3 uc3.3 210 
‘. >:,ji;q’t .‘:. .:+J<gt ,,,,,.( $24 fi .&ii? ,y<‘rp ‘.’ .‘. ::.;,&$7 tJ<17 u47 ‘t1$Q : : 4J+q 

uc3.3 W3.3 uc3.3 uc3.3 W3.3 W3.3 W3.3 uc3.3 ue3.3 ue3.3 u-=3.3 W3.3 W3.3 0.38 J 
gk3‘3 ,;’ .::‘.:::i.:.::~li::-::::;. qggl qq,J. “’ U~,~~--‘: ~::$*;g ” t&3,3 : ,UZ.3,3 . uq;a .ici.Q UC33 uc3.3 lJq4 ‘: .ow 
uc1.7 uc1.7 W1.7 WI.7 WI.7 Ml.7 WI.7 uc1.7 LM.7 W1.7 WI.7 uc1.7 W1.7 W1.7 
Ucl,~ ::‘O&j V4!7 :. &I,7 +9,.7 .:,:.:yqj;.3/ ,,-.ij<jj l&7 I&~;~ .:‘.;;z: &m&i,7 UCk7 US!<7 u,ci;7. ..Q,q@ 
UC33 UC33 W33 UC33 ue33 UC33 UC33 W33 UC33 u<33 W33 u<33 UC33 u233 

KEY: 
SBl-1 = Fire Training Area Soil Boring Sample No. I at 5 feet deep J = Analyte present. Reported value may not be accurate or precise. 
Ml-2 = Fire Training Area Soil Boring Sample No. I at IO feet deep B = Not detected substantially above the level reported in lab or field blanks. 
SBl-3 = Fire Training Area Soil Boring Sample No. 1 at 15 feet deep L = Analyte present. Reported value may be biased low. Actual value is expected to be higher. 
881-4 = Fire Training Area Soil Boring Sample No. 1 at 20 feet deep K = Analyte present. Reported value may be biased high. Actual value is expected to be lower. 
l-t<8 = Undetected above numerical detection limit (e.g., 8) pglkg = microgram/kilogram 

l SB103 = Fire Training Area Soil Boring Sample No. 3 at 20 feet deep 



TABLE 4-2 cant 
1993 SUBSURFACE SOIL ANALYTICAL RESULTS 

VOLATILE ORGANICS (utylkq) 
Acetone : :.’ . . .., 
cis-1,2-Dichloroethene 
Methylene Chloride 
2-Butanone 
1,1,1-Trichloroethane 
Toluene 
Ethylbenzene 
Total Xylenes 

SBlQ-1 SBl4-2 5814-3 SBl4-4 ----- 

. . ‘. :: &jO,‘. . . i,:. 25B &qo- : fJc1ia 
WlO UQlO u40’ u-4 IO 

?.-a:, 6B- .I 8-B -4E3 
UC10 u-do u-40 UC1 0 
WI o- wio- u-do U<lO 
u-40 u40 u-4 0 wlo 
LJ+o u-4 0 U4-0 W16 
WlO WlO u-40 u-4 Cl 

PESTICIDES AND PCBs (&kg) 
alpRa:BHC ,U<f.l xr<l.-/ .u-a .7 :: UctJ 
delta-BHC u-4.7 ue1.7 WI .7 i.3J 
gamma-BW~.(i,iridanef. ., : .., ... : :.,I: ., :y..:.. ,. -i.q;T: 
Heptachlor 

:,? .: ,gq.7. -.U<j;7:. (:‘&$3,J 

u-4.7 W1.7 u4 .? u-4.7 
Aldrin .’ :. 

: . . . .:. 

Heptachlor ep&ide 
.. ... ... -.U<Q “.-:tf<tJ lw.7~~ :: uq.7. 

W1.7 Wl.7 u+ .7 
.En~~~Ll!fiini.:l 

w1.7 
,:: :..‘, .-:.. ‘:. .:. .:: . . :.:, .:,.::.. ::;.-:. :-:::w$$*7j,. .,.< : ‘ucti.7 .,:: :u-q.7 jJ-q.7 

Dieldrin W3.3 W3.3 LG.3 110 
4,4’iDDE ~p;~q:j. : ‘.. I.Uc3.3 -tfz3;3 .. .tf<&; 
Endrin W3.3 W3.3 W3.3 uc3.3 
Endosulfanli .. ‘; .?‘. ‘.., ;;.~::.-‘.;:, .::‘J:. Jjk@~-;;~:~:; j.;lc&; : ,;itf<3’;3’: .. .:::(, 1-J 
4,4’-DDD W3.3 Uc3.3 uc3.3 Uc3.3 
&-&&&sulfate ‘. ’ 1. I.:‘:.:. ,., .. ;:.:. ” . ..&$.$:i:‘, ;, :.:..U&3:. :.‘uh-?.; :::“:i::;l:u+ : ,_. ,.1 .!. . . . . . . 
4,4’-DDT 0.43 J W3.3 W3.3 90 
~etlji@&ilor : . . :, : .: : : : : ::.:,l:: 
Endrin ketone 
En&&i .&de&de .. ,. :-:.-.:, ; ‘. :‘.“. ‘;,,,$ ‘.:::‘, 

alpha-Chlordane 
gammaChfordane .’ ,::i;i9+7 ‘.; ,:.y ;&f..7 :,U&7 ..6;2j :B 
Aroclor-1260 W33 u<33 UC33 460 

KEY: 
SBl-1 = Fire Training Area Soil Boring Sample No. 1 at 5 feet deep 
SBl-2 = Fire Training Area Soil Boring Sample No. 1 at 10 feet deep 
SBI-3 = Fire Training Area Soil Boring Sample No. 1 at 15 feet deep 
SB1-4 = Fire Training Area Soil Boring Sample No. 1 at 20 feet deep 
Uc8 = Undetected above numerical detection limit (e.g., 8) 
J = Analyte present. Reported value may not be accurate or precise. 
B = Not detected substantially above the level reported in lab or field blanks. 
L = Analyte present. Reported value may be biased low. Actual value is expected to be higher. 
K = Analyte present. Reported value may be biased high. Actual value is expected to be lower. 
pg/kg = microgram/kilogram 
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SEMIVOLATILES fualkal 
Di-n-butylphthalate 
Butylbenzylphthalate 
Bis(2-ethylhexyl)phthalate 
Di-n-octylphthalate 

TABLE 4-2 cant 

1993 SUBSURFACE SOIL ANALYTICAL RESULTS 
(Dup of 
SF315.1) 

w m w SB2-1 sB2-2 @g3 sB24 $83-1 sB3-2 sB3-3 w 584-2 g&4-J m 

170 B 67 B ” jlM~.@. ., .200 B 62i3 ,?$B 120 B 86 B 718 jZO.,B 36 B 76 B 67 B,. “’ 
u&30 

., 7i B 
us330 u<330 UC330 u430 w330 w330 UC330 UC330 UC330 UC330 u<330 w330 130 B 
u<330 u<330 : tJMi.:, u$330 Lb330 k33a . . . . . . :. u,&K9 .: U.$@ 80 I$ :ij+O w33a 100 J :, ,, 44 J: &*30 
UC330 UC330 UC330 UC330 w336 UC330 be330 UC330 UC330 u430 u:330 63 J UC330 UC330 

sB5-2 5853 SJWJ sB6-2 J$ljjQ sB7-1 sB7-2 $813 w a w SBlO-1 ‘SB10-3 SBll-1 
SEMIVOLATILES halka] 
2-Mettiylriaphthalene.’ u+ci ,1: l&330 :.i:.::::.u+3yl :.. :"t&~o .u'i3*. :' .JJ$3$ ,: .U<QF. u4$p . . .. t&qlJ~ :;.afJof&: lie330 llcj30~~~~ tJw$'.~ lj+yl 
Phenanthrene UC330 UC330 UC330 UC330 UC330 u<330 lN330 UC330 UC330 u<330 UC330 610 J u<330 u<330 
Anthracene u<33g j' lJ~;rju~IX~i;igij .i::: Us@ .:t @$3Q . . Ai+@g::..> 'ijs3y .. '~JiSipcJ 1' '~iJS33Qi' ~,$&w ijd3a plj lJg'j6, ', .(j@j 

Di-n-butylphthalate 67 B 71 B 200 B at B 100 B 90 i3 76 B 69 B 69 B u.430 Ski3 6300 
usjjg .. .sj B 

Fluoranthene 
.., 

UC339 '0<3~~~~,'.~u430:::- IJ~~~ 
UC330 'iJi330 

"', u*339 '. i:tJJ330. : 
u&o U<336 

l&330.:.: .p330 :,' us330 ':'. .:ii&lw: .il@o 
u&%0 

., ., .,., ,.. .: .:. ,.,.. Ga@ :, :. ..Us?$ ::$ .:.lj@Q 
Pyrene Lk330 UC330 w330 UC330 Lb330 UC330 7800 UC330 ua3a 
Etutytbenzytphthaiate 130 B ‘,: iS~B..+$&O js’b B 140 B’.. U5330’ ‘. .?~;;&O 

UC330 u430 u&30 
?$ e ‘.’ ,,jiii’.t$ ” 210 B ,’ 

u430 lJ<3id u&o 
. . . (..., 180 s tJ#Q u.c3@ IZ’,I:j 1.: g+@ 

Benz(a)anthracene w330 UC330 UC330 w330 Lk330 6200 UC330 u&o 
Chr-ysene Uqo” us330 'Li@ I4430 UC+0 ge330 tJ+30 lJ4330 u+o : L:.u$gc. vc3311 6104j wxn.. ..:: u*, 
Bis(2-ethylhexyt)phthalate u<330 u<330 92 B 37 6 UC330 98 J 42 J UC330 72 J 1300 J u<330 290 J 7aj 62J 
Di-n-octytphthafate. : “. :,. .‘. .y;g ::: ils~~:::‘::~::..::~“:::~~:y::ji ” ,if$m ‘. &GQ ‘+: MJJ ” ?., &h&g :~.lk3~ .. ; fJ;i J ‘~~.,::‘.u’g$J : I)<330 tJKK36 $1 j:::,.,;, (@iti. .:. .I 
Beruo(b)fluoranthene w330 lJ<330 UC330 UC330 UC330 u<330 

l&o .I’::::‘-i.k~~~:~;. :: tjgw~,.:~.: ~~~~ pqo : ,gi;gg v,<q 
UC330 lk33d 

(-$ 
UC330 6900 cj430 * Lk330 

Benp(kjflUtmpt~~he ‘. UC330 
Benzo(a)pyrene Lk330 'ihi 

uqo .Y’. 'i12330 :y-.,lkgJo. 69Otj ,Ua(I ‘+.:t$@t 
0330 UC330 uG3ci u<330 UC330 UC330 u<330 w330 0330 3300 UC330 ua3a 

Indeno(1 ,i,3sd)pyrens .. ,‘. UC330 :: @ij::.: .:l@j ,,... . . . ,_ ‘, Us335 u53* “U233d : u&g tj<$3Q 
u430 lj<3;j6 " UC330 

u&0 ~‘U~330 UC330 aw UC330 -.;:s:, ., I&& ..I., 
Dibenz(a,h)anthracene UC330 .u<330 u<330 u<330 m35.0 U<33b UC330 UC330 63b UC330 tJ430 
Ben.zo(g,h,l)peryiene ; ” ‘I’. .ilS339~, :ik:3gi ,:~+jjo u&o u430, U&O 'uzgjb 'Lk33b lJc330 :,..U4$30 u<33cl 2300 Li<33(!:,;:' tiiq() 

KEY; 
SEl-1 = Fire Training Area Soil Boring Sample No. 1 at 5 feet deep 
SBI-2 = Fire Training Area Soil Boring Sample No. 1 at 10 feet deep 
SBl-3 = Fire Training Area Soil Boring Sample No. I at 15 feet deep 
SBI -4 = Fire Training Area Soil Boring Sample No. I at 20 feet deep 
lJc8 = Undetected above numerical detection limit (e.g., 8) 

J = Analyte present. Reported value may not be accurate or precise. 
B = Not detected substantially above the level reported In lab or field blanks. 
L = Analyte present. Reported value may be biased low. Actual value is expected to be higher. 
K = Analyte present. Reported value may be biased high. Actual value is expected to be lower. 
pgglkg = microgram/kilogram 

‘58103 = Fire Training Area Soil Boring Sample No. 3 at 20 feet deep 
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TABLE 4-2 cant 
1993 SUBSURFACE SOIL ANALYTICAL RESULTS 

(Dup of (Dup of 
SB16-1) 5812-2) 

S311-2 SBll3 SB12-1 --- SBl2-2 5613-1 SB13-2 SBl3-3 SB134 SB14-1 SBl4-2 SB14-3 SB144 SBlg-I 
SEMIVOLATILES (wlkq) 
Phenanthrene ..’ .: +: ., ‘. UC330 VIRGO yc33a ‘. : uq39 us330 UQW : Ua3Q 54J 

Di-n-butylphthalate 
W330 UC330 W33f.j U630 .J.KQO 

76 B 110 B UC330 UC330 94 B 49 ti 49 B 60 B 77 i3 60 B 54 B 56 B UC330 
Fluoranthene ....: . . UQ36.. t.j~~@ q*o u<330 &3QO, ‘, lJqi~.- ; U~~cl’ 110 J UC330 lk330 u&q0 u<330 i&30. 
Pyrene u<330 UC330 UC330 UC330 UC330 UC330 UC330 75 J UC330 w330 UC330 UC330 u-330 
Ser?t(a)anthr&ene ‘.::$ ‘,’ : tj<330’y W~~U iJa30 w&b .’ ,U~@ ?U<$$& “‘,U’;33d 62J UC330 
Chrysene UC330 Uc33d UC330 UC330 UC330 u<330 

+33q u<330 W33Q .@g? 
UC330 55 J UC330 UC330 u430 UC330 UC330 

Bis(2~thylhexyl)phthala~~.,. ‘. 60 J ‘i .eg 4, 61 j “@$, p4.4 ..;, 3$:3 ‘, ,!2J ..‘34OB 523 UQ30 UQ30’ 340 B ?:.:cg.J 
Di-n-octylphthalate lk330 45 J 69 J UC330 UC330 UC330 92 J u<330 UC330 UC330 UC330 UC330 UC330 
Benzo(b)fluoranthena ., ‘:; :. vaq u&o 

UC330 
uaq (Jq$j iie3& uciii& : UC330 ‘j$tJ u&30 UC330 p$3il 46 J :.tj+o 

Benzo(k)fluoranthene UC330 UC330 UC330 UC330 UC330 UC330 82 J UC330 UC330 uc3io 46 J UG30 
Ben&(a)pyrene .;. ‘. U&IQ l&&j &$30. ;:. ::.j&j ‘: jM33ij ‘.., ~~&<3$j?..: lj+33Q “42 J ., ij&Q . . ..v. .’ UC% .q.i&J :’ (J<33i) ,: .,::’ j@)(j 

SB17-1 SBlQ-1 SBlQ-2 SBZO-1 5820-Z SB29-1 SB304 SB404 
SEMIVOLATILES (II&~ 
@eth,ylphthz&+e “” .‘::z, : ,. ,:::..,$J : ~..Lq$o .,. ‘. ,,..., “... ,. 
Di-n-butylphthalate UC330 UC330 
‘Bis(29thylheiiyl)phth~l~~e c .WB ,):j! S :’ ‘.. :‘. ,‘.” .,: 

UEV. 

sB1-l = Fire Training Area Soil Boring Sample No. 1 at 5 feet deep 
SBI -2 = Fire Training Area Soil Boring Sample No. 1 at IO feet deep 
Sal-3 = Fire Training Area Soil Boring Sample No. 1 at 15 feet deep 
SBI-4 = Fire Training Area Soil Boring Sample No. 1 at 20 feet deep 
Uc8 = Undetected above numerical detection limit (e.g., 8) 
J = Analyte present. Reported value may not be accurate or precise. 
B = Not detected substantially above the level reported in lab or field blanks. 
L = Analyte present. Reported value may be biased low. Actual value is expected to be higher. 
K = Analyte present. Reported value may be biased high. Actual value is expected to be lower. 
pgg/kg = microgram/kilogram 



TABLE 4-2 cant 
1993 SUBSURFACE SOIL ANALYTICAL RESULTS 

sB1-l w g&! sB1-4 ggj sB2-2 582-3 SB24 583-1 583-2 $jE&j 584-1 
lNORGANlCS (malkq) 
Aluminum 617oJ' SlSoJ asz~ ',.'.?7800 9620J 402OJ us0 J 13000 12900J 12SOOJ 3200J 9SSOJ 
Arsenic U<l .I 1.9 2.7 2.6 2.9 1.7 3.2 6.8 3.7 2.4 2 

.. " Barium 9.4 $Lq 2.9 iJ4 .o ) . . 
,:,:;:::,,$i:! 

19.7 $7 3.9 40.3 17.6 @w... :., 93 16.4 
Beryllium WO.87 WO.88 o.si wo.96 UcO.8? UC1 .o U~0.8 u<o.91 U<O.96 &I .o u<o.91 
Calcium 164 251 :6&J.“ ~,~.$j~.~ 33? 139 118 924 J 261 271 '.',. ' 98.6 198 
Chromium 4.2 4.7 13 16.6 8.7 4.9 6.6 11.1 13.6 12.4 3.4 a.2 
Cobalt 
Copper 
Iron 
Lead 

WI.5 U"):S .-Uwi:i$.: .‘$.2 i.8 uss.5 3 > .,. .,':'., .3.8 1.8 i,9 'M.8 t&1,6 
2.6 b2.5 UC3.0 7 Wi.8 ik2.5 u4 I.6 U4.6 W2.6 u4 W2.7 

M30 pjjg ,.:., jj&j . . . . y;:::~f?ja’~. " 45ijo 2890: -: '2?3f.- 7740 sqii, 7896 ,'i., :' .@7d 4180 
1 3.6 1.7 7.7 J 3.6 11 1.1 6.4 3.9 3.1 0.93 3.6 

tiagnesium 
Manganese . . 
Mercury 
Nickel 
Potassium 
Silver 
Sodium 
Vanadium 
ma 

409 
WI.7 

..BS.'l B 
17.4 

:,:~2,2 s 

1099 ‘j !+I56 
U<l.l WI.2 
162 B ..:' ..:-:I63 B 

IS.9 
,.. 8,#,-: ;..A,. 3-g; : 

KEY: 
Sal-1 = Flre Training Area Soil Boring Sample No. 1 at 5 feet deep 
SB l-2 = Fire Trainlng Area Soll f3orlng Sample No. 1 at 10 feet deep 
SBI -3 = Fire Training Area Soil Boring Sample No. 1 at 15 feet deep 
SBI-4 = Fire Training Area Soil Boring Sample No. 1 at 20 feet deep 
W8 = Undetected above numerical detection limit (e.g., 8) 

J = Analyte present. Reported value may not be accurate or precise. 
B = Not detected substantially above the level reported in lab or field blanks, 
L = Analyte present. Reported value may be biased low. Actual value Is expected to be higher. 
K = Analyte present. Reported value may be biased high. Actual value Is expected to be lower. 
mglkg = milligram/kilogram 

(Dup of 
SS151) 

msB43 

4390J 1240 J 
2.2 1.2 
7.1 

U4.92 
$4 

u<o.98 
123 80.98 

UG 6.2 

U<2:7 
u-d.7 
tic2.8 

24&l lfm 
2.1 0.79 

$64' 89,F 
16.6 7.4 
O,l? ..O~ll 

lJ~"~ 
Ue8.4 



TABLE 4-2 cant 
1993 SUBSURFACE SOIL ANALYTICAL RESULTS 

m sBs-2 $l3Jgj $@&I sB6-2 m sB7-1 $87-2 g3Jg w s88-2 g3Jl-J 
INORGANICS Imalka 

Aluminum .I 314OJ 1lOOJ 108t?QJ 11609J 4630 J 6830 J 762b'J.; 14200 J 8380 J 6310 J 4860 J a784 
Arsenic 2 1.6 2.1 3.6 2.2 2.2 1.9 WI.3 . . . 
Barium ~,,:‘:,‘..;.... .. ‘,’ :3 :.$;a 

‘;;.,>.. ,;;; 

yl9.8 IS,3 :: ")7,4 
. . . ..j.;,, s-! 

'12.1 1048 10.4 3.2 
Beryllium lJco.92 UcO.86 UC1 .o lJ<l .I &0.89 WI .o u4 .I u<o.90 u4 .o u<o.90 U<O.88 lJ<l.l 
Caiclum ,,: ,; >+.-:"" .:...... : jfj9.Q 5$7 h : 3d6 : .g+ 7j.7 .i:+ ', : .,:af . .: :: -409 '. :' ,292 113 ". ye 60.2Ej 
Chromium 3.2 uc1.4 11.6 20.7 6.1 &;;; ?:I 21.6 13.9 
Cobalt :. ..j (k1,6 lJ4:5. ..y;zil lj4.g :%S 't&$9' < Uc1.6 1.9 

u*;:; Cl 1.7 
W.5 UsI. 

Copper Ue2.7 w2.5 w2.9 W3.2 Uc2.6 u<3 us3.1 Ue2.6 W3 W2.6 W2.5 W3.1 
" Iron .( .. :, .' >' 20?0 964 '.. -'&o 10300 '-3240 

,, .:. 
@lb 9.+@.',... 16606 8086 2080 2060 896 

Lead 4.4 wo.41 1.6 6 1.3 1.3 2.6 4.4 IJ 2.1 2 0.91 
ljlZagnesium .'. ., .,... : 231 66,2 746 876' 540 408 3?5, 1090 674 197 222 86.3 
Manganese 12.6 6.3 B 40.8 16.1 37,6 60.1 7.9 22.9 26.7 20.6 23.6 2 
Me@-@ .:::;:j:j,; .: u<o;f 1 U$g,.~j :: : uq;l'c;; :D<o:r j::... &(j;j:i: Uil-Q? ', qa'$&:{~ $J$b.'i wo.i2 " u&ii Uqil tsp.13 
Nickel Uc8.0 lJc7.5 W8.7 uc9.5 W7.8 UC9 w9.3 w7.9 Uc8.9 W7.8 Uc7.6 k9.2 
Potassium 

..: : 
,... i i@f$. u&b+ ~OfjO.-..~~, j#i)‘: .4ia, .jjY” :’ :?#*... ‘, .QSO 1290 I&$$$ lq9a. UC471 

yp-J $89-2 

48703 84?q';! 
1.4 1.4 
6.4 :.I::.; .;I$ 

U<O.89 wo.94 
76.6 B ‘,.;.i.:ji’& /.. . 

4.6 

lJ~1‘5 
2.6 

2890 :.;{g;jO 
.,,, 

UcO.42 2.8 
662 .:.jjt?, 

16.1 16.4 
U<O.il ,’ 3J$$p:: 

Uc7.8 Ue8.2 
qss. ” .. ::sto: 

Silver 

Sodium 
Vanadium 

.ani;: 

Wl.1 Lt.4 .o u4.2 WI.3 uc1.1 uc1.2 “$3 ue1.1 uc1.2 ue1.1 UC1 .o lJel.3 lH.1 UCl.1 
,.:.. i.,’ ., 126 & 122’B’ ,, ,I$? &. :.i&f:@fi .j4$ e. 161 p :, 168'B ,,..’ .,.. :. .' 172 B 182 B 91.5 iJ 79B 63.6 B 134 B '. !I&&,,@ 

4 1.9 16.2 20.4 6.1 9.7 12 28.1 16.8 Ud.8 
2.8 B l&B 8,fl&‘. .‘j2,$ :. .:7$ 752 B '. ::..q {B:... " 13,4 10.9 B 2.143 

KEY: 
SBI -1 = Fire Training Area Soil Boring Sample No. 1 at 5 feet deep 
SBI-2 = Fire Training Area Soil Boring Sample No. 1 at IO feet deep 

SBI -3 = Fire Training Area Soil Boring Sample No. 1 at 15 feet deep 

SBl-4 = Fire Training Area Soil Boring Sample No. 1 at 20 feet deep 
U<8 = Undetected above numerical detection limit (e.g., 8) 

J = Analyte present. Reported value may not be accurate or precise. 
B = Not detected substantially above the level reported in lab or field blanks. 
L = Analyte present. Reported value may be biased low. Actual value Is expected to be higher. 

K = Analyte present. Reported value may be biased high. Actual value is expected to be lower, 
mglkg = milligram/kilogram 
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TABLE 4-2 cant 

1993 SUBSURFACE SOIL ANALYTICAL RESULTS 
(Dup of 

SB16-1) 
SB93 SBlO-1 SBlO-2 l SBlO3 SBII-1 SBii-2 SBll-3 SB12-1 5812-2 SB12-3 SBII-1 SB13-2 58134 SB13-3 

INORGANICS fmalkal 
Aluminum 4530 J 7620 J 9/2i) J .,;22409 J 27600 +I ?WJ J 6160 ? SS96,J 1470 J 1CfbQ.j 6940 J 2460 J 6260 J 17000 
Arsenic 2.1 6.4 1.5 L WI.1 u-d.4 1.5 K U<l.l u-4.3 1.3 L 1.9 4.6 
Barium 12.6 .,‘g.: 

lJ<& 
.’ .& lb.:! .$&7 ,?2.? .,..LS : ..I$~~~ 14.5 $6 .., ,f 2*ij . . . . . . ;.... .:$:“s ” 4.9 IO;7 .e?-6 

Beryllium WI .o WO.89 tJcl.2 kO.92 UcO.89 u4 .I Go.93 uzO.$2 ki u-4 .i UcO.88 WI .o WO.83 
Calcium 96.6 e 290 ,.a ::jg .:’ 769 775 $4.6 B ITO B 262 45 B q,4 ri. i4!B 67.7 6 122 B 1628 J 
Chromium 5.6 11.4 49.3 

ux*i ‘. :::.I:.;$ ..’ ” $i 
32.2 1.6 8.2 6.2 2 7.2 7.1 Ii.9 

Cobalt WI.8 2 y-4 $3 ‘. y.3 WI ;s WI,6 ll&*:, 2.1 LA:: Wt.8 . ..6 
Copper UC3 uc2Y6 Uc2.6 7.j 7.6 lki.6 uc3.3 wi.7 Uc2.7 U& uc3.4 Ue2.6 u4.9 ib.1 
iron . ,264q ‘.-qsjg. ‘, :.&@ : @gap 11494 $22 $.l.!O.. 2840 J 4765 : 7itjJ’ 5ylj 13oq 2640 124(10 
Lead 0.98 J 0.46 K 4.6 6.4 5.9 0.94 2.1 J 1.9 J Lko.44 wo.49 

:.,:,i:j ::... f! ,. :A: $ 
1 1.6 12.2 

vqnesium :.j:; ‘, 294 ” ..:;# ?ji: .j;&~:::~:::“~~~o ” .j6&~~. .$?i ‘: ,.’ ::q ~:..,.gl3; ‘. ” .$Pj ” : .. 127 291) ‘.‘$i#O 
Manganese 21.3 69.1 162 130 
MtWFj yca.12, U4.1? ‘. :uaow ..:g4:11 Yga.il cl41 

. 29.8 24s 

. . . . . . . . . Us0 14 lid&a I ! ., ug1r .4$& uzl-: .u<oz UsO.12 :.. a,<13 
Nickel UC9 UC?.9 W7.7 16.4 9.2 W7.8 tJc9.9 8.7 Uq8 LJ<b tici 0.2 uG.7 Uc8.8 8.2 
Potassium .’ .‘. Y.. : :j,o@ I+457 : : ,487: ‘.::i:;:~62?~i.:i:.,‘.j..:~~~90 11766.. U$3,$.. ::, :u.$ob- ,.” U.q?,:, u+49 
Silver W1.2 UC1 .i lJc1.1 uc1.4 U~l.1 u4.i u-d.4 WI .I 

“;4; .‘-@+3j ,, .;+,2; ,’ u 4”; 
ue1.2 U<i .8 

Sodium 116B. ‘9% 6 :;.,;.p$ .: i:. 19zfg liS@ ?b.?B il4B,,:. 105f3 l.;o, ‘y;g ‘. i;*s 19’0s 122 B t!?,q e 
Vanadium 6.7 3.1 16.6 4s 32.9 WI.5 6.3 6.3 UC1 .s 2.6 8.3 3 6.4 27.2 
ano .?,,..4.7B fi,i.B‘... ..;..,:,$j.tj “.:‘..{.:.:;35;2’ $5.3 j,7B ‘. &%I::. ::.:..tO- ~~?.$1;7 ::i;D$B : 4;SB “.. 2.38 .4 6 i::*Ji 

KEY: 
SB 1-l = Fire Training Area Soil Boring Sample No. I at 5 feet deep 
SBI-2 = Fire Training Area Soil Boring Sample No. 1 at 10 feet deep 
SBI-3 = Fire Training Area Soil Boring Sample No. 1 at 15 feet deep 
SBI-4 = Fire Training Area Soil Boring Sample No. 1 at 20 feet deep 
U<8 = Undetected above numerical detection limit (e.g., 8) 

‘SB10-3 = Fire Training Area Soil Boring Sample No. 3 at 20 feet deep 

J = Analyte present. Reported value may not be accurate or precise. 
B = Not detected substantially above the level reported in lab or field blanks. 
L = Analyte present. Reported value may be biased low. Actual value Is expected to be higher. 
K = Analyte present. Reported value may be biased hlgh. Actual value Is expected to be lower. 
mg/kg = milligram/kilogram 



TABLE 4-2 cant 
1993 SUBSURFACE SOIL ANALYTICAL RESULTS 

(Dup of (DUP of 
SB12-2) SBl4) 

SBl4-1 SBl4-2 SBl4-3 - - SBl44 SBl5-1 SBl6-1 SB304 
INORGANICS fmalkct] 
Aluminum 

. . :::. .;. ‘. :.,,: .,....: ,,..:: hj9O.j 629&i -,I920 J 15800 xi@ j : 4100 J 80,4 B 
Arsenic u4.1 2.6 1.3 3.3 2.4 1.1 K 4.; 
Barium 

:;,:. . ...) .,.) :.:. ‘,“,:, 13.6 -“l+j : 4.6 67.8 
UcO.84 

. . :jLJ 10.3 ,51 ;b 
Beryllium wo.90 UcO.86 WI .o WI.0 UcO.87 WO.40 
Calcium 

..,:: ..,:,::.:.. ,,.. ” 163 e .,’ 1~~~~; ; .:,. 68 B 701 J ~92#3 ‘, ‘, 168 9&J 
Chromium 6.9 $; ” 3.5 13 2.3 5.4 16.3 . . . . . . . . . . 
Cobalt 

: ,, .: .i... ,..... .,. .,, y:::,:.:;:,: . ...: ,,,, ,., : .,.,... .,,, 
uc2:8 

r,r+;S :. ’ i.J~l.8 
Copper uc2.5 iJc2.9 

5 :..qf:j’.8 
‘6.3 

” u41.5 5 
UC3 3.9 7.4 

iron 
.: .A... .-,: ., .:?I, :;$,$j;;~:. : ‘, . . . . ~2390 ‘. ‘:..::~.,iO:..:~.;,:. ,.: . . 16.20 . . . . . IfJQQQ .:::,:.::.i@tQ y::: 2200 J j~3.8OfI 

Lead 2.1 0.6 K 
:gd7 ; ,’ ;$;gg+:;. ,.: ., ‘: : ,: ;‘, ,, ,“;; 

10.7 1.6 6.2 J 6.5 
f&@~~u~ ,,, .,:: .~j:..; .::~;pG.i’~l.;:’ ‘.. i’ZtjQ, ..,:,Y..< j@ ““” 230 ~:.‘J@Q 
Manganese 22.2 37.2 7.8 297 1i;s 23.4 J 154 
,Mercuty ‘. ,.. ‘. !::.I: $~~$$)I ‘.: :. t@j,::.- ::~u’~ij.1,~~‘.:::~..:.- :,#-):,~, lJ<()J2 ,U;rQ.:'i2'.' .;'. ! 'U<Q* jQ y 

w9.b 
tMf.i.2~ 

Nickel Uc7.8 8.9 W8.8 8.7 Uc7.6 9.2 ..\.. .:. 
Pqg&q ,, ,:. :j:;;.: ::,;i;:;i::‘::j’:‘:-i,: . . .j @log f : :,:, ::ii$ly,:‘.. f” ‘.: U<45l 

,. 
544 “.:. ~:.:..:i.:GjQQ.:: ” Us385 ~~~.-~:611 

Silver u4.1 U<l WI.2 WI.8 lJc1.2 uc1.0 tk5.3 
&-jdj@$..;‘fi ., ,,:. ,, ::~::;-.I:.:i:i’:i’~~~~~;“-., ..;;94,‘1 S:,::, : j:~$@,.~:f ‘,,,j -l’,@B’ ,; ..,. Ss‘j-” ..‘;‘:;l.$#,ij ‘.;‘:‘.:‘,: 91.6 B “f@B: 
Vanadium 6.1 9.5 4 23.4 3.6 4.3 26.4 
Zinc : .’ ..: ;;~,:~:-:y: j i;$ &,‘3’ 8, 5.4 B 28.7 B ‘2’ B 6.6 B 28.3 s 

SBI-1 = Fire Training Area Soil Boring Sample No. 1 at 5 feet deep 
SBI-2 = Fire Training Area Soil Boring Sample No. 1 at 10 feet deep 
SBI-3 = Fire Training Area Soil Boring Sample No. 1 at 15 feet deep 
881-4 = Fire Training Area Soil Boring Sample No. 1 at 20 feet deep 
U<8 = Undetected above numerical detection limit (e.g., 8) 
J = Analyte present. Reported value may not be accurate or precise. 
B = Not detected substantially above the level reported in lab or field blanks. 
L = Analyte present. Reported value may be biased low. Actual value is expected to be higher. 
K = Analyte present. Reported value may be biased high. Actual value is expected to be lower. 
mg/kg = milligra.m/ki!ogra.r?!m 



TABLE 4-3 
1994 GROUNDWATER ANALYIICAL RESULTS 

(Cross 
gradient) (DNAPL) (Upgradient) Upgradient) (DNAPL) 
MW-OID MW-02-1 MW-OPD MW-OSS MW-34S MW-63S MW-SaS MW56D-1 MWSSD 

VOLATILE ORGANICS 
Ac*ne- . . j. ;j ‘;. :.‘: r+! ..: .-;.: .:; . . ..( . . . . ,.. : . . . . . . ., . . . . . . . . ., .., .,. . . . . . . . . ., . . . . . ., . . . qo :c;: ; j:y j: ;: : “r-iv :‘.j’:, q,: ;p* :i’c i’ ‘“$~~~;~::‘:‘;:; : ;.;yju~, : : : .: .f..‘l:~&~ .. ‘: ; : ..: .i iris.. : >:j. j ( .i:;-’ .: .jjG& : : j ;&$ 

I , I -Dichlor&thane UC1 u-4 u-4 10 J Ud u4 UC1 11 15 
I ;S-Di&Loroethene UC1 .u+ u<1: :gc* :, u-4 -UC1 u-d u-=1 u-=1 
&-I .2-Dichloroethene 1 u-4 UC1 420 WI u-4 u-d 23 48 
Methylene Chloride 68 ue U-2 Uc2 0.9B 0.7 B 1B lf B 34J 
Chloroform 2 4 5 WI UC1 Wl Wl u-4 UC1 
2-Butanone u-6 u45 -.I$!5 U-5 :-IU;c5 UC5 u-3 .: -ire!5 u-es 
I ,I .I -Trichloroethane WI UC1 u4 160 

u4 
UC1 1 95 140 

Benzene -U<l u4 ~I&’ ‘. .$j J ; : +J<t u21 .U<f- .y:: U<‘. .c :u<:l.: 
Tetrachloroethene WI u-4 UI-1 UC1 WI u-4 UC1 5 
.Toluene :U<l : :gJ<i. .:..;I’. .,yJcq.:~ .‘j.,. u+ii: :: ..;,ju;ci.-:. .:u.g :.. :.. :&q.: . . . .i .&I .33;: 

Ethylbenzene WI UC1 WI Ud Lkl WI U-4 32 
Total Xyienes. t&=1 Ugy’ ..-u<tf; .:.i:~8::i.:::.:,:,b<?: u-q: ., JJ.g :.:.::.. -5;. :’ :.@ 

/ VOLATILE TICS (&I) 
1 Ethyftiethylbenzene 

Trimethyibenzene 
T~tra~ethyib~tyzene. 
Alkvl Benzene 

.:‘,. :... . . .60 J 
53 i 53 J 

. . 36J. 284 
52 J 

PESTICIDES AND PCBs (w/l~ 
alpha-BHC : uq5 u<o+lx~~, i &O;&: ..@;O@fiJ: .,, : -::lJsO.OS. -&eQ.Q5. “u<:o-w : ‘U-=0.05 .u<o;~ 
delta-BHC u<o.cK ko.05 wo.05 u<osE Lko.o.5 :u<o.o5 Lko.05 u<o.os Lko.05 
ga+@a~B~C~@&ri!e) :~;lgqG+ .. . . ~l+gEi :.:..I ,:,,l3#@ :.;3J<gp+i’ : ,:. : li$lgs-: l3~a,rjs yaoq : : : : &$i@$ 
Aldrin u<o.a5 u<o.o5 u<o.cEi u<o.as U~O.05 u<o.as Lko.05 u<o.os 

... : I$afL 

:j.j&$g&$$+&~~~ 6 i’c$ ij :. f: $)-.:?{; :,,j: &Jg :. ., .‘:ii,:~~~~.:I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,I:$j$&J$;g j; ;:.j g@jjf$ : :, .+$ig$g,: !, : ; ;jg&qg i ;: :. .i.?&J 

Endosulfan I wo.05 u~o.os U<O.O5 0.0097 J lJ~O.05 u<o.a!Li u<o.o5 u<oJx lko.05 
&+&jn : ; ; ,;: :., ;. ! .. ,; .: ,,’ : ., : 

,. . . . . . . . . . . . . . . : . ,. ,. ,... ., . . ,. . . . . ., . . ., .: . . . 
; : ,j j “:$&-j~~ j .??<a $:O; -, j .:,‘+$;$& ; ;‘#$!:p:.i’ : :j :j.;~ieo;l:~.::l’;i .I;.’ y;fl;$w ; i ;-::+@j’@ f ;, ~~~:~.~++ij~~~:~~ .; ; .:: :&&$:& 

4$-DDE u~o.10 wo.10 WO.10 0.0023 J u-=0.10 U<O.lO u-41 0 U<O.IO mo.10 
En&j,., : :. . . .u<O.;$r, . . -.~<O;lO .:I :;.U;co~za,;~itjbaja:.J.-: ~<~.:$J+ff--. : :l&O;tD : U+j:Oi : j’LkQ.tO?~ w:jC? 
Endosulfan II wo.10 wo.10 wo.10 u<0.10 wo.10 wo.10 lJ~O.10 wo.10 U<O.lO 
Endosutfanzxilfate ‘. .lg<Q.fO ::u<OT’.@ j .. .w.o;$tj: ~~~:~~~~02$) J : :. ‘: U$$Q, 1. U<Q,$$$: .. U$lF ;. ..: vsQ;1D’- UCO.$G 
4,4’-DDT wo.10 wo.10 wo.10 0.012 J mo.10 wo.10 wo.10 wo.10 u-=0.10 
Methoxychlor .u<o.so ~:.uzo;50:’ ~l.ee.50: ::. .:u<oso y’g.: ~:U4giO : %=0.53 u-&50. :: ;. .:~ua5Q:’ .4+0;50 
Endrin ketone wo.10 U<O.lO u-=0.10 wo.10 U<O.IO U<O.IO uc0.10 u-=0.1 0 O.DO68 J 
Endrin aldehyde ~y+r!x? ‘l&r)-.l@ ; $fcQ;~~:I:~::j~~o;~cJ ~i:.i;U~~l.oi::.I,I_LkCl,fO. : ~W<O,!O’:- ., .j wqgoa, 1.: &cl.xi 
alpha-Chlordane u<o.o5 u<o.o!s wo.05 u<o.os uco:ciii wo.ffi iko.05 u-=0.05 Lko.a5 
gamma-Chlordane -u&(35 :.,I++;~,:.-. :‘~~t;io;~j::i:i;~O~J:,‘.i::i ‘! .l+q;O5 : t@Q;O&T ~.‘.U<O&.; ., -U-+5- @023> 

MW-010 = Fire Training Mea Deep Groundwater Sample No. 1 

MW-021 = Fire Tratning Area lntennediite Groundwater Sample No. 2 

MW-03.S = Fire Training Area Shallow Groundwater Sample No. 3 

MW-5%-l= Fire Training Area DNAPL Sample 

UC8 = Undetected above numerical detection limit (e.g.. 6) 

J = Analyte present Reported value may not be accurate or precise. 

B = Not detected substantially above the level reported in lab or field blanks. 

L = Analyte present Reported value may be biased low. Actual value is expected to be higher. 

pgA = mwrogradiier 
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t 
TABLE 4-3 cant 

1994 GROUNDWATER ANALMlCAL RESULTS 

@Njw IDNAPL) 

VOLATILE ORGANICS fdl( 
Acetone 
I .I -Dichloroethane 

MW-55S MW-560-I MW-660 MW67.5 hlW58S MW59S MN-601 tiW-Gll-1 MW611 hwv62S 

WC5 .: 3660-L .:. ‘.: :;I&$‘: U-c5 
u-d UC1 u-4 

U<g:- .:.-.; 2, .++$. :: ::‘: :.i?L .... :j’. .u<5: : ‘;$a. ;: 3J ‘. 

13 6J U<l U<l fi7j b?J I I.21 
l;l-Diiioroethen8 
cis-1.2-Dichloroethene 
lUdhykn8 Chloride 

Chloroform 
2-Butanone 
1 ,l ,l-Tnchlorcethane 
BarKen : 
Tetmchloroethene 
Totuane 
Ethylbenzena 
Total Xylems 

: .:Wl .Ud’ : : .&I .. .te:.: < v-z.. -i:gJ<i ,: ,,... UC :&j:. ::-.;.;;T; .,, ;. &;: 
98 J 2200 1700 630 

r;; .. s6 
UC1 Lie1 3000 23 UC’ 

u<2 73&J- 250. 60. .: her- I& 
WI t&l 

,120.J: -:...38 >’ 27oJ 
LidI UC1 u-=1 UC1 WI WI us1 
u-25 .tlOOJ -V& l.s& UC5 ./ u<s .v+Fi IJ~. : -fy.y$ ‘, : u<!j 
550 660 420 190 48 U<l 11 670 16 620 

v4 1003 : UC’ WI ,. WI .., -UC’ Lkl .I.20 -&I<’ : UC’ 
U-G’ 64J UC1 WI 

U<i v<: 
U<l 0.9 J u4 2 U<l 

1400 UUl UC1 UC1 U<l U-cl.,. : i. : u<l’ fRil0 
360 J UC’ U<I UC1 UC1 u-4 UC1 UC1 UC1 600 J 
‘86UJ u-4 UC, u.4 :I34 U;cl- v-d -6ZJ. :. UC’ 1666J 

VOLATILE TICS ha/i) 
-+yimeth@+ewene .. 
Trimethylbanzene 
Tebatnethyibenzene 
Alkyl Benzene 
,Tf$lg~&~a#ane 

330$ : : ;: ;: .:. : ; :. . . 

700 J 
. . . . : : 

. . . . .; :.. .‘.. ::. .::. .=;.; .: ~~;~~~:.j.;~‘;:, ; i. ..... ,: .. 4.zJ. ,.. : : 

Habtachlor-epoxide 
Endosuifan I 
Diiddn 
4.$-DDE 
End& 
Endosutfan II 
Endosuifan &fate 
4.4’-DDT 
Methoxychlor 
Endrin ketone 
EM-in aldw 
alpha-Chlordana 
gamma-Chlordane 

. . .W<QIM ‘.u$o,Q5::’ lJ<o$J$ ‘. ‘fj.z@~ .,.. -I.u&:os: .+JjgJ~ lJq$j~ .U<O.& .JMkQ!~- 6.0042 J: 
0.029 J uc0.05 U~O.05 U~O.05 u<o.as ucq5 JJ<o.os u<o.os U<O.O!j U~O.05 

.; t)&fi4.$ .: :,‘yk(j::tg: :. : ;;. &r#:: ..::..~~v~~~o:,i:~:~:~~~~a~ I, !j+$$ 1, -,.$J**‘Q y U&$Cl;:: .“i.&O:tO: : ‘.Q+@:J. 
lko.10 U<O.lO wo.10 U<O.IO wo.10 u&.10 ~U~O.10 uao.10 U<O.IO U<o.lO 
Q.O&l$J. : .: ;~&:io:-: -:uq;30 ..: .ct<o;~o,:gxktj.3p.- :itJ+$@:. : u<cI;.10- .i::b~,o,rg..:.-~~?~~D~ . . ..Q.oI3$ 
0.099 J U<O.lO wo.10 uco.10 wo.10 U<O.lO U~O.10 uco.10 U<O.lCI 0.013 J 
p;*, Ji ., . t.+qji’: ... : a& &:,:-A ~;~~~$j$,:‘$Jii~~~ :.:: ‘:$j$f$$& ;. ‘:‘iu.&‘* .I: ‘,.‘,‘:~;>‘rd ,;I ?::: (&();I* : :, ::: U<o.J 0, 

0.023 J wo.10 U~O.10 uco.10 U<O.lO 0.0056 J’ 
f);m.‘J.. 

V<O.lO Ucb.10~ V<O.lO’ u<ollo 
:$&*aj.: i:itir~~.S~,::.‘.-iit~~jq”,,,~Ii~~;50.~ j i@@q). : :‘:‘yifJ&- j ~~~~~;~::~: :.-UCO~.I”: -p,o~,~: 

0.018J V<O.lO’ U~O.10 wo.10 U$,IO U<O.lO wo.10 U<O.lO U~O.10 0.0062 J 
,X1.085 :J 

0.0095 i 

.yu&j:$o:; j j : ‘~&~~~:;” ‘. :&&) j :.:-,‘u~~~?o;:..i’~~~~~~,: :.&J/&q ., : :. ::pJ&Jq .:..; ; -w<o,jo; 

iJ<O.OS u<o.oc uco.05 

: UeO*j& 

lko.05 Lko.05 lJ<o.os u<o.os u-=o.cls Lko.05 
0.055 .. lxt.o5- :u4lo5 .~:wfxo5:-::I ,:U<O& .u<o,o5 UcO.05 : 4J4.tO5’~ :. :JsO.CC 0.0020 J 

MW-OID = F!se Traimng Area Deep GmuWter Sample No. 1 
MW-OZI = Fire lninlng Axea Intermedtate GroundwaM Sample No. 2 
MWO3S = Firs Tnining Ama Shallow Groundwater Sample No. 3 
MW-SDl=Fire Tmining Ama DNAPL Sample 
Uc8 = Undetectea above numerical Uetactkw IlmiI (e.g.. 8) 
J = Analyte present Reported valu6 may not be accurate or precise. 
B = Not detected substantially abwe the level reported in lab or lbld blanks. 
L = Andyto present Reported valud may be bIased low. Actual value IS expected to be higher. 
pgtl = mkmgranullter 



TABLE 43 cant 
1994 GROUNDWATER ANALYTICAL RESULTS 

(Cross 
gradient) (Upgradient) (Upgradient) 

MW-OZS MW-010 MW-02D MW-34.S MW-53S MW&S MWSSD MW-55S ---- MW-560 
SEMNOLATILES WI/I) 

44mhylptleMl 

Naphthalene 
%qkthylilii~lene 
Diethylphthaiate 
Fluorene 
Phenanthrene 
Efis(Z&hythaxyt)phthalate 
Di-n-butylphthalate 

UC?0 :U40 5J UC30 Usto .‘&jO 

U<lb 
3.5: .:: :.gcdo 

2000 J. 
Lk~,O: 

U<lO U<lO 34 lJ<lO WI0 37 u40 
uqo- .. ;. wig 3s.: ., u40,. w4a sma 46. . ..3606J -.UtiO 
WI0 wia 25 U<lO U<lO WI0 u-=10 U<lO IJ 
uea .. wSa .w<w . . .p~to uda :qea. U<~Q :."::.:.-:75-J 

U<lO U<lO u<io u40 UC10 u-40 U<lO 82 J 
.. WI:. 

‘$:B .’ 3.B.: IOB -6.8 2:B 
UC10 

2:B. 

U<lO’ 
2ft 168 ::’ .‘...a? ,.. 

u40 UC10 u40 U<lO WI0 

INORGANICS (w/L) 

./Uumiiium ,253O. 3170- 2920.. "-54IjO J 59200 240000 J : : 246D00 J j :?7.369. 
Arsenic uc3.4 uc3.4 ui3.4 

$6966 ,: 
12.6 17.7 L 34 11.4 L 29.6 L u<3.4 

-&.q?.:--. .. .,. .:., ii .~:~~~~~~~;:~:-;~~?~.~i:ij..:i’~~.-26~41:.,.~i .{: /.isS.~',~:.;.. ;:: ;!67 :..: :::. 7'3 ..Y .'8?6.;,j,li:;:j,i;.jr~~: :. .:.::,'+f 
Beryllium u<o.4 u<o.4 u<o.4 u<o.4 1.9 9.1 0.76 1.2 u<o.4 
Cadmium ..:~+;a:. ;g+:. :. 4~+4+. .y. :.l;lc4;8:. : .: :, uq.8: : .g.*e I,, uqa: I+tg~:~: : wq.a I ;I :I 
Calcium 3430 3770 4420 19300 5200 6840 7090 6380 6520 

-~‘LMj:. i,:;.:~,:.y.s;q .::: ..‘U-e :: ~.-.-w~~::;-‘i <,.4+.5 . . . ; i#q:. : Chrpmium :,: : : ..,.y&$ j:‘:“.j ;..:i : >;ij. ‘. .. i j. u<gg 

Cobalt ~%I.4 u<10.4 u<10.4 18.6 12.3 44.6 u<10.4 19.8 uc10.4 
Copper ... .~‘:‘;,g;$‘,~~: : ,. :. : : :,+2;8i:.~‘.(,.:i,3.: ., ,6 . . :.. ‘y,: .,j./ :. j .;j, :-..3.4.,-: ,: :‘.:.<..:‘., : ,:.: :., ..153. :’ y:; : j47q.i 9;5;1:;-:. j “:;& : [ ifez. 
iron 2140 J 2520 J 14700 J 50000 J 30400 J 145000 J 23900’J ‘53160 J 15iO j 

Lead- .. .:@+,.y :::..i$f,.q;.f. ;’ :~~;.~;.:;,i”i:;-,~~~~:j:ii.;:~::~i:~2a,:,.-:,:, ;,:;,:+: ...>:y ‘iis;t.i.-l::i:.:;:;‘7~? i:.;j: $,+;l 

lWagnesium 1900 2200 5470 12700 4080 11200 3880 6250 8940 
Manganese .: : :.23,6; :: ‘:‘t8;2: ;:.: :, .‘I I#0 ; ;:.j .‘:.:33fa: ‘: ..:; 218 : ., f :ja89: : ; ... : $J.&::y ;,:g*-:.: :,.. ;:: +65 

Nickel uc14.3 u<14.3 u<14.3 w14.3 u<14.3 49.5 uc14.3 15.1 uc14.3 
Potassium x460 :.:2o40: :; $666 ~-:<ij:41?0: :;.. ,:.4030 

: Sodium 12800 J 10700'J 4760 J 8900 .2970 J 
;;3i80 .2360 :: . . ..:2@0 . . :33ijo: 

5080 6970 J 6050 J 4210 
%allium u$g -.iljQy’~ ‘. : ,U<Zf : ; : j:+f3;5i : : $lT2;f ‘. 

4.5 U<4.i .U<4.1 4.2. 69.6 

U:$z7 : u<pJ T.“:uq~. ! u$iq 

Vanadium 260 23.5 53.6 u<4.1 
.&,$&.:~: :. ; ..-’ :;34;7: ..‘:: :;JqBBf; ..: :‘;zjjlgj, “. I.: :‘.3fi3’@ :..- : : .- :.-is : .25? ~~,~~~:,;.::~j~~ &Qje 

MW-OI D = Fire Training Area Deep Groundwater Sample No. 1 
MW-021 = Fire Training Area Intermediate Groundwater Sample No. 2 
MW-03S = Fire Training Area Shallow Groundwater Sample No. 3 
U<8 = Undetected above numerical detection limit (e.g., 8) 
J = Analyte present. Reported value may not be accurate or precise. 
B = Not detected substantially above the level reported in lab or field blanks. 
L = Analyte present. Reported value may be biased low. Actual value is expected to be higher. 
@I = microgram/liter 
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TABLE 4-3 cant 
1994 GROUNDWATER ANALYTICAL RESULTS 

(Dup. of 
MW55S) 

MW-57s MWd8S MW-59s MW-601 MW-611 MW-62S 
SEMNOLATILES (urr/lJ 

4-Methylphenol u-40 ‘u-c10 .tJ40 lklo UC-IO UCT.0 
Naphthalene u-40 u-30 u-40 u40 7J 1400 J 
2~Methylnaphthalene l.MlO. LklO U-40 U<lO 43 f900 J 
Diethylphthalate WI0 u40 U<lO w-lo u-40 UC10 
Ftuorene u40 -uao . . .u<m O-=lO l-la10 37 J 
Phenanthrene u-40 u-=10 WI0 u-40 WI0 41 J 
l3is(2&byfhexjrl)phthatate : ,, .. : :. :. 3;.B’ .:: .:, :&.B’.- 1. 46. 

.u<io .: .’ LiO -5 B 3-B: I 49 
Di-n-butylphthalate u-=10 u-4 0 u4 0 UC10 

INORGANICS (w/L) 

Aluminum- .:.. 224Oo.;f .:. -:~.~4&0~:.. 33306 sj92.- ‘823-J “-:’ 207000 
Arsenic 12.7 11SL 8.6 L w3.4 7.9 11.4 L 
Barium -.56;7::--. ; 89.8: : .. fzj:i- :. 28.6 .PB 800 
Beryllium 0.93 B 0.88 I .7 wo.4 uco.4 12.1 
Cadmium ... ,. .l$c#T.. :~c4.8 . . : uc4.6. U<4,8.. .I’. ~~Ju<ij&i’-, :. .u<4.8, 

“’ ‘. Calcium 4830 12200’. 6850 40800 i 0400 9370 
Chromium :, : ., . . . . . ,+YpJ:.:~;::~~:- ‘. ..‘:,~~~i~.~:.:~::,~..~~,:~‘ 50.: .:>::., : :ui6i-:.~:,:~i:, :. :.‘:iJ:ke .,. .:: .., ..: : f9$.’ 

Cobalt uc10.4 u-do.4 11.6 UC1 0.4 w10.4 Copper ..” : ,:: I:.. -.;-- ,.: :’ . . . . ‘Si?3,J;,:,..ii ..I:.~~:L:,.3;~ .,::, ;.;‘:.,:,,;:i l&$3.:- .<j.. : .~,,zgq&7;.::i ;. :::-pq~:::i :jy. :: :-:. 
iron 14000 J 17300 J 32000 J 867 J 8750 J 215000 J 
&ad : . _, 3.‘. ... -53 .B., $3 ;: ,:.$,f$j: .y: ‘:..:..;..: ‘j,$3:~~.~,::;: ;.. ‘::i; ~.a+:;; . . .:;.~..~.~~~~2i:‘:.‘::-‘::: ,- ..;.ls+. ; 

Maanesium 6320 10500 7950 14700 6820 17000 

Potassium 
Sodium 
Thallium 
Vanadium 
Zinc 

32&Q- .‘.; .324O:: : 4750 : 1880’ : 1830. 16600 
4440 45io 6950 J 784OJ. 3980 6850 J 

ti<2;i .&2;‘7,, ..,, -:&Qb7.. : 261 .: :’ u<2,7 . . Uc2L.T 
27.3 c ‘: 32.9 63.7 uc4.1 uc4.1 327 

: 55,s .:I. +2;;2 .. .74.1 22.5’ B ‘:. : Pi..?. 377. 

MW-01 D = Fire Training Area Deep Groundwater Sample No. 1 
MW-021 = Fire Training Area Intermediate Groundwater Sample No. 2 
MW-03s = Fire Training Area Shallow Groundwater Sample No. 3 
Uc6 = Undetected above numerical detection limit (e.g., 8) 
J = Analyte present. Reported value may not be accurate or precise. 
B = Not detected substantially above the level reported in lab or field blanks. 
L = Analyte present. Reported value may be biased low. Actual value is expected to be higher. 
pggll = microgram/liter 

4-17 



TABLE 43 cant 
1994 GROUNDWATER ANALYTICAL RESULTS 

(Cross (Dup. of 
gradient) (Upgradient) (Upgradient) MW-55SF) 

FILTERED MW-OIOF MW.OZDF MW-92SF MW34SF MW63SF MW-64SF MWdSDF MW-56SF MW-66OF MW-67SF MWd8SF MW-69SF MW-bOlF MW6ltF MW42-F 
INOROANICS ha/l) 
Aluminum? ” : u-a IEz&,B itIp@:. . ..UytjE !J<M lJ~~6 .: '.)c:,,:y,::, .@Bfl .;.,..... !J$? UC68 l&63 " 'LJ4@ W68 UQ% Uc60 12205 
Arsenic w3.h 6.7 L w3.4 w3.4 uc3.4 lk3.4 4.8 L 9.7 L UC34 uc3.4 ik3.4 uc3.4 w3.4 ui3.4 14.1 i 
(3r+rium .‘y :. S.? s&q :. $5 “.‘. .,:, 3% ,. ,‘: ‘. 7 !&::;ip’;i:‘::‘, .j..‘@,f’. ., 3j.$ ID,3 12*9 9.4 16.4 ~'.&j ,' " m4 ": :; 66.4 
Beryllium lk3.6 UQ.6 Uc3.6 Uc3.6 Uc3.6 Uc3.6 Uc3.6 Ud.6 UX3.6 W3.6 W3.6 UC36 UQ.6 tii3.6 Ui3.6 
Ca&ium ,:,::j;: ‘; ‘: 
Calcium 

U+,3 u<+a +$:3 . ..'. ..: u.<4;3..: ., ypq,ij u4.3 UC4.3 ,.::.' .UC43 lk4,3 u93 :,+4.9. 
6466' 

:. .,u'4s,~:~~~:~~~~~~, "t+r..~~ 

3160 3670 19100 4380 3900 .&IO 6410 6360 3640 lliO0 62dd 
.:. !+?.a 

36900 7ifO 7140 
qlnpllum, " ; Qtq.2 VsS.? lj~~*~ ::...ti+Q :. t&2, Ije;p$:i:,::. g+g.: : .N<$,Z vq.2 ust3.2 ; tJe3,2 u‘e.2 !J<$:2 u4.2 Ud;! 
cobalt u4 0.1 13.6 B u40.1 14.4 u40.1 uc1o.1 uc10.1 16.4 uc10.1 u40.1 w10.1 U410.1 uc10.1 U<lO.l 17 
CbpPW, .: l&Q.? uq2.7 iJ<i?:7 \: -:.L+j$.?' u&q 9<1?;~::;1~~~Udg;7' !J<?2.7 Uc12.7 uc12.7- ,..: iJc12.7 ik12.7 . . . . . . . .., .., !J92;7 U+l@ : !.+?a? 

Iron 19.1 B 36700 6660 33200 U<lOO UC'00 11800 42600 26.3 a U<lOO u&lo 16.b B u400 1720 42300 
&qd : ::' ..'.'. 

Magnesium ’ 
UT2 .' 7.9 4' .: ..:.:,,:qg .~,,,~~:~,.i:::~~,,:'~ 1: ,,', : jjw :. :z,j ~j::ii~~~..:::.,..c-,~~~~.~:.:, .,&?;r. .tJa ".' 23 J .~ ., ,:,j: +2 .ya ..'. .i;;1pJ,, .:&q+.: '. ;.1q,q J 

2130 6030 4830 12900 2490 3240 3660 6260 9140 4320 9610 6200 
liiid 

3970 7120 
&igine* “.: : : :'.U<6.?, z@a’ ‘. ‘,, ::,q .y:.:.:: ..,, :-,3@jcj :y: .;,J~;rd.fi . ...” j& ~~..,:.‘:i.r,38~~~:.,’ . ..1S 

uc34.j 'iic34.7 
,, .: :. ,, :‘. .,.... . . . . . . . . . . . ::,., . . . . . ./ ‘. :‘.$,m, . ,., ,., 857 .’ 1Q.2 :?:‘:, ‘j22 .I494 ..I... ‘.‘::‘~(J 

Nickel w34.7 w34.7 uc34.7 uc34.7 uc34.7 uc34.7 uc34.j uc34.7 uc34.j 
ws.i, .'. 

uc34.7 
;<3i;j .ij;j4,i” 

tii34:7 
potasspm . 

,:. ‘.’ 
83l.p. UC1836 U<lrJ!jO ...;;‘. &I@ ” ~<ltj~O u<$po..:i~~i’i::lj~~$tt i&3i3?0 ciki830 lJqB30 -~U<l83rj U<1830 “’ Me30 Uq8% .:: v;?&@ 

Sodium 11800 6420 3380 9180 21609 4630 6690 6790 3;io 3160 3870 6330 7370 3610 6860 
Tf3allium ‘:’ : wi.7 +,7 u~2.7 ..I ':::uq,7,:i, ., ; Uq.7 : ,.uc2;7~:i:.i-~~,:~:..~U~~~~~:. AJi$.? . ‘.. Uc2.7 ,; . . : . . . ,. !&?,7;: .’ ‘. 3Jci.f’~ .UC2 7 
Vanadium’ U&8 Lk9.lj 

ij;g,8 
U4.8 uc4.i Llc9.B’ 

~~2~7 .,,,,I. 
lk9.8 

pi?,?:,.: .: L&7 
Uc9.6 W9.8 U<9.8 W9.8 U<9.8 Ue9.8 uc9.8 Uc9.8 

" zinc ,: ” 13.8 23.2 l&8 s.::: ,::,g:+ g',.:;,. ,-,.13;3 B ..,Q.$ B ,:::. :.. ':.: ""' " ;.y. :...fate,~ i .s.s a 2cl;ya., " A.& ,%3rj 1~;i-a ,s**p; ,. i’u:a 

KEY: 
MW-01 DF = Fire Training Area Deep Filtered Groundwater Sample No. 1 
MW-021F = Fire Training Area Intermediate Filtered Groundwater Sample No. 2 
MW-03SF = Fire Training Area Shallow Filtered Groundwater Sample No. 3 
lJ<B = Undetected above numerical detection limit (e.g., 8) 
J = Analyte present, Reported value may not be accurate or precise. 
B = Not detected substantially above the level reported in lab or field blanks. 
L = Anatyte present. Reported value may be biased tow Actual value is expected to be higher. 
pg/t = microgram/liter 



I TABLE 4-4 
1994 SURFACE WATER ANALYTICAL RESULTS 

(Dup of 

VOLATILE ORGANICS fw/il VOLATILE ORGANICS fw/il 
M&qkme~~Chloride ‘. . . . M&qkme~~Chloride ‘. . . . 
Toluene Toluene 

SWOl) SWOl) 
SW01 SW01 SW02 SW02 SW03 SW03 SW04 SW04 SW05 SW05 m - P - - m - P - - 

u<j’o u<j’o w10 w10 (Jcyo-.~~ 68 (Jcyo-.~~ 68 --2:B --2:B 
u-40 u-40 u-40 u-40 u-do u-do u40 u40 IJ IJ 

PESTICIDES AND PCBs (uolll 
Heptachlor 
4,4-DDE 
4,4’-DOT 
gamma-Chlordane 

ua.05 U.-am5 U<O.O5 O.OOfCiJ .'. ~.i.UUIo:~ 
0.0020 J uco.10 U<O.lO U<O.lO 0.0065 J 
0.0032j 0.0033J U4xlO U~O.10 o;oo5G.;t 

wo.05 wo.05 lko.05 UqO.05 0.0020 J 

SEMIVOLATILES lualll 
5is(2-ethyihexyQphthalate 2 B' 38 .t- B 2-B ‘.. :.,, 24 

INORGANICS (r&L) 

Aluminum. 5410 1840 756 fff0.. WSOY 
Arsenic uc3.4 lJc3.4 w3.4 uc3.4 5.; K 

Barium 25.6 If:2 12.9 8.8’ 

Calcium 

24.1 
2070 5800 2160 2070 1980 

~*$p&f..: ..:. . . . .: .: j; . . 3.6 .. :6,4- w2s : : 43 > .itj<&7 
'. Iron 2730J 1190 348 526 2010J 

-Lead .: 2.5: 3.4 i UC2 JJc2 .X’Ti .g 

Magnesium 1150 1000 499 487 1110 

Mangam?e% 27‘2 27.8 2.2 4. 222 
Potassium 1910 1940 1760 2000 1870 
Sodium 
Vanadium 
ZinC 

.203OJ. 225OJ. l!TO&Ej ; iiiii~~. -i88Q 
6.8 uc4.1 ue4.1 w4.1 b.i 

30.5 : #x7 l&2 : . . .:.25;3 ..:.: : qt2: 

SW01 = Fire Training Area Surface Water Sample No. 1 
U<8 = Undetected above numerical detection limit (e.g., 8) 
J = Analyte present Reported value may not be accurate or precise. 
B = Not detected substantially above the level reported in lab or field blanks. 
L = Analyte present. Reported value may be biased low. Actual value is expected to be higher. 
K = Analyte present. Reported value may be biased high. Actual value is expected to be lower. 
pg/l = microgram/liter 
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I TABLE 44 1 
1994 SEDIMENT ANALYTlCAL RESULTS 

WP of I 
SEDOl) 

SEW1 a SEDOS SEW4 SEW5 
I 

I voumE ~RGANICS ha/k4 

Mmylene Chloride 

Acetone 

PESTICIDES AND PCBs twlkq) 

gamma-BHC (Lindane) 
Heptachlor 

4$-DDE 
Endrin 
4,4’-DDD :::; 
Endosulfan sulfate 

4,4”-D#T 
Methoxychlor 

-Endtiii ketone 
Endrin aldehyde 
alpha-Chlordane 
gamma-Chlordane 

10 B .l(IB, 88 13B 7.6 
u-40 u-40 78 78 u40 

I 

a.r5J .. . . ..: .‘:u<j.7 ..‘.f;sJ. l.ZJ- .::::Q,m J: 

0.24 B .42 6 0.23 B 0.28 B. 0.25 J 
14 .’ ;: 67’ .. .a.: 10 11 

w3.3 5.? 0.22 J 0.19 J lJc3.3 
::.’ : -.1;7 J: : .134..- .‘3;4:, .: 2.3 

‘. 
:l:J 

UG.3 5.2 5.1 0.5 0.68 J 
$6. 32: .7.1 ... 9.4 .13 

8.8 J 23 2.2 B u-=1.7 llri 7 

uai3 
1 -..* 

T.1 0.38.l .. ., ck3;$ 
w3.3 2.1 J uc3.3 w3.3 

w3.3 
u-=3.3 

UG1.7 u-4 ;7 -wt.7 ‘.. .L34.7:- d;18J 
w1.7 w1.7 w1.7 u-4.7 0.27 J 

IIVOLATILE fuqlkal 
..-nanthfene w330 1405 UC330 :j.l<~lJ: I$- 

Di-n-butylphthalate 488 590 B 65 J 488 905 
Fluarantheqe i3qm s :: 98.u 62J u-330 .da 

Pyrene UC330 680 J 69 J I.430 UC330 
~~~~)an~n~ :.. .:.: .:.: ~~.:.:,:::::.:‘;,~::~~ ~:.~~~ :.;. .;. ;..: .$$g;:ij,: j. ; ;$?J:; j :. :).I<+ I;:--.;. .:i’@%: 
Chtyse?e 
.si~~r~thylhejcyt)ph~~late: i.i:i:.:i:’ .: &gg i: ,i, ; .(.. . : .‘::‘;z..:;:.iy, 1.2??. 61 J U-%?Q lJG30 

.~;-,,Jqj:‘)yi.: yju*‘; /:i’:.: “.;j 3Q+j.,:i I,;; i** 
Benzo(b)fluoranthene u&l 1600 J 72 J ua30 ua30 
Benzo(k)fluoranthene: . . . .L%330 : +?@;J-- ‘.:. 72 J ~~:,U<330 .;;’ ‘.~U~30 
Benzo(a)pyrene u-330 5iioj. UC330 lb330 UC330 
hidena(? ,2,3-odfp$ene x3<330 i57a;t- .. U.z330:’ .u<&j; ;;(\. ::j:$Jw 

Dibenz(a.h)anthracene l&330 240 J u<33O w330 ue30 
Benzo(g,hij)peryl& : .. iw330 : ij@jj,::.::: ~~~330: ‘. :‘::.;~<~3a:~~‘~.::.ij,lio3a 

INORGANICS (ms/kct) 
Aluminum 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
-Chmmim 

141ou : : @ggj: .lOdOO .: I : : 957qi:‘.: ;::: ~+PJ. 
2.9 I( 

j .8;.;: 6*’ 
2.1 4.4 

3&g. 
iJCO.86. U&h 

‘-26.4: 
i&O.86 

13.4: ‘: . . 23.7 . . . 
lko.9i c) 0.23 CI 

‘: UZl..O .;. :..ucj.i : ~1: .; ‘..’ I.?. ... u.q :‘f ; : y:u.qi 

272 J 1390 J 468 J 183 J 25” 
,,+2:: : .:‘h:.&*:- ::. ,,: g;g .. : 7.7 . . ‘:. 9 

b”YQIL 

2-=r 
Lead 
Magnesium 
Manganese: 
Mercury 
Nickel 
Potassium 
Sadiom 

:::‘@;F :i’.:-,i.;:,,‘6~;5:, : .-....;19.8:.. ..: .,39.9:..:.::;.;7;+t( . . :.. 
710’ .’ .1830 659 367 486 

.f . . 60.5 -.::.‘.: -‘1.92: ‘. ,: ..!57.7 
UcO.li 

. . :: 20.4:. .:. 42s 
0.21 wo.12 wo.13 wo.12 

~UZ8.3. .., .. -‘15.4 u43 .w8.7 : ‘. 3;s 
u-439 842 u437 U<461 351 

.: : ‘... uw.5. .: .’ 78.0’ tJc8&2 .;:u<@&: : :f25R ._-- - 
\,m..e.rl;,.m 172 &I fR 5 A ” rl. 1 I 

SEDOl = Fire Training Area Sediment Sample No. 7 
Us8 = Undetected above numerical detection limit (e.g., 8) 
J = Anatyte present. Reported value may not be accurate or precise. 
B = Not detected substantially above the level reported in lab or field blanks. 
L = Analyte present. Reported value may be biased low. Actual value is expected to be higher. 
K = Anatyte present. Reported value may be biased high. Actual value is expected to be lower. 
@kg = microgram/kilogram 

4-20 



1990 GROUNDWATER ANALYTICAL RESULTS 

VOLATILEShs/ll 
Methylene Chloride 

MWOI MWOZS MWOZD 

<5 d .‘? 
Acetone <lCl 128 
Trioh~offuorometha~ 

418 
<5. 43 

Chlorobenzene 
.. $5 

4 -25 
l,f,l-TficJ+qoettl~. 

c5 
k5 

1,2-Dichloroethene 
. . 52 6 .; 

<5 10 
Carbon:Tetrach~oride 

<5 
55 6 

Tetrachloroethene 
.75 

4 9 
Total-Other Volatiles 

<5 
u 346 .11.9 

SEMIVOLATILES lug/ll 
Bis(2-ethyihexyl)phthaiate 46 
Di-~*ph~l~tf3.;. . ...‘: :. : 

9J 31 

2,4-Diniotoluene 

1. : .:..:,:..:.:j . . . . . :.:~<?g.:: ,, ._ 14 : ‘cio 

.~~~wp.&~&p~~, .::.j.,$ ‘:{::‘:-‘j:i::+ 
40 

.:;,. 
Cl0 

,..... ;>;,!f.. . . . . . . .. .: :,.. I,:,, ;y;;;g :. :: .: .: : .Cl’Q 
Pyrene 

. . ‘. ‘: .:.: ‘.: .::<g:(!J 

<IO 
Benzo(a)ar&acene 

40 <lo 
-C-fQ:~ <IO ‘. .+(TJ 

2,CDimethylphenol 40 -40 
4-Nitropheno- ‘. 

GO 

Total-Other Semivo(atites 

:.*(-J., -<so : >?56 
14m .202 .‘.a5 

PESTICIDES (uq/l) 
4,4’-DDE :.’ ; ., “.., .I. . . .f < ,-I -. 

4,4”-DOD 

.‘j:, ;co;:gJ:-:i,: :. ‘. :.j ‘., ..<Q;,$Q ...:.. I. .:, :,$J(-. 

co.10 co.10 <o.ib 
4;4’-DDT ., : .;.. . . ” ‘::‘i&$o: .: % .:. : 

<0.05’ .‘.’ 

.-:.g;lQ 

Delta-BHC 

: :, +g;g:g, 

<0.05 0.02J 

INORGANICS (ug/ll 
Aluminum. . . . . ..: .’ ~:~l~gog:~. : 
Antimony 

.59,- ii,... 27;5oO. 

40 ~60 
&si%iic~ : . . 

450. 
. . : c1’0: 12 <J-o. 

Barium ecJo 318 <200 
Beryllium .:::.*:.. <5 ::<5. 

Cadmium <5 <5 

t&tcium: 

<5 
f&Q!. ‘. 9500 :wo 

Chromium 13 38 13 
Cabalt: . . 
Copper 

: :. :.:. ..:..:;i<sa:-: .: 550 
<25 

,‘. .‘. .: <sq 

li;?* : .: . . ;:; ii ‘y:. : :j: :: .“. ::‘i:. ‘1: :..i. :;1 ,,:‘: .I:, .. ;;:i;-:.I,I,::,;i ;, ;yl.;~:~:‘l ! :I“:. / ::,I ..i 

Lead 
.:.; .:_ ,... ., ,,, ;..:, i,~:~~:.~~.3+:&)Q’::: i :i: ‘. I: :: jg cQ(J 

.,,: 1.. ::.:::::: :, : .., , 
6.9 . . . . . .._ . . . . . . . . . . . . . . . 

j f&$&{& ..$ ::,;‘; .:;;; j$: :;: f;;g$$.i: ‘:, ;:-i: i;+:; $g.?:.f .~:.‘~~.i;:s:I-‘_.iii:,~~ :y;;,:,.:I 
. . ..:. . . . . . . ,, . . yy..;:::; .~-::.~~~Q&:‘~:‘~~~ .., j :. ::. i .: : ‘.:3 4: irgo : :(.’ 

..: . . ,.:.:-:-:-::.::.: ..,.. ..t. ., . . . . ..: . . . . . . :. :.>. .. > .j’. .:.. . I 
:j ;; &?; : .;;:_‘;;s;~~:; 

Manganese 
,. . . .,.. . . ., . . .._. ,.._ . . .A;., ,_ .,., 

Mercuti ..‘..., .: 
504 

. . .: ./, .“.:.C -R 
Nickel 40 40 <40 
Potassium 

:+&)c.. 
~5,600 +$Jclg: 

Selenium c5 -3 c5 
Silver -:;ja.i i :..<qo ‘.‘. .:.‘.:.<+J 

Sodium 
Thallium 

9,iaO .‘. .9,370 10,400 

. . :: 
Vanadium 

-.:.:‘::gai: ;y.. .::. .;(<I0 :: .::.:‘:cf.a: : :. 
R R R 

Zinc -,2,. ,:::. : 46 
Cyanide 

.-.:a 
40 <lo 40 

Source: Site Inspection Report 
Ebasco Services, Inc (1990) 

KEY: 
J=Estimated B=Detected in Blank 
R=Rejected U=Undetected (Detection Limits Not Available) 
<5=Not Detected Above Reported Numerical Detection Limit 
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I 1990 SURFACE SOIL ANALYTICAL RESULTS I 

vou 
Gizi- 
Acetone 0.013J5 0.043. 
Trichlorofltiorqnefhane- .‘.I’:: :: .. :: 3X&~. .. cq5.J 0,014 
Cp-WV-hZ~7P~~ 

$. .I 
1 7-nirhlnrndhana LJ 

6; 
T&rachlnmathana U U U U U 

-fC 

m sso2 

- 

s sso4 SSO4D 

VOLATlLES(mdkgJ 
Methylene Chloride . . : . . .0;023 .. 0.027 0.023 &Of4 : 0.031 

Acetone 0.013J5 .. 0.048JB LJ 0.029J5 0.029J5 

Trichlorofltiorqnethane- .‘.I’:: :: .. :: WI&$. .. cq5.J ., 0,014 ,u. 0.025 

Chlorobenzene U U 0.014 U 
l.lil-T~~id~~ane”~.” .~..rIIi.l..::j::i’:,~.‘.j:‘,,‘ia,...i.-:’-~;:.,ii .;‘i.:::,til.:.~~;--i ,:.., I..;::..-li~::..i:,~~:i;i-:i-j:.~~ {:,i’:f;yJ:~.:,:i,:j; ,;. ;;-. .V’ 

1,2-Dichloroethene U U U U U 

Carbon Tetra~hloric+ ..tl U 

Tetrachloroethene u.. 

.(J: .‘. tf- 
3 

U U U U 

To&&Other Votatiles 0,257. u 0.373 u U 

1 SEMIVOIATILES (malkul 
Bis(2-ethylhexyl)phtalate U 0.840 0.18OJ 2.1 1.8 

Di-n-octyl phthalate .-u. : :u. : .. I:oi;:... .. ..u;:. 

i:: ‘: 
. . . . u 

’ 2,4-Dinitrotoluene U 0.22OJ j.4 0.56OJ 

1 Fluoroanthene ::-.ul .:.u: : .uf. :.:: . . . 0.430> ” 0.33OJ. 

Pyrene U U U 0.7OOJ 0.46OJ 

Benzo(a)anth[acene : u u- .u O.MJ 1.6J 

2,CDimethylphenol U U U 0.4aoJ .’ U 

4-Niiophe&. .. .u u. : : .:.u.. ..:. ‘:2;5 :j 1.2J 
Total-Other Semivolailes 205 1,145 161 478 .3,524 

PESTICIDES (ma/k@ 
4,4-DDE : :ff, j .;Ij: :: .u ... .:’ o:m.:: :.. ~0.060 

4,4’-DOD 
. ...; .:..j:. 1.: .:. ..: ‘.:.:: ..:.g: ‘.. ,::: ; 

U 
4,4’;DDT : ::.:;i..:...:::. : .u j 

0.076 0.120 
: o;.j&y :..: -O.fH- 

Delta-BHC u U U u U 

INORGANICS (ma/k@ 
~(,&*~.‘,~,I.;;;:., :,,: ‘:?::~;.‘.~‘;;.;:f :.$5?0;:‘: ‘-~,~O::Y:.‘: I.:.; 4,$7Q’o:;, .:i:<~::)&$~; .:.:,, F 

ci4 .” <13 .’ 
6,540 

Antimony cl3 <14 Cl5 
g@$~&& ,j:: i’ij:il i::...‘;~~‘.::::-:z.:-~i:::.,::i:’jj”~.i’,:i~:..~:~~~.-:i:, y.; : .‘@j:pj:i ii: ,,., ;:.‘i”‘j.:~.: ::.f,:::jl‘i i- :. :~~~~~-:;‘i:i::,:.I.., .4;4i 

Barium <45 48 43 49 

Beryllium .y: :<I~,~; :::. .Lym2. .‘.’ .;‘: .<.jl’l : -xi 

Cadmium 4.1 cl.2 -4 .l Cl.2 4.2 

Cafcium 2,246 .q;jg(j: : 1;: 1:. -::<.q,oao ‘.: 4;2&;‘:y : 51,230 

Chromium 3.83 5.1J 3.5J 5.5J 5.1J ,.. 
Cobalt 

‘,. .<lS. ,,I <i.j! .:: ..: Cl1 .: 
~5.6 

.: 
4.4 

.qi ..’ ,:: Cl2 

Copper ~6 <s .. ~6.1 
IrOn .: : :.. : ::: ,-: ;. j’ ..,: . . ;.2;m. .:. : .%’ 4;21~~‘.;;f~f:: ,..: /.:,:2;330. : ‘1. ...:I .,.: ‘2;960;.; ;:‘.>. 3,540 
Lead 5.3J 15J 4.6J 19J 24J 
Magn&um: ::i’. i1.i.. :.. ~:~~.gfa:~,..,‘j :. ct,190. :..;i:::: :--c.i:mo /I : . . . . . ct,m-.. ::;.; -21,230 

Manganese 40 35 
<o.‘Ipj .:::;: .: :+$ :,: 

28 30 
f&p+, .,:.,. .:.. .:j:.; .:, :: ..:<Q;$j:‘;,; : .<(jf2 .:, . . co.1 2 
Nickel 10 c9.5 C8.6 CO.96 c9.a 
Potassium : Cl.,110 <I,@ cl ,080 -q:;mo .. . . Cl ,230 
Selenium 4.1 Cl.2 Cl .l Cl.2 Cl.2 
Silver -*.2:~ a4.. a$! ;E2..4’.. ::. ~2.5 
Sodium <l.llO Cl,190 <i ,080 4,200 Cl.230 
Thallium G?;2 e.4. --zz.2 <2:4 .: c2.5 
Vanadium Cl1 12J -41 cl2 14J 
zinc $4.5. .;r7.“,. 4.5 24 28 
Cyanide 4.1 Cl .2 4.1 4.2 Cl.2 

Source: Site Inspection Report 
Ebasco Services, Inc (1990) 

KEY: 
J=Estimated B=Detected in Blank 
R=Rejected U=Undetected (Detection Limits Not Available) 
<5=Not Detected Above Reported Numerical Detection Limit 
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4.2.2 Surface Soii 

4.2.2.1 Background 

Background Surface soil data for the WFF Mainbase are presented in Table 4-8 and sample locations are 

shown in Figure 4-l. No volatiles, semivolatiles, or pesticides were reported in the background samples. 

Metals detected in the background samples included: aluminum, barium, beryllium, calcium, chromium, 

cobalt, copper, iron, lead, magnesium, manganese, mercury, nickei, potassium, sodium, thallium, 

vanadium, and zinc. 

4.2.2.2 Former Fiie Training Pit Area 

Eight surface soil samples were collected from the area of the former fire training pit and downgradient 

(SS-01, SS-02, SS-03, SS-04, SS-07, SS-08, SS-09, and SS-10). Analytical results are presented in Table 

4-l. Acetone, methylene chloride, and bis(2-ethylhexyl)phthaiat.e were detected in almost all of the 

samples, but at concentrations not substantially above the levels reported in the laboratory and field blanks. 

Samples SS-03, SS-10, and SS-11 (duplicate of SS-03) contained several semivolatiles which included: 

phenanthrene, ff uoranthene, pyrene, benzo(a)anthracene, chrysene, benzo(b)fluoranthene, benzo(k)- 

fluoranthene, benzo(a)pyrene, indeno( 1,2,3-cd)pyrene, and benzo(g,h,i)perylene. These PAH compounds 

are possible indicators of used automotive crankcase oil or fuel oil which are suspected combustibles used 

in fire fighter training exercises. Various inorganics were detected including: ahtminum, arsenic, 

caIcium, chromium, cobalt, copper, iron, lead, magnesium, manganese, nickel, potassium, sodium, 

vanadium, and zinc. Many of these inorganics occur at concentrations comparable to background levels. 

Arsenic, chromium, and lead may be associated with used crankcase oil; lead may also be associated with 

leaded gasoline, which may have served as a combustible. 

4.2.2.3 Former Drum Storage Area 

Two surface soil samples were collected near the sludge pile in the area identified as the former drum 

storage area. The volatiles detected in samples SS-05 and SS-06 included acetone and methylene chioride, 

which are common laboratory contaminants. The only semivolatile detected was bis(2-ethylhexyl)- 

phthalate, which is also a common sampling and laboratory contaminant. The levels of these three 
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I TABLE 4-8 

BACKGROUND SURFACE SOIL DATA FOR WFF MAINBASE 
DEPTHS OF 0 - 2 ft (mg/kg) 

I 
WFFZ- WFFZI- 

SAMPLE ID ME-IS ME-2S ME-% SBlA SB2A 

DATE 1 l/91 11191 11/91 9191 9/91 
Aluminum :: .‘, : ; ,.j’,;; :‘,ji!,?S:;; i~i.:‘+5838:, :;i’:~;::+&74 .: .j”j7760 ;. :gj-/&J 

Antimony co.02 co.02 4i.02 Cl2 <I2 
Arsenic <o$l3. .::<0.03 ~.4i03 <20 <20 
Barium 37.73 .. 9.17 3.24 <40 68.00 

Cadmium <0.009 <0.009 <0.009 cl .o 4 .o 
Calcium 
Chromium 
Cotmt 
Copper 

1i-g 

:424: .:. -187 .:: ,.~8,-. ,-::.: MA. . . .:.::$A: 

12.55. 4.17 9.31 <20 <20 
.3.75: :.‘. ,j.27 ..‘. -0.53 ... ,.~C~O -:::..s:I:o 

0.22 co.007. co.007 4.0 4.0 
-.~:.:‘~~893’.~‘,:-:.~ .!&jijj. ,,:.:I1:,,.11.s$5:..: .:;,j :.:‘iJ~ ,:. : Y;:i;::&; . : .‘.i :.. : . . . . . :. .., _( .:: ‘.: 

Sodium 25.05 12.00 8.78 NA NA 

Vanadium 23.41 7.80 4.27 16 22 

Cyanide NA NA NA NA NA 

KEY: NA = Not Analyzed 

Reference: NASA, 1992a. Final Design Investigation of the Aviation Fuel Tank Farm Area 
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FIGURE 4-1 Background Surface Soil Sample Locations 
NASA, Wallops Flight Facility 



compounds were not significantly higher than those found in the laboratory and field blanks. Trace 

amounts of the following pesticides were detected: endosulfan I, endosulfan sulfate, 4,4-DDE, 4,4-DDT, 

methoxychlor, e&in aldehyde, alpha-chlordane, and gamma-chlordane. These pesticides are not 

suspected site con taminants. The metals detected in these surface soil samples included: aluminum, 

arsenic, barium, cadmium, calcium, chromium, copper, iron, lead, magnesium, manganese, nickel, 

vanadium, and zinc. 

4.2.2.4 Construction Debris Disposal Area and Sludge Pile 

No surface soil samples were collected from the construction debris disposal area or the sludge pile, 

although two shallow subsurface soil samples were collected from each location and are discussed in 

Sections 4.2.3.3 and 4.2.3.4. 

4.2.3 Subsurface Soil 

4.2.3.1 Background 

Background subsurface soil data for the FTA site is provided by samples collected from boring SB-12 

(developed as monitoring well MW-53s) and general WFF Main Base subsurface samples (Table 4-9) 

from a previous investigation (NASA, 1992a). The sample locations are shown in Figure 4-2. No 

volatiles, semivolatiles, or pesticides were detected in the background samples. Metals detected in the 

background samples included: aluminum, arsenic, barium, beryllium, calcium, chromium, cobalt, 

copper, iron, lead, magnesium, manganese, mercury, nickel, potassium, sodium, thallium, vanadium, and 

zinc. 

4.2.3.2 Former Fiie Training Pit Area 

Thirty subsurface soil samples were collected in the area downgradient of the former fire training pit in 

soil borings completed as part of the monitoring well installation program. Sample locations were dictated 

by well locations, which were selected to define the extent of the groundwater plume. The volatile 

compounds detected in these samples included: acetone, cis-1,2dichloroethene, methylene chloride, 2- 

butanone, 1, 1, I-trichloroethane, toluene, ethylbenzene, and xylenes. Most of these values were qualified 

with a “B”, indicating they were not detected substantially above the level reported in laboratory or field 
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TABLE 4-9 

BACKGROUND SUBSURFACE SOIL DATA FOR WFF MAINBASE 
OWW 

WFF?- WFFS- WFFZ- WFFZ- WFFS2- WFFSZ- WFF2- WFZ- WFF2- WFFZ- WFFZ- WFFS- 
SAMPLE IO ME-ISS ME-2SS ME3SS SBIB SBIBD SBIC SBID SBIE SBIF SBZB SBZBD SBZC SBZD SBZE SB6 

DEPTH (A) 3-6 3-6 3-6 24 24 46 6-8 8-10 IO-12 2-4 24 46 6-8 8-10 1 s-2.5 

DATE: 11/91 11191 1 t/91 9191 9191 9191 g/91 9191 9191 9191 9191 9191 9l91 9191 6193 

Aluminum 9*748 ‘. 5,499 ,. ‘3,357’. ,: .;-i;8~.:.~“:‘.i.,,‘~-‘6,~~..” ‘.,.;. 3;a30 “:“‘3;& .,:,,‘, “~fi;;@ ..~/‘f~;:{~~,~ 

co.02 
. . . ‘?3,3h, 1::. ..~~Llg~~~~:~ : 9,350 1,. 5,570 ‘., ,’ ,-4,e$Q ,. : .T,jz;d'j' 

Antimony qo.02 eo.02 cl2 <I2 <I2 <I2 *I2 <12 cl2 <I2 cl2 cl2 <I2 4.0 

Arsenic co.93 .’ so.63 !‘<O,@j : -::::‘:i,;~~~:~:::::.?lli:.r.;:2b . . . . . . ::i. . . ,$a~... ,:: +# +:y +2b:: ,,“j. 

17.75’ ,” 4.3 “‘, 
.,... 

zzo’ ,;.’ y&, ,,; :.;:~ .~ ,%g,:, ,:{: .c20,T ,, s20.,. 520 ':. ..g::!: 

Barium 8.96 -Ill 40 40 40 40 40 40 49 40 40 40 16 

Betyilium 0.10 ., yo.og .: ,., ‘, ql’.,:, .j:, .~~~~~~~~~::,~::.~:~~~.‘:~i,,,~‘:.~.. $,Jj . . ..::...:~.<fJj 1:“:’ y+$q.: ::j1’::~;+,““. .,;,;:.:q;*,..; &~,. ., :, 4jsQ .‘,,.+l,*o, 
cl.0 “4a~.:. 

Cadmium <0.009 co.009 <0.009 4 .o 4 .o cl .o 4 .o <I .o 4.0 4 .o <I .o 4 .o 4 .o <l .o co.83 

Calcium 227’ ,;j.j@ : ,,, ‘,, ,,.;,?s’ ., -.:i:,:.i~~~~~l:l:l”~:‘::jil.p;:~A, ,: ;:..‘- j&; ‘. :;‘..:, +&,,,+ -::, ‘.:it;iA’:::‘.ii’::~~~~~,:~:~~~A,,,:::, ,,,;, ,$#‘,;,.,,:y,i:~ ::‘,; ‘NA;,.: ,, ;A ,j,,e ., .:,,, ,N~ YNA.“- . ..@@j. 
. 

Chromium 8.06 10.85 3.82 <20 <20 <20 <20 <20 <20 <20 <20 <20 420 <20 5.7 

Gobatt 2.35 :.:.. ..,";# ::I, : :; 0,6z',:.::1:.'."':i~~~~~:i:"-::r':'~~~~id.'; ":,')'.; q(j" ., ;' 4q.l ?::, .::;$iii’.:.:: ‘.;~:::;:‘:::..:slo ., ,. <lfJ ;.:, 1,: ,’ <IQ ,., -2.J.O. ,40 40 ,. @:; 
Copper 0.07 <0.007 eo.007 4.0 4.0 4.0 ii.0 4.0 4.0 4.0 4.0 c5.0 c5.0 60 1.6 

Jron 8.529, .,,‘I”. ‘&i& ,,I ,I,425 ,, ‘.‘y:$,&,:: ?,:;.;;j$$,;.:.~ .;::.,,j :,$,,$:. ,-,y::,,’ :,.i;$k .“;,<:.;: : N& i+:‘j’;:::‘~,:,, y;i ” ‘.’ ,: ,:,,-NA’ ‘, .;,,:;,‘; .,, NA, ,,“.. j,,~ ,, ,. NA 
NA 3,w:. 

Lead so.05 dO.05 eo.05 <20 <20 c20 <20 <20 <20 <20 <20 420 <20 <20 I .7 

Magnesium 68 .’ ,y.2tj6 
“,,,,, & ‘,, ,.: ,, :$A .Z.‘.‘.’ 

i.,. Y#&::;, ;ffi::j+,&.., ~....::“.~:“::+j ; “: @A; : : : .(1NA,:,..::~I;::‘.‘::.-:. N/i 1;. ,, N4 ‘::: ,.::,,I,, MA, ,, .:,NA- ,, ..,,.+,A: 
NA ‘, ‘gqg:. 

Manganese 63.79 37.22 11.14 NA NA NA NA NA “’ NA NA NA NA 18.4 

MWUiy 4.0~ ‘“g wJ.1 ‘.“. .,59+?$ :’ ‘:: o,j+ :. I?,08 f?,?b .Z”’ ‘:., .ti.l4... +ig.64 o*y;. ..” NA 4,09 ‘&04 0.08 0.15 $0,11 
Nickel 1.69 4.45 1.17 d8.0 e8.0 ~8.0 ~8.0 ~8.0 ~8.0 e8.0 e8.0 q8.0 ~8.0 e8.0 3.4 

Potaqium 456 '::',+j ,.:. 166 ;;;,':,~;#j,& -:"::,#&,., :' " .,NA .:, ..' "' 
.. ,,.., +,A’..:,‘;~, ; :.;:y&.<;;, .j :> ,,,P; ,,, I., N& ; ::..‘:;’ ;hA’: NA NA ‘NA *b: 

Selenium qo.03 co.03 co.03 <20 c20 <20 4.0 c5.0 -3.0 e5.0 d5.0 4.0 4.0 4.0 0.23 

Silver co.02 ', ," ,, so.01 “‘1 +a.&?.!. ~:.‘::~.r.~;~ .:’ ::,:, ..:*g;o;- ;’ ,;. .‘, Q,O ,: -:, -;q:, ..: ~.;.;.~~j# .,:,;:~:~~:~~&$ 

12.61 10.28’ 

.:;,<2,0 ” .Slj:, q.0 4-j k2,0 s2.0 4;tH 
Sodium 14.11 NA NA NA NA NA NA NA NA NA NA NA 37.8 ii 

Thatlium 12.44 3,3;.,:-, .‘. :., 1.8: 1: -‘:‘#j;..,::. I.. $#O’: .:,;$g,tj ,;..,: $fi,.:;:; ‘<2;0;. : .:$::,$:...Q.o :: ” ,52,0 : .,4j 52.0 .~q.(l ct.0 4.4 

Vanadium 16.78 9.13 4.78 40 <IO 40 40 40 40 40 27 <lo cl0 40 8.2 

tin0 11.84 : 5,63 ‘:.,,:: ‘%7?., ,y .::.:.:.&p~ ~.:“qo: ‘. .’ :‘“+j.O’ c4.p. ~~,O ,‘, ,‘,‘a,!, .I. <S,Q’ 4,58 .’ 24.0 e4.Q NO 4,4 9 
Cyanide NA NA NA “NA NA NA NA NA NA NA NA NA NA NA NA 

KEY: NA = Not Analyzed 

Reference: NASA, 1992a. Final Design lnvestigatim oftha bidhn IL-’ T--‘,,%~,&ea . . . . , I.,“I,YII , “W, ,s,m 
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blanks. The sample with the greatest number of volatile detections was SB8-3, collected from the well 

boring for MW-55D, immediately downgradient of the suspected former pit area. This sample also 

contained several volatile tentatively identified compounds (TICS): dimethylpentane, tetramethylbutane, 

dimethylhexane, trimethylpentane, nonane, ethylmethylbenzene, and trimethylbenzene. These volatile 

compounds may be residues from hydrocarbon fuels used as combustibles during training exercises,, 

Several pesticides and PCBs were detected at low concentrations in the subsurface soil samples. The 

pesticides/PCBs detected included: alpha-benzenehexachloride (BHC), delta-BHC, heptachlor, aldrin, 

endosulfan I, endosulfan sulfate, dieldrin, 4,4-DDD, 4,4-DDE, 4,4-DDT, endrin, methoxychior, 

heptachlor epoxide, toxaphene, beta-BHC, alpha-chlordane, gamma-chlordane, and Aroclor 1260. 

Sample SB6-1 had several low concentration pesticide detections. 

The semivolatile compounds detected in the subsurface soil samples included: di-n-butylphthalate, 

butylbenzylphthalate, bis(2ethylhexyl)phthalate, di-n-octylphthalate, 2-methylnaphthalene, ffuoranthene, 

pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, indeno(l,2,3-cd)pyrene, dibenz(a,h) 

anthracene, and benzo(g,h,i)perylene. Overall, sample SBlO-1, collected from the boring for MW-:59S, 

had the largest number of detections of semivolatiles and pesticides. The PAH compounds may be 

associated with the use of used crankcase oil and/or fuel oils as combustibles for fire fighter training 

exercises. 

The metals detected in the subsurface soil included: aluminum, arsenic, barium, calcium, chromium, 

cobalt, copper, iron, lead, magnesium, manganese, mercury, nickel, potassium, sodium, vanadium, and 

zinc. Some of the inorganics may be site-related, as discussed in Section 4.2.2.2. Others are naturally 

occurring at levels comparable to background concentrations. 

4.2.3.3 Sludge Pile 

Subsurface soil samples taken from the sludge pile and immediately downgradient contained trace amounts 

of volatile organics, several pesticides, and metals. The downgradient samples (SBl-l,-2,-3 and SB2.-l,-2, 

-3) had detected levels of the volatile organics acetone and methylene chloride, common laboratory 

solvents, both reported at concentrations not significantly higher than those found in laboratory and field 

blanks. The semivolatiles were di-n-butylphthalate and bis(2&hylhexyl)phthalate, also not detected 
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substantially above the levels reported in laboratory or field blanks. The pesticides identified included 

delta-BHC, heptachlor, heptachlor epoxide, 4,4-DDD, 4,4-DDE, 4,4-DDT, endrin, endosulfan sulfate, 

alpha&lo&me, and gamma-chlordane. Pesticides have been found throughout WFP at comparable 

concentrations, and are not believed to be related to activities at the former PTA. 

Samples SB1-4 and SB2-4 were shallow subsurface samples collected from the sludge pile. They 

contained detected levels of acetone, methylene chloride, di-n-butylphthalate, bis(2ethylhexyl)phthalate, 

delta-BHC, heptachlor, 4,4-DDD, endosulfan sulfate, and 4,4-DDT. These compounds are not suspected 

site contaminants as discussed above. The levels of aluminum, arsenic, barium, calcium, chromium, 

cobalt, copper, iron, lead, magnesium, manganese, vanadium, and zinc were higher in the samples taken 

from the sludge pile than in the downgradient samples. Beryllium and nickel were also detected in the 

sludge pile samples. 

4.2.3.4 Construction Debris Disposal Area 

Subsurface soil samples collected in and around the construction debris piles contained few detected 

contaminants, and those identified occurred at low concentrations. Methylene chloride and di-n- 

butylphthalate were detected, but only at concentrations slightly above the levels reported in the laboratory 

or field blanks. Several pesticides were found in low concentrations in samples SB13-4 and SB14-4. The 

pesticides and PCBs identified included: gamma-BHC, heptachlor, heptachlor epoxide, 4,4-DDD, 4,4- 

DDE, 4,4-DDT, endrin ketone, gamma-&lo&me, die&in, endosulfan II, and Aroclor 1260. Because 

these piles contain mostly construction debris and fill from other locations around WFF, the pesticides 

found do not appear to be site-related. 

Several semivolatiles and PAHs were also detected in sample SB13-4. Chemicals identified included: 

phenanthrene, di-n-butylphthalate, fluoranthene, pyrene, benzo(a)anthracene, chrysene, bis(Z 

ethylhexyl)phthalate, di-n-octylphthalate, benzo(b)fluoranthene, benzo(k)fluoranthene, and benzo(a)pyrene. 

Moderately high values of aluminum, arsenic, iron, and lead were detected in samples SB13-4 and 

SB14-4. 
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4.2.4 Groundwater 

4.2.4.1 Background 

Monitoring wells upgradient and cross-gradient of the site were sampled. The results are presented in 

Table 4-3. Trace amounts of methylene chloride and bis(2ethylhexyl)phthalate were detected in M[w-34s 

and MW-53S, both located upgradient of the site. These organic compounds may be attributable to 

laboratory contamination. Metals detected in these samples included: aluminum, arsenic, barium, 

beryllium, calcium, chromium, cobalt, copper, iron, lead, magnesium, manganese, potassium, sodium, 

vanadium, and zinc. No other contaminants were detected in these samples. 

Sample MW-OlD (cross-gradient) contained low levels of acetone, cis-1 ,Zdichloroethene, methylene 

chloride, chloroform, and bis(2-ethylhexyl)phthalate. No pesticides were detected in this sample. The 

metals detected included: aluminum, barium, calcium, copper, iron, magnesium, manganese, potassium, 

sodium, vanadium, and zinc. 

4.2.4.2 Shallow Aquifer 

Sixteen samples, consisting of four DNAPL samples and 12 samples including one duplicate sample, 

collected following purging activities, were obtained from monitoring wells screened in the Pleistocene age 

aquifer. Several contained detected levels of volatiles, semivolatiles, pesticides/PCBs, and metals. The 

detected volatile organic compounds included: acetone, chloroform, 1, ldichloroethane, 1, l- 

dichloroethene, methylene chloride, 2-butanone, l,l, I-trichloroethane, benzene, tetrachloroethene, 

toluene, ethylbenzene, and xylene. The TICS detected included: ethylmethylbenzene, trimethylbenzene, 

tetramethylbeuzene, and alblbenzene. The semivolatiles detected included: Cmethylphenol, 

naphthrdene, 2-methylnaphthalene, diethylphthalate, fluorene, phenanthrene, and bis(Z 

ethylhexyl)phthalate. The pesticides/PCBs detected included: alpha-BHC, delta-BHC, gamma-BHC, 

a&in, heptachlor epoxide, endosulfan I, endosulfan II, die&in, endrin, endosulfan sulfate, 4,4-DDE, 

4,4-DDT, methoxychlor, endrin ketone, endrin aldehyde, alpha-chlordane, and gamma-chlordane. The 

inorganic compounds detected in the monitoring wells included: aluminum, chromium, cobalt, copper, 

iron, lead, magnesium, manganese, nickel, potassium, sodium, vanadium, and zinc. Samples from wells 

located near the PTA with the most detected compounds included MW-O2S, MW-55D-I (a DNAPL 

sample), MW-55D, and MW-62S (a duplicate of MW-55s). 

4-3 1 



Most of the volatile and semivolatile compounds detected are suspected site-related contaminants. Some of 

the inorganics, including arsenic and lead, may be site-related. The nature of pesticide use in the area is 

unknown, but is expected to be consistent with usage in the vicinity of runways in other areas of WFF. 

These compounds will be evaluated in the risk assessment screening (Section 6.0) to determine their 

relative contribution, if any, to risk posed by the site. 

Groundwater samples taken near the construction debris piles (MW-02D and MW-601) contained low 

levels of chloroform, methylene chloride, 1 , 1 , 1-trichloroethane, tetrachloroethene, and trichlorofluoro- 

methane. Most of the detected concentrations were significantly lower than those detected in the other well 

locations around the former FTA. The groundwater results are presented in Table 4-3. 

4.2.5 Surface Water/Sediment 

No surface water was present in the actual fire training pit area during the site reconnaissance and 

sampling event. Four surface water/sediment samples were taken from several shallow surface water 

pools resulting from ponding of surface runoff in low-lying areas northeast of the FTA. The analytical 

results for the surface water and sediment are presented in Tables 4-4 and 4-5. Background surface water 

results from the WFF Main Base are presented in Table 4-10 and the approximate sample location is 

shown on Figure 4-3. 

The surface water samples contained trace amounts of pesticides and metals. All of the sediment samples 

contained trace amounts of volatiles, semivolatiles, pesticides, and metals. Sample SED-02 had the largest 

frequency of detections. The sediment results were compared to general background surface soil samples 

since the sampled areas are intermittent, and the sediment samples are more reflectible of surface soil 

conditions. 

4.3 SUMMARY AND SIGNIF’ICAN~ OF FINDINGS 

4.3.1 Surface Soil Summary 

The surface soil analytical data were compared to both background concentrations and EPA Region III 

Risk-Based Concentrations (RBCs) (USEPA, 1994g). The guidance information and updated list of RBCs 

is presented as Appendix B and C. 
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TABLE 4-10 BACKGROUND SURFACE WATER 
ANALYTICAL RESULTS 

SAMPLE ID: 
ANALYTE WFF’IBA-SWl (mg/L) 

Aluminum U<O.lO 
,;f\~enic. :.: ,:.~<0;002 
Calcium 190 
Ciyoti%m ~~JJ4xg~ 
Copper .d.033 
.jrijn. . ..’ .~:.&lfj. .. 

Magnesium 5j 
Matiganese. : ‘. 
Pot&urn 

~‘cf.027:. :‘, 
200 

i&j&f : ... 

Vanadium 

: .; .;. ::. :, :: &(jo .: 
. . . 

uco.025 
;~ncr.,I..:...‘i:..-.-:‘:I:i -,.ii,.~:~;,ii.::~~..~‘:.. :,,. (;:I- ‘.‘qJ$f@~. 

Note: No VOC’s, SVOC’s or Pesticides were detected. 
UcO.10 indicates the compound was not detected 
above the reported numerical detection limit. 
Sample was collected from Jenney’s Gut during 
a previous investigation (5/21/92). 

Reference: NASA, 1992b. Revision of Site Investigation, 
Wallops Flight Facility 
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A more detailed screening is described in Section 6.0 and summa&& in Table 6-4. me chemicals which 

exceeded the RBCs for residential soil exposure included: benzo(a)pyrene, benzo(g,h,i)perylene, 

aluminum, arsenic, and lead. Most of these have been identified as human health chemicals of concern in 

Section 6.0. 

4.3.2 Subsurface Soil Summary 

The subsurface soil contaminants which exceeded the residential soil exposure Rl3Cs included: 

phenanthrene, benzo(a)antiacene, benzo(b)fluoranthene, benzo(a)pyrene, indeno( 1,2,3-cd)pyrene, 

dibenz(ah)authracene, benzo(g,h,i)perylene, Aroclor 1260, aluminum, arsenic, and lead. More detailed 

screening iu Section 6.0 led to the identification of many of these compounds as chemicals of conceru for 

the human health risk assessment. 

4.3.3 Groundwater Summary 

The groundwater analytical data were compared to both background concentrations and tap water Rl3Cs. 

The volatile organic compounds which exceeded recommended limits included: 1, I-dichloroethene, cis- 

1,2dichloroethene, methylene chloride, chloroform, benzene, tetrachloroethene, toluene, 

trimethyibenzene, and tetramethylbenzene. The semivolatiles which exceeded the RBCs included: 

alkylbenzene, phenanthrene, 2-methyluaphthalene, naphthalene, and bis(2-ethylhexyl)phtat.e. The 

detected pesticides which exceeded the RBCs included: alpha-BHC, a&in, heptachlor epoxide, and 

gamma-chlordane. The inorganics detected above the RBCs included arsenic, lead, and managanese. 

Many of these compounds are identified as chemicals of concern in the human health risk assessment iu 

Section 6.0. 

4.3.4 Siguificance of Fiidings 

Comparison of the analytical data to the RBCs allowed determination of contaminants of greatest concern 

for the FTA. The contaminant list includes: 

. . 
w - 1, ldichloroethene, cis-1,2dichloroethene, methyiene chloride, 

chloroform, benzene, tetrachloroethene, toluene, trimethylbenzene, and tetramethylbenzene. 
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v - alkylbenzene, phenanthrene, 2-methylnaphthalene, naphthalene, 

bis(2-ethylhexyl)phthalate, benz(a)anthracene, benzo(b)fluoranthene, benzo(a)pyrene, 

indeno( 1,2,3cd)pyrene, dibenz(ah)anthracene, benzo(g,h,i)perylene. 

. . 
PestlcldeslPr.RR - alpha-BHC, a&in, heptachlor epoxide, gamma-chlorclane, and Aroclor 

1260. 

InnrP;lnics - aluminum, arsenic, lead, and manganese. 

This information is further screened and utilized in the development of the Human Health and Ecological 

Risk Assessments in Sections 6.0 and 7.0. These compounds, with the exception of the pesticides, PCBs, 

aluminum, and manganese, may be site-related contaminants. The volatile organic compounds may have 

resulted from the use of waste solvents and hydrocarbon fuels as combustibles during fire fighting training 

exercises. The semivolatiles may be attributable to the burning of used automotive crankcase oil or fuel 

oils. Arsenic and lead may also be attributable to used crankcase oil, and lead may have resulted from the 

use of leaded gasoline. 

Based on the concentrations of the chemicals of concern, estimates of the area and volume of contaminated 

media were detemined. The estimated area and volume of contaminated groundwater in the water table 

(Pleistocene) aquifer is 40,272 ft? and 587,971 ft3. This estimate is based upon the cis-1,2dichloroethene 

groundwater data, which resulted in the most extensive groundwater plume. The approximate area and 

volume of contaminated soil is 22,240 ft! and 324,704 ft?. The estimate of soil contamination was 

determined using a conversion of soil gas data, due to the high mobility of volatiles from soil to 

groundwater (volatiles were detected in the groundwater, but rarely in the surface and subsurface soil 

samples). This estimatation is further described and presented in Appendix D. 
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5.0 CONTAMINANT FATE AND TRANSPORT 

5.1 SITE CONTAMINANTS 

Additional screening of the chemicals of concern from Section 4.3.4, based on comparisons to ba’ckground 

levels, led to the identification of the following potential site contaminants. The volatile chemicals of 

concern include: benzene, chloroform, I, I-dichloroethene, cis- 1,2dichloroethene, methylene chloride, 

tetrachloroethene, tetramethylbenzene, toluene, and trimethylbenzene. The semivolatile chemicals of 

concern include: 2-methylnaphthalene, naphthalene, phenanthrene, benzo(a)anthracene, benzo(a)pyrene, 

benzo(b)fluoranthene, benzo(g,h,i)perylene, and dibenz(a,h)anthracene. The pesticides include: alpha- 

BHC, heptachlor epoxide, and gamma-chlordane. The metals of concern are arsenic and lead. Detailed 

screening and evaluation information is further discussed in the Human Health and Ecological Risk 

Assessments in Sections 6.0 and 7.0. 

5.2 PHYSICAL AND CHEMICAL PROPERTIES OF CONTAMINANTS OF CONCERN 

Chemical and physical properties are important factors in determining the movement and environmental 

fate of a contaminant and subsequently assessing exposure pathways. The following section presents a 

discussion of the physical and chemical properties associated with the chemicals of concern and halw these 

apply to the transport properties of each contaminant group. Properties for the compounds found at the 

former PTA are presented in Table 5-I. Each of the properties presented for organic compounds are 

discussed relative to the effects they might have on mobility. 

The water solubility of a chemical is defined as the maximum concentration of that chemical that will 

dissolve in pure water at a specific temperature and pH. Neutral pH and temperatures from 20 to 30°C are 

generally used. Water solubility is a critical property affecting environmental fate (EPA, 1986). Highly 

soluble chem!cals can be rapidly leached from wastes or contaminated soils and are generally mobiile in 

both groundwaters and surface waters (EPA, 1986). The water soiubilities of most common organic 

compounds fall between 1 and 100,000 mg/l (Lyman et. al., 1981). 

Vapor pressure and Henry’s Law Constant are two measures of chemical volatility and are important 

factors in evaluating potential air exposure pathways. Vapor pressure is a measure of the volatility of a 
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TABLE 5-l. 
CHEMICAL AND PHYSICAL PROPERTIES OF CHEMICALS OF CONCERN 

Chemical Name . . . ., ,. .,. ,; ..I.....:.. .,.... ..: .)’ . . ;.,.... .:.:: 
VQ.&ATtLES ‘,’ ,:.:I: ..” i ‘. :j 
Benzene 
Chloroform 
1 ,I-Dichloroethene 
cis-1 ,ZDichloroethene 
Methylene Chloride 
Tetrachloroethene 
1,2,4,5Tetramethylbenzene 
Toluene 
1,3,5-Trimethylbenzene 
SE&VOJ$TIL;&~: I:.:;,; ; :%j:; . . . . . . ,..:. . . . . . . . .,I . . . . . . : . . . . . . . . . . ,... . . . . . 
2-Methylnaphthalene 

VI Naphthalene 
tf.3 Phenanthrene 

Benzo(a)anthracene 
Bento(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(a)pyrene 
Dibenz(a,h)anthracene ,. .., ,. 
p ~~ir.~!DEs.:..‘ii~:ijl~~::~~~~::~ ;:j,,:.: : Yjijjj ‘$;::i 
alpha-BHC 
Chlordane 
Heptachlor Epoxide 
y g-f@ ;,:;;;:.:..:.: jr: ., ;I;: ~‘,‘.“l’:i’iI’ii:;::‘li::;ilii::i 
Arsenic 
Lead 

Note: NA - Not Applicable 
NR - Not Reported 

128.06 3.1 E+Ol 3.6EtOO 1.3Et03 NR 8SE-02 4.8E-04 
178.24 1.2EtOO 4SEtOO 4.4E+04 3SEt03 ‘l.lE-04 2.3E-05 
228.30 9.4E-03 57EtOO 1.4E+06 2.1E+05 3.lE-08 9.8E-07 
252.32 1.5E-03 6.6EtOO NR NR 5.OE-07 1 .I E-04 
252.32 8.OE-04 6.lEtOO 5.5Et05 NR 1 .OE-09 4.OE-07 
276.34 2.6E-04 6.6EtOO 1.6Et06 NR 1 .OE-10 1.6E-06 
252.32 1.6E-03 6.OEtOO 5.5Et06 7.7E+05 5.5E-09 1 .lE-04 
278.36 2.5E-06 6SEtOO 3.3E+06 3.1 Et05 1 .OE-10 1.2E-04 .,.,.. .:.. .’ .,.,. . . . . . . . . . . . . . . . . . . . . . . .I.. .::.? .. . ‘.‘.: ... 3:. .A... ,.,.,. .,.,. .,.,. .,.,.,.,,(.,_ ,,.(,, :,..; :,;: :,. :.:l(,:,:.>;.. :,:: . . . . .’ . . . . . . . . . . ..:.%:.:.:\:.y :.:::.,::.:::: :.;.: :,>;, .‘.‘::.‘...~yy::_: ::,~:::l:,:.~:.: ::::i:lli!i!l::lli:l:ii::i:::::i:l:I:il:~:.::,::: :.:: :.:.:. ~ . . . . . . . . . . . . . . . . . . . . . ..~~.~.: . . .,.> ,.:: ‘. .“:.“:::.-:::::j:~~~.~~ :y .:,; ;,& :~:., ,,: ,j:, ‘.,,: I:.:, :‘i::::::.‘:;: .T... :: .: ., . . . . . . . . . ‘. : :,: .,) > :,:. x ,:.: :::.:: :,:.: : ..,. .:.:.:.:.:.::...:.:‘.>>::(.>)::. .:.:.:.,:>,:, ::;:,:.::::::::~:::.::,~,:::~:::,:,:;:.::::::,::,:,.,:: ..,.,,,,,, ,.,..,,,.. .,,, ,,:,; .,,I., ..,...,... : ::::::::::.:. .‘. .‘.‘.’ ,‘,’ ,’ “. ‘,:.: . . . . . . . . . . . . . . . ,.... . . .a. . . . . . . . . . . .,.. . . . . . .;, . . . . . . . ::, . . . . . . . . :.::+:.:.: .,...,_.,.,./,.(.,.(,.,.,.,. :.: .,.,. ., .:.>>>y.~:,~>>>>: >y.);>,.>: . . . . . . .)> .+: .>>:.‘: .,.,. ;:.,. ,..; :.:,: 
290.82 2.OE+OO 3.8E+OO 3.8E+03 

3y$‘;;o‘; ~:::il:::::Zlir:jli::~~:~~:~~~~:~~~~~~~::~ :,:, . . . . ‘4 :5E-05 :I:I::,::I::‘i:l:~:~:~:~:~~~:~~~~~~~~:~~~~:~~~~ . . . . . . . :...:‘,.:r’:.:‘:‘:(‘: .,.,\.,...,.. :..,:.:,: ,.,.,. 
l.lE-05 

409.76 5.6E-02 5.5EtOO 1.4E+05 5.8E+02 9.8E-06 4.9E-05 
389.30 2.OE-01 54E+OO 2.2E+O2 1.6E+OO 2.OE-05 3.2E-05 

:., ‘..“.‘,‘,‘,...“,‘,;.~:“‘.” .:. cc.. . . . . . . . . . . . . . . . . . . . ...+ ::::‘.:.‘.:::::::.‘.:.‘.:.:1.:::::::::: :::,:.:. ,..... .\ :...,. ,+i.;,: 
.ili:;‘:l:::~i~~~.:.~:~~~~~~~~~,:~~~;’::~~~~,;~ ” ” ‘. c:‘:.:” .: :...:.: .,... :.,...,. :.:.: :: :.: .:,., . . . . . . ., ,...,..:,:.:; ,/, >:,:;, ,,.: ,,.,,.,,.,.,. :.::, ,:,:,:.....:,,,: :,,,:I .,;: ::, ~.~,.~jj:j:.jj~,,~,~~.~:~:~~~,:~~:,.:.~~,, ‘::.:.::::;::‘.‘:,:‘,, :.:::::::.,:...: ,.... . . . . . . . . . . . . :. . . . . . . . . . . .A.\......,., ,: ,.,. :.:.,:::,:, ,.:. ., :,y;...: :.::.:,:: :. ‘.I”” ‘5’ “. ..’ : ::: :::‘.:::,:.::‘. 1.;. :,j:.: : ,., :,:., .‘;:::,‘:::‘~:j:j,,‘~,::,,~~~ i:IIIl:/:I,I:l-I,:::.: ,.:, ,., ., . . :,.:: ::. .,.,: :.,, .::::: :,.,: ::y,:: :.:,: :.:.:.: .;, ,.,. :.: :.:.j,. .:.:.,.:.:.,.:.:::::.:.::::,::::.::,. .:::,::::::::i:i::::::::::::::‘::.: ,.,... >:I.: >:.: ,.....,.,.,.,. 

. . . . . . . ..l ., ,....,.. .:. . . . . ./ . .: :..m . . . .::.. . . . . . .\/../..../\ . . . . . :.:..., . . . . . . . . . . . .,. . . . . .+?::::::::.:.: :ii:i.::l:lii:::il~:~~~~~:~~~~~~~~~~:~~~:~~~~,~~~~~,~~ .A...... . . . . . 
74.92 

.,..... ..,..., ,.,.,.,.,.,...,.,~, 
very low NR NR 2.OE+02 *l .OOE+OO NA 

207.19 very low NR NR 9.OE+02 *I .OOEtOl NA 
‘\ 

Molecular Environmental 
Weight Water Distribution Vapor Henry’s Law Freshwater 
@‘W Solubility Partition Coefficients Coefficient, Pressure Constant Bioconcentration 

(g/mole) @-W) Log kw * Koc (ml/g) Kd (ml/g) (torr) (atm m?mol) Factor (BCF) 
‘.‘, ;;:::.::. :::$:::::::::::..: ., .>>:.-.:. .A’:. . . . ..~....:.‘.j::.::j:~ .,.,. ,. ,.(..., ., :::>:c: .,,...,,.,...,.,.,., ,.,. :,:.,.:.::...:.. .:. :.: .,.. ..: ..<...‘.j:. j I:.: &.;,. .:... :: ,: . . . ::.. ,:::::,::.:::, .:.::::... .I,,, .:,,, .,, ,: :,: ,:: ::,.:::-::::I::::,.‘, ,,,,... y, .:. .~~ :.:,.. ‘y. . ..p ‘:.:::.‘.:.:.:.::.:,..:.:,:.:.:.::...:.:.:. :.:.I.. .A:.:.:.:.:::: . . . : ~J:~;.:./: :‘~.::‘~.~.~.~.:‘.‘. .A.. . .A.. ,.>..> .y::::,::::: ,. .: :...:.:.:.:.:.:.:.:i.:.~~:.~.:.:.~.:.:.::~::~::;: :j: ,:: :.i.:::.i.g:;::: . 3 ,. ,:,: ..:.. .: ..x:.: :. $$yy ::.::..‘:::‘.:::::::::::::~,~~ ::::: ., . . .,p: .:,: +:::i.,.,::,.: j .~..~...~......~.:..:,:,.:.:,:.::.,:: ,,,,:,, ,/, :., :(,.:,:::.y::>. ,: : ,:,~, :...i >,:z::, ,, .: .T..... ::.:.:.;.,/.. :.:.... . . ‘.:.‘.:.:.:.:.:.:.‘.:.:.‘.:.:.:.:.:..:’::.;:::::: .:... :.:.:.: .~:,:~” ::::::: 

.:... ::‘:::::,:,:,::::~.,- ,.,::;; .,,: ,... I .,.,. :.::....:.:.:,: ,. :, . ,.,.,. . . . . . . . . . . ,:,.I ,,:y., :,:, ,... :: :., ::.:,:::,.ij.:,.::,:,::;:::::::::’.:::: i:;:;:: :5 ,I ..::.. ;:::::.-; ‘,;;; o “? ::‘:~~~~~~ ., ,. ., :.>,.,::::: :x..:.: :;:. .A... .,.,,..,. ., .,.,.,.: .,T : ‘.:q : ::.:::,:,>:+:.:.. .,:, ,., ,: ,+:... ,.,.,... :z... .:::‘!l:i:i:l:~,~:i:i:::.~::,:.::::;~::~:::i:::::::::::::::: .: . . ‘.,““~,~,~,.,.,‘~,~ .: ‘,‘,.,‘,‘,:.:.:.~ .:.:.i...... ..:.:.:.:.:.‘.:.>:.:.-.‘.:.>x.>>>: . ...: :y.:‘..:y$ .‘.>>,.“ :.>: ,.....,. . . . . . .,.,. ..: .I..../. .,... ..,.,...,.,. ..a. \. ,.,.,... ::...:.:.:+ :-:.I:.:.: . . . . . . . . :‘:‘:‘,+:.:.:.:.: .,.,.,.,..,,.,. :.: : ::::::::::::.:::::::...:.::::..~::.:::~,:~.:.:~.::.:.:.: ‘.‘::::‘:::::‘:::; _:.: :.:.. :,:.. 
78.12 

,.,. :.:.,.:.:.:.:.:.:.:.:.:.:.:...;.:.~...,.:...:.:.:.~.~,.:. 
1.8E+03 4.7E+OO 9.5E+Ol 5.6E-03 2.3EtO; 

119.37 8.OEi.03 2.OEtOO 3.1 Et01 6.8EtOO 2.OEt02 3.7E-03 6.OEtOC 
96.94 2.3E+03 2.1 Et00 65EtOl 5.2E+Ol 6.OE+02 2.6E-02 *5.6E+O( 
96.94 3SEt03 1.9EtOO 4.9E+Ol 7.6$+00 2.OEt02 4.1 E-03 *1.6E+O( 
84.93 1.3Et04 1.3EtOO 8.8EtOO NR 4.4E+02 2.2E-03 l 5.OE+Of 

165.82 2.OEt02 3.4EtOO 3.6Et02 3.6EtOl 1.9E+Ol 1.8E-02 4.9EtOl 
134.11 insoluble NR NR NR NR NR NF 
92.15 5.3Et02 2.7E+OO 3.OEt02 1.4EtO.l 2.8EtOl 6.6E-03 * 3.1EtOl 

120.21 insoluble . . . . . . . . . . . . . . y,;, NR NR NR NR NF ::.A;. ,,.:.., .\.. ::.:.:::::::a::: ~,‘.~.,j., ‘. .‘. :....:,...:.:.,,., :: . ...,:...:.:.:,:.,..,:, ‘,:.’ Ye:.‘,.:. “.“““““““’ .A” .: . . . ‘,Y...‘.. ::: ..;. :..::::::.::::.:: ::..:.:.:.:.:.:.:.:...:...:~: .:.:.x.:. .h... ,. . ,.: . . ..I... . . . . . ..A. ..i.. . .._. (, :‘. ‘: :::: ,? .:::. ,: :p,: .::.:::y::::.::. ;j.:, :. . . . :. .: . . . . .):.:.:.:.:.:):.:~:.. ..,.>:...:.:..\ ,, ,, .,. .,. ‘: .: ‘.: :.:.: : .::::::::.:::‘::::d:.:: :‘:? j .,. . . . . . . . . . . . . . . . . . . . . . . . .,.,. :.:. ‘:::::::‘:j:y::: :c::< ,;: ;::;F . . . . . . .,.,. :... :: :.::~:~.~.~.:‘::~:~,:~,~:~:~:~:~:~:~:~:~:~:~::~~~~.~~’ “‘::::::::::““.’ ~~~~~~... ;:)>: +:.::: :.:.: :;,;:j:::> :.:,: :j i:.::.: :+/::: . . . . . . . ..j..:.:: 
,a.. (2. >:.. .:.:.:...:.:.~:.~~:,...~:( ,..:..,;.:. >:..;:::::::::::+.:.:.:.:.:.: . . . . . . . . . . . . . . ..i... ,. :y ,, :,:,:,: ,:,,,. $: ,::::.,,,,: : : :,:,,,, . . . . . . . .’ .A(..y.:.>::::: i’,:i:I:I::.:::::::‘:,:::,:::.:::::: $::$.::x$:::F ?!;:i,;:: I .““-‘I’:~:~:.I:~:I:::i.:.:-:::::.. .~ ::..:::jj:.;::.::::::. .A.. ,.,.....,.,.,.,.,.....,...,.....,........... :./ ,. ,... :. . .A..:.;.:,,,: ,.... :.:.:...:.,,:.j, .,;> ., : ;, ~ ..: . ..>. ,,,:.:.:,..:.:...:.,.;.:, . . . . . . . . .:,:,:: >:.: ..). :,::, :,:(.:-;<:I:; I:. .:.:.:.:(.:.:...:.:..): .A.... >:.>,,; )>:,::‘:, ~.:.~.:::.~,~.~.:~.~.~~,:~,~:~~~~:~~:~:~:~:~,:~~:: 

142.08 
. . . ,... . . . . . ,.........,.,.,.,.....,.,.,.,.,.,...,...... _., ,..i.,...,..... ., ,.,...,.,. . . . . . .,.,.,.,. .,.,.,.(.,._ :.:.*> 

2.5EtOl 
:.:.~~:~:.:.:.:.::.:.:.:(.:.:.:.:.:.:.:,::.:.:.:.:.;.:.:.:.:.:.~,:.:.: 

-l.gE+OO NR NR NR NR - 2.6EtO: 
3.1 E-+0; 
5.1 E+O: 
1 .OE+Od 

NF 
1.3E+Od 
2.8Ei.01 
8.3EtOd 
5.OEtOd ,:;. :.,,,,. .> ,.,. :,...:.~,.~:..:::.:.. :.>:y:.:.: ‘y:.:,::: :::::::,:.:::‘i’i:l:I,:::.~:~:~~:~:~:~:~:~:~:~:~:~:~:~~:~~:~:~:~::~:~:~:~ :‘:‘:.?,:,::::‘,:::::.:.:::j,:,:,:,:::::::::::::,::::::.::;::::::::::::: .A’.‘.‘.‘., ,I...... ,.................., 
3.5EtO; 
3.8Et01 
1.4EtOd 

. . . .:.:.:.:.:.:.:A:.:.:.:.:.>$,.~:::.: . . . . . :.:.:.:..‘:‘.‘...>>*> .’ 3:.. .I... . . ..1. .A...... ,..::::.::::::::::::‘::.:.: .:,:.: 
1.7E+O’ 
1.7EtO: 

Source: Superfund Chemical Data Matrix (SCDM), March 9, 1993 
l Buckingham, Evans, and LaGrega. Hazardous Waste Management. McGraw-Hill, Inc., New York, 1994. 



chemical in its pure state at a specific temperature, generally 20 to 30°C (EPA, 1986). The vapor 

pressures of liquids range from 0.001 to 760 mm Hg (EPA, 1986). A higher vapor pressure indicates a 

greater tendency for movement from water or soil to air. 

The Henry’s Law Constant (H), which considers the interaction between aqueous solubility and vapor 

pressure, is a more important predictor of volatilization from water (Andelman et. al., 1987). This 

constant is estimated by the following ratio (EPA, 1986): 

Vapor Pressure (atm) x MW (J--) 
H= mol 

Water Soiubility (5) 

A large Henry’s Law Constant, greater than 1~10~~ atm m3/mole, indicates a tendency for a contaminant to 

move from water into air. 

A log octanol/water partition coefficient (log K.J value represents the tendency of a chemical to partition 

between an organic phase, such as soil or fish, and an aqueous phase. Chemicals with a low log K,, value 

(e.g. less than I) may be considered hydrophilic. Hydrophilic compounds tend to remain dissolved in 

water rather than in non-polar solvents. These compounds also have low organic carbon partition 

coefficients (IQ. Chemicals with a high log I&. value (e.g. greater than 4) may be considered 

hydrophobic (Lyman et. al., 198 I), which indicates that they are more likely to remain sorbed to organics 

in soil than to partition to water. 

The organic carbon partition coefficient (&) indicates the tendency of an organic chemical to be adsorbed 

to organic material in soil or sediment. This property is largely independent of soil characteristics (EPA, 

1986). The K, can be expressed as (EPA, 1986): 

K = chemical adsorbed (mg) I organic carbon (kg) 
02 chemical dissolved (mg) I solution (L) 

For groundwater pathways, a low K, value indicates that a chemical can be easily leached from the waste 

source and relatively rapidly transported through the aquifer (EPA, 1986). depending on aquifer 

characteristics. For surface water pathways, a high K, indicates that the chemical is tightly bound to the 
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soil or sediment and the chemical is not likely to dissolve in site runoff. However, the high I& value also 

indicates that runoff containing contaminated soil particles may be a long term concern. A chemical with a 

high K, value may be of great concern if it is detected in surface waters because a high K, is usually 

indicative of a tendency to bioaccummulate (EPA, 1986). 

The normal range of K, values is from 1 to 1x10’, with higher values indicating greater sorption potential 

(Lyman et. al., 1981). K, values greater than 1000 generally indicate immobile compounds or compounds 

with greater sorption potential. A I& between 100 and 1000 is considered intermediate, while compounds 

with K, values less than 100 are considered highly mobile in water. 

The Bioconcentration Factor (BCF) of an analyte is a measure of the extent to which it will partition 

between a specific biological tissue and an environmental medium. Generally, the biological tissue is fish 

tissue and the environmental medium is water. 

52.1 Volatile Organics 

Volatile organic compounds tend to have large to moderate Henry’s Law Constants (H), moderate to high 

water solubility, and low organic carbon partitioning values (KJ. These properties result in high mobility 

from water to air and from soil to air. They also exhibit moderate to high mobility through groundwater. 

The volatile organic compounds detected, such as benzene ring compounds, follow this pattern. 

5.2.2 Semivolatile Organics 

The evaluated semivolatiles, including several PAHs, are characterized by very low water solubility, high 

K, values, and low Henry’s Law Constants. They are highly persistent, tending to sorb strongly to soil 

particles and not to solubilize into water or volatilize into air. 

5.2.3 Pesticides 

The pesticides of concern have relatively low water solubility, moderately high I& values, and are only 

slightly mobile. They also have relatively high bioconcentration values. 
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5.2.4 Metals 

The CLP procedures used for metals analyses do not distinguish between chemical forms. Many factors, 

such as solution pH, salinity, ionic strength, and medium, affect metal concentrations and compositions. 

This composite of factors makes predicting the environmental fate and transport of metals difficult. It may 

be assumed that most of the metals at the WFF are present in inorganic compounds. The metals of 

toxicologic interest are relatively insoluble in the presence of naturally occurring ions such as sulfates and 

hydroxides. Metals are generally not volatile except in certain forms, usually involving organic 

complexation (e.g., tetraethyl lead). Tetraethyl lead (TEL) is a component of aviation (jet) fuel. TEL is 

volatile but with low water solubility. The lead found at the FTA may be a result of the additive TEL in the 

aviation fuel or may be inorganic lead. 

5.3 FATE AND TRANSPORT PROCESSES 

5.3.1 Shallow Aquifer Transport 

Chemicals released at the site may have been leached from surface soils into the underlying shallow 

aquifer. Two wells completed in the shallow aquifer (MW-02S and MW-5%) downgradient from the FTA 

showed contamination with a number of volatile compounds, at total levels over 600 fig/l and 3200 ygll 

respectively. Detected levels of semivolatiles were reported in the wells, especially MW-5% which had 

high levels of naphthalene and 2-methylnaphthalene. The concentrations of several toxic metals (arsenic, 

lead, chromium) are slightly elevated in these wells, as are some of the less toxic elements (aluminum, 

iron, manganese). These may be due to either site activities or the geochemistry of the site. There is no 

evidence that groundwater contamination from the FTA has reached surface water at Little Mosquito 

Creek, or has adversely affected groundwater quality in the area of the Town of Chincoteague or NASA 

drinking water wells. 

Based on the data collected as part of this RI, the contaminant plume is contained within the area 

downgradient of the former pit area, extending at a maximum to the area of the earthen berm north of the 

site. The Town of Chincoteague drinking water wells completed in the shallow aquifer are located 

approximately 5000 feet from this site, and are separated from the site by a groundwater divide in the 



vicinity of runway 04-22. The NASA wells currently used for drinking water supply are all screened in 

the Miocene age aquifer and are upgradient of the former FTA. 

5-3.2 Surface Water Transport 

Surface water transport in the immediate vicinity of the FTA is limited to surface runoff which 

accumulates downgradient in low-lying areas to form intermittent pools. No direct transport to surface 

waters such as Little Mosquito Creek and its tributaries was observed and would not be anticipated. 

5.3.3 Surface Soil/Sediment Transport 

Available data indicate that chemical contamination potentially related to past activities at the FTA is 

present in surface soil at the site. Chemical analyses indicate the presence of low levels of semivolatiles in 

one or more samples. Samples SS-03, SS-10, and SS-11 (duplicate of SS-03) had low levels of PAHs. 

The levels of volatile organic compounds were not substantially higher than levels reported in laboratory or 

tield blanks. Low levels of pesticides were also detected in the surface soils. The concentrations of metals 

appear to be within the normal background range, with the possible exception of arsenic and lead, which 

were slightly elevated in several surface soil samples. The transport of contaminants in surface soil from 

the FTA by surface runoff may occur, but has not been identified in surface water samples. 

5.4 CONTAMINANT MIGRATION TRENDS 

Based upon analysis of soil gas and groundwater samples, a plume of volatile organic contamination 

extends about 400 feet to the north of the FTA. The concentrations in groundwater of benzene, toluene, 

and cis- 1,2dichloroethene are presented in Figures 5- 1, 5-2, and 5-3. The concentrations in soil gas of 

1, ldichloroethene, cis- 1,2-dichloroethene, tetrachloroethene, and toluene are presented in Figures 5-4 

through 5-7. Most of the groundwater plumes are centered in the tire training area and continue 

downgradient, therefore, it does appear that some contaminant migration is occurring in the groundwater. 

The soil gas plumes are centered in the suspected location of the former training pit area and 

downgradient, and are more radial in nature than the groundwater plume. The soil gas plumes are thought 

to be indicative of groundwater contamination downgradient of the former pit area, as well as residual soil 

contamination. 
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6.OHUMANHEALTHRISKASSESSMENT 

6.1 SUMMARYOFHIJMAN EEALTH RISK ASSESSMENT PROCESS 

The purpose of the human health risk assessment is to characterize current and potential threats to human 

health that may be posed by chemicals found at a site, and migrating or potentially migrating off-site. The 

characterization includes identification of site-related chemicals of concern, an estimate of the magnuude 

of potential impact of those chemicals to human health, both current and future, and a comparison of that 

magnitude to U.S. EPA target, or acceptable, risk levels. 

The approach for this human health risk assessment generally follows U.S. EPA guidance in the “Human 

Health Evalrnation Manual, Supplemental Guidance: Standard Default Exposure Factors” (U.S. EPA, 

1991a). The EPA document “Risk Assessment Guidance for Super-fund, Volume I: Human Health 

Evaluation Manual” (U.S. EPA, 1989c), also referred to as RAGS I, provides the basis for completing 

human health risk assessments as part of the RI/FS process at sites regulated under the Comprehensive 

Environmental Response, Compensation, and Liability Act (CERCLA). 

U.S. EPA Region III guidance, including the document ” Selecting Exposure Routes and Contaminants of 

Concern by Risk-Based Screening” (U.S. EPA, 1993), provides the basis for the initial data screening to 

focus the risk assessment on the chemicals of concern which contribute significantly to overall site risk. 

Additional guidance on dose estimation for the dermal exposure route received from EPA Region III is 

incorporated into the exposure assessment. 

6.2 IDENTIFICATION OF CHEMICALS OF POTEWFIAL CONCERN 

The risk assessment process incorporates site-specific environmental, physical, and demographic data into 

numerical estimates of risk. Environmental data are screened, using comparison to risk-based 

concentrations, comparison to background concentrations, frequency of detection in on-site media, 

designation as an essential nutrient, and blank contamination, to focus the risk assessment on the chemicals 

expected to constitute the largest portion of risk at the site. 
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6.2.1 Data Summary 

6.2.1.1 Data CoIlected by Medium 

The validated results of analyses of the samples collected during the 1993 and 1994 field investigation are 

presented by medium in Tables 4-l through 4-5. Only chemicals with at least one detection in at least one 

medium are included in the data summary tables. Non-validated data collected during a 1990 site 

investigation are presented by medium in Tables 4-6 and 4-7. The non-validated data are not used in the 

human health risk evaluation. 

The detection of a chemical, as presented in the summary tables, is not always indicative of or 

representative of contamination from past operations at the former FTA. The elements of the screening 

process, including comparison to background and blank contamination validation, aid in the identification 

of site-related contamination. 

The analyses of the samples were completed in accordance with the Data Quality Objectives (DQO) 

established in Section 4.5 of the Final Work Plan (NASA, 1993). CLP procedures and documentation 

were provided by the subcontracted laboratory. The groundwater samples collected were analyzed using 

the Super-fund Analytical Method for low concentration volatile organics (EPA, 1992b) to ensure that the 

detection levels were less than or equal to drinking water standards. Samples from each medium 

investigated were analyzed for TCL volatiles, semi-volatiles, pesticides, and PCBs; and TAL metals and 

cyanide. 

6.2.1.2 Data Validation 

Data validation was completed in accordance with EPA procedures and guidelines. Based on the QA/QC 

data provided by the laboratory and from field evaluations, the data are considered acceptable, estimated, 

or rejected. The validated analytical results for chemicals detected are presented by medium in Tables 4-l 

through 4-5. 
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6.2.2 Site-Specific Data Evahmtion 

In evaluating data collected during the RI, the site is treated as one unit. The training pit area, the sludge 

pile, construction debris disposal area, and the former drum storage area, are treated as one investigative 

unit for the purposes of assessing overall site risk. The relative contribution of any contamination detected 

in each of these areas is then evaluated separately. 

For screening purposes, the maximum concentration detected in duplicate samples is used in the data 

evaluation process. The duplicate results are treated as one sample in evaluating the frequency of 

occurrence of chemicals detected at the site. 

6.2.2.1 Screening Methodology 

The data presented in the summary tables represent the contamination of environmental media at the 

former FTA. Screening of the data allows the risk assessment to be focused on the dominant contaminants 

and primary exposure routes. 

An EPA Region III Technical Guidance Manual for risk assessment provides the basis for the screening 

methodology. The document, “Selecting Exposure Routes and Contaminants of Concern by Risk-Based 

Screening” (U.S. EPA, 1994g), details the use of an absolute comparison of risk-based concentrations to 

maximum detected site concentrations for selection of the contaminants of concern (Appendix B). 

The guidance document provides a table of risk-based concentrations, by media, which correspond to a 

systemic hazard quotient of 1.0 or a lifetime cancer risk of lo+. The maximum concentration of each 

substance in each medium is compared to the risk-based concentrations for that medium included in the 

risk-based concentration table that is updated quarterly (Appendix C). Contaminants in each medium with 

a maximum detected concentration greater than the risk-based concentration are retained in the risk 

assessment for all exposure routes involving that medium. All other contaminants for that medium am 

dropped from further evaluation. 

If a contaminant concentration does not exceed the risk-based concentration for any medium, the 

contaminant is dropped from the risk assessment. If no contaminant in a specific medium exceeds its risk- 
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based concentration, the medium is dropped from the risk assessment. 

The chemicals of concern for each medium which remain in the risk assessment following the risk-based 

screen are further screened on the basis of comparison to background, frequency of detection, levels of 

compounds detected in laboratory blanks, and essential human nutrients. 

For comparison of soil and sediment data, the risk-based concentrations for residential soil exposure are 

used for initial screening. These concentrations are more conservative than those calculated for industrial 

soil exposure. 

For surface water and groundwater, the tap water values are used as a screening tool for comparison of 

site-specific data to risk-based concentrations. The risk-based concentrations presented in the U.S. EPA 

guidance for residential water use include a volatilization term for volatile organic compounds (VOCs) to 

address inhalation as well as ingestion exposure routes. 

6.2.2.2 Comparison to Background 

The maximum levels of inorganic chemicals detected in each medium at the former FTA and downgradient 

are compared to background levels at upgradient locations. Chemicals detected at maximum levels less 

than twice the average upgradient levels are screened out. Use of this screening criteria allows for natural 

variations of inorganics in soils and ground and surface waters. 

Groundwater. Monitoring wells MW-34s and MW-53s are hydraulically upgradient of the former FTA. 

In addition, monitoring well MW-OlD is cross-gradient to the former FTA and is also used as a 

background well. 

Subsurface Soils. Soil boring SB-12 (completed as monitoring well MW-53s) is upgradient of the former 

FTA. Soil boring samples SB-12-1, SB-12-2, and SB-12-3, collected at depth intervals of five to seven, 10 

to 12, and 15 to 17 feet, respectively, serve as background samples for comparisons. In addition, 

background data collected as part of other site investigation activities throughout the WFF Main Base are 

used for comparison purposes. Background data and a location map indicating sample collection sites are 

presented in Table 4-9 and Figure 4-2. 
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Surface Soils. Analytical results from shallow surfhce soil samples collected during previous site 

investigation activities at the WFF Main Base are used for a background comparison of inorganic surface 

soil results in the former FI’A and downgradient. Background data are presented in Table 4-8 and Figure 

4-l. 

Sediment. Since no direct connection to surface waters is evident at the former FTA, the sediment 

samples were collected on-site from ponded areas that are intermittent in nature. The screening of 

sediment samples uses a comparison to background surface soil data (Table 4-8) since these data are most 

representative of background conditions. 

Surface Water. As stated above, no direct connection to surface waters is evident at the former FTA. 

The surface water samples were collected from intermittent ponded areas located downgradient of the 

former FTA. No background sampling locations were available in the immediate area. The surface water 

inorganics data from this investigation are therefore compared to analytical results for a sample coll:ected 

from Jenneys Gut as part of a previous investigation. These data are summarized in Table 4-10. 

6.2.2.3 Detection Frequency 

Chemicals detected in fewer than two samples in a given medium or at a detection frequency of five 

percent or less, and detected at estimated levels in other media, are screened out of the risk assessment on 

the basis of detection frequency. Duplicate samples are not treated as individual samples in this screening. 

6.2.2.4 Blank Contamination 

Chemicals which are cormnon laboratory contaminants and detected in at least one laboratory blank sample 

in each medium are eliminated from further consideration. This comparison is based on the results of data 

validation using U.S. EPA functio~l guidelines. Methylene chloride, a common laboratory contaminant, 

is retained for consideration in groundwater since the levels detected are up to 100 times greater than the 

reported blank contamination level. 
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6.2.2.5 Essential Nutrient 

A number of metals are considered common elements and essential human nutrients. These nutrients are 

generally not toxic except at very high doses, and are therefore eliminated from the risk assessment 

process. Site-specific chemicals eliminated from all media as essential nutrients are calcium, iron, 

magnesium, potassium, and sodium. Other inorganics may be essential nutrients, but are much more 

dose-sensitive. These elements are not screened out on the basis of essential nutrient criteria. 

6.2.3 Summary of Chemicals of Potential Concern 

The results of the screening process and the rationale for elimination of chemicals from further 

consideration in the human health risk assessment are presented in Tables 6-l through 6-5. The initial 

basis for the screening, as described above, is an absolute comparison of risk, in which the maximum site 

concentrations are compared to EPA Region III risk-based concentrations. The application of additional 

screening factors (background levels, frequency of detection, blank contamination, and essential nutrient 

considerations) completes the screening process. Table 6-6 summarizes the chemicals of concern by 

medium. A discussion of the chemicals retained in the human health assessment follows below. 

Groundwater. Chemicals detected in groundwater and retained in the human health risk assessment 

include 1, ldichloroethene, cis-1,2dichloroethene, methylene chloride, chloroform, benzene, 

tetrachloroethene, toluene, trimethylbenzene, tetramethylbenzene, phenanthrene, 2-methylnaphthalene, 

naphthalene, alpha-BHC, heptachlor epoxide, gamma-chlordane, arsenic, and lead. The bases for 

elimination of all other chemicals detected in groundwater are presented in Table 6- 1. 

Surface Water. Lead and arsenic were detected in ponded surface water at the site and retained in the 

risk assessment. The bases for elimination of other detected chemicals are presented in Table 6-2. 

Sediment. Phenanthrene, benzo(b)fluoranthene, benzo(a)pyrene, dibenz(a,h)anthracene, 

benzo(g,h,i)perylene, arsenic, and lead are the chemicals detected in sediment and retained in the human 

health risk assessment. The bases for elimination of other detected chemicals are presented in Table 6-3. 
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TABLE 6-1 
SUMMARY OF GROUNDWATER DATA SCREENING 

t 
MAX. RISK- MAX CONC CARRY MAX. LESS RETAIN 

CONC. BASED GREATER THROUGH BACK- THAN 2X FOUND IN RISK 

DETECTED CONC. THAN RISK- SCREEN FREQ. ESSENTIAL GROUND BACK- IN ASSESS- REASON 

SUBSTANCE 
Acetone 
1 ,I -Dichloroethane 
1 ,I -Dichloroethene 

cis-1 ,ZDichloroethene 
Methylene Chloride 

Chloroform 
ZButanone 

(PYN ! (PYN BASED? PROCESS? DETECTED NUTRIENT? (PYN GROUND? BLANK? MENT? ELIMINATED 

3,600 3,700 NO NO --_-_ NO ---- -- NO NO R 
57 810 NO NO --___ -- m-e -- --- NO R 
18 0.044 YES YES 2l21 --- ND NO NO YES 

3,ooa 61 YES YES 12l21 - ND NO NO YES 
730 4.1 YES YES 14/21 NO 0.9 NO YES YES 

5 0.15 YES YES 3i21 NO ND NO NO YES 

1,100 I .9ool NO -^--- 
.I--- 

1 ,I ,I-Trichloroethane 670 1,300 ii0 
Rnn7ene 120 0.36 YES 

nhloroethene 64 1.1 YES 
““I IL. 
Tetrac. .._. ___. ._. ._ 
Toluene 
Ethylbenzene 
Total Xylenes 
Fthvlmnthulh~nnsnr ~.,m,..m.‘.**,*““m --*,v 

Trimethvlhenzene 

I NO ! 1 NO --- - 1 NO 1 NO 1 R 1 
NO ___-_ NO - - NO NO R 

YES 3i2l - ND NO NO YES 

1,800 
YES ?I71 - 

I , ,* * 1 
Nn ..- , NO NO YES 

750 YES YES , I 2121 --. I NO ..- 1 ND 1 I NO NO YES 

600 1,300 NO NO -- NO -- - NO NO R 

1,600 12,000 NO NO --- NO -- - NO NO R 

1 xwl --- IX-KI .--- NO . .- NO 2f21 NO -- - NO NO R 
I “PO YES 3l21 NO ND NO NO YES 

I Y ES 2i21 NO ND NO NO YES 

:.‘t , IL” I ” ,ES Ii21 NO - - NO NO F 
annl Nn I Nn -- - - - - NO R 

Tetramethylbenzene 

Alkyl Benzene 
Trichlorofluoromethane 
Phenanthrene 

36 2.4 “1 YES 

52 ?lb’ “CC 

4 1 ,“““I I._ 
82 0.0092 ‘I YES 

5 1801 NO 

I ..- I 
I YES I I .-- I II17 I NO 1 ND 1 NO 1 NO 1 YES 1 
I Nn I --- - - - - f NO 1 R 

Diethylphthalate 
Fluorene 

2-Methylnaphthalene 
Nanh~halnnn I 

ethvlhexvlbhthalate I 

2 29,000 NO 
75 1,500 NO 

3,000 l,5nnd VFS 

7i-K-N-l 1 

NO --__- - _--_ -- _- NO 
NO --_-- - .---- -_-- - NO 

YFS All 7 NO NO NO NO YES 
I .-_ 

-,--- .,5001 I-- YES YEZ 
871 4.81 YES YEZ _.-_ -_.. ..-.. . -. - 

,-RHC I 0.049 I 0.011 I YES alpha _. ._ 
delta-BHC I 
aamma-Bb-tC lLindanel I -. . . . . - - - -. - - - 
A ,>.A- 
iuurln 

I 
I 

Heptachlor epoxide 

I 4/l 7 NO ND NO NO YES 
i 17117 NO 2 NO YES NO B 
: 3/l 7 Nn Nn NC-I NO YFS YE% I I.. I .,- ..- , *.- ..- -.- .- I 

hln I _-_- I Nn -__-- - NO ii R 

v”i 

--- -- --- - - NO R 
nna4I “.“O I 1 nAnA U.UU-8 1 “Cc2 IL” 1117 NO - NO NO F 

O.OlSl 0.0012~ YES YES 3117 NO i-i NO NO YES 

* Values presented are for tap water. 

For screening purposes, these values represent the most conservative screening 
criteria. The values were obtained from “Selecting Exposure Routes and Contaminants 
of Concern by Risk-Based Screening,” EPA Region Ill Technical Guidance Manual - 

Risk Assessment (November 1994). 

KEY: NOTES: 

E=Essential Nutrient ’ Risk-based concentration for ethylbenzene 
R=Absolute Risk b Risk-based concentration for trimethylbenzene 

F=Detection Frequency ’ Risk-based concentration for benzo(a)pyrene 

B=Blank Contamination *Risk-based concentration for naphthalene 

BG=Background 

ND=Not Detected In Background 

--- = Not considered 



? 
00 

4$-DDE 
End rin 

I "."LY, L2( 

0.0023 1 0.: 
:n li I 

I “.’ 

urn 5641 71 

IPotassium 

Sodium 
Zinc 

8310 NOT AVAi- IS 

11,898 NOT AVA ii 

377 11 n 

l Values presented are for tap water. 

TABLE 6-1, cant 
SUMMARY OF GROUNDWATER DATA SCREENING 

NOTES: 
For screening purposes, these values represent the most conservative screening 
criteria. The vaiues were obtained from “Selecting Exposure Routes and Contaminants 

E=Essential Nutrient 
R=Absolute Risk 

* Risk-based concentration for endrin 

of Concern by Risk-Based Screening,” EPA Region III Technical Guidance Manual - 

Risk Assessment (November 1994). 
F=Detection Frequency 

B=Blank Contamination 
BG=Background 
ND=Not Detected In Background 
----- = Not considered 



TABLE 6-2 
SUMMARY OF SURFACE WATER DATA SCREENING 

MAX RISK- MAX CONC 

I 

CARRY MAX. LESS I DE-rAIk, I I 
CONC. BASED GREATER THROUGH BACK. THAN 2X 

DETECTED 
FOUN 

CONC. THAN RISK- SCREEN FREQ. ESSENTIAL GR0llNl-1 RACK- IN 

.- -- - 
16 0.0023 NO NO --- a-_ I- -- - 

0.2 NO NO -.--- .-- --- -- - NO 
0.2 NO 

R 
NO -____ I__ -- --- - 

0.0020 1 
NO 

IAluminum 
0.052 NO 

R 
NO -_-_. -e-m -_-- -- - 

I 5.4501 37.000 NO NO 
R 

-__- -- --- -- - NO *In n 
YES YFS 1 IA NUA r4nr-l *In Llh 9 Arsenic 

Barium 
Calcium 
Coooer 

5.3 0:038t .__ 
I”” lx 

I .-- I -8 7 
2.6OOi NO I 

I I.” .I”” I”” 
25.6 NO I 

I IYU 1 YES 
B-e. -- __- - I ~~~ I kin 

5,800 NC 
R 

69 
E. 

I ..I/ 
)T AVAIL. 

- 
YES 414 YES --- - K ;;; 

.i “‘10 NO NO -____ -- -- - 
YES 

NO 1 R 
-. -- YES - I_ = *IA 1 r I 
I7 YFS YFS 314 htn /ml LIPS 

Iron -- 
-.- . .- 

2,730 NOT AVAII 
Lead 7 0.003. , 

, I”” , IY” c 
. -_ I .-v I -7 I I.” .J” 

Magnesium 
I”” 

Q\ 
$ 

1.150 NOT AVAIL.1 I YES A/A 
1 NO 1 YES 

YFS --- I kl* I AIn 
Manganese 

E 
- 

Potassii 
1 IYU R 

I I .,A I -.---urn 

Sodium 
Vanadium 
Zinc 

27.8 -- I”” 1”” 180 NO NO ----- . . . - m-1 , , 
-- I I .,m -- 

2,000 NOT AVAIL. YES -I-_ YES -- --.. - 

2,250 NOT AVAIL. YES 414 YES -- -- YES 
6.8 

ii: 
260 NO NO 

EEB 
--mm -- _--- -- - 30.5 NO 11,000 NO fi 

NO --I- 
-- -- - - NO R 

” Values presented are for tap water. 
For screening purposes, these values represent the most conservative screening 
criteria. The values were obtained from “Selecting Exposure Routes and Contaminants 

KEY: 
E=Essential Nutrient 
R=Absolute Risk 

of Concern by Risk-Based Screening,” EPA Region Ill Technical Guidance Manual - 
Risk Assessment (November 1994). 

F=Detection Frequency 
BG=Background 
ND=Not Detected in Background 
B=Blank Contaminant 
-- = Not considered 



TABLE 6-3 
SUMMARY OF SEDIMENT DATA SCREENING 

I I MAX. I RISK- 1 MAXCONC 1 CARRY 1 1 MAX. 1 LESS 1 1 RETAIN 1 1 
THROUGH BACK- THAN2X FOUND IN RISK REASON 
SCREEN FREQ. ESSENTIAL GROUND BACK- IN ASSESS- ELIMINATED 

PROCESS7 DETECTED NUTRIENT? (pglkg) GROUND? BLANK? MENT? 
NO ----- ---- --- --- - NO R 
NO _---- I ---- ----- I-- -- NO 1 R 

Phenanthrene 140 88 = YES YES II4 NO ND 1 -- 1 NO 1 YES 1 Di-n-butylphthalate 590 1,600,OOO ’ NO NO 414 NO ----- -- I 1 YFS .-- 1 NO . .- 1 RB . . - I 
Flttnranth~n~ s4an 3 100 000 NO NO ----- -_-- -se ___- - t I 1 NO 1 .- R . I 

n hln ----- --I ---_- -- - 1 NO 1 R 1 
I I”-I”II.,I-.l- 

Pyrene 
Benzo(a)anthracene 

~hnmma v,,. WV.._ 

Bis(2-ethylhexyl)phthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(l,2,3-cd)pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)perylene 

RI IA ,I ?- A-- -\ 

--- - .-_ --- 

680 2,300,OOO i I 
4.V I I I I 

.- 

810 880 Nu n I _-^-_ ___- ---- mm- - I Nn I .- I I I I I I 1 NO 1 ..- ii I 

1.200 88.000 NO I NO ! ----- ! --- m---m -- - 1 NO 1 i . .- 1 --- 

110 46,000 NO N 
1,600 880 YES YES 214 NO ND - NO 
1,600 8,800 NO NO mm--.. 1-1 -- -- - 

550 88 YES YES II4 NO ND -- NO 
570 880 NO NO ----- --_ -- - - 
240 88 YES YES l/4 NO ND - NO 
340 88 = YES YES l/4 NO ND -- NO 
rn “r-l.-? hlr\ &IT\ - 

0 I _____ I -- I -_ 1 me- 1 - 1 NO 1 K I 

YES 1 
Nn I R I 

gamma-twc, (unaanej 

Heptachlor 
4,4’-DDE 
Endrin 
4,4’-DDD 
Endosulfan sulfate 
4,4’-DDT 
Methoxychlor 
Endrin ketone 
Endrin aldehyde 
alpha-Chlordane 

gamma-Chlordane 

0.l;; 
4YU I\” I”” I__ -- -__ ,..a I\ 

140 NO NO _-__ a_ - - - NO R 
67 1,900 NO NO -- _I_ -_ __ - NO R 
5.2 23,000 NO NO -_-_- - ---- -- - NO R 
34 2,700 NO NO ----- --- ----- _- - NO R 
5.2 470,000 NO NO ---_- -a-- ---- -I - NO R 
52 1,900 NO NO _---- _--- ----- -- - .NO R 
23 390,000 NO NO -me_ -___ ____ -I e NO R 

11 23,000 b NO NO 214 NO ----- ----- NO NO R 

2.1 23,000 b NO NO l/4 NO __-_ em- NO NO R 
0.2 490 NO NO ----- --- I--_ --- - NO R 
0.3 490 NO NO ----- _--- _-___ - - NO R 

l Values presented are for residential soil exposure. 
For screening purposes, these values represent the most conservative 
screening criteria. The values were obtained from “Selecting 
Exposure Routes and Contaminants of Concern by Risk-Based 
Screening,” EPA Region Ill Technical Guidance Manual - 
Risk Assessment (November 1994). 

KEY: NOTES: 
E=Essential Nutrient a Risk-based concentration for benzo(a)pyrene 
R=Absolute Risk b Risk-based concentration for endrin 
F=Detection Frequency ’ Risk-based concentration for di-n-octyl-phthalate 
BG=Background d Risk-based concentration for naphthalene 
B=Blank Contaminant 
ND=Not Detected in Background 
----- =Not Considered 



TABLE 6-3, cant 
SUMMARY OF SEDIMENT DATA SCREENING 

MAX. RISK- MAX CONC CARRY MAX. LESS 
CONC. BASED 

RETAIN 
GREATER THROUGH BACK- 

DETECTED CONC.” 
THAN 2X FOUND IN RISK 

THAN RISK- SCREEN 
REASON 

FREQ. ESSENTIAL GROUND BACK- IN ASSESS- ELIMINATED 
BLANK ?I MENT? I SUBSTANCE WW (pglkg) 1 BASED? 1 PROCESS? NUTRIENT? Aluminum 1 DETECTED] GRGUND?~ 22,800,OOO 

7 mn nnnl 
1 (pglkg) ] 

vcc I vcc I A IA I k,h 144 A,.,- Anrl .I_^ 

Arsenic 9,000 
Barium 85,000 

.-- Beryllium 230 1501 YES 1 Yis Cadmium 1 l/4 I - - 1,300 39.0001 I Nol I I NO 
N 

Calcium 1 391 

I ,“““,““Y IL” 
YES ILo 

w* IYU I I ,uu3,uuu YtY - NO 
370 

BG 
YES 414 NO ND - - 

5.500.000 NO 
YES 

NO - A- -am - - NO R 
YE8 NO i,i3 

J 

1,000 t NOT AVAIL. t 
.o 1 I- 1 -m-w 1 _-_ 1 __ 1 -’ NO 

i YES 1 A14 I 
R 

YFS --- .~ ’ h’rl Nn E 

I 

I . --. .-- 

Chromium I 1 
I 

1 ii 

I 

23.200 390.000 NO I NO 1 I 1 

I ~--~- I I 
I - I 7 

I 

I ‘“L 
Cobalt 1 i; i RL I .- 

7,200l 4.700,OOO I NO 
I 

I 
1- 

NO 1 1 , --- -- m-w 1 I 1 O.OOOl NO NO NO I I j 1 ii -- -- I 1 -_ I 1 
. . . . 

1 I 
I *In I n 1 Copper 28,000 2,90 . . 

Iron 
I 1 I 14,100,OOO NOT AVAIL. 1 YES 1 414 I YES - = 

Lead 67,500 E 
, I”” , lx 

7.81 YES 1 YES 1 -- [ 
I NO 1 E 

NO Magnesium 571 !?? NO 1 YFS 1 1,830,OOO NOT AVAIL. 1 
L_ 

YES 
1 

414 
-1 YES 

--- 

l Values presented are for residential soil exposure. 
For screening purposes, these values represent the most conservative 
screening criteria. The values were obtained from “Selecting Exposure 
Routes and Contaminants of Concern by Risk-Based 
Screening,” EPA Region Ill Technical Guidance Manual - 
Risk Assessment (November 1994). 

KEY: NOTES: 
E=Essential Nutrient a Risk-based concentration for benzo(a)pyrene 
R=Absolute Risk b Risk-based concentration for endrin 
F=Detection Frequency ’ Risk-based concentration for di-n-octyf-phthalate 
B=Blank Contaminant 
BG=Background 

d Risk-based concentration for naphthalene 

ND=Not Detected in Background 
--- =Not Considered 



TABLE 6-4 
SUMMARY OF SURFACE SOIL DATA SCREENING 

MAX RISK- MAX CONC CARRY MAX. LESS 
RASFn GRFATFR THROUGH BACK- THAV 7Y 

_-__ NO 1 ___ 1 

--- NO I- ---_ 

NO I NO ---- - --.- 
___- NO 1 -___ 
.-a-- NO --.. -_- 
,a.-- NO -- --- 

-.-. NO -- -mm 
-__- NO -- --- 
-- NO - - 
.---A NO -- --- 
I-_- NO - -- 
--.. NO --- -a 
.____ NO -- -- 

_____ I NO - - 
----- NO _-_ -- 

----- I NO .-- -- 
NO --- - 

FOUND 
IN 

BLANK? 

NO 

NO 
- 

- 
- 
- 
- 
- 

- 
- 
- 
- 

NO 
- 
- 

l Values presented are for residential soil exposure. 
For screening purposes, these values represent the most conservative 
screening criteria. The values were obtained from “Selecting 
Exposure Routes and Contaminants of Concern by Risk-Based 

Screening,” EPA Region III Technical Guidance Manual - 
Risk Assessment (November 1994). 

KEY: 
E=Essential Nutrient 

R=Absolute Risk 
F=Detection Frequency 

BG=Background 
B=Blank Contaminant 
ND=Not Detected in Background 
_____ =Nnt Cnn&brrrri 

NOTES: 
* Risk-based concentration for benzo(a)pyrene 
b Risk-based concentration for endrin 
’ Risk-based concentration for di-n-octyl-phthalate 

* Risk-based concentration for naphthalene 



I 
/ TABLE 6-4, cant 

SUMMARY OF SURFACE SOIL DATA SCREENING 

I I DETECl 

SUBSTANCE 

Calcium 
Chromium 

Cobalt 
Copper 
Iron Lead 

Magnesium 

Manganese 
Nickel 
Potassium 
Vanadium 
Zinc 

MAX 
CONC. 

-- TED 

Wkg) IiWW BASED? PROCESS? DETEC I cu NW I ~\,L;Iv I I 
2,240,OOO NOT AVAIL. 

WY’K9j 1 -KUUNUI 1 BLANK-? 
YES 

1 MEN17 11114 YES 1 -- - 

12,300 - 
390,000 NO NO 

1 1 1 NO I F 
-se NO - 

3,200 4,700,OQO NO NO -- NO - 
58,100 2,900,000 NO NO - NO -- 

9,040,OOO NOT AVAIL. YES 10114 YES ---- 
19,600 7.8 NOT AVAIL. YES YES 14114 NO 846,000 571 

YES 10114 YES -- 
139,000 390,ooc *‘- 

I ..- NO 
. .^ I___ 

10,000 I---- 1,600,OOG IYU 
I .I- 

v”E”s 

-I--- - 
541,000 NOT AVAIL. 1118 

19,500 550,000 NO NO - 
63,400 23,000,OOO NO NO 

-* 

-I I I”” --mm- 
--- -- 1 NO 1 R I 

RISK- MAX CONC CARRY 
BASED 

MAX. 
GREATER 

LESS 
THROUGH 

RETAIN 
BACK. 

CONC.* THAN RISK. 
THAN 2X 

SCREEN 
FOUND IN RISK 

FREQ. ESSENTIAL GROUND 
REASON 

. . BACK- IN .IcrcL ASSESS- 
-*I ITDICL‘T’) ,..- II.-\ #Nm......m.. -. -..a*- _ ---.-- ELIMINATED 

1 NO 1 R I 
- - 

--- I- I NO 1 E 
I- - 1 NO 1 R I 

F 
l Values presented are for residential soil exposure. 
For screening purposes, these values represent the most conservative 

KEY: NOTES: 

G screening criteria. The values were obtained from “Selecting 
E=Essential Nutrient * Risk-based concentration for beruo(a)pyrene 

Exposure Routes and Contaminants of Concern by Risk-Eased 
R=Absolute Risk 
F=Detection Frequency 

b Risk-based concentration for endrin 

Screening,” EPA Region Ill Technical Guidance Manual - BG=Background 
’ Risk-based concentration for di-n-octyl-phthalate 

Risk Assessment (November 1994). B=Blank Contaminant 
d Risk-based concentration for naphthalene 

ND=Not Detected in Background 
--- =Not Considered 



TABLE 6-5 
SUMMARY OF SUBSURFACE 5 ;OlL DATA SCREENING _ _ ___.___ -- - _ 

RISK- 1 MAXCONC 1 CARRY 1 I 1 MAX. 1 LESS MAX. 
CONC. 

DETECTED 
(adkg) 

210 
50 

SUBSTANCE 
Acetone 
Methylene Chloride 

BASED 
I 

GREATER THROUGH 
I I I I 

BACK- 
I 

THAN 2X 
CONC.* THAN RISK- SCREEN FREQ. ESSENTIAL GROUND BACK- --._-. 
bc.t~kd BASED? PROCESS? DETECTED NUTRIENT? (pglkg) IGROUND? 
7,800,OOO NO NO _ _-__ ___ 1 m-e 

85,000 NO NO -_ -__ --e-e --- 

47,000,OOO NO NO e-m _-_ ____ __- 
7 nnn nnn NC-l NC-I -- --- -__-_ -- 
I ,“““,“““, I.V I * .- I I 

16,ooonnnI Nn I NO -- --- _--- ---- ,“““I 
ii 

I . .- 

7,800 ,oool I NO i ___ 1 I 1 __- 1 ___ 
160,000,-w, nnnl Nl-l _-- --- -m-e- -- .._ I NO .- 

7 arm nnn ‘1 “““,-I., , tdn ..- I I NO .- I l/A6 I ----- -- 
I .- NO 

7 rr7nnnnnBI I )“““,Y”” , Nfl I NO 1 1146 I NO ---- --- . .- , , . . .- , 
4,700,000'~ NO 1 ;;. 1 II46 1 No ----- _-- 

7,800,( 100 “I NO ! NO 1 II46 1 NO -7 _- 

7,800,OOO'j NO I NO 1 l/46 1 NO -- - 

[Is,o~o,~~IOl NO I NO I ;; ---; I ;- I ---; I 
;O’ .-- YES YES 2/4f 

88,000 NO NO - 1 -- _-_ _ 
46,000 NO NO _-__ 1 -__ ___ - 

1,600,OOO NO NO - - u-w_ m 
880 YES YES 3146 NO ND NO 

8,800 NO NO -_-_ I__ _- ___I 

FOUND 
IN 

BLANK? 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
- 
- 

- 
NO 
- 

RETAIN 
IN RISK 

ASSESS- 
MENT? 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

REASON 
ELIMINATED 

R 
I? 
R 
R 

R 
R 

F,R 
F,R 
F,R 
F,R 
F,R 
F,R 
F,R 
F,R 

l Values presented are for residential soil exposure. 
For screening purposes, these values represent the most conservative 
screening criteria. The values were obtained from “Selecting 
Exposure Routes and Contaminants of Concern by Risk-Based 
Screening,” EPA Region Ill Technical Guidance Manual - 
Risk Assessment (November 1994). 

E=Essential Nutrient 
R=Absolute Risk 
F=Detection Frequency 
BG=Background 
B=Blank Contaminant 
ND=Not Detected in Background 
-- =Not Considered 

NOTES: 
a Risk-based concentration for benzo(a)pyrene 
’ Risk-based concentration for endrin 
’ Risk-based concentration for di-n-octyl-phthalate 
* Risk-based concentration for naphthalene 
’ Risk-based concentration for ethylbenzene. 
’ Risk-based concentration for n-hexane 



TABLE 6-5 cant 

SUBSTANCE 
Benzo(a)pyrene 
Indeno(l,2,3cd)pyrene 
Dibenr(a,h)anthracene 
Benzo(g,h,i)perytene 
alpha-BHC 

MAX. 
SUMMARY OF SUBSURFACE SOIL DATA SCREENING 

RISK- MAX CONC CARRY 
CONC. BASED 

MAX. 
GREATER THROUGH 

LESS RETAIN 

DETECTED CONC.* THAN RISK- SCREEN 
BACK- 

FREQ. 
THAN 2X FOUND IN RISK 

(Mb) 
ESSENTIAL GROUND BACK- IN 

REASON 

(Ww) 
ASSESS- ELIMINATED 

3,300 88 
BASED? PROCESS? DETECTED NUTRIENT? (pglkg) GROUND? BLANK? MENT? 

YES YES 
2,300 880 

2146 NO ND 
YES YES 

NO 
1146 

630 
yjYI--h------ 

YES 

88 YES YES 
NO 

II46 
NO 

NO m---e ____ 
F 

2,300 a8a YFS 
NO NO 

YES N\ln 
F 

0.24 
-e-e NO NO F . I^ r\ 

E 
3 
- I 
- I 

- I 

;: 
NO 
NO 
NO 
NO 

4,4’-DDD 
Endrin 
4/I’-DDT 
Methoxychlor 
Endrin ketone 
Toxaphene 
beta-BHC 
Endrin aldehyde 
alpha-Chlordane 
gamma-Chlordane 
Aroclor 1260 
Aluminum 
Arsenic 
Barium 
Calcium 
Chromium 

E 
ii 
3 :: 
R 
R 

160 
- NO 

-,. __ 
2.9 33 m-m 

- NO iz 

210 .,--- 
- NO R 

2.5 
.- 

390 onn 
- NO R 

0.72 
- NO R 
- NO R 

-WV 
1.1 350, 

- NO R 
. .- , I --- 

4.0 23,000 “I NO I NO 
NO R 

7.5 AQill .-.. Nfl 

i;; 
I 

1 II46 1 
NO 

NOI---(1 E NO -F 
ema- . .- --- I I 

6.3 4901 
I 

NO --- II 1 1 
460 

831 YF$ 

YES l/46 - 
i :: 

- NO R 
- NO R 

, 
7.800 &I l ’ -- 

I -_-- I 
27,600,OOO 

-- 
VFS \ 

YES 
NO 

--- --- YisJ 46146 
NO 

NO 
F 

8,400 370 YES 
19,000,000 YES NO 

40146 
NO BG 

--- 
67,800 5,500,000 NO 

1,100 NO YES 

1,520,OOO NOT AVAIL. 
NO -- -- _ _ _ 

YES 
- 

YES 
NO R 

---- 
48,300 

YES - - 
390,000 

- - 
NO NO ----- __I_ ___ _ _ 

NO E 
- NO R 

l Values presented are for residential soil exposure. 
For screening purposes, these values represent the most conservative 
screening criteria. The values were obtained from “Selecting 
Exposure Routes and Contaminants of Concern by Risk-Based 
Screening,” EPA Region Ill Technical Guidance Manual - 

Risk ASSeSSiTiSni (November i 994). 

KEY; 
E=Essential Nutrient 
R=Absolute Risk 
F=Detection Frequency 
BG=Background 
B=Blank Contaminant 
ND=Not Detected in Background 
-- =Not Considered 

NOTES: 
a Risk-based concentration for benzo(a)pyrene 
’ Risk-based concentration for endrin 
’ Risk-based concentration for di-n-octyi-phthalate 
d Risk-h BEPA nnnrnn+re+i,... 8-s ---L&L -1. -- . . . ----- uvllrr8~h~~~~~~ IUI tlaplllrlalene 

’ Risk-based concentration for ethylbenzene. 
’ Risk-based concentration for n-hexane 



TABLE 6-5 cant 
SUMMARY OF SUBSURFACE SOIL DATA SCREENING 

MAX. RISK- MAX CONC CARRY I MAX. LESS RETAIN 
CONC. BASED GREATER THROUGH BACK- THAN 2X FOUND IN RISK REASON 

SUBSTANCE 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Silver 
Sodium 
Vanadium 
Zinc 

DETECTED CONC.* THAN RISK- SCREEN FREQ. ESSENTIAL GROUND BACK- IN ASSESS- ELIMINATED 
(&kg) (iaM) BASED? PROCESS? DETECTED NUTRIENT? (pglkg) GROUND? BLANK? MENT? 

6,000 4,700,OOO NO NO ____ ___I _I _-_ _ NO R 
10,100 2,900,OOO NO NO _-_ - I- - - NO R 

33,900,OOO NOT AVAIL. YES ---- YES - -- - NO E 
12,200 7.8 YES YES 42146 NO 1,900 NO NO YES 

1,680,OOO NOT AVAIL. YES --- YES - -___ - NO E 
297,000 390,000 NO NO ___- NO _ -- - NO R 

150 23,000 NO NO -___ --_ _- a-1 _ NO R 
16,400 1,600,OOO NO NO ----- --_I - --- - NO R 

2,490,OOO NOT AVAIL. YES --- YES - -- - NO E 
1,700 390,000 NO NO _-__ -me -- _- - NO R 

192,000 NOT AVAIL. YES -- YE= __-a _ - NO E 
27,200 550,000 NO NO a___ __- - _ _ NO R 
28,700 23,000,OOO NO NO -_-_- - -- - - NO R 

* Values presented are for residential soil exposure. 
For screening purposes, these values represent the most conservative 
screening criteria. The values were obtained from “Selecting 
Exposure Routes and Contaminants of Concern by Risk-Based 
Screening,” EPA Region Ill Technical Guidance Manual - 
Risk Assessment (November 1994). 

KEY: 
E=Essential Nutrient 
R=Absolute Risk 
F=Detection Frequency 
BG=Background 
B=Blank Contaminant 
ND=Not Detected in Background 
- =Not Considered 

NOTES: 
* Risk-based concentration for benzo(a)pyrene 
b Risk-based concentration for endrin 
’ Risk-based concentration for di-n-octyl-phthalate 
d Risk-based concentration for naphthalene 
’ Risk-based concentration for ethytbenzene. 
’ Risk-based concentration for n-hexane 



TABLE 6-6. SUMMARY OF CHEMICALS OF CONCERN 

Chemical 
of Concern 

Ground- Surface Sedim 
water Water 

1 ,l-Dichloroethene X 
cis-12 Dichloroethene X 

Methylene Chloride X 

Chloroform X 
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Surface Soil. Chemicals detected in surface soil and retained in the risk assessment include 

benzo(a)pyrene, benzo(g,h,i)perylene, arsenic, and lead. The bases for elimination of all other detected 

chemicals are presented in Table 6-4. 

Subsurface Soil. Six chemicals detected in subsurface soil are retained in the human health risk 

assessment. The retained chemicals are phenanthrene, benzo(a)antbracene, benzo(b)fluoranthene, 

benzo(a)pyrene, and lead. The screening process rationale for elimination of all other detected chemicals 

is presented in Table 6-5. 

In general, these chemicals were detected in on-site media and may be site-related contaminants. The 

chlorinated solvents may have originated from combustion of used solvents. The PAHs may be 

constituents of fuels or crankcase oil burned during training exercises, or combustion products. Arsenic 

and lead may be present at levels exceeding background due to the use of leaded gasolines and used 

crankcase oil, which can become enriched with PAH compounds and metals inchrding lead and arsenic. 

The pesticides are not apparently site-related, but are retained in the risk assessment to evaluate potential 

contribution to overall site risk. 

6.3 EXPOSURE ASSESSMENT 

The exposure assessment provides an estimate of the potential type and magnitude of exposures to the 

chemicals of concern which may occur at the former PTA. The risk characterization combines the results 

of the exposure assessment with toxicity data. The exposure assessment includes three steps: 

characterization of the exposure setting, identification of exposure pathways, and quantitation of exposure. 

6.3.1 Characterization of Exposure Setting 

6.3.1.1 Physical Setting 

The physical setting including climate, surface hydrology, regional geology, regional hydrogeology, land 

use, water use, and demographics are discussed in Section 3.0. That information provides the basis for 

characterizing the exposure setting. 
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6.3.1.2 Chtmical Contamination and Potential Migration Routes 

Available data from the 1989 (NASA, 1990) and 1994 (Section 4.0) investigations indicate that chemical 

contamination related to past activities at the J?I’A is present in surface soil at the site. Total petroleum 

hydrocarbon levels range from 39.7 to 5890 micrograms per kilogram &g/kg) in surface soil samples. 

Volatile organics detected include only acetone and methylene chloride, which were also detected in the 

laboratory blanks at similar levels. Pesticide detections are low concentrations of DDT (120 pglkg), its 

breakdown products, and other compounds at low concentrations. 

PAHs, including benzo(a)pyrene, are present in samples FTA-SSM and FTA-SSlO. Figure 2-l shows the 

sample locations. Both of these locations are on the fringes of the projected location of the former pit 

area. These PAHs and other semivolatiles may be associated with the waste products ignited as part of the 

fire training exercises, and the fire fighting agents used to extinguish the fires. 

The concentrations of metals in the surf&e soils appear to be within the normal background ranges, >with 

the exceptions of lead and arsenic. The levels of these two metals are slightly elevated in several samples. 

Transport of contaminants in surface soil by surface runoff can occur only locally at the site as direct 

discharges to surface water do not occur. 

The results of the 1994 field investigation indicate that groundwater contamination from the FTA does not 

appear to have reached surface water at Little Mosquito Creek, nor the Town of Chincoteague or NASA 

drinking water wells. The FTA is cross-gradient of the Town of Chincoteague supply wells screened in 

the Pleistocene aquifer. The active NASA supply wells are upgradient of the PTA site and are screened in 

the Miocene aquifer. The groundwater contamination plume in the Pleistocene (water table aquifer) lies 

immediately downgradient of the former FTA and does not appear to extend beyond the earthen berm 

located immediately north of the site. The estimated plume for cis-1,2dichloroethene is the most 

extensive and provides an indication of the extent of the groundwater contamination (Figure 5-3). 

Ln general, the groundwater flow direction in the water table aquifer is to the north and east, toward the 

mauy creeks and inlets, with eventual discharge to the Atlantic Ocean. The general flow direction in the 
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immediate vicinity of the former FTA is northeast. None of the WFF or Town of Chincoteague supply 

wells are located north or directly east of the former FTA. The flow direction in the lower confined 

(Miocene) aquifers is also generally toward the north and east in the vicinity of WFF. Recharge occurs 

near the spine of the peninsula that forms the Eastern Shore of Virginia (Horsley Witten Hegemann, 

1991). Although some downward flow from the upper unconfined aquifer to the Iower confined aquifer 

occurs on the Eastern Shore of Virginia (Horsley Witten Hegemann, 1991), the pump tests conducted on 

the WFF Main Base indicated little or no leakage (NASA, 1994). 

6.3.1.3 Potentially Exposed Populations 

The risk assessment process requires identification and evaluation of potential receptors (i.e., individuals 

exposed to contaminants) for both current land use and future land use scenarios. Standard risk assessment 

practice utilizes a reasonable maximum exposure @ME) to estimate the magnitude of the potential impact. 

The RhlE is the “highest exposure that is reasonably expected to occur at a site” (U.S. EPA, 1989). The 

RME is designed to be both reasonable and protective of the overall population. Given the small area 

(about one acre) and the low number of samples collected per medium, the maximum detected 

concentration of each chemical of concern is the basis for the RME for this human health risk assessment. 

This approach provides a conservative RME estimate of risk associated with the site. The risks associated 

with an average exposure are based on the arithmetic averages of concentrations detected at the site. 

Current Land Use Conditions. WFF is NASA-owned and operated property, with generally restricted 

access. Fencing provides a physical security barrier along the southeast and southwest boundaries. 

Natural water barriers to the northeast and northwest limit access to the remainder of the facility. A 

continuously-manned Main Gate, with a badge and vehicle identification system for all facility personnel 

and visitors, controls access to the facility. NASA maintains a Visitor Information Center outside the 

secured facility east of State Route 175 (NASA, May 1992). 

Populations at the facility include approximateIy 1200 employees (military, civilian, and contractor support 

personnel) and 11,000 visitors per year, predominantly at the Visitor Information Center. Children are not 

generally allowed in the active areas of WFF (inside the fenced areas). During occasional recreational 

events and tours, children and adults visiting the facility are closely supervised and restricted to specific 

areas (NASA, May 1992). Adjacent to the FTA is an active runway, and access is therefore strictly 
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controlled. Only employees involved with operational and service areas and employees responsible for 

maintenance or groundskeeping activities are expected to frequent the FTA. According to NASA, 

approximately 72 of the 1200 employees (or 6 percent) are presently involved with maintenance acuvities 

(NASA, May 1992). 

Use of the FTA for training purposes ceased in 1987. The other areas are also inactive, including the 

former drum storage area (dates of use unknown), the sludge pile (dates of disposal unknown), and the 

construction debris disposal area (disposal reportedly ceased in 1991). 

An active runway is located approximately 250 feet south of the FTA site. The runway is separated from 

the FTA by a grass median and the paved former taxiway located immediately south of the FTA. The area 

is accessed by crossing Runway lo-28 at an approved crossing located approximately 1000 feet west of the 

FTA. Access to the site is generally controlled by personnel in the WFF Air Traffic Control Tower who 

monitor activities in the vicinity of the airfield. In addition, the WFF Security personnel complete routine 

patrols of the Main Base facility. 

Future Land Use Conditions. The Accomack County Comprehensive Plan (Accomack County, 1989) 

indicates the WFJF Main Base is zoned for industrial land use. NASA currently has no plans to close: the 

WFF facility. 

Although development of the FTA for residential use is unlikely due to the proximity to the runway, EPA 

has requested the use of a future land use scenario which considers residential adult and child exposures. 

These receptors represent the most significant potential exposure. Exposures under future industrial land 

use are assumed to be of similar magnitude to a maintenance worker’s exposure under current land use. 

Only the future residential receptors are evaluated. 

6.3.2 Identification of Exposure Pathways 

Potential pathways for human exposure to chemicals of potential concern at the former FTA are evaluated 

on the basis of exposure points, possible exposure routes, and human activities. Three criteria define 

pathway completeness: 1) a source or chemical release from a source must exist; 2) an exposure point 
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where contact can occur must be identified; and 3) an exposure route by which contact can occur (e.g., 

ingestion or skin contact) must exist, 

6.3.2.1 Potential Exposure Pathways for Current Land Use Conditions 

Table 6-7 is a summary of potential exposure pathways to contaminants from the FTA for current land use 

conditions. The pathways are briefly described below. 

Groundwater. Water supply wells for the Town of Chincoteague located on the eastern border of WFF 

are approximately 5000 feet from the FTA. The wells are essentially cross-gradient, and are not 

considered to be potentially impacted by groundwater contaminants found in the vicinity of the FTA. A 

remedial design investigation conducted for the former Aviation Fuel Tank Farm at WFF, located 1700 to 

3500 feet upgradient of the Town of Chincoteague supply wells, did not indicate current contamination to 

the supply wells from this closer, upgradient source (NASA, 1992). The residents of the Town of 

Chincoteague are not potential receptors for the groundwater pathway under current land use. 

Potable water supply wells for NASA operations are located hydraulically upgradient of the FTA (Figure 

3-l). NASA is currently drawing potable water supplies from five deep wells in the upper and middle 

Miocene aquifers. Current evidence does not indicate contamination of the Miocene aquifers from the 

FTA, and pump tests conducted in 1981, 1987, and 1991 did not indicate leakage between the shallow 

(Pleistocene) aquifer and the upper and middle Miocene aquifers (NASA, 1993). Therefore NASA 

employees and visitors are not considered potential receptors for the groundwater pathway under 

current land use. 

Surface Water. The WFF Main Base does not encompass any significant surface water bodies. Surface 

water bodies border WFF to the north and east of the facility. These water bodies are not sources of 

potable water due to brackish conditions. Contamination of surface water by direct runoff of stormwater 

from the FTA is not expected to occur. Direct discharges to surface water were not observed. Some 

intermittent ponding of surface water occurs in several areas located downgradient of the former FTA. 

These areas were sampled as part of the RI. Maintenance workers may be exposed to surface water in 

these areas during routine tasks such as groundskeeping. Exposure of other personnel is not expected to 
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I TABLE 6-7. POTENT&IL EXPOSURE PATHWAYS FOR THE NASA FTA, CURRENT LAND USE 

Exposure 
Medium 

Soil 

Mechanism 
of Release 

Release to 
surface soil 

Exposure 
Point 

Potential 
Receptor 

Fire Training Area Maintenance 
Workers 

Route of 
Exposure 

Soil Base Visitors and 
Personnel 

Incidental 
ingestion, dermal 
absorption 

Pathway Complete? Basis Type of 
Evaluation 

Yes. Workers may contact soil during routine 
maintenance (i.e., mowing) and any excavation 
activities. 

Quantitative 

Groundwater 

Surface 
Water 

Sediment/ 
Surface 
Water 

Air 

Air 

Release to 
surface soil 

Leaching to 
groundwater 
from soil 

Groundwater 
discharge to 
surface water 

Surface water 
runoff horn 
site 
(stormwater) 

Volatilization 
of chemicals 
from exposed 
soil. 

Wind 
dispersion of 
outdoor soil. 

Fire Training Area 

Town of Residents of 
Chincoteague or Chincoteague or 
NASA water NASA personnel 
supply wells and visitors. 

Little Mosquito 
Creek 

Residents 

Low-lying areas 
immediately north 
and northeast of the 
Fire Training Area 

Fire Training Area 

Fire Training Area 

Maintenance 
Workers 

Incidental 
ingestion, dermal 
absorption 

Direct ingestion, 
dermal absorption, 
and inhalation 

Incidental 
ingestion, dermal 
absorption 

Incidental 
ingestion, dermal 
absorption 

Maintenance 
Workers 

Inhalation 

Maintenance 
Workers 

Inhalation 

Yes. Exposure is unlikely. Maintenance 
worker exposure to soil represents the worst 
case. 

No. These wells are located hydraulically 
upgradient or cross-gradient from the site. 

No. No evidence to indicate that contaminants 
are currently being discharged to surface 
waters. 

Yes. Exposure to sediment and ponded 
surface water is possible for workers during 
maintenance and excavation activities. Only 
dermal route is considered complete for 
surface water. 

Yes. Volatilization possible, but dilution and 
dispersion expected to be relatively large. 
Volatile organic levels in soil are relatively 
low. 

Yes. Dust generation possible, but dilution 
and dispersion expected to be relatively large. 
FTA is generally well vegetated. Volatile 
organic levels in soil are relatively low. 

Not evaluated. 

Not evaluated. 

Not evaluated. 

Quantitative for 
dermal route for 
surface water. 
Sediment 
evaluated as soil. 

Not evaluated. 

Not evaluated. 
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occur. Therefore the maintenance worker represents the RME. Direct contact with the ponded surface 

water may result in dermal absorption of chemicals of concern. 

Current evidence does not indicate discharge of contaminated grouudwater to surface water is occurring. 

Based on the delineation of the contaminant phnne in groundwater downgradient of the site, the chemicaIs 

of concern are not reaching surface water under current conditions. This pathway is not complete and will 

not be analyzed. 

Soil and Sediment. On-site sediment is found in the area of intermittent ponded surface water. The 

sediment is considered as surface soil in the current land use scenario. Worker exposure to contaminated 

soil and on-site sediment is likely during routine maintenance, including groundskeeping, excavation, or 

construction activities. Maintenance workers are expected to have more frequent contact with soil than 

other personnel, and therefore represent the RME. An evaluation utilizing a maintenance worker is 

expected to provide an exposure estimate that is protective of other personnel at the facility. The 

maintenance worker is also considered for the average exposure, but at a reduced frequency of exposure. 

Direct contact with soil can result in incidental ingestion through hand to mouth contact, particuhuly during 

activities such as eating or smoking. Dermal absorption may result from direct contact of contaminated 

soil and the skin. Incidental ingestion and dermal absorption are considered likely pathways and are 

quantitatively analyzed. 

Under current land use conditions, exposure to subsurface soils is unlikely, and would be infrequent if it 

occurred, Construction and excavation activities do not generally occur in the area. Therefore, the 

surface soil and on-site sediment data are used to evaluate risk associated with soil exposure under current 

land use conditions. 

Air. The inhalation route is not evaluated under current land use conditions. The site is generally 

stabilized and routine air monitoring during RI field investigation activities did trot indicate volatile levels 

above background levels in the breathing zone. Exposure via this route is considered unlikely. 
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6.3.2.2 Potential Expcn~re Pathways for Future Land Use Conditions 

Table 6-8 summarizes potential exposure pathways to contaminants from the PTA for future land use 

conditions. The pathways are briefly described below. 

Groundwater. For a future residential land use scenario, it is possible that new water supply wells could 

be installed. The potential exists that these wells could be screened in the unconfined Pleistocene aquifer, 

as well as in the upper and middle Miocene aquifers. Current evidence does not indicate contamination of 

the Miocene aquifers from the FTA; evidence of contamination of the Pleistocene immediately down- 

gradient of the ETA is confirmed by the RI field investigation results. Therefore this pathway will be 

evaluated for future land use conditions. The routes of possible exposure for the groundwater pathway 

include ingestion, dermal absorption (during bathing), and inhaIation (during bathing). 

Soil. Surface and subsurface soils at the site could be disturbed as a result of excavation and construction 

activities. Residential exposure to contaminants in soil is considered unlikely but possible under future 

land use conditions. This pathway is evaluated, assuming a blending of surface and subsurface soils and 

on-site sediment. Exposure via ingestion and dermal absorption are considered for adult and child 

receptors. 

Surface Water. Contaminants from the FTA may reach surface water via groundwater plume migration and 

discharge of groundwater to surface water. Little Mosquito Creek is tidally influenced and subject to daily 

flushing. The tidal effects will result in a high level of dilution and dispersion of any contaminants which 

may reach the surface water. As in the current land use scenario, surface water is not considered a source for 

potable water due to brackish conditions. In addition, the area is not expected to be utilized for recreation 

due to the availability of nearby superior recreational areas and limited access due to significant marshland 

located between the FTA and Little Mosquito Creek. This pathway will not be analyzed for future 

conditions. 

Sediment. With fimue residential development of the FTA, drainage channels and systems to handle 

increased runoff due to development could be required. Residents could be exposed to contsminants in 

sediment transported from the FTA into drainage channels via stormwater runoff. Exposure could occur 

through incidental ingestion or dermal absorption. The types and concentrations of contaminants in sediment 

would be similar to those encountered in soil at the site, particularly following development and the resultant 
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TABLE64 POTENTIALEXPOSUREPATHWAYSFORTHENASAFTA,FUTURELANDUSE 

Exposure 
Medium 

Mechanism of 
Release 

Exposure Point Potential Route of Exposure Pathway Complete7 Basis Type of 
Receptor Evaluation 

Soil 

Groundwater 

Groundwater 

Air 

Air 

Surface Water 

Sediment 

Release to surface 
soil 

Fire Training Area 

Leaching to 
groundwater from 
soil 

Town of Chincoteague 
water supply wells 

Leaching to 
groundwater from 
soil; irrigation of 
agricultural with 
groundwater 

Residential water 
supply wells 

Volatilization of 
chemicals from 
exposed soil 

Fire Training Area 

Wind dispersion of Fire Training Area 
outdoor soil 

Groundwater 
discharge to 
surface water 

Little Mosquito Creek 

Surface water 
runoff from site 
(stormwater) 

Drainage channels 

Residents Incidental ingestion, 
dermal absorption 

Residents Direct ingestion, 
dermal absorption 

Residents Direct ingestion, Yes. Future residential development could 
dermal absorption, result in installation of shallow water supply 
inhalation, ingestion of wells. Plume migration is not expected to 
agricultural products impact any existing supply wells. 

Residents Inhalation Yes. Volatilization possible, but dilution and 
dispersion expected to be relatively large. 
Levels of volatile organics in soil relatively 
low. 

Residents Inhalation 

Residents Incidental ingestion, 
dermal absorption 

Residents Incidental ingestion, 
dermal absorption 

Yes. Although residential development of the 
FTA and the NASA facility is not expected to 
occur, future land use is unknown. 

No. Future exposure of Town of Chincoteague 
residents to groundwater contamination by 
plume migration from the FTA is not expected 
to occur. 

Yes. Dust generation possible, but dilution 
and dispersion expected to be relatively large. 
Area will remain partially grassed even under 
residential development scenario. 

Yes. Groundwater contamination may reach 
surface water by plume migration, but dilution 
and dispersion are expected to be relatively 
large due to tidal nature. 

Yes. Exposure to sediment is possible for 
residents. 

Quantitative 

Not 
evaluated. 

Quantitative 

Not 
evaluated. 

Not 
evaluated. 

Not 
evaluated. 

Qualitative 
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blending of surface and subsurface soils. Residential exposure to sediment is expected to be similar to, but 

less frequent than, exposures to soil. The exposure assessment for sediment is not expected to vary 

significantly from the soil exposure assessment. Therefore, the sediment exposure pathway will be d,iscussed 

qualitatively to identify any additional risks posed to residents from exposure to sediment as compared to soil 

exposure, and the sediment data will be incorporated in the evaluation of risks due to soil exposure. 

Air. Inhalation of volatiles during showering is a possible exposure route. Other inhalation exposures are 

considered unlikely under the future residential exposure. Inhalation of volatiles during showering mflay 

contribute to the overall site risk. For the purposes of this assessment, it is assumed that the conservative 

assumptions used in evaluating ingestion, dermal absorption, and inhalation will provide a reasonable: 

assessment of overall risk due to future residential exposures. 

6.3.2.3 Summary of Potential Exposure Pathways 

Current land use conditions: 

0 Worker exposure to contaminants in surface soil and sediment by incidental ingestion and 

derrnal absorption will be quantitatively analyzed. 

0 Demlal absorption from on-site ponded surface water will be evaluated. 

Future land use conditions: 

l Resident (both adult and child) exposure to contaminants in soil (including surface and 

subsurface soil, and sediment) by incidental ingestion and dermal absorption will be 

quantitatively analyzed. 

l Resident (both adult and child) esposure to contaminants in groundwater by ingestion, 

dermal absorption , and inhalation will be quantitatively analyzed. 
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6.3.3 Quantification of Potential Exposure 

Exposure of potential receptors to chemicals of concern detected at the former FTA is quantified using the 

exposure point concentration and the frequency, duration, and magnitude of contact. The U.S. EPA has 

developed standard guidance for exposure quantification. The standard guidance, presented in “Human 

Health Evaluation Manual Supplemental Guidance: Standard Default Exposure Factors” (U.S. EPA, 1991a), 

is used in the exposure quantification. 

The level of remedial action required at a given site may be determined by a risk assessment based upon the 

RME as defined by the U.S. EPA. The RME is the highest exposure that may reasonably occur at a site, and 

is designed to be both reasonable and protective of the overall population. The RMF is pathway-dependent; 

if a given population is exposed via multiple pathways, the exposures are combined to determine the RME. 

The RME is typically derived using the 95 percent upper confidence limit @JCL) of the arithmetic mean of 

chemical concentrations detected in an environmental medium. U.S. EPA guidelines suggest that in cases 

with limited amounts of data (less than 20 samples) or significant data variability, the 95 UCL or the 

maximum detected level, whichever is lower, be employed to calculate the RME (U.S. EPA, 1989b). For this 

risk assessment, the RME utilizes the maximum detected site concentration rather the 95 percent UCL due to 

the limited number of data points. The use of maximum detected levels provides a conservative estimate of 

risk. 

The average exposure is calculated based on the arithmetic mean of site-specific chemical concentration data. 

In calculating the arithmetic mean, the laboratory reported CRQL is used for samples in which a chemical of 

concern was not detected. This approach is conservative and is employed in this risk assessment to offset the 

effects of limited data points. The average exposure is used for comparison purposes to assess the median 

exposure level. 

The RME and the average exposure for current and future land use are based on the exposure parameters 

summarized below for each completed pathway. The parameters provide the basis for dose estimation and 

exposure quantification. 
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6.3.3.1 Soil or Sediment Exposure Under Current Land Use 

Under current land use conditions, an adult maintenance worker may be exposed to chemicals of concern 

through the incidental ingestion or dermal absorption routes. Tables 6-9 and 6-10 provide the exposure 

parameters for ingestion of and dermal absorption from soil or sediment. These exposure parameters are for 

the RME and the average exposure assessment. In determinin g the exposure levels, the maximum chemical 

concentrations encountered at the FTA are used for calculating the RME. The average exposure assessment 

utilizes average chemical concentration values. The values of exposure frequency are estimated based upon 

the potential exposure of a maintenance worker for 5 days/week and 50 weeks/year. The exposure factors are 

combined with the maximum or average exposure point concentration in the following Equation 1 to estimate 

exposure doses via incidental ingestion. 

Equation 1 - Ingestion of Soil or Sediment 

CDI=CS*CF*IR*FI*EF*ED 
BW*AT 

where CD1 = chronic daily chemical intake (mg/kg/day) 

CS = chemical concentration in soil or sediment bg/kg) 

CF = conversion factor (1 kg/l O9 pg) 

IR = soil or sediment ingestion rate (mg/day) 

FI = fraction ingested from source (unitless) 

EF = exposure frequency (days/365 days) 

ED = exposure duration (years) 

BW = body weight (kg) 

AT = averaging time (70, years for carcinogens, or exposure duration 

value for noncarcinogens) 

Exposure dose estimates for dermal absorption are obtained from the following Equation 2. The equati’on 

provides an estimate of absorption of chemicals of concern due to skin contact with soil or sediment. 
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Equation 2 - Dermal Absorption from Soil or Sediment 

AD=CS*CF*SA*AF*ABS*EF*ED 
BW*AT 

where AD = absorbed dose (mg/kg/day) 

CS = chemical concentration in soil or sediment (&kg) 
CF = conversion factor (1 kg/lo9 pg) 

SA = skin surface area exposed (cm’) 

Al? = soil to skin adherence factor (mg/cm”) 

ABS = dermal absorption factor (unitless) 

EF = exposure frequency (days/365 days) 

ED = exposure duration (years) 

BW = body weight (kg) 

AT = averaging time (70 years for carcinogens, exposure duration 
value for noncarcinogens) 

TABLE 6-9. EXPOSURE PARAMETERS FOR INGESTION 
OF SOIL OR SEDIMENT FOR CURRENT LAND USE 

EXPOSURE PARAMETER REFERENCE 

Maintenance Worker: 

IR Soil ingestion rate 50 mglday (1) 

FI Fraction ingestion ftom source 100% (Conservative) 

EF Exposure firequency 250 days/year (1) 

ED Exposure duration 25 years (1) 

BW Body weight 70 kg (adult) (1) 

AT Averaging time: 
Noncarcinogens 
Carcinogens 

25 years 
70 years 

(1) 
(1) 

( 1) U.S. EPA, 199 1 a. Human Health Evaluation Manual, Supplemental Guidance: “Standard Default 
Exposure Factors” memorandum. 
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TABLE 6-10. EXPOSURE PARAMETERS FOR DERMAL ABSORPTION FROM 
SOIL OR SEDIMENT FOR CURRENT LAND USE 

EXPOSURE PARAMETER REFERENCE 

Maintenance Worker: 

SA Skin surface area exposed 1890 sq. cm. (2:) 
(hands and forearms) 

AF Soil to skin adherence factor 1.45 mghq. cm (3:) 

ABS Dermal absorption factors: 

Volatiles 
Semi-volatiles other than PCP 
Pesticides other than DDT 
Arsenic 
Metals other than Arsenic 

25% (4:’ 
10% (411 
10% (41 
3% (4)l 
1% (4) 

EF Exposure frequency 250 days/year (1) 

ED Exposure duration 25 years (1) 

BW Body weight 70 kg (adult) (1) 

AT Averaging time: 

Noncarcinogens 
Carcinogens 

25 years 
70 years 

(1) 
(1) 

(1) U.S. EPA, 199 la. Human Health Evaluation Manual, Supplemental Guidance: “Standard Default 
Exposure Factors” memorandum. 

(2) U.S. EPA, 1989a. Exposure Factors Handbook. Office of Health and Environmental Assessment. 
(3) U.S. EPA, 1989b. Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluat:ion 

Manual. Office of Emergency and Remedial Response. 
(4) U.S. EPA, 1995. Interim guidance provided by EPA Region III. 

6-31 



6.3.3.2 Surface Water Exposure Under Current Land Use 

Under current land use conditions, an adult maintenance worker may be exposed to chemicals of concern 

through dermal absorption of ponded surface water during maintenance activities. Exposure parameters for 

dermal absorption from surface water are presented in Table 6- 11. The exposure frequency is estimated at 50 

days per year, since the surface water is intermittently ponded and exposure on a daily basis is unlikely. 

These parameters are combined with maximum and average exposure point chemical concentrations in the 

following Equation 3 to obtain dose estimates. 

Equation 3 - Dermal Absorption from Surface Water 

AD=CW*SA*PC*ET*EF*ED*CF 

BW*AT 

where AD = absorbed dose (mg/‘kg/day) 

CW = chemical concentration in water (mgll) 

SA = skin surface area available for contact (cm’) 

PC = chemical-specific dermal permeability constant (cm/hr) 

ET = exposure time (hours/day) 

EF = exposure frequency (days/365 days) 

ED = exposure duration &ears) 

CF = volumetric conversion factor for water (1 MOO0 cm3) 

BW = body weight (kg) 
AT = averaging time (70 years for carcinogens, exposure duration 

value for noncarcinogens) 

6.3.3.3 Groundwater Exposure Under Future Land Use 

Under potential future land use conditions, residential exposure from site contaminants in groundwater could 

include ingestion, derrnal absorption, and inhalation by both children and adults The exposure parameters 

for ingestion of and dermal absorption from groundwater are presented in Tables 6-12 through 6- 14. The 

RME and average exposure point concentrations are combined with the exposure parameters in Equation 4 

to estimate the dose from ingestion of groundwater. The exposure frequency is estimated as 350 days/year 

based upon the residential exposure of 7 days/week for 50 weeks. 
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TABLE 6-11. EXPOSURE PARAMETERS FOR DERMAL ABSORPTION FROM 
SURFACE WATER FOR CURRENT LAND USE 

EXPOSURE PARAMETER REFERENCE 

Maintenance Worker: 

SA Skin surface area exposed 

PC 

EF 

ED 

BW 

Chemical-specific dermal permeability factor 

Exposure frequency 

Exposure duration 

Body weight 

Averaging time: 

Noncarcinogens 
Carcinogens 

AT 

1890 sq. cm. 
(hands and forearms) 

(2) 

Chemical specific 

50daydyear 

25 years 

70 kg (adult) 

25 years 
70 years 

(1) U.S. EPA, 199la. Human Health Evaluation Manual, Supplemental Guidance: “Standard De:fault 
Exposure Factors” memorandum. 

(2) U.S. EPA, 1989a. Exposure Factors Handbook. Office of Health and Environmental Assessment. 
(3) U.S. EPA, 1992. Dermal Exposure Assessment: Principles and Applications. 
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TABLE 642. EXPOSURE PARAMETER!3 FOR INGESTION OF 
GROUNDWATER FOR FUTURE LANDUSE 

EXPOSURE PARAMETER REFERENCE 

Resident: 

IR Ingestion rate 1 liter/day (child) (1) 
2 liters/day (adult)* (1) 

EF Exposure Frequency 350 days/year (1) 

ED Exposure Duration 6 years (child) 
24 years (adult)* 

(1) 
(1) 

BW Body Weight 15 kg (child) 
70 kg (adult)* 

(1) 
(1) 

AT Averaging Time: 
Noncarcinogens 6 years (child) 

24 years (adult)* 
(1) 
(1) 

Carcinogens 70 years (1) 

* The term “adult” refers to persons 6 years of age and older. 

(1) U.S. EPA, 1991a. Human Health Evaluation Manual, Supplemental Guidance: “Standard Default 
Exposure Factors” memorandum. 
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TABLE 6-13. EXPOSURE PARAME TERS FOR DERMAL ABSORPTION FROM 
GROUNDWATER FOR FUTURE LANDUSE 

EXPOSURE PARAMETER REJTRENCE 

Resident: 

SA Skin surface area exposed 9,400 sq cm. (child) (3) 
18,150 sq. cm. (adult)* (2) 

PC Chemical-specific dermal permeability constant Chemical-specific (9 

EF Exposure frequency 350 days/year (1) 

ED Exposure duration 6 years (child) 
24 years (adult)* 

(1) 
(1) 

BW Body Weight 15 kg (child) 
70 kg (adult)* 

(1) 
(1) 

AT Averaging time: 
Noncarcinogens 6 years (child) 

24 years (adult)* 
(1:) 
(1:) 

Carcinogens 70 years (11 

* The term “adult” refers to persons 6 years of age and older. 

(1) U.S. EPA, 1991a. Human Health Evaluation Manual, Supplemental Guidance: “Standard Default 
Exposure Factors” memorandum. 

(2) U.S. EPA, 1989a. Exposure Factors Handbook. Office of Health and Environmental Assessment. 
(3) U.S. EPA, I989b. Superfnnd Exposure Assessment Manual. 
(4) U.S. EPA, 1992. Dermal Exposure Assessment: Principles and Applications. 
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TABLE 6-14. EXPO!SURE P AlUMlITERS FOR INEMLATlON OF 
GROUNDWATER FOR FUTURELANDUSE 

EXPOSURE PARAh4ETER REFERENCE 

Resident: 

IRa daily indoor inhalation rate 15 m’lday (1) 

EF Exposure Frequency 350 days/year (1) 

ED Exposure Duration 6 years (child) 
30 years (adult)* 

(1) 
(1) 

BW Body Weight 15 kg (child) 
70 kg (adult)* 

(1) 
(1) 

AT Averaging Time: 
Noncarcinogens 6 years (child) 

30 years (adult)* 
(1) 
(1) 

Carcinogens 70 years (1) 

* The term “adult” refers to persons 6 years of age and older. 

(1) U.S. EPA, 1991a. Human Health Evaluation Manual, Supplemental Guidance: “Standard Default 
Exposure Factors” memorandum. 
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Equation 4 - Ingestion of Groundwater 

CDI=CW*IR*EF*ED 

BW*AT 

where CD1 = chronic daily chemical intake (mg/kg/day) 
cw = chemical concentration in groundwater (mg/Q) 
IR = ingestion rate (l/day) 
EF = exposure frequency (days/365 days) 

ED = exposure duration (years) 
BW = body weight (kg) 

AT = averaging time (70 years for carcinogens, or exposure duration 

value for noncarcinogens) 

Dose estimates for dermal absorption from groundwater are calculated using the following Equation 5 and 

the exposure parameters presented in Table 6-13. 

Equation 5 - Dermal Absorption from Groundwater 

AD=CW*SA*PC*ET*CF*EF*ED 

BW*AT 

where AD 

cw 

PC 

ET 

CF 

EF 

ED 

BW 

AT 

absorbed dose (mglkglday) 

chemical concentration in groundwater (mg/P) 

chemical-specific dermal permeability constant (cm&r) 

exposure time (bathing) @r/day) 

volumetric conversion factor for water (Q/1000cm3) 

exposure frequency (days/365 days) 

exposure duration (years) 

body weight (kg) 

averaging time (70 years for carcinogens, or exposure duration 

value for noncarcinogens) 

Inhalation dose estimates are calculated using Equation 6 and the exposure parameters listed in Table 6-14. 
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Equation 6 - Inhalation of Groundwater 

CDI=CW*K*lRa*EF*ED 

CF*BW*AT*365 

where CD1 = 

cw = 

K = 

IRa = 

EF = 
ED = 

CF = 

BW = 

AT = 

cronic daily intake (mg/kg/day) 

chemical concentration in groundwater @g/P) 

volatilization factor (L/m3) 

daily indoor inhalation rate (m3/day) 

exposure frequency (days/365 days) 

exposure duration (years) 

conversion factor (1000 pg/mg) 

body weight (kg) 

averaging time (70 years for carcinogens, or exposure duration 

value for noncarcinogens) 

6.3.3.4 Soil Exposure Under Future Land Use 

Surface and subsurface soils at the site could be disturbed as a result of excavation and construction 

activities for future development. A blending of the surface and subsurface soils would likely occur. 

Based on that assumption, the RME is the maximum level of a chemical of concern detected in surface 

soils, subsurface soils, or on-site sediment. The average exposure point concentration is the highest 

average from the three media. The RME and average exposure assume a duration of 6 years for young 

children and a 24-year exposure duration for older children and adults. The exposure parameters for 

ingestion of soil (and indoor dust) and dermal absorption from soil are presented in Tables 6-15 and 6-16. 

The equations used for calculating soil exposure dose estimates for future land use conditions are the same 

as for current land use conditions (Equations 1 and 2). The work sheets for calculation of the dose 

estimates are presented in Appendix E. The site-specific exposure dose estimates provide the basis for 

characterization of risk to human receptors as a result of exposure to chemicals of concern. 
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TABLE 6-15. EXPOSURE PARAMETERS FOR INGESTION 
OF SOIL OR SEDIMENT FOR FUTURELANDUSE 

Resident: 

EXPOSURE PARAMETER REFERENCE 

IR Soil ingestion rate 

FI Fraction ingestion ftom source 

EF Exposure frequency 

ED Exposure duration 

BW Body weight 

AT Averaging time: 
Noncarcinogens 

Carcinogens 

100 mg/day (adult) 
200 mg/day (child) 

(1) 

100% (Conservative) 

350 days/year (0 

24 years (adult) 
6 years (child) 

(11) 

70 kg (adult) 
15 kg (child) 

(1) 

24 years (adult) 
6 years (&Id) 

(1) 

70 years 

(1) U.S. EPA, 1991a. Human Health Evaluation Manual, Supplemental Guidance: “Standard Default 
Exposure Factors” memorandum. 
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TABLE6-16.EXPOSUREPARA.ME TERSFORDERMALABSORFI'IONFROM 
SOILORSEDIMENTFORFUTURE LANDUSE 

EXPOSURE PARAMETER REFERENCE 

Resident: 

SA Skin surface area exposed 1890 sq. cm. (adult) (2) 
830 sq. cm. (child) 

(lxmls and forearms) 

AF Soil to skin adherence factor 

ABS Dermal absorption factors: 

Volatiles 
Semi-volatiles other than PCP 
Pesticides other than DDT 
Arsenic 

Metals other than Arsenic 

EF Exposure frequency 350 days/year 

ED Exposure duration 

BW Body weight 

AT Averaging time: 

Noncarcinogens 

1.45 mg/sq. cm (3) 

25% (4) 
10% (4) 
10% (4) 
3% (4) 
1% (4) 

(1) 

24 years (adult) 
6 years (child) 

(1) 

70 kg (adult) 

15 kg (child) 
(1) 

24 years (adult) 
6 years (child) 

(1) 

Carcinogens 7Oyears (1) 

(1) U.S. EPA, 1991a. Human Health Evaluation Manual, Supplemental Guidance: “Standard Default 
Exposure Factors” memorandum. 

(2) U.S. EPA, 1989a. Exposure Factors Handbook. Office of Health and Environmental Assessment. 
(3) U.S. EPA, 1989b. Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation 

Manual. Office of Emergency and Remedial Response. 
(4) U.S. EPA, 1995. Interim guidance provided by EPA Region III. 
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6.4 TOMCiTY ASSESSMENT 

The toxicity assessment consists of hazard identification and dose-response evaluation. Hazard 

identification is an evaluation of the likelihood that exposure to a chemical of concern could result in an 

increased incidence of adverse effects (e.g., cancer, birth defects, organ toxicity). The dose response 

evaluation is a quantitative assessment of the relationship between administered doses and the incidence of 

adverse health effects in each exposed population. Toxicity values are developed by EPA on the basis of 

the dose-response evaluation. For carcinogenic effects (Le., cancer), cancer slope factors are developed. 

For noncarcinogenic effects (e.g., organ toxicity), estimates of safe human exposures (i.e., no adverse 

effects levels) are developed. 

Toxicity data are obtained, in the order of preference, from the EPA Integrated Risk Information System 

(IRIS) and the EPA Health Effects Assessment Summary Tables (BEAST). 

6.4.1 Toxicity Information for Carcinogenic Effects 

Toxicity data for carcinogenic effects are developed by the EPA on the assumption that any level of 

exposure could result in a carcinogenic response. No safe exposure level exists under this assumption. 

Carcinogenic effects are measured on the basis of weight-of-evidence classifications and slope factors. 

The weight-of-evidence classification is generally not route-specific, and provides a characterization of the 

evidence of carcinogenicity of a chemical based on available human and animal studies. The EPA weight- 

of-evidence classification system is summarr ‘zed in Table 6-17. 

Based on the weight-of-evidence classification, slope factors are generally calculated for known or 

probable human carcinogens (i.e., Classes A, Bl, and B2). The slope factors provide a quantification of 

the relationship between dose and response. The slope factor is used in this risk assessment to determine 

the increased likelihood of an individual developing cancer as a result of exposure to a particular level of a 

potential carcinogen. For comparison of relative toxicity, a larger slope factor indicates a more potent 

carcinogen. 
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TABLE 6-17. U.S. EPA WEIGHT-OF-EVIDENCE CLASSIFICATION SYSTEM 
FOR CARCINOGEMCITY 

GROUP DESCRIPTION 

A Human carcinogen 

Bl or B2 Probable human carcinogen 
Bl indicates that limited human data is available. 

B2 indicates sufficient evidence in animals and 

inadequate or no evidence in humans 

C Possible human carcinogen 

D Not classifiable as to human carcinogenicity 

E Evidence of noncarcinogenicity for humans 

Source: U.S. EPA, 1989b. Risk Assessment Guidance for Superfund Volume I: Human Health 

Evaluation Manual (Part A), Interim Final. December, 1989. 
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6.4.2 Toxicity Information for Noncarcinogenic Effects 

Estimation of noncarcinogenic risk is based on a reference dose (RfD). Route-specific values for ingestion 

and inhalation are developed by EPA. Values are not currently available for the dermal absorption 

exposure route. The chronic RfD is an estimate of the daily exposure level unlikely to cause significant 

adverse health effects over a long time period. EPA generates the RfD values based on the assumption 

that a threshold value exists for the occurrence of noncarcinogenic effects. Although the types of adverse 

effects vary among chemicals, the RfD provides a measure of relative toxicity. 

6.4.3 Dermal Toxicity Values 

RfDs and slope factors are not currently available for exposure via dermal absorption of chemicals. 

Noncarcinogenic and carcinogenic risks for the dermal absorption exposure scenarios are evaluatecl using 

oral RfDs and oral slope factors, respectively. The oral RfDs and slope factors are based on administered 

doses and are adjusted using chemical-specific absorption factors, when available. 

6.4.4 Chemicals for Which No EPA Toxicity Values are Available 

Toxicity values are not available for inorganic lead. A substantial amount of evidence links exposure to 

lead with adverse noncarcinogenic health effects, and inorganic lead is considered a probable human 

carcinogen (Class B2). However, the EPA has not yet issued toxicity values for inorganic lead. Potential 

health impacts due to exposure to inorganic lead are evaluated through use of a biokinetic uptake model 

which is applicable to children ages 0 to 6 years. EPA Region III has requested the use of the model to 

evaluate risk due to lead exposure. The model results are presented in Section 6.6. 

6.4.5 Uncertainties Related to Toxicity Information 

RfDs and slope factors are developed using uncertainty factors to account for intra-species extrapolation, 

extrapolation of highdose concentrations from actual studies to low-dose environmental exposures, 

prediction of long-term exposure effects from the results of short-term exposure studies, variations in. 

individual sensitivities, and other uncertainties associated with experimental data. Use of uncertainty 
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factors results in estimates of exposure risks which are likely to be equal to or greater than the actual 

health hazard. 

6.4.6 Summary of Toxicity Information 

Table 6- 18 provides a summary of toxicity data for the chemicals of concern at the former FTA. The 

summary includes, as available, the RfD, critical effect, weight-of-evidence classification, and cancer 

slope factor for each chemical of concern. 

6.5 RISK CEURACTERIZATION 

The risk characterization summarizes and integrates the exposure and toxicity assessment results to provide 

a numerical indication or qualitative discussion of the risk posed by the chemicals of concern detected at 

the former FTA. Risk is characterized by a comparison of site-specific contaminant levels to applicable or 

relevant and appropriate requirements (ARARs), a comparison of estimated human doses to a reference 

dose (noncarcinogenic effects), and a calculation of the increased lifetime cancer risk (carcinogenic 

effects). The risk characterization focuses on the exposure pathways identified in the exposure assessment 

as potentially complete for the former FTA site. 

6.5.1 Comparison with ARARs 

6.5.1.1 Superfund Amendments Reauthorization Act (SARA) Requirements 

The Super-fund Amendments Reauthorization Act (SARA) requires that remedial actions at CERCLA sites 

meet or consider AIURs, which are defined as follows. 

Andlcahle are those cleanup standards, standards of control, and other substantive 

environmental protection standards, criteria, or limitations promulgated under Federal or State law 

that specifically address a hazardous substance, pollutant, contaminant, remedial action, location, or 

other circumstance at a hazardous waste site. 



TABLE 6-l 8. 
TOXICITY DATA FOR CHEMICALS OF CONCERN 

I NONCARCINOGENIC EFFECTS 

Notes: 
(a) Toxicity values are not available for inorganic lead. NA - Not Available 

NC - Non-Carcinogenic 

Sources: 
(1) U.S. EPA Integrated Risk Information System (IRIS). 
(2) U.S. EPA Health Effects Assessment Summary Tables (HEAST) 

6-45 



. 
C are those cleanup standards, standards of control, and other 

substantive environmental protection standards, criteria, or limitations promulgated under Federal or 

State law that, while not “applicable”, address problems or situations sufficiently similar to those 

encountered at a site that their use is well suited to the particular site. 

SARA requires that cleanup standards meet the most stringent AR4R. The NASA former FTA site is not 

currently a CERCLA site, but has been proposed for inclusion on the NPL. ARARs may include Federal 

as well as Commonwealth of Virginia environmental standards. For groundwater, the Commonwealth of 

Virginia Department of Environmental Quality (DEQ) has adopted the Federal Drinking Water Maximum 

Contaminant Levels (MCLs) and has promulgated specific groundwater quality standards. For soils, the 

criteria are determined by risk-based evaluations. Chemical-specific criteria are not defined for the 

chemicals of concern detected in soils. 

6.5.1.2 Safe Drinking Water Act 

The Safe Drinking Water Act (SDWA) of 1974 and as amended in 1986 established criteria for protection 

of public drinking water supplies. The major elements of the program in&de drinking water standards 

and treatment techniques, filtration and disinfection of surface supplies, disinfection by-product standards, 

the coliform rule, and radionuclide standards. 

Section 1412 of the SDWA requires the EPA to promulgate national drinking water regulations and publish 

Maximum Contaminant Level Goals (MCLGs). Under Section 1401, the EPA must develop enforceable 

MCLs and “criteria and procedures to assure a supply of drinking water which dependably complies” with 

such MCLs. MCLs and MCLGs are specified in 40 CFR Part 141, Subparts B and F. 

MCLs are enforceable, chemical-specific drinking water standards developed under the SDWA. MCLs 

are based on use of best technology, treatment techniques, and other factors including costs. Health risks 

are factored into the MCLs, along with the technical and economic feasibility criteria. 

The Pleistocene aquifer is still currently a drinking water supply for the Town of Chincoteague and other 

communities on the Eastern Shore of Virginia. No downgradient receptors were identified for current land 

use. However, future residential land use could result in the installation of drinking water wells 
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downgradient of the site. The SDWA MCLs are therefore relevant and appropriate in characterizing risk 

for the potential future land use of the former FTA, 

The MCLGs are nonenforceable health goals for public water systems. Under SARA, the MCLGs are 

considered as ARARs. Non-zero MCLGs will be used for evaluation of risk associated with future land 

use of the former FTA. 

6.5.1.3 State Criteria 

State criteria that may be considered ARABS are the Virginia Groundwater Standards, Water Quality 

Criteria for Groundwater, and the Drinking Water Standards. In addition, the Virginia Surface Water 

Standards with General, Statewide Application provide chemical-specific numerical limits for public water 

supplies. 

The Commonwealth of Virginia Groundwater Standards (VR680-21-04) apply statewide to all groundwater 

occurring at or below the uppermost seasonal liits of the water table. In recognition of local variability 

of natural groundwater quality, Virginia is divided into four physiographic provinces with distinct 

groundwater standards. WFP lies in the Coastal Plain Physiographic Province. The groundwater 

standards for the Coastal Plain Province do not address any of the contaminants of concern identified for 

the former FTA. The groundwater standards applicable statewide include concentration limits for arsenic, 

lead, and heptachlor epoxide. 

The Water Quality Criteria for Groundwater do not address any of the chemicals of concern for the former 

PTA. The Virginia Drinking Water Standards are adopted from the Federal MCLs. 

The Commonwealth of Virginia Surface Water Standards with General, Statewide Application (VR680-21- 

01) include numerical, chemical-specific criteria for public water supplies. Although not directly 

applicable to groundwater, these ARABS provide another basis for comparison of site-specific data to 

human health criteria. 
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6.5.2 Comparison to Reference Doses 

An evaluation of noncarcinogenic effects from exposures to contaminants of concern at the former FTA is 

based on comparison of exposure dose estimates to RfDs. The RfDs represent a measure of chemical- 

specific toxicity. The ratio of the estimated daily intake to the RfD is the hazard quotient. 

The hazard quotient assumes that a level of exposure (i.e., the RfD) exists below which adverse health 

effects are unlikely to occur, even in sensitive populations. The RfD then serves as a threshold for 

determining the likelihood of noncancer effects resulting from exposure. 

To assess the overall potential for noncarcinogenic effects posed by an exposure pathway, the hazard 

quotients for each chemical of concern are summed for each pathway. This total, known as the hazard 

index (HI), assumes that simultaneous exposures to several chemicals could have a cumulative effect, 

resulting in adverse noncancer health effects. When the HI exceeds unity, adverse health effects may 

potentially occur. 

6.5.3 Estimation of Cancer Risk 

An evaluation of carcinogenic effects from exposures to chemicals of concern from the former FTA is 

based on the estimation of increased lifetime cancer risk. The carcinogenic risk is estimated as the 

incremental probability of an individual developing cancer over the course of a lifetime as a result of 

exposure to a carcinogenic substance. The probability is often referred to as increased or excess lifetime 

cancer risk. 

Increased lifetime cancer risk is estimated using a slope factor to directly convert estimated daily intakes 

(or exposures), averaged over a lifetime of exposure, to the incremental risk of an individual developing 

cancer as a result of that exposure. The increased lifetime cancer risk is estimated by multiplying a route- 

specific dose by a route-specific carcinogenic slope factor. This calculation is valid only at low risk levels 

(less than 1x10-z) where a linear slope is expected (U.S. EPA, 1989b). Ingestion slope factors are 

generally used to assess carcinogenic risk from dermal exposure, since dermal slope factors have not been 

developed. The oral slope factors are adjusted for percent absorption before being used as dermal slope 

factors. 
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The increased lifetime cancer risks estimated for each chemical of concern are summed for each exposure 

route to determine the route-specific carcinogenic risk. Estimated carcinogenic risks in the range: of 1x104 

to lx106may be acceptable, within the context of current and future uses of the property, Estimated 

carcinogenic risks at, or below, lxlpare considered insignificant, or de minimus, and require no further 

action. 

6.54 Risk Characterization for Current Land Use Conditions 

Dose estimates for worker exposure to soil and sediment under current land use for the ingestion and 

dermal exposure routes (Appendix E) are compared to toxicity values for risk estimations. Each pathway 

is evaluated individually for both current and future land use. 

6.5.4.1 Soil Ingestion Under Current Land Use 

The HIS for the FWE and average exposure for ingestion of soil and sediment under current land use do 

not exceed unity (Table 6-19). The HI for arsenic, the only chemical of concern with known non- 

carcinogenic impacts and an available RfD, is two to three orders of magnitude less than unity. Cancer 

risks estimated are 3x10& for the RME and 2x10& for the average exposure (Table 6-19). The 1x10+ de 

minimus level is exceeded for both the RME and average exposure. Four of the seven chemicals of 

concern are designated as carcinogenic - benzo(a)pyrene, benzo(b)fluoranthene, dibenz(a,h)anthracene, 

and arsenic. The individual increased lifetime cancer risk for arsenic exceeded the de minimus value of 

1~10~. The total risk contributed by the other chemicals of concern did not exceed the de minimus level. 

6.5.4.2 Denmal Absorption from Soil Under Current Land Use 

The HIS for dermal absorption of contaminants at on-site concentrations for the RME and average 

exposure under current land use (Table 6-20) do not exceed unity. As is the case for ingestion of soils, 

the HI for arsenic is two orders of magnitude less than unity. RfD values are not available for the other 

chemicals of concern. Lead is evaluated using the EPA Biokinetic Uptake Model (Section 6.6). 

The increased lifetime cancer risks for dermal absorption for the RME and average exposure are 8x10+ 

and 5x104, respectively (Table 6-20). Arsenic and dibenz(a,h)anthracene provide the majority of the 
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TABLE 6-19. RISK FROM INGESTION OF SOIL AND SEDIMENT- CURRENT CHRONIC EXPOSURE 

Noncarcinogenic Carcinogenic 

Max. Ave. RME Ave. Chronic Oral RME Ave. 
Detected Detected Chronic Chronic Reference RME Ave. Chronic Chronic RhlE Ave. 

Chemical of Concern Cont. (2) COnC. (3) Dose Dose Dose Hazard Hazard Dose Dose Oral Slope Factor Increased Increased 

Tot;:?d~ l.G’E-02 1 8.8lE-03 1 

Total Increased 
Lifetime Cancer 

Risk 

NOTES: 
Hazard Quotient = Chronic Dose/Chronic Reference Dose 
Increased Lifetime Cancer Risk = Chronic Dose x Oral Slope Factor 
NA - Not Available 
NC - Noncarcinogenic 
ND - Not Determined 

The slope factor for benzo(a)pyrene is used for PAHs with no published slope factor. 
(1) Reference dose values are not available for inorganic lead. Lead is evaluated using the EPA Biokinetic Uptake Model (Section 6.6). 
(2) Concentration is maximum detected in soil or sediment. 
(3) Concentration is larger of averages for soil and sediment. 



TABLE 6-20. RISK FROM DERMAL ABSORPTION FROM SOIL AND SEDIMENT- CURRENT CHRONIC EXPOSURE 

I Chemical of Concern 

Max. 

Detected 
Cont. (2) 

- 
130 

340 

1,600 
140 

240 

g,ofJo 
67,500 

Noncarclnogenic Carcinogenic 

Ave. Ave. Chronic Oral Ave. 
Detected RME Chronic Reference RME Ave. RME Chronic RME Ave. 
Cont. (3) Chronic Dose Dose Dose Hazard Hazard Chronic Dose Dose Crat slope Factor Increased Increased 
@g/kg) ( mglkglday) (mglkglday) (mglkglday) Quotient Quotient (mglkglday) (mglkglday) (mg/kg/day)” Cancer Risk Cancer Risk 

1 NA 1 ND 1 ND ]C 
17 1 9.12E-07 1 NA 1 ND 

I 
J ND 1 ;; 11 3.26E-07 1 

3.75E-07 1 3.75E-07 1 NA I- ND 1 ND 140 

240 6.44E-07 644E-07 

5,400 7.24E-06 4.34E-06 

40,000 1.81 E-05 l.O7E-05 

Total Increased 

NOTES: 
Hazard Quotient = Chronic Dose/Chronic Reference Dose 
Increased Lifetime Cancer Risk = Chronic Dose x Oral Slope Factor 
NA - Not Available 
NC - Noncarcinogenic 
ND - Not Determined 

The slope factor for benzo(a)pyrene is used for PAHs with no published slope factor. 
(I) Reference dose values are not available for inorganic lead. Lead is evaluated using the EPA Biokinetic Uptake Model (Section 6.6). 

(2) Concentration is maximum detected in soil or sediment. 
(3) Concentration is larger of averages for soil and sediment. 



cancer risk. Arsenic was not detected in background surface soils or sediment. The individual increased 

lifetime cancer risk for benzo@)fluoranthene equals the 1x106 de mininus level for the RME. 

6.5.4.3 Dermal Absorption from Surface Water 

Only lead and arsenic are identified as chemicals of concern in the on-site ponded surface water. Health 

impacts from exposure to lead are evaluated using the EPA Biokinetic Uptake Model (Section 6.6). The 

noncarcinogenic level of risk associated with dermal absorption of arsenic from on-site ponded water is 

four orders of magnitude below the level of concern (Table 6-21). The increased carcinogenic risk for 

exposure to arsenic is two orders of magnitude less than the de minimus risk level. 

6.5.4.4 Summary of Risk for Current Land Use 

Table 6-22 is a summary of the HIS for a maintenance worker’s noncarcinogenic risk due to exposure 

under current land use. Arsenic is the only chemical of concern for which an RfD is available. The total 

risk associated with exposure to arsenic, summed across all pathways, is two orders of magnitude below 

the 1.0 level of concern. 

Table 6-23 is a summary of increased lifetime cancer risks associated with a maintenance worker’s on-site 

exposure. Arsenic, benzo(b)fluoranthene, and dibenz(a,h)anthracene (based on the toxicity values for 

benzo(a)pyrene) contribute significantly to the carcinogenic risk under the RME. Arsenic provides the 

most significant contribution to risk under the average exposure scenario. 

6.55 Risk Characterization for F’uture Exposure to Soils 

The assumption for future land use is residential, with exposures of both children and adults. The age 

group for children is up to six years. Children seven and older are included as adults in the exposure dose 

estimates (Appendix E)- 
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TABLE 6-21. RISK FROM DERMAL ABSORPTION FROM SURFACE WATER - CURRENT CHRONIC EXPOSURE 

Chemical of Concern 

Arsenic 

Lead(l) 

Max. Ave. 
Detected Detected 

Cont. Cont. 

@.$I) (1(9/l) 

5.30 3.90 
7.00 1.85 

Noncarcinogenic 

Ave. Chronic Oral 
RME Chronic Reference RME 

Chronic Dose Dose Dose Hazard 

(mgfiglday) (mglkglday) (mglkglday) Quotient 

&62E-08 4.87E-08 3.OOE-04 2.21 E-04 
8.74E-08 2.31 E-08 NA ND 

Total Hazard 
Index 2.21 E-04 

Ave. 

Hazard 

1.62E-04 

ND 

1.62E-04 

RME 

Chronic 

Dose 

2.36E-08 

3.12E-08 

Carcinogenic 

Ave. 

Chronic RhlE Ave. 
Dose Oral Slope Factor Increased Increased 

1.74E-08 1.75E+OO 4E-08 3E-08 
8.25E-09 NA ND ND 

Total Increased 
Lifetime Cancer 

Risk 4E-08 3E-08 

NOTES: 
Hazard Quotient = Chronic Dose/Chronic Reference Dose 
Increased Lifetime Cancer Risk = Chronic Dose x Oral Slope Factor 
NA - Not Available 
NC - Noncarcinogenic 
ND - Not Determined 
(1) Reference dose values are not available for inorganic lead. Lead is evaluated using the EPA Biokinet(c Uptake Model (Se&n 6.13). 



TABLE 6-22. SUMMARY OF NONCARCINOGENIC RISKS FOR CURRENT LAND USE CONDITIONS 

SOIL/SEDIMENT EXPOSURE SURFACE WATER EXPOSURE TOTAL 

HAZARD INDICES WORKER 

I 

HAZARD INDICES 

Chemical Soil lnaestion 1 Dermal Absorption 1 Dermal Absorptlon EXPOSURE 

IME 1 Average 1 RME I Averay I RMF l Averaae 

Nn I Nn ’ hlrl htn 

I,h,i)perylene 
\fl, wwanthnna 

ND ND ND ND 
Nn Nl-l ND ND 

Chemical 
of Concern 

Benzo(a)pyrene 

ND ND ND 
I Nn I Nn I 

TOTAL 

TABLE 6-23. SUMMARY OF CARCINOGENIC RISKS FOR CURRENT LAND USE CONDITIONS 

Dibenz(a,h)anthracene 
Arsenic 

SURFACE WATER EXPOSURE 

lE-05 1 8E-06 1 ND I ND 

Lead 

TOTAL 

TOTAL 

WORKER 
EXPOSURE 

RME Average 

1 E-06 7E-07 

ND ND 
1 E-06 5E-07 

ND ND 
2E-06 2E-06 

8E-06 5E-06 

ND ND 

1 E-05 8E-06 



6.5.5.1 Risk Resulting from Ingestion of Soil 

Arsenic is the only chemical of concern for which noncarcinogenic toxicity values are available. The 

noncarcinogenic risk resulting from exposure to arsenic is one to two orders of magnitude less than unity 

for both a child and and adult residential receptor (Tables 6-24a and 6-24b). Impacts associated with 

exposure to lead are evaluated using the EPA Biokinetic Uptake Model (Section 6.6). The model evaluates 

blood levels in children resulting from exposure to lead. 

Increased lifetime cancer risks exceed the 1x10& target level for both the child and adult resident under the 

RME and average exposure for ingestion of soil. Five of the eight contaminants of concern are 

carcinogenic: benzo(a)anthracene, benzo@)fluoranthene, benzo(a)pyrene, dibenz(a,h)anthracene, and 

arsenic. The individual risks associated with each of these five contaminants exceed the 1~10~ de minimus 

level under the RME for both the child and adult resident receptor (Tables 6-24a and 6-24b). 

Under the average exposure scenario, the individual cancer risks for a child exposed to benzo(a)pyrene, 

dibenz(a,h)-anthracene (based on toxicity values for benzo(a)pyrene), and arsenic exceed the 1~10~ level. 

Only arsenic and dibenz(a,h)anthracene have risks in excess of the 1~10~ target level for the adult average 

exposure. The total cancer risk for ingestion of soil by a child resident is 3x10-’ for the RhE and 1x10-’ 

for the average exposure. For an adult, total cancer risks are 1x10-’ and 4~10~ for the RME and average 

exposure, respectively. 

The carcinogenic risk associated with exposure to background concentrations of arsenic in soil is 1x10” for 

a child’s exposure and 5x10-’ for an adult’s exposure. Although these risk values are significant, the risk 

values associated with exposure to arsenic concentrations in soil in excess of the background still exceed 

the de minimus level. The risk levels associated with exposure to the maximum background concentrations 

of arsenic are presented in Appendix F, Table F- 1. 
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TABLE B-24a. RISK FROM INGESTION OF SOIL - FUTURE CHRONIC EXPOSURE (CHILD) 

Noncarclnogenic Carclnogenlc 

Max. Ave. Ave. Chronic Oral Ave. 
Detected Detected RME Chronic Reference RME Ave. RME Chronic RME Ave. 

Chemical of Concern Cont. (I) Cont. Chronic Dose Dose Dose Hazard Hazard Chronic Dose Dose Oral Slope Factor Increased increased 
, &/kg) ,, (&kg) ,, (mglkglday) (mglkglday) (mglkglday) Quotient Quotient (mglkglday) (mglkglday) (mglkglday)’ ,Cancer Risk,Cancer Risk 

I I[ I I ~NA Jo ND 
I 

NA 
L. I 

ND 1.82E-07 3.34E-07 332 

!]jl 3.98E-05 ! 2.94E-066 1 NA 1 ND 1 ND 11 3.40E-06 1 2,52E-07 1 7.30E-01 1 2E-06 1 2E-07 

i 

NA 1 ND 

E 
3.19E-07 

2.15E-07 

7.30E-01 

7.3OE+OO 

NC 

7.30E+OO 

1.75E+OO 

NA 

3E-06 

lE-05 

3.78E-06 

1.81 E-06 

583 4.41 E-05 

392 2.11 E-05 

2300 1.47E-05 

3.73E-06 

2.51 E-06 

1.47E-05 

4.03E-06 

Benzo(b)fluoranthene 6,900 

Benro(a)pyrene 3,300 

Benzo(g,h,i)perylene 2300 

Dibent(a,h)anthracene 630 

Arsenic 9,~ 
LLead( 2) 67,500 

NA 

NA 

NA 

3.00E-04 

NA 

ND 

3E-06 

9E-06 

ND 

1.26E-06 

3.45E-07 

2.96E-06 

2.19E-05 

1.26E-06 

3.45E-07 630 4.03E-06 

5,400 5.75E-05 

40.000 4.32E-04 

4.93E-06 

3.70E-05 

3.45E-05 

2.56E-04 

Hazard 
::: 1 l.S2E-01 ( l.l5E-01 

Total Increased 
Lifetime Cancer 

Risk 1 3E-05 1 lE-05 1 

NOTES: 
Hazard Quotient = Chronic Dose/Chronic Reference Dose 
Increased Lifetime Cancer Risk = Chronic Dose x Oral Slope Factor 
NA - Not Available 
NC - Noncarcinogenic 
ND - Not Determined 

The oral slope factor for bento(a)pyrene is used for carcinogenic PAHs with no published slope factor. 
(1) Maximum detected concentration in surface soil, sediment, or subsoil. 
(2) Reference dose values are not available for inorganic lead. Lead is evaluated using the EPA Biokinetic Uptake Model (Section 6.6). 



TABLE 6-24b. RISK FROM INGESTION OF SOIL - FUTURE CHRONIC EXPOSURE (ADULT) 

Chemical of Concern 

Max. 

Detected 

Cont. (1) 

? 

Y 

L 
Noncarcinogeni 

Total Hazard 
index 

RME 

Hazard 

Carclnogenlc 

Ave. 
Ave. RME Chronic RhlE Ave. 

Hazard Chronic Dose Dose Oral Slope Factor Increased Increased 

2.05E-02 1 l.23E-02 1 

NOTES: 
Hazard Quotient = Chronic Dose/Chronic Reference Dose 
Increased Lifetime Cancer Risk = Chronic Dose x Oral Slope Factor 
NA - Not Available 
NC - Noncarcinogenic 
ND - Not Determined 

The oral slope factor for bento(a)pyrene is used for carcinogenic PAHs with no published slope factor. 
(1) Maximum detected concentration in surface soil, sediment, or subsoil. 
(2) Reference dose values are not available for inorganic lead. Lead is evaluated using the EPA Biokinetic Uptake Model (Section 6.6). 

lE-05 4E-06 



6.5.5.2 Risk Resulting from Dermal Absorption from Soil 

Arsenic is the only chemical of concern under this exposure pathway for which toxicity values are 

available to evaluate noncarcinogenic effects. The total His for the RME and average exposure are two 

orders of magnitude less than unity, indicating no significant impact from exposure to arsenic. 

Increased cancer risks due to dermal absorption for the child resident are 3x10-’ and 7~10~ for the RME 

and average exposure, respectively. Increased cancer risk for an adult due to dermal absorption for the 

RhE and average exposure are 6x10-’ and 1x10-‘, respectively (Tables 6-25a and 6-25b). Risk associated 

with exposure to background concentrations of arsenic in soil is 4x10’ for a child and 7~10~~ for an adult 

(Table F-l). These values do not significantly impact the total carcinogenic risk under this exposure 

scenario. 

655.3 Summary of Risk Due to Future Soil Exposure 

Table 6-26 is a summary of the HIS for soil exposures for a child and adult resident. Noncancer risk from 

exposure to arsenic, the only chemical of concern for which toxicity values are available, does not exceed 

the level of concern (one). 

Table 6-27 is a summary of increased cancer risk associated with residential exposures to soil. Under the 

RME, benzo(a)anthracene, benzo(b)fluoranthene, benzo(a)pyrene, dibenz(a,h)anthracene, and arsenic all 

contribute to risk in excess of the target level (1xlOd). Under the average residential exposure scenario, 

benzo(b)fluoranthene, benzo(a)pyrene, dibenz(a,h)anthracene, and arsenic contribute risk in excess of the 

1~10~ de minimus level. 

6.5.6 Risk Characterization of F’uture Exposure to Groundwater 

A characterization of risk for groundwater exposure includes a comparison of on-site levels to the MCLs. 

Dose estimates for ingestion and dermal absorption are then compared to toxicity values for 

noncarcinogenic and carcinogenic risk characterization. 
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TABLE 6-25a. RISK FROM DERMAL ABSORPTION FROM SOIL - FUTURE CHRONIC EXPOSURE (CHILD) 

Noncarcinogen I! Carclnogenlc 
I 

I Ave. 1 

Chemical of Concern 

Chronic Oral 

Reference 

Dose 

(mglkglday) 

NA 

NA 

NA 

NA 

NA 

NA 

RME 

Hazard 

Ave. 

Hazard 

RME 

Chronic D 

Chronic 

._.- -0se Dose 

Quotient Quotient (mglkglday) (mglkglday) 

t4n I hln I 
I.Y , I.Y ,, -?.YLL-“, , 

3.03E-07 ND 1 ND 

Oral Slope Factor 

(mglkglday)” 

.Ynr ,-.a 7.. 

RME 

Increased 

:ancer Risl 

ND 

3E-06 

3E-06 

2E-05 

ND 

Ave. 

Increased 

:anccr Risk 

ND 
L 

i 

2E-07 

3E-07 

2E-06 

ND 

3E-06 

2E-06 

ND 

Benzo(a)pyrene 3,300 392 2.54E-05 3.02E-06 

Bento(g,h,i)perylene 2300 2300 1.77E-05 1.77E-05 

Dibenz(a,h)anthracene 630 630 4.85E-06 4.85E-06 

Arsenic 9,ooo 5,400 2.08G05 1.25E-05 

Lead(2) L 67,500 40,000 5.19E-05 3.08E-05 

3E-06 

3E-06 

ND 

3.OOE-04 

NA 

Total Hazard 
index 6.92E-02 1 4.15E-02 

I I 
Total Increased 

Lifetime Cancer Risk L 7E-06 3E-05 

NOTES: 
Hazard Quotient = Chronic Dose/Chronic Reference Dose 
Increased Lifetime Cancer Risk = Chronic Dose x Oral Slope Factor 
NA - Not Available 
NC - Noncarcinogenic 
ND - Not Determined 

The oral slope factor for benzo(a)pyrene is used for carcinogenic PAHs with no published slope factor. 
(1) Maximum detected concentration in surface soil, sediment, or subsoil. 
(2) Reference dose values are not available for inorganic lead. Lead is evaluated using the EPA Biokinetic Uptake Model (Section 6.6). 



TABLE 6-25b. RISK FROM DERMAL ABSORPTION FROM SOIL - FUTURE CHRONIC EXPOSURE (ADULT) 

Noncarcinogenic Carclnogenlc 

Max. Ave. Ave. Chronic Oral Ave. Ave. 

Detected Detected RME Chronic Reference RME Ave. RME Chronic RME Increased 

Chemical of Concern Cont. (1) Cont. Chronic Dose Dose Dose Hazard Hazard Chronic Dose Dose Oral Slope Factor Increased Cancer 

I 11 b&m) II WW II (mgkdday) I (mglkgldayl~~glkg/day) Quotient Quotient (mglkglday) (mglkglday) (mglkgldayr’ 1 Cancer Risk 1 _-Risk1 

11 610 1 332 11 2.29E-06 1 1.25E-06 1 NA I ND 1 ND 11 7.85E-07 1 4.27E-07 1 NA 1 ND 1 ND Phenanthrene 
Bento(a)anthracene 

Bento(b)fluoranthene 

Bento(a)pyrene 

Benzo(g,h,i)perylene 

11 2.33E-05 ~~ i 1 .KW~ i NA j ND 1 ND 11 7.98E-06 1 5.92E-07 1 7.30E-01 1 6E-06 

Dibenz(a,h)anthracene 

Arsenic 

Lead (2) 

6,200 460 4E-07 

6,900 583 2.59E-05 2.19E-06 NA ND ND 8.88E-06 7.50E-07 7.30E-01 6E-06 5E-97 

3,300 392 1.24E-05 1.47E-06 NA ND ND 4.25E-06 505E-07 7.30E+OO 3E-05 4E-06 

2300 2300 8.63E-96 8.63E-06 NA ND ND 2.96E-06 2,96E-06 NC ND ND 

t-07 7.30E+OO 6E-06 6E-06 

I .75E+OO 6E-08 4E-06 

630 

WJ@J 
67,500 

630 

5,406 

40,OOfl 

2.37E-06 

1 .Ol E-05 

2.53E-05 

2.37E-06 NA ND- END 8.llE-07 8.11E 

6.08E-06 3.00E-04 3.38E-02 2.03E-02 3.48E-06 2.09E-06 1 1 

1.50E-05 NA ND ND 8.69E-06 5.15E-96 1 NA ND ND 

Total Increased 
Total Hazard Lifetime Cancer 

Index 3.38E-02 2.03G02 Risk 6E-05 lE-05 

NOTES: 
Hazard Quotient = Chronic Dose/Chronic Reference Dose 
Increased Lifetime Cancer Risk = Chronic Dose x Oral Slope Factor 
NA - Not Available 
NC - Noncarcinogenic 
ND - Not Determined 

The oral slope factor for bento(a)pyrene is used for carcinogenic PAHs with no published slope factor. 
(1) Maximum detected concentration in surface soil, sediment, or subsoil. 
(2) Reference dose values are not available for inorganic lead. Lead is evaluated using the EPA Biokinetic Uptake Model (Section 6.6). 



TABLE 6-26. SUMMARY OF NONCARCINOGENIC RISKS FOR RESIDENTIAL SOIL EXPOSURE 

Chemical Soil Ingestion (A 
of Concern RI-- ’ 

Phenanthrene ND 
Benzo(a)anthracene ND 
Benzo(b)fluoranthene ND 

Benzo(a)pyrene ND 

Benzo(g,h,i)perylene ND ND ND 

Dibenz(a,h)anthracene ND ND ND 
Arsenic 2.05E-02 1.23E-02 1.9 

Lead ND 

VIE 

HAZARD INDICES RESIDENTIAL 
dult) Soil Ingestion (Child) Dermal Absorption (Adult) Dermal Absorption (Child) SOIL EXPOSURE 

Average RME Average RME Average RME Average RME Average 
ND ND ND ND ND ND ND ND ND 
ND ND ND ND ND ND ND ND ND 
ND ND ND ND ND ND ND ND ND 
ND ND ND ND ND ND ND ND ND 

ND 
ND 

ND ND ND ND ND ND 
ND ND ND ND ND ND 

BQE-01 12E-01 l.I5E-01 1 3.38E-02 1 2.03E-02 1 6.92E-02 4.15E-02 3.16E-01 l.i- _ 

I ND 1 ND ND I ND I ND I ND ND ND ND 

TOTAL 

TABLE 6-27. SUMMARY OF CARCINOGENIC RISKS FOR RESIDENTIAL SOIL EXPOSURE 

Chemical 
of Concern 

SOIL EXPOSURE TOTAL 
INCREASED LIFETIME CANCER RISK RESIDENTIAL 

Soil Ingestion (Adult) Soil Ingestion (Child) Dermal Absorption (Adult) Dermal Absorption lChildl SOIL EXPOSURE 
R 

I Benzo(ajanthracene I IE-06 I 8E- 
Bemo(b)fluoranthene 1 lE-06 I IE-07 1 3E-06 1 ZB-07 6E-06 I-~- ~ 5E-07 

Bento(alpyrene 1 6E-06 1 7E-07 1 IE-05 

ND I ND- I ND I ND- 1 

ND ND ND ND ND ND ND I 
Dibenz(a,h)anthracene 1 lE-06 I IE-06 I 3E-06 1 3E-06 I 6E-06 I 6E-06 3E-06 I 3E-06 I 1 E-05 1 E-05 I 

t Arsenic 
Lead 

1 4E-06 1 ZE-06 1 QE-06 1 5E-06 1 
ND 1 ND ! ND ! 

TOTAL 1 E-04 I 4E-05 I 



656.1 Comparison to ARARs 

Chemical-specific or chemical class-specific Federal MCLs are established for 12 of the 17 chemicals of 

concern detected in groundwater in the vicinity of the former FTA. A treatment technique requirement is 

established for lead in public drinking water supplies. Table 6-28 lists chemical-specific ARARs for 

chemicals of concern detected in groundwater. 

The maximum concentrations for 1, ldichloroethene and toluene exceed the Federal MCLs; the average 

values are less than the MCLs. Both the maximum and average vahres of the following chemicals of 

concern exceed the Federal MCLs: cis- 1,2dichloroethene, benzene, and tetrachloroethene. 

The maximum and average values for heptachlor epoxide (0.016 and 0.010 ygll, respectively) do not 

exceed the Federal MCL (0.2 pg/l), but do exceed the Virginia Groundwater Standard of 0.001 @g/l. The 

rnaximum and average values for gamma-chlordane (0.055 and 0.021 fig/l, respectively) do not exceed the 

Federal MCL for chlordane, but do exceed the Virginia Groundwater Standard (0.01 pg/l) and the 

Virginia Surface Water Standard (0.0058 lug/l) for chlordane. The site-specific values for alpha-BHC 

(maximum of 0.049 pg/l) do not exceed the Virginia Surface Water Standard of 7 ygll for gamma-BHC. 

The interim Federal MCL for arsenic is 50 pgll. Virginia also uses this value for both the surface water 

and groundwater quality standards. The maximum and average site-specific values based on filtered data 

are both less than the interim standard. 

The Federal MCL for lead has been dropped and a requirement for implementation of a treatment 

technique has been adopted in its place. The treatment technique must accomplish a lead concentration of 

15 ,ug/l or less at the tap for public water supply systems. The Virginia groundwater standard is 50 pgll, 

and the surface water standard for lead is &g/l. The maximum filtered lead concentration in 

groundwater at the former FTA is 10.5 ~g/l. 
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Chemicals of 
Concern Detected 

in Groundwater 

I, l-Dichloroethene 
:is-I ,2-Dichloroethene 3,000 
Jlethylene Chloride 730 
Chloroform 5 
3enzene 120 
-etrachloroethene 64 
-0luene 1,800 
-rimethylbenzene 700 
-etramethylbenzene 36 
‘henanthrene 82 
!-Methylnaphthalene 3,000 
Japhthalene 2,000 
Ilpha-BHC 0.049 
jeptachlor epoxide 0.016 
Iamma-Chlordane 0.055 
irsenic 11.1 
.ead 10.5 

TABLE 6-28 

CHEMICAL-SPECIFIC ARARs FOR GROUNDWATER 

Maximum 
Detected 

Concentration 
wn) 

18 

FEDERAL CRITERIA 
USEPA PRIMARY DRlNKlNG 

0 
0’ 

STATE 
Virginia 

Groundwater 
, Standards (b) 

(pg/l) 

50 
50 (1) 50 (1) 

TT (15) 0 

(a) National Primary Drinking Water Standards, EPA 822-R-94-003, November 1994. 
(b) Commonwealth of Virginia Groundwater Standards, VR680-21-04.3, May 1992. 
(c) Commonwealth of Virginia Surface Water Standards with General, Statewide Application, 

VR680-21-01.14, May 1992. 

TT = Treatment Technique requirement 
1 = Interim Standard 

l Value given is for chlordane. 
* Value given is for heptachlor. 
* Value given is for gamma-BHC. 
- Standard not available or reported. 

:RITERIA 
Virginia 

Surfa& Water 
Standards (c) 

47 
57 
12 

318 
6800 

7A 
0.0021* 
0.0058’ 

50 
15 



6.5.6.2 Noncarcinogenic Risk Due to Groundwater Exposure 

‘Ibe completed pathways for future groundwater exposure are ingestion, dermal absorption, and inhalation 

(during bathing). The potentially exposed population is residents, including adults and children (6 years of 

age and younger). 

DermaI Absorption. The noncarcinogenic HIS for children and adults resulting from dermal exposure to 

contaminated groundwater exceed unity for both the average exposure and RME (Tables 6-29a and 6-29b). 

For the adult resident, the HIS are 1.34~10’ and 4.58, respectively, for the RME and average exposure. 

The HIS for the child resident are 3.25~10’ and 1.11~10’ for the RME and average exposure. 

The majority of the noncarcinogenic risk for dermal absorption results from exposure to trimethylbenzene. 

Cis-1,2dichloroethene and naphthalene also contribute significantly to the risk under the RMEs. 

Ingestion. The noncarcinogenic HIS for children and adults resulting from ingestion of contaminated 

groundwater exceed the level of concern by a factor of three (Tables 6-30a and 6-30b) for both the RME 

and average exposure. For the child’s RME, only chloroform, heptachlor epoxide, and gamma-chlordane 

do not contribute significantly to the risk. Under the child’s RME and average exposure, cis-1,2- 

dichloroethene, trimethylbenzene, naphthalene, and arsenic provide the greatest risk contributions (Table 

6-30a). 

For the adult’s RME, 1, ldichloroethene, chloroform, heptachlor epoxide, and gamma-chlordane do not 

contribute significantly to the overall noncarcinogenic risk. Under both the RME and the average 

exposure scenario, cis- 1,2dichloroethene, trimethylbenzene, and arsenic contribute the greatest portion of 

noncarcinogenic risk. 

Inhalation. The noncarcinogenic HIS for children and adults resulting from inhalation of contaminated 

groundwater during bathing were less than unity (Tables 6-31a and 6-31b) for both the RME and average 

exposure. Only those chemicals of concern with volatilization potential based on the Henry’s Law 

Constants were evaluated. 
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TABLE 6-29a. RISK FROM DERMAL ABSORPTION OF GROUNDWATER - FUTURE CHRONIC EXPOSURE (CHILD) 

Noncarcinogenic I Carcinogenic 

Max. Ave. RME Ave. Chronic Qra! RME Ave. RME 
Detected Detected 

Ave. 
Chronic Chronic Reference RME Ave. Chronic Chronic 

Chemical of Concern Cone. Cont. 
Increased increased 

Dose Dose Dose Hazard Hazard Dose Dose Oral Slope Factor Cancer Cancer 
Quotient m Ik Ida 

I* 1 n:^L, -_-- ,L--- 1 
(lw Wzl~U @g/kg/day) (mglkglday) (mglkglday) Quotient (mglkglday) , ( g g Y) , ( g g y) m Ik /da -’ 

rn AhA A-,.- nc A nnc no nnnr nrl 
Risk , Risk 

‘nlr nm c- 4rr a* a-.*- ,.^ ” c)nr no , ~~nrrr nr AC AA r AC ^- 

-- -- 
O.OYk-u4 1,fmt-04 3./3t-Uf I .4&z-U/ d. 1 OE-03 3509 9E-10 

i nmernyroenzene 
Tetramethylbenzene 
nL^^-^*L---- 

100 f .78E-UJ L.YYlz-U3 ZUUt-U4 1 1.3tit+Ul ~5.Y~t+UU~~ 6.67E-04 1 L.3ot-U4 1 
36 4.00E-04 3,56E-04 *IA ' *In ' "- " - --- -- I c) ncl- nr 

n.l - a.-- Lf-m n nnclnn 

z.ti4t-vo 

8.26E-09 
I .67E-06 
1.58E-06 

I .03c-uo 

3.15E-09 
6.66E-07 
500E-07 

6.00E-05 
3.00E-04 

I NA 

L.U.x-UJ 
1.38E-04 
556E-03 

ND 

7.08E-10 
1.43E-07 
1.35E-07 

“.““rzrY” IVCI NU 

- ^-E-04 NA ND 
r nr .a.-. . a- _ .- 

l.J”C:tU” OC-UO ot-ULI 

I.~LC-uv 1 d.OOE+OO 2E-08 1 E-08 
2.70E-10 1 1.30E+OO 9E-10 4E-10 
5.70E-08 1 1.75E+OO 3E-07 1 E-07 
4.29E-08 1 NA ND ND 

Tot;iii?rd~l .67E+Ol 16.08E-04 

NOTES: 
Hazard Quotient = Chronic Dose/Chronic Reference Dose 
increased Lifetime Cancer Risk = Chronic Dose x Oral Slope Factor 
NA - Not Available 
NC - Noncarcinogenic 
ND - Not Determined 
(1 j Reference dose value is not available for inorganic lead. 

Lead is evaluated using the EPA Biokinetic Uptake Model (Section 6.6) 



TABLE 6-29b. RISK FROM DERMAL ABSORPTION OF GROUNDWATER - FUTURE CHRONIC EXPOSURE (ADULT) 

Chemical of Concern 

l,l-Dichloroethene 18 
cis-1,2-Dichloroethene 3,000 
Methylene Chloride 730 
Chloroform 5 
Benzene 120 
Tetrachloroethene 64 
Toluene 1 1,800 

[Lead(l) 1 10.5 

Ave. 
Detected 

Cont. 

-tE!!!L 
2.04 
509 
93.1 
1.24 
15.1 
6.06 
115 
269 
32 

16.5 
260 
18 

0.047 
0.010 
0.021 
4.43 
3.33 

Noncarcinogenic -r 

Jmglkglday) (mglkglday) (mglkglday) Quotient Quotient 

1.79E-05 2.03E-06 9.00E-03 1.99E-03 2.25E-04 
1.86E-03 3.16E-04 I.OOE-02 1.86E-01 3.16E-02 
2.04E-04 2.60E-05 6.00E-02 3.4OE-03 4.34E-04 
2.77E-06 6.86E-07 l.OOE-02 2.77E-04 6.86E-05 
1.57E-04 1 1.97E-05 1 NA 1 ND 1 ND 
1.91 E-04 1.8lE-05 l.OOE-02 1.9lE-02 1.8lE-03 
5.03E-03 3.22E-04 2.00E-01 2.52E-02 1.6lE-03 
3.22E-03 1.24E-03 5.00E-04 6.44E+OO 2.47E+OC 
1.66E-04 1.47E-04 1 NA 1 ND 1 ND 
O.OOE+OO O.OOE+OO 1 NA 1 ND 1 ND 
1.29E-02 l.l2E-03 NA ND ND 
8.58E-03 7.72E-05 4.00E-02 2.14E-01 1.93E-03 
4.26E-08 4.09E-08 NA ND ND 
l.O9E-08 6.84E-09 1.30E-05 8.42E-04 5.26E-04 
3.42E-09 1.3lE-09 6.00E-05 5.70E-05 2.18E-05 
6.90E-07 2.75E-07 3.00E-04 2.30E-03 9.18E-04 
6.53E-07 2.07E-07 NA ND ND 

NOTES: 
Hazard Quotient= Chronic Dose/Chronic Reference Dose 
Increased Liietime Cancer Risk = Chronic DosexOral Slope Factor 
NA- Not Available 
NC - Noncarcinogenic 
ND-Not Determined 
(1)Reference dosevalueis notavaitableforinorganiclead. 

Lead is evaluated using the EPA Biokinetic Uptake Model(Section 6.6) 

9.48E-07 1 2.35E-07 1 6.lOE-03 
5.37E-05 1 6.76E-06 1 2.90E-02 
6.55E-05 1 6.20E-06 1 5.20E-02 
1.73E-03 1 l.lOE-04 1 NC 

l.l7E-09 1 4.48E-10 1 1.30E+OO 
2.37E-07 1 9.44E-08 1 1.75E+OO 
2.24E-07 1 7.10E-08 1 NA 

Total Increased 
LifetimeCancer 

Risk 

ND ND 
ND ND 
ND ND 

9E-08 9E-08 
3E-08 2E-08 
2E-09 6E-10 
4E-07 2E-07 

ND ND 

IE-05 1 IE-06 1 



TABLE 8-30a. RISK FROM INGESTION OF GROUNDWATER - FUTURE CHRONIC EXPOSURE (CHILD) 

, 

Max. Ave. 

Chemical of Concern 

I,1 -Dichloroethene 
cis-1,2-Dichloroethene 
Methylene Chloride 
Chloroform 
Benzene 
Tetrachloroethene 

Naphthalene 2,000 18 
alpha-BHC 0.049 0.047 
Heptachlor epoxide 0.018 

E 4.43 

0.010 
gamma-Chlordane 0.055 0.021 
Arsenic 11.1 . . 
/Lead (1) JI 10.5 11 3.33 

l.l5E-03 1.30E-04 9.00E-03 
1.92E-01 3.25E-02 1 .OOE-02 
4.87E-02 5.95E-03 600E-02 
3.20E-04 7.93E-05 1 .OOE-02 
?.87E-03 9.65E-04 NA 
4.09E-03 3.87E-04 1 .OOE-02 
l.l5E-01 7.35E-03 2.00E-01 
4.47E-02 1.72E-02 5.00E-04 
2.30E-03 2.05E-03 NA 
5.24E-03 l.O5E-03 NA 
1.92E-01 1.88E-02 NA 
1.28E-01 1.15E-03 4.00E-02 
3.13E-06 3.00E-08 NA 
l.O2E-06 8.39E-07 1.30E-05 

Total 
Hazard 
Index 

NOTES: 
Hazard Quotient = Chronic Dose/Chronic Reference Dose 
Increased Lifetime Cancer Risk = Chronic Dose x Oral Slope Factor 
NA - Not Available 
NC - Noncarcinogenic 
ND - Not Determined 
(I ) Reference dose value is noi ZVSebie for ihorganic ieaci. 

Lead is evaluated using the EPA Biokinetic Uptake Model (Section 6.6). 

: 
-T- RME Ave. 

Hazard Hazard 
Quotient Quotient 

1.28E-01 1.45E-02 
1.92E+Ol 3.25E+OC 
7.78E-01 9.92E-02 
3.20E-02 7.93E-03 

ND ND 
4.09E-01 3.87E-02 
5.75E-01 3.88E-02 
8.95E+Ol 3.44E+Ol 

ND ND 
ND ND 
ND ND 

3.2OE+OO 2.88E-02 
ND ND 

7.87E-02 4.92E-02 
5.86E-02 2.24E-02 
2.37E+OO 9.44E-01 

ND ND 

l.l6E+02 13.89E+Ol 

Carcinogenic 

RME 
Chronic 

Dose 

Ave. Ave. 

Chronic RME Increased 

Dose Oral Slope Factor Increased Cancer 
pngkglday) (mg/kg/day) (mglkglday)” Cancer Risk Risk 

9.88E-05 l.l2E-05 6.00E-01 8E-05 7E-08 
1.64E-02 2.79E-03 NC ND ND 
4.00E-03 5.1 OE-04 7.50E-03 3E-05 4E-08 
2.74E-05 8.79E-06 6.10E-03 2E-07 4E-08 
6.58E-04 8.27E-05 2.90E-02 2E-05 2E-08 
. ..- . _ --- .~ I 
3.51 E-04 3.32E-05 5.20E-02 2E-05 2E-08 
9.86E-03 8.30E-04 NC ND ND 
3.84E-03 1.47E-03 NC ND ND 
1.97E-04 1.75E-04 NA ND ND 
4.49E-04 9.04E-05 NC ND ND 
1.84E-02 1.42E-03 NA ND ND 
l.lOE-02 9.88E-05 NC ND ND 
2.88E-07 2.58E-07 6.3OE+OO 2E-08 2E-08 
8.77E-08 5.48E-08 9.00E+OO 8E-07 5E-07 
3.01 E-07 l.lSE-07 1.30E+OO 4E-07 1 E-07 
8.08E-05 2.43E-05 1.75EtOO 1 E-04 4E-05 
5.75E-05 I .82E-05 NA ND 1 ND 

I 



TABLE 630b. RISK FROM INGESTION OF GROUNDWATER - FUTURE CHRONIC EXPOSURE (ADULT) 

Chemical of Concern 

1 ,I-Dichloroethene 
:is-1,2-Dichloroethene 
Methylene Chloride 
Chloroform 
Benzene 
Tetrachloroethene 
Toluene 
Trimethylbenzene 
Tetramethylbenzene 
Phenanthrene 
2-Methylnaphthalene 
Naphthalene 
alpha-BHC 
Heptachlor epoxide 
gamma-Chlordane 
Arsenic 
Lead (I) 

16 2.04 
3,000 509 
730 93.1 

5 1.24 
120 15.1 
64 6.06 

1,800 115 
700 269 
36 32 
82 16.5 

3,000 260 
2,000 18 
0.049 0.047 
0.016 0.010 
0.055 0.021 
11.1 4.43 
10.5 3.33 

-~~ 
Jmglkglday) (mglkglday) (mglkglday) Quotient Quotient (mglkglday) (mglkglday) (mglkglday)” 

4.93E-04 5.59E-05 g.OOE-03 1 5,48E-02 6.21E-03 1 1.69E-04 J.92E-05 6.00E-01 

TotalHazard 
Total Increased 
Lifetime Cancer 

Noncarcinogenic Carcinogenic 
I 

Index \ 4.98E+Ol j1.67E+OlI Risk 

NOTES: 
Hazard Quotient = Chronic Dose/Chronic Reference Dose 
Increased Lifetime Cancer Risk = Chronic Dose x Oral Slope Factor 
NA - Not Available 
NC - Noncarcinogenic 
ND - Not Determined 
(1) Reference dose value is not available for inorganic lead. 

Lead is evaluated using the EPA Biokinetic Uptake Model (Section 6.6). 



TABLE 6-31a. RISK FROM INHALATION OF GROUNDWATER - FUTURE CHRONIC EXPOSURE (CHILD) 

Inhalation 
Slope Factor 
(mg!kg/day)” 

1.75E-01 

Total 
Hazard I I I 
Index 1 l.l4E-01 1 1.31E-02 1 

NOTES: 
Hazard Quotient = Chronic Dose/Reference Dose 
Increased Lifetime Cancer Risk = Chronic Dose x Inhalation Slope Factor 
NA = Not Available 
ND = Not Determined 
Only chemicals of concern with potential to volatize (based on the Henry’s Constant) were evaluated. 

ND .- 
1.646-03 
8.05E-02 
2.90E-02 
2.03E-03 

ND 
ND 
ND 

Total 
Increased 
Lifetime 

Cancer Risk 

RME 
Increased 

Cancer 
Risk 

4E-07 
NA 

1 E-07 
5E-08 
4E-07 
1 E-08 

NA 
NA 
NA 

9E-07 

Ave. 
Increased 
Cancer 

Risk 
4E-08 

NA 
2E-08 
1 E-08 
5E-08 
1 E-09 

NA 
NA 
NA 

1 E-07 



TABLE 6-31 b. RISK FROM INHALATION OF GROUNDWATER - FUTURE CHRONIC EXPOSURE (ADULT) 

Noncarcinogenic Carcinogenic 

Max. Ave. RME Ave. Inhalation RME Ave. 

Detected Detected Chronic Chronic Reference RME Ave. Chronic Chronic Inhalation RME Ave. 

Cont. Cont. Dose Dose Dose Hazard Hazard Dose Dose Slope Factor Increased Increased 
-4 - 

roethene 
:hlnrnnthene 

0 
18 

3000 

A 
1800 ._-- 

700 
36 

115 
269 
32 

I “I..“..” 

Trimethyibenzene 
Tetramethylbenzene 

..--- -- 

2.46E-04 1 9 3.25E-05 ii ND ND 
1.27E-05 1 1. ,JL-“c) , , , I..+ ,, ..34E-06 3.86E-06 NA ND ND 

I I I Total 

Hazard 
::: 13.05E-02 j 3.5OE-03 ) ;Eck j I&06 / IE-07 j 

NOTES: 
Hazard Quotient = Chronic Dose/Reference Dose 
Increased Lifetime Cancer Risk = Chronic Dose x Inhalation Slope Factor 
NA = Not Available 
ND = Not Determined 
Only chemicals of concern with potential to volatire (based on the Henry’s Constant) were evaluated. 



Noncarcinogenic Risk Summary. Table 6-32 provides a summary of the HIS for exposure to 

groundwater under the future land use scenario. When summed across the ingestion, dermal, and 

inhalation pathways, the total HIS for cis-1,2dichloroethene, methylene chloride, trimethylbenzene, 

naphthalene, and arsenic exceed unity for the RMJZ. Under the average exposure, the total HIS for cis- 

1,2dichloroetbene, trimethylbenzene, arsenic, and lead exceed unity. These contaminants of concern 

provide the most significant contributions to noncarcinogenic risk for groundwater exposure. 

6.5.6.3 Carcinogenic Risk Due to Groundwater Exposure 

The carcinogenic risk due to groundwater exposure results from the dermal absorption, ingestion, and 

inhalation pathways. The potentially exposed popuIation includes children and adults in a residential 

scenario. 

Decal Absorption. The carcinogenic risk resulting from a child’s dermal exposure to contaminated 

groundwater (Table 6-29a) exceeds the 1x106 de minimus level for the RMJZ (6x10+), and is less than the 

de minimus level for the average exposure (8x10“). An adult’s carcinogenic risk from the dermal 

absorption pathway is 1~10~~ for the Rh4E and 1~10~ for the average exposure (Table 6-29b). The most 

significant portions of the overall risk result from exposure to 1, ldichloroethene, benzene, and 

tetrachloroethene. 

Ingestion. The carcinogenic risk for ingestion of contaminated groundwater by a child (Table 6-3Oa) 

exceeds the de minimus level of 1x10& for both the RIME (2~10~) and the average exposure (6x10’). 

Arsenic provides the greatest contribution to the carcinogenic risk; other significant contributors are 1, l- 

dichloroethene, methylene chloride, benzene, tetrachloroethene, and alpha-BHC. 

The carcinogenic risk resulting from an adult’s exposure via ingestion of contaminated groundwater (Table 

6-30b) exceeds the 1x10+ de minimus risk level for both the RME (4~10~) and the average exposure 

(lxlp). Arsenic again contributes the greatest portion of the risk. Other significant contributions to the 

risk result from exposure to 1, ldichloroethene, methylene chloride, benzene, tetrachloroethene, alpha- 

BHC. and heptachlor epoxide. 
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TABLE 632. SUMMARY OF NONCARCINOGENIC HAZARDS FOR RESIDENTIAL EXPOSURE TO GROUNDWATER 

I 

GROUNDWATER EXPOSURE TOTAL 

HAZARD INDICES RESIDENTIAL 

I GROUNDWATER 

Chemical Ingestion (Adult) 1 lqestion (Child) 1 Dermal Absorption (Adult) 1 Dermal Absorption (Child) 1 inhalation (Adult) 1 Inhalation (Child) _ EXPOSURE 

of Concern RME Average RME Average 1 RME Average RME Average RME Average RME Average RME Average 

1 ,I -Dichloroethene 5&E-02 6.21 E-03 1.28E-01 l&E-02 1 1.99E-03 2.25E-04 4.81 E-03 545E-04 ND ND ND ND 1.89E-01 2.15E-02 

&+1,2-Dichloroethene 8,22E+OO 1.39E+OO 1.92E+Oi 3.25E+OO 1 1.86B-01 3.16E-02 4.51 E-01 7.65E-02 ND ND ND ND 2.8OE+Ol 4.76E+OO 

Methvlene Chloride 3.33E-01 4.25E-02 7.78E-01 9.92E-02 3.4OE-03 4.34E-04 8.23E-03 l.O5E-03 3.OOE-04 3.82E-05 1 .I 2E-03 1.43E-04 l.l2E+OO 1.43E-01 

Chloroform 1 1.37G02 1 3.4OE-03 1 3.20E-02 7.93E-03 2.77E-04 6.86E-05 6.69E-04 1.66E-04 ND ND ND ND 4.66E-02 1 .I 6E-02 

Benzene 
,.7!;-01 1.6!&2 4.0%01 3.8;;-02 

ND ND ND ND 2.47E-02 3.11 E-03 9.22E-02 I .16E-02 1.17E-01 1 e47E-02 

Tetrachloroethene 1.91 E-02 1.81 E-03 4.62E-02 4.37E-03 ND ND ND ND 6.5OE-01 6.1 SE-02 

Toluene 2,47E-01 1.58E-02 5.75E-01 3.68E-02 2.52E-02 1.61 E-03 608E-02 3.89E-03 5.56E-03 3.55E-04 2.07E-02 1.33E-03 9.34E-01 5.97E-02 

3.84E+Ol Tfimethylbename ~8.95E+013.44E+0i~~~------~-- 644E+oo 2.47E+OO 1.56E+Ol 5.98E+OO ND ND ND ND 1 SE+02 5.76E+Ol 

Tetramethylberuene ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

Phenanthrene ND ND ND ND ND ND ND ND ND (2) ND (2) ND (2) ND (2) ND ND 

2-Methyinaphthalene ND ND ND ND ND ND ND ND ND (2) ND (2) ND (2) ND (2) ND ND 

Naphthalene 1.37EtOO I .23E-02 3.20E+OO 2.88E-02 2.14E-01 1.93E-03 5.18E-01 4.66E-03 ND (2) ND (2) ND (2) ND (2) 53OE+OO 4.77E-02 

alpha-BHC ND ND ND ND ND ND ND ND ND (2) ND (2) ND (2) ND (2) ND ND 

Heptachlor epoxtde 3.37E-02 2.11 E-02 7.87E-02 4.92E-02 8.42E-04 5.26E-04 2.03E-03 1.27E-03 ND (2) ND (2) ND (2) 1 ND (2) l.l5E-01 7.20E-02 

gamma-Chlordane 2.51 E-02 9.59E-03 5.86E-02 2.24E-02 5.70E-05 2.18E-05 1.38E-04 5.26E-05 ND (2) ND(2) ND (2) 1 ND (2) 8.39E-02 3.20E-02 

Arsenic I.01 Et00 1 4.05E-01 2.37E+OO 9.44E-01 2.30E-03 9,18E-04 1 556E-03 1 2.22E-03 1 ND (2) ND (2) ND (2) ] ND (2) 339E+OO , 1.35E+W 

Lead (I ) 

TOTAL 
HAZARDINDEX 

ND ND ND ND ND ND ND ND ND (2) ND (2) ND (2) ND (2) ND ND 

4.96EtOl 1.67EtOl 1.16Et02 3.69EtOl 6.69EtOO 2.61EtOO 1.67E+Ol 6.08EtOO 3.OSE-02 3.bOE-03 1.14E-Ol 1.31E-02 1.90E+02 6.42EtOl 

Notes: 
ND = Not Determined 
(1) Reference dose value is not available for inorganic lead. Lead is evaluated separately using the EPA Biokinetic Uptake Model (Section 6.6). 

(2) Chemicals are only considered for groundwater inhalation if the Henrys Law Constant is 1 x -’ 10 atm-m3/mol or greater and the molecular weight is less than 200 glmol. 



Inhalation. The carcinogenic risk for the inhalation of groundwater during bathing is presented in Tables 

6-31a and 6-31b. The carcinogenic risk for a child (Table 6-31a) is below the de minimus level o:f lxlod 

for both the RME (9x10-7) and the average exposure (1x10-7>. The carcinogenic risk resulting from an 

adult’s exposure via inhalation of contaminated groundwater (Table 6-31b) is essentially at the de minimus 

level for the RME (lxlO+j), but is below the de minimus level for the average exposure (1x10-7. Benzene 

and 1, ldichloroethene contribute the greatest portion of the risk. 

Carcinogenic Risk. Table 6-33 provides a summary of tbe increased lifetime cancer risk associated with 

exposure to groundwater under the future land use scenario. The total increased lifetime cancer risk 

summed across ail pathways and chemicals is 7~10~ for the RME and 2x10* for the average exposure. Of 

the carcinogenic chemicals of concern, chloroform and gamma-chiordane do not contribute significantly to 

the carcinogenic risk under the RME and average exposures scenario. The significant contributions under 

the RhJE result from exposure to 1, ldichloroethene, methylene chloride, tetrachloroethene, alpha-IBHC, 

heptachlor epoxide, and arsenic. 

6.6 RESULTS OF LEAD BIOKINETIC UPTAKE MODEL EVALUATION 

Lead exposnre is typically measured and reported in terms of blood lead levels (,ug lead/deciliter (a) 

blood) in the scientific literature. Blood concentrations are associated with clinical signs of toxicity. 

Similarly, lead exposure levels associated with toxic endpoints are reported in terms of blood lead levels. 

The U.S. EPA has developed a biokinetic uptake model for the personal computer which can be used to 

estimate blood lead levels in children from 0 to 84 months of age (U.S. EPA, 1994a). Site-specific 

information (e.g., site-specific lead concentrations in soil, air, house dust, and drinking water) can be 

incorporated into the model along with well documented default settings. The lead biokinetic uptake :model 

is used to estimate the lead exposure which may be experienced by a child under a future residential 

exposure scenario at the former PTA. The site-specific gronndwater, sediment, and soil lead 

concentrations are evaluated using the biokinetic uptake model presented in Appendix G. 

Young children are more sensitive to the toxic effects of lead than older children and adults. 

Concentrations of lead in environmental media which do not contribute to an increase in blood lead 
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TABLE 633. SUMMARY OF CARCINOGENIC RISKS FOR RESIDENTIAL EXPOSURE TO GROUNDWATER 

GROUNDWATER EXPOSURE TOTAL RESlDENTlAL 

INCREASED LIFETIME CANCER RISK GROUNDWATER 

Chemical Ingestion (Adult) Ingestion (Child) Demal Absorption (Adult) Dermal Absorption (Child) Inhalation (Adult) Inhalation (Child) EXPOSURE 

of Concern RME Average RME Average RME Average RME Average RME Average RME Average RME Average 

1 ,I-Dichloroethene 1 E-04 1 E-05 6E-05 7E-06 4E-06 4E-07 2E-08 3E-07 4E-07 4E-08 4E-07 4E-08 2E-04 2E-05 

cis-1 ,ZDichloroethene ND ND ND ND ’ ND ND ND ND ND ND ND ND ND ND 

Methytene Chloride 5E-05 7E-06 1 3E-05 4E-08 5E-07 7E-08 3E-07 4E-08 1 E-07 2E-08 1 E-07 2E-08 8E-05 1 E-05 

IChloroform 1 3E-07 ) 7E-08 ) 2E-07 4E-08 6E-09 1 E-09 3E-09 9E-10 5E-08 1 E-08 SE-08 1 E-08 6E-07 1 E-07 

3E-05 
.- -- 

4t-lJ6 
I -- ^L 

Benzene az-lJ3 2E-06 2E-08 2E-07 9E-07 1 E-07 4E-07 5E-08 4E-07 5E-08 6E-05 7E-06 

Tetrachloroethene 3E-05 3E-08 2E-05 2E-06 3E-08 3E-07 2E-06 2E-07 2E-08 1 E-09 1 E-08 1 E-09 5E-05 ~ 5E-06 

Toluene ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

Trimethytbenzene ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

Tetramethylbenzene ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

Phenanthrene ND ND ND ND ND ND ND ND ND (2) ND (2) ND (2) ND (2) ND ND 

2-Methylnaphthalene ND Nd ND ND ND ND ND ND ND (2) ND (2) ND (2) ND (2) ND ND 

Naphthalene ND ND ND ND ND ND ND ND ND (2) ND (2) ND (2) ND (2) ND ND 

alpha-BHC 3E-06 3E-06 2E-06 2E-06 9E-08 9E-08 6E-08 5E-08 ND (2) ND (2) ND (2) ND (2) 5E-06 5E-06 

Q\ Heptachlor epoxide 1 E-06 EE-07 8E-07 5E-07 3E-08 2E-08 2E-08 1 E-08 ND (2) ND (2) ND (2) ND (2) 2E-06 1 E-06 

$ gamma-Chlordane 7E-07 3E-07 4E-07 1 E-07 2E-09 6E-10 9E-10 4E-10 ND (2) ND (2) ND (2) ND (2) lE-06 4E-07 

P Arsenic 2E-04 7E-05 1 E-04 4E-05 4E-07 2E-07 3E-07 1 E-07 ND (2) ND (2) ND (2) ND (2) 3E-04 lE-04 

ND ND ND ND ND ND (2) ND (2) ND (2) ND (2) ND ND 
I I I 

Lead (1) ND ND 

TOTAL INCREASED 
LIFETIME CANCER 4E-04 lE-04 ,::4 ) 6E-06 1 lE-05 1 lE-66 ) 6E-06 1 8E-07 1 lE-66 1 lE-07 1 SE-07 1 iE-07 1 7E-64 1 2E-64 1 

Notes: 
ND = Not Determined 
(1) Reference dose value is not available for inorganic lead. Lead is evaluated separately using the EPA Biokinetic Uptake Model (Section 6.6). 

(2) Chemicals are only considered for groundwater inhalation if the Henrys Law Constant is 1 x 10 -5 atm-m3/mol or greater and the molecular weight is less than 206 g/mot 



concentrations in young children (as predicted by the biokinetic uptake model) are also considered to be of 

no consequence to adults. The potential toxicity of lead concentrations detected onsite is evaluated by 

comparing blood lead levels predicted by the U.S. EPA lead biokinetic uptake model (Appendix G;) to the 

Centers for Disease Control (CDC) recommendation that environmental conditions associated with blood 

lead levels exceeding 10 tig lead&l blood be avoided, as concentrations above this level may be associated 

with toxic effects (ATSDR, 1988a). 

The range within which the earliest signs of adverse effects such as neurotoxicity may be observed in 

young children is considered to be from 10 to 25 pg lead/dl blood. The CDC issued a statement on 

Childhood Lead Poisoning in 1991 which identified a hierarchy of child blood levels and associated clinical 

and community actions (CDC, 1991). Child blood lead concentrations of 10 pg lead/d blood should 

trigger community concern as to potential sources of exposure. Lead levels from 10 to 20 lug lead/dl 

blood may signal undue exposure and should stimulate appropriate community action. Children with blood 

lead levels between 20 and 49 pg/dl should be medically evaluated for appropriate intervention, and levels 

over 49 pg/dl should be considered a medical emergency. 

No distinctions in these ranges of blood lead levels have been made between children and adults, although 

it is known that adults are less sensitive than children to the effects of lead exposure. With respect to 

interpolation of the expression “level of concern”, it should be noted that such a level represents blood lead 

levels which warrant evaluation from a medical and/or regulatory governmental perspective. However, 

the threshold for expression of lead toxicity has not been well defined. The results of the U.S. EPA.‘s 

uptake biokinetic model are typically interpreted based on the criterion that blood lead levels (estimated 

from site-specific information) should not exceed 10 ,ugldl for more than five percent of children aged zero 

to seven years old. 

Use of the lead uptake biokinetic model to evaluate potential exposure to lead at the former PTA indicates 

that the criterion value of 10 gg/dl blood lead level in more than five percent of the population is not 

exceeded when site-specific soil, sediment, and filtered groundwater lead concentrations are input to the 

model. Unfiltered groundwater lead concentrations are however associated with an exceedance of the 

criterion for blood lead level. The biokinetic uptake model calculates blood lead levels for children aged 

zero to seven years old. The potential for exposure and the relative sensitivitj to the toxicity of lead will 

likely be lower for the adult receptor compared to a residential child receptor. 

6-75 



6.7 SUMMARY OFHUMAN HJIALTHRISKASSESSMENTRESULTS 

6.7.1 Summary of Risk Assessment Results for Current Land Use Conditions 

Under the current land use scenario, arsenic provides the most significant contribution to overall site risk 

due to exposure to soils and on-site sediment. Dibenz(a,h)anthracene also contributes significantly to the 

overall carcinogenic risk for these exposure routes. The U.S. EPA lead biokinetic uptake model does not 

indicate exceedance of the 10 pg lead/dl blood criterion for these exposure routes. 

Arsenic. Arsenic was detected in one of four surface soil samples collected during the 1990 investigation 

at a level of 4400 pg/kg. The frequency of occurrence in the samples collected during the 1994 

investigation is 100 percent for surface soils and sediment. Values range from 1400 to 2800 pg/kg in 

surface soil, and from 2100 to 9000 pglkg in on-site sediment. 

The average for eastern U.S. soils is 5 100 ,ug/kg (Dragun and Chaisson, 1991). The levels detected at the 

former FTA are generally comparable to the reported average for U.S. soils. However, arsenic was not 

detected in WFF background soils samples. 

The increased lifetime excess cancer calculated for arsenic exposure under the RME (8x10‘6) and average 

exposure (5~10~) exceed the 1~10~ de minimus level, but fall within the range of 1~10~ to 1x10‘6 which 

may be acceptable within the context of the land use. 

Dibenz(a,h)anthracene. As with arsenic, the carcinogenic risk associated with dibenz(a,h)anthracene 

exceeds the 1~10~ de minimus level for the RME (2x106) and average exposure (2x106), but falls within 

the 1x104 to 1~10~ target risk range. 

Lead. Lead was detected in four of four surface soil samples collected in the 1990 investigation (NASA, 

1990) at values ranging from 5300 to 24,000 ,ug/kg. Lead was detected in all of the surface soil and 

sediment samples collected during the 1994 investigation. Values ranged from 7000 to 33,800 ,ug/kg in 

surface soil, and from 8700 to 67,500 pg/kg in on-site sediment. 

6-76 



The average for U.S. background soils (based on an arithmetic mean of data for the eastern US .) is 

35,000 pg/lcg (Dragun and Chaisson, 1991). The background level detected in WFF soils is 571 jLg/kg. 

The levels detected at the former FTA are generally comparable to the U.S. background levels, but are 

one to 10 orders of magnitude greater than the reported WFF background levels. 

The U.S. EPA interim soil lead guidance for CERCLA sites (U.S. EPA, 19!94f) recommends a screening 

level for lead in soil of 400 parts per million @pm) for residential land use. This screening level is more 

than five times greater than the maximum lead level detected in on-site soil or sediment (67.5 ppm). 

Residential areas with soil lead levels below the screening level generally require no further action. 

Special situations, including wetland areas, ecological risk, and higher than expected human exposures, 

which might warrant further study or action are not applicable at the former FTA. 

The EPA requested an evaluation of potential adverse effects from lead in environmental media using the 

Riokinetic Uptake Model. The results of the model evaluation indicate that blood levels in children 

resulting from exposure at the former FTA would be less than the 10 ug lead/dl bIood criterion level. 

6.7.2 Summary of Risk Assessment Results for Future Land Use Conditions 

6.7.2.1 Future Soil Expasure Scenario 

A blending of surface soil, on-site sediment, and subsurface soil would be expected to occur during 

construction for future residential land use. This blending is expected to result in a dilution of the lead 

concentrations. However, for risk assessment purposes, no dilution is assumed; rather, the maximum 

value found in surface soil, subsurface soil, or onsite sediment is used as the concentration for RME dose 

estimation. The highest average value from the three substrates is used for the average exposure 

assessment. This conservative approach is expected to increase the likelihood of an overestimation of risk. 

The HIS for soil exposure under future residential land use do not exceed unity. For future residentia.l soil 

exposure, carcinogenic risk exceeds the 1~10~ de minimus level, but falls within the 1~10~ to 1~10~ target 

range for acceptable risk. 
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Use of the U.S. EPA lead uptake biokinetic model does not indicate exceedance of the 10 gg lead/dl blood 

criterion for soil exposure under the assumed future land use conditions. The EPA considers this model an 

acceptable evaluation for lead toxicity in lieu of published toxicity values. 

6.7.2.2 Future Groundwater Exposure Scenario 

Noncarcinogenic Effects. The total HI for the RME, assuming additive effects, is 1.9x16. The total 

additive HIS for the average exposure is 6.4~10’. The HIS for exposure to cis-1,2,-dichloroethene, 

methylene chloride (for the RME), trimethylbenzene, naphthalene, and arsenic all exceed one. 

Carcinogenic Effects. The overall carcinogenic risk, based on the conservative assumptions included in 

the risk assessment, exceeds the 1~10~ to 1x10& target risk range for a residential exposure to carcinogens 

in groundwater at the former FTA. The relative contribution of the chemicals of concern in groundwater 

is discussed below. 

1,1-Di&loroethene. This chemical of concern was detected in two of 11 samples collected from 

downgradient wells. Additionally, four DNAPL samples were collected; 1, l-dichloroethene was not 

reported in the DNAPL samples. The highest level reported was a spike of 18 pg/l in MW-57S, which is 

furthest downgradient. The second detection was in MW611 at an estimated value of 0.7 pgll. Some 

uncertainty exists as to whether 1, l-dichloroetbene may have migrated beyond the location of MW-57s. 

No downgradient receptors are identified, and dispersion and dilution are Iikely to negate any risk 

contribution should the plume reach surface waters. The nearest surface water body in the direction of 

suspected migration is Little Mosquito Creek, at a distance of more than 2000 feet. Risk associated with 

1, l-dichloroethene is unlikely to play a significant role in exposure related to future surface water 

exposure. However, some uncertainty remains as to the significance of exposure to 1, l-dichloroethene 

should wells for future residential groundwater use be installed northeast of MW-57s. 

Metbylene Chloride. Methylene chloride was detected in 11 of 15 samples collected from 11 

downgradient wells. Although detected in laboratory blanks and upgradient wells, the levels of methylene 

chloride in samples collected from MW-56D (780 pug/l in a DNAPL sample and 250 pug/l), a duplicate 

sample from MW-55s (270 fig/l), and MW-57s (52 pug/l) are significantly higher. Levels detected in 

other samples were comparable to blank detections. 
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The MC& for methylene chloride (synonym of dichloromethane) is 5 pg/l. Methylene chloride is a 

common laboratory contaminant, and the detections may be related, even at the higher levels, to laboratory 

contamination. In addition, the levels reported for the duplicate samples collected from MW-5% are not 

comparable (not detected above 1 pgll vs. 270 pg/l). MW-5% is located in the suspected former pit area, 

while MW-56D and MW-57s are located downgradient. Methylene chloride was detected in a sample 

collected from MW-611 at 3 pg/l, which is comparable to the levels associated with laboratory blank 

contamination. MW-611 is located intermediate between MW-55s and MW-56D in the direction of 

groundwater flow. MW-57s is located downgradient of MW-56D. The pattern of detections does not 

indicate a consistent plume of methylene chloride contamination in groundwater, but could result from 

continuing sources in the soil. 

Chloroform. Chloroform was detected in three samples collected from two wells. One of the samples 

was a DNAPL sample collected prior to purging. The groundwater sample collected in that same swell 

following purging also contained chloroform. The third reported occurrence of chloroform is in 

monitoring well MW-OID, which is essentially cross-gradient from the former pit and training areas. Due 

to the detection in a cross-gradient sample and in only one other well, the risk contributed by expo:sure to 

chloroform in groundwater is not significant to the overall site risk. 

Benzene. Benzene was detected in two of 15 samples collected from 11 downgradient wells. The two 

detections were found in DNAPL samples collected from MW-56D and MW-611 prior to purging. The 

levels (100 and 120 iLg/l) are significantly higher than the MCL (5 pg/l). 

Tetrachloroethene. This chemical of concern was detected in two of four DNAPL samples collected 

prior to purging. It was also detected in four of 11 samples collected in downgradient wells following 

purging. Tetrachloroethene was detected in MW-56D during DNAPL sampling, but not following 

purging. The detections were in wells located near the suspected location of the former pit area (MW- 

55D) and downgradient (MW-56D, MW-58S, and MW-611). The detection reported for MW-601 is an 

estimated value of 0.9 kLg/l, and appears to be an isolated occurrence. 

Alpha-BHC. Alpha-BHC does not contribute any known noncarcinogenic risk, It is an insecticide which 

may have been used in the vicinity of the former PTA. The chemical does not appear to be otherwise 

related to site activities and is therefore not considered site-related. 
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The highest level detected (0.049 clg/l) was in a duplicate sample from MW-55s. The two detections in 

MW-55s vary by a factor of 5 (0.0098 vs 0.049 pg/l). The other detection, in MW-2S, was reported as 

0.0037 pg/l, which is comparable to the lower values detected in MW-55s. Given the limited detections 

and the significant variation between the duplicate samples, alpha-BHC does not appear to contribute 

significantly to overall site risk. 

Heptachlor epoxide. Heptachlor epoxide is used as an insecticide and it is also a degradation product of 

heptachlor, another insecticide. It may have been used in the vicinity of the former FTA, but the chemical 

does not appear to be otherwise related to site activities and is therefore not considered site-related. 

The MCL for heptachlor expoxide is 0.2 tigll, and the Virginia Groundwater Standards list a maximum 

level of O.OOl~gll. The levels detected at the former FTA range from 0.0042 to 0.016 pg/l, which 

exceed the Virginia Groundwater Standards. 

Gamma-Chlordane. Gamma-chlordane is an insecticide and fumigant which may have been used in the 

vicinity of the FTA. The chemical does not appear to be otherwise related to site activities and is therefore 

not considered site-related. 

The risk calculated for gamma-chlordane does not exceed the 1~10~ target risk level. This chemical of 

concern does not appear to contribute significantly to overall site carcinogenic risk. 

Arsenic. Arsenic is found in used automotive crankcase oil which may have been used as a combustible 

for the fire training activities. Arsenic was detected in three of 11 downgradient filtered well samples. 

None of the values for the filtered samples exceed the interim MCL for arsenic (50 pg/l). The highest 

value detected in MW-55s (11.1 ~g/l) is located in the suspected former pit area. 

Arsenic was detected in seven of 11 downgradient unfiltered well samples. None of these values exceed 

the interim MCL for arsenic. The highest detections are from wells MW-54s (34 pg/l) and MW-55s 

(29.6 pg/l). Although arsenic levels detected at the FTA do not exceed the interim MCL, the risk 

associated with exposure to arsenic in groundwater at the former FTA exceeds the 1~10~ upper bound of 

the acceptable risk range for the RME and equals the upper bound for the average exposure scenario. 
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6.8 UNCERTAINTXES AND LIMITATIONS 

Uncertainties in this risk assessment arise from uncertainty associated with the data, with the assumptions 

necessary for development of the exposure scenarios, and with the use of default parameters and models 

for calculation of exposure and risk. General sources of uncertainty include: 

l Environmental sampling 

l Analytical chemistry 

l Selection of substances used to calculate risk 

l Modeling, fate, and transport assumptions 

l Exposure scenario development 

l Toxicological data, including substitution of data for similar chemicals 

l Characterizing risks from multiple chemicals and multiple exposure pathways 

l Interactions and compounding of combinations of the above uncertainty factors (IvIaughan, 1993). 

Uncertainties associated with environmental sampling include the assumptions that the samples collected 

from each media are sufficient to characterize the nature and extent of contamination in that media, and 

that the samples collected are truly representative of that media. Uncertainties associated with analytical 

chemistry include the assumption that the list of parameters that samples are analyzed for is inclusivle of all 

site contaminants, the assumption that the detection limits employed allow adequate characterization of the 

level of contamination, and the limitations of the analytical instrumentation itself. The quality of both 

environmental sampling and analytical chemistry is highly dependent upon human skills and judgement. 

The use of the analytical detection limit for reported nondetections in calculating average exposure point 

concentrations is conservative. 

Uncertainties associated with selection of substances used to calculate risk include the assumption that these 

chemicals are the most representative of the level of risk associated with the site. The initial screening of 

the data are dependent upon comparison to risk-based concentrations. When risk-based concentrations are 

not available for a specific substance, a risk-based concentration for a similar chemical is used. When 

toxicological data are not available for a given chemical substance, data for a similar chemical or class of 

chemicals are used to provide some estimate of risk. An example of this uncertainty is the use of the 
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cancer slope factor for benzo(a)pyrene for other carcinogenic PAHs. This assumption may be very 

conservative. 

The underlying assumption in calculation of noncarcinogenic risk is that a hazard quotient greater than one 

indicates the possibility that adverse health effects may occur. However, the risk calculations cannot 

indicate whether those adverse effects will occur. For carcinogenic risk, the assessment presents an 

estimate of the incremental increase, due to exposure to chemicals of concern at the site, in an individual‘s 

lifetime chance of developing cancer. This risk estimate is an upper-bound estimate and it is likely that the 

actual risk is less than the estimated value. 

Toxicological data provide significant uncertainties to the risk assessment process. The data include 

uncertainties associated with animal experimentation, extrapolation of high experimental doses to the much 

lower doses generally associated with environmental exposures, and extrapolation of human response and 

health effects from animal data (Maughan, 1993). 

The use of oral RfDs and slope factors for the estimation of risk due to dermal exposure provides 

significant uncertainty to the risk assessment. The oral dose values are adjusted through the use of dermal 

absorption factors, which are chemical- or chemical class-specific. 

When an individual may be exposed to chemicals of concern through multiple exposure routes, the 

calculated risks are summed across pathways. In addition, the carcinogenic risks for individual chemicals 

are assumed to he additive, and the noncarcinogenic risks are assumed to be additive when the toxic 

impacts of individual chemicals are similar. Using this assumption, the total risk is calculated by summing 

the individual carcinogenic and noncarcinogenic risks. This assumption may lead to an underestimation or 

overestimation of risk. If the effects are synergistic, the additive approach will underestimate risk. If the 

mixture of chemicals includes an antagonistic effect, the assumption will result in an overestimate of risk. 

A numerical estimate of the uncertainty associated with this risk assessment cannot readily be made. This 

risk assessment is not intended to be a predictor of absolute risks. Rather, the risk assessment provides an 

identification of the areas and chemicals of greatest concern for the evaluation of remedial objectives and 

alternatives. 
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7.0 ECOLOGICAL RISK ASSESSMENT 

7.1 INTRODUCTION 

As a component of the RI for the former FTA, two M&E ecologists visited the site to observe and record 

the ecological setting. Field work was conducted by these ecologists on August 15, 1994. During the 

visit, observations were made of the flora and fauna present, as well as any potential exposure routes 

through which site-related contaminants could affect the ecological receptors. If present, evidence of 

ecological stress was noted. This information is used to develop this ecological risk assessment, which, in 

conjunction with the human health risk assessment, comprises the baseline risk assessment for the site. 

The ecological risk assessment is prepared based on the Risk Assessment Guidance for Superfund, Volume 

II: Environmental Evaluation Manual (RAGS II)(U.S. EPA, 1989). 

7.2 FIELD INVESTIGATION METHODS 

The Environmental Resources Document, Wallops Flight Facility (NASA, 1994) was reviewed by M&E 

ecologists before field work at the former FTA commenced. This document provided ecological 

information for WFF, including information on Threatened and Endangered (T&E) species, wetlands, 

streams, habitat types, and plants and animals potentially occurring at WFF. On August 15, 1994, the 

FTA was surveyed for habitat types, dominant vegetation, common plant species, and animals (or signs of 

animals) present. In addition, the FTA was surveyed for evidence of stress and contaminant migration 

pathways. The site was surveyed using random and irregular transects. Methods of identification mcluded 

direct observation, calls, footprints, scat, nests, and burrows. Due to the limited, shallow, and intermittent 

nature of surface waters at this site, no aquatic sampling was performed. 

In general, the former FTA and a buffer zone of approximately 100 yards was surveyed. However, if 

migration pathways presented routes for impact beyond the buffer zone, the survey area was broadened to 

better detine the nature and extent of the impact. 
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7.3 GENERAL ECOLOGICAL CONDITIONS AT WFF 

WFF is located on the Delmarva Peninsula in Accomack County, on the eastern shore of the 

Commonwealth of Virginia. The Delmarva Peninsula is bordered by the Atlantic Ocean on the east, the 

Chesapeake Bay on the west, and the Delaware Bay and River on the northeast. 

In general terms, WFF provides a natural setting which is ecologically complex and includes a wide range 

of habitat types for a diverse assemblage of plants and animals. Approximately 61 mammal species, 250 

bird species, and 54 species of reptiles and amphibians may reside at or migrate through the WFF vicinity. 

Approximately 934 plant species may be present in the area of WFF (NASA, 1994). 

7.3.1 TerrestriaI Environment 

The four primary terrestrial habitat types on WFF are dune systems, island forest, upland grasslands, and 

forest. The former FTA, on the Main Base, is dominated by upland field habitat, with a nearby upland 

forest, The field habitat at this site is mowed, limiting its potential as a habitat for wildlife. Also, the 

former FTA is bounded by an active runway. 

7.3.2 Aquatic Environment 

The aquatic environment at WFF is varied, comprising freshwater, brackish, and saltwater; tidal and non- 

tidal; lotic and lentic; and intermittent and perennial systems. However, the only aquatic systems in the 

immediate vicinity of the former FTA are one small, 10 foot by 15 foot, shallow (depth less than 2 inches) 

intermittent pool (after a rain event the night before the survey), and a tributary to Little Mosquito Creek, 

located over 500 feet to the east of the site. Due to the topography of the FTA and the surrounding area, 

surface runoff is not expected to enter this stream. 

7.3.3 Wetlands 

According to National Wetland Inventory (NWI) maps, a variety of forested, scrub-shrub, emergent, 

aquatic bed, and open-water wetlands (freshwater and brackish, tidal and non-tidal) occur throughout the 

WFF. However, no wetlands were reported or noted for the former FTA area. 
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7.3.4 Threatened and Endangered (T&E) Species 

The Commonwealth of Virginia Department of Game and Inland Fisheries (VDGIF) provided information 

for the WFF Environmental Resources Document (NASA, 1994) on the T&E species of plants and animals 

potentially present at WFF (Table 7-l). The Virginia Department of Conservation and Recreation, 

Division of Natural Heritage, also provided data on T&E and rare species, based on an ecological survey 

performed at the WFF. None of these species were observed at the former FTA, nor were they expected, 

since the majority of these species live in or near the ocean, and the FTA is inland (on the main land 

portion of WFF). No suspect growing or nesting areas were observed at, or in the vicinity of, the FTA. 

7.4 FIlW TRAINING AREA - ECOLOGICAL RISK ASSESSMENT 

The FTA, which is no longer in use, is located north of Runway lo-28 on the WFF Main Base. The site 

encompasses approximately one acre, and is located approximately 2200 feet south of Little Mosquito 

Creek. According to WFF personnel, the FTA was in operation from 1965 to 1987. The WFF Fire 

Department used the site twice a week for training purposes (NASA, 1993). 

7.4.1 Site Description 

Portions of this site and adjacent areas were recently cleared of trees, presumably to remove obstructions 

and to reduce sight distance complications in the runway area. Grasses, clover, and other forbs, and taller 

herbaceous growth and some woody saplings (Figure 7-1, Tables 7-2,7-3) supported by numerous dirt and 

brush piles, now characterize the sites. The FTA appears to be routinely mowed. A steep (up to 60 

degrees) earthen berm (maximum height 7 feet) is to the north of the FTA. At the top of this berm is a 

pine woodland, with scattered oaks and wild black cherry trees in the understory. The forest floor appears 

to be mowed, so ground cover is generally lacking. Significant bird activity was noted in this woodlland at 

the time of the ecological reconnaissance. Elsewhere on the FTA, observations of wildlife or their signs 

were limited, although several small burrows (possibly those of hognose snake, which are common to the 

area), raccoon scat, and deer tracks were seen in the area, in addition to several passerine (perching) bird 

species and numerous invertebrates (Table 7-4). A tributary to Mosquito Creek located over 500 feet east 

of the FT.A is an NPDES-monitored discharge. No surface runoff connection between the FTA and this 

tributary was observed. Ln terms of surface runoff, the FTA appears to be a self-contained unit. No T&E 
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Table 7-1 Listing of Potential Threatened and Endangered Species 
NASA -Wallops Flight Facility and Vicinity 

Scientific Name 
.: ;Rept&$~: .j: .;j :y;:..: .. ..:: 

: .. ..j. ‘..: .: ..’ ’ :. : co;m;n:N;m;. 
Status Presence at Fire Training Area? 

Carefta caretta 
Chelonia mydas 
Dermochelys coriaces 
Eretmocbelys imbricata 
Lepidochelys kempi 

Loggerhead sea turtle 
Atlantic green sea turtle 
Leatherback sea turtle 
Hawksbill sea turtle 
Kemp’s Ridley sea turtle 

Federal Threatened Impossible, No Habitat 
Federal Threatened Impossible, No Habitat 
Federal Endangered Impossible, No Habitat 
Federal Endangered Impossible, No Habitat 
Federal Endangered Impossible, No Habitat 

Scientific N.ame 
: : . . 

.common Name 
Birds”. : 

status Presence at Fire Training Area? 

Bartramia Iongicauda Upland sandpiper State Threatened Highly Unlikely, No Habitat 
Charadtius melodus Piping plover Federal Endangered Highly Unlikely, No Habitat 
Charadtius wilsonia Wilson’s plover State Endangered Highfy Unlikely, No Habitat 
Falco peregrinus Peregrine falcon Federal Endangered Highly Unlikely, No Habitat 
Haliaeetus leucocephalus Bald eagle Federal Threatened Highly Unlikely, No Habitat 
Sterna nilotica Gull-billed tern State Threatened Highly Unlikely, No Habitat 

Scientific Name 
Marine.MammalsT : 

Common Na’me Status Presence at Fire Training Area? 

Balaenoptera borealis Sei whale 
Balaenoptera musculus Blue whale 
Balaenoptera physalus Fin whale 
Eubalaena glacialis Northern right whale 
Megaptera novaeangliae Humpback whale 
Physeter catodon Sperm whale 

Federal Endangered Impossible, No Habitat 
Federal Endangered Impossible, No Habitat 
Federal Endangered Impossible, No Habitat 
Federal Endangered Impossible, No Habitat 
Federal Endangered Impossible, No Habitat 
Federal Endangered Impossible, No Habitat 

Scientific Name 
.:Rare.F&a**‘- ::,j 

Co&t& Name Status .. 
:.j .,: : i. 

Presence at Fire Training Area? 

Carex straminea Straw sedge 
Chamaecyse bombensis Southern beach spurge 
Diplachne ma&ma Saltmeadow sprangletop 
Eieochatis rostellata Beaked spikerush 
Eriocaulon decangulare Ten-angle pipewort 
Fimbristylis caroliniana Carolina fimbristylis 
Helianthemum propinquun n Low frostweed 
Juncus megacephalus Big-head rush 
Plantago maritima Seaside plantain 
Sclerolepis uniflora One-flowered sclerolepis 

Very rare 
Rare 
Rare 
Extremely rare 
Extremely rare 
Rare 
Rare 
Very rare 
Extremely rare 
Extremely rare 

Highly Unlikely, No Habitat 
Highly Unlikely, No Habitat 
Highly Unlikely, No Habitat 
Highly Unlikely, No Habitat 
Highly Unlikely, No Habitat 
Highly Unlikely, No Habitat 
Highly Unlikely, No Habitat 
Highly Unlikely, No Habitat 
Highly Unlikely, No Habitat 
Highly Unlikely, No Habitat 

Scientific Name 
Rare:Invertebmtq::. ,: : ..:i :: : ..: ..: ;:‘j,. . I,,, ... .). 

Common Name Status Presence at Fire Training Area? 

Brachymesia gravida 
Argia bipunctulata 

not listed (odonate) Rare 
Seepage dancer (odonate) Rare 

Highly Unlikely, No Habitat 
Highly Unlikely, No Habitat 

‘Source: Virginia Department of Game and Inland Fisheries, 1992. “Federal and State Endangered and Threatened 

Species in Virginia.” Taken from Environmental Resources Document - Wallops Flight Facility (NASA, 1994) 

“Sources: Virginia Department of Conservation and Recreation, Division of Natural Heritage, 1992. 

Taken from Environmental Resources Document - Wallops flight Facility (NASA, 1994) 

Virginia Department of Conservation and Recreation, Division of Natural Heritage, 1994. 

Wallops flight Facility Natural Heritage inventory Progress Report (Project Period: June1 - Sept. 15, 1994) 
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Table 7-2 Listlng of Herbaceous Species 
Former Fire Training Area; NASA -Wallops Flight Facility 

Scientific Name 

AchiNea millefolium 
Agrostis sp. 
Allium canadense 
Ambrosia artemisiifolia’ 
Apocynum cannabinum 
Artemisia caudata 
Aster sp. l 

A thyrium thelypteroides 
Bromus sp. 
Campsis radicans 
Cenchrus longispinus 
Conyza canadensis’ 
Cyperus sp. 
Daucus carota 
Digitaria sanguinalis’ 
Diodia teres 
Erigeron sp. 
Eupatonum altissimum 
Foeniculum vulgare 
Gelsemium sempelvirens 
Heterotheca subaxillatis’ 
Hieracium sp. 
Juncus sp. 
Lathyrus latifolius 
Lepiduim campestre 
Lespedeza sp. 
Mitchella repens 
Mollugo verticillata 
Oenothera laciniata 
Panicum clandestinum 
Parthenocissus quinquefolia 
Paspalum sp. 
Phytolacca americana 
Plantago aristata 
Plantago lanceolata’ 
Prenanthes alba 
Rhus radicans 
Rumex crispus 
Setaria sp. 
Smilax sp. 
Strophostyles umbellata 
Tnfolium arvense 
Trifolium pratense’ 
Verbascum thapsus 
Vitis iabtusca 
Vitis rotundifolia 

Common Name 

Yarrow 
Redtop grass 
Wild garlic 
Common ragweed* 
Indian hemp 
Tall wormwood 
Aster. unidentified* 
Silvery spleenwort 
Brome 
Trumpet vine 
Sandbur 
Horseweed’ 
Nutsedge 
Queen Anne’s lace 
Crabgrass* 
Buttonweed 
Fleabane 
Tall boneset 
Fennel 
Yellow jessamine 
Camphorweed’ 
Hawkweed 
Rush, unidentified 
Perennial pea 
Peppergrass 
Bushclover 
Partridgeberry 
Carpetweed 
Cut-leaved evening primrose 
Deer tongue 
Virginia creeper 
Paspalum 
Pokeweed 
Bracted plantain 
English plantain* 
White lettuce 
Poison ivy 
Curled dock 
Foxtail grass 
Greenbrier 
Pink wildbean 
Rabbit-foot clover 
Red Clovef 
Common mullein 
Fox grape 
Muscadine 

l denotes dominant species 
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Table 7-3 Listing of Woody Species 
Former Fire Training Area; NASA -Wallops Flight Facility 

Scientific Name 
Trees 

Common Name 

Acer sp. 
Araiia spinosa” 
Carya tomentosa 
Comus florida * 
Juniperus virginiana 
Liguidambar sfyracinua* 
Pinus sylvestris 
Pinus taeda* 
Prunus serotina * 
Quercus alba 
Quercus laevis 
Quercus palusiris 
Quercus rubra l 

Rhus copallina 
Sassafras albidum 

Ornamental maple 
Hercules’ Club* 
Mockemut hickory 
Flowering dogwood* 
Red cedar 
Sweetgum’ 
Scotch pine 
Loblolly pine* 
Wild black cherry* 
White oak 
Turkey oak 
Pin oak 
Southern red oak* 
Winged sumac 
Sassafras 

. . . . . .. 
sfinrbs,‘:.. i,.:. :: : . . . ..fi..j ‘7: ,: : /I. 

Scientific Name Common’Name 

Diervilla lonicera Bush honeysuckle 
llex opaca * American holly’ 
Ligustrum vulgare Privet 
Myrica pensylvanica* Northern bayberry* 

* denotes dominant species 
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species or economically important species (other than deer) were observed at this site. 

The important habitats at, or near, the FTA are the pine woodland (not actually part of the FTA), and the 

scrub-shrub habitats forming on the dirt and brush piles scattered over the site. 

7.4.2 Receptor Identification 

M&E ecologists identified ecologicaJ resources at the FTA through the field survey and literature search. 

Plant and animal species seen at or near the FTA (Tables 7-2, 7-3, and 7-4) are considered to be potential 

receptors for the chemicals of ecological concern at this site. 

These potential receptors include herbaceous flora such as grasses and forbs; woody flora such as saplings 

and shrubs; terrestrial invertebrates; passerine birds; raptors; rodents; raccoons; and deer. Based on 

observed habitats, snakes, terrestrial turtles, insectivores, rabbits, and bats are potentially present at this 

site, but none were observed during the August 1994 ecological survey. 

7.4.3 Exposure Pathways 

The media of concern for the FTA are groundwater, surface water (highly intermittent) and surface and 

subsurface soil. Ecological exposure pathways to groundwater are incomplete, meaning that the potential 

ecological receptors will not experience direct contact with contaminants detected in this medium. 

Ecological pathways to the remainder of these media are complete, meaning that the potential ecological 

receptors may experience direct contact with contaminants contained within these media. In the case of 

subsurface soil, only samples taken at a depth of five feet or less are considered, as most burrowing 

animals are not expected to burrow to depths exceeding five feet and most plant root systems will not 

exceed this depth. All exposure pathways are summarized in Figure 7-2. 

7.4.4 Chemicals Detected in Ecological Media of Concern 

The chemicals detected in surface water are toluene, heptachlor, DDE, DDT, gamma-chlordane, 

aluminum, arsenic, barium, calcium, copper, iron, lead, magnesium, manganese, potassium, sodium, 
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Table 7-4 Listing of Animal Species 
Former Fire Training Area; NASA -Wallops Flight Facility 

’ @mya@ .’ :’ 1. : :., 
Scientific Name Common Name 
Odocoileus virginianus White-tailed deer 
Procyon lotor Raccoon 

: 
-.Bids . . .:, . . .y. :: .:.,I..:.. ‘.. : : .: . . 

Scientific Name Common Name 
Cardinalis cardinalis Cardinal 
Carduelis trktis l American goldfinch’ 
Catthatfes aura Turkey vulture 
Colaptes auratus Common flicker 
Contopus virens Eastern pewee 
Corvus brachyrhynchos Common crow 
Corvus ossifragus Fish crow 
Parus carolinensis l Carolina chickadee* 
Picoides pubescens Downy woodpecker 
Sialia sialis * Bluebird* 
Spizella passerina’ Chipping sparrow* 
Thtyothorus ludovicianus Carolina wren 
Troglodytes aedon House wren 
Tyrannus tyrannus Eastern kingbird 
Zonotrichia leucophtys White-crowned sparrow 

Owl, unidentified 

Reptiles and:Amphibians** 
Scientific Name Common Name 
Elaphe obsoleta obsoleta Black rat snake 
Heterodon platyfhinos Eastern hognose snake 
Bufo woodhousii fowieti Fowler’s toad 

.’ .,, ,. ‘., :..,. ‘.y.: ::j .: ,nse& ‘. . . j. : 
:.: .,,. ‘.,. :.,i:. ._ ,. .,... ., 

: 

Ground cricket 
Short-horned grasshopper* 
Monarch 
Bald-face hornet 
Tent caterpillar 
Cicada* 
Tiger swallowtail 
Mosquito’ 
Club-tail dragonfly 
Halictid bee 
Ladybird beetle 
Japanese beetle 
Vespid wasp 
Leaf bug 

* denotes dominant species 
l * no herptiles were observed during the ecological survey, but NASA personnel reported 

these species to be common 
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vanadium, and zinc (Table 7-S). The chemicals detected in surface soil at the FTA are gamma-BHC 

(lit&me), heptachlor, heptachlor epoxide, DDD, DDE, DDT, endosulfan I, endrin, dieldrin, endosulfan 

sulfate, methoxychlor, endrin ketone, endrin aldehyde, alpha-chlordane, gamma-chlordane, 4-nitrophenol, 

phenanthrene, fluoranthene, pyrene, benzo(a)anthracene, chrysene, benzo(b)fluoranthene, 

benzo(k)fluoranthene, benzo(a)pyrene, dibenz(a,h)anthracene, indeno( 1,2,3-cd)pyrene, 

benzo(g,h,i)perylene, di-n-butylphthalate, total petroleum hydrocarbons, aluminum, arsetic, barium, 

cadmium, calcium, chromium, cobalt, copper, iron, lead, magnesium, manganese, mercury, nickel, 

potassium, sodium, vanadium, and zinc (Table 7-6). 

The chemicals detected in subsurface soil are acetone, delta-BHC, aldrin, heptachlor epoxide, DDD, 

DDE, DDT, endosulfan 1, endosulfan sulfate, endrin, endrin aldehyde, alpha-chlordane, gamma- 

chlordane, toxaphene, phenanthrene, anthracene, fluoranthene, pyrene, benzo(a)anthracene, chrysene, 

benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, indeno(l,2,3-cd)pyrene, 

benzo(g,h,i)perylene, di-n-butylphthalate, bis(2ethylhexyl)phthalate, di-n-octylphthalate, 

dibenz(a,h)anthracene, diethylphthalate, total petroleum hydrocarbons, aluminum, arsenic, barium, 

calcium, chromium, cobalt, copper, iron, lead, magnesium, manganese, mercury, nickel, potassium, 

vanadium, and zinc (Table 7-7). 

7.4.4.1 Clnmnarisnn ARARs. 

In order to determine which chemicals should be addressed in the ecological risk assessment, detected 

chemical concentrations in FTA surface water, surface soil, and subsurface soil to a depth of five feet 

(those media of concern with complete ecological exposure pathways) are compared to background 

concentrations, ARARs, and guidance values (Tables 7-5, 7-6, and 7-7). 

The background concentrations (for soils only) represent data obtained from background locations at 

WFF. Background samples taken from the ground surface to a depth of two feet are used for surface soil 

background. Background samples taken from two feet to a depth of six feet are used for subsurface soil 

background. The maximum detected background concentrations from these depth ranges are used for 

comparative purposes. 

7-11 



ANALYTES 
Toluene 
Heptachlor 
4,4’-DDE 
,4,4.‘-DOT 
gamma-Chlordane 

‘* -$4ftmlm- 
Arsenic 
Baiiuni 
C&&&&) :::: 

.Copqer FE) 
Iron: fEEI.: 
&ead. .: .‘; 

.!+w9sium.QZE> .:. 
:@wan$se- :(EE): :, 
P@+J*‘(ETE).- y: 
$o&@j.$EE):;:, :. ?:. 
~f&na&&~ .,‘; 
Zinc (EE) 

TABLE 74. Comparison of Water Quallty Crlterla and Guidelines 
for Chemicals Detected In Surface Water 

Former Fire Training Area; NASA -Wallops Flight Facility, VA 

EXPOSURE Freq. of Freq. of VA 
CONC.5 Detection Detection AWQC* 
(pglL)- 1 (fraction) 1 (percent) 1 (pg/L) 

1.00 1 II5 1 16.67 1 NA 
0.0016 115 16.67 0.0038 
0.0065 II5 33.33 NA 
O.Ocs6~ 215 50.00 ~. a.001 
0.0020 115 16.67 0.0043 

545O..QO 4t5 : . . . 8?;33 :.. NA 
5.30 115 16.67 NA 

.‘25.60- -4i5 ” ..8$3$.. NA ‘:/ 

. . il@QO,.Oo: 

.. . . : ,‘;‘,;; I 

; .sf5 . . ,83.33.., :1:.-i, NA-:...: 
6,90 315 50.00 3.61 

: ~7~cI:OO~ ‘. 4f5. :. 
.3.&l : ‘. 

..:83.33 i:;;;..& I: 
.2/5 .: 3333 ‘, :::1).34:‘. 

“l:15Q;QQ 4s : “: 
+&j&ji ‘:27;8Q:, : 

83>33 NJ’( ,, 
:. ... .& e ‘. . . ;. : : :‘y&& 8333: : ‘: :j,;.,: : N;A.. NA,- ..i ‘,, 

-:-@bjQi: I:,.:.; ::3q:.. ,. i. jj ss,~~.~::~ :..-:::.NA .,.: .:/ 
~:j$&-J: :., @$:. :;f+&‘:; ,$$,;A’.‘~; 

30.50 415 83.33 32.70 

~ZJXionale 
WL) I tcrsw 1 4 I codes 44 
175.00 I NA 1 No 1 BFC 
0.0038 0.0038 No BFC, BSC 
10.50 NA No BffC 

.0.001 0,001 Yes exceeds ,:S.C FC, NC 
0.0043 0.0043 No BkC BSC’ BNG 
.87:05 NjA.. Yes e&ed&C 

2.89 12.00+ No 
fQOO.OO:-i ‘;:.jOOd.fjOi--: Yes:. ‘.;-excq&...F~,,NC 

a39 : .: 3.20+ ., .: Yes- exceeds.~S~,lfX,N~ 
NA. .. NA Yes.. .no.cr%efia 
.N& .’ NA. ,.: .,, Yes--, . . .-no..cn”$+a 

., .: NA : ,’ ‘;’ ..‘. NA. :‘. ,, I..’ Yes. ‘: :’ ‘: ., : ,. na-‘crit&q 
..N.+ :- .::..: :.,,.. bjA’:L-.,;;:, j: .yeS :. :.. +&t$t& :.:. 

: y/: .:.- . . . . .y& :;,:.i;. y, y&& ‘.:., ~:~:;:f&.&& ;. ; ‘:. 

26.20 1 lO.OO+ No BNG, BSC 

g Exposure concentration represents the maximum detected surface water concentration 

‘All values used are chronic Ambient Water Qualii Crtteria (AWQC) (default of 25 mg CaCC+L used to calculate State standards, since a 
hardness ~25 is not to be used, according to State guidance). 

-AlI values used are U.S. EPA chronic Ambient Water Quality Criteria. Hardness-dependent criteria were calculated using the site-speoilic 
hardness of 10.53 mg CaCO$L 

Y A “Yes’ in this column indicates further evaluation is needed; ‘No” indicates that the chemical is not a concern, based on the criteria 
(or criterion) listed in the “Rationale Codas’ column. 

XX Rationale Codes: 
BSC - exposure concentration is Below Sate Criteria for ambient water quality 
BFC - exposure concentration is Below Federal Criteria for ambient water quality 
BNG - Below NOAA Guidelines for ambient water quaky 
no criteria - no State or Federal Ambient Water Quality Criteria available for this chemical 
exceeds FC - exposure concentration exceeds Federal Criteria for ambient water quality 
exceeds FC, NG - exposure concentration exceeds Federal Criteria and NOAA Guidelines for water quality 
exceeds SC, FC, NG - exposure concentration exceeds State and Federal Criteria and NOAA Guidelines for water quality 

+ Hardness-dependent value (hardness default value not reported, equation not provided in NOAA Guidelines) 
NA - Not Available/Not Applicable 
EE - naturally-occurring Essential Elemenb no toxkii expected, but chemical will be evaluated for potential toxicity (see Section 7.4.4.1) 
Shading indicates chemicals for which further evaluation is necessary. 
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TABLE 7-6. Comparison of Background Concentrations and Guldelines for Chemicals 
Detected in Surface Soil 

Former Fire Training Area; NASA -Wallops Flight Facility, VA 

Heptachior epoxide 
Endosulfan1 
Dieldrin 
4,4-DDE 
4.4’-DDD 
Endcisuffan s&ate 
4,4-DDT 
Endnn 
Methoxychlor 
End+ we. 

if;e&-J;E 

gamma-Chlordane 
4Niiophenol 
Phenanthrene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 

spy???. 
,Be~~@)flilkan~~ f:i” . . : 
!eti&+@g&+j j ; : : 

iBenzo(a)pyrene 
~Diberu(a,h)anthracene 
~Indeno(l.2.3-cd)pyrene 
Benzo(g,h.i)perylene 
Di-&but$phtha~ate 
i.i&at Pet& Hyd@carbs. 
IAlumkrum 
Arsenic. 
‘Barium 
‘Cadmium 
Calcium 
Chromium 
Cobalt 

Copper 
Iron 
.bad 
Magnesium 
Manganese 
Mercu$ 
Nickel 
Potassium 
Sodium 
Vanadium 
Zinc 

025 ti4; 
0.24 1114 

‘sll 3&l. 
020 1114 

67.00 15Jl8 
34.00 WI 8 

~:~S;ul.: -T/$8 
33.00 14l18 

5.20 3I4 
23.00 3118 
1l.W’ 4H8 
.4;4Q. .; 4118, 
1.80 3ll8 
3.00 2l18 

41.00 1114 
140.00 3i18 
980.00 5J18 
880.00 5118 
810.00 318 

12W.W 5/18 
: .:. .: .i @p$; i: : ‘&@+:: 
:.,i,:.~soo.~.jlii-‘~~~i:‘i 

5SO.00 ‘.2j18.‘. 
240.00 114 
570.00 2ll8 
340.00 2i18 
.65;W::i’. .:4n8’ 

!i8so.W~ : 1;1124-. 
i.28~+07. 1918 
9;lJOE+&j:, : -.:.l~f&‘, 
85oE+O4 14/18 
3.4OE+~ 1: Zt8 :. 
1.39E+W 1418 
2.32E+O4 14l18 
7.20E+O3 6/18 
.5.pE*o4 : jj ?%%3 
1.41 E+07 1418 

,3;7fjE+&f:. :. $4113 : 

1 WE+06 i4/18 
1.92E+O5 1418 
2,Tf)E+o2 ; ; j +I4 ;;:‘:. 

1.54E+O4” til8” 
8.42E+O5 2l18 

; ~7$jf)E+$:. :: :‘. ;t# “: 

3.89E+O4 14118 
694E+O4 Q/l8 

Freq. of 
Detect. 

(PerC~U 
100.00 

. . .wh 
7.14 

,. ‘21 A3 
7.14 

83.33 
50.00 
3&p 
77.78 
75.00 
16.67 

;, .22Lg 

g2.22 
16.67 
11.11 

7.14 
16.67 
27.78 
27.78 
27.78 
27.78 

.;~;.:gq;~jj 
ii’:;.:.:@& 

ll.li 
25.00 
11.11 
11.11 
.2232 

:78.57: 
83.33 

:. ..TL78 

77.78 
; : .: $$1;1 

77:78’ 
77.78 
33.33 

: f5i:.l,7 
77.78 

: . : i-,7r7;?! 

.77.78 
77.78 

T : j ;ij;oD 

1i.C 
11.11 

,: ‘25W 
77.78 
5Q.00 

NASA-W 
Bkgd.’ 
b&l 

NA 
.jiJ& 

NA 
:, Np; 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

..I%%- 
Nk 
w 
NA 
NA 
NA 
NA 
NA 
NA 

j ::;I::: 
y :;::.;i&:i: 

MA’ 
NA 
NA 
NA 

j&& 

:j.&... 

i .77E+ 

.. m.: 
6.80E+ 

‘NpI.. :. 
424E+ 
1.26E+ 
3.76E+ 

:?.+7& 
i.19& 

; .‘5:7TE,+ 
i.i6E+ 
238E+ 

: ..:l;~ijlg+ 
S.OlE+ 
4.81 E+ 
i;4m 
2&E+ 
2.09E+ 

Nat’1 Soil NOAA § 
Bkad.* Guidelines 

c&e, ww 
c2000.00 

:wi . . . 

t 

.. :g.: .:. 

Jg ;:. .‘?ooo.w 

NA’ .. 
m: ‘: j’ 

<2000.00 
NA c?ooo.oo 

<2ooo.w 
: iii .‘. Mpi.. 

NA <2000.06 
NA <2OOO.W 

~2000.00 
.: g. :MA; 

NA f.&&:: : 

NA <2000.00 
NA +=2oOO.W 
NA 1 ooo.oc 
NA 5OOo.W 
NA 1OOOO.W 
NA 10000.00 
NA lOW.OC 

NA 
I 

lWO.W 
NA 1 ooo.oc 
NA 1OOO.W 

,tiuI,: .. 
NA : ; 

.j,.-N;s;,.: j:..: jq&i: 

57oE+Oj: 7:iOE+07 
.moe++W-i: : :, ipEq3 
: 4.36Ea. 

4.30E+O5 
.:::a;QoE+j:~ .. 1 +QtjEi;ol 

630E+O6’ NA 
54OE+O4 1 WE+05 
9.4oE+o3 8.WE+O3 

,. $L+OE?tW ..,.. :, :,:; 3iWE$i4 
2SOE+O7 3;80E+07 

.-.:3.5oE~W .I:;.: qo@M 
.4.60E& 5.OOE+O6 
64OE+O5 6.OOE+O5 

:.-“+?~&@2_’ .: ; : ~+@.jj*ci! . . : 
1 .WE+&f’. 4.WE+O4 

7:70E+04 1 .WE+O5 
2.33E+O5 5.WE+O4 

Eval- 
EE? uate? Rationale 

NA Yes .‘\ .’ : no.cziteria 
NA .No BNG 
NA No BNG 
NA No BNG 
t&i Y&s. { : no.aiteri& 
NA No BNG 
NA No BNG 
NA No BNG 
t4A: . . Yes.:~ . . noCriteria- 
NK Yes no criteria 
NA No BNG 
NA No BNG 
WI No BNG 
NA No BNG 
NA No BNG 
NA No BNG 
NA No BNG 

NA No BNG 
NA No BNG 
NA No BNG 
N/ii Ues ‘. I-nocrlteda. 
FM. :*& i. ; : ..‘&oaiterja 

No No ... FiNG. BNB 

No BNG.BNB 
No BNG. BNB, EE 

; .; ~~j: ; : +x* tsqKs$m 
No BNG. BNB. EE 

No BB. BNG, BNB. EE 
j’.;-yei: ‘. 

No 

*Background is defined as the maximum detected concentration from background samples for NASA - WFF 
Tource: Dragun and Chaisson. 1991. Values represent arithmetic means for Virginia or eastern USA soils, unless otherwise noted 

Cu” indicates upper end of range for eastern USA soils: arithmetic mean not listed) 
5 National Oceanic and Atmospheric Association (NOAA) Screening Guidelines. Inorganic values are based on US averages, those for 

organ& are based on Canadian target values. 
gg Is the chemical a naturalty-occurring Essential Element (EE)? (see Section 7.4.4.1) 
Y A ‘Yes” in this column indicates further evaluation is needed; ‘No” indicates that the chemical is not a concern. The reasoning 

for this determination is listed in the “Rationale Codes” column. 
%X Rationale Codes: 

BB - Below Background for NASA - WFF soil 
BNB - Below National Background for soil 
BNG - Below NOAA Screening Guidelines for soil 
EE - Essential Element (macro- or micronutrient) 
no criteria - screening criteria are unavailable; therefore, estimated intakes will be compared against toxicological benchmarks. 
exceeds NG - exposure concentration exceeds NOAA Guidelines for soil 
exceeds NG.NB - exposure concentration exceeds NOAA Guidelines for soil and National Background for soil 
exceeds SB, NB - exposure concentration exceeds site-specific soil background and National Background for soil 
exceeds SB.NG.NB -exposure concentration exceeds site-specific background, NOAA Guidelines, and National Background for soil 

NA - Not Available/Not Applicable 
Shading indicates chemicals for which further evaluation is necessasary 
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TABLE 7-7. Comparison of Background Concentrations and Guidelines for Chemicals 
Detected in Subsurface Soil 

Former Fire Training Area; NASA -Wallops Flight Facility, VA 

EXPOSURI 
C0NC.f 

414XDD 03 
End&fan. sulfate ox 
4,4’-DOT 8.4t 
Endrin 29 
Endrjn.aklehyde 4.Q 
alpha<hlordane 6.tX 
gammaChlordane 4.8( 
Toxaphene ‘IO;Ix 
Phenanthrene 610.0c 
Anthracene 12O.W 
Fluoranthene 69OO.OC 
Pyrene 78CQ.OC 
%erizo(a)anthracene -62OO.Of 
C-e 5l.oo;ti 
l+nzo(b)fIuomrtthene 
f3enio(k~fluoranme?lt 

69cx3;oc 

69qlc 
Benzo(a-)~ene:. : : 33cgot 
Indeno(2 ,ZL&cdfpyren& :. ~2kChOO 

~w%~;~~peryte~~. ; :;3360,00 
5i++t$phl-i~late ’ $3fXY.~ 
BTs(Z-H@&ex@phthalqe ,:. 
p+O+dphth~~- 

: Zsla:rX 
.. :jp&&j 

Diber#@)antfq+ne: :::.630.0(1 
f’Jj&$#q.&ta- ,I’ .: ‘: ;.: y..: ..:i): kg& 

t&l~P&+,Hydrocarbs. : .: :. ..:i:, : : :, ,:i:iaq 
Aluminum 2.76E+07 
w&.&k. ..:i..: y ‘I, :i. $gjOJp~ .,.:. z .:.., 

Barium .. ” 3.22E+ti 
Calcium 7.75E+O5 
Chromium 3.22E+O4 
cobalt 2.20E+O3 
Copper 7.6OE+O3 
Iron l.l4E+07 
Lead 5.cOE+03 
Magnesium 1.6aE+o6 
Manganese 7.16E+O4 
Mercury ., ‘. :.l’i5OE~o2 
Nickel 9.20E+03 

Potassium 1.75E+O6 
Vanadium 3.29E+O4 
Zinc 2.OOE+O4 

5 

0 
5 
1 

ii:: 
:. 
3 
3 
2 
I 
I 

1 
1 

1 

)I. 
1 
I 
) 
1 
1.: : 

I: 

I,!. 
I 

)’ 
1. :. 

i:- ., 
1:;. 

!i.: i 

i’: 
, : j:: 
:j i 
1:: 
!i :. 

i,’ :: 
. 

Freq. of 
Detect. 

(fraction’ 
1R1 

-.ljj.7 

1117 
II21 

; .., 1.:2(2$ i ,i, . . .: .,. ., ,. ,. .,.,. . . . 
3/21 
2l21 

‘VI? 

4J17 

2l21 
‘%I17 

1117 

2l17 
l/4-. 

il5 
115 

115 
115 

+5.’ 
l/5 

>yc-. 

3l9 
llM4 
1404 
6/l 4 

Freq. of 

(percent] 
4.71 

~3i34 
5.81 
4.7t 

: :.: : . ..j .i’:l s..s; 

‘14.2’ 

;;g 

23:5: 
9.5; 

‘5.8E 

5.a 

11.7E 
;‘25.0( 

2o.oc 
2o.M: 
2o.oc 
2o.Oc 

.: -2o:m 
2o.w 

: 12qJ 
72.50 

: -2cga 
.. ‘itmo 
.~:&lo 

is:-& 

., &29 
.:.rj:g3 

..; :qqo 
. . .:., . . $jgo 

‘. :.yys8 
100.&l 

. . : ,, 
:, ~.33$~$ 
100.00 

61.11 
100.00 

28.57 

21.43 
83.33 

92.86 
100.00 

83.33 
.“.?s.qa 

33.33 
78.57 

100.00 
42.86 

.:;.+A 

:~::‘rq?,’ 
.: :y* 

: :: ,j$& : :. : 
;. ;:Mpi.- ” 

: $.jf$ : 

: && .. 

;, ‘#A’ . . :j:. 
;,;:;N&:.‘~: 

I.:.: :::+J&:. :,I: 
~$.+j :.i: 

: .,, j; :j g& ‘:’ j, I: 

1.9OE+0i 
;. - :.:.@@?,-ji 

4.9OE+O4 
2.27E+O5 
l.O9E+O4 
2.36E+O3 
7.OOE+Ol 
6.53E+O6 

NO 
2.56E+O5 
6.3aE+o4 

:&fpE~ 

‘4.&E& 
4.56E+O5 
2.70E+O4 
l.l6E+O4 

NASA-W 
Bkgd: 

orglkg) 
--l--T= Guidelines EE? uate 

NA 

NA 
,:NA. 

NA 
NA 
NA. 

NA 

Nat’l Soil 
Bkgd.- 

-A!$& (,Wu) S§ Y 
NA NA No 

.‘Nh : : NA ..:r;tA ‘. ym 

NA <2000.00 NA No 

.; :.,ji ;g:,:: 
NA 
NA 
NA 
NA 

-g.. 

NA 
NA 
NA:. 
NA 
NA 
NA 
NA 

iv& : 
N& 

yr?. .. 
Mh.. 

.i:., .y+ .,,,: 
: ‘NA :. 

.N& 
:..,N+ 

,;.!A: . . 
,, NA .‘. 
.: :j f$&i.-:i is: 
:y, ‘j, ii-q .j > ‘. ‘. 

:.. y$/&:; ‘. . . 
?j.,TOE+O? 

$$&J$: . . . . . . . . .:: ,.... 
4.36E+O5 
6.30E+O6 
5.4OE+O4 

9.4OE+O3 
3.3OE+O4 

2.50E+07 
3.5OE+O4 
4.6OE+O6 
6.40E+O5 
r:asE*oz:i 
i.tiE+ch 

1.20E+07 
7.70E+O4 

2.33E+O5 

j:. nocrikia 
BNG I 
BNG 

no critecia 

BNG 
BNG 

: -nocriterfa 
BNG 

NA 
NA 
NA 

BNG 
110crtterfa : 

BNG I 
BNG 
BNG I 
BNG 

:. exc&ds NG : 
~~+ee& NG; ‘. 
:qtce+ NG 

: exceedsNG .’ 
. . ‘.: ex~. NG 

‘k+x+JaNG .; 
.: $&&&NG : 

ho criteria . . 1 
1:. “0 c&e& 

.: ,.. :mmxiteria 
; I:. -&+ik NG, 
. . : 
1, :j : -:,no criteria .. 

:: : ;. -pm7iteria 
Btiti, BNti. 

‘-&jrcg&:.$G;fiB. 

“BB; e&G. BNB 

f Exposure concentration represents the maximum detected concentration for soil 
‘Background is defined as the maximum detected concentration from background samples for NASA - WFF 
TSource: Dragun and Chaisson, 1991. Values represent arithmetic means for Virginia or eastern USA soils 

5 National Oceanic and Atmospheric Association (NOAA) Screening Guidelines. Inorganic values are based on US averages, those for 
organics are based on Canadian target values. 

§§ Is the chemical a naturaity-occuning Essentiil Element (EE)? (see Section 7.4.4.1) 
Y A “Yes” in this column indicates further evaluation is needed; “No” indicates that the chemical is not a concern. The reasoning 

for this determination is listed in the “Rationale Codes” column. 
Yy Rationale Codes: 

~5% - chemical was detected in less than 5% of the samples 
88 - Below Background for NASA - WFF soil 
BNB - Below National Background for soil 
BNG - Below NOAA Screening Guidelines for soil 
EE - Essential Element (macro- or micronutrient) 
no criteria - screening criteria are unavailable; therefore, estimated intakes will be compared against toxicological benchmarks 
exceeds NG - exposure concentration exceeds NOAA Guidelines for soil 
exceeds NG,NB - exposure concentration exceeds NOAA Guidelines for soil and National Background for soil 

NA - Not Available/Not Applicable 
Shading indicates chemicals for which further evaluation is necessary 



The surface water criteria are Federal and Virginia Ambient Water Quality Criteria (AWQC). The 

guidance values are the Screening Guidelines set by the National Oceanic and Atmospheric Administration 

(NOAA) for surface water and soil and a U.S. average for soil, taken from Dragun and Chaisson (1991). 

Maximum exposure concentrations are based on the maximum detected concentration for the FTA in 

surface water, surface soil, and subsurface soil. Chemicals with maximum exposure concentrations below 

background concentrations (for inorganic chemicals only) or the NOAA Screening Guidelines (for both 

organic and inorganic chemicals) are “screened out” from further risk analysis. These chemicals are not 

expected to present ecological risk, and therefore are not considered in the exposure assessment and risk 

characterization. No chemicals in soil are dropped from consideration based solely on a comparison with 

the U.S. average. Naturally-occurring essential elements for life (including potassium, calcium, iron, 

magnesium, and sodium) in soil are not carried through the risk characterization. Those essential elements 

in soil which are of greater ecological risk concern (cobait, copper, manganese, and zinc), due to 

established toxic effects, are never excluded based on their essential element status, unless the detected 

concentration is below a background concentration or guidance value. In addition, chemicals which are 

detected in fewer than five percent of the samples are screened from consideration. The ecological risk 

assessment includes any chemicals with concentrations in soil exceeding these comparative criteria. 

. 7.4.4.2 ChP,micals 

Based on a comparison with background concentrations, ARARs, and guidance values, one organic 

chemical and 10 inorganic chemicals in surface water, nine organic chemicals and six inorganic chemicals 

in surface soil, and 18 organic chemicals and two inorganic chemicals in subsurface soil are of potential 

ecological concern at the FTA (Tables 7-5, 7-6, and 7-7). 

7.4.5 Exposure Assessment 

Maximum exposure concentrations for aquatic indicators are compared with toxic effect concentrations 

reported in the toxicological literature. For the purposes of a stress-response analysis, indicator species 

are chosen from among these observed potential receptors or other potential receptors that may be 

attracted by the habitat present at the FTA. For terrestrial species, exposure levels are calculated and the 

resulting estimated doses are compared with toxic effect levels reported in the toxicological literature. 
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Where available, toxicological studies on the indicator species are used, but in many cases, comparisons 

must be based on toxicological studies performed on laboratory animals, such as rats, or fatheadl minnows, 

due to a lack of receptor-specific data. The assessment endpoints used are those reported in the 

toxicological literature. Discussion of the conservative assumptions and selection of toxicological 

benchmarks appears in Section 7.4.6. 

7.4.5.1 Ixi&aX&pecies 

The indicator taxa selected for the FTA represent a variety of taxonomic Orders at various troptic levels 

(Table 7-8). The indicator taxa for this site represent aquatic and terrestrial organisms, in accordance with 

the media of concern and the availability of aquatic (intermittent) and terrestrial habitat at or near the FTA. 

The aquatic indicator species selected for the FTA are phytoplankton (primary producer), and mosquito 

larvae (primary consumer). Due to the shallowness and frequent drying of surface water at this site, 

higher trophic level aquatic receptors are not expected to become established at the FTA. It should be 

noted that no macroinvertebrates or other aquatic organisms were observed in the shallow, standing water 

at the FTA at the time of the ecological unit reconnaissance. 

The terrestrial indicator species selected for the FTA are grass (primary producer), meadow vole 

(burrowing primary consumer), and the owl (secondary consumer). 

Phytoplankton and grass are selected to help characterize effects on ecological receptors at the primary 

producer trophic level. The animals represent primary and secondary consumers (primary consumer only 

for surface water). These consumers are selected to address food-chain effects (i.e., biomagnification). 

For the terrestrial scenario, selection of a burrowing primary consumer addresses the increased level and 

duration of soil exposure that a burrowing receptor would experience. Life history and habitat 

requirement information on these indicator species is presented in Table 7-8. 

It should be noted that these indicator taxa may not be the most sensitive receptors at the FTA, but, taken 

together, they represent a simple, feasible community through which potential ecological impacts may be 

assessed. Summarized exposure pathways are presented in Figure 7-2. 
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TABLE 7-8. Indicator Species Life History Matrix 
Former Fire Training Area; NASA -Wallops Flight Facility, VA 

Indicator Species Food 
or Taxa Group Habitat Preference Reproduction Preferences Comments 

Phytoplankton aquatic habitat asexual and sexual basic nutrients may accumulate metals and 
other chemicals 

Mosquito Larva aquatic larval/pupal stage; sexual, eggs deposited organic detritus, bacteria, may accumulate metals and 
(Culicidae) often remain around wet in water algae, protozoa - filtered other chemicals 

areas in adult fly form from water 
Grass fields/grasslands vegetative and sexual basic nutrients may accumulate metals and 

other chemicals 
Meadow Vole grasslands, open swamps, sexual, breeds year-long, seeds and fruit, various may experience prolonged 
(Micro&s pennsyl- roadside ditches, fencerows usually I-10 young in litter, grasses and weeds exposure to soil contaminants 

vanicus) 17 litterslyt. possible in burrow walls 
Owl wooded swamps and sexual, usually 2-3 rodents, rabbits, some may consume large numbers of 

other forested areas eggs/clutch, eggs laid invertebrates exposed prey items, increasing 
in March - early April exposure 

Indicator species were selected based on observations and professional judgement of species which are possible for the area. 

Sources: Barbour and Davis, IQ74 
McCafferty, IQ83 
Peterjohn and Rice, IQ91 
Stern, IQ88 



7.4.5.2 v 

Due to the complete exposure pathways they present, surface water, surface soil, and subsurface soil are 

the media of ecological concern for the FTA. The presence of surface water at the FTA is not expected 

for significant periods. However, the basic assumption for the aquatic scenario is that phytoplankton and 

mosquito larvae will experience continuous, prolonged exposure to the surface water. This highly 

conservative approach to assessing ecological risk from these media is consistent with current ecological 

risk guidance. 

Soil contaminants may affect aquatic receptors, but only indirectly through surface runoff. For the 

purposes of the ecological risk assessment, any leaching of contaminants from the soil is assumed to have 

already occurred, and therefore, this contamination is accounted for in the surface water results. Aquatic 

exposure to surface water contaminants may be increased by the additive effects of chemicals and trophic 

effects (e.g., biomagnification), but this cannot be quantified, using existing site-specific 

data; hence, very conservative assumptions for lower trophic levels are used in order to be protective of 

higher trophic levels. 

7.4.5.3 v 

Terrestrial receptors may be exposed to sutf&e water at the FTA through feeding, drinking, and other 

activities which could bring these receptors in contact with this medium. However, the frequency and 

duration of these exposures are expected to be insignificant in comparison with the nearly continuous 

exposures for aquatic organisms. 

Soil exposure is addressed as a terrestrial exposure. For the terrestrial scenario, it is assumed that the 

chipmunk and owl wiIl experience periodic (daily), long-term exposure to the soil, either directly or by 

consuming plants or prey with dust or dirt on their surface. Plants, such as grass, experience continuous, 

long-term exposure to soils. In the case of the FTA, this means that grass could experience prolonged 

exposure to the ecological chemicals of concern in PTA soils. Terrestrial animal receptors may be 

exposed to soil contaminants through feeding, dust bathing, resting, burrowing, grooming, and other 

activities which bring the receptors in direct contact with soil. Terrestrial exposure to soil contaminants 

may be increased by the additive effects of chemicals and trophic effects (e.g., biomagnification), but this 
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cannot be quantified, using existing site-specific data; hence, very conservative assumptions for lower 

trophic levels are used in order to be protective of higher trophic levels. 

7.4.6 Risk Characterization/Stress-Response Assessment 

The effect levels for surface water (Table 7-9), surface soil (Table 7-lo), and subsurface soil (Table 7-l 1) 

are selected as follows, Preference is given to chronic No Observable Adverse Effect Levels (NOAELs) 

and Lowest Observable Adverse Effect Levels (LOAELs). Where these are not available, sublethal effect 

levels are used. In the absence of NOAELs, LOAELs, and sublethal effects information, acute effect 

levels and lethal doses (LDSOs) or lethal concentrations (LCSOs) are used. Acute effect levels and acute 

effectconcentrations are avoided, where possible, to improve the predictive value and preserve the 

conservative nature of the ecological risk assessment. In addition, conservative assumptions are used in 

order to be protective of higher trophic level receptors via food-chain effects. 

Toxicological studies from a variety of sources are used for reference effect levels and concentrations. 

These include Agency for Toxic Substances and Disease Registry (ATSDR) Toxicological Profiles 

(various dates), Handbook of Environmental Data on Organic Chemicals (Verschueren, 1983), and the 

Aquatic Information Retrieval (AQUIRE) database (1994). 

To assess ecological risk from soil contamination at the PTA, this risk assessment uses a terrestrial 

exposure scenario based on a burrowing terrestrial receptor (vole) which consumes one percent of its own 

body weight (17 g animal consumes 0.17 g) in soil daily, with 25 percent of its time spent in the area of 

highest contamination, and 50 percent of the ingested chemical absorbed through the gastro-intestinal (GI) 

tract. Based on reported values, conservative assumptions, assumptions acceptable to other agencies, and 

professional judgment, these percentage values are established and used. Incidental ingestion of soil is 

assumed to be the most significant route of exposure for the vole, although additional exposure may occur 

through dermal and inhalation routes and through the ingestion of plants. Given that plant growth at and 

near the PTA is extensive and abundant, very little plant matter will likely be consumed directly in the 

areas of highest contamination. Dermal and inhalation exposure are also expected to make only a small 

contribution to ecological risk at the PTA. The conservative nature of the ingestion pathway assumptions 

are expected to compensate for the slight effect from these routes of exposure. 
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TABLE 7-9. Effect Levels vs. Detected Chemical Concentrations in Surface Water 
Former Fire Training Area; NASA -Wallops Flight Facility, VA 

EXPOSURE Effect Exp. Cont.< 
CONC.’ Cone. Effect Difference Test 

ANALYTES MN-) WL) Cont.? FactorV EffectYY Subject 
4,4’-DDT 0.01 1.53 Yes 273.21 effect on growth fathead minnow 

0.50 Yes 89.29 ECSOIM (immobilization) daphnid 
Aluminum : .,..I:; : : 5450.00 “. ,?5Q~.bo.- ‘. ;‘. No, .‘, ,,Q;@ : ~~!%@M (reduction In biomass) ‘. ;’ vfater miifoi(~ : ,,‘:Y:,::.: .:i 

26980.00 Yes 4.95 acutely toxic salmon fry ” 
Barium 25.60 26000.00 Yes 1015.63 EC5OGR (effect on growth) water milfoii 
Calcium 5800.00 40000.00 Yes 6.90 biochemical effect blue-green algae 
iron (EE) 2730.00 7000.00 Yes 2.56 change in population growth diatom 

58800.00 Yes 21.54 biochemical effect blue-green algae 
Lead 3.40 4400.00 Yes 1294.12 LC50 daphnid 

90.00 Yes 26.47 enzyme effect pumpkinseed sunfish 
Magnesium (EE) 1150.00 64700 Yes 56.26 LC50 scud 

240000 Yes 208.70 enzyme effect euglenoid 
Manganese (EE) 27.80 31000.00 Yes 1115.11 EC50GR (effect on growth) duckweed 

70000.00 Yes 2517.99 lethal scud 
Potassium (EE) 2000.00 53200.00 Yes 26.60 LC50 scud 

391000.00 Yes 195.50 change in enzyme activity eugienoid 
Sodium (EE) 2250.00 230000.00 Yes 102.22 change in enzyme activity eugienoid 

1820000.00 Yes 808.89 EC50iM (immobilization) daphnid 
Vanadium 6.80 1800.00 Yes 264.71 EC50GR (effect on growth) dinofiageiiate 

* Exposure concentration represents the maximum detected concentration for surface water 
Y Difference Factor = effect concentration/exposure concentration 
$% SOURCES: AQUIRE (AQUatic information REtrieval database). Accessed July, 1994; September, 1994. 
EE - naturally-occurring Essential Element 
Shading indicates chemicals with an exposure concentration which exceeds the selected effect concentration(s) 



TABLE 7-10. Effect Levels vs. Calculated Burrowing Terrestrial Receptor Intake Concentrations for Surface Soil 

ANALYTES 
Heptachlor 
Endosulfan I 

I Endosulfan sulfate 5 

I Endrin ketone 4 § 

Endrin aldehyde 4 5 

I Benzo(b)fluoranthene + + 

I Benzo(k)fluoranthene + + 

4 

tb 
Di-n-butylphthalate 

Total petro. hydrocarbs. 
Arsenic 
Cadmium 

Copper 
Lead 

Mercury 

Sodium 

EXPOSURE Receptor 
CONC: Intake’ l 

Imglkg) fmglkg BW) 
0.00025 3.13E-07 

0.0036 4.50E-06 18.00 Yes 
30.00 Yes 

0.00038 4.75E-07 18.00 Yes 
30.00 Y8S 

0.001 1.25E-06 0.75 Yes 
0.25 Yes 

0.0044 5.50E-06 0.75 Yes 
0.25 Y8S 

1.6 2.00E-03 923.00 Yes 
308.00 Yes 

1.6 2.00E-03 923.00 Yes 
308.00 Yes 

0.003 3.75E-06 2500.00 Yes 
4000.00 Yes 

5.89 7.36E-03 NA NA 
6.30 0.01 400.00 Yes 
3.40 4.25E-03 200.00 Yes 

1.00 Yes 

58.10 0.07 4.20 Yes 

33.80 0.04 300.00 Yes 
17.00 Yes 

0.21 2.63E-04 0.32 Y8S 
0.42 Yes 

76.00 9.50E-02 NA NA 

Former Fire Training Area; NASA - Wallops Flight Facility, VA 

Differ- 
ence 

Factor YY 
3.20E i-08 
4.00E t06 
6.67E t06 
3.79E+07 
6.32Et07 
6.00E +05 
2.00E+05 
1.36E +05 
4.55E +04 
4.62E +05 
1.54E t05 
4.62E t05 
1.54E+05 
6.67E+08 
l.O7E+09 

NA 
5.08E +04 
4.71E+04 
2.35E +02 
5.78E +Ol 
7.10E-103 
2.16E-1-03 
1.22E +03 
1.60E t03 

NA 

Effect, type of exposure Y 
acute LD50, oral 
LD50, oral 
no iif effects after 2 yrs., Oral (in diet) 
LD50, oral 
no ii\ effects after 2 yrs., Ore! (in diet) 
NOAEL f 10 days 1 x/d), oral 
NOAEL (24 mos.), oral 
NOAEL (10 days 1 x/d). oral 
NOAEL (24 mos.), oral 
adverse aff. on blood, liver (6 mos.), oral 
birth defects (10 days), oral 
adverse eff. on blood, liver (6 mos.), oral 
birth d8f8CtS (10 days), oral 
decreased weight, oral 
no effect, oral 

NA 
reduced survive1 after 2 yrs., oral 
LD50, oral 
breeding failure, oral 
LOAEL, oral (decreased weight gain) 
LO50 of lead acetate, oral 
LO50 of tetraethyl lead, oral 
NOAEL (for renal effects; 7d/wk, 2 yr) 
NOAEL (immunological effects; 7 wkl 

NA 

* Exposure concentration represents the maximum detected concentration for Soil 
l l tntake (or dose) f 8XpOSur8 concentration x daily ingestion ret8 x appropriate unit conversion factors, where daily ingestion of soil = 1 .O% 

of the body weight of the ecological receptor, 25% of the consumed soil originates from the area of highest contamination, and 
50% of the consumed chemical is absorbed by the GI tract. 

Y SOURCES: ATSDR Toxicological Profiles, various detes. 
Verschueren. 1983. 

YY Difference Factor = effect level/intake (dose) concentration 
4 Toxicological benchmarks for endosulfan used 
9 § Toxicological benchmarks for endrin used 
+ Toxicological benchmarks for delta-BHC 
t t Polycyclic Aromatic Hydrocarbon (PAH) - toxicological benchmarks used are those for benzo(a)pyrene 

Test 
Subject Y 

rat 
rat 
rat 
rat 
rat 
hamster 
rat 
hamster 
rat 
mouse 
mouse 
mouse 
mouse 
rat 
rat 

NA 
rat 
mouse 
ret 
mouse 

dog 
rat 
rat 
mouse 

NA 



TABLE 7-11. Effect Levels vs. Calculated Burrowing Terrestrial Receptor Intake 
Concentrations for Subsurface Soil 

Former Fire Training Area; NASA - Wallops Flight Facility, VA 

l----- ANALVTES 
dafta*BHC 

Endorulfan I 1.63E07 

Endorulfan sulfate I 

o.OOG13 

0.00082 

Endrfn aldehyde I k 

Toxaphene 

0.004 

0.01 

Banzofa)anthracene + 6.20 

Chrysana + 5.10 

Banzo(b)fluoranthena t 6.90 

Banzolk)fluoranthena + 6.90 

Bantofa)pVrene 3.30 

Indanofl,2,3-cdlpyrane + 2.30 

Banzofg,h,iJperylena + 2.30 

Di-n-butylphthaleta 5.30 

Bisf2-ethylhexVllphthalata 
Di-n-octylphthalate 
Dibenzfa.h)anthracana + 

0.29 
0.10 
0.63 

l.O3E-06 

E..OOE-06 

1.25E-05 

7.75E-03 

6.38E-03 

8.63E-03 

8.63E-03 

4.13E-03 

2.8BE.03 

2.88E-03 

6.63E-03 

3.63E.04 
1,25E-04 
7.08E.04 

Diethylphthalata 0.002 2.50E-06 

Total petro. hydrocarbr. 0.124 1.55E-04 

Arsenic 5.80 0.01 

Mercury 0.15 1 .B8E-04 

EXPOSURE RfJGttptOf 

CONC.* Intakes* 

ha/kg) lmglkg BW) 
o.OGG15 1.00E-07 

4.70 Yes 
18.00 Yea 
30.00 Yes 
18.00 Yes 
30.00 Yes 

0.75 Yes 
0.25 Yes 

12.90 Ye6 

0.20 Yes 
923.00 Yes 
308.00 Yes 
923.00 Yes 
308.00 Yes 
923.00 Yes 
308.00 Yes 
923.00 Yes 
308.00 Yes 
923.00 Yes 
308.00 Yes 
923.00 Yes 
308.00 Yes 
923.00 Yes 
300.00 Yes 

2500.00 Yes 
4OOo.OG Yes 
NA NA 
NA NA 
923.00 Yes 
308.00 Yes 

25.00 Yes 
0.06 Yes 

NA NA 
400.00 Yes 

0.32 Yes 
0.42 Yes 

Dlffer- 
B”Ca 

Fsctor YY 
1,55E+07 
2.5lE+07 
l.llEi08 
1.85E +00 
1.76E +07 
2.93E +07 
1.50E +05 
5.OOE t04 
1.03E t 06 
1,60E+04 
1.19Et05 
3.97E +04 
1.45E+05 
4.83E.r.04 
1.07E + 05 
3.57E to4 
1.07E to5 
3.576 +04 
2.24E t05 
7.47E +04 
3.21E+05 
1.07E to5 
3.21E+05 
1.07E t 05 
3.77E to5 
6.04E +05 

NA 
NA 

1.17Et06 
3.9lE t05 
l.OOEt07 
2.34E +04 

NA 
5.52E 904 
1.71Et03 

t03 2.24E 

Effect, type of exposure Y 
NOAEL (104 wks.), oral 
hepato-cellular carcinoma (96 wks.1. ora 
LD50, oral 
no ill effects after 2 Vrt., oral (in diet) 
LD50, oral 
no ill effects after 2 Vrr., oral fin diet) 
NOAEL 110 days lx/d), oral 
NOAEL (24 m0r.f. oral 
abdominal distension, diarrhea, oral 
NOAEL (I 3wk, 1 x/d), oral 
adverse off. on blood,liver (6 mos.), oral 
birth defects (10 days), oral 
adverse aff. on blood.livar (6 mos.). oral 
birth defactr (10 days), oral 
adverse sff. on blood,liver (6 mar.), oral 
birth defects I10 days), oral 
adverse eff. on blood,liver (6 mos.), oral 
birth defects I10 days), oral 
adverse off. on blood.liver (6 mos.). oral 
birth defects (10 days), oral 
adverss off. on blood,liver (6 mos.), oral 
birth defects I10 days), oral 
adverse off. on blood,liver I6 mar.), oral 
birth defects (10 daVcl. oral 
decreased weight, oral 
no effect. oral 

NA 
NA 

adverse off. on blood,liver (6 mos.), oral 

birth defects 110 dayt), oral 
NOAEL (for liver toxicity; 14dl 
abnormal hepatic scintillation liver scans 

NA 
reduced survival after 2 Vrs., oral 
NOAEL (for renal effects; 7d/wk,2Vr) 
NOAEL fimmunological effacts; 7wk) 

’ Exposure concentration rapresents the maximum detected concentration for soil 
“Intake for dose) = exposure concentration x daily ingestion rate x appropriste unit conversion factors, where d&IV ingestion of so!! = 

of the body weight of the aco!ogica! rscepto:, 25% of the consumed soit originates from the erea of highest contamination, and 
50% of the consumed chemical is absorbed by the GI tract. 

Y SOURCES ATSOR Toxicological Profiles. various dates. 
Verschusren. 1983. 

W Differance Factor = effect level/intake (doss) concentration 

I Toxicological benchmarks for endosulfan used 
I I Toxicological benchmarks for andrin used 
+ Polycyclic Aromatic Hydrocarbon (PAH) - toxicolqjical benchmarks used are those for bsnzo(a)pyrans 

Tart 

F 
mou*e 
ret 
rat 
rat 
rat 
hamster 
rat 
mouse 

dog 
mourn 
mouse 
mouse 
mouse 
mouse 
mouse 
mouse 
mouse 
mouse 
mouse 
mouse 
mouse 
mouse 
mouse 
rat 
rat 

NA 
NA 

mouse 
mouse 
rat 
monkey 

NA 
rat 
rat 
mouse 

0% 



As an additional means of assessing potential risk for the former FTA, a hazard quotient method is 

developed to address risk to terrestrial receptors from additive effects from multiple chemicals in soil at 

the site. A worst-case scenario is used, assessing the exposure of a burrowing receptor to the maximum 

detected chemical concentrations of the chemicals of ecological concern detected in surface soil and 

subsurface soil. The hazard quotient is calculated by dividing the estimated intake by the toxicological 

effect level (reference dose). These quotients are then multiplied by a safety factor of 1, 10, or 100, based 

on the severity of the associated toxicological effect (Table 7-12). NOAELs are assigned a safety factor of 

1, LDXk are assigned a safety factor of 100, and intermediate effects are assigned a safety factor of 10. 

The larger (i.e., more conservative) of these adjusted hazard quotients (where two benchmarks were 

reported) for each chemical are added together to estimate the potential for ecological impacts across the 

entire site. Using this approach, if an individual chemical is associated with an estimated intake which 

exceeds a toxicological effect level, the sum of these adjusted quotients will exceed one. This sum would 

indicate a potential ecological risk at the FTA. In addition, if several chemicals are associated with 

estimated intakes which are at approximately half of their toxicological effect level, the sum of the adjusted 

quotients will also exceed one. For the purposes of this hazard quotient approach, it is assumed that no 

potential risk to ecological receptors exists from soils at the former FTA if the sum of the adjusted 

quotients is less than one. 

In general terms, exposure to the chemicals of ecological concern in surface water and soils can potentially 

have a variety of acute and chronic impacts on receptors. These impacts include reduced survival rates, 

health effects (e.g., iiver deterioration), developmental effects (e.g., reduced growth), reproductive effects 

(e.g., lowered fecundity), and teratogenic effects (e.g., fetal deformation). Ecologically, any of these 

potential impacts are of concern, and could negatively impact receptor populations at the FTA. The 

assessment endpoints used in the stress-response assessment are those reported in the toxicological 

literature (Tables 7-9, 7-10, 7-l 1, and 7-12). 

7.4.6.1 wcfrnm Wara 

Aluminum and iron in surface water at the FTA exceed Federal AWQC. DDT and lead exceed both State 

and Federal AWQC (Table 7-5). However, only aluminum presents potential ecological risk. The 

maximum aluminum exposure concentration exceed an effect concentration shown to cause a reduction in 

biomass for water milfoil (Table 7-9). 
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TABLE 7-12. Effect Levels vs. Calculated Burrowing Terrestrial Receptor Intake 

MAXIMUM 
EXPOSURE 

CONC: 

OwW 
0.00015 

Med. 
ium” 
SB 

Effect type of exposure j4c 
NOAEL (104 wks.), oral 

- 

hepato-cellular caminoma (96 wks.), oral 
acute LD50, oral 
LD50, oral 

I Endosutfan sulfate 5 
no ill effects after 2 yrs., oral (in diet) 
LD50, oral 

I Endrin ketone $5 

I Endrin aldehyde 05 

I Toxaphene 

I Chrysene + 

I Benzo(k)fluoranthene 

I Benzo(a)pyrene 

I Indeno(l,2,3-cd)pyre 

I Di-n-butylphthalate 

Receptor Effect Intake< 
IntakeY Level W Effect 

:mg/kg aft (mglkg BW Level? 
1.88E-Oi 2.96 YeS 

4.70 Y0S 
Heptachlor 3.13E-07 loo Y&S 
Endosulfan I 4.5OEM 18.00 Yes 

30.00 Yes 
6.5OE-06 18.00 Yes 

30.00 Yes 
1.38E-05 0.75 Yes 

0.25 Yes 
5.5OE-06 0.75 YeS 

0.25 Y0S 
1.25E-05 12.90 YES 

0.20 YeS 
Benzo(a)anthracene 7.75E-03 923.00 Y&S 

308.00 YeS 
6.38E-03 923.00 Yes 

308.00 YES 
Benzo(b)fluoranthene 8.63E-93 923.00 Yes 

308.06 Yes 
8.63E-03 923.00 Yt?S 

308.00 Yes 
4.13E-03 923.00 Yes 

308.00 Yes 
2.88E-03 923.00 Y&S 

308.00 Yes 
2.88E-03 923.00 YeS 

308.00 Yes 
6.63E-03 2500.00 Yes 

4omoo YeS 

Bis(2-ethylhexyl)phth 3.63E-04 NA NA 

DCn-octylphthaiate 1.25E-04 NA NA 

Dibenz(a,h)anthracen 7.88E-04 923.00 Yes 
308.09 YeS 

2.5OE-06 25.00 Yes 
0.06 YES 

Total petro. hydrocar 7.36E-03 N/I NA 

Arsenic 0.01 400.00 YeS 

Cadmium 4.25E-03 200.00 Yes 
1.00 YeS 

Copper 7.26E-02 4.20 YeS 

Lead 8.44E-02 3cnoo Yes 
17.00 Yes 

Mercury 2.63E-04 0.32 YeS 
0.42 Yes 

Sodium 9.50E-02 NP NA 

l Exposure concentration represents the maximum detected concentration for surface soil, subsurface soil, or sediment 
H Medium in which maximum concentration was detected 
Y Intake (or dose) = exposure concentration x daily ingestion rate x appropriate unit conversion factors, where daily 

ingestion of soil = 1 .O%of the body weight of the ecological receptor, 25% of the consumed soil originates 
from the area of highest contamination, and 50% of the consumed chemical is absorbed by the GI tract. 

W SOURCES: ATSDR Toxicological Profiles. various dates. 
Verschueren. 1983. 

9 Toxicological benchmarks for endosuifan used 
35 Toxicological benchmarks for endrin used 
+ Polycyclic Aromatic Hydrocarbon (PAH) - toxicological benchmarks used are those for benzo(a)pyrene 
NA - Not Available/Not Applicable 

0.00025 
0.0036 

0.0052 

0.011 

0.0044 

0.01 

6.20 

5.10 

6.90 

6.96 

3.30 

2.30 

2.30 

5.30 

0.29 
0.10 
0.63 

0.002 

5.89 
6.30 

3.4 

58.1 
67.5 

0.21 

76.0 

ss 
ss 

ss 

ss 

ss 

SB 

SB 

SB 

SB 

SB 

SB 

SB 

SB 

SB 

SB 
SB 
SB 

SB 

ss 
ss 
ss 

ss 
ss 

ss 

ss 

no ill effects after 2 yrs., oral (in diet) 
NOAEL (IO days lxfd), oral 
NOAEL (24 mos.), oral 
NOAEL (10 days lx/d), oral 
NOAEL (24 mos.), oral 
abdominal distension, diarrhea, oral 
NOAEL (13wk, Ixfd), oral 
adverse eff. on blood,liver (6 mos.), oral 
birth defects (10 days), oral 
adverse eff. on blood,liver (6 mos.), oral 
birth defects (10 days), oral 
adverse eff. on blood,liver (6 mos.), oral 
birth defects (10 days), oral 
adverse eff. on blood,liier (6 mos.), oral 
birth defects (10 days), oral 
adverse eff. on blood,liier (6 mos.), oral 
birth defects (10 days), oral 
adverse eff. on blood,liier (6 mos.), oral 
birth defects (10 days), oral 
adverse eff. on blood,liier (6 mos.), oral 
birth defects (10 days), oral 
decreased weight oral 
no effect, oral 

NA 
NA 

adverse eff. on blood,liier (6 mos.), oral 
birth defects (10 days), oral 
NOAEL (for liver toxicity; 14d) 
abnormal hepatic scintillation Tier scans 

NA 
reduced survival after 2 yrs., oral 
LD50. oral 
breeding failure, oral 
LOAEL, oral (decreased weight gain) 
LD50 of lead acetate, oral 
LO50 of tetraethyl lead, oral 
NOAEL (for renal effects; 7dlwk,2yr) 
NOAEL (immunological effects; 7wk) 

Concentrations for Soils 
Former Fire Training Area; NASA -Wallops Flight Facility, VA 

Test 
Subject 

%% 

dog 
mouse 
rat 
rat 
rat 
rat 
rat 
hamster 
rat 
hamster 
rat 
mouse 

dog 
mouse 
mouse 
mouse 
mouse 
mouse 
mouse 
mouse 
mouse 
mouse 
mouse 
mouse 
mouse 
mouse 
mouse 
rat 
rat 
NA 
NA 
mouse 
mouse 
rat 
monkey 
NA 
rat 
mouse 
rat 
mouse 

dog 
rat 
rat 
mouse 
NA 
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Based on this ecological risk assessment, continuously exposed phytoplankton and mosquito larvae could 

experience non-lethal chronic impacts from surface water at the FTA, resulting from aluminum 

concentrations. However, due to the frequent drying of the shallow, standing water at this site, trophic 

impacts to these species and higher-level aquatic receptors are unlikely. In addition, conservative 

toxicological values selected for the receptors at lower trophic levels should be protective of secondary and 

tertiary consumers. 

No other organic or inorganic chemicals detected in FTA surface water appear to present a potential risk 

to ecological receptors. 

7.4.6.2 R 

Toxicological studies on plants for the ecologica chemicals of concern are unavailable; hence, surface 

and subsurface soil contaminant effects on plants cannot be characterized. The few signs of vegetative 

stress observed at the FTA are attributed to drainage patterns and soil compaction caused by heavy 

equipment. No other signs of vegetative stress were observed at this site. 

As shown in Tables 7-10 and 7-l 1, the comparison of calculated receptor intakes and benchmark 

toxicological values reported in the literature, indicates that no surface or subsurface soil contaminants 

appear to present a risk to ecological receptors at the FTA. 

It should be noted that the owl, a secondary consumer, may feed on prey, such as voles, which have 

accumulated elevated levels of the ecological chemicals of concern in their body tissues. A lack of site- 

specific data precludes a detailed assessment of soil-related risk for this receptor. However, the 

conservative values used as reference toxicity values are expected to be protective of secondary and 

tertiary consumers. 

-The chemicals of concern for surface and subsurface soils are also assessed together in a worst-case 

scenario, using the maximum detected concentrations from these media (Table 7-12). This combined 

scenario addresses potential additive effects from multiple chemicals. The hazard quotient approach 

indicates no potential ecological risk from these media, since the total hazard quotient (0.72) is below a 

value of one (Table 7-12). 
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7.5 WNCERTAINTIES IN THE ECOLOGICAL RISK ASSESSMENT 

Ecological risk assessment is a complex process that relies on many assumptions regarding exposure and 

the effects of exposure. These assumptions result in unquantifiable uncertainties, which may contribute to 

an overestimation or underestimation of risk. The major sources of uncertainties are described in this 

section: 

1. Data on factors affecting exposure rates are insufficient and often unavailable, and therefore, 

certain assumptions are made regarding the level of exposure to ecological receptors. In this 

assessment, the conservative assumptions are that a burrowing terrestrial receptor would consume 

I percent of its own body weight in soil daily, 25 percent of the ingested soil would originate from 

the area of highest contamination, and 50 percent of the ingested chemical would be absorbed 

through the GI tract. Most animals do not consume this much soil. These conservative 

assumptions may lead to an overestimation of risk. 

2. Receptor-specific data for exposure effects is lacking. This deticit necessitates the extrapolation of 

toxic effect data from laboratory studies of mice, rats, and aquatic organisms to ecological 

receptors at the FTA. This extrapolation may lead to an overestimation or underestimation of risk, 

for the following reasons: 

. Toxicity values generated by laboratory studies may involve Iess than lifetime exposures. 

. Laboratory studies typically expose animals to a single chemical by a single route. 

Animals living in the ambient environment will simultaneously contact multiple chemicals 

by several routes of exposure. 

. For practical purposes, laboratory animals are exposed to much higher doses and/or 

exposure concentrations than animals in the wild. Exposure concentration can have 

significant effects on biotransformation and the ultimate expression of toxicity. In other 

words, the dose-response (stress-response) relationship for any given chemical may not be 

linear in all regions of the curve. 
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. Responses to the same dose of chemical are not necessarily comparable between different 

species or even different strains of the same species. Wild populations are inherently 

more genetically diverse than laboratory animals, making comparisons even more 

difftcult. 

3. In nature, ecological receptors may experience continuous, long-term exposure to relatively low 

concentrations of contaminants, whereas many laboratory studies focus on short-term, relatively 

high concentration or high dose exposures. In addition, most of the effect levels found in the 

literature do not reflect LOAELs. These factors may lead to an underestimation of risk. 

4. The effects ofchemical interactions on toxicity are not known. Toxic effects are assumed to have 

an additive effect, but some chemicals may magnify toxic effects by acting synergistically, while 

other chemicals may interact to negate toxic effects. Risk may be overestimated or 

underestimated, depending on the chemical interactions involved. 

5. Due to the mobility of animals within home ranges and migration routes, the exposure to 

contamination can vary among species and individuals. Assuming continuous exposure may lead 

to an overestimation of risk. 

In general, the ecological risk assessment assumptions lead to conservative results, and to an 

overestimation of risk. Site-specific maximum exposure point concentrations are used to determine 

potential ecological impacts and, in most cases, these maximum levels are much higher than the 

concentrations found at and near the FTA. Therefore, estimations of risk based on these concentrations 

are conservative. 

7.4 ECOLOGICAL RISK ASSESSMENT CONCLUSIONS 

At the former FTA, surface water, surface soil, and subsurface soil media were sampled, as appropriate. 

From the sampling results, an ecological risk assessment was performed as part of the baseline risk 

assessment. Additionally, chemical concentrations were compared to appropriate ecological ARARs (i.e., 

AWQC). 
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This ecological risk assessment shows that only minimal potential ecological risk exists at this site. A 

summary of these potential risks and AWQC exceedances is presented in Table 7-13. mA surface water 

had aluminum and iron concentrations that exceed Federal AWQC, and DDT and lead concentrations 

which exceed both Federal and State AWQC. Aluminum, however, is the only chemical detected in 

surface water found to present a potential ecological risk. Due to the intermittent nature of this water, no 

aquatic receptors are expected to become established at this site. This lack of established receptors 

effectively eliminates this exposure pathway, so aquatic receptors are actually highly unlikely to be 

impacted by the FTA. 

Based on the screening-level approach and estimated intakes of chemicals of potential ecological concern, 

no contaminants in surface or subsurface soil are shown to present a potential ecological risk. None of the 

estimated intakes exceed representative effect levels from the toxicological literature. In fact, the majority 

of the estimated intakes are below their respective effect levels by at least a factor of 1000. 

To complement the ecological risk assessment findings, the chemicals of concern for soils (surface and 

subsurface) are assessed together in a worst-case scenario, using the maximum detected concentrations 

across the soil profile. This assessment addresses potential additive effects from multiple chemicals. The 

hazard quotient approach (total hazard quotient 0.72) indicates no potential ecological risk from the 

maximum chemical concentrations detected in surface and subsurface soil (Table 7-12). 

Considering the risk assessment findings for all media with complete ecological pathways and site-specific 

factors regarding surface water at the site, no ecological risk is expected at the FTA. 
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TABLE 7-13. Summary of Potential Ecological Risk Concerns and Ambient 

Water Quality Criteria Exceedances 

Former Fire Training Area; NASA - Wallops Flight Facility, VA 

MEDIUM 

Ground Water 

Surface Water 

(intermittent) 

Surface Soil 

Subsurface Soil 

FTA 
Ecological Riskf >AWQC 01 

N/A N/A 

None Federal: 

Al, Fe 

Federal 8 State: 

DDT. Pb 

None N/A 

None N/A 

5 Ecological Risk (chemicals listed present potential risks to ecological receptors) 

§ 4 Ambient Water Quality Criteria (AWQC) exceedance (chemicals listed exceeded Federal or State AWQC, as noted) 

N/A - Not Applicable 

None - no chemicals in this medium were shown to present a potential ecological risk 

7-29 



8.0 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

8.1 SUMMARY 

8.1.1 Site Characteristics 

The WIT Main Base is located at the southern end of the Dehnarva Peninsula in Accomack County, 

Virginia. The Main Base consists of offices, tracking facilities, a range control center, rocket and fuel 

storage depot, shops, housing, and an airfield. It is located in a rural area approximately five miles from 

Chincoteague Island which has a resident population of 3600 people. In this area, groundwater is the 

principal source of potable water. The climate is humid with hot summers and no distinct dry season. 

WFF is part of the Atlantic Coastal Plain physiographic province and underlain by approximately 7000 feet 

of unconsolidated sediments. The water-bearing formations within the WFF area consist of sedimentary 

units ranging in age from Cretaceous to Quaternary. The two uppermost stratigraphic units, the Yorktown 

Formation and the overlying Columbia Group, are the most important water supply formations for 

agricultural, domestic, public, and industrial uses. The topography in the vicinity of the FTA is generally 

flat, and drainage patterns ultimately release north toward Little Mosquito Creek and adjacent marshlands. 

The wildlife at WPF includes a variety of species of birds, mammals, reptiles and amphibians, and other 

organisms. Yet very few species or their signs were actually observed in the former FTA. Those 

observed included: several species of perching birds, white-tailed deer, raccoon, saltmarsh mosquitos, and 

greenhead flies. Although not observed, signs were found which indicate the presence of rabbits, bats, 

snakes, and terrestrial turtles. No threatened or endangered species were observed at the former FTA. 

The site is dominated by an upland field habitat, with a nearby upland forest. The field habitat at the site is 

mowed, limiting its potential as a habitat for wildlife, The former FTA is also bounded by an active 

runway. No wetlands were reported or noted for the former PTA area. 

8.1.2 Nature and Extent of Contamination 

Three main sources of potential contamination were identified at the site: the former fire training pit area, 

the sludge pile, and the construction debris disposal area. The former PTA pit area was used for training 
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exercises from 1965 to 1987. Fuels, waste solvents, and other combustibles were released into the unlined 

pit and ignited as part of the exercises. In 1986, approximately 20 truckloads of soil reportedly 

contaminated with a mixture of jet fuel and crankcase oil were removed from the fire training pit area. 

The results of the field investigation indicate that the primary source of contamination is the former FTA 

pit area. Residual surface and subsurface soil contamination and contamination of the water table 

(Pleistocene) aquifer were detected. 

The sludge pile was used for the disposal of sludge from the WPF Wastewater Treatment Facility. Drums 

with unknown contents were stored near the sludge pile for an undetermined length of time. The 

construction debris disposal area was primarily used for storage of clean fill, but over the years became the 

unauthorized disposal area for construction debris such as concrete and metal. Based on previous 

assessments and analytical results from the data collected during this investigation, these sites do not 

contribute significantly to the residual soil and groundwater contamination observed at the FTA. 

The estimated area and volume of contaminated groundwater in the water table (Pleistocene) aquifer is 

40,272 square feet and 587,971 cubic feet. The estimated area and volume of contaminated soil is 

22,240 square feet and 324,704 cubic feet. In general, the samples analyzed indicated some volatile 

organic contamination from fuels and solvents; PAH contamination from fuels and used crankcase oil; and 

arsenic and lead contamination, which is most likely due to crankcase oil and leaded fuel. 

8.1.3 Contaminant Fate and Transport 

8.1.3.1 Shallow Aquifer Transport 

Chemicals released at the site may have been leached from surface soils into the underlying shallow 

aquifer. The sandy soil types at the former FTA most likely facilitated vertical transport to the upper 

aquifer from the unlined pit area. Two wells completed in the shallow aquifer (MW-02S and MW-55S), 

downgradient from the FTA showed contamination with a number of volatile compounds, at total levels 

over 600 pug/l and 3200 pg/l respectively. Detected levels of semivolatiles were reported in the wells, 

especially MW-55s which had high levels of naphthalene and 2-methylnaphthalene. The concentrations of 

several toxic metals (arsenic, lead, chromium) are slightly elevated in these wells, as are some of the less 

toxic eIements (ahuninum, iron, manganese). 
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There is no evidence that groundwater contamination from the PTA has reached surface water at Little 

Mosquito Creek, or has adversely affected groundwater quality in the area of the Town of Chincoteague or 

NASA drinking water wells. The Town of Chincoteague and NASA Supply wells are located upgradient, 

or cross-gradient at a significant distance, of the former PTA. The Town of Chincoteague wells are 

separated from the area of the PTA by a groundwater divide located near Runway 04-22. The NASA 

supply wells are screened in the Miocene age aquifers upgradient of the PTA. 

Based on water level data collected from monitoring wells in the vicinity of the former PTA, the direction 

of groundwater flow is northeast toward Little Mosquito Creek. In the direction of groundwater flow the 

nearest receptor is Little Mosquito Creek, which is not a potable water source due to brackish conditions, 

and has shellfish condemnation as a precautionary measure because of the Virginia Pollutant Discharge 

E%nination System (VPDES) permitted outfaIl for the WFP wastewater treatment plant. 

The groundwater plume appears to be confined to the area immediately downgradient of the former PTA. 

The plume, as defined by the concentrations of cis-1,2dichloroethene, extends approximately 400 feet 

northeast (Figure 6- 1). 

8.1.3.2 Soil 

Available data indicate that chemical contamination related to past activities at the FTA is present in 

surface soil at the site. Chemical analyses indicate the presence of low levels of semivolatiles in one or 

more samples. Samples SS-03, SS-10, and SS-11 (duplicate of SS-03) all from the same area, had low 

levels of PAHs. The levels of volatile organic compounds were not substantially higher than levels 

reported in laboratory or field blanks. The lack of volatile detections is probably attributable to 

volatilization from the upper soil layer. Low levels of pesticides were also detected in the surface soils. 

The concentrations of metals appear to he within the normal background range, with the possible exception 

of arsenic and lead, which were slightly elevated in several surface soil samples. The transport of 

contaminants in surface soil from the FTA by surface runoff may occur, but has not been identified in 

surface water samples. 
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8.1.4 Human Health Risk Assessment 

The human health risk assessment characterizes current and potential threats to human health that may be 

posed by chemicals found at the site, and migrating or potentially migrating off-site. This characterization 

included the identification of site-related chemicals of concern, an estimate of the magnitude of potential 

impacts of those chemicals to human health, both current and future, and a comparison of that magnitude 

to U.S. EPA de minimus, or acceptable, risk levels. 

The initial data was screened to focus the risk assessment on the chemicals expected to present the highest 

level of risk at the site. This screening was accomplished by comparing the analytical data to risk-based 

and background concentrations, determining the frequency of detection in on-site media, designating 

essential nutrients, and evaluating blank contamination. The resulting chemicals of concern included 

several volatiles, semivolatiles, pesticides, and metals. The volatile chemicals of concern were 1, l- 

dichloroethene, cis-1,2dichloroethene, methylene chloride, chloroform, benzene, tetrachloroethene, 

toluene, trimethylbenzene, and tetramethylbenzene. The semivolatiles included: 2-methylnaphthalene, 

naphthalene, phenanthrene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 

dibenz(a,h)anthracene, and benzo(g,h,i) perylene. The pesticides were alpha-BHC, heptachlor epoxide, 

and gamma-chlordane. The metals of concern were arsenic and lead. 

After determining the chemicals of concern, an exposure assessment was conducted to estimate the 

potential type and magnitude of exposure at the former FTA. This task was followed by a toxicity 

assessment, which consisted of hazard identification and dose-response evaluation. The risk 

characterization then summarized and integrated the exposure and toxicity assessment results to provide a 

numerical estimation or a qualitative discussion of the risk posed by the chemicals of concern. 

Overall, under the current land use scenario, the chemicals which pose the greatest risk are arsenic and 

dibenz(a,h)anthracene. Arsenic was detected in all of the soil and sediment samples at values comparable 

to the average for U.S. soils, but no arsenic was detected in the WFF background soil samples. Arsenic 

did not contribute significantly to noncarcinogenic risk. The carcinogenic risk associated with arsenic 

exceeds the 1~10~ de minimus level, but is within the 1~10~ to 1x106 risk range, which may be acceptable 

for current land use conditions. Dibenz(a,h)anthracene also did not contribute significantly to 

noncarcinogenic risk. The associated carcinogenic risk for dibenz(a,h)anthracene exceeds the 1~10~ de 

minimus level, but is within the EPA target risk range. 
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A separate biokinetic uptake model evaluation was conducted for lead. Using this model, it was 

determined that the lead concentration in the soil, sediment, and filtered groundwater at the former FTA 

did not result in blood levels in excess of the criterion value of 10 lug lead/dl blood. Also, the maximum 

lead concentration detected in on-site soil or sediment was below the screening level of 400 ppm 

recommended by the EPA for evaluating the need for remedial action for residential land use. 

The overall carcinogenic risk for future residential exposure to chemicals in groundwater at the former 

FTA exceeds the upper bound value of the EPA target risk range (1~10~). The carcinogenic chemicals of 

concern included: 1, l-dichloroethene, methylene chloride, chloroform, benzene, tetrachloroethene, alpha- 

BHC, heptachlor epoxide, gamma-chlordane, and arsenic. Chemicals which did not contribute risk. in 

excess of the 1~10~~ de minimus value were chloroform and gamma-chlordane. 

8.1.5 Ecological Risk Assessment 

The ecological risk assessment was conducted after a field visit to the former FTA on August 15, 1994. 

Observations were made of the flora and fauna present, as well as any potential exposure routes through 

which site-related contaminants could affect the ecological receptors. 

The identified potential receptors included: herbaceous flora such as grasses and forbs; woody flora such 

as saplings and shrubs; terrestrial invertebrates; passerine birds; raptors; rodents; raccoons; and deer. 

Based on observed habitats, snakes, terrestrial turtles, insectivores, rabbits, and bats are potentially present 

at this site, but none were observed. 

Complete ecological pathways exist for the surface water, sediment, surface soil, and subsurface soil; 

therefore, potential receptors may experience direct contact with contaminants contained within these 

media. The ecological pathways to groundwater are incomplete. 

The chemicals of ecological concern evaluated for surface water include: 4,4-DDT, aluminum, barium, 

calcium, iron, lead, magnesium, manganese, potassium, sodium, and vanadium. The chemicals of 

concern evaluated for surface soil include: endosulfan I, endosulfan sulfate, endrin ketone, endrin 

aldehyde, di-n-butylphthalate, arsenic, cadmium, copper, and lead. The chemicals of concern evaluated 

for subsurface soil include: delta-BHC, endosulfan I, endosulfan sulfate, endrin aldehyde, toxaphene, 
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benzo(a)anthracene, chrysene, benzo(h) fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, 

indeno( 1,2,3-cd)pyrene, benzo(g,h,i)perylene, di-n-butylphthalate, bis(2-ethylhexyl)phtha.late, di-n- 

octylphthalate, dibenz(a,h)anthracene, diethylphthalate, arsenic, and mercury. 

The chemicals of concern detected in the surface water which exceeded the Federal Ambient Water 

Quality Criteria (AWQC) included: aluminum, iron, and 4,4-DDT. Of these, aluminum is the only 

chemical of concern which presents a potential ecological risk (reduction in biomass for water milfoil.) 

Due to the intermittent nature of the surface water at the site, the sediment was considered dry soil in the 

assessment. When considered surface soil, the concentration of aluminum is lower than the risk-based 

concentration, and is therefore not considered a significant concern. 

The ecological risk from the chemicals of concern in the soil and sediment was determined using a worse- 

case scenario. Maximum hazard quotients with safety factors were calculated by dividing the intake (dose) 

concentration by the effect level for each chemical. The total hazard quotient for the soil and sediment 

was 0.72. This indicates no potential ecological risk from these media, since the total was below a value 

of one. 

Uncertainty in the ecological risk assessment is due to limited data on factors affecting exposure rates and 

receptor-specific data for exposure effects. The resulting assumptions may have led to an overestimation 

or underestimation of risk, but conservatism was inherent in the evaluation performed. 

8.2 CONCLUSIONS AND RJ3COMMENDATIONS 

8.2.1 Data Limitations and Gaps 

The soil borings were placed in locations selected for the installation of monitoring wells. The well 

locations were selected to characterize both the area of most significant groundwater contamination and the 

lateral extent of contamination in the Pleistocene age aquifer. The soil gas survey provided the basis for 

selecting the area of greatest contamination, as well as the lateral limits of the groundwater plume. 

Because the soil boring locations were selected on the basis discussed above, a full characterization of 

residual subsurface soil contamination remaining following the 1986 removal action may not have been 

achieved. Given the presence of significant volatile organic contamination in the shallow aquifer, a 

continuing source (contaminated soil) may be postulated. That source area is most likely upgradient of 
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wells MW-55s and MW-55D, which exhibited the most significant levels of volatile and semivolatile 

organic contamination. These wells are thought to be immediately downgradient of the location of the 

former fire training pit area, where residual soil contamination is most likely to be encountered. 

Due to this data gap, the area and volume of residual soil contamination was estimated based on the 

monitoring well data, surface soil rest& soil boring results, and contaminant migration potential. 

8.2.2 Recommendations and Conclusions 

The results of the baseline risk assessment, which is based on conservative assumptions and maximum 

detected concentrations, indicate that remedial action is not warranted for current land use conditions. 

This conclusion assumes that the PTA will remain a mowed, undeveloped area with no subsurface 

disturbance and no groundwater receptors (i.e., wells). 

The U.S. EPA Region III requested, as part of their review of the draft Work Plan, an assessment of risks 

associated with future development of the site for residential use. Under this scenario, also based on 

conservative assumptions and maximum detected concentrations, the baseline risk assessment indicates risk 

to human health associated with use of groundwater as a potable water source. Since residual soil 

contamination may serve as a continuing source to groundwater contamination, soil and groundwater 

remedial alternatives must be considered, based on the evaluation of the future residential land use 

scenario. 

Based on these results, the following conclusions and recommendations are offered. 

. Consistent with the NCP, a Feasibility Study should be completed to evaluate remedial 

alternatives, including no action. 

. For current land use, the no action alternative is appropriate, based on the results of the basehne 

risk assessment. 

. Remedial alternatives, such as a pump-and-treat system for groundwater, in-situ and ex-situ 
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biological treatment for soil and groundwater, soil solidification/stabiiization, and excavation and 

off-site disposal should be screened and evaluated using the nine EPA criteria. EPA presumptive 

remedies for groundwater contamination should be evaluated, as available. 

. Since future development of the FTA for residential use is considered unlikely, the FS should 

place an emphasis on the no action and institutional controls alternatives. 

Chemicals of Concern. The human health risk assessment provides the basis for final selection of 

chemicals of concern. No chemicals of concern were identified in the ecological risk assessment. 

Current Land Use. Under current land use, only arsenic and dibenz(a,h)anthracene in soil were 

identified as significant contributors to overall site risk. Use of the U.S. EPA Biokinetic Uptake Model for 

lead indicated that maximum site Ievels do not result in blood lead levels in excess of the 10 pg Iead/di 

blood maximum criterion for children. In addition, the maximum concentrations of lead detected in on-site 

soils were less than the current U.S. EPA screening level of 400 ppm in soil for residential use. The risk 

associated with arsenic and dibenz(a,h)anthracene under current land use conditions is based on the 

maximum levels detected in sediment collected from the on-site, intermittent ponded areas. The increased 

lifetime cancer risk falls within the U.S. EPA target risk range of 1~10~ to 1x106, even using the 

maximum detected values. The noncarcinogenic risk for arsenic and dibenz(a,h)anthracene under current 

land use conditions is below the U.S. EPA target risk value of 1.0. 

Future Land Use. Risk associated with the unlikely future residential land use of the former FTA results 

from the assumption that groundwater at the site could be used as a source of potable water. For exposure 

to soil under a residential scenario, the carcinogenic risk falls within the 1~10~ to 1~10‘~ target range for 

acceptable risk, and the US. EPA biokinetic model indicates that the 10 ,ug lead/dl blood criterion value is 

not exceeded. 

Chemicals of concern which provided significant contribution to risk associated with future use of 

groundwater include: methylene chloride, benzene, tetrachloroethene, heptachlor epoxide, and arsenic. 

Since residual soil contamination may be contributing to continuing groundwater contamination, these 

chemicals are also considered to be of concern in soil under future residential land use. 
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APPENDIX A 

SOIL BORING LOGS, WELL COMPLETION DIAGRAMS, 
AND GEOTECHNICAL SOILS LABORATORY RESULTS 



APPENDIX A- 1 

SOIL BORING LOGS 
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Fire Training Area DATE BEGUN: 12-l-93 DATE FINISHED: 12-l-93 
DRILL CONTRACTOR: Environmental Exploration, Inc. GEOLOGIST: Michael ‘Diran 
DRILLING RIG: B-57 DRILLER: C. Wenzel 
DRILLING METHOD: Hollow Stem Auger DRILL FLUID: N/A HOLE SIZE: 8inch 
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Jletcalf & Eddy, Inc. GEOLOGIC LOG 
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Metcalf & Eddy, Inc. GEOLOGIC LOG 
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DRILL CONTRACTOR: Environmental Exploration, Inc. GEOLOGIST: Michael ‘Diran 
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NEATHER: Cold DEPTH TO WATER: 15 feet DATE: 12-l -93 
:OMPLETED AS WELL? No WELL PERMIT NO.: 
D S SD R 
E A AE E 
P M MP C 

SAMPLE DESCRIPTION 



i/l.-- ~, itcalf & Eddv. Inc. 
‘ROJECT: NASA D-O.18 i JOB NO.: 013516-0003 1~0~1 

GEOLOGIC LOG 
._--_- ._ . . . .-. . -. -. - 

.OCATION: NASANVFF ELEVATION: 
Fire Training Area DATE BEGUN: 12-3-93 

)RILL CONTRACTOR: Environmental Exoloration, Inc. IGEOLOGlSTl 

,- -.JNG NO.: SE4 
IDEPTH: 24 feet 
IDATE FINISHED: 12-8-93 _. _.- 

,RiLING RIG: B-57 
)RILLING METHOD: Hollow Stem Auger 

-0x. 35OF VEATHE 
:OMPLE 
DI 

.: Cold 
ED A$ 
SD 
AE 
MP 
PT 
LH 
E 

!Js! 
YEI 
R 
E 
C 
0 
V 
E 
R 
Y 

_ Michael ‘Diran 
DRILLER: C. Wenzel / B. Mills 
IRILL FLUID: N/A HOLE SIZE:1 0-incl 

DATE: 12-8-93 

(Feet) 

3 MW-54s 

E A 
P M 
T P 
H L 

E 

BLOW 
COUNTS 

HNu/OVA 
@pm) 

NOTES 

0.0 Dry 

2.7 
Dry to 
slightly moist 

8.5 Wet 

SAMPLE DESCRIPTION 

# 

- 
- 
- 

24” 5-7 6, 

O-10-14-13 Sand - as above (SM) 

Sand - It. brn. to buff, loose, 
fine to med. grained (SM) 

Shelby Tube Sample Good Recovery 

Sand _ It. bm., loose, 
med. to coarse grained (SM) 

-14-24-22 Sand - as above (SM) 

- 

18” - 
- 
- 
- 

o-12 

!4” 5- 17 

2.5 Wet 

1.0 Wet 

17-19 

- 
- 

!4” 12 - 24 

I 



Metcalf ’ & Eddv. Inc. GEOLOGIC LOG 
/BORING NO.: ~13-5 
IDEPTH: 22 feet 

3EGUN: 12-2-93 1 DATE FINISHED: 12-2-93 
SEOLOGIST: Michael ‘Diran 

‘ROJECT: NASA D.d. 18 JOB NO.: 0135160003 
-0CATION: NASAMIFF ELEVATION: 

Fire Training Area DATE E 
---- - ---*---I .ACTOR: Environmental Exploration, Inc. 14 

- -- 
JRILL CONTR 

IRILLING RIG: 8-57 
IRILLING METHOD: Hollow 
YEATHER: ADorox. 60°F 

Stem Auger 
DRILLER: C. Wenzel 
DRILL FLUID: N/A 
DEPTH TO WATER: 14.5 feet 
WELL PERMIT NO.: 

HOLE SIZE:1 0-ind 
DATE: 12-2-93 

;OMPLETED AS WELL? MW-58s 

E 
c 
0 
V 
E 
R 
Y 

BLOW 
COUNTS 

I: 
-2 

1C 

Sand - It. bm., loose, 
5 - 7 24” 5-6-7-l 0 fine grained, trace silt (SM) 

IO- 121 24” 

15 15 - 171 24” 5-g-13-14 ISand - as above (SM) 
I 

20 - !O - 22 18” 16-17-23-27 Sand - It. bm., loose, fine grained (SM) 

25 

s 

A 
M 
P 
L 
E 

# 

- 
- 
- 
- 

-i - 
- 
- 
- 

2 - 
- 
- 
- 

3 - 
- 
- 
- 

4 - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

iNuIOVA 

@pm) 
SAMPLE DESbRlPTlON IUOTES 

xy to 

jlightly moist 

Sand - It. brn., loose, 
fine to med. grained, trace silt (SM) 3-y to moist 

Met 

Vet 



GEOLOGIC LOG 

J 

M---_ letcalf & Eddy, inc. 
PROJEl “T: NASA D.O. 18 .----a 1 JOB No.: 013516-0003 
LOCATION: NASANVFF 1 ELEVATION: 

Fire Training Area IDATE BEGUN: 12-I-93 1 DATE FINISHED: 12-l -93 
DRILL CONTRACTOR: Environmental Exploration, Inc. GEOLOGIST: Michael ‘Diran 
DRILLING RIG: B-57 DRILLER: C. Wenzel 
DRILLING METHOD: Hollow Stem Auger I ‘DRILL FLUID: N/A HOLE SIZE:lO-lnc 

I, approx. 5O“F 1 DEPTH To WATER: 13 feet DATE: 12-I-93 
,L? MW-56D iWELL I ._- PERMIT NO.: 

Jvu 
s 

D 
E 
P 
T 
H 

‘HE 
)LE 
s 
A 
M 
P 
L 
E 

: Mild 
ED 
s 
AE 
MP 
PT 
LH 
E 

YEI 
R 
E 
C 
0 
V 
E 
R 
Y 

- 
- 
- 
- 

!4” 

# 

Feet) l- 

6 

BLOW HNu/OVA 
COUNTS 

SAMPLE DESCRIPTION 
Wm) 

NOTES 

l-8-1 l-l 1 
Sand - It. bm., loose, fine grained, 
with some silt and clay (SM) i- - 

- 

5 

10 

3.0 5-7 Uoist 

3.2 Uoist 

- 

14” 114-10-14-14 ISand - same as above (SM) 
I I 

I 
14” 18-l 2-9-7 

o-12 

5.3 

2-6-7-l 8 Sand - same as above (SM) 2 

- 
- 

3 - 15 

20 

25 

I 30 

@INet 

4.8 Wet 

2-9-6-l 7 Sand - same as above (SM) 5 - 17 

- 

Sand - It. bm. to buff, loose to slightly 
9-27-38-39 dense, fine to silty (SM) 

4.5 Net 

3.9 Net 

5 25 - 27 

Iti 6 30 - 32 
Sand - It. bm. to dark gray, 
loose, silty to fine (SM) 



.-.-w-v.. - m-w , . ..-. 

‘ROJECT: NASA D.O. 18 IJOB NO.: 013516-0003 
-0CATION: NASANVFF, Fire Training Area 
D S SD R 
E A AE E 
P M MP C 
T P PT 0 BLOW 
H L LH V COUNTS 

SAMPLE DESCRIPTION 

E E E 
R 

# Y 

YLVLVL.-- -- - 

BORING NO.: SE6 
SHEET 2 OF 2 

HNu/OVA 
@pm) 

NOTES 

Sand - It. bm. to orangish, loose, 

Sand - It. bm., loose to slightly 



letcalf & Eddy, Inc. GEOLOGIC LOG 
ROJECT: NASA D.O. 18 JOB NO.: 013516-0003 BORING NO.: SE7 
OCATION: NASANVFF ELEVATION: DEPTH: 27 feet 

Fire Training Area DATE BEGUN: 12-2-93 DATE FINISHED: 12-2-93 
RILL CONTRACTOR: Environmental Exploration, Inc. GEOLOGIST: Michael ‘Diran 
RILLING RIG: B-57 DRILLER: C. Wenzel 
RILLING METHOD: Hollow Stem Auger DRILL FLUID: N/A HOLE SIZE:1 0-inct 

iO°F DEPTH TO WATER: 13 feet DATE: 12-2-93 
,L? MW-57s WELL PERMIT 

‘HE 
‘LE 
s 
A 
M 
P 
L 
E 

:: Approx. 5 
ED AS WEI 

AE 
MP 
PT 
LH 
E 

BLOW 
COUNTS 

SAMPLE DESCRIPTION 
-lNu/OVA 

@pm) 
NOTES 

Y 
---I- (Feet) 

Sand - It. bm., loose, fine to med. 
grained, trace silt (SM) Moist 

-6-g-10 
Sand - It. bm., loose, fine to med. 
grained, trace silt and clay (SM) Moist 

Wet 

3G = 16.5 
23.5 

1-12-16-16 Sand - as above (SM) 

Good recovery 

Wet 

Shelby Tube Sample 

Sand - It. bm. to buff, loose to slightly 
2-21-30-27 consolidated, clayey to silty, fine grained (SM) 

25 
3G = 16.S 

21.5 Wet -4-5-8 Sand - as above (SM) 
I 

Note: BG = background PID reading 



Metcalf & Eddy, Inc. 
(PF XOJECT: NASA D.d.18 

GEOLOGIC LOG 

LOCATION: NASA/WFF 
JOB NO.: 013516-0003 
ELEVATION: 

BORING NO.: SB-8 
DEPTH: 27 feet 

I Fire Training Area IDATE BEGUN: 12-3-93 1 DATE FINISHED: 12-7-93 
chael ‘Diran DRILL CONTRACTOR: Environmental Exploration, Inc. GEOLOGIST: Mi 

DRILLING RIG: B-57 DRILLER: C. Wenzel / B. Mills 
DRILLI !NG METHOD: Hollow Stem Auger 
WEATHER: Mild, approx. 40°F 

IDRILL FLUID: N/A 
DEF ‘TH TO WATER: 13.5 feet 

ZOMPLETED A: $1 LL? MW-55S, D WELL ,m Ls\,,,, . ,ww.. 

HOLE SIZE:lO-inc, 
DATE: 12-3-93 

NEI 
-ii- 
E 
C 
0 
V 
E 
R 
Y 

SD 
AE 
MP 
PT 
LH 
E 

(Feet) 

BLOW 
COUNTS 

HNulQVA 
Wm) 

NOTES SAMPLE DESCRIPTION 

24” .-6-6-8 
Sand - It. bm. to buff, loose 
fine grained. trace silt (SM) 7.2 

Dry, slight petrol. 
product odor 

14.6 
Dry, strong petrol. 
product odor 

35.5 

Wet, slight petrol. 
product stain and 
strong odor 

Wet, strong petrol. 
petroleum product 

85.6 odor and stain 

Wet, strong petrol. 
petroleum product 

126.5 odor and stain 

- 

24” O-12-16-16 ISand -same as above (SMJ 

24” - 
- 

15- 17 -5-5-6 Sand - same as above (SM) 

1 
-6-6- 10 

Sand - It. bm., loose, fine to coarse, 
poorly sorted, w/ some pebbles (SP-SM) 

E 25 5 15 - 27 

-E 30 61 9 - 31 

2-6-6-4 Sand - same as above (SP-SM) 

- IMoist to dry 12.0 -2-3-4 Clay - gray, dense, highly plastic (CH) 



Vletcalf & Eddy, Inc. GEOLOGIC LOG 
‘ROJECT: NASA D.O. 18 JOB NO.: 013516-0003 BORING NO.: SB-9 
-0CATION: NASANVFF ELEVATION: DEPTH: 17 feet 

Fire Training Area DATE BEGUN: 12-2-93 DATE FINISHED: 12-2-93 
IRILL CONTRACTOR: Environmental Exploration, Inc. GEOLOGIST: Michael ‘Diran 
>RlLLING RIG: B-57 DRILLER: C. Wenzel 
IRILLING METHOD: Hollow Stem Auger DRILL FLUID: N/A IHOLE SIZE: 8-in& 
NVEI 
:01 
D 
E 
P 
T 
H 

‘HE 
‘LE 
s 
A 
M 
P 
L 
E 

I I I, :: Mild 
ED AI 
SD 
AE 
MP 
PT 
LH 
E 

approx. 60°F 1 DEPTH TO WATER: 13 feet 1 DATE: i 2-2-93 
WELL? MW-61 I IWELL PERMIT NO,: 
R 
E 
C 
0 BLOW 
V COUNTS 

SAMPLE DESCRIPTION 

E 
R 

‘(No/OVA 
(pm) 

NOTES 

# 

(Feet) 

- 

1 - 
- 
- 
- 

2 - 
- 
- 
- 

5-7 

IO- 12 

3 

24” 5-6-7-8 
Sand - It. bm., loose, silty to 
fine grained, poorly sorted (SM) 

24” 18-12-16-16 Sand - same as above (SM) 
I 

Sand - It. brn. to buff, loose, med. 
to coarse arained, trace silt (SM) 6.5 

Moist 

Wet 



.-.-v-1.. - --- , . ..-. VhVL-VYlr. WVY 

‘ROJECT: NASA D.O. 18 JOB NO.: 013516-0003 BORING NO.: St%10 
-0CATION: NASAM/FF ELEVATION: DEPTH: 26 feet 

Fire Training Area DATE BEGUN: 12-8-93 DATE FINISHED: 12-8-93 
IRILL CONTRACTOR: Environmental Exploration, Inc. GEOLOGIST: Michael ‘Diran 
)RILLING RIG: B-57 DRILLER: B. Mills 
IRILLING METHOD: Hollow Stem Auger DRILL FLUID: N/A HOLE SIZE:1 0-inct 
rVEATHER: Sunny and mild, approx. 45OF DEPTH TO WATER: 17.3 feet DATE: 12-8-93 
ZOMPLETED AS WELL? MW-59s WELL PERMIT NO.: 
D S SD R 
E A AE E 
P M MP C 
T P PT 0 BLOW 

SAMPLE DESCRIPTION 
HNu/OVA 

H L LH V COUNTS (fwm) 
NOTES 

E E E 
R 

# Y 

(Feet) 

I 

Sand & Clay - It. bm. w/ reddish patches, fine 
to med. grained, loose, sand (SM) to dense, 

Sand - orangish bm., loose, fine to 
gravelly, poorly sorted (SM-SP) 

I 



Vletcalf & Eddv. Inc. GEOLOGIC LOG 
a, 

‘ROJECT: NASA D.O. 18 
-0CATION: NASANVFF 

JOB NO.: 013516-0003 
ELEVATION: 

BORING NO.: SE1 1 
DEPTH: 17 feet 

Fire Training Area /DATE BEGUN: 12-6-93 IDATE FINISHED: 12-6-93 
IRILL CONTRACTOR: Environmental Exploration, Inc. /GEOLOGIST: Michael ‘Diran 
IRILLING RIG: B-57 
IRILLING METHOD: Hollow Stem Auger 

ER: Mild, approx. 60°F 
ITED AS WELL? MW-601 

YEATHE 
ZOMPLE 
D S 
E A 
P M 
T P 
H L 

E 

# 

AE 
MP 
PT 
LH 
E 

E 
C 
0 
V 
E 
R 
Y 

BLOW 
COUNTS 

[Feet) 

5 1 4 - 6 24” 3-4-5-8 
Sand - It. bm. to buff, silty to 
fine grained, poorly sorted (SM) 

I 

IO 2 9 - 11 1 24” 16-7-8-g 
I I 

Sand - same as above (SM) 
I 

15 3 4- 16 12” 6-7-4-5 Sand - same as above (SM) 

20 

25 

DRILLER: B. Mills 
DRILL FLUID: N/A 
DEPTH TO WATER: 17 feet 
WELL PERMIT NO.: 

HOLE SIZE: 8-inch 
DATE: 12-6-93 

SAMPLE DESCRIPTION 
HNu/OVA 

@pm) 

6.5 

4.2 

NOTES 

lry to 
rliohtly moist 

3-y to 
jlightly moist 

uloist 



&calf & Eddy, Inc. GEOLOGIC LOG 
‘ROJECT: NASA D.O. 18 JC 
-0CATION: NASA/WFF ELEVATION: .- 

Training Area 
A--- - I - 

IB NO.: 013516-0003 BORING NO.: SB-12 
DEPTH: 31 feet 

JDATE BEGUN: 12-8-93 DATE FINISHED:: 12-8-93 
3n, Inc. GEOLOGIST: Michael ‘Diran 

DRILLER: B. Mills 
JKLL GUN I KAC; t OK: tnvrronmental Exploratic 
IRILLING RIG: B-57 
IRILLING METHOD: Hollow Stem Auger 
VE, 
- 
D 
E 
P 
T 
H 

DRILL FLLiD: N/A 
THE 
)LE 
s 
A 
M 
P 
L 
E 

- Colt . . 
ED A: 
SD 
AE 
MP 
PT 
LH 
E 

rYEI 
-ii- 
E 
C 
0 
V 
E 
R 
Y 

7 MW-53s 
IDEPTH TO WATER: 19 feet 
IWELL PERMIT NO.: 

1 DATE: 12-8-93 

BLOW 
COUNTS 

SAMPLE DESCRIPTION 

IHOLE SIZE: 8-i! net 

# 

(Feet) 

, HNulOVA 
(PPm 

NOTES 

I 
1 

,-8-7-8 

-12-25-29 

-8-l 2-25 

-4-6-l 1 

I 
- 
- 

1 - 
- 
- 
- 

2 

24” 5 - 

IO 

ISand - It. bm., loose, silty to fine grained (SM) 
I 

4-6 

o-12 

2.7 

7.6 

slightly moist 

- 

SF - 
- 

Sand - It. bm., loose, 
fine to med. grained (SM) slightly moist 

- 

- 

!4” 5- 17 

9 - 21 

Sand - same as above (SM) 8.2 

14.3 

11.5 

9.5 

)W 

- 
- 

24” - 
- 
- 

Sand - same as above (SM) wet 

25 14 - 26 Sand - same as above (SM) Yet 

I-2-4-2 

Sand & Clay - It. bm. to reddish, 
loose, fine to coarse (SM) to 
clay w/ some silt and sand (CL) 30 - 9 - 31 Vet 



Metcalf & Eddy, Inc. GEOLOGIC LOG 
‘ROJECT: NASA D.O. 18 JOB NO.: 013516-0003 BORING NO.: SE13 
-0CATION: NASAIVVFF ELEVATION: DEPTH: 17 feet 

Fire Training Area DATE BEGUN: 12-6-93 DATE FINISHED: 12-6-93 
)RILL CONTRACTOR: Environmental Exploration, Inc. GEOLOGIST: Michael ‘Diran 
JRILLING RIG: B-57 DRILLER: B. Mills 
IRILLING METHOD: Hollow Stem Auger 

rox. 45’F NEATHER: Mild, app 
iTED AS WEI 

DRILL FLUID: N/A 
DEPTH TO WATER: Dry 

HOLE SIZE: 8-inch 
DATE: 12-6-93 

zon 

D 

E 
P 
T 
H 

‘LE 
s 
A 
M 
P 
L 
E 

.? No (WELL PERMIT NO.: 

# 

- 
- 

AE 
MP 
PT 
LH 
E 

BLOW 
COUNTS 

HNulOVA 
(iwm) 

SAMPLE DESCRIPTION NO TES 

Feet) f 

I-8-7-9 
Sand - It. bm. to buff, loose, fine 
grained w/ some silt (SM) 1 

2 =I= 0 - 12 24” IO I-8-9-9 ISand - same as above ISM) 

- 

3 - 
- 
- 
- 
- 
- 
- 

I 5 - 17 18” noist 15 

20 

251 

-7 

‘-12-15-16 Sand - same as above (SM) 

I 

- 
- 
- 

- 



Metcalf & Eddy, Inc. GEOLOGIC LOG 
PROJECT: NASA D-O.18 JOB NO.: 013516-0003 BORING NO.: SB-14 
LOCATION: NASAMIFF ELEVATION: DEPTH: 17 feet 

Fire Training Area DATE BEGUN: 12-6-93 DATE FINISHED: 12-6-93 
DRILL CONTRACTOR: Environmental Exploration, Inc. GEOLOGIST: Michael ‘Diran 
GRILLING RIG: B-57 DRILLER: 8. Mills 
IRILLING METHOD: Hollow Stem Auaer DRILL FLUID: N/A [HOLE SIZE: 8-inch 
NEA 
5 
D 
E 
P 
T 
H 

‘HER: Mild 
‘LETED A! 
‘%-p-E- 
A AE 
M MP 
P PT 
L LH 
E E 

‘ox. 45’F 
LL? No 

# 

(Feet) 

!e!.z 
NEI 
-ii- 
E 
C 
0 
V 
E 
R 
Y 

DEPTH TO WATER: 16 feet 
WELL PERMIT NO.: 

. . . 
1 DATE: i 2-6-93 

BLOW 
COUNTS SAMPLE DESCRIPTION NOTES 

5 - 

10 

15 - 

20 

25 

1 5-7 

g 

24” - 
- 
- 
- 

24” 

24” - 
- 
- 
- 
- 
- 

- 
- 
- 
- 

-9-8-9 Sand - It. bm. to buff, loose, fine to silty (SM) 

o-1 o-1 l-12 Sand - same as above (SM) 

‘-8-l 1-l 1 Sand - same as above (SM) 

----l-- 1.6 Dry 

3.5 Dry to rnoist 

5.8 Moist to wet 

-I- 



APPENDIX A-2 

WELL COMPLETION DIAGRAMS 



FINISWEO:~ 3 DRILLER: I 

REFERENCE POINT & ELEVATION: 

GENERALIZED 
GEOLOGIC LOG 

. _ 

AETHOO ORILLED : 

l-l% 

AETHOO DEVELOPEO 

rlME DEVELOPED 

x 

1 

X 

1 

X 

II 

X 

X 

X 

x 

X 

x 

X 

X 

X 

X 

X 

x 

X 

X 

c 

X 

I 
: . . 

:. 

. . . 

. . . 
-. :’ 
. . . 
: ’ 
. . . . 
‘_ . 
. -,: 

. . 
. . 
-. 

. . . . 
: 

. . . 

.._ 
.-. : 

,. 
_.. 

. - 

,: ’ 
. . . 
. . *. 

. . :-. 

: 
:..: 

. . 
. ‘. 

-. 

-TOP 0: SURFACE CASING: 

lb - BOTTOM OF SURFACE CASING 

- BACKFILL: TYPE: 

DIA. : 
- RISER CASING: TYPE: 

- TOP OF SEAL 

- ANNULAR SEAL: TYPE: 

- BOTTOM OF SEAL 

- TOP OF SCREEN 

- FILTER MATERIAL: TYPE: 

- SCREEN: DIA.: TYPE: 

OPENING WIDTH: TYPE: 

- BOTTOM OF SCREEN 

c BOTTOM OF HOLE 

HOLE DIAMETER 

I- --A COMMENTS. 

-BOTTOM OF SUMP 

OEiPTH IN ELEV. IN 

33a3 

k 32-w 

. 



REFERENCE POJNT & ELEVATION: 

r- TOP OF SURFACE CASING: 

GEOLOGIC LOG 

‘,lETHOO ORILLEO 

l-w+ 

/ 

X 

x 

X 

I 

X 

X 

x 

X 

X 

1 

X 

X 

x 

X 

8. 

X 

x 

X 

X 

x 

x 

X 

I/ 
‘.. 

:. 
. . . . 

.- 

‘. :.. 

: * 
: . 

I: 
. 

. . 
-. 

. . . 
. . 

.._. 
‘._ . I 

, 
. . . 
; - . 

. 
. . 

. . . 

., ..-. 

y -‘. 
..‘. 

. . 

t 

X 

1 

X 

I( 

X 

t 

X 

II 

x 

x 

X 

I 

kr 

X 

1. 

Hc 

1 

X 

X 

1 
. . 

.:. 

0. 
- : 

.: . 

. . . 
? 

:. 
.* 

.- 

.; 
_. 
: . . 
*, 
‘, 
,. 
A 
.* 

: 
. . 
, 

. . 
’ ;. : 
. . 
.: 
57 

:-. 
* : . . 

s 
: 

:-TOP OF RISER CASING: 

DIA. : 
SURFACE CASING: TYPE : 

BOTTOM OF SURFACE CASING 

-BACKFILL: TYPE: 

OIA. : 
- RISER CASING: TYPE: 

-TOP OF SEAL 

- ANNULAR SEAL: TYPE: 

-BOTTOM OF SEAL 

- TOP OF SCREEN 

-FILTER MATERIAL: T+PE: 

- SCREEN: DIA.: TYPE: 

OPENING WIDTH: TYPE: 

- BOTTOM OF SCREEN 

- BOTTOM OF SUMP 

- BOTTOM OF HOLE 

/lETHO OEVELOPEO 
HOLE OIAMETER 

t--- -+ COMMENTS. 

TIME DEVELOPED 

DEPTH IN 



1 GROUND WATER INSTALLATION I 
PROJECT: 

al&al ,. 
JOB NO. 

SRILLING CONTRACTOR: 
. /-. . 

mu, I 
COORDINATES: 

txah 

*BeM 

SUPERVlSOk: M .>hp~ 1 WELL SITE: WATER LEVEL. OEPTH/ELEV 

I - - DRILLER: 

REFERENCE POINT & ELEVATION: 

-TOP OF SURFACE CASING: 

-TOP OF RISER CASING: 

SURFACE CASING: 
OIA. : 
TYPE : m&L 

BOTTOM OF SURFACE CASING 

- BACKFILL: TYPE: 

DIA. : 
- RISER CASING: TYPE: T\Ic 

- TOP OF SEAL 

- ANNULAR SEAL: 

-BOTTOM OF SEAL 

TYPE: &&+ 

- TOP OF SCREEN 

-FILTER MATERIAL: TYPE: 5m 

.I 

I 
IX 

X 

x 

X X 

x 

* X 

X X 

X X 

X I 

x II 

X X 

X I. 

X X 

x G 

X * 

I [ 

X X 

X L. 

X cx 

c 

X X 

c 

X X 

I I 
,’ . . . 

:. 
.: 

‘. : 
. . . . 

‘. . .: I 
. . . 

: : 
. _ 
t- 

: - : 
:* .* 

.’ .,: .- 
* . 
-. .; 
-. -. 

. . . 
. . 

,T* -. 
, . . . ,. ‘, . 

. . . 
. . L 

. . . . . 
+-. .* 

-. . 
. . . 

. . 
:. . . ‘. 

+. .: 
: )i - . 
-‘. 
:- 

:-. 
. . - : 
‘. . 

; 

I . _ :. 
-.:*.. ._. 

. . . .; . . 

GENERALIZED 
GEOLOGIC LOG 

TYPE: ‘3\(c 

TYPE: 

- SCREEN: DIA.: 

OPENING WIDTH: 

- BOTTOM OF SCREEN 

- BOTTOM OF SUMP 

- BOTTOM OF HOLE 

‘JETHOD DRILLED : 

l-E++ 
HOLE DIAMETER 

+-- --f COMMENTS: 

b dIETHO DEVELOPEO 

T’IME OEVELOPED 



GROUND WATER INSTALLATION _..---.- 

MILLING CONTRACTOR: 

PROJECT: JOB NO. 

I Nrrra-r w 
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GeotechoicalSoilsLaboratoryTesting 
NASA Wallops Flight Fadity 
E2Si Project No. 93-225 

SUMMARY OF LABORATORY TEST RESULTS 

. . ..~.‘.i’..::.::.“:.:::..:~:~~:~:~~~:~~~:~~:,~~~‘~:~:. :...:.:“_-:_i-‘.‘. .: +.. . ._ ‘..-? . ..i :I.:\... . ‘.,.,..~.~,~ I:.;:.:,.: .. . . . . . . . ~-.:,:..,:..:::.:::::~:::: ‘. .‘... .‘.. ‘,‘.‘.-.;:...-:,.~ . . . ;:..:: ‘.....“ .:.; ._. . . . .._ . . .,; . . . . . . . :..,. 
~~~~~~~~~~,~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I.<;!; 
::.:.:.=:.::.c . . . . . . . . _. . . . . . . . . . .: . . . . . _, ,. . . . .._... . . . ., .._.,. .., ..::. . . . . . . . . . . . . . . . . . . . ., .: . . ,...: ., ,.. . . . . ., . . ,. . . .: . . . . . . . ,..... l.. ._. . . . . . . . . . ,. .:= .:..... :. ‘.‘.:, .: .’ ,_ ~ 

Date Grain Dry Unit Moisture 
Sample Received Size Heating Valve Porosity Specific Weight, Content, 

Designation by E2Si AIlZilJSeS BTU/lb ** Gravity pcf 5% 

FTA-SB4 12/08/93 * 45 0.39 2.69 102.7 14.6 
(12/3/93) 

FTA-SB7 12/08/93 * 52 0.46 2.69 90.4 22.3 
(12i2i93) 

FT’A-SB 10 12i15i93 * 66 0.49 2.69 85.0 3&O 
(12/S/93) 

- 

* See attached Grain Size Distribution Curves. 

** Porosity was computed using the relationship between unit weight, specific gravity and 
void ratio. 
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APPENDIX B 

“SELECTING EXPOSURE ROUTES AND CONTAMINANTS 
OF CONERN BY RISK-BASED SCREENING” 

EPA REGION III GUIDANCE DOCUMENT 



United States Region Ill EPN903/R-93-001 

Region III 
Technical Guidance Manual 
Risk Assessment 

Selecting Exposure Routes and 
Contaminants of Concern by Risk-Based 
Screening 

EPA Contact: Dr. Roy L. Smith 

Hazardous Waste Management Division 
Office of Superfund Programs 
January I993 

Human health risk assessment includes effort-intensive steps which require many detailed calculations by experts. Most 
baseline risk assessments are dominated by a few chemicals and a few routes of exposure. Effort expe,oded on minor 
contaminants and exposure routes, &those which do not influence overall risk, is essentially wasted. This guidance 
is intended to identify and focus on dominant contaminants of concern and exposure routes at the earliest feasible point 
in the baseline risk assessment. Use of these methods will decrease effort and time spent assessing risk, without loss 
of protectiveness. This guidance is not intended for other risk assessment activities, such as determining preliminary 
remediation goals. 

SELECTING CONTAlUlf’UNTSAND ExposuRE ROUTES 
OF CONCERN 

Most samples from hazardous waste sites are analyzed 
for 703 target compounds and analytes recommended 
by the EPA Superfund program. Semi-volatile analysis 
can detect additional tenratively identified compounds 
not on the target lists. Special analytical services 
procedures, if used, may find still more contaminants. 
The combined number of contaminants detected at a 
site sometimes exceeds one hundred. 

While EPA considers it necessary to gather information 
on many contaminants, very little of this data actually 
influences the overall quantitative assessment of health 
risk. For most sites, baseline risk assessments are 
dominated by a few contaminants and a few routes of 
exposure. The remaining tens, or hundreds, of 
detected contaminants have a minimal influence on total 
risk. This small impact is lost by rounding. Entire 
environmental media may contain not a single 
contaminant at a concentration which could adversely 
affect public health. Quantitative risk calculations using 
data from such ‘risk-free’ media have no effect on the 
overall risk estimate for the sire. 

The EPA baseline risk assessment process at several 
points requires careful data evaluation by scientific 

experts. These evaluations, which are contaminant- 
specific, include: (1) statistical comparisons between 
site-related and background samples, (2) special 
handling of undetected contaminants, (3) calculation of 
toxicity equivalence, (4) evaluarion of frequency of 
detection, and (5) comparison with ARARs. Because 
overall risk is usually driven by a few contaminants and 
exposure routes, effort spent in detailed evaluation of 
minor contaminants and routes of exposure is 
essentially wasted. For some sites, this wasted effort 
exceeds 90% of the total. 

The baseline risk assessment process can be made 
more efficient by focusing on dominanr contaminants 
and routes of exposure at the earliest feasible stage. 
The mechanisms recommended for this: are (1) a re- 
ordering of the process of eliminating contaminants and’ 
routes of exposure, and (2) use of a risk-based 
concentration screen. Appropriately used, this process 
can dramatically reduce the effort of risk assessment, 
while not changing the result significant&. 

EXfSTiNG GUIDANCE 

Chapter 5 of ‘RAGS IA’ (Risk Assessment Guidance for 
Superfund. Volume I. Human Health Evakration Manual 
(Part A); EPA, 1989) provides a detailed procedure for 
evaluating data for a baseline risk assessment. This 



procedure includes steps by which the risk assessor 
selects contaminants of concern in each exposure 
medium. These steps are summarized in Table 1. 

There are two major limitations to the RAGS procedure. 
First, the eliminating step (a concentration toxicitv 
screen) comes late in the process. Many of the 
preceding steps (m evafuation of quantitarion limits, 
comparison with background, calculation of toxicity 
equivafence, and evaluation of frequency of detection) 
are contaminant- and medium-specific. They require 
the sustained attention of an expert, and cannot be 
auromated. If the contaminant is eliminated, this work 
is wasted. 

The second limitation is that the concentration toxicity 
screen compares only relative risk among contaminants 
in the same medium. While very efficient at selecting 
dominant contaminants in each medium, this method 
does nor evaluate significance of total risk for the 
medium. Thus, the concentration toxicity screen can 
eliminate contaminants, but not routes of exposure. 

RECOMMENDED METHODOLQGY 

This guidance makes two changes intended to remove 
the limftations in existing guidance. These 
recommendations are ‘inrended for baseline risk 
assessments. 

1. R&o&&g of steps. The eliminating screen is 
moved forward in the data evaluation process to a point 
immediately following data quafity evaluation. The new 
process is shown in Table 2. Effort-intensive steps such 
as evaluation of quantitation limits and comparison with 
background now follow the eliminating screen. The 
steps are divided into four categories: data 9uaMy 
evaluation, initial data set reduction, re-inclusion of 
special cases, and optional final data set reduction. 

The data quality evaluarion steps (evaluating 
appropriateness of methods and qualifiers, significance 
of blank contamination, and need for special anafyses) 
should be done as described in RAGS IA, Chapter 5. 
Next, the risk assessor should consult with the RPM to 
discuss the use of the risk-based concentration table 
(described in item [2] below) as a screening 
mechanism. With the RPM’s approval, the risk assessor 
should reduce the data ser and document the rationale 
for eliminating contaminants and routes of exposure 
from further analysis. 

After the initial data set reduction, the risk assessor and 
RPM should consider re-including specific 
contaminants on the basis of historical data, toxicity, 
mobility, persistence, bioaccumula tion, special exposure 

routes, special treatability problems, or exceedance of 
ARMS. These activitfes should proceed as described 
in Section 5.9 of RAGS IA 

Finally, optional further reductions in me dam set rnd 
be justified, based on the status of a contaminant as an 
essential nutrient, low frequency of detection, or no 
statistical difference between site and background 
levels. These evaluations, the most complicated and 
contaminant-specific, are saved for last. 

2 screening by risk-based -Me+. The 
screening method is changed from me relative 
concentration roxicfty screen of RAGS IA to an absolute 
comparison of risk. This is done by means of a table of 
risk-based concentrations (Appendix I). This table 
contains levels of nearly 600 contaminants in air, 
drinking water, fish tissue, and soil, which correspond 
to a systemic hazard quotient of 0.1 or a lifetime cancer 
risk of lob. The risk-based concenttations were 
developed using protective default exposure scenarios 
suggested by EPA (1991) and the best avakable 
reference doses and carcinogenic potency slopes (see 
me table for sources), and represent relatively protectfve 
environmental concentrations at which EPA would 
typically nor take action. 

The risk-based concentration screen is used as follows: 

(a) The risk assessor extracts the maximun, 
concentration of each substance detected in eacr 
medium. 

(b) ff the maximum concentration exceeds the risk- 
based concentration for mar medium, the 
contaminant is retained for risk assessment, for ail 
routes of exposure involving that medium. 
Otherwise the contaminant is dropped for that 
medium. 

(c) If a specific contaminant does not exceed its risk- 
based concentration for any medium, the 
contaminant is dropped from me risk assessment. 

(d) lf no contaminant in a specific medium exceeds its 
risk-based concenrtation, me medium is dropped 
from the risk assessment. 

(e) Ail contaminants and exposure routes which are 
dropped are kept on a sub-list and considered for 
m-inclusion, based on special properties. 

(f) lf the risk assessor wants to include a route of 
exposure not covered in the risk-based 
concentration table, me equations provided in 
Appendix I can serve as the basis for new risk 

2 



based concentrations. Similarly, the risk assessor 
can use me same equations to calculate alternate 
risk levels (&other than a systemic hazard 
quotient of 0.1 and lifetime cancer risk of 1 a”) to be 
the basis for screening. 

The process by which contaminants and exposure 
routes are selected in quantitative risk assessment can 
be made less effort-intensive by two simple changes. 
First, high-effort sreps should be postponed until later in 
the selection process, because performing these 
operations on trivial contaminants and exposure routes 
is pointless. Second, changing from a relative 
concentration toxicity screen to an absolute risk-based 
concentration screen improves me risk assessor’s 
ability to focus on dominant contaminants and exposure 
routes at an earlier staue. 

REFERENCES 

EPA, 1991. Human Health Evafuation Manual, 
Supplemental Guidance: ‘Standard Default Exposure 
Factors’. OSWER Directive 9285.6-03, Office of 
Emergency and Remedial Response, March 25, 
1991. 

EPA, 1989. Risk Assessment Guidance for Superfund, 
Volume I, Human Health Evaluation Manual (Part A). 
Office of Emergency and Remedial Response, 
December, 1989. EPA/540/i-891002. 

For additional information, call (215) 597-6682. 
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I Table 1 ..Summary of existing EPA guidance On- se@cting co&& ‘. ‘.’ ,d&ot“concem (Epj4q+J8$ &&pter 5)’ 

Section 5.1: Combining data from site investigations 

1. Determine if methods are appropriate 

2 Evaluate quantitation limits 

3. Determine if qualifiers are appropriate 

4. Determine if significant blank contamination exists 

5. Determine if special anatyses for tentatively identified compounds are needed 

6. Compare site samples to background 

Section 5.9: Further reduction in the number of chemicals (optional) 

7. Consult with RPM 

8. Document rationale for eliminating chemicals I 

9. Examine historical information 

10. Consider exceptional toxicity, mobility, persistence, or bioaccumulation 

11. Consider special exposure routes 

12 Consider special treatability problems 

13. Determine if contaminants exceed ARARs 

14. Group chemicals by class, evaluate toxicity equivalence 

15. Evaluate frequency of detection 

16. Evaluate essentiality 

17. Use a concentration toxicity screen 

4 



.( Table 2 EPA Region IIf guidanceonseiectlng. contamin~~and exposure routes of 

A. Data quality evaluation 

1. Determine if methods are appropriate 

2 Determine if qualifiers are appropriate 

3. Determine if significant blank contamination exists 

4. Determine if special analyses for tentatively identified compounds are needed 

8. Reduce data set usina risk-based concentration screen 

II 5. Consult with RPM 

6. Use risk-based concentration table to screen contaminants and exposure routes of concern 

7. Document rationale for eliminating chemicals and exposure routes 

C. Consider re-includina eliminated chemicals and routes. based on: 

8. Historical information 

9. Exceptional toxicity, mobility, persistence, or bioaccumulation 

10. Special exposure routes 

11. Special treatability problems 

12 ARARs exceedance 

13. Toxicity equivalence of chemical class (e.g., CDD/CDFs, PAHs) 

D. Make further specific reductions in data set (optional) 

15. Evaluate frequency of detection 

Compare site samples to background 

5 



Appendix I: 
EPA Region III Risk-Based Screening Table 

Bac*und Information 

General: Separate carcinogenic and non-carcinogenic risk-based concentrations were 
calculated for each compound for each pathway. The concentration in the table is the lower 
of the two, rounded to two significant figures. The following terms and values were used in 
the calculations: 

Soil ingestion, child 

Soil ingestion factor, age adjusted 

-Residential 

Exposure frequency, residential 

Exposure duration, residential 

mpjd 200 lRse 

mg-y&d 114.29 IFSadj 

d/y 350 EFr 

Y 30 EDtot 
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VARIABLE 

Exposure duration, age l-6 

Volatilization factor 

3-Occupational 

Exposure frequency, occupational 

Exposure duration, occupational 

- 
VALUE“ ..: -;. mjT& 

Y 6 EDc 

un3 0.5 VF 

dfY 250 EFo 

Y 25 ED0 

l = Contaminant-specific toxicity parameters 

The priority among sources of toxicological constants was as follows: (1) IRIS, (2:) HE&T, 
(3) HEAST alternative method, (4) ECAO-Cincinnati, (5) withdrawn from IRIS, (6) 
withdrawn from HEAST, and (7) other EPA documents. Each source was used only if 
numbers from higher-priority sources were unavailable. 

Algorithms: 

1. Age-adjusted factors: Because contact rates with tap water, ambient air, and residential 
soil are different for children and adults, carcinogenic risks during the first 30 years of life 
were calculated using age-adjusted factors. These factors approximated the integrated 
exposure from birth until age 30 by combining contact rates, body weights, and exposure 
durations for two age groups - small children and adults. The age-adjusted fact:or for soil 
was obtained from RAGS IB; the others were developed by analogy. 

a. Air inhalation ([m3- y]/[kg- d]): 

IFAadj = 
EDc . IRAc + (EDtot -EDc)* IRAa 

BWc BWa 

b. Tap water ingestion ([La y]/[kg* d]): 

IFWadj = 
EDc . IRWc + (EDtot -EDc)* IRWa 

BWc BWa 

c. Soil ingestion ([mg. y]/[kg- d]): 

IFSadj = 
EDc + IRk + (EDtot -EDc) * IRSa 

BWc BWa 

7 



2. Residential water use (@L). Volatilization terms were calculated only for compounds 
with I’***” in the “VOC’ column. Compounds having a Henry’s Law constant greater than 
10’ were considered volatile. T&e list may be incomplete, but is unlikely to include false 
positives. The equations and the volatilization factor (VF, above) were obtained from 
RAGS IB. Oral potency slopes and reference doses were used for both oral and inhaled 
exposures for volatile compounds lacking inhalation values. Inhaled potency slopes were 
substituted for unavailable oral potency slopes only for volatile compounds; inhaled RfDs 
were substituted for unavailable oral RfDs for both volatile and non-volatile compounds. 

a. Carcinogens: Calculations were based on combined chiklhood and adult exposure. 

TR l ATc - 1000~ 

EFr - ([VF l IFAadj - CPSLJ + [I’1;;wadj - CPSo]) 

b. Non-carcinogens: Calculations were based on adult exposure. 

mQ - BWa -ATn * 10002 -a 

EFr - EDtot * 
VF -IRAa rRWa 

&Pi +RfDo 

3. Air (&m3). Oral potency slopes and references were used where inhalation values were 
not available. 

a. Carcinogens: Calculations were based on combined childhood and adult exposure. 

TR -ATc - 1OOOrr. 

EFr - IFAadj - CPii 

b. Non-carcinogens: Calculations were based on 

7?YQ -RfDi -BWa *ATn - 

adult exposure. 

4. Fish (mgkg): 

EFr - EDtot - IRAa 

a. Carcinogens: Calculations were based on adult exposure. 

TR - BWa - ATc 
IRF EFr - EDtot - - - CPSO 

lOOOf t 
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b. Non-carcinogens: Calculations were based on adult exposure. 

7IUQ - RfDo * BWa l ATn 
IRF EFr - EDtot - - 

1oooL b 

5. Soil commercial/industrial (mg./kg): The default exposure assumption that only 50% of 
incidental soil ingestion occurs at work has been omitted. Calculations were based on adult 
occupational exposure. 

a. Carcinogens: 
TR- BWa- ATc 

EFo-EDo *!$ * CPSO =a 
1, 

b. Non-carcinogens: 
7HQ *RfDo *BWa *ATn 

IRSa EFo . EDo -- 
lo” 5 

6. Soil residential (mg,Acg): 

a. Carcinogens: Calculations were based on combined childhood and adult exposure. 

TR - ATc 

EFT . IFsadi - CPSO 
lo’ ; 

b. Non-carcinogens: Calculations were based on childhood exposure only. 

22YQ -@‘Do .BWc *Al% 
IRTC 

EFr -EDc a- 
lo’ ; 



EPA Region 111 COC Screening Table: R.L. Smith (18-Mar-94) 

UR’CS: i=IHlS h=IIEASI‘ r-IIEAS7’slr. w= Wilhdrswn -- -.---- --_- _.__ -_- ___-._ --.-_--__ 

Ollli%IliWUll 

cephate 
celaldehyde 
celocltlor - ---.-__----- 
.celone 
.cetone cyanohydrin 
,cefonitrile --- __--- ___._ -- .-_. -_- 
,cetophenonc 
,cilluorfen 
,crolein - _--.--_-.- _.__- 
rcrylamide 
rcrylic acid 
qlonitrile _- -----._-._--_~ 
rlachlor 
alar 
Lldicarh --- 
ildicarh sulfone 
ildrin 
illJ 
tllyl alcohol 
Ulyl chloride 
~uminurn -- 
Uuminum phosphide 
Imdro 
inie tryn 
11 - Aminophenol 
I- Aminopyridine 
Ymilraz _____.-_-.-_. ___ ---.-. _- --.- 
bmonia 
4mmonium sulfamale 
Aniline -- ____-.--- 
Antimony and CONpOUIlds 

Aa~imouy penloxide 
Anlinrony p$assium tarlrale --- ____ 
Antimony tetroxide 
Antimony Irioxide 
flpollo 
Aramile 
Arsenic 
Arsenic (“5, *~~~rci!!o~ql) _ _- _ -. 

31 

3 

6 

I 

i 

_-. 

-- 

._. 

n mis a - 

CAS 
0560191 

75070 

42.5682 1 --- 
67641 

7286S 

75078 
98862 

2476599 

lo7028 

79061 

79107 

107131 

5972608 

1596845 

116063 

1646884 

309002 

14223646 

107186 

107051 

7429905 

!08597X 

i748S294 

834121 

59127! 

504241 

13089611 

766441' 

7773ca 

6253: 

744036f 

131460 

304611 
1332311 

IN964 

7411.524 -- ._- - 
1wJ 

7440382 
744UiL 

IfEAST e =.%‘A - ECA 0 o = Other EPA dwunrenrs --_--_-____.___ ---. ~-__- 
I VN 

RfDo RfDi cl’s0 C&i 0 
mgAccg/d q/Q/d kg’dlmg kg-d/rug c 
4.OOE-03 I a.70E -03 I 

257E-03 I 7.70E-03 I 

2.OUE-02 / --..-- __- ._- __.. -..-___- 
IWE-01 / 

7.OOE-02 h 2.86E-03 h 

6.OOE-03 i 1.43E-Mh --__ 
l.OOE-01 I 5.718-06 I . . . 

1.30E-02 I 

2.WE-02 h 5.71E-06 I -.-____ 
2&E-04 I 450EtOO i 4.SSEtoo / 

8.00E-02 t 8.57E-OS I 

5.7lE-04 I 5.40E-01 I 2.388-01 i ~- _-___ ._. _____- 
l.OOE-02 t 8.OUE-02 h 

l.SOE-01 i 

l.OOE-03 / -- .--- 
l.WE-03 I 
3.OOE-OS I 1.70EtOl / 1.71EtOl i 

25OE-01 I 

S.WE-03 I 

S.OOE-02 w Z.a6E-OQ I 

2.90EtOO o 

4.OOE-04 I 

3.OOE-04 I 

9.OOE-03 I -- -.--- 
7.WE-02 h 

2.00E-05 h 

2.5OE-03 I _____ ---_ ._-- 

2.86E-02 I 

2.OOE-01 / 

2.86E-04 / %70E-03 I 

4.WE-04 I 

S.00E-04 h 

_ 9.OOE-04/l ----- 

4.00E-04 h 

4.00E-04 h 

1.3w -(I? I -.__--_- _.-. -- ..----. - -.- 

S.wE-02 h 2.SUE-02 / 2.49E-02 I 

3.008-04 I 

3.0(x - 04 Iv): ‘9 , l.Slli tu1 I -._ _-- _.... 

730 n 73 ” 27n 2000011 

0.0s l 0.038 c O.uwl c 0.0018 c * .“: ._~ __.-.. -._ -- -.---. --~_- 



EPA Region Ill COC Screening Table: R.L. Smith (1 B-Mar -94) 

~UIWS: i=IRIS h=lIEASI‘ d=IfWSTdll. u’= w;th‘,rd,,‘,, --I-~ ..--- -_-- -.__-_- ____ 

Iontaminant 

rsslm 

rsulam 

drazine ~- 
Lvermectin Bl 
lzobenzene 
tarium and compounds -- 
iaygon . 
Iaylelon 

!3fW%! _.. _.___ ___. -_- --.-._--______ 
bnefin 

bnomyl 

3enIazon _._--I---..__.-.------._- 
3enzaldehydc 
3enzene 
knzidine _-.----. .--_-.. --..--__-- 
Benzoic acid 
l3enzolrichloridt: 
t3eqt alcohol ___ -_-_-.-._- . ..__ ._. --. ..-- -- ----- 
knzyl chloride 
Beryllium and compounds 
Bidrin ______. ____ ~_.._ -_ _ - __ -_---____ 
Biphenthrin (‘I’alsl-ar) 
l,l-Biphenyl 
Bis(Z-chloroeIhyl)ether 
Bis(Z-chloroisopropyl)elher 
Bis(chloromelhyl)ether 
Bis(2-chtoro-t~n~elhylelhyt)elher -- 
Bis(Z-elhythexyl)ph!halaie (DBtlP) 
Bisphenol A 
Boron (and horales) 
Boron trifluoride 
Bromodichloromelhane 
Bromoelhene __________-- ----..-_.-_ --.-----. 
Bronioform (lrihromomelhane) 
Brorlwnlrltiane 
4-Bromophenyt phenyt ether 

Bromophos 
Bromoxynil 
Bromoxynil oclanoale _ _ _ _--___-._ -.- 

IU IHIS or ilEAS e =Et’A-ECAO o=Ofher EPA dwunwnfs 

Redo 1 RfDi 1 CPSo 1 CPSi 
CAS mg&/d 1 mg&/d 1 kg*d/mg ] kS*d/l&- 

161578148 9.OOE-03 I 

3337711 S.OOE-I?2 I 

.- 
I 

11 

583S9375 2..SoE-02 / -- 
1861401 1- MOE-01 / 

t 91 ” 9.1 n 3.4 n 2600 n -----_.- __ M-P-- 
llou n 110 ” 41 n 3loau n 

178043S2 S.OOE-02 I 180 n 18 n 6.8 n 5100 n 390 n 
25057890 2.SOE-03 I 9.1 n 0.91 n 0.34 n 260 n 20 n --._ __ -----. --- _“.. ._--.---~- ________ ____ -- 

100527 l.OoE-01 I . . . 61 n 37 n 14” lwoon 780 n 

71432 l.J3E-04 e 2.90E-02 I 2.YOE-02 i *** 0.00s F 0.087 n 0.052 n 0.11 E 99 c 22c 
9287s .WOE-03 I 2.30E t 02 I 2.3SEt02 i 0.00029 c o.oOao3 c 0.oooo1 C 0.012 C 0.0028 E ._-- _ -__ --- 
65850 4.00E+W / lSoo0 n lSo0 n 540 n 41OOoO n 3lOilO n 

9a077 1.3uI:.toi I 0.0052 c o.uoo3a c 0.00024 c 0.22 0 0.049 E 

100516 3.ot)E-ol h 1100 n 110 n 41 n 31w n 2300 ” .____ _-.--_--_ - -... -..- ~_-. 
100447 1.70E-01 i **. 0.062 0 0.037 0 0.019 c 17 e 3.8 e 

7440417 S.ME-03 I 4.30EtW, 8.4W+OO I 0.004 F 0.016 c O.OUo7S c 0.00073 5 0.67 c 0.1s c 

141662 l.OOE-04 / 0.37 n 0.037 n 0.014 n IO n 0.78 n ___-- - ____--- 
82657043 ISOE-02 I 5s n 5.5 n 2n isaa n 120 n 

92524 MOE-02 I la0 n 18 n 6.8 n 5100 n 390 n 

111444 l.lOE+OO i 1.16E+oO I l ** 0.0092 c 0.0054 c 0.0029 c 2.6 c a.58 c _-. 
39638329 4.OOE-02 / 7.OOE-02 h 3.SOE-02 h *** 0.26 o 0.18 o 0.04s c 41 c 9.1 c 

54288 1 2.20E t02 I 2.17E+02 / l ** o.owos 0 o.oOoo3 0 o.aooa1c 0.013 o o.w29 5 

7.OOE-02 w 7.UUE-02 II 0.96 Q 0.089 c 0.045 c 41 0 9.1 5 -- - __--___--.-----I- _ 
ii7817 2.OOE-02 / 1.4UE-02 i 0.006 F 4.8 C 0.4s 0 0.23 c 200 0 46 c 

80057 IWOE-02 I 180 ” 18 n 6.6 n Sloe n 390 n 

7440428 9.OOE-02 / 5.71E-03 h 330 n 2.1 n 12 n 9200 n 700 n __--.__--- 
7637072 2.OOE-0( h 0.73 n 0.073 n 

7s274 2.ooE -02 I 6.20E-02 I . . . 0.1 r 0.17 C 0.1 C 0.051 C 460 10 C 

-. 1 
593602 l.lOE-01 h*** 0.096 o O.US7 0 II 

___ ___ - --_--____ 75252 1 2.00E-02 I 7.9OE-03 I 3.858-03 / -1 0.1 r 2.4 e I.6 o 0.4 0 36ocll 

74839 I.JUE-03 I I.43IJ-03 / U.87 n KS2 n 0.13 n 140” II n 

101553 580E-02 0 210 ” ?I ” 7.8 n SW” JSO n ~---. --____ 
2104963 S.OOE-03 h la ” 1.8 ” 0.68 n SlO n 39 n 

168984.5 2.WE-02 I 73 n 7.3 n 2.7 n 2000 n 160 n 

1689992 2.00E-02 I 73 n 7.3 n 2.7 n . .._... --- .--. .---.- 

i 

2UOUn 160 n 
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@JmcsS: iq&S..h=!IEAv a =IIEAST@AI..W= Whdrawn from IRIS or IIEAST r=EI’A-ECAO o=Olher EPA docunjcnls F=final D=drafr P=proposed T=ferttalibe / ~- c=carcirwxcn n=norrarcinogw 
V Ambient Industrial Residential 

. RfI)o RfDi CPSO CPSi 
Contaminant mg/kg/d ;-mg/kg/d 

o MCL ‘Pap water air Fish soil soil 
CAS - kg*d/mg kg*d/mg c mg/L I.@ 

1.3- Buladiene 
frg/mf mg&g 

106990 9.80&01 / l ** 0.011 c 0.0064 c 

1- Bulanot 71363 l.ooE-01 i 

Bulyl benzyl phlhatale 
Burytare 

---- 8W7 ~.----.__ _- 2.OOE-01 1 
2MuJ415 S.WE-02 I 

set- Butylbenzene 135988 l.WE-02 o 
rer\- Bulytbenzene 104518 l.ow-02 0 .--- __- - ----_ _.___--~ 
Butytphlhatyt bulytglycolate 85701 1.ooE+oo I 

Cacodytic acid 7S6OS MOE-03 h 

Cadmium and compounds 7440439 S.OOE-04 I ---I. --I---- _--. -_I__ 
Caprotaclam IOS602 S.OOE-01 / 

Caplafot 242.5061 2.OOE-03 i 8.60E-03 h 

CaPtan 133062 IJOE-01 I 3.SOE-03 h - -----.. - ._c----- .-- .I__~ -.--..--~.~..- 
Carbaryl 63252 l&GE-01 i 
Carhazote 86148 2.OOE-02 h 

Carbofuran -__. -.----- - _-- 1563662 SOOE-03 i ---__ 
Carbon disulfide 75150 l.OOE-01 I 2.86E-03 h 

Carbon relrachloride 56235 7.OOE-04 I S.71E-04 * 1.3OE-01, 5.2x-02 1 l ** 

Carbosulfan _.._- S.5285148 l.l!oE-02 I ..___ -____ 
Corboxin 5234684 l.OOE-01 I 

Chloral 75876 2.OOE-03 I 

Chlorambcn 133904 I.SOE-02 i ..____ - .___ -._--_----- 
Chloranil 4.03E-01 h 

Chlordane 57749 6.M)E-OS I 

Chlorimuron-e%t 90982324 2.OOE-02 I .--_-- 
Chlorine dioxide 10049044 S.71E-OS I 

Chloroacetaldehyde 107200 6.90E -03 o 
Chloroacelic acid 79118 2.lWE-03 h 

2 - Chtoroacelophenone 532274 

4-Chtoroanitine 106478 4.OOE-03 I 

Chloro&nzene 108907 2.00E-02r S.71E-03 h ~- 
Chlorobcnzilate 510156 2.00E-M I - 2.70E-01 h 2.70E- 

p-Chtorobenzoic acid 74113 2.OOE-01 h 27n 2OOOOn 

4-Chlorobenzolrifluoridc -_-_--_- 
98.565 2.OOE-02 h 

2-Chtoro-1.3-butadiene 126998 2.WE-M h 2.OOE-03 h 
1 -Chlorohulane 
Chlorodifluommelhane --__.__- 
Chloroethane iln lcaon 

2-Chloroethyl vinyl elher 
Chloroform -____--~ _--. 



EPA Region III COC Screening Table: R.L. Smith (la-Mar-94) 13 

1~~s: j=IRIS h=llEAfl a =lIEASTa/r. us= Withdrawn from IRIS or IIEAST c=EPA -ECAO o=Olher EPA documents F=linal D=dralr P=prcpoxd T=tenrariw -1 c=carcinoge~ n=norrarcinogen ------ ___------P---Y 
v Ambient Industrial Residential 

RfDo RfDi CPSO CPSi o MCL Tap water air Fish soil soil 
Pam3 mgjkg mglltIL m@g 

14813 IJOE-02 h 6.30E-03 h*** 0.99 0 0.24 o 2200 49 c 
3 165933 4.60E-01 h 0.15 0 0.014 c 0.0069 0 6.2 c 1.4 5 -Cbloro-2,2-methylaniline bydroch!oride 

- 
:ta- Cbloronapbrbalene 
-Cbloronitrobenzene 
-Cbloronilrobenzene -_ 
- Cbloropbenol 
-Cbloropropane 
blorotbalonil 
-Cblorololuene 
‘blorpropbam 
‘blorpyrifos -__~ 
:blorpyrifos - methyl 

___._ -~-_-.__. 

:blorsulfuron 
Zblortbiopboe -_--~ --.--- 
:bromium 111 and compounds 
Chromium VI and compounds 

Ioal tar - 
Ioke Oven Emissions 
:opper and compounds 
Irotonaldebyde 
hmene 
Cyanides: 
Barium cyanide 
Calcium cyanide 
Copper cyanide 
Cyanazine __----- 
Cyanogen 
Cyanogen bromide 
Cyanogen chloride 
Free cyanide 
Iiydrogen cyanide 
Potassium cyanide -__ 
Potassium sihw cyanide 
Silver cyanide 
-Sodium cyanige 
Zinc cyanide 
7yclobexanone 
7yc!o!wxlamine ..~. .._ _.. -- -._. ---.----- _.-_-.- .._ 

95692 

91587 

a8733 

121733 

95578, 

15296 ’ 

1897456 -. 
9.5498 

101213 

2921882 

SS98130 

14902723 

10238564 

16065831 

7440473 

8oolS89 

a007452 

7440508 

123739 

98828 

S.aOE-01 h 0.12 0 0.011 0 0.0054 f 4.9 0 1.1 0 
-- S.OOE-OL / 290n 29 n I1 n 8xQn 630” 

2.50E-02 h . . . 0.42 c 0.25 c 0.13 c 110 c 26 c 
l.aOfi-02 h ..* 0.59 c 0.3s e 0.18 c 160 c 3s c 

S.C@E-03 I 18 n 1.8 n 0.68 n 510 n 39 n 
2.86E-02 h . . . 17 n 10 n 

l..SoE-02 I l.lOE-02 h 6.1 c 0.57 c 0.29 c 260 c .sa 5 -.. -.. -. 
2.00E-02 I . . . 12 n 7.3 n 2.7 n 33lon 160 n 
2.00E-01 I 730 n 73 n 27” 2Omo” 1600 n 

_.- 

3.OOE-03 / 11 n 1.1 n 0.41 ” --- -_---.- --_- 
l.OOE-02 h 37 n 3.7 n 1.4” 1000” 

S.OOE-02 I la0 ” IS n 6.8 n 
8.mE-04 h 2.9 n 0.29 n 0.11 n._ 

l.cxlE+M) I S.71E-07 w 0.1 F 3700 n o.wo21 n 140 n 
S.WE-03 I 4.20E+Ol I 0.1 F 18 n 0.ooo15 0 0.68 n 

2.20E too Iv 0.0028 0 

2.178+00 i 0.0029 c 
3.718-02 h 140” 14 ” S” 
I.ooE-02 w 1.90E+00 h 1.90E+00 w 0.03s c 0.0033 0 0.0017 c 1.5 0 0.34 c --. 
4.OOE-02 I 2.57E-03 h I 150 n 0.94 n 5.4 n 4100 n 310 n 

0.2 P 

370 n 37 n 14” lowon 7aon 

1SO” 1s n 5.4 n 4100 n 310 n 
18 n 1.8 n 0.68 n 510 n 39 n 

-2 

T 

.- 

542621 

592018 

544923 

21725462 

460195 

506683 

506774 

57125 

74908 
.c.cno I,I>vo 

SO6616 

-506649 

143339 

SS72ll 

108941 

wa9ia 

t.mE-01 h 

4.00E-02 I 

WOE-03 ! 
2.00E-03 h 8.40E -01 h o.u8 c 0.0075 c 0.0038 c 3.4 c 0.76 c 
4.ooE-02 / 150 n 1s n 5.4 n 4100 n 310 n 

9.00E-02 I 330 n 33 n 12” 9200” 700” 
S.OOE-02 / 180 n 18 n 6.8 n 5100 ” 390” 
2.00E-02 I 73 n 7.3. n 2.7 n 2ooO n 160” 
2.OOE-02 I 13 n 7.3 n 2.7 n ZOOOn 160 n 

s.ooi;E-02 ; I !80 I! 18 n 6.R n S!oo n p 390 n 

2.OOE-01 I 730” 73 n 27 n Zwoon 1600” 

l.ooE-01 I 370 n 37 n I4 n 10000” 780” 

4.OOE-02 I KS0 n 15 n 5.4 n 41&l n 310 n 
MOE-02 I 180 n 18 n 6.8 n 5100 n 390” 
s.ooEtoo I . . . 3omn 1800 n 680 n Sloooo n 39000 n 
Z.lxJB-01 / 730 n 73 n 27 n 2wOO n 16OU n I__-~. ____ _.__ ._.. -_------ _.___.... .-..-.-.. __ .-.---- _.-. _ -.--.--. .-. .- -.... - .-- .-----.- ._. 



umcs: i=lHIS h=fIEASr r=IIEASTrh w= Withdraw ---.--___ ~----1.-- .---2 

~ntaminant 
$halothrin/Karate 
$permerhrin 
iyromazine ‘---- 
Iacrhal 
Ialapon 
>anirol 
IDD 
)DE 
IDT 
)ecahromodiphen$ ether 
Iemeton 
Xallale 
Iiazinon 
..4-Dibromobenzene 
~ibromochloromerhane 
.,2-Dibromo-3-chloropropane 
1,2- Dibromoethane 
3iburyl phthalare 
bicamba 
1.2- Dichlorobenzene 
1.3- Dichlorobenzene 
1,4- Dichlorobenzene 
%,3’- Dichlorobenzidine 
l,4-Dichloro-2-butene 
Dichlorodifluoromerhane 
l,l-Dichloroethane 
l,2-Dichloroethane (EDC) 
1,1-Dichloroethyiene 
1,2- Dichloroethylene (cis) 
1,2-Dichloroelhyiene (trans) 
1,2-Dichloroethylene (mixture) 
2,4-Dichlorophenol 
2,4- Dichlorophenoxyacetic Acid (2.4-D) 
4-(2.4-Dichlorophenoxy)butyic Acid 
1,2-Dichloropropane 
2.3-Dichloropropanol 
1.5Dichloropropene 
Dichlorvos 
Dicofol _-_-._ ~.- 

~1 IRISor tlf3ST e=EPA-ECAO o=Olhcr Et’A dccurtenrs - -_------_-- 
V 

RfDo RfDi CPSO CPSI a 
CAS mgA@d mg&Yd kg*d/mg kg*d/mg c 

68085858 5.00E-03 / 

52315078 l.OOE-02 I 

---------- ___-__ 
75990 3.00E-02 I 

39515418 S.OOE-04 Y -- -..---_ ------_ 
72548 2.4OE-01 I 

72559 XJOE-01 / 

SO293 MOE-04 / 3AOE-01 I 3.40E-01 I 

-- 
- 

1163195 l.OOE-02 / *. 

8065483 4.OOE-OS I 
2303164 6.10E-02 h . . 

333415 9.OOE-04 h 

106376 l.OOE-02 / l * 

124481 2.OOE-02 i 8.40E-02 I . . 

96128 5.718-05 / 1.408+00 h 6.90E-07 h” 

106934 5.71E-OS h &SOE+Ol I 7.70E-01 I l * 

84742 l.OOE-01 I 
1918009 J.OOE-02 / 

95501 9.OOE-02 I 5.718-02 h .* 

541731 8.90E-02 o . . 

106467 2.298-01 I 2.40E-02 h .I 

91941 4.50E-01 I 
764410 9.30EtOO h l ’ 
75718 2.COE-01 I 5.71~~02 h .4 

75343 f.OOE-01 h 1.43E-01 h ., 

107062 2.868-03. 9.IOE-02 I 9.10E-02 I l ’ 

75354 9.WE-03 1 6*OOE-01 1 1.75E-01 I l ’ 

156592 l.MIE-02 h .I 

156605 2.00E-02 / ., 

S4OS90 9.GOE-03 h .4 

120532 3.OOE-03 1 

94757 l.OOE-02 I l a 

94826 8.00E-03/ 

78875 l.l4E-03 I 6.80E-02 h e4 

616239 3.OOE-03 I -___. . 
542756 3.OOE-04 1 5.71E-03 I 1.80E-01 h 1.30E-01 h” 

62737 s.ooe-04 I 2.90E-Ol/ 

115322 JdOF ?I w __. ._ _- . _.. - -. 

1 

I 

_- 



EPA Region Ill COC Screening Table: R.L. Smith (la-Mar-94) 15 

IUIXYS: i=IHIS h=fIEASl’ a =IlEASTalf. w= Wifhdrruw Irony IHIS o -_I_- --- ___- .-------- 

kmlaminant CAS ---_-___ -. 
Xcyclopenradiene 77736 

Xeldrin 60571 

Xesel emissions 
Iiethyl phthalare - 84662 

Iiethylene glycol, monohutyl ether 112345 

Iielhylene &coJ, monoerhyl elher 111900 
Xerhyl~mide -~ 61784s 

X(2-ethylhexyl)adipate 103231 

>ierhyislilbcslml .S6531 -__ 
%&oquat (Avenge) 

.- 
43222486 

WTubenzuron 35367385 

Diisopmpyl methylphosphonate (DIMP) 14457S6 -- __I_ 
Dimerhipin 55290647 

Dimelhoale 60515 
3,3’- Dimethoxybenzidine 119904 

Dimethyl phthalale 131113 
Dimerhyl terephthalate 120616 
Dimethylamine 124403 --. - 
2,4-Dimethylaniline hydrochloride 21436964 

2,4-Dimethylaniline 95681 

N-N-Dimethylaniline 121691 

3.3’-Dime1hylhenzidine 119931 

N.N-Dimethylfomramide 
l.l-Dimerhylhydrazine 
1.2- Dimethylhydrazine 
2,4- Dimerhyiphenol 
&6- Dime1hyiphcnol 
3.4 - Dimerhylphenol 
1.2-Diniirohenzene 

,lJ-Dinitrobcnzrne I__- 
i 1.4-Dinhroknzene 
4,6-Dinitro-o-cyclohexyi phenol 
2.4-Dinitrophenol 
~nitlotoiuene mixture 
‘2.4-Dinitrololuene 
‘2.6-Dinitrololuene 

Dinoseh 
di-n-Octyl phrhalare 
1.4 - I )il)xanc 

68122 
57141 

5407.u 

(OS679 
576261 

956X 

S2829( 

99651 -.. 
10025~ 
13189: 
Sl28: 

WOE-OS / 1.60EtOl I 1.6lEtOl I 0.0042 c o.cm39 c o.ooo2 c 0.18 c 0.04 c' 
1.438-03 I 5.2 n 0.52 n --- ___~. 

8.OOE-01 / 2900 n 290 n 110 n 82WO n 63CKJn 
5.7lE-03 h 21 n 2.1 n 

~m2.00EtO0 h 7300 n 730 n 270 n 2OcoOon 16000 n .--I___ _I---- 
l.lOE-02 h ‘I._ 40 n 4n 1.5 n 1100 n 86 " 
6*OOE-011 1.208-03 I 0.4 F 56 c 5.2 E 2.6 c 2400 o 530 0 

4.7oEtu.1 h O.oooolo IE-06 c 7E-07c 0.00061c o.wO14 c -____ _- __- ----___ ------~____ 
8.OOE-02 I 290 n 29 n 11 n 8200 n 630 n 
2.OOE-02 / 73 " 7.3 n 2.7 n 2000" 160 n 
8.OOE-02 I 290 n 29 n 11 n 8200 n 630 n -- .~__---_--_ -- 
2.OOE-02 / 73 " 7.3 " 2.7 n 2WO n 160 n 
Z.OOE-04 I 0.73 n 0.073 n 0.027 n 20 n 1.6 n 

1.40E-02 h 4.8 c 0.45 0 0.23 c 2OOc 46 c -.-- 
l.OOEtOl h 37000 n 3700" 1400" lOcxxlOOn 78000 n, 
l.OOE-01 I 370 n 37 n 14" luwon 780 n 

5.718-06 w '"' 0.021 n 0.0021" _- --.. -- ~__ _ 
S.80E-01 h 0.12 0 0.011 c 0.0054 c 4.9 c 1.1 c 
7.50E-01h 0.09 0 u.0083 0 O.w42c 3.8 o 0.85 c 

2.OOE-03 I 7.3 n 0.73 n 0.27 n 200" 16 n 
9.20E+OO h 0.0073 0 O.OW680 0.00034 0 0.31 0 0.069 c 

l.OOE-01 h 8.57E-03 I 370 n 3.1 " 14 n 1WOO" 780 n 
2.60EtOO h 3.SOE+OO h 0.026 c 0.0018 o 0.0012 c 1.1 0 025c -_- -____--.,- _ 
3.70EtOl w 3.7OEtOl w 0.0018 c o.wO17 0 o.oam 0 0.077 c 0.017 c 

2.OOE-02 I 

6.OOE-04 I --______ 
l.OOE-03 I 

B.OOE-04 h 

-l.lwE-04 I ---__ -___ ~- 
4.OOE-04 h 

2.00E-03 I 

DOE-03 / 

2.000-03 I 

l.OOE-03 I 

2.OoE-02 h 



WA HeglOn III GUC; SCr0enlng iable: ti.L. Smith (18-Mar-Y4) 
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DIJIC~S: i=IRIS h=IIEASf a =IiEASTalr,.t Withdrawn from IRIS or IlEAST e=EPA-ECAO o=Ofhcr EPA dwumenrs 

I I I I I IV 

1,2- Diphenythydrazine 

Direct black 38 

Direcl blue 6 

Direct brown OS’ 

Disulfoton 

L-- 1 4- Dilhiane _____..-_I 
Diuron 

Dodine 

Endosutfm -.- --- 

8.6OE t 00 h 

8.lOEtW h -___ 
9.3oE tw h 

.----~ .--. -.- 

-.--- 
Endorhalt 

Endrin 
Epichtorohydrin -._-- 
1.2-Epoxybutane 
Ethephon (2-chloroethyl phosphonic acid) 
Ethion _._. -..-_----- ___- .-- -- _ --____ 
2-E~hoxyethanot acetate 

2-EthoxyeO~anot 
Ethyl acrytate 

---I &IX (S-Ethyl dipropytthiocarbaruak) 

Ethyt ether 
Ethyl methacrylale __. 
Ethyl acetate 
Elhylbenzene 
Ethylene cyanohydrin 

Ethylene diamine 
Ethylene glycol 
Ethylene glycot, monobutyl ether 
Ethylene oxide 
Ethylene Ihiourea (ETU) 
w p-nit-henyt phenylphosphorothioate --- 
Ethyinilrosourea 
Elhyiphthalyt elhyi gtycotate 
J?J & 
Fcnamiphos 

e 
Ftuoruetumn 

Fluoride _. ..-_ ., --- ~----..---.- --.---.--.- -------- 

i- 
563122 

111159 

I lo!305 

140885 

759944 

60297 

97632 

141786 

100414 
109784 

107153 

107211 

111762 

7S218 

96457 

2IO464S 

759739 

84720 

10120 

22224926 

216417: 

7782414 ---. 

2.OOE-02 I 

mOE-04 I 

2.OOE-03 h ?.86E-04 I 9.90E-03 / 4.20E-03 I -____--- 
5.718-03 I 

S.OOE-03 I 

S.OOE-04 I _-... 
J.OOE-01 h 

4.OOE-01 h 5.71E-02 I 

4.80E-02 h -- 
2.50E-02 / 

2.00E-01 I . . 

9.WE-02 h ---___ 
9.WE-01 I 

l.OOE-01 / 2.868-01 I . . 

3.OOE-01 h ____._____~ 
2.OOE-02 h 

2.OOEt00 I 

5.71E-03 h 

l.OZE+Cxl h 3.SOE-01 h 

WOE-05 I 6.00E-01 h 

l.OOE-05 / 
1.4oI?.to2 w 

INWE+ I 

8.OOE-03 I 

2.SOE-04 I 

=final D=drrft P=prC$BbX bd T=tenrrriw I c=carrinogcn n=norrrrcinogen 

Ambient Industrial Residenital’ 
MCL Tap water air Fish soil soil 
mg/L Pgn /q/m3 mgntg rnflg mghq 

0.1 F 73 n 7.3 n 2.7 n 2000 

29 n 2.9 n 1.1 n 8’0 n 63 n 

0.91 ” O.WI n 0.034 ” 26 n 2n 
1.30E-02 I L 47 n 4.7 n 1.8 ” 1300" 

6.OOE-02 I 220" 22 n 8.1 n 6“ ’ n --- ____-_---- .--.- _ _ __-.----- _._____ ___-_____-_--- 



EPA Region III COG Screening Table: R.L. Smith (18-Mar-94) 

SOUKCS: i=IRIS h=tIEASI‘ a =IIEAST r/r. 

K-- 

IV= Wihdrrwn from 1RIS OI -.--. _~_-----_ 

1 

ConMninan; l-l CAS 
Ruoridone 59756604 

Fiurprimidol 56425913 

Fludanil 66332965 

Fiuvalinale 69409945 

Folpel 133073 

Fomesafen 72178020 ~ 

Fonofos 944229 

Formaldehyde sow0 
Formic Acid 64186 _____._.____ --._-__I-.____-_____II_ 
Fosetyl -al 39148248 

Furan 1woo9 
Furazolidone 67458 ,_ 
Furfural 98011 

Furium S31828 

Furmecyclox 6OS68OSO 

Glufosinale-ammonium 77182822 

Glycidaldehyde 765344 

_Glyphosate 1071836 

llakoxyfop-ni;lhyl 698064CR 

I lamlony 79277273 

tICIt {alpha) 319846 

iiC14 (be13) 319857 

HCH (gamma) Lindane ii8899 

HCH -technical 608731 

1 Ieptachlor 16448 

Ilep~achlor epoxide la24573 

Hexabromobenzene 87821 

Hexachlorobenzene 118741 

Iiexachlorohutadiene 87683 

Ilexachlorocyclopentadiene 71474 

Hexachlorodihenzo-p-dioxin mixlure 19408743 

Ilexachloroethane 
Iiexachlorophene 

Iiexahydro-i&5-iriniiro- i.3.Giriazine 

‘[EAST c = EPA - ECAO 0 = other EPA dffun8etals -_---_~---.--- 

I I I IV 

CYSO CPSi 0 
mg/ktid 1 mg/kg/d kg*d/mg kgWmg c 
&WE-02 I 

2.OOE-02 I 

b.WE-02 / 

LOOE-02 / 

l.ooE-01 / 3.SOE-03 I 

1.90E-01 I 

2.OOE-03 I 

2.OOE-01 / 4.SSE-02 i 

2.OOEt00 h -..-_-- 

3.OOE to0 ! 

l.GGE-03 I 

3.80E t 00 h -- 

J.OOE-03 I 1.43E-02 h 

S.OOE+O1 h 

3.OOE-02 I _-- 
4.OOE-04 I 

4.OOE-04 / 2.868-04 h 

l.OOE-01 / -- 
S.OOE-OS I 

1.30E-UL / 

6.30EtOO I 6.30E+00 I 

1.80E+00 I 

3.OOE-04 I 1.30Et00 h 

1.80E+00 / 

S.WE-04 I Q.SOE+O I 

1.30E-OS / 9.10E+00 I 

2.OOE-03 / 

&WE-04 I 1.60E+Oo I 

2.OOE-04 /I 7.808-02 I 

7.OOE-03 I 2.00E-05 h 

1.80E+OO I 

1.79E +oo / ---- 
4ssEtw I l *I 

9.1011+OO / l *I 

..’ 

1.6lE to0 I **’ 

7.708-02 / l *’ 

..I 

6.208+03 I 4.558+03 I 

l.OOE-03 I l&E-02 / lAOE-02 / **I 

3.C@E-04 I 
.jWE-03, l.lOE-01 I 

6.008-02 h 571E-02 / ..I 

3.3OE-02 I 

3.OOE+W I 1.71EtOl I 

2.OOE-03 / 

3.OOE-03 / 257E-04 / ___ ____ -- __.__-. -..- ~-- ---..- -. -._-. --_--- 

17 17 

0.35 * 0.033 Q 0.017 c 1s 0 

7.3 n 0.73 n 0.27 n 200 n 
730 n 0.14 c 2711 2OWOn 



WA Heglon III c;OG Screening leble: H.L. Smith (la-Mar-94) 18 

Soums:j=fRIS h=ffEAST r=ffEASTall. w= Withdrawn / - -~-.--_.__ ____-_ 

Contaminant 
Hydroquinone 
lmazatil 
lmazaquin 
lprodione 
lsobutanol 
Isophorone 7 
Isopropalin 
Isopropyl methyl phosphonic acid 
lsoxahen 
Kepone 
Lactofen 
Lead (ktraethyl) --__- 
Linuron 
Lithium 
Landax --- 
Malathion 
Maleic anhydride 
Maleic hydrazide 
Matononitrik 
Mancozeb 
Maneb --I 
Manganese and compounds 
Mephosfolan 
Mepiqual chloride 
Mercury (inorganic) 
Mercury (methyl) 
Merphos 
Merphos oxide 
Metalaxyl 
Melhacrytonitrile 
Methamidophos 
Methanol 
Methidathion 
Methomyt 
Methoxychlor 
2-Melhoxyethanol acetate 
2-Melhoxyethanol 
2-Mehxy- 5- nitroaniline 
Methy! ac+r’” 

, 

froll - - 

3: 

a 
-; 

3 

8 

I 

.- 

8 

I 

I 

-- 

‘ 

123319 4.OOE-02 h 150 n 1s ” s.4 n 4100 n 310 n 
5SS4440 I 1.30E-02 I 41 n 4.1 n 1.8 n 1300 n 100 n 
1335377 

6734197 

I 2.SOE-01 1 910 n 91 n 34n 26000n 
4.C@E-02 I I 150 n 15 n 5.4 n 4100 n 

7883 I 3.M)E-01 I 

18.59 1 2.OOE-01 I 9.SOE-04 i 

3820530 l.SOE-02 I 

1832S48 l.OOE-01 I 

2558507 S.OOE-02 I 

143.500 1.80EtOl e 

7501634 2.C@E-03 / 

78002 l.OOE-07 I 

330552 Z.OOE-03 I 

7439932 Z.OOE-02 e 2.7 n Zoo0 n 

83056996 ( 2.00@-01 I I 730 n 73 n 2ln 20000n 16OOn 

121755 2.OOE-02 I 73 n 7.3 n 2.7 n 2000n 160 n 

950107N 

14307264 

7439976 

U967926 

150505 

78488 

57837191 

126987 

10265926 

67561 

950378 

16752775 

72435 

110496 

109864 

99592 

79209 - -.-- 

l.ooE-01 I I 370 n 37 n 14n wown 

S.caE-01 1 

2.00E-05 h 

3.OOE-02 h 

S.OOE-03 I -_I --_---- 
S.OOE-03 1 1.43e-05 / 

9.OOE-OS h 

3.008-04 I 

3.OOE-OS I 

3.00E-OS / 

3.4 n 2mo n 

S.OOE-03 I 

2.@lE-03 h 



EPA Region III COC Screening Table: R.L. Smith (18-Mar-94) 

xm’c.s: i=fRfS h=ffEAST d=if&AS7’d/l. w= WiIhdrdWn from fRfSor ffEAS7’ e=Ef’A-ECAO o=OlhrrfPA dwunlcns --- 

l I 1 I IV 

Zonlaruinanl 

_ MD0 RfDi CPSO CPSi 0 
@AS tug/kg/d mg&g/d kg’d/mg kg*d/mg c 

Aelhyi acryiale 96333 3.OOE-0.2 h 

!-Methylaniline hydrochloride 636215 1.8oE-01 h 

i-Methylaniline 95534 2.40E-01 h ---.__. 
vielhyl chlorocarbonate 79221 1.OOEtOO Y 

I-(2-Methyl-4-chlorophenoxy) butyricacid 94815 l.OE-CL? I 

!-Methyl-4-chlorophenoxyacetic acid 94746 S.OOE-04 I ---~------._ 
!-(2-Methyl-14-chlorophenoxy)propionic acid 936.52 1 .OOE -03 / 

vlethylcyclohexane 108872 8.S7E-01 h 

vlelhylene bromide 74953 l.OOE-02 h . . . 
--- 

tielhylene chloride 7S092 6.00E-02 I E.S7E-01 h 750E-03 i 1.64E-03 I l ” 

1,4’-Melhylene bis(2-chloroaniline) 101144 7.OOE-04 h 1.30E-01 h 1.30B-01 h 

1,4’-Me~hylenebisbenzeneamine 101779 2.50E-01 h -- - 
i,4’-Melhylene bis(N,N’-dimethyl)aniline 101611 4.60E-02 I 

1,4’-Melhylenediphenyl isocyanale 101688 5.7iE-06 h .** 

Methyl ethyl beCone 78933 6.OOE-01 / 2.868-01 i __-__ 
Methyl hydrazine 60344 l.lOE to0 h 

Methyl isobulyl ketone 108101 S.OOE-02 h 2.29E-02 h 

Methyl melhacrylate 80626 8.OOE-02 h 

Z-Methyl-S-nitroaniline 99558 3.30E -02 h 

Methyl parathion 298000 2.50E-04 I 

2-Methyiphenol (o-cresol) 9.5487 S.OOE-02 I 

?%elhylphenol (m -cresol) 103394 S.WE-02 I 

4-MeU~ylphenol (p-cresol) 106445 WOE-03 h 

Methyl slytene (mixlure) 25013154 6.OOE-03 h l.l4E-02 h 

Methyl styrene (alpha) 98839 7.OOE-02 h 

Methyl terlbulyi ether (M’I’BE) 1634044 WOE-03 . 8.57E-01 I 
51218452 l..SOE-01 I 

Metribuzin 

Monochloramine 

Napropamide 
Nickel refinery dust 

Nickel (soluhle salts) 
Nickel subsulfide 
Nilrapyrin 
NitFat! 

, a-,“> ti.WL. Yd . 
15299997 l.tiE-01 / 

8.4OE-01 I 

7440020 2.00E-02 I 

12035722 1.70EtWJ I 

1929824 1.50E-03 w 

14797558 1.60EtOO I _ _. _,__ ._ ~__.__ ..~ _ - __-- -. _ _ _~ _ ._..~ .___.._ -- .__ 

19 

0.003s ” 0.0021 n 

2200 n 100 n 81 n 61OW n 4700 n -____ 
0.061 c o.OOs7 c 0.0029 c 2.6 c 0.58 c 

180 n a.4 n 6.8 n SIOO n 390 n 

290 n 29 n 11 n 8200 n 630 n 

2c 0.19 e 0.096 c 87 c 19 c 

0.91 n 0.091 n 0.034 n 26 n 2” 

180 n 18 n 6.8 n 5100 n 390 n 

180 n 18 n 6.8 n 5100 n 390 n 

18 n 1.8 n 0.68 n 510 n 39 n 

6” 4.2 n 0.81 n 610 n 41 n 

43 n 26 n 9.5 n 7200” s.50 n 

18 n 310 n 0.68 n 510 n 39 n, 
550 n ss n 20 n 1row n 1200 n 

91 n 9.1 n 3.4 n 2600 n 200” 

0.037 c 0.0035 0 0.0018 c 1.6 c 0.35 c 

7.3 n 0.73 n 0.27 n 200 n 16 n 

18 ” 1.8 n 0.68 n 510 n 39 n 

370 n 37 n 14” 1wOO” 780” 

?.3 x n,, “.,.. :: “7, “..,# r7 7M ..w ii !6 i; 

370 n 37 n 14” 10000” 7aOn 

0.007s 0 

0.1 F 73 n 7.3 n 2.7 n 2mJ n 160 n 

0.0037 E 

5.5 n 0.55 n 0.2 n IS0 n I2 n 

10 F 5800 n SE0 n 220 n 16WJO n 13cm n -- -- ---_--. . _______- 



EPA Region III COC Screening Table: R.L. Smith (rtv-Mar-94) 20 

Sourrcs: i=IRlS h =IIEAST a = IIEASTah. w= Withdraw from IRIS or IlEAST e =Et’A-ECAO o = t&her EYA dwtrmenrs F=final D=drail P=proposed T=tentafiw 1 c=carcincxen n=non’ilrcinogm 
l~----I-.--Rmo----~~---~~~---c~~-~ iLzater A$<ih--%;riaI Res$ntial 

P 
CAS m&g/d mg/kg/d kg*d/mg kg*d/mg c mg/L ,pgiL pg/m3 mghg mglllg mgntg Contaminant 

Nitric Oxide 0102439 l.WE-01 I 

4797650 l.OOE-01 / 

88744 6.C@E-OS w__S.7IE-OS h 

99092 3.OOE-03 o 

too016 3.00E-03 o 

98953 MOE-04 / 5.71E-04 h 

67209 7.OOE-02 h 

59870 t.so'itm h 9.4oEtw h 

101Cr2440 l.OOEtOO I 

Nitrite 
2-Nitroaniline 
+Nitroaniline 
4-Nitroaniline 
Nitrohenzene 
Nitrofurantoin 
Nittofurazane 
Nitrogen dioxide 
Nitroguanidine 
4-Nitrophenol 
2-Nitropropane -- 
N-Nitrosodi-n-hutylamine 
N-Nitrosodiethanolamine 
N-Nitrosodiethylamine 
N-Nitrosodimethylamine 
N-Nitrosodiphenylamine 
N-Nitroso di-n-propylamine 
N-Nitroso-N-methylethylamine 
N - Nitrosopyrrolidine 
m - Nitrotoluene 
o-Nitrotoluene 
p-Nitrotoluene 
Norflurazon - 
NuStar 
~)clal~ronrodipllcnyl ether 
Octahydro-1357-tetranitro- 1357-tetrazocine --.- -- 
Octarnerhylpyrophosphoran~ide 
Oryzalin 
Oxadiazon 
Oxamyi 
Oxytluorfen 
Paclotwtraml _ 
Paraquat 
Parathion 
Pehulate -_- - 
Pendimethalin 
I’entabromo-6-chloro cyclohexane 
I’cntalwnt~~ “vt~enyl ctljcr 

I 

L 

_ 

-. 

i 

556887 l.OOE-01 / 

lCW27 6.2OE-02 o 

79469 S.71E-03 I 9.40Et00 h 

924163 S.40EtOo / S.6OEtOO I 

1116.547 2.80Et00 ! 

55185 t.SOEtUL I l.StE+O2 I 

S.lOE+Ol I 4.90EtOl I 62159 
86% -4 621647 

10595956 

930252 

99031' 

88722 

99990 

27334132 

85509199 

32S36520 

2691410 _.__- 
152169 t 9044883 

19666309 

23135220 

42874033 

16138620 .- 

19tO425 

56382 

1114712 -_I_ 
40487421 

87843 

3253481') . _ . . 

4.908-03 I 
~ 

7.OOEt00 i 

2.20EtOl i 

2.tOEtW I 2.13E+OO I 

l.OOE-U2 h l . . 

l.OOE-02 h 
..* 

l.OOE-02 h 
..* 

4.OOE-02 I 

7.OOE-04 / 

3.ooE-03 I 

S.OOE-02 / 

2.00E-03 h 

MOE-U2 / 

S.OOE-03 / 

2.50E-02 I 

3.@lE-03 I 

1.30E-02 I --___I_- 
4.SOE-03 / 

6.WE-03 h 

S.OOE-02 h .-_-- ----- 
4.00E-02 I 

2.30E-02 h 

2.WE -03 I 

,- 

- 

370 n 37 n 14n toown 780 n 
230 n 23 n 8.4 n 63OOn 480n 

21 ” OmO67c 

0.012 0 0.0011 0 O.OOOS8 c 0.53 0 0.12 E 

0.024 c 0.0022c 0.0011 c lc 0.23C 

0.ooo4.5 0 0.00004 0 o.owo2 0 0.019 c 0.0043c 

0.0013 c o.Ow3 c 0.00006 c 0.056 c 0.013 c 
14 0 1.3 c 0.64 c 580 c 130s 

0.00960 O.wx9o o.ow4s c 0.41 0 0.091c 

0.0031 c 0.00028c 0.00014 f 0.13 c 0.029 5 

0.032 c 0.0029G 0.0015 c 1.4 c 0.3 CL 

11 n 1.1 n 0.41 n 310" 23 n 
180 n 18 n 6.8 " SlOO n 390n 
7.3 n 0.73 n 0.27 n 200" 16 n 

180 n 18 n 6.8 n 5100 n 390" 
18 n 1.8 n 0.68 " SlOn 39 n 

0.2 F 91 n 9,l n 3.4n 2600n 2oon 

11 n I.1 n 0.41 n 310" 23 n 
47 n 4.7 n 1.8 n t.wo n 1OOn 
16 n 1.6 n 0.61 n 46on 3s 0 
22 n 2.2 n 0.81 n 610 n 47 n 

180 n 18 n 6.8 n SW0 n 390* 

150 n 15 n 5.4 n 4100 n 310" 

2.9 c 0.27 c 0.14 c I20 c 28c 
1.3 " !!z?!r -.0_2! II 'P _. . 16 0, . --. _. .~ . -. ..-. 
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UIIWS i=IRIS h=KEAST a=?IEASTalr. IV= Wi&&awn 

!ontaminant 
‘entachlorobenzene 
‘entachloronitrobenzene 
‘entachlorophenol 
‘ermethrin 
‘henmedipham 
‘henol 
n -Phenylenediamine 
I-Phenylenediamine 
I-Phenylenediamine 
‘henylmercuric acetate 
!-Phenylphenol 
‘horate 
‘hosme t 
‘hosphine 
‘hosphorus (white) 
)-Phthalic acid 
Phthalic anhydride 
Piclorani 
zrimiphos -methyl 
?olyhrominated biphenyls 
+olychlorinated biphenyls (PCBs) 
Aroclor 1016 

Polychlorinated terphenyls (PCT’s) 
Polynuclear aromatic hydrocarbons 
Acenaphthene 
Anthracene 

ajpyrene Benzo[ --- ~-1- 
Benzo[h)fluoranthene 
Benzojkjfluoranthene 
Bcnz(a]anthracene 
Chrysene 
Dibenz(ah]anthracene 
Fluoranthene 
Fluorene 
Indeno( 1,2.X-cdlpyrene 
Naphthalene 
Pyrene 

Prochloraz 
1 t’rotlur;llir! ._, 

I I10 - - 
lrn IRIS or IlEAST c = EPA- ECAO o =Oiher EPA dwumenls 

I I 
---__ 

I I IV 

RfDo RfDi CPSO CPSi Q 
CAS m@g/d m&g/d kjbdlmg kg?d/mg .c 
608935 8.OOE-W I 

82688 MOE-03 I 2.60E-01 h 

87865 1 3.OOE-02 I '.20E-01 I 

52645531 1 WOE-02 I 

13684634 2.SOE-01 I 

108952 6.00E-01 I 

108452 6.lWE-03 I 

95545 6.OOE-03 n 

106503 '.90E-01 h 

62384 8.00E-OS I 

90437 1.948-03 h 

298022 2.OOE-04 n -/------ 
732116 2.00E-02 I 

1918021 1 'I.OOE-II2 / 

29232937 WOE-U.2 / 

7.OOE-06 h 

1336363 

12674112 7.00E-OS I 

8.90E to0 n 

7.70EtOO I 

4.SOEtOO e 

83329 6.lME-02 I 

120127 3.OOE-01 I 

-SO328 - .-- __-- 

205992 

207089 

56553 

218019 

53703 

206440 4.OOE-02 I 

86737' 4.00E-02 I 

193395 

91203 4.OOE-02 IV 

129000 3.00E-02 I 

67741095 9.OOE-03 I 

26399360 6.001J -03 h . - - _ . _ _ __ _ 

7.3OEt00 / 6.lOEtOO h 

7.30E-01 . 6.'OE-01: 

7.30E-0.2 . 6.10E-02. 

7.30E-01 . 6.108-01. 

7.30E-03 a 6.'OE-03 Q 

7.30Et00. 6.10EtOO. 

7.308-01 . 6.lOE-01 . 

l.SOE-01 I 

35 0 3.2 c 1.6 c 1500 c 330 0 

0.73 n 0.073 n 0.027 n 20 n 1.6 n 

73 n 7.3 n 2.7 n Zoo0 n 160 n 

1.1 n 0.0031 n 0.041 n 31 n 2.3 n, 
0.073 " 0.0073 n om27 n 2n 
3700 n 370 n 140 " 'OalO0 n 

0.26 n 0.026 n 

0.a F 0.0092 c 0.001 0 o.cm43 0 0.39 0 0.088 c 

o.ooo2 P 0.w2 0 0.01 0 0.0043 0 3.9 Q 0.88 c 

o.oolr2 P 0.92 c 0.1 c 0.043 0 39 0 8.8 0 

0.0001 P 0.092 c 0.01 c 0.0043 c 3.9 c 0.88C 

o.ooo2 P 9.2 o 10 0.43 0 390 0 88c 

0.0003 P om92 0 0.001 0 0.00043 0 0.39 0 0.088 c 
I.50 n IS n i;;J n ?!W !! 3!0 !? 

1.50 n 1s n 5.4 n 4100 n 310 n 

o.ooo4 P 0.092 0 0.01 Q 0.0043 0 3.9 0 0.88 0 

'SO n IS n 5.4 n 4100 n 310 n 

110 n 11 n 4.1 n 3100 n 230 n 

0.45 c 0.042 c 0.021 G 19 0 4.3 c 

- ..- -._____._ 2 !? z&L-_---O.8 n 610 n 47 n ______ ----- 
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Sources: I-MIS h=iIEAST r=iIEASTdr. w= With&mm I 

I------. 

_-_-----_ 

Contaminanl 
Prometon 
Prometryn 
Pronamide 
Propachlor 
Propanil 
Propargite 
Propargyl alcohol - 
Propazine 
Propham 
Propiconazole 
Propylene glycol 
Propylene glycol, monoethyl ether 
Propylene glycol. n~ononiethyi ether 
Propyfene oxide 
Pursuit 
Pydrin 
Pyridine 
Quinalphos 
Quinoline 
Resmelhrin 
Konnel 
Rotenone 
Savey 
Selenious Acid 
Selenium 
Selenourea 
Sethoxydim 
Silver and compounds 
Simazine 
Sodium azide 
Sodium diethyldithiocarbamate 
Sodium lluoroacetate 
Sodium metavanadate 
Strontium, stable 
Slrychnine 
wene 

I 
Systhane 
2,X,7,8-TCDD (dioxin) 
l’ehuthiunw 
- -----1 ._. _.- . . -._----.- -.-- --- 

2.1 n 2000 n 

2.4OE-01 i 1.29E-02 I 

I_--___ 

1.20E-01 h 

148185 MOE-M I 2.70E-01 h 0250 0.0.23 0 Ct.012 0 11 c 2.4 cl 

62748 2.008-05 / 0.073 n 0.0073 n o.iw27n 2n 0.16 n 
13718268 l.OOE-03 h 3.7n 0.37 n 0.14 n 100 n 7.8 n 

7440246 6.OOE-01 ! uoon 2.2Oll 81 n 61ooO n 47OOn 

S-n49 3.00@-04 I 1.1 n 0.11 n 0.041 n 31 n 2.3 n 
100425 2.OOE-01 I 2.86E-01 I . . . 0.1 F 160 n loo n 2711 2OOOOn 16OOll 

88671890 2.5OE-02 I 91 n 9.1 n 3.4 n 2600 n 200' n 

1746016 l.SoEtos h I.SOEt0.F h 3E-08 F SE-07 c 4E-08~ 2E-08 c o.oam? c 4.308-06 c 

34014181 7LwIS-02 I 260 n 26 n 9.5 n ww- \ 5son -__--- -- -__--_. --~-- . --- -.-.-.---. - .-- -- -~--- 
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So~rccs: i=IRIS h=tiEAST r=tlEASTrlr. w= wilhdrawn 

Contamipant 
Ternephos 
Terbacil 
Terbufos 
Terbutryn 
1,2,4.5-Tetrachlorobenzene 
1,1,1,2-Tetrachloroethane 
1,1,2,2-Telrachloroethane 
Tettachloroethylene (PCE) 
2,3,4,6-Telrachlorophenol 
p,a,a,a-Tetrachlorotoluene 
Te trachlorovinphos 
Tetraethyldithiopyrophosphate 
Thallic oxide 
Thallium 
Thallium acetate 
Thallium carbonate 
Thallium chloride 
Thallium nitrate 
Thallium selenite 
Thallium sulfate 
Thiobencarb 
2-(‘lhiocyanomethylthio)-benzothiazole 
Tbiofanox 
Thiophanate-methyl 
Thiram 
Tin and compounds 
Toluene -- 
Toluene -2,4-diamine 
Toluene -2,5-diamine 
Toluene-2,6-diamine 
p-:Toluidine 
Toxaphene 
Tralomtthrin 
Triallate 
Triaoulfuron 
1.2.4-Tribromobenzene 
Tributyitin oxide (TBTO) 
2,4.6-Trichloroaniline hydrochloride 
2 4 ~i-‘l‘ricl~l~~rc~a~~i~i~l~ -?-‘-- _ .__ _..______....--. ----__...-._--. .” _-. _. . -. 

I fro - 

Ii 

srn IRIS or IIEAST e=EPA -ECAO o=Olhcr EPA dccumenrs 

3383968 2.WE-02 h 

5902512 1.3OE-02 I 

13071799 Z.SOE-OS h 

886500 LWE-03 / 

95943 3.OOE-04 I ..< 

630206 3.OOE-02 / 2.60E-02 I 2SYE-02 I l *’ 

2.OOE-01 / 2.03E-01 i= 

I S.20E-02 s 2.03E-03 o l *( 

I __- 
i!.o”E +ol h ..< 

I 2.40E-02 h 

563688 9.OOE-OS I 

6533139 8.OOE-05 I 

7791120 8.OOE-OS I 

10102451 9.@lE-OS I 

12039520 9.OOE-OS Y 

7446186 B.OOE-OS I 

28249776 l.OOE-02 I 

- 

..~__. 
21564170 3.OOE-02 h 

39196184 3.OOE-04 h 

23564058 8.008-02 / 

137268 MOE-03 I 

6.OOE-01 h 

108883 2.OOE-01 I 1+14E-01 w . . 

95807 3.20E +OO h 

9S70S 6.OOE-01 h 

823405 2.OOE-01 h 

106490 1.9OE-01 h 

8001352 l.lOEt00 I l.l2E+00 I 

668412# I.SOE-03 I 

..::!I 

23 

0.091 n O.cml n 0.0034 n 2.6 n 02 

3.7 n 0.31 n 0.14 n loon 7.1 

OS%? F 

0.33 ” 0.033 n 0.012 n 9.2 n 0.7 

0.29 n 0.029 n 0.011 n a.2 ” 0.63 

0.29 n 0.029 n 0.011 n 8.2 n 0.63 n 

0.33 n 0.033 ” 0.012 n 9.2 n 0.7 n 

0.33 n 0.033 n 0.012 l-8 9.2 n 0.7 n 

0.29 n 0.029 n 0.011 ” 82 n 0.63 n 

37 ” 3.7 ” 1.4 n 1000” 78 n 

110” I1 ” 4.1 n 3100 ” 230 n 

1.1 ” 0.11 n 0.041 ” 31 n 2.3 n 

290 n 29 n 11 ” 8200 n 6Mn 

18 n 1.8 n 0.68 n 510 n 39 n 

2200 ” 220 n 81 n 61WO n 4700 n 

1F 15 ” 42 n 27 n 2000” 1600” 

0.021 c o.rm 0 o.cw99 c 0.89 0 02 c 

2201) n 220 n 81 n 6lO!M n 4700 n 

730 n 73 ” 27” 2OOLXln 1600 n 

0.35 Q 0.013 a 0.017 Q IS 0 3.4 0 

0.003 F 0.061 Q 0.00.(6 0 o.lm9 0 2.6 o 058 0 

27 n 2.7 n In 770 n 59 n 

47 ” 4.7 n 1.8” 1300” loo ” 
37 n 3.7 n 1.4 n 1cmon 78 n 

3n 1.8 n 0.68 n 510 n 39 “~ 

0.11 n 0.011 n 0.0041 n 3.1 n 023” 

2.3 c 0.22 c 0.11 E 99 c 22C 

20 O.IB 0 0.093 0 _ ._ ,. ,_ ._,_.. I,._ _. . -.__..__._.-- - I. ._.._- - - ..-.-- . 19 84 0 _--_ 
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~urres: i=IRIS h=liEXT r=IIEASTalr. w= Wirhdrrwn from IRISor IIEAST c=EPA-ECAO o=Orhcr EPA dacumenrs --- --. 

I I I I I IV 

bntaminant 
RfDa 1 RfDi 1 CPSo 1 CPSi 

rug&/d 1 mglkg/d 1 kg*‘d/mg 1 kg?d/mg 
,2,4-Trichlorobenzene 
.l,l-Trichloroethane 
.1,2-Trichloroethane 
‘richloroethyiene (TCE) 
‘richlorofluoromethane 
,4,S-Trichlorophenol 
.4,6-Trichlorophenol 
.4,5-Trichlorophenoxyacetic acid 
,-(2.4.5-Trichlorophenoxy)propionic acid 
,1,2-Trichloropropane 
,2,3-Trichloropropane 
.2,3-TCP as carcinogen 
.2,3-Trichloropropene 
,1.2-Trichloro- 1,2,2- lrifluoroethane 
rridiphane 
friethylamine 
frifluraiin 
1,2.4-Trimethylbenzene 
IAS-Trimethylbenzene 
frimethyi phosphate 
L.3.S-Trinitrobenzene 
frinitrophenylmethylnitramine 
1,4,6-Trinitrotoluene 
Uranium (soluble salts) 
Vanadium 
Vanadium pentoxide 
Vanadium sulfate 
Vemam 
Vinclozolin 
Vinyl acetate 
Vinyl bromide 
Vinyl chloride 
Warfarin 
m-Xyiene 
o-Xylcne 

12oa21 l.OOE-CC! / 2.578-03 h ..* 

71556 9.00E-02 w 2.86E-01 w l . . 

79005 4.OOE-03 I 5.708-02 I S.60E-02 I l ** 

79016 6BOE-03 . l.lOE-0.2 I 6.OOE-03 e l ** 

75694 3.OOE-01 I Z.OOE-01 h . . . 

9.5954 l.OOE-01 I 

a8062 l.lOE-02 I l.O9E-02 / 

93765 l.WE-Cr.2 I 

93721 aAxlE-03 I 

5.98776 WJE-03 I . . . 

96184 6.OOE-03 I ..a 

96184 2.70E too . ..I 

96195 S.OOE-03 h .*a 

76131 3.OOEtOl I 8.57EtfM h .I. 

58138082 3mE-03 I - 
121448 2.OOE-03 I 

1582098 7SOE-03 I 7.708-03 I 
95636 s.w-04 0 a.4 

- 
108678 4.OOe-04 e ..1 

512561 3.708-02 h 

99354 MOE-OS I -- 
479458 l.OOE-02 h 

118967 SAME-04 I 3.OOE-M I 

7440611 3.lwE-03 I 
7440622 7.OOE-03 h 

1314621 9.OOE-03 I 
36907423 2.00E -02 h 

1929777 MOE-03 I 
50471448 2.SOE-02 I 

108054 l.OOEtOO h 5.718-02 I 

593602 857E-04 I ..’ 

7.5014 1.9OEtOO h 3.00E-01 h*” 

81812 3.WE-04 I 
108323 2.OOEtOO h 2.OOE-01 I ..’ 

95476 2.OOE+OO h 2.001!-01 w . . 

p-Xyiene 
Xyiene (mixed) 

1 106423 1 8.57E-u2 Y . . 

1330207 2.00EtOO I . . 

Zinc . 7440666 3.OOE-01 I 

zinc phosp ___. I 1 1314847 3.WlE-04 I _.- -.--_---.-- ---- --- -.-.. -- .-- --- _. .- ~-_~. _ 

. 

* 

. 

. 

. 

. 

-c 
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APPENDIX C 

RISK-BASED CONCENTRATION TABLE, 
FOURTH QUARTER 1994 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

Region III 
841 Che&ut Street 

1 
I 

Philadelphia, Pennsylvania 19107 i 
L-;, c c E I’.,’ 5 G 
’ ’ 7 r 

:,!E-[?;; r i ‘-;:r ‘, ix. i I 
November 8, 1994 

, 

Risk-Based Concentration Table, Fourth Quarter 1 

Roy L. Smith, Ph.D., Senior Toxicologist 
Technical Support Section (3HW13) 

TO: RBC TabIe mailing list 

Attached is the EPA Region III risk-based concentration (RBC) table, which we have 
distributed quarterly to all interested parties since 199 1. If you are not currently on the mailing 
list, but would like to be, please contact Anna Poulton (phone: 215-597-3179, fax: 215597- 
9890) and give her your name, address, and phone and fax numbers. (This is the only 
information she needs; f’axing parts of the table or cover memo is not necessary.) . 

The table contains reference doses and carcinogenic potency slopes (obtained from IRIS 
through October 1, 1994, HEAST through March 1994, the Super-fund Health Risk Technical 
Support Center, and other EPA sources) for nearly 600 chemicals. These toxicity constants-have 
been combined with “standard” exposure scenarios, to calculate RBCs - chemical concentrations 
corresponding to fixed levels of risk (i.e., a hazard quotient of 1, or lifetime. cancer risk of lob, 
whichever occurs at a lower concentration) in water, air, fish tissue, and soil: 

The Region III toxicologists use the tabIe to screen sites not yet on the NPL, respond 
rapidly to citizen inquiries, and spot-check formal baseline risk assessments. The background 
materials provide the complete basis for all the calculations, with the intent of showing users 
exactly how the RBCs were developed. Simply put, RBCs are risk assessments run in reverse. 
For a single contaminant in a single medium, under standard defauit exposure assumptions, the 
RBC corresponds to the target risk or hazard quotient 

The calculations also have severaI important limitations. Specifically excluded from 
consideration are (1) transfers from soil to air and groundwater, and (2) cumulative risk from 
multiple contaminan ts or media. Also, the toxicity information in the table has been assembled 
by hand, and (despite extensive checking and years of use) may contain errors. It’s advisable 
to cross-check before relying on any RfDs or CPSs in the table. If you find any errors, please 

. 
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send me a note. 

Lately, many callers have asked whether the risk-based concentrations can be used as 
valid k-action levels or cleanup levels, especially for soils.. The answer is a bit complex. 
First, it is important to realize that the RBC table does not constitute regulation or guidance, and 
should not be viewed’as a substitute for a site-specific risk assessment. For sites where: 

1. A single medium is contaminati; . 

2. A single con taminant contributes nearly all of the health risk; 

3. Volatilization or leaching of that con taminant from soil is expected not to be 
significant; 

4. The exposuie scenarios used in the RBC table are appropriate for the site; 

5. The fixed risk levels used in the RBC table are appropriate for the site; and 

6; Risk to ecological receptors is expected not to be sign&ant; 

the risk-based concentrations would probably be protective as no-action levels or cleanup goals. 
However, to the extent that a site deviates from this description, as.most do, the RBCs would 
not necessarily be appropriate. 

To summarize, fhe table should generally ‘not be ased to (1) set cluui.p or no-auion 
kvek at cEKc=LA or RCRA Gxrecrive A&on sires, (2) substitwe for EPA guidanqe for preparing 

- buseline risk awzmnerats, or (3) detennim if a waste is hruorti0u.s undm RGU. 

This issue of the RBC table includes new toxicity constants and media concentrations, 
which are marked on the table in underlined boldface print. 

I get many calls about the RBC table, but I’m often unavailable to answer the phone. 
Many of you have the same problem, so we play a lot of “phone tag”. It’s usually easier and _ 
more effective to fax me (at 215-597-9890) with your technical questions and concerns, and for 
me to respond by return fax. Of course, if you don’t have access to a fax machine, I will also 
continue to respond to voice mail messages. 

Attachment 
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Risk-Based Concentration Table 
Background Information ’ 

Gened: Separate carcinogenic and non-carcinogenic risk-based concentrations were calculated 
* for each compound for each pathway. The concentration in the table is the lower of the two, 

rounded to two significant figures. The following terms and values were used in the calcu- 
lations: 

Carcinogenic potency slope oral (risk per mg/kg/d): 

Carcinogenic potency slope inhaled (risk per mg/kg/+): * CIPSi 

Reference dose inhaki (mg/kg/d): . 
I 

* ! IUDi 

Target hazud quotient: I 1 THQ 

Billy weigh< adult (kg): . 

Body weight, age l-6 (kg): 

Avenging time carcinogens (d): 

Averaging time non-idogeas (d): 

inhalation, child (m3/d): 

X,nbhtion, adult @3/d): 

70 1 BWa 

! 

7 

15 BWc 

25550 ATc 

EDt365 ATn 

! 12 1 IIL4c 

I 20 I lRAa 

L 

Inhahtion fktor, age-adjusted (m3-y/kg-d): I 11.66 1 IFAadj 

Tap water ingestion, age l-6 (Ud): 

Tap water ingestion, adult (Tfd): 

I 

2 

1 1 IRWC 

IRka 
I 

Tap water ingestion factor, age-adjusted (L-y/kg-d): 

Fish ingestion (g/d): 

Soil ingestion, adult (mg/d): 

Soil ingestion, age l-6 (mg/d): 

1.09 IFWadj 
f I 

! 54 1 RF 

I 100 1 rR% 

200 IRSC I 

Soil ingestion factor. age adjusted (mg-ykgd): 1 114.29 lFSadj 

2 .-Residaxtiak . 

Exposure frequency (d/y): 

Exposure duration, total (y): 

I I 

350 EFI 

I 30 1 EDtot 
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Exposure duration, age l-6 (y): 61EDc 
i 

Volptilization factor Qhn3): 0.5 VF 

The priority among sources of toxicological constants was as follows: (1) IRIS, (2) BEAST, (3) 
HEAST alternative method, (4) EPA Superfund Health Risk Technical Support Center, (5) 
withdrawn from IRIS or HEAST, and (6) other EPA documents. .Each source was used only 
if numbers from higher-priority sources were unavailable. The EPA Superfund Health Risk 
Technical Support Center, part of the Chemical Mixtures Branch of ECAG-Cincinnati, develops 
provisional ms and CPSs on request for contaminants not in IRIS or H&UT. These 
provisional values are labeled “e = EPA-ECAO provisional”’ in the table. It is possible they 
may be obsolete. If one of the “e” constants is important to a Super-fund risk assessment, 
consider requesting, through a Regional risk assessor, a new provisional value. . 

1. Age-adjusted factors: Because contact rates with tap water, ambient air, and residential soil 
are different for children and adults, carcinogenic risks during the tit 30 years of life were , 
calculated, using age-adjusted factors. These factors approximated the integrated exposure from 
birth until age 30 by combining contact rates, body weights, and exposure durations for two age 
groups - small children and adults. The age-adjusted factor for soil was obtained from RAGS 
IB; the others were developed by analogy. 

a. Air inhalation ([m3* y]/@g. d]): 

IFAaq = EDc*IRAc + (ED&x -ELkI . IRAa 
BWc BWa 

b. Tap water ingestion (Es yJ/Fg. d]): 

IFU4adj = EDc . IRWc + (EDtot -EDc) . IRWa 
BWc BWa 
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c. Soil ingestion ([mg- y]/fig- d]): 

IFSadj = EDc . IRsc + (EDtot -EDc) . ZRsa 
BWc BWa 

2. Residential water use (j.@L). Volatilization terms were calculated only for compounds with 
“***” in the “VOC” column. Compounds having a Henry’s Law constant greater than lCFs were 
considered volatile. The list may be incomplete, but is unlikely to include false positives. The 
equations and the volatilization factor (VF, above) were obtained from RAGS IB.. Oral pot&y 
slopes and reference doses were used for both oral and inhaled exposures for volatile campounds 
-hking inhalation values. Inhaled potency slopes were substituted for unavailable oral potency 
slopes only for volatile compounds; inhaled RfDs were substituted for unavailable oral RfDs for 
both volatile and non-volatile compounds. 

a. Carcinogens: Cakulations were based on combined childh~ and adult exposure. 

EFr - ([ FP *lFAadj - CPSi] + [IFWadj . Cl?%]) 

b. Non-carcinogens: Calculations were based on adult exposure. 

. 

THQ+BWa.ATn . 1000 ff 

EFr *EDtot . wRby + IRwiz 
.RfDo 

03. Air @g/m3). Oral potency slopes and references were used where inhalation values were not 
available. 

a. Carcinogens: Calculations were based on combined childhood and adult exposure. 

73 .ATc . 1000 s 
EFr - fFAadj - CPSi 

b O Non-carcinogens: Calculations were based on adult exposure. 

THQ - RfDi .BWa*ATn .lCilO f4L 

EFr -EDtot * IRAa 
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4. Fish (me): 

a. Carcinogens: Calculations were based on adult exposure. 

TR -BWa-ATc 

EFr *EDtot l IRF * CPSO 
rcmg 

b. Nonxarcinogens: Calculations were based on adult exposure. 

lHQ* RfDo * BWa - ATn 

. EFr - EDtot - IUF 
lOClO$- 

5. Soil commercial/industrial (mgkg): The default exposure assumption that only 50% of 
incidental soil ingestion occurs at work has been omitted. Calculations were based on aduIt 

occupational exposure. 

a. Carcinogeiks: 
TU- BWa ATc 

EFo- EDo . ‘2ZYa - CPSo 
106 2 

b . Non-carcinogens: 
i!XQ- RfDo - BWa - ATn 

EFo . EDo * IRsa 
lo6 2 

6. Soil residential (mgkg): 

a. Carcinogens: Calculations were based on combined childhood and adult exposure. 

b . Non-carcinogens: Calculations were based on childhood exposure only. . 

ZYQ - RfDo - BWc - ATn 

EFr - EDc - IRS’ 
lo6 7 
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Acephatc 
Acetaldehyde 
Acetochlor 
Acetone 
Acetone cyanohydrin 
A&on&rile 
Acetophmone 
AcilluoIfeu 
Acrolein 
Acrylamide 
Acrylic acid 
Acrylonitrile . 
/UllCht0r 

dicarb sulfone 

IJ%MS I.JOE-01 I JJOO n JJO n 200n IJOOOO n 12000 
116063 l.OOE03 I 37 n 3.1 n 1.4 n IWOn 18 

16468B4 l.OoE-03 I 37 n 3.1 n 1.4 n IWOn 18 

309Qo2 3.0013-oJ I 1.7OR101 I 1.71@+01 I - 0.004 0 o.wo37 a 0.00019 c 0.17 a 0.038 
14223646 2508-01 I 9100 n 910 n 340 n 26000011 20000 

107166 J.OOE-03 I 1BOn I6 n 6.8 n JlOOn * 3p0 
107011 5.Ooe-o2 I 2.B6E-04 I 1800 n I n 65 n Jwoa n 3900 

,lmztQs lAclMLm8 mQQn ll!lQO WQr lQimQQa nQ!l!l 

I 20859731 61485294 3.OoLi-04 4.008-04 I I IS II n n l.J 1.1 n n 0.41 OS4 n n 410 310 n n 23 31 

270 n ZOOOOO 

74403UZl I.758100 I 1.5lE~Ol I 0.038 0 0.00@41 a O.ool8 a 1.6 a 0.17 
77B4421 * 1.43E-OJ I O.J2 n O.OJ2 n 

76578148 9.008~3 I 

I 

330 n 33 n I2 n 9100 n, 700 
3337711 5.ow62 I v-v--_- luoo n 160 n 68 n -- JIOOO n 3900 



Avermectin B! 
Azolmz.ene 
Barium and compounds 
Baygon 
Bayleton 
Baythroid 

Benzidine 
Benzoic acid 

BenzotricWoride 
Benzy! a!coho! 
Benzy! chloride 
Beryllium and compounds 
Bidrin 
Bipbenthrin (Talstar) 
!,l-Biphenyl 
Bis(2-cMoroisopropyl)ether 
Bis(ch!oromethyl)ctb~ 
Bis.(Zchloro- 1 -methylethyl)ether 
Bis(2-ctby!hexyl)phtha!ate (DEIP) 
Bis(cb!oroethyl)etha 
Bisphenol A 
Boron (and boratea) 
Boron trifluoride 
Bromodicbloromethane 
Bromoethene 

2.22E-01 h 

9.008-02 I J.7lE-03 h 3300 n 21 n 110 n 92WQ n 70004 

2.OOE-M h 7.3 ” 0.73 n 

2.OoE-02 I 6.20802 I ..* 0.17 0 0.1 0 O.OJI a 46s to a 

1.108-Ot he*’ 0.096 a O.OJ7 0 

Bromoform (tribromomcthane) 

-Bromopbenyl phony! dha 

Bromoxpil octanoalc 

Butyl Benny! phtha!atc 

7J2J2 2.OOE-02 I 7.90803 I 3.8JE-03 I l *’ 2.4 c I.6 a 0.4 0 360 0 

7ia39 t.4Ot3-03 I 1.438-03 I l . . (1.7 n 5.2 n I.9 n l4OOn 

IOIJJ3 J.8OEd2 0 2100 n 210 n 78 n J9OOOn 

2104%3 J.00E-03 h I80 ” I8 n 6.8 n JtOO II 

168984J 2.OOE-02 I ’ . 73on 73 n 27 n ‘20000 n 
1619992 2.0OE-02 I 130 n 73 n 27 n 2oOoOn 

to6990 9.8OE-01 I l *’ 0.011 0 o.oQbl Q 

71363 1.008-03 I 3700 n 370 n 140 n IOOOOOII 

8J687 2.OOE-OI I 7300 n 730 n 270 n 2@w!?n 
2w841J J.oOE-02 I luwn 160 n 68 n Jl ‘I -- - 
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* 

, 
55285148 1.008-02 I 

5234654 !.00!3-0! I 3700 n 370 n I40 A LOOWOn 7800 
75876 2.008-03 I 73n 7.3 n 2.7 n 2OOOn 160 

133904 I.50&02 I 550 n 55 n 20 n I5000 n 1200 
118752 4.038-01 h * 0.17 E 0.016 a 0.0078 c 7.1 a 1.6 

1.30!3+00 I 1.298+00 I 0.052 0 0.0049~ 0.0024 E 2.2 c 0.49 

730 n 73 n 27 n 2OOOOn 1600 
7782505 !.ooE-o! I 3700 n 370 n 140 n lOOOOOn 7800 

lorine dioxide 10049044 5.7lE-05 I 2.1 n 0.21 n 

107200 6.908-03 a 

532274 8.578-M I 0.31 n 0.031 n 

10647a 4.00&03 I I50 n 15 n 5.4 n 4100 n 310 I 

!Owo7 2.00E-02 I 5.718-03 I 2711 2OOWn 
510156 2.008-02 I 

2WOWn MOW 
98566 2.008-02 h 

2-Chloro-I ,3-butadierie 126998 2.008-02 a 2.GQB-03 h ..* I4 n 7.3 n 27 n 2OWOn WJ 

109693 4.00801 h .*. 24OOn 1500 n 540n 4lOWl n 31000 
75456 1.43!3+01 I .** 87004 

II 52ow n 
. 

75003 * 4.00801 , 2.86Eml I .*. 86OOn WOOOn 54On 4lOOW n 3loa ’ 

110758 2.5008-02 0 .,. I50 n 91 n 34n 26aoOn 2000 
61663 !.00542 ! 6.:OEO3 i 6.05&02 1 ii* 0.15 c 0.078 0 0.52 c 470 0 IOU 

74873 1.30!&@2 h 6.30803 h*** 1.4 0 0.99 0 0.24 c 220 a 49 

3165933 4.605-01 h 0.15 0 0.014 a 0.00690 b.2 c 1.4 

95692 5.8OE0l h 0.12 0 O.O!! a o.oou 0 4.9 a 1.1 

91587 8.OOB-02 I 29oor 290 n II0 a 

chloroaitIobeluulc 88733 2:50!3-02 h e.. 

82OQO n 6300 

0.42 o 02.50 0.13 0 110 a 26 

,IoooO5 1.801!02 h .*. 0.59 0 -_--_- 0.35 0 ------.-_--.-_____ 0.18 E .__- I60 c 35 ~- 

; 



2.86842 h 

l-48 lQQ!aa 
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Decabromodiphenyl ether 

2,3-Dichloropropao1 

tWOOWn 160000 



Diisopropyl mc!hylphosphoaa!e (DIMP) 
Dimdhipin 
Dimethoale . 
3,3’-Dimelhoxybcnzidine 

Dimethyl phthalale 
Dimelhyl lerephlhalale 
Dimethylamine 
2,4-Dimethylaniline hydrochloride 
Z,4-Dimethylaoilinc 
N-N-Dimethylaniline 
3,3’-Dimtshylbeazidie 
N,N-Dimethylformamide 
I,l-Dimethylhydrazinc 
I ,2-Dimerhylhydmzinc 

2,4-Dimefhylphenol 
2,6-Dimetbylphenol 
3,CDimelhylphenol 
1,2-Dini!robcnzcne 
1,3-Dinitrobenzenc 
1,4-Dinitrobenzene 
4,6-Dinitro-o-cyclohcxyl phenol 
2,4-Dinitrophcnol 
Dinitrotoluenc mixture 
2,4-DinitroloIucne 

laimiu! ..a 

1445756 8.WEd2 I 2900n 290 n 110n ' 820&a 63001~ 
55290647 2.WE-02 I 730 n l3n 27 n 2OWOa 16oon 

60515 2.WExM I 1.3 n 0.73 n 0.27' n 200 n 16 r 
II9904 1.408-02 h 4.8 0 0.45 0 0.23 a 200 0 46a 

131113 !.OOE!+O! h 370000 n 37000 n 14WOn !oooooOa 78OoOOn 
120616 1.008-01 I 3700 n 370 n 140 n IOOOOO~ 78oOr 
124403 5.7lE-06 w 0.21 n 0.021 a 

21436964 5.8OE-OI .h 0.12 c 0.011 0 0.w54 0 4.9 0 1.1 c 
95681 7.50E-01 h 0.09 0 O.W83 o 0.0042 0 3.8 ‘c 0.85 a 

121697 2.008-03 I 73 n 7.3 n 2.7 n 20000 160 I) 
119937 9.20EW h 0.0073 0 O.WO68 a o.WO34 c d.31 0 0.069 a 
68122 !.W8-0! h 8.578-03 I 3700 n 31 n 140 n looowa' 78oon 
57147 2.60E+OO w 3.5OEwJ w 0.026 o o.w!a 0 O.Wl2 0 I.1 0 0.25 c 

540738 3.70E+ol w 3.7OE+o! w O.W!U 0 o.WO17 0 O.WOO85 o 0.077 0 0.017 c 

105679 2.WE-02 1 Xl0 n 73n 27 n 2OoWn 16oon 
576261 6.00E-04 I 22 n 2.2 A 0.81 n 610 a 47 n 
95658 l.OOE-03 I 37 n 3.7 1) 1.4 n 1000a 78 n 

528290 4.0084 h 15 n 1.5 I) 0.54 n 410 a 31 n 
99650 I.ooE-04 I 3.7 n 0.37 A 0.14 n 100 a 7.8 n 

100254 4.00804 h I5 n 1.5 n 0.54 n 410 a 31 n 
131895 2.008-03 I 73 n 7.3 It 2.7 n 2OWn 164 n 
51285 2.OOEQ3 I 73 n 7.3 n 2.7 n 2OWa 160 n 

6.8OEOl I 0.099 0 0.0092 0 o.w46 Q 41 0 0.94 a 
121142 2.00843 I 13 n 7.3 I 2.1 n 2fJOOa 160 (! 

2,&Dinilx0101ueJnc 
Dinoseb 

di-a-Cktyl phtbalntc 
I ,CDioxane 

Piphcnamid 

Diphcnylaminc 
1,2-Diphenylhydrazine 

Diquat 
Dir& black 38 
Dinxt blue 6 
Direct brown 95 
Disulfoton 
1,4-Di!hianc 

Diuron 
Dodine 

,Endorulfan 

606202 I.00843 h 37 n 3.7 n I.4 n 1OWa 78 
88857 l.WE-03 I 37 n 3.7 n 1.4 n 1OOOa 78 

'II7840 2.WE-02 h 730 n nn 21 n 20000a 16Wfi 
123911 l.lO5-02 I 6.1 o 0.57 0 029 o 260 * St a 
957517 3.00802 I 1100 n 110 II 41 n 3lWO a .23W n 

122394 2.5OE-02 I PI0 n 91 I) 34 n 26OOOa ZOOOr 

- 122667 8.WE61 I 7.70501 I o.o&(’ 0 0.0081 a 0.0039 0 3.6 a 0.8 c 

85007 . 22OE-03 I Bpn 8a 3n 22Wa 170 n 
1937377 8.6OE+OO h 0.0078 o o.ooo73 0 o.OW37 c 0.33 8 0.074 c 
2602462 8.lOENMl h 0.0083 o o.om77 8 0.00039 0 0.35' Q 0.019 a 

16071866 9.3OEmo h 0.0072 o o.ow67 0 o.wo34 a 0.31 0 0.069 a 
29aO44 4.WEQ5 I 15 n 0.15 a 0.054 n 41 a 3.1 n 
505293 l.ooE-02 I 370 n 37 a I4 n 1WOOa 780 4 ' 
330541 2.008-03 I 73 n 7.3 a 2.7 n 2WO a 160 r 

2439103 4.wE-03 I 150 n 15 II 5.4 n 4100 a . 310 n 
I I5297 6.WBO3 I 220 n 22a 8.1 n O'M, a 470 4 
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roelhyl phosphonic acid) 

!.!YE-O! h 

-- ---... --._ __._-_ 3.OOB-02 I 
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Htxacblorubutadiene 
llexachlorocyclopenladiene 

Hexachlorodibuuo-pdioxin mixture 
IiexachloroeUmne 

liexahycto-1,3,5-trinitro-l,3,5-triazine 

87683 2.008-04 h 

77414 7.008-03 I 2.00E-05 h 

19408743 
67721 l.OOE-03 I 1.40E-02 I l.4OB-02 I**' 0.75 c 
70304 3.00E-04 I 

121824 3.00E-03 I l.lOEOl I 

788311 3.008-01 . I . . 1800 n 1100 n 410 n 31OOoO n 23000 
785911 2.OOE-01 I 9.5Of.04 I I 71 a 6.6 c 3.3 6 30000 670 

33820530 l.JOE-02 I 550 n 55 n 20 n 15ooon 1200 _ 
1832548 1.00841 I 3700 n 370 n 140 n 1WOOOn 7800 

BZJJ8507 5.OoB-02 I 1WOn 18011 68 n 51000 n 3900 
143500 1.8~E+Ol a 0.0037 0 0.0003J a 0.00018 o 0.16 a 0.035 

77501634 2.008-03 I 73n 7.3 n 2.1 n 2Olwn 160 
78002 l.OOEQ7 I 0.0037 II 0.00037 n 0.00014 n 0.1 n &IO78 

330552 2.001M3 I 7383 7.3 n 21 n 2OOOn 160 
7439932 2.00&02. 73on 73 n 27 n 2OOOOn 1640 

83056996 2.l?csol I 7300 n 730 n 270 n 2OOOoOn 16ooo 
12175) 2.00&02 I 730 n 73 n 27 n 2Wn 1600 
108316 1.00l3-01 I 3700 n ---. 370 n IIOn 1M ; 78003 --- 



Malono&rile 

Mancozeb 

Maneb 
Manganese and compounds 
Mephosfolan - 
Mepiquat chloride 
Mercury (inorganic) 

Methyl chlorocarbonatc 

,4’-Methylene bis(2-chloromiline) 
,4’-Melhylenebisbenzcnamine 

Methyl-5.nitroaniline 

109773 

Ml8017 

'2427381 

1439961 

2.008-05 h 0.73 n 0.073 n 0.027 D 20 n 1.6 

3.WE-02 h I100 a 110 n 41 n 31000 n 2300 
J.W&03 I 160 n 18 n 6.8 n 51W n 390 

J.WB-03 I 1.43B-05 I 180 n 0.052 n 6.8 n 5100 n 390 
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950107( 9.w8-05 h I 3.3 n 0.33 n 0.12 n 92 n 7' 

14307264 3.OOE-02 / ' 1100 n 110 n 4In 31000 n 2300 
3.WEG h 8.57E-05 h I1 n 0.31 n 

3.OwOi 
0.41 n 310 n 23 

I 11 n 1.1 n 0.41 II 310 n 23 
3.008-05 I 1.1 n 0.11 n 0.041 n 31 n 2.3 
3.00865 I 1.1 n 0.11 n 0.041 n 31 n 2.3 
6.008-02 I 22Wn 220 n 81 n 61WO n 4700 
I.WE-04 I 2.WE-04 I 3.7 n 0.73 n 0.14 n IW n 7.6 

5.008-05 I 1.8 n 0.18 n 0.068 n 51 n 3.9 

5.WB-01 I 18000 n 1800 n 6801~ 5WOOn 39000 

l.WE-03 I 37 n 3.1 * n I.4 I) lOOOn 78 

, 2.5OB-02 I 910 n 91 n 34n 26000 n '2oao 

724351 J.WE-03 I I 160 n 16 n 6.8 n 5100 n 390 

110496 2.008-03 l 13 " 7.3 n 2.1 n 2OWn 160 
109864 

99592 

79209 

96333 

636215 

95534 

79221 

94815 
947(6 

93652 
108871 

I$92 

,75w 

1.00&03 h 5.7lE-03 I 37 n 21 n 1.4 n lOOOn 78 d 

4.608.02 h IS 0 0.14 0 0.069 c 62 o I4 c 
l.WB+OO h 37WO n 3700 n 14&l a. 1WOOOOn 78ow n 

3.008-02. 1100 n 110 n 41 II 31WO n 2300 a 
l.SOB-01 h 0.37 0 0.035 0 0.018 a 16 a 3.5 q 

2.(OB-01 h 0.26 a 0.026 o 0.013 0 12 0 2.7 a 
1.008+00 I 31000 n 3100 n WJOn IWWWn 7800011 

1.00802 I 370 n 37 n I4 a lwoon J.OOE-04 I 18 7aOy n 

1.6 n 0.68 n 510 n 39 n 

~ 
l.WE-03 I 37 n 3.7 n I.4 II 1OWn 76 I 

8.57B-Ol h 31OW n 3100 n 

l.WB-02 l l .* 61 n 37 n 14 1 lOWOn 78On 

6.001M)2 I 6.57801 h 7.50E-03 I 1.64803 lop* 4.1 c 3.6 o 0.42 0 38oc 85 P 

1011u 

101779 

101611 

- 7.OOE-04 h I.30861 h 1.30841 h 0.52 a 0.046 a 0.024 c 22 c 4.9 

2.5OB-01 I 0.27 o (I.025 a 0.013 c 11 a 2.6 

4.608-02 I 1.5 0 0.14 a 0.069 c 62 o 14 
101688~ 5.718-06 I --**j 0.035 n 0.021 n II 

78933 i 6.WB-01 I 2.rM-01 I NW n lOOOn 610 n 6lWW n 47oal II 
603441 l.loEtw * I 0.061 0 0.0057 a 0.8029 Q 2.6 a O.JI dl 

106101 8.00802 h 2.29B-02 l 29Wn tin 110 a UWOll "63OQ 
80626 ' 8.WB-02 h 29Wn 2Wn 110 n UOOOn 6300 
99558 '3.308-02 h 20 0.19 a 0.0% 0 47 0 19 

298WO 2.50B-M I 9.1 n 0.91 n 0.34 II __I-.---__ __----__ 26011 20 
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1, > ,,, ,, ,.,:,,..,, ,&~, ., ,, : .’ ” “,.,: ::: “‘:‘::c, 
,pon~~i “, ..; ‘. ,, ,:.:,: ,: ,;.i ! : ,. :: ‘,I:‘.,: : C?.., .: :.:;.::,$;$ 

2-Methylphenol (o-cresol) 
3-Methylphenol (m-cresol) 
4-Methylphenol (pcresol) 
Methyl styrene (mixture) 
Methyl atyrene (alpha) 
Methyl tAbuty1 elhm (MTBE) II Metolaclor (Dual) 
Metribuzin 
Mirex 
Molinate 
Molybdenum 
Monochloramine 
Naled 
I-Naphthylamine 
Napropamide 
Nickel refinery dust 
Nickel (soluble salts) 
Nickel subsulfide 
Nitrapyrin 
Nitrate 
Nitric Oxide 
Nitrite 
2.Nitroaniline 
3-Nitroaniline 
4-Nitroaniline 
Nitrobenzne 
Nitrofurantoin 
Nitrofurazone 
Nitrogen dioxide 
‘Nitroguanidine 

4:Nitrophenol 
2-Nitropropane 
N-Nitrosodi-n-butylamine 
N-Nitrosodiethanolamine 

N-Nitrosodieihylamine 
N-Nitrosodimetbylaminc 
N-Nitrosodiphenylamie 
N-Nitroso di-n-popylamine 
N-Nitroso-N-methylethylamine 
N-Nitrosopyrrolidine _ 
m-Nitrotoluene 
o-Nitv’oluene 

i 

1.308+02 l 

1OooWoa 78Wa 
556887 t.WE-01 I 3700 n 370 n 140 n IooooOn 

loo027 6.2OB-02 o 2300 n 23Oa Mn 63WO a 

79469 !.7lEO3 I 9.4OEtOO h 210 n 0.00067r 
* 924163 5.4OBHKi I J&E+00 I 0.012 0 O.Wll c 0.00051 a 0.53 a 0.12 c 

1116547 2.8OEtOO I 0.024 c 0.0022 Q O.Wll 4 10 0.23 a 

5518s 1.508+02 I t.5IBtO2 I o.OW450 O.ww4I a O.ww2I 0 ’ 0.019 c 0.0043c 
62759 J.IoE*ol I 4.9oE401 I O.Wl3 a 0.ooo13 0 0.0000620 0.056 a 0.013 c 

86306 4.908~33 I. 14 0 1.3 0 0.64 a 5800 13oa , 
621647 7.WBNa I 0.00960 O.wo69 0 o.wo45 a 0.41 0 0.091 a 

. 10595956 2.2OEtOt I 0.0031 0 O.OW28 0 O.WolJ a 0.13 0 0.029 c 

930552 2.1OENMJ. I 2.138+00 f 0.032 o 0.0029 0 0.0015 a 1.4 a 0.3 c 

99081 1.00B-02 h *a* 61 n 37 I 14 n 1wwr 78ob 

88722 1.008-02 h ..* 61 n 37 ” 14 n I’ e -.__ 78Qd 
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Norflurazoa 27314132 4.00E-02 I 

NUSlJX 65So9199 7.00EL041 

Octabromodiphenyl ctha 32536520 MOE-03 I 

Oclahydco-1357~telranitro-I 3574ctrazocine 2691410 's.ool3-O2 I 
. 

Octamethylpyrophosphoramide 152169 2.00E-03 h 

OryzaliJJ 19044883 s.ooJM2 I 

Oxadiazon 19666309 ~.00EQ3 I 

OXZQYI 23135220 2.5OE-02 I 

Oxyfluorfen 42874033 . 3.00E-03 I 

Paclobukazol 76738620 I.30802 / 

Palaquat 
Paralhion 
Prbulate 
Pendimctbalio 
Pentabromo-6chloro cyclohexaoe 
Pentabromodipbenyl ether 
Pentachlorobenzent 
Penlachloronilrobe 
Pentacblorophenol 
PCIIdXh 

Phenme&pbam 
Phenoi 
m-Phcnylcnediamioe 
pPhcnylcwCamine 
Phcnylmcrcuric acetate t 
2-Pllalylpbenol 
Phorate 
Phosmet 
Phosphint 
Phosphorus (white) 
p-Phlhalic acid 
Phthalic anhydridc 
Picloram 
Pirimiphotmubyl 
Polykominated biphtiyls 

12534819 2.00E-03 I 

608935 8.OOEa4 I l 

82688 3.00E-03 I 2.6oB-01 h . 

87865 3.008-02 I 1.208-Ol I 

12645531 5.00E-02 I 

13684634 2.508-01 I 

106952 6.0OELOl I 

IO&(52 6.OOWJ3 I 

106503 1.9OE-01 h 

62384 6.ooE.oJ I 

90437 1.94E-03 h 

298022 2.00f& h 

732116 2.00EQ2 I 

-I- 

., 

.I 

7803512 -----I 3.ooE-M I 8.J7E-06 h 

1723140 2.008.05 I 

lOO210 1.008+00 h 

85449( 2.00Bt00 I 3.43M)l h 

19180211 7.00E-02 I 
73OOOn 130011 2700" 

264wn 260 n 95 n 72000 n 5500 

I 370 n 37 n 14 n IOOOOn 29232937 1.00E-021 

7.008-06 h 8.908+00 h I 0.0076 n O.ooa? 0 0.o!?a?J 4 0.32 6 
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APPENDIX D 

ESTIMATION OF THE AREA AND VOLUME OF SOIL CONTAMINATION 

D.l JUSTIFICATION 

Very low levels of volatile compounds were detected in the surface and subsurface soil samples, due to 

their highly mobile nature. Volatiles present in the soil may have gone undetected due to evaporation into 

the atmosphere during sampling. As a result, soil gas sample results have been used to approximate the 

total soil concentrations. This method of estimation is outlined in “Accelerated Supe$uui Site I?ernediation 

Using the U.S. EPA Supe#nd Accelerated Clean Up Model (SACM): A Case Study Application. n 

The soil gas data is used as the gas phase concentration (CJ in the following relation (Zachary, et. al., 

1994): 

where, CT = Total Soil Concentration @g/kg) 

C, = Gas Phase Concentration @g/l, chemical specific) 

k, = Henry’s Coefficient (dimensionless, chemical specific) 

k, = Partition Coefficient (ml/g , chemical specific) 

and using values from the geotechnical survey (Table 2-4) 

pb = Dry Bulk Density of Soil (g/cm’) = 1.485 g/cm” 

8, = Total Porosity of Soil (dimensionless) = 0.447 

%I = Water Filled Porosity of Soil (dimensionless) = 0.116 

Ave. moisture content of soil = 24.97% 

D.2 CONVERSION FROM SOIL GAS DATA 

The initial soil gas data (Table 2-2) was used along with the chemical properties in Table 5-I to determine the 

total soil concentration of the chemicals of concern. The resulting data is shown in Table D- 1. 

D-l 



TABLE D-l CONVERSION FROM SOIL GAS DATA 

Benzene Toluene cis-1 ,ZDichloroethene 
Hen@ Law Soil Gas Partition Total Soil Hen+ Law Soil Gas Partition Total Soil Henry's Law Soil Gas 

Constant Concentration Coefficient Concentration Constant Concentration Coefficient Concentration Constant Concentration 
Sample Number (dimensionless) (P!M) b-W CT (itglkg) (dimensionless) 
SG-1 0.22917 0.0 4.7E+OO 0.0 0.27009 
SG-2 0.22917 nn A 7r=+nn nn n 37nn9 

SG-3 0.22917 
SG-4 0.22917 -.- . - -_ 
SG-5 0.22917 0.0 4.7E+OO 0.0 0.27009 
SG-6 0.22917 0.0 4.7E+OO 0.0 0.27009 
SG-8 n 77917 00 4.7E+OO 0.0 0.27009 ; 
SG-9-6 .r.-..-. . 
SG-9-6R 0.22917 
SG-9-12 0.22917 , -.- ..- -- 
SG-10 0.22917 0.01 4.7E+OO 1 o.ol 0.270091 26 
SG-11 0.22917 0.01 4.7E+Og [ 0.01 0.270091 
SG-12 0.22917 0 01 -.- 4 7Et001 . . - -- 0 01 _.- 0 270091 _.-. ___ 

SG-13 0.22917 0.0 4.7E+OO 0.0 0.27009 SG-14 0.22917 11.0 4.7E+OO 245.0 0.27009 70; 
SG-I 5 0.22917 0.0 4.7E+OO 0.0 0.27009 ( 
SG-16 0 22917 

A 
._-- . 0.0 4.7EtOO 0.0 0.27009 ( 

SG-I7 n 77017 V.-B". , I 

SG-18 i 0.22917 1 

hM) (m&i) CT (pg/kg) (dimensionless) (ia) 
65.0 I .4E+OI 3637.1 0.16779 12.0 

I I._ . . . - _- _.- _.-, --- 0.0 I .4E+OI 0.0 0.16779 0.0 
I 0.01 4.7E+OO/ 0.01 0.270091 0.0 I .4E+OI 0.0 0.16779 7.0 

0 ol 4 7EtOOl 0 01 0 270091 0.0 1.4EtOl 0.0 0.16779 0.0 
0.0 1.4E+Ol 0.0 0.16779 0.0 
7.0 1.4E+OI 0.0 0.16779 0.0 

-.--- . _._ ..- -. I.0 1.4E+Ol 0.0 0.16779 0.0 
I n77a47 0.0 4.7E+OO 0.0 0.27009 0.0 1.4EtOl 0.0 0.16779 00 

0.0 4.7E+OO 0.0 0.27009 0.0 1.4E+Ol 0.0 0.16779 C 
0.0 4.7E+OO 0.0 0.27009 0.0 1.4EtOl 0.0 0.16779 C 

..- ~. 
0.0 4.7E+OO 0.0 
0.0 4.7E+OO 0.0 
no 4 7F+OO 0.0 SG-19 1 0.22917 I -.- . . . - -- 

cc-3n I n 7% 
“V-L” “.U317 0.0 4.7E+OO 

' SG-21 0.22917 0.0 4.7E+OO 
/ SG-22R 0.22917 0.0 4.7E+OO 

SG-22 0.22917 0.0 4.7E+OO 
317 0.0 4.7E+OO 

-.- -.-. --- 
0.0 0.27009 
0.0 0.27009 
0.0 0.27009 
0.0 0.27009 
0.0 0.27009 
0.0 0.27009 
0.0 0.27009 
0.0 0.27009 
nn n 37009 

0.16779 6.2 
0.16779 0.0 
0.16779 0.0 
0.16779 243.0 
0.16779 0.0 
0.16779 0.0 

0.0 1.4EtOl 0.0 0.16779 on 
0.0 1.4E+Ol 0.0 0.16779 ( 
0.0 I .4E+Ol 0.0 0.16779 ( 
0.0 1.4E+OI 0.0 0.16779 ( 
0.0 1.4EtOl 0.0 0.I 6T19 ( 

-- -- 
SG-23 0.221 
SG-25 0.22917 0.0 4.7E+OO 
SG-27 0.22917 0.0 4.7E+OO 
SG-29 0.22917 0.0 4.7E+OO 
SG-30 0.22917 0.0 A 7hnn 

SG-38 0.22917 0.0 
SG-41 0.22917 0.0 - __ _.-. --- 
SG-44 0.22917 nn A 7F+nn I nnl n 77nnal 

SG-A6 0.22917 

P 
N 0.01 0.167 

I.01 I .4E+OI 1 
-- ._ 
SG-47 0.22917 0.0 4.7E+OO 0.0 0.27009 a 
SG-49-6 0.22917 0.0 4.7E+OO 0.0 0.27009 
SO-49-I 2 0.22917 0.0 4.7EtOO 0.0 0.27009 I 
SG-50-6 0.22917 no A 7Ftnn nn n 37009 

SG-50-I 2 0.2291 i 
SG-50-I 2R 0.2291 i 

SG-51-6 OZQIi 

_._ 
0.0 

lOf79 0.0 
16779 0.0 

-i 3.0 
0.0 

79 0.0 
'79 0.0 . 

z I.0 
.167791 0.0 

I.0 
IYI 0.0 

791 A7 

0.0 1.4E+Ol 0.01 0.167791 f 
3.0 I .4E+OI 0.01 0.1 6rn' I 

1 4F.P n nl n IE7 -.- 0.0 
=E 

0.0 0.0 
no 

0.01 1.4E+OlI 0.01 0.167791 f 
a.01 1.4E+OlI 0.01 0.167791 I 



TABLE D-1 CONVERSION FROM SOIL GAS DATA (Continued) 

&-I ,2-Dichloroethene 
Partition Total Soil Hen@ Law 

Coefficient Concentration Constant 

Tetrachloroethene 
Soil Gas Partition 

Concentration Coefficient 

Total Soil 
Concentration 

1 ,I -Dichloroethene 
Henry’s Law Soil Gas Partition Total Soil 

Constant Concentration Coefficient Concentration 

Cl - Sample Number (mh3) CT (pg/kg) (dimensionless) (Pm (m&G 
SG-1 7.6E+OO 587.1 0.73171 31 .o 3.6E+Ol 

SG-2 7.6E+OO 
- 

0.0 0.73171 2.0 3.6EtOl 

SG-3 7.6E+OO 
- 

342.5 0.73171 42.0 3.6E+Ol 

SG-4 7.6E+OO 
- 

0.0 0.73171 0.0 3.6E+Ol 

SG-5 7.6E+OO 
- 

0.0 0.73171 1.7 3.6E +01 90.3 0.1678 

SG-6 7.6E+OO 0.0 0.73171 nn “.V 3.6E toi 0.0 0.1678 

SG-8 I 
-?crr.,n 1 .PCn,r , 

nn “,Y n 714 71 “.,“I, ,, 0.01 3.6E+Ol 0.0 0.1678 3.41 t.-- -. . .--.. 
^-^.m_ . - J ac.n* nr n ?” nl I 

(dl) Wg) I Gww 
209.0 5.2E+Ol[ 69686.3 

6.0 52E+Ol 2000.6 

30.0 5.2E+Ol 10002.8 

2.0 52EtOl 666.9 

12.0 52EtOl 4001.1 

1.1 5.2E+Ol 368.8 
L2EtOl 11337 

31711 2.2) 3.6E+OlI 
H7lI 

116.91 0.1 
127 nl 3.8EtOl i 4621.71 n1 

- -. .,. I 

it01 I 85.01 01 

51711 1.6 3.6001 0.1 
t17il 47 3.6E+Ol 63.7 O.l-. -, 

3.6EtOl 0.0 0.16781 
3RF+fM nn n 1,27Q1 

11711 0.01 3.6E+Ol 0.0 0.1 
II711 n nl 3.6E+Ol 0.0 0.1 

it01 0.0 0.1 

i+o1 0.0 O.l-. -, 

III ,, V.” 3.6E+Ol 0.0 O.lfi7J4 

jl7ll 1.1 3.6E+Ol 58.4 O., 
11711 0.0 3.6E+Ol 0.0 o.,. -. -, 

0.0 3.6E+Ol 0.0 0.16781 2.51 

nn 3.8EtOl 0.0 0 16781 0.01 

0.01 3.6EtOll 0.01 0.' 
n rl +a tern, I n nl n. I,, ,, u.u .l.“L-“I 

ii:;; 

“..-.- 

32711 0.0 3.6E+Ol 0.1678\ 45.0 

11711 2.2 3.6E+Ol 116.9 0.16781 68.0 

.a,, ,, 4.0 3.6E+Ol 212.5 O.lR7RI 85.0 

31711 1.1 3.6EtOl 58.4 0: 
a47i1 3.6EtOt 637 0' 

-.-- -. . ..- 
3.6E+Ol 0.0 0.’ 

0.0 3.6E+Ol 0.0 0.‘. -. 

31711 0.0 3.6E+Ol 0.0 0.16781 

11711 

0.0) 

nn 3.6EtOl 0.0 01678i 0.01 



Based on these calculations, the data from 1,l dichloroethene was chosen to represent the most extensive 

contamination. The estimated area of contamination was determined by creating an concentration map, 

including all values which exceeded the RBC for 1,1-dichloroethene in industrial soil (4.8 mgkg). This area 

is shown on Figure D- 1. 

Il.3 CALCULATION OF AREA AND VOLUME 

The area of soil contamination was estimated using a planimeter. Five measurements were used to determine 

an average value of 556, which resulted in an area of 22,240 ft* when converted based on the scale of the map 

and the length of the tracer arm. The volume of contaminated soil was 324,704 ti (12,026 yd3), using an 

average depth to groundwater equal to 14.6 feet. 
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APPENDIX E 

WORKSHEETS FOR DOSE ESTIMATION 



TABLE E-l 
DOSE ESTIMATES: INGESTION OF SOIL FOR CURRENT LAND USE 

I 1 MAXCS 1 AVECS 1 CF I IR 1 FI I EF AVE CD1 

Chemical Name bsW (pgglkg) (1 kg/lO*pg) (mglday) (unitless) (day4365days) (years) ( 
Benro(a)pyrene 130 84.5 1 .OOE-09 50 1 2501365 25 
Benzo(g,h,i)perylene 91 91 1 .OOE-09 50 1 2501365 25 
Arsenic 1 6,300 2,580 1 .OOE-09 50 1 2501365 25 
Lead 1 33,800 12,900 l.OOE-09 50 1 2501365 25 

Chemical Name 
Benzo(a)pyrene 
Benzo(g,h,i)perylene 
Arsenic 
Lead 

MAX CS AVE CS CF IR FI EF ED AVE CDI 
(pg/kg) (pglkg) (lkg/lO*pg) (mglday) (unitless) (daysl365days) (years) (kg) mglkglday) 

130 84.5 1 JOE-09 50 1 2501365 25 1.48E-08 

91 91 l.OOE-09 50 1 2501365 25 1.59E-08 
6,306 2580 1 .OOE-09 50 1 2501365 25 4.51 E-07 

33.800 1 12.900 l.OOE-09 50 1 2501385 25 2 25E-06 

KEY: CDI = Chronic Daily Chemical Intake (mglkglday) 
- CS = Chemical Concentration In Soil (pglkg) 

[Formula: CDI=(CS*CF*lR*FI*EF*ED)/(BW*AT)] 
EF = Exposure Frequency (#daysl365days) 

CF = Conversion Factor (1 kg/l 09pg) ED = Exposure Duration (years) 

IR = Ingestion Rate (mglday) BW = Body Weight (kg) 
FI= Fraction Ingested from Source (unitless) 
AT = Averaging Time: Exposure Duration Value for Non-carcinogens and 70 for Carcinogens (years) 

E-l 



TABLE E-2 

DOSE ESTIMATES: DERMAL ABSORPTION OF SOIL FOR CURRENT IAND USE 

Chemical Name 
Benzo(a)pyrene 
Benzo(g,h,i)perylene 
Arsenic 
Lead 

MAX CS AVE CS CF SA 
(pglkg) (pglkg) (ikg/lO’pg) ( Cm’) 130 84.5 1 .OOE-09 1,890 

91 91 1 .OOE-09 1,890 
6,300 2,580 I .OOE-09 1,890 

33,800 12,900 1 .OOE-09 1,890 

AF ABS EF 
(mglcm’) (unitless) (daysl365days) (y 1.45 

0.10 2501365 
1.45 0.10 2501365 
1.45 0.03 25Ol365 
1.45 0.01 2501365 

AVE AD 
mglkglday) 
2.27E-07 
2.44E-07 
2.08E-06 
3.46E-06 

Chemical Name 
Bento(a)pyrene 

Benzo(g,h,l)perylene 
Arsenic 
Lead 

MAX cs 
(pg/kg) 

130 
91 

6,300 
33,800 

AVE CS CF SA 
2 (pglkg) (lkg/lOOpg) ( ) 

IyiO 84.5 1 .OOE-09 
91 1 .OOE-09 1,890 

2,580 I .OOE-99 1,890 
12,900 1 .OOE-09 1,890 

AF ABS EF 
( mg/Cm2) (unitless) (days/36bdays) (y 

1.45 0.10 2501365 
1.45 0.10 2501365 
I.45 0.03 2501365 
1.45 0.01 2501365 

KEY: AD = Absorbed Dose (mglkglday) 
CS = Chemical Concentration in Soil (pgglkg) 
CF = Conversion Factor (I kg/lO*pg) 

[Formula: AD=(CS’CF*SA*AF’ABS*EF’ED)I(BW’AT)] 

SA = Skin Surface Area Exposed (cm’) 
AF = Soil to Skin Adherence Factor (mg/cm2) 
EF = Exposure Frequency (#days/365days) 
ED = Exposure Duration (years) 
8W = Body Weight (kg) 
AT = Averaging Time: Exposure Duration Value for Non-carcinogens and 70 for Carcinogens (years) 
ABS = Dermal Absorption Factor (unitless) [(Volatiles=O.25), (Semi-Volatiles=O.lO), (Pesticides other than DDT=O.lO), (Arsenic=O.OJ, other tnorgantcs=O.Ol)] 

E-2 



TABLE E-3 
DOSE ESTIMATES: INGESTION OF SEDIMENT FOR CURRENT LAND USE 

I 1 MAXCS 1 AVECS 1 CF I IR 1 FI I EF 1 E-, 1 Bw ,j$Z . . . . 7.:.:.:..... 
Chemical Name 

Benmfhlflunranthenn - - . - - - . . - -. -. . - -. . - 

Phenanthrene 
Benzofalovrene 

--..-- -, .-..- Dibenz(a.h)anthracene 

@g/kg) 1 (pglkg) 1 (IkgllO@pg) 1 (mglday) 1 (unitless) 1 (daysl365days) 1 (y ears) 1 
1 1 

(kg) 
1 f=xXJ 583 i 1 fXIF-fM l !in I I I 75inlRR5 I 75 I 7n 

, .I--- I 

1 140 1 Gil 1 

..--- -- 

l.OOE-09 50 
I 550 I 550 I I nnt=-na 

--- 
50 

1 240 1 240 50 

; 
b-“,-.ew L” * ” 

/ 70 
. . . . . . . . . . . . . . 1.. . . . ..,~ . ...,,... -..,-. . . . . . . .#++:.:< . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

i~:~ 
I .“clLY , L.“dLY, 

2501365 1 25 i G Rc;FAR 1 
. . . . . . . . . . . . . . . . ..A..... . . . . . . . 

1 2ciniwri 1 74 1 70 I:ilp~~~::51:~~:I:~~ 

1 r 1 

Benzo(g,h,i)perylene 1 340 1 340 

Arsenic I 9 m-m I 5 Ann 
t 

- 
50 t 1 

bIl.OOE-091 . . - - - - - 1 50 50 1 1 1 1 I 25nnn5 r d 

_ __... - 
I -1--- I _, .-_ 

Lead 1 67,500 1 40,OO 

.--,--- I I 

!50/365 1 i!; 1 

“.“I_ “” 

2.69E-07 
1.17E-07 
1.66E-07 
2.64E-06 
1.96E-05 

KEY: CDI = Chronic Daily Chemical Intake (mglkglday) [Formula: CDI=(CS*CF*lR*FI*EF*ED)/(BW*AT)] 
CS = Chemical Concentration in Sediment (pg/kg) 

CF = Conversion Factor (1 kg/l O’pg) 

EF = Exposure Frequency (#days/365days) 

ED = Exposure Duration (years) 
IR = Ingestion Rate (mglday) BW = Body Weight (kg) 
FI= Fraction Ingested from Source (unitless) 
AT = Averaging Time: Exposure Duration Value for Non-carcinogens and 70 for Carcinogens (years) 

E-3 



TABLE E-4 
DOSE ESTIMATES: DERMAL ABSORPTION OF SEDIMENT FOR CURRENT LAND USE 

Chemical Name 
Benzo(b)fluoranthene 
Phenanthrene 
Benzo(a)pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)perylene 
Arsenic 
Lead 

MAX CS 
@g/kg) 

1,600 
140 
550 
248 
340 

9,000 
67,500 

AVE CS CF SA AF ABS EF 
@g/kg) (IkgllO’pg) (cm’) (mglcm’) (unitless) (daysI365days) (y 

583 1 .OOE-09 1,890 1.45 0.10 2501365 
140 I .OOE-09 1,890 1.45 0.10 2501365 
550 1 .OOE-09 1,890 1.45 0.10 2501365 
240 1 .OOE-09 1,890 1.45 0.10 2501365 
340 1 .OOE-09 1,890 1.45 0.10 2501365 

5,400 1 .OOE-09 1,890 1.45 0.03 2501365 
40,000 1 .OOE-09 1,890 1.45 0.01 2501365 

AVE AD 
mglkglday) 

1.56E-06 
3.75E-07 
1 a47E-06 
6.44E-07 
9.12E-07 
4.34E-06 
1.07E-05 

MAX CS AVE CS CF SA AF ABS EF ED AVE AD 
Chemical Name (pglkg) (&kg) (lkg/lOOpg) 2 ( ) ( mg/cm2) (unitless) (daysl365days) (years) (k mglkglday) 

Benzo(b)fluoranthene 1,600 583 1 .OOE-09 I::0 1.45 0.10 2501365 25 5.58E-07 
Phenanthrene 140 140 1 .OOE-09 1,890 1.45 0.10 25Ol365 25 1.34E-07 
Bento(a)pyrene 550 550 1 .OOE-09 1,890 1.45 0.10 2501365 25 5.27E-07 
Dibenz(a,h)anthracene 248 240 1 .OOE-09 1,890 1.45 0.10 2501365 25 2.3OE-07 
Benzo(g,h,i)perylene 340 340 1 .OOE-09 1,890 1.45 0.10 25OL365 25 3.26E-07 
Arsenic 9,000 5,400 1 .OOE-69 1,890 1.45 0.03 2501365 25 1.55E-06 
Lead 67.500 40.000 1 .OOE-09 1.890 1.45 0.01 25Ol365 25 3.83E-06 

KEY: AD = Absorbed Dose (mglkglday) [Formula: AD=(CS*CF*SA*AF*ABS*EF’ED)/(BW’AT)] 
CS = Chemical Concentration in Sediment (pg/kg) 
CF = Conversion Factor (1 kg/l Ospg) 
SA = Skin Surface Area Exposed (cm2) 
AF = Sediment to Skin Adherence Factor (mg/cm2) 
EF = Exposure Frequency (#days/365days) 
ED = Exposure Duration (years) 
BW = Body Weight (kg) 
AT = Averaging Time: Exposure Duration Value for Non-carcinogens and 70 for Carcinogens (years) 
ABS q Dermal Absorption Factor (unitless) [(Volatiles=O.25), (Semi-Volatiles=O.lO), (Pesticides other than DDT=O.lO), (Arsenlc=0.03, other inorganics=0.01)] 
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TABLE E-5 

DOSE ESTIMATES: DERMAL ABSORPTION OF SURFACE WATER FOR CURRENT LAND USE 

Chemical Name Arsenic 

Lead 

MAXCW AVECW SA 
(pg/l) (pg/l) 2 
5.30 3.90 3cfngO 

7.00 1.85 3190 

PC ET CF EF 

(cmlhr) (hrslday) (l/cm’) (days/365days) (y 1 .OE-03 2 1 .OOE-03 
5Ol365 

1 .OE-03 2 1 .OOE-03 5Ol365 

AVE AD 

mglkglday) 
4.87E-08 
2.31 E-08 

MAXCW AVECW SA PC ET 
Chemical Name (pgn) (jig/l) 2 

(cmlhr) (hrsMay) (l/cm3) (daysl365days) (y 
Arsenic 5.30 3.90 3clmgO 1 .OE-03 2 

Lead 7.00 1.85 3190 l.OE-03 2 

KEY: AD = Absorbed Dose (mg/kg/day) [Formula: AD=(CW’SA*PC*ET^CF’EF’ED)I(BW*AT)] 
CW = Chemical Concentration in Surface Water (w/l) 
SA = Skin Surface Area Exposed - Lower Legs and Feet (cm’) 

CF = Volumetric Conversion Factor (1 t/cm’) 
EF = Exposure Frequency (#daysI365days) 

PC = Chemical Specific Dermal Permeability Constant (cm/hr) 
ET = Exposure Time (h&day) 

ED = Exposure Duration (years) 
BW = Body Weight (kg) 

AT = Averaging Time: Exposure Duration Value for Non-carcinogens and 70 for Carcinogens (years) 
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TABLE E-6 

DOSE ESTIMATES: INGESTION OF SOIL FOR FUTURE LAND USE AND CHRONIC EXPOSURE (ADULT) 

Chemical Name 
MAX CS 

WW 

AXCDI 1 AVECDI 1 AVE cs CF IR FI EF ED BW 

(pglkg) (1 kg/lO’pg) 

.~~~~~ M, 

mglday) (witless) (daysl365days) (years) (kg) $$@j ( 
. . . . . . . . . . . . . . . . . 

Benzo(b)fluoranthene 6,900 583 1 .OOE-09 50 1 

Benzo(a)pyrene 3,300 392 1 .OOE-09 50 1 3501365 

Benzo(g,h,i)perylene 2,300 2,300 1 .OOE-09 50 1 3501365 

Dibent(a,h)anthracene 630 630 1 .OOE-09 50 1 3501365 

Arsenic 9,000 5,400 1 .OOE-09 50 1 3501365 

Phenanthrene 610 1 332 1 l.OOE-09 1 50 1 1 3501365 24 

Benzo(a)anthracene 1 6,200 1 460 1 l.OOE-09 1 50 1 1 3501365 24 
3501365 24 7. ~ :!j:),,.‘+=’ 4.73E-06 3.99E-07 

26E-06 2.68E-07 

58E-06 1.58E-06 

70 

70 

70 32E-07 4.32E-07 

3.70E-06 

ILead 1 67,500 1 40,000 1 l.OOE-09 1 50 1 1 I 3501365 2.74E-05 

MAX CS AVE CS CF IR FI EF ED 

Chemical Name (pglkg) MiiW ( lkgllOepg) (mglday) (unltless) (daysl365days) (years) (kg) 

Phenanthrene 610 332 1 .OOE-09 50 1 3501365 24 

Benro(a)anthracene 6,200 460 1 .OOE-09 50 1 3501365 24 

Benzo(b)fluoranthene 6,900 583 1 .OOE-09 50 1 3501365 24 

Benzo(a)pyrene 392 1 .OOE-09 50 1 3501365 3,300 24 

Benzo(g,h,i)perylene 2,300 2,300 l.OOE-09 50 1 3501365 24 

Dibenz(a,h)anthracene 630 630 1 .OOE-09 50 1 3501365 24 

Arsenic 9,000 5,406 1 .OOE-09 50 1 3501365 24 

Lead 67,500 40,000 l.OOE-09 50 1 3501365 24 , , 

KEY: CDI = Chronic Daily Chemical Intake (mglkglday) [Formula: CDI=(CS*CF*lR*FI*EF*ED)/(BW*AT)] 
CS = Chemical Concentration in Soil (pglkg) 

CF = Conversion Factor (1 kg/l O’pg) 

EF = Exposure Frequency (#days/365days) 

ED = Exposure Duration (years) 
IR = Ingestion Rate (mglday) BW = Body Weight (kg) 
FI= Fraction Ingested from Source (unitless) 
AT = Averaging Time: Exposure Duration Value for Non-carcinogens and 70 for Carcinogens (years) 

AVE CDI 

mglkglday) 

7.80E-08 

1.08E-07 

1.37E-07 

9.39E-06 
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TABLE E-8 

DOSE ESTIMATES: DERMAL ABSORPTION OF SOIL FOR FUTURE LAND USE AND CHRONIC EXPOSURE (ADULT) 

MAX CS AVE CS CF SA AF ABS EF ED AVE AD 

Chemical Name @g/kg) @g/kg) (1kg1109pg) (cm2) (mg/cm2j (unitless) (daysl365days) (Years) (k mglkglday) 

Phenanthrene 610 332 1 .OOE-09 1,890 1.45 0.10 3501365 24 1.25E-66 

Benzo(a)anthracene 6,200 480 1 .OOE-09 1,890 1.45 0.10 3501365 24 1.73E-06 

Benzo(b)fluoranthene 6,900 583 1 .OOE-09 1,890 1.45 0.10 3501365 24 2.19G06 

Benzo(a)pyrene 3,300 392 1 .OOE-09 1,890 1.45 0.10 3501365 24 1.47E-06 

Benzo(g,h,i)perylene 2,300 2,300 1 .OOE-09 1,890 1.45 0.10 3501365 24 8.63E-06 

Dibenz(a,h)anthracene 630 630 1 .OOE-09 1,890 1.45 0.10 3501365 24 

Arsenic 9,000 5,400 1 .OOE-09 1,890 1.45 0.03 3501365 24 

Lead 67,500 40,000 1 .OOE-O9 1,890 1.45 0.01 35Ol365 24 

630 630 1 .OOE-09 1,890 1 1.45 0.10 3501365 24 

9,000 5,400 1 .OOE-09 1,890 [ 1.45 0.03 3501365 24 
67,500 40,000 1 .OOE-O9 1,890 1 1.45 0.01 3501365 24 5.15E-06 

EF ED BW $.e ::j:::::: ‘:.‘.‘.‘.‘:..:...:::i 
(daysl365days) (y ears) ( 

3501365 24 

3501365 24 

3501365 24 70 

35Ol365 24 70 

3501365 24 70 

P 

B 

Benzo(b)fluon 

Benzo(a)pyrer 

Benzo(g,h,i)pc 
Dibenz(a,h)anthracene 

Arsenic 
Lead 

KEY: AD = Absorbed Dose (mg/kg/day)] 
CS = Chemical Concentration in Soil (pg/kg) 
CF = Conversion Factor (1 kg/l O’pg) 

[Formula: AD=(CS’CF*SA*AF*ABS’EF’ED)/(BW’AT) 

SA = Skin Surface Area Exposed (cm2) 
AF = Soil to Skin Adherence Factor (mglcm’) 
EF = Exposure Frequency (#days/365days) 
ED = Exposure Duration (years) 
BW = Body Weight (kg) 
AT = Averaging Time: Exposure Duratlon Value for Non-carcinogens and 70 for Carcinogens (years) 
A8S = Dermal Absorption Factor (unitless) [(Volatiles=0.25), (Semi-Volatiles=O.lO), (Pesticides other than DDT=O.lO), (Arsenic=O.OJ, other inorganics=O.Ol)] 
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TABLE E-9 
DOSE ESTIMATES: DERMAL ABSORPTION OF SOIL FOR FUTURE LAND USE AND CHRONIC EXPOSURE (CHILD) 

Chemical Name 

Phenanthrene 
(pg/kg) (Ikg/lOspg) ( 

AVEAD ’ 
unitless) (days/36bdays) (y ) (mglkglday) 

2.55E-06 

3.54E-06 

4.49E-06 

Bento(g,h,i)perylene 

Dibenz(a,h)anthracene 

Arsenic 

Lead 

3.02E-06 

1.77E-05 

9,~ 5,400 
4.85E-06 

l.OOE-09 830 1.45 0.03 3501365 6 ,5 y..,:.::::“:.:‘.y~ ..v ..; ‘.:‘. . ..y....’ 

67,500 40,000 l.OOE-09 

r:~.~~~~~~~~:~~~~ . . . I.. ,_. .<:A: .,.. :,,. ,. .,. . . . . . . :, .p:. .i.., 2.08f-- o5 
1.25E-05 

830 1.45 0.01 3501365 6 
, 5 1’ ‘:~ 5.19E-05 y@y$q”““:y.. . . ..A. .h......,( > . . . . 

:~.:.:.:.:.~:.:.:.:.~.:.:.:.:,:.. ..::::::<::::::::::::::;::::::.:.: 3.08E-05 

j 67,500 1 40,000 1 i.OOE-09 1 830 1 1.45 0.01 1 35Ol365 6 1 ,5 ~~~ 
UiyLy 

KEY: AD = Absorbed Dose (mg/kg/day) 
CS = Chemical Concentration in Soil (pg/kg) 

[Formula: AD=(CSCF’SA*AF*ABS’EF^ED)/(BW’AT)] 

CF = Conversion Factor (1 kg/l 0”pg) 

[Lead 

SA = Skin Surface Area Exposed (cm’) 
AF = Soil to Skin Adherence Factor (mg/cm’) 

EF = Exposure Frequency (#days/365days) 
ED = Exposure Duration (years) 
BW = Body Welght (kg) 
AT = Averaging Time: Exposure Duration Value for Non-carcinogens and 70 for Carcinogens (years) 
ABS = Dermal Absorption Factor (unittess) [(Volatiles=0.25), (Semi-Volatiles=O.lO), (Pesticides other than DDT=O.lO), (ArseniczO.03, other inorganics=()ol)) 
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TABLE E-10 
DOSE ESTIMATES: INGESTION OF GROUNDWATER FROM CHRONIC EXPOSURE UNDER FUTURE LAND USE (CHILD) 

MAX CW AVECW CF IR EF AVE CDI 
Chemical Name (mglkglday) 

- 1 .I-Dichioroethene 18 2.04 1000 1 350/365 1.30E-04 
cis-I ,2-Dichloroethene 3,000 509 1000 1 3501365 3.25E-02 
Methylene Chloride 730 93.1 1000 1 3501365 5.95E-03 
Chloroform 5 1.24 1000 1 , 350/365 3.20E-04 7.93E-05 

7.67E-03 9.65E-04 
4.09E-03 3.87E-04 
1 .lSE-Ol 7.35E-03 

Trimethylbenzene 4.47E-02 1.72E-02 
2.30E-03 2.05E-03 

Phenanthrene 5.24E-03 1.05E.03 
2-Methyfnaphthalene l.S2E-01 1.66E-02 

1.28E-01 l.l5E-03 
3.13E-06 3.OOE-06 
1.02E-06 839E-07 

gamma-Chlordane 3.52E-06 1.34E-06 
Arsenic 11.1 4.43 1000 1 3501365 6 7.10E-04 2.83E-04 
ILead I 10.5 , 3.33 I A!-!!!!- 1 350/365 6 I 6.71E-04 . 2.13E-04 1 

‘--SE ESTIMATES: INGESTION OF GROUNDWATER FROM CHRONIC EXP ACIIDF IlhlnFD ClltllRF I ANn IISF ICI-ill n\ 
-- 

I I MAXCW I AVECW I CF i IR i EF 1 E@ . .._-. -.. ,._- -._ -. 
Chemical Name Wi) (&I) 1 (pglmg) 1 (I/day) 1 (daysl365days) 

1 ,I-Dichioroethene 1 4d I 3rd I ,nnn I 1 I 7501365 
cis-1,2-Dich’----“- ‘501365 
Met”‘.‘-- - c an/365 
nl., ,“.‘365 n 

3,booo 
La”* I ““V ’ . 6 

loroeuiene 509 1000 1 2, 6 
nyrene Chloride 730 93.1 1000 1 3 II. 6 

wroroform 5 1.24 1000 1 3L;ni 6 15 r ::::~::::~::.:~:::::;:~:~::: :.:.:.:+y.: -; -““y . . . . . . . . . . . . . . 
1 3501365 6 

.- . . . . . . . . . . . . . . . . . . . . . . .../.. Benzene 120 15.1 IOOO- 
t-l---L, ----I L̂ -̂  1 EwaG,1,“,“Iu11110 I - EA 

I.&l 700 

fM V.“” ,“YY , . , 3501365 

L.&.t~eNene Toluene ,,l,lloury,r 115 269 
11.. 

inn” IL”” 
1 1 1 3501365 

nnn 1 3501365 
.,ILl...,rn., Tetramethxlu.il~r=~~= r ,I2 “V 17 “L *nnn I 3501365 

Phenanthrene I 82 i 16.5 i ‘--- iooc 
2-Methyinaphthaiene 1 ’ 

Arsenic 
Lead 

KEY: CDI - Chronic Daily Chemical Intake (mglkglday) [Formula: CDi=(CWIR*EFnED)/(Bw^AT*CF)] 
CW = Chemical Concentration in Water @g/l) CF = Conversion factor from pgli to mgli 
IR = ingestion Rate (l/day) ED = Exposure Duration (years) 
EF = Exposure Frequency (#days/365days) BW = Body Weight (kg) 
AT = Averaging Time: Exposure Duration Value for Non-carcinogens and 70 for Carcinogens (years) 
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TABLE E-11 
DOSE ESTIMATES: INGESTION OF GROUNDWATER FROM CHRONIC EXPOSURE UNDER FUTURE LAND USE (ADULT) 

1 MAXCW 1 AVECW 1 CF IR EF 

Trimeth benzene lTzi& 
1000 
1000 
1000 

. . 
3501365 
3501365 
35Oi365 

..-..jlberuene 1 36 I 32 1 1000 I 2 I 3%X365 1 
‘henanthrene 82 1 16.5 i 1000 1 2 I 350/365 24 

, ..--... 
- 

. . . 

_-_.-__ I 
Lead 1 10.5 I 3.33 1 1000 ( I 3501365 1 ii 

KEY: CDI = Chronic Dally Chemical Intake (mglkglday) [Formula: CDI=(CW’IR*EF”ED)/(BW’AT^CF)] 
CW = Chemical Concentration in Water @g/l) CF = Conversion factor from pg!! to mg!! 
IR = hp&on Rate (lidayj ED = Exposure Duration (years) 
EF = Exposure Frequency (#daysl365days) BW = Body Weight (kg) 
AT - Averaging Time: Exposure Duration Value for Non-carcinogens and 70 for Carcinogens (years) 
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TABLE E-12 

DOSE ESTIMATES: DERMAL ABSORPTION OF GROUNDWATER DUE TO CHRONIC EXPOSURE FOR FUTURE LAND USE (CHILD) 

KEY: AD 5 Absorbed Dose (mglkglday) 

CW = Chemical Concentration in Groundwater @g/l) 
CF = Conversion factor from pgll to mgll 

SA = Skin Surface Area Exposed - Full Body During Bathing (cm2) 
PC = Chemical Specific Dermal Permeability Constant (cmlhr) 
ET = Exposure Time-Bathing (hrslday) 

[Formula: AD=(CW’SA*PC’ET’VCF^EF’ED)/(BW’AT*CF)] 

VCF = Volumetric Conversion Factor (If/cm3 
EF = Exposure Frequency (#days/365days) 

ED = Exposure Duration (years) 
BW = Body Weight (kg) 

AT = Averaging Time: Exposure Duration Value for Non-carcinogens and 70 for Carcinogens (years) 
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TABLE E-13 
DOSE ESTIMATES: DERMAL ABSORPTION OF GROUNDWATER DUE TO CHRONIC EXPOSURE FOR FUTURE LAND USE (ADULT) 

MAXCW AVECW CF SA PC ET VCF EF 

Chemical Name Mm (@I) Wm9) (cm*) (cmlhr) (hrslday) (l/cm’) (daysl365days) (y 

I ,l -Dichloroethane 18 2.04 1000 18,150 1.6E-02 0.25 1 .OOE-03 3501365 

cis-1,2-Dichloroethene 3,ooo 509 1000 18,150 1 .OE-02 0.25 1 .OOE-03 3501365 

Methylene Chloride 730 93.1 1000 18,150 4.5E-03 0.25 1 .OOE-03 3501365 

Chloroform 5 1.24 1000 18.150 8.9E-03 0.25 1 .OOE-03 3501365 

Benzene 120 15.1 IWO 18.150 2.1E-02 0.25 1 .OOE-03 3501365 

Tetrachloroethene 64 6.06 1000 18,150 4.8E-02 0.25 1 .OOE-03 3501365 

Toluene 1,800 115 1000 18,150 4.5E-02 0.25 1 .OOE-03 3501365 

Trfmethylbenzene 700 269 1000 18,150 7.4E-02 0.25 1 .OOE-03 3501365 

Tetramethyfbenzene 36 32 1000 18,150 7.4E-02 0.25 1 .OOE-03 3501365 

Phenanthrene 82 16.5 1000 18,150 0.0000 0.25 1 .OOE-03 3501365 

P-Methylnaphthalene 3,000 260 1000 18,150 6.9E-02 0.25 1 .OOE-03 3501365 

Naphthalane 2.m 18 1000 18.150 6.9E-02 0.25 1 .OOE-03 3501365 

alpha-BHC 4.09E-08 

Heptachlor epoxide 0.016 0.010 1000 6.84E-09 
gammaGhlordane 1.31E-09 

2.75E-07 
2.07E-07 

1 MAXCW 1 AVECW 1 CF SA PC ET CF EF ED BW t&X m A,,E m 

wtzene 700 269 IWO 18,150 7.4E-02 0.25 l.OOE-03 1 3501 

Tetramethylbenzene 36 32 1000 18,150 7.4E-02 0.25 I. 

Phenanthrene 82 16.5 1000 18,150 O.OE+OO 0.25 I. 

alpha-BHC 0.049 0.047 1000 18,150 1. 

Heptachlor epoxide 0.016 0.010 1000 18,150 l.lE-02 0.25 1. 

gamma-Chlordane 0.055 0.021 IWO 18,150 1 .OE-O3 0.25 1. 

Arsenic 11.1 4.43 1000 18,150 1 .OE-03 0.25 l.OOE-03 1 3501365 

Lead 10.5 3.33 1000 18.150 l.OE-03 I 0.25 l.OOE-03 I 3 

24 

j(&J& AD = Absorbed Dose (mglkglday) 

CW = Chemical Concentration in Groundwater @g/l) 
CF = Conversion factor from pg/l to mgll 

SA = Skin Surface Area Exposed - Full Body Durfng Bathing (cm’) 
PC = Chemical Specific Dermal Permeability Constant (cmlhr) 

ET = Exposure Time-Bathing (hrslday) 

[Formula: AD=(CW*SA”PC’ET’VCF’EF’ED)/(BW*ATCF)] 

CF = Volumetric Conversion Factor (ll/cm? 
EF - Exposure Frequency (#days/365days) 

ED = Exposure Duration (years) 
BW = Body Weight (kg) 

AT = Averaging Time: Exposure Duration Value for Non-carcinogens and 70 for Carcinogens (years) 
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I ED BW 

I 

I I 
EF Chemical Name ( unttless) (years) (kg) 

~~ 
.,.,.,\ ::::::.: d 

TABLE E-14 

DOSE ESTIMATES: INHALATION OF GROUNDWATER DUE TO CHRONIC EXPOSURE FOR FUTURE LAND USE (CHILD) 

“III”I”I”III1 I I 

‘.-. 
I 

‘--- Benzene 120 15.1 1000 0.5 15 0.95 
f-trachloroethene 64 6.06 1000 0.5 15 

1800 115 1000 0.5 15 
,,,~..l,ly~,,Lane 700 269 1000 0.5 15 
tramethylbenzene 36 32 1000 0.5 15 

3411 6 

0411 6 
0411 6 
0411 6 

0411 6 

0411 6 15 I ,, 
.~~:i:::::::::::::::~:~:~:~:~: 
;:!i:::::.x$::.:~::.:;.:.:.:.:.: 

ii,., . . . . . . . . . . 
c.::$.:;::;:;:; MAXCDI AVE CDI 

DOSE ESTIMATES: INHALATION OF GROUNDWATER DUE TO CHRONIC EXPOSURE FOR FUTURE LAND USE (CHILD) 

Chemical Name 

MAXCW AVECW CF K IRa EF ED BW 
..,.. .,......:: :. 

~~1 h4AXCDI 1 AVECDI 1 

_ I bcm (pggll) (pglmg) (Urn’) ml/day) (unitless) (years) (kg) i<:;:>>i: 

2.04 
( *L 

509 
f 

100 
7 ,M.. lene bnrorrae =.I. I I ““V V.” I” 

loroform 5 1.24 1000 0.5 15 
neruene 120 15.1 IWO 0.5 15 
Tetrachloroethene 64 6.06 IWO 0.5 15 0. 

.--- I owene l”“” , 115 1000 0.5 I5 0 .~.l”.7”-1I I , 
‘~~!-A..lbenzene 700 1 269 1000 0.5 15 0.95890411 1 6 1 

bviherlzene 36 1 32 1000 0.5 15 0.95890411 1 8 1 1: pi% . , . - -. - - - 

KEY: CDI = Cronic Daily Chemical Intake (mglkglday) 
CW = Chemical Concentration in Water @g/L) 

CF = Conversion Factor = 1000 pglmg 

K = Volatiiiiatlon Factor (Urn3 = 0.0005 x 1000 Urn’ 

IRa = Daily Indoor Inhalation Rate = I5 m’lday 

[Formula: CDI = (CWx K x IRa x EF x ED)/ (CF x BW x AT x 365 days/yr)] 

EF = Exposure Frequency = 350 days/365 days 

ED = Exposure Duration = 6 years 

BW = Body Weight = 15 kg 

AT = Averaging Time: Exposure Duration Value for Non-Carcinogens and 70 for Carcinogens (years) 

(Note: inhalation of voiatiies in groundwater Is considered only if the Henry’s Law Constant is 1 x 10“ atm-m?mole or greater 

and the molecular weight is less than 200 glmol.) 
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TABLE E-15 
DOSE ESTIMATES: INHALATION OF GROUNDWATER DUE TO CHRONIC EXPOSURE FOR FUTURE LAND USE (ADULT) 

I ~whd I Pm’) 
I 1000 I 0.5 

)Tetramethylbenzene 1 38 32 1 1000 1 0.5 15 1 0.95890411 1 3 

. . 
15890411 

DOSE ESTIMATES: INHALATION OF GROUNDWATER DUE TO CHRONIC EXPOSURE FOR FUTURE LAND USE (ADULT) 

MAXCW AVECW CF 

Chemical Name (pggll) 

1,l -Dichloroethene 18 

cis-1 ,ZDichloroethene 3000 509 1000 0.5 15 0.95890411 

Methylene Chloride 730 93.1 1000 0.5 15 0.95890411 

Chloroform 5 1.24 1000 0.5 15 0.95890411 

Benzene 120 15.1 1000 0.5 15 0.95890411 

Tetrachloroethene 64 6.06 1000 0.5 15 0.95890411 

Toluene i800 115 1000 0.5 15 0.95890411 

Trimethylbenzene 700 269 1000 0.5 15 0.95890411 

Tetramethylbenzene 36 

KEY: CDI = Cronic Daily Chemical Intake (mglkglday) [Formula: 

CW = Chemical Concentration in Water (pg/L) 

CDI = (CWx K x IRa x EF x ED)/ (CF x BW x AT x 365 dayslyr)] 

EF = Exposure Frequency = 350 days I365 days 

CF = Conversion Factor = 1000 pglmg 

K = Volatilization Factor (Um3) = 0.0005 x 1000 L/m3 

ED = Exposure Duration = 30 years 

IRa = Daily Indoor Inhalation Rate = 15 m’/day 

BW = Body Weight = 70 kg 

AT = Averaging Time: Exposure Duration Value for Non-Carcinogens and 70 for Carcinogens (years) 

(Note: Inhalation of volatiles in groundwater is considered only if the Henry’s Law Constant is 1 x 1 Oe5 atm-m3/mole or greater 

and the molecular weight is less than 200 glmol.) 

E-15 



APPENDIX F 

RISK ASSOCIATED WITH EXPOSURE 
TO BACKGROUND SOILS 



TABLE F-l. RISK LEVELS ASSOClATl 
TO MAXIMUM BACKGROUND CONCENTRA 

NONCARCINOGENIC EFFECTS 
Maximum RME 

Background Chronic Reference 
EXPOSURE Cont.* Dose Dose (RfD) Hazard 
SCENARIO &g/kg) (mg/kg/day) (mglkglday) Quotient 

Ingestion of Soil Not 
Current Land Use Detected NA NA NA 

Dermal Absorption 
from Soil Not 

Current Land Use Detected NA NA NA 

Ingestion of Soil 
by a Child 

Future Land Use 1100 7.03E-06 3.00E-04 2.34E-02 
Ingestion of Soil 

by a Adult 
Future Land Use 1100 7.53E-07 3.00E-04 2.51 E-03 

Dermal Absorption 
from Soil by a Child 

Future Land Use 
Dermal Absorption 

from Soil by an Adult 
Future Land Use 

1100 2.54G06 3.00E-04 8.47E-03 

1100 1.23E-06 3.00E-04 4.1 OE-03 

D WITH EXPOSURE 
IONS OF ARSENIC IN SOIL 

CARCINOGENIC EFFEC:TS 
Maximum RME 

- 

Background Chronic Oral Slope 
Cont.* Dose Factor 
@g/kg) (mg/kg/day) (mglkg/da&’ 

Not 
Detected NA NA - 

Not 
Detected NA NA - 

1100 6.03E-07 1.75E+ClO - 

1100 2.58E-07 1.75E+OO - 

1100 2.18E-07 1.75E+OO - 

1100 4.25E-07 1.75E+OO 

Increase< 

Lifetime 
Cancer 

Risk 

NA 

NA 

1 E-06 

5E-07 

4E-07 

7E-07 

Note: 
l Arsenic was not detected in background surface soil. Background for future conditions is based on 

blending of surface and subsurface soils. 



APPENDIX G 

LEAD UPTAKE/BIOKINETIC MODEL RESULTS 



LEAD UPTAKE/BIOKINETIC MODEL RESULTS 

The U.S. EPA Integrated Exposure Uptake Biokinetic Model (U.S. EPA 1994) gives an estimate of blood 

lead levels predicted to be associated with media-specific chemical concentrations. The lead uptake 

biokinetic model provides an estimate of a child’s total lead uptake from diet, ambient air 

(indoor/outdoor) drinking water, and soil. This can be employed to predict blood lead levels (I&g lead/dl) 

based upon the total lead uptake across all media. The model provides biood lead level estimates specific 

to the child receptor (aged 0 to 6 years). Site-specific information was included in the model to reflect 

conditions relative to lead levels in the soil, sediment, and groundwater at the Wallops Field Facility 

(WFF). The Particulate Emission Factor method (PEF) detailed in RAGs/HHEM Part B was employed 

to estimate the lead concentration in air from fugitive dust emissions via surface soil contamination. The 

default parameter values were used to yield a default PEF of 4.63 x lo9 m3/kg. The surface soil 

concentration was then multiplied by the inverse PEF, giving an estimated air concentration (in mg/m3) 

for direct use in the lead biokinetic/uptake model. 

Site-specific surface soil and estimated maximum air concentrations along with both filtered and unfiltered 

groundwater maximum concentrations were substituted for default values in the model. Table 1 

summarizes the maximum and average concentrations of lead detected in each medium. Likewise, site- 

specific sediment maximum concentrations were combined with filtered and unfiltered groundwater 

maximum concentrations for each model run. Maximum lead concentrations were chosen for evaluation 

rather than average lead concentrations since the average values were consistently lower (than the 

maximum lead concentrations). However, the average unfiltered groundwater lead concentration was also 

evaluated in the model using only default values since unfiltered groundwater is expected to contribute 

most to potential deleterious human health effects. Otherwise, default values were used in the model. 

The site-specific and default parameter values employed in the model are presented in Tables 2-8. 

Figures 1, 3, 5, 7, 9, 11, and 13 present the probability plot relative to the geometric mean blood lead 

levtl predicted by the model and also show the geometric mean blood lead level concentrations associated 

with the site-specific conditions. Figures 2, 4, 6, 8,l 0, 12, and 14 present the probability density 

distribution about the geometric mean and standard deviation of the predicted blood lead levels. The 

model predicts the percentage of the exposed population which would be expected to have blood lead 

levels above 10 pgldl. 



Blood lead levels of lo-25 @g/d1 are considered within a criterion or “cause for concern” range, being 

levels at which toxic effects might occur in children, therefore this range was used to evaluate potential 

health effects (U.S. EPA 1991d, 1994). Table 9 summarizes the geometric mean blood lead 

concentrations related to site-specific conditions at WWF for each combination of media. When the 

surface soil lead maximum concentrations (and resulting PEF estimated air concentration) were 

incorporated into the model along with the maximum filtered groundwater concentrations, the criterion 

volume of 10 pg lead/d1 in more than five percent of the population was not exceeded. Likewise, the 

maximum sediment concentration combined with the maximum. filtered groundwater concentration did 

not exceed the criterion value of 10 pg lead/dl. However, when unfiltered maximum groundwater 

concentrations along with surface soil (and air) and, in the same manner, sediment maximum 

concentrations were incorporated into the model, the criterion value for lead was exceeded in nearly 99 

percent of the population for both media. The groundwater average lead concentration evaiuated using 

the biokinetic uptake model did not predict blood lead levels which would exceed the criterion value. 

Clearly, lead in unfiltered groundwater poses the primary human health threat but only when 

incorporating the maximum groundwater lead concentrations and not the average groundwater lead levels. 

2 



/I TABLE 1 
CONCENTRATIONS OF LEAD DETECTED BY MEDIUM 

AVERAGE 
DETECTED DETECTED 

MEDIUM CONCENTRATION CONCENTRATION 

SEDIMENT 67.5 mglkg 

SURFACE SOIL 33.8 mg/kg 

40 mg/kg 

12.9 mg/kg 

II GROUNDWATER - UNFILTERED 747 pglL L 70.2 pg/L -- 

II GROUNDWATER - FILTERED 10.5 pg/L 3.33 pg/L 
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TABLE 2 
PARAMETER VALUES FOR LEAD BIOKINETIC MODEL 

USING MAXIMUM FILTERED GROUNDWATER AND SURFACE SOIL 
CONCENTRATIONS 

LEAD MODEL Version 0.99d 

AIR CONCENTRATION: 0.000 c(g Pb/m3 
Indoor AIR Pb Cone: 30.0 percent of outdoor. 
Other AIR Parameters: 

Age Time Outdoors (hr) Vent. Rate @J/day) Lung Abs. (%) 
O-l 1.0 2.0 32.0 
l-2 2.0 3.0 32.0 
2-3 3.0 5.0 32.0 
3-4 4.0 5.0 32.0 
4-5 4.0 5.0 32.0 
5-6 4.0 7.0 32.0 
6-7 4.0 7.0 32.0 

DIET: DEFAULT 

DRINKING WATER Cone: 10.50 pg PWL 
WATER Consumption: DEFAULT 

SOIL & DUST: 
Soil: user varied by year 
Dust: constant cont. 

Age Soil (pg Pb/g) House Dust (pg Pb/g) 
o-1 33.8 0.0 
1-2 33.8 0.0 
2-3 -33.8 0.0 
3-4 33.8 0.0 
4-5 33.8 0.0 
5-6 33.8 0.0 
6-7 33.8 0.0 

Additional Dust Sources: None DEFAULT 

PAINT Intake: 0.00 pg Pblday DEFAULT 

MATERNAL CONTRIBUTION: Infant Model 
Maternal Blood Cone: 2.50 ,ug Pb/dL 



TABLE 2 (Continued) 

CALCULATED BLOOD Pb and Pb UPTAKES: 

YEAR 
-- 

0.5-1: 
l-2: 
2-3 : 
3-4: 
4-5: 
5-6: 
6-7: 

YEAR 

Blood Level 

kW-J 

3.5 
4.0 
3.8 
3.6 
3.2 
2.9 
2.7 

Diet Uptake 

&-Way) 

0.5-l: 2.57 
l-2: 2.65 
2-3: 3.01 
3-4: 2.92 
4-5: 2.86 
5-6: 3.03 
6-7: 3.36 

Total Uptake 

6-@W 
----w-w_ -w-s 

6.51 
9.72 
10.23 
10.28 
9.18 
9.18 
9.39 

Water Uptake Paint Uptake Air Uptake 
(&day) h.@W) (Crg/W) 

-----me ------ q-s- ----e 

0.97 0.00 0.00 
2.41 0.00 0.00 
2.53 0.00 0.00 
2.61 0.00 0.00 
2.75 0.00 0.00 
2.91 0.00 0.00 
2.97 0.00 0.00 

Soil + Dust Uptake 

b&W 

2.96 
4.66 
4.70 
4.75 
3.57 
3.23 
3.06 
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TABLE 3 
PARAMETER VALUES FOR LEAD BIOKINETIC MODEL 

USING MAXIMUM SURFACE SOIL AND UNFILTERED GROUNDWATER 

LEAD MODEL Version 0.99d 

AIR CONCENTRATION: 0.000 pg Pb/m3 
Indoor AIR Pb Cone: 30.0 percent of outdoor. 
Other AIR Parameters: 

Age Time Outdoors (hr) Vent. Rate (m3/day) Lung Abs. (%) 
o-1 1.0 2.0 32.0 
l-2 2.0 3.0 32.0 
2-3 3.0 5.0 32.0 
34 4.0 5.0 32.0 
4-5 4.0 5.0 32.0 
5-6 4.0 7.0 32.0 
6-7 4.0 7.0 32.0 

DIET: DEFAULT 

DRINKING WATER Cone: 747.00 c(g PbiL 
WATER Consumption: DEFAULT 

SOIL & DUST: 
Soil: user varied by year 
Dust: constant cont. 

Age Soil (pg Pb/g) House Dust &g Pb/g) 
o-1 21.8 0.0 
1-2 33.8 0.0 
2-3 .33.8 0.0 
34 33.8 0.0 
4-5 33.8 0.0 
5-6 33.8 0.0 
6-7 33.8 0.0 

Additional Dust Sources: None DEFAULT 

PAINT Intake: 0.00 pg Pb/day DEFAULT 

MATERNAL CONTRIBUTION: Infant Model 
Maternal Blood Cone: 2.50 pg Pb/dL 

10 



TABLE 3 (continued) 

CALCULATED BLOOD Pb and Pb UPTAKES: 

YEAR 
Blood Level 

(,ddL) 

0.5-I: 23.2 
l-2: 33.1 
2-3: 33.3 
34: 33.5 
4-5: 33.9 
5-6: 33.9 
6-7: 33.0 

YEAR 

0.5-l: 
l-2: 
2-3: 
34: 
4-5: 
5-6: 
6-7: 

Diet Uptake 

~~gW9 
--_I 

1.59 
1.32 
1.56 
1.58 
1.59 
1.72 
1.94 

Total Uptake Soil + Dust Uptake 
(&day) b&W 

-w--- w- 

46.43 1.76 
89.23 2.32 
97.24 2.43 
104.30 2.57 
112.13 1.99 
120.91 1.83 
126.07 1.77 

Water Uptake 

b&W 
------mm 

43.08 
85.58 
93.24 
100.16 
108.56 
117.37 
122.36 

Paint Uptake Air Uptake 
b.@W) Day) 

---- p 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
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TABLE 4 
PARAMETER VALUES FOR LEAD BIOKlNETIC MODEL 

USING MAXIMUM SEDIMElNT AND FILTERED GROUNDWATER 

LEAD MODEL Version 0.99d 

AIR CONCENTRATION: 0.100 pg Pb/m3 DEFAULT 
Indoor AIR Pb Cone: 30.0 percent of outdoor. 
Other AIR Parameters: 

Age Time Outdoors (hr) Vent. Rate (m31day) Lung Abs. (%) 
O-I 1.0 2.0 32.0 
1-2 2.0 3.0 32.0 
2-3 3.0 5.0 32.0 
3-4 4.0 5.0 32.0 
4-5 4.0 5.0 32.0 
5-6 4.0 7.0 32.0 
6-7 4.0 7.0 32.0 

DIET: DEFAULT 

DRINKING WATER Cone: 10.50 pg Pb/L 
WATER Consumption: DEFAULT 

SOIL & DUST: 
Soil: user varied by year 
Dust: constant cont. 

Age Soil (pg Pb/g) House Dust (pg Pb/g) 
O-l 67.5 0.0 
l-2 67.5 0.0 
2-3 67.5 0.0 
3-4 .67.5 0.0 
4-5 67.5 0.0 
5-6 67.5 0.0 
6-7 67.5 0.0 

Additional Dust Sources: None DEFAULT 

PAINT Intake: 0.00 pg Pb/day DEFAULT 

MATERNAL CONTRIBUTION: Infant Model 
Maternal Blood Cone: 2.50 pg Pb/dL 

14 



TABLE 4 (continued) 

CALCULATED BLOOD Pb and Pb UPTAKES: 

YEAR 
Blood Level 

(/@dL) 

0.5-l: 3.7 
l-2: 4.2 
2-3: 4.0 
3-4: 3.8 
4-5: 3.3 
5-6: 3.0 
6-7: 2.8 

YEAR 
Diet Uptake 

Wdv) 

0.5-l: 2.56 
l-2: 2.64 
2-3: 2.99 
3-4: 2.91 
4-5 : 2.85 
5-6: 3.03 
6-7: 3.35 

Total Uptake Soil + Dust Uptake 

(adday) (dday) 
---- ----- 

6.86 3.31 
10.27 5.19 
10.82 5.25 
10.88 5.31 
9.65 4.00 
9.64 3.62 
9.84 3.43 

Water Uptake Paint Uptake Air Uptake 

b@W) (,&day) (&day) 
---- - -.. m- 

0.97 0.00 0.02 
2.40 0.00 0.03 
2.52 0.00 0.06 
2.60 0.00 0.07 
2.74 0.00 0.07 
2.91 0.00 0.09 
2.97 0.00 0.09 
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TABLE 5 
PARAMETER VALUES FOR LEAD BIOKINETIC MODEL 

USING MAXIMUM SEDIMENT AND UNFILTERED GROUNDWATER 

LEAD MODEL Version 0.99d 

AIR CONCENTRATION: 0.100 pg Pb/m3 DEFAULT 
Indoor AIR Pb Cone: 30.0 percent of outdoor. 
Other AIR Parameters: 

Age Time Outdoors (hr) Vent. Rate (m3/day) Lung Abs. (%) 
o-1 1.0 2.0 32.0 
l-2 2.0 3.0 32.0 
2-3 3.0 5.0 32.0 
3-4 4.0 5.0 32.0 
4-5 4.0 5.0 32.0 
5-6 4.0 7.0 32.0 
6-7 4.0 7.0 32.0 

DIET: DEFAULT 

DRINKING WATER Cone: 747.00 pg Pb/L 
WATER Consumption: DEFAULT 

SOIL & DUST: 
Soil: user varied by year 
Dust: constant cont. 

Age Soil (pg Pb/g) House Dust (pg Pb/g) 
o-1 67.5 0.0 
l-2 67.5 0.0 
2-3 .67.5 0.0 
3-4 67.5 0.0 
4-5 67.5 0.0 
5-6 67.5 0.0 
6-7 67.5 0.0 

Additional Dust Sources: None DEFAULT 

PAINT Intake: 0.00 pg Pb/day DEFAULT 

MATERNAL CONTRIBUTION: Infant Model 
Maternal Blood Cone: 2.50 pg Pb/dL 
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TABLE 5 (continued) 

CALCULATED BLOOD Pb and Pb UPTAKES: 

YEAR 
Blood Level 

(a/dL) 

0.5-l: 23.3 
l-2: 33.2 
2-3: 33.4 
3-4: 33.6 
4-5 : 33.9 
5-6: 34.0 
6-7: 33.0 

YEAR 
Diet Uptake 

&z/day) 

0.5-l: 1.59 
l-2: 1.32 
2-3: 1.56 
3-4: 1.58 
4-5: 1.59 
5-6: 1.72 
6-7: 1.94 

Total Uptake Soil + Dust Uptake 

b-&W) h-&W 
----_-- --- 

46.65 2.06 
89.43 2.60 
97.48 2.73 
104.56 2.87 
112.35 2.22 
121.15 2.05 
126.30 1.99 

Water Uptake Paint Uptake Air Uptake 

WW h&W) Ldday) 
-----mm -- ------ m-m- 

42.98 0.00 0.02 
85.48 0.00 0.03 
93.14 0.00 0.06 
100.05 0.00 0.07 
108.47 0.00 0.07 
117.29 0.00 0.09 
122.28 0.00 0.09 
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TABLE 6 
PARAMETER VALUES FOR LEAD BIOIUNETIC MODEL 

USING MAXIMUM UNFILTERED GROUNDWATER ONLY 

LEAD MODEL Version 0.99d 

AIR CONCENTRATION: 0.100 pg Pb/m3 DEFAULT 
Indoor AIR Pb Cone: 30.0 percenr of outdoor. 
Other AIR Parameters: 

Age Time Outdoors (hr) Vent. Rate (m3/day) Lung Abs. (%) 
O-1 1.0 2.0 32.0 
l-2 2.0 3.0 32.0 
2-3 3.0 5.0 32.0 
3-4 4.0 5.0 32.0 
4-5 4.0 5.0 32.0 
5-6 4.0 7.0 32.0 
6-7 4.0 7.0 32.0 

DIET: DEFAULT 

DRINKING WATER Cone: 747.00 pg Pb/L 
WATER Consumption: DEFAULT 

SOIL & DUST: 
Soil: constant cont. 
Dust: constant cont. 

Age Soil (pg Pb/g) House Dust (pg Pb/g) 
o-1 200.0 200.0 
l-2 200.0 200.0 
2-3 200.0 200.0 
3-4 200.0 200.0 
4-5 200.0 200.0 
5-6 200.0 200.0 
6-7 200.0 200.0 

Additional Dust Sources: None DEFAULT 

PAINT Intake: 0.00 pg Pb/day DEFAULT 

MATERNAL CONTRIBUTION: Infant Model 
Maternal Blood Cone: 2.50 pg Pb/dL 
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TABLE 6 (continued) 

CALCULATED BLOOD Pb and Pb UPTAKES: 

YEAR 
Blood Level 

WW 

0.5-l: 23.6 
l-2: 33.4 
2-3: 33.6 
3-4: 33.8 
4-5: 34.1 
5-6: 34.1 
6-7: 33.2 

YEAR 
Diet Uptake 

(afday) 

0.5-l: 1.58 
l-2: 1.32 
2-3: 1.55 
3-4: 1.57 
4-5: 1.58 
5-6: 1.71 
6-7: 1.94 

TotaI Uptake 

(~.gfday) 
I_- 

47.22 
90.12 
98.20 
105.32 
112.95 
121.71 
126.85 

Soil+ Dust Uptake 

(a/day) 

Water Uptake 

WW) 
--- --- 

42.71 
85.08 
92.72 
99.61 
108.14 
116.98 
121.99 

2.92 
3.69 
3.87 
4.08 
3.16 
2.92 
2.82 

Paint Uptake Air Uptake 

(CrGW h$W) 
--- 

0.00 0.02 
0.00 0.03 
0.00 0.06 
0.00 0.07 
0.00 0.07 
0.00 0.09 
0.00 0.09 
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TABLE 7 
PARAMETER VALUES FOR LEAD BIOKtNETIC MODEL 
USING MAXIMUM FILTERED GROUNDWATER ONLY 

LEAD MODEL Version 0.99d 

AIR CONCENTRATION: 0.100 pg Pb/m3 DEFAULT 
Indoor AIR Pb Cone: 30.0 percent of outdoor. 
Other AIR Parameters: 

Age Time Outdoors (hr) Vent. Rate (m31day) Lung Abs. (%) 
o-1 1.0 2.0 32.0 
l-2 2.0 3.0 32.0 
2-3 3.0 5.0 32.0 
3-4 4.0 5.0 32.0 
4-5 4.0 5.0 32.0 
5-6 4.0 7.0 32.0 
6-7 4.0 7.0 32.0 

DIET: DEFAULT 

DRINKING WATER Cone: 3.33 pg Pb/L 
WATER Consumption: DEFAULT 

SOIL & DUST: 
Soil: constant cont. 
Dust: constant cont. 

Age Soil (pg Pb/g) House Dust (pg Pb/g) 
o-1 200.0 200.0 
l-2 200.0 200.0 
2-3 200.0 200.0 
3-4 .200.0 200.0 
4-5 200.0 200.0 
5-6 200.0 200.0 
6-7 200.0 200.0 

Additional Dust Sources: None DEFAULT 

PAINT Intake: 0.00 pg Pb/day DEFAULT 

MATERNAL CONTRIBUTION: Infant Model 
Maternal Blood Cone: 2.50 pg Pb/dL 
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TABLE 7 (continued) 

CALCULATED BLOOD Pb and Pb UPTAKES: 

YEAR 
Blood Level 

b&W 

0.5-l: 4.1 
l-2: 4.5 
2-3 : 4.2 
3-4: 4.0 
4-5: 3.3 
5-6: 2.9 
6-7: 2.7 

YEAR 
Diet Uptake Water Uptake 

Day) (LrsW9 

0.5-l: 2.54 0.31 
l-2: 2.63 0.76 
2-3: 2.98 0.80 
3-4: 2.90 0.82 
4-5: 2.85 0.87 
5-6: 3.03 0.92 
6-7: 3.36 0.94 

Total Uptake 

G-&W 
-- 

7.54 
10.79 
11.29 
11.33 
9.49 
9.22 
9.29 

Soil i- Dust Uptake 

h&W 

4.68 
7.37 
7.45 
7.54 
5.70 
5.17 
4.90 

Paint Uptake Air Uptake 

Lddw) @g/day) 
-- 

0.00 0.02 
0.00 0.03 
0.00 0.06 
0.00 0.07 
0.00 0.07 
0.00 0.09 
0.00 0.09 
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TABLE 8 
PARAMETER VALUES FOR LEAD BIOKINETIC MODEL 
USING AVERAGE UNFILTERED GROUNDWATER ONLY 

LEAD MODEL Version 0.99d 

AIR CONCENTRATION: 0.100 pg Pb/m3 DEFAULT 
Indoor AIR Pb Cone: 30.0 percent of outdoor. 
Other AIR Parameters: 

Age Time Outdoors (hr) Vent. Rate (m3/day) Lung Abs. (%) 
o-1 1.0 2.0 32.0 
1-2 2.0 3.0 32.0 
2-3 3.0 5.0 32.0 
3-4 4.0 5.0 32.0 
4-5 4.0 5.0 32.0 
5-6 4.0 7.0 32.0 
6-7 4.0 7.0 32.0 

DIET: DEFAULT 

DRINKING WATER Cone: 70.20 pg Pb/L 
WATER Consumption: DEFAULT 

SOIL & DUST: 
Soil: constant cont. 
Dust: constant cont. 

Age Soil (pg Pb/g) House Dust (pg Pb/g) 
o-1 200.0 200.0 
l-2 200.0 200.0 
2-3 200.0 200.0 
3-4 -200.0 200.0 
4-5 200.0 200.0 
5-6 200.0 200.0 
6-7 200.0 200.0 

Additional Dust Sources: None DEFAULT 

PAINT Intake: 0.00 pg Pb/day DEFAULT 

MATERNAL CONTRIBUTION: Infant Model 
Maternal Blood Cone: 2.50 pg Pb/dL 
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TABLE 8 (continued) 

CALCULATED BLOOD Pb and Pb UPTAKES: 

YEAR 
Blood Level 

@g/W 

OS-l: 6.9 
l-2: 9.2 
2-3: 9.0 
3-4: 8.7 
4-5: 8.2 
5-6: 7.8 
6-7: 7.3 

YEAR 

0.5-l: 
l-2: 
2-3: 
3-4: 
4-5: 
5-6: 
6-7: 

Diet Uptake 

(LrgW9 
--- 

2.38 
2.35 
2.69 
2.65 
2.62 
2.79 
3.11 

Total Uptake Soil + Dust Uptake 

(i.dW (Crg/day) 
-- 

12.85 4.40 
23.20 6.57 
24.60 6.72 
25.37 6.87 
24.73 5.23 
25.59 4.76 
26.14 4.53 

Water Uptake 

(,@day) 
--- 

6.05 
14.24 
15.13 
15.78 
16.82 
17.95 
18.40 

Paint Uptake Air Uptake 

h$W (&day) 

0.00 0.02 
0.00 0.03 
0.00 0.06 
0.00 0.07 
0.00 0.07 
0.00 0.09 
0.00 0.09 
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TABLE 9 
RESULTING GEOMETRIC MEAN BLOOD LEAD LEVELS FOR VARYING 

COMBINATIONS OF 
SOIL, SEDIMENT AND GROUNDWATER AT THE WFF 

All values are the geometric mean blood lead concentrations (pg lead/dl) 
NA - Not available 

\ 
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