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Executive Summarv 

This final report presents a screening ecological risk assessment (SERA; Steps 1 and 2) and 
the first step (Step 3) of a baseline ecological risk assessment (BERA) for seven Solid Waste 
Management Units (SWMUs 2B, 11,16,16GC, 21,22, and 26) on Naval Air Station (N.AS) 
Oceana, Virginia Beach, Virginia. This ERA was conducted in accordance with the Navy 
Policy for Conducting Ecological Risk Assessments (CNO, 1999) and the Navy/Tier II ERA 
approach developed for Region 3. The CNO policy, which describes a process consisting of 
eight steps organized into three tiers, is a clarification and interpretation of the eight-step 
process outlined in U.S. Environmental Protection Agency (USEPA) ERA guidance for the 
Superfund program (USEPA, 1997). 

The objectives of the SERA were to: 

l Screen individual sites to determine if potential risks to ecological receptors warrant 
either: (1) additional assessment beyond the conservative screening steps of the ERA 
process (unacceptable ecological risks possible), or (2) the removal of specific sites from 
further ecological consideration (no unacceptable ecological risks). 

l Identify any data gaps or areas of unacceptable uncertainty that may require the 
collection of additional data to support ERA evaluations beyond the screening level. 

Sites not screened out in the SERA continue on to Step 3. The general objectives of the Step 3 
ERA were to: 

* Refine the risk estimates from the SERA to determine if risks to ecological receptors from 
site-related chemicals are likely to occur based on realistic exposure scenarios. 

l Focus subsequent data collection activities if potential risks are indicated, uncertainties 
are unacceptably high, and/ or data gaps are identified. 

SWMU 2B is located southeast of the main MATWING Hangar 122. The site includes Line 
Shacks 130 through 134 and the five aircraft cleaning stations northeast of Line Shack 130. 
Potential site related risk to terrestrial organisms exist at SWMU 28. It is recommended that 
additional data will be collected and evaluated in a Feasibility Study in order to verify and 
delineate the metal concentrations in the soils. 

SWMU 11 consists of two fire-fighting training rings and their immediate surroundings. The 
site is on the west side of NAS Oceana at the intersection of two abandoned runways. 
Potential risks to terrestrial organisms utilizing SWMU 11 are expected to be low to 
negligible based upon lines of evidence provided in Section 6.8. In conclusion, there is little 
potential for ecological risk at SWMU 11 as based upon the evidence. Therefore, furthler 
evaluation is not warranted and the ERA process is concluded. 

SWMU 16 consists of a pesticide storage area adjacent to the pesticide shop at Building 821 
in the Public Works Compound. Potential risks to terrestrial organisms or aquatic inver- 
tebrates utilizing SWMU 16 are expected be low to negligible based upon lines of evidence 
provided in Section 6.8. In conclusion, there is little potential for ecological risk at SWMU 16 
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as based upon the evidence. Therefore, further evaluation is not warranted and the ERA 
process is concluded. 

SWMU 16GC consists of the pesticide storage area at the Golf Course Maintenance Shop. 
Potential risks to terrestrial organisms at SWMU 16GC are expected to be low to negligible 
based upon lines of evidence provided in Section 7.8. ?n conclusion, there is little potential 
for ecological risk at SWMU 16GC as based upon the evidence. Therefore, further evaluation 
is not warranted and the ERA process is concluded. 

SWMU 21 is located in the southwestern corner of the Public Works Transportation Yard, 
approximately 400 feet southeast of Building 830 where transformers were stored in two 
gravel areas between the sand loaders and the yards chain-link fence. Potential risks to 
terrestrial organisms utilizing the limited habitats present on SWMU 21 are expected to be 
negligible based upon lines of evidence provided in Section 8.8. In conclusion, there is little 
potential for ecological risk at SWMU 21 as based upon the evidence. Therefore, further 
evaluation is not warranted and the ERA process is concluded. 

SWMU 22 is approximately 600 to 1,000 feet west of Oceana Boulevard and 1,500 feet north 
of the VACAPES complex. The construction debris landfill is an approximately 0.5-acre 
unlined facility. Potential risks to terrestrial organisms at SWMU 22 are expected to be 
negligible based upon lines of evidence provided in Section 9.8. In conclusion, there is little 
potential for ecological risk at SWMU 22 as based upon the evidence. Therefore, further 
evaluation is not warranted and the ERA process is concluded. 

SWMU 26 consisted of partially buried drum or small tank with the top removed that 
measured 3-feet wide by 4-feet high and was inset approximately 3 feet below grade. The 
tank formed a burn pit that was used for fire extinguisher training. The tank has since been 
removed. Potential risks to terrestrial organisms at SWMU 26 are expected to be low to 
negligible based upon lines of evidence provided in Section 10.8. In conclusion, there is little 
potential for ecological risk at SWMU 26 as based upon the evidence. Therefore, further 
evaluation is not warranted and the ERA process is concluded. 

Based upon the results and the certainty associated with the results, the relative size of these 
SWMUs, and the praxirnity of these SWMUs to an active military runway/airfield, site 
specific toxicity testing or additional sampling on which to base remedial action decisions is 
not warranted. Therefore, no further study in the risk assessment is recommended at this 
time. The identified potential for risks to ecological receptors at SWMU 2B will be further 
addressed in the remedial alternatives in the feasibility study being drafted for SWMU 2B. 
All remaining SWMUs (11,16,16GC, 21,22, and 26) require no further action. 
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1 .O Introduction 

This final report presents a screening ecological risk assessment (SERA; Steps 1 and 2) and 
the first step (Step 3) of a baseline ecological risk assessment (BERA) for seven Solid Waste 
Management Units (SWMUs) on Naval Air Station (NAS) Oceana, Virginia Beach, Virginia. 
The SWMUs addressed in this ERA include: 

. SWMU 28 - Line Shack 130-131 Disposal Area 
l SWMU 11 - Fire-Fighting Training Area 
l SWMU 16 - Pesticide Storage Area 
l SWMU 16GC - Golf Course Pesticide Storage Area 
l SWMU 21- Transformer Storage Yard 
* SWMU 22 - Construction Debris Landfill 
l SWMU 26 - Fire-Fighting Training Area, Building 220 

Figure l-l shows the locations of the seven SWMUs addressed in this ecological risk 
assessment (ERA}. 

A total of 60 SWMUs were recommended for study in the draft RCRA Consent Order issued 
by the U.S. Environmental Protection Agency (USEPA). After reviewing the results of the 
Interim RFI, the Navy and EPA determined that only 19 SWMUs required investigatilon 
under the RCRA consent order; the remainder of the RFA identified SWMUs are regulated 
under other federal and/or state programs. 

Because of the proximity of four of the RFA SWMUs, they were consolidated into two; 
therefore, 17 SWMUs were in the RCRA Facility Investigation (RFI) under the consent order. 

The Consent Order specified four RCRA corrective action steps that would be required for 
the SWMUs. These were: 

l Interim Measures, including the preparation of a community relations plan and other 
plans for future work 

l TheRFI 

. A corrective measures study (CMS) to identify appropriate remediation technologies 
and approaches to remediate SWMUs that require cleanup 

. A corrective measures implementation of the selected remedies 

NAS Oceana is now regulated under a Federal Facilities Agreement (established under 
CERCLA) which supercedes the RCRA Consent Order. ERAS are therefore being performed 
at NAS Oceana SWMUs 2B, 11,16,16GC, 21,22, and 26, as required for SWMU closeout 
under CERCLA. 

Following the development a technical approach defining how to proceed and condulct 
ecological risk assessments for the remaining SWMUs in November 1999, the partnering 
team scoped ecological data gaps at SWMUs 2B, 11,16/16GC, 21,22, and 26. During this 
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scoping the team reviewed the conceptual models developed of each specific SWMU to 
determine potential routes of exposure; the team considered the use of existing data from 
the RCRA investigations and its limitations. The team developed a sampling plan for those 
SWMUs identified as having significant data gaps warranting new sampling data. The 
sampling plan included the number of samples, sampling locations, and the analytical 
parameters for each set of samples for each site. This sampling plan the Work Plan 
Addendum, Sediment, Surface Water, and Surface Soil Sampling at Multiple SWMUs to 
Support Ecological Risk Assessment and Direct Push Technology Investigation to Support 
MNA at SWMU 15; Naval Air Station, Oceana, Virginia Beach, Virginia was approved by 
the Partnering Team in December 1999. 

This ERA is conducted in accordance with the Navy Policy for Conducting Ecological Risk 
Assessments (CNO, 1999) and the Navy/Tier II ERA approach developed for Region 3. The 
CNO policy, which describes a process consisting of eight steps organized into three tiers, is 
a clarification and interpretation of the eight-step process outlined in USEPA ERA guidance 
for the Superfund program (USEPA, 1997). The major differences between the Navy ERA 
policy and the USEPA ERA guidance are: (1) the Navy policy provides clearly defined 
criteria for exiting the ERA process at specific points, (2) the Navy policy divides Step 3 (the 
first step of the baseline ERA) into two distinct sub-steps (Steps 3A and 3B), with a potential 
exit point after Step 3A, and (3) the Navy policy incorporates risk management 
considerations throughout all tiers of the ERA process. 

Steps 1 and 2 of the ERA process constitutes the screening ERA, which is conducted using 
intentionally conservative assumptions. If complete exposure pathways exist on a site and 
the results of the SERA indicate that risks are possible, the site normally continues on to 
Step 3, the first step in the baseline ERA. As indicated above, Step 3 is divided into two 
distinct sub-steps in Navy ERA guidance. 

In Step 3A, a refined evaluation of media concentrations and exposure estimates is 
conducted using more realistic assumptions and additional methodologies relative to those 
used in the SERA, which is intended to be a very conservative assessment. Examples of 
more realistic exposure assumptions include using central tendency estimates (rather than 
maximums) for media concentrations, bioaccumulation factors, and exposure parameters. 
Examples of additional methodologies, where applicable, include consideration of 
background concentrations, detection frequency, and bioavailability (CNO, 1999). 

If risk estimates (and their associated uncertainty) are acceptable following Step 3A, the site 
will meet the conditions of the exit criterion specified in the Navy guidance and the ERA 
process will terminate. If the Step 3A evaluation does not support an acceptable risk 
determination, the site continues to Step 3B. 

In Step 3B, the preliminary conceptual model presented in the SERA is refined based on the 
results of Step 3A to develop a revised list of receptors, Chemicals of Potential Concern 
(COPCs), assessment endpoints, measurement endpoints, and risk hypotheses. Based upon 
the revised conceptual model, the lines of evidence to be used in characterizing risk are 
determined. 
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1 .O - INTIRODUCTION 

1 .I Objectives 
The objectives of the SERA are to: 

l Screen individual sites to determine if potential risks to ecological receptors warrant 
either: (1) additional assessment beyond the conservative screening steps of the ERA 
process (unacceptable ecological risks possible), or (2) the removal of specific sites from 
further ecological consideration (no unacceptable ecological risks) 

l To identify any data gaps or areas of unacceptable uncertainty that may require the 
collection of additional data to support ERA evaluations beyond the screening level 

Sites not screened out in the SERA continue on to Step 3. The general objectives of the Step 3 
ERA are to: 

l Refine the risk estimates from the SERA to determine if risks to ecological receptors from 
site-related chemicals are likely to occur based on realistic exposure scenarios 

l Focus subsequent data collection activities if potential risks are indicated, uncertainties 
are unacceptably high, and/ or data gaps are identified 

At the conclusion of Step 3, there are three possible decision points: 

* No further action is warranted. This decision is appropriate if the evaluation indicates 
that sufficient data are available on which to base a conclusion of no risk. 

9 Further data are required. This decision is appropriate if the evaluation indicates that 
the potential for risk exists and additional data to refine these estimates (e.g., additional 
analytical data, measures of bioavailability) are needed. In this case, the site continues to 
Step 4 of the ERA process. 

* Take remedial action. This decision may be appropriate for circumstances in whieh the 
potential for risks was identified but these potential risks could best be addressed 
through remedial action (e.g., presumptive remedy, soil removal) rather than additional 
study. 

1.2 Report Organization 
This report is divided into the following sections: 

9 Section 1.0 - Introduction. Describes the purpose and scope of the risk assessment and 
outlines the report organization. 

l Section 2.0 - Facility Background. Describes the environmental setting of NAS Oceana 
and the sources of analytical data available for use in the risk assessment. 

l Section 3.0 - General Approach and Methodology. Outlines and describes the specific 
technical approaches, methodologies, models, and parameter values that are used in the 
ERA for conducting problem formulation, exposure estimation, effects evaluation, and 
risk calculation. This section includes those items that are common to all of the SVWlUs 
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evaluated in this ERA; site-specific approaches or parameter values are described in the 
sections (4 through 10) addressing the individual sites. 

Section 4.0 - SWMU 28 (Line Shack Disposal Area), Describes the results and 
conclusions of the risk evaluation for SWMU 2B. 

Section 5.0 - SWMU 11 (Fire-Fighting Training Area). Describes the results and 
conclusions of the risk evaluation for SWMU 11. 

Section 6.0 - SWMU 16 (Pesticide Storage Area). Describes the results and conclusions 
of the risk evaluation for SWMU 16. 

Section 7.0 - SWMU 16GC (Golf Course Pesticide Storage Area). Describes the results 
and conclusions of the risk evaluation for SWMU 16GC. 

Section 8.0 - SWMU 21 (Transformer Storage Yard). Describes the results and 
conclusions of the risk evaluation for SWMU 21. 

Section 9.0 - SWMU 22 (Construction Debris Landfill). Describes the results and 
conclusions of the risk evaluation for SWMU 22. 

Section 10.0 - SWMU 26 (Fire-Fighting Training Area, Building 220). Describes the 
results and conclusions of the risk evaluation for SWMU 26. 

Section 11.0 - Uncertainties. Identifies and discusses the sources of uncertainty in the 
ERA and evaluates their potential impacts on the risk conclusions. 

Section 12.0 - Conclusions. Summarizes the results of the ERA and presents the 
conclusions for each SWMU. 

Section 13.0 - References. Lists the citations for all references cited in the ERA. 

Supporting technical data for the ERA are provided in appendices. 
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2.0 Facility Background 

This section describes the environmental setting (e.g., habitats and biota) of NAS Oceana as 
well as the analytical data available for use in the ERA. NAS Oceana is located in the 
Tidewater region of Virginia and lies southeast of the city of Norfolk, immediately west of 
the Atlantic Ocean, and just south of the Chesapeake Bay. NAS Oceana consists of 
approximately 6,000 acres within the city of Virginia Beach. 

More than 40 percent of the air station is urbanized including commercial, residential, and 
operations buildings and runways, hangars and similar structures. The undeveloped areas 
of the air station consist of farmland, open land, forest, and wetlands. Farmland comprises 
approximately 925 acres. The land is farmed by private producers under the Navy’s 
agricultural outlease program (Nair, 1988). Major crops grown within the boundaries of the 
air station are corn, soybeans, and winter wheat. Approximately 200 acres of open fields and 
meadows, and 600 acres of forest occur on NAS Oceana (RGH, 1984). The forested areas on 
the air station are dominated by pine, mixed pine-hardwood, and hardwood stands. 

Wetlands comprise approximately 660 acres of the undeveloped areas (CH2M HILL, 1993). 
The U.S. Fish and Wildlife Service’s (USFWS) National Wetland Inventory (NWI) maps 
classify the wetlands as palustrine emergent’ (PEM), palustrine scrub/shrub (PSS), and 
palustrine forested (PFO) (USFWS, 1991). In addition to relying on the NWI mapping of 
wetlands, field observations by CH2M HILL ecologists and Army Corps of Engineers 
wetlands biologists were used to verify the existence of wetlands on NAS Oceana and each 
specific SWMU. 

2.1 Environmental Setting 

2.1 .I Physiographic Features 

2.1 .I.1 Climate 
NAS Oceana is located near the Atlantic Ocean, which accounts for the mild year-round 
temperatures. The Virginia Beach area climate is characterized by hot, humid summers and 
mild winters. The annual temperature is 68.2”F with an average annual precipitation of 
44.62 inches. Seasonal snowfall is approximately 7 inches annually. Average wind speed at 
the station is approximately 10 miles per hour (mph). Coastal storms, in the form of severe 
thunderstorms, northeasters, and hurricanes frequently impact the station. 

2.1 .1.2 Topography 
The elevation of the station ranges from approximately 5 feet above mean sea level (MSL) in 
the drainage ditches to approximately 25 feet above MSL in the open fields. Elevations in 
the developed area of the station range from 10 to 25 feet above MSL. The topography of the 
station is generally flat with a general easterly slope to the land surface. 
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2.0 - FACILITY BACKGROUND 

2.1 .I .3 Soils 
NAS Oceana is on the outer edge of the Atlantic Coastal Plain physiographic province. The 
Atlantic Coastal Plain is a broad wedge of unconsolidated sediments that dip and thicken to 
the east. In the area of NAS Oceana, the sediments consist of several thousand feet of 
unconsolidated sand, clay, silt, and gravel, and are underlain by granite basement rock. 

The geologic units of concern in the environmental investigations at NAS Oceana are the 
Yorktown Formation and the Columbia Group. The Yorktown Formation consists of 
interbedded layers of shelly, very fine to coarse sands, clayey sands and sandy clay. Shelly 
layers are common in the Yorktown (Meng and Harsh, 1984). Siudyla et al. (1981) divided 
the Yorktown into three sand units each overlain by a confining layer of silt and clay. 

Regionally, the uppermost of these silt and clay beds, which is referred to as the Yorktown 
confining unit, separates the Yorktown Formation from the sediments of the Columbia 
Group that overlie it. This uppermost bed consists of massive, well-bedded yellow-gray to 
greenish-gray clays and silty clays, whiqh commonly contain shells, fine sand, and mica. The 
clay layers within the confining bed are generally extensive but are a series of coalescing 
clay beds rather than a single deposited unit. This unit was deposited in a shallow open- 
marine environment of broad lagoons and quiet bays (Meng and Harsh, 1984). 

2.1 .I.4 Surface Water Resources 
Surface runoff from the station is facilitated by a system of drainage ditches and surface 
canals that flow south and west to West Neck Creek, north to London Bridge and Great 
Neck Creek, and east to Owls Creek and Lake Rudee (Figure I-1). These drainage ditches 
are engineered, maintained structures and are periodically cleaned. Surface water bodies on 
the station are limited to these drainage ditches and a number of man-made ponds. 

2.1 .I .5 Groundwater Resources 
Groundwater at NAS Oceana is generally within 4 to 10 feet of the land surface. Aquifer 
conditions are unconfined in the Columbia Group and unconfined to semi-confined within 
the upper Yorktown Formation (Siudyla et al., 1981). When the clay confining unit overlying 
the Yorktown is absent, the upper Yorktown is generally unconfined. Natural groundwater 
flow directions are generally south to southeast, but flow direction is controlled locally by 
drainage ditches. The flow direction in the Virginia Beach area is therefore highly variable 
because of the complexity of the drainage patterns. 

2.1.2 Habitats and Biota 

2.1.2.1 Flora 
* A wide variety of vegetation types occur at NAS Oceana. Table 2-1 lists the plant species 

known or expected to occur on the station. Approximately 600 acres of forest and 
200 acres of open land comprise the undeveloped areas at NAS Oceana (RGH, 1984). 
Approximately 660 acres (11 percent) of the land area at NAS Oceana are wetlands. 

Most of the forested areas on the station are dominated by pine, mixed pine-hardwood, and 
hardwood stands. Areas with poorly drained, saturated soils are dominated by sweetgum, 
red maple, and, sometimes, loblolly pine. Most forested stands with unsaturated or moist 
soil conditions are dominated by loblolly pine or mixed pine-hardwoods. Upland forested 
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areas usually have more oaks and cherry. Other overstory species likely to occur with. these 
species are water oak, southern red oak, swamp chestnut oak, willow oak, tulip poplar, and 
black gum. Understory vegetation in the hardwood stands is dominated by switch cane. 
Other species occurring in the hardwood understory include greenbrier, pawpaw, Japanese 
honeysuckle, and bayberry. Understory plants that commonly occur in loblolly forests 
include sparse stands of switch cane, greenbrier, and Japanese honeysuckle. 

2.1.2.2 Fauna 
Observations of mammals, birds, reptiles, and amphibians, or their signs, were recorded 
during a 1992 on-site survey of the NAS (CH2M HILL, 1993). Only six mammalian species 
were observed during the survey: white-tailed deer, raccoon, chipmunk, squirrel, field 
mouse, and red fox. These species were observed in the forested areas around the station or 
in over-grown areas in the developed portion of the station. Table 2-2 lists mammals ‘known 
or expected to inhabit NAS Oceana. 

Many species of birds use the station as seasonal and year-round habitat. The on-site survey 
was conducted during early winter when many of the resident birds have migrated to their 
wintering grounds. Therefore, only a few species were observed during the survey. The 
yellow-rumped warbler, which occurred in large numbers on the edges of forested areas 
throughout the station, was observed more than any other species of bird. Other species 
observed during the survey include starlings, crows, gulls, song sparrows, ovenbirds, blue 
jays, cardinals, and common flickers. A list of birds known or expected to occur on the 
station is included in Table 2-3. 

Habitat exists on the station for a wide variety of reptiles and amphibians. However, 
because the on-site survey was conducted in early winter, only two species of reptiles, 
eastern painted turtle and a slider turtle, were observed. Green frogs and bullfrog tadlpoles 
were prevalent in some of the small shallow ponds throughout the station. Lists of reptiles 
and amphibians known or expected to occur on the station are shown in Tables 2-4 and 2-5, 
respectively. 

Fishery resources are largely limited to the ponds at the inactive landfill/sand pit, and the 
borrow pond on the outskirts of the station. Largemouth bass and bluegill are known to 
exist in these ponds. Some of the ditches and creeks on the station had low numbers of 
mosquito fish and mud minnows. Mosquito fish were once stocked in several ditches, on the 
station to control mosquito populations (CH2M HILL, 1993). Table 2-6 lists fish species 
known or expected to occur on the station. 

Because the sediment was not sampled during the 1992 on-site ecological survey, no lbenthic 
organisms were observed in any of the water bodies on the station. Benthic organisms 
probably exist in all of the water bodies on and adjacent to the station. 

2.1.2.3 Rare, Threatened, and Endangered Species 
An inventory of rare, threatened, and endangered vertebrate and plant species was 
conducted on NAS Oceana in 1989 by the Virginia Department of Conservation and 
Recreation, Division of Natural Heritage @NH), and was published in a Natural Heritage 
Technical Report (DNH, 1990). These results were updated and verified by checking the 
DNH, VA Department of Game and Inland Fisheries, and USFWS web sites for rare and 
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endangered species ( http:/ /www.dcr.state.va.us/dnh/rare.htm, 
http:/ /www.dgif.state.va.us/wildlife/index.cfm, and http:/ lendangered.fws.gov/). The 
updated information, in conjunction with the earlier DNH report (DNH, 1990) suggests that 
no rare, threatened, or endangered wildlife species are known to occur at NAS Oceana, with 
the possible exception of occasional transient species (CII2M HILL 1993). These species are 
discussed below. Several rare plant species have been found on the station (see below). 

Wildlife. The following three listed species reside or migrate through southeastern Virginia 
and could be found at the station: 

0 Peregrine falcon (F&o peregvinus). Listed as endangered in the commonwealth of 
Virginia, the peregrine falcon can be found in coastal areas during migration, 
particularly in September and October. In addition, hacking stations (release areas) have 
been established for the peregrine falcon on the Eastern Shore and in Back Bay National 
Wildlife Refuge (RGH, 1984). 

* Bald eagle (Haliueetus Zeucocephalus). This species is listed as endangered in the common- 
wealth of Virginia and threatened in portions of the lower 48 United States. The bald 
eagle was proposed for removal from the federal list in July 1999. Virginia provides 
prime habitat for the bald eagle. In 1978,37 active nests were located in the state (RGH, 
1984). There are currently no known bald eagles nesting in the immediate area of NAS 
Oceana. Some birds, however, do winter along area beaches or pass through the region 
during migration. 

0 Swainson’s warbler (Limnothlypis swainsonii). This species is known to inhabit areas with 
abundant giant cane. This habitat was once common in Virginia Beach and is found on 
NAS Oceana. The findings of the DNH technical report (DNH, 1990) are that only 
marginally suitable habitat was found at the station for this species. 

A list of rare wildlife species that may occur in the vicinity of NAS Oceana was generated 
from the natural heritage database and is presented in Table 2-7 (DNH, 1990). 

Other rare, threatened, or endangered wildlife species that historically were likely to occur 
on the station are the following: 

0 Red-cockaded woodpecker (Picoides borealis) 
l Many-lined salamander (Stereochilus marginatus) 
* Greater siren (Siren Eacertina) 

The red-cockaded woodpecker was sighted in Suffolk, approximately 30 n-tiles away from 
NAS Oceana, during the summer of 1984 (Nair, 1988). No sightings have occurred since. 
The many-lined salamander was found in a sandy-bottomed stream within a few miles of 
NAS Oceana, but the exact location of this sighting or the date could not be determined 
(DNH, 1990). The greater siren was recorded early in this century and in the 1950s at Dam 
Neck Lake and Indian Creek @NH, 1990). No recent specimens of either of these 
salamanders are known. 

Plants. A list of rare plant species that may occur in the vicinity of NAS Oceana was 
generated from the natural heritage database and is presented in Table 2-8 (DNH, 1990). 
One state-listed rare plant species was observed during the on-site survey of the station. 
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This species was the long-leaf pine (Pinus palustris), which is listed as extremely rare in 
Virginia. A grove of long-leaf pine was planted in the early 1980s near the sandpit area near 
SWMU 22 as an experiment to determine if the species could be successfully grown at NAS 
Oceana for commercial harvesting (CH2M HILL, 1993). Commercial use of long-leaf pine at 
NAS Oceana was determined to be infeasible; however, the stand that exists on the site 
serves aesthetic purposes. The sandpits are approximately 500 to 600 feet east of the 
SWMU 22 boundary (CH2M HILL, 1993). This area will likely not be impacted by SWMU 22 
because surface water is flowing northeast and groundwater is flowing north. 

The southern twayblade (Listem australis) also is known to occur on the station. This species 
is listed as very rare in Virginia. Eighteen individuals were located during the species 
inventory conducted by DNH in 1989. The plants were found in the area referred to as the 
Northwest Woods Special Interest Area. Listem uustrulis was recommended for special 
concern status in 1989 (DNR, 1990). 

2.2 Sources of Available Analytical Data 
The sources of analytical data are described in detail in Sections 4.1.2,5.1.2,6.1.2,7.1.2, 8.1.2, 
9.1.2, and 10.1.2. The rationale for selecting which data to use at each SWMU is provided in 
Section 3.3.1 as well as in each site-specific section. 
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3.0 General Approach and Methodology 

This section describes the specific technical approaches, methodologies, models, and 
parameter values that are used in the ERA for conducting problem formulation, exposure 
estimation, effects evaluation, and risk calculation. This section includes those items that are 
common to each of the SWMUs evaluated in this ERA. Site-specific parameter values are 
described in Sections 4 through 10, which address the individual SWMUs. 

3.1 Screening-Level Problem Formulation 
Problem formulation establishes the goals, scope, and focus of the risk assessment. As part 
of problem formulation, the environmental setting of each SWMU is characterized in terms 
of the habitats and biota known or likely to be present, and the types and concentrations of 
chemicals that are present in ecologically relevant media. Conceptual models are developed 
for each SWMU that describe potential sources, potential transport pathways, potenbal 
exposure pathways and routes, and potential receptors. Assessment endpoints, measure- 
ment endpoints, and risk hypotheses are then selected to evaluate those receptors for which 
complete and potentially significant exposure pathways are likely to exist. The fate, 
transport, and toxicological properties of the chemicals present at each SWMU are also 
considered during this process. 

Since environmental setting and the types and concentrations of chemicals are site-specific 
issues, they are not addressed in this section. They are, however, included in each of the 
site-specific sections (4 through 10). The following subsections describe the other 
components of problem formulation. 

3.1.1 Preliminary Conceptual Model 
Figure 3-l illustrates a preliminary, generic diagrammatic conceptual model for SWMUs 2B, 
11,16,16GC, 21,22, and 26. Important components of the preliminary conceptual model are 
the identification of potential sources of contaminants, transport pathways, exposure media, 
potential exposure routes, and potential receptor groups. This preliminary, generic 
conceptual model is modified in Sections 4 through 10 to focus on the specific conditions at 
each individual SWMU. 

3.1.1.1 Transport Pathways 
A transport pathway describes the mechanisms whereby chemicals may be transported 
from a source of contamination to ecologically relevant media. These transport pathways 
are shown on Figure 3-l for each SWMU. Incomplete pathways are shown as dashed lines, 
potentially complete but insignificant pathways are shown as dotted lines, and complete 
and potentially significant pathways are shown as solid lines. Only the latter pathways are 
evaluated in the ERA. The rationale for assigning these pathways to the three categories is 
detailed in the discussion of each site-specific model (Sections 4 through 10). 
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Site-related chemicals discharged to soils may be transported via surface runoff to 
downgradient surface water bodies. Site-related chemicals in soils may also leach to 
groundwater and then discharge to downgradient water bodies. Site-related chemicals in 
soil, sediment, and surface water may be taken up and accumulated in the tissue of biota, 
and thus be transported to upper trophic level receptors via food webs. 

3.1.1.2 Exposure Pathways and Routes 
An exposure pathway links a source of contamination with one or more receptors via 
exposure to one or more media. Exposure, and thus potential for risk, can only occur if 
complete exposure pathways exist. As shown in Figure 3-1, each SWMU has potentially 
complete exposure pathways to ecological receptors (solid lines). These exposure pathways 
are discussed in greater detail in Sections 4 through 10. 

An exposure route describes the specific mechanism(s) by which a receptor is exposed to a 
chemical present in an environmental medium. Terrestrial plants may be exposed through 
their root surfaces during water and nutrient uptake to chemicals present in surface soils. 
Unrooted, floating aquatic plants, and rooted submerged vascular aquatic plants and algae, 
may be exposed to chemicals directly from the water or (for rooted plants) from sediments. 

Animals may be exposed to chemicals through: (1) direct inhalation of gaseous chemicals or 
of chemicals adhered to particulate matter; (2) incidental ingestion of contaminated abiotic 
media (e.g., soil or sediment) during feeding activities; (3) the ingestion of contaminated 
water; (4) the ingestion of contaminated plant and/ or animal tissues for chemicals which 
have entered the food webs; and/ or (5) dermal contact with contaminated abiotic media. 
These routes, where applicable, are depicted in Figure 3-1. 

Based on the general fate properties (e.g., relatively high adsorption to solids) of the 
chemicals commonly present on these SWMUs (generally metals and PAHs) and the 
protection offered by hair or feathers, dermal and inhalation exposures for upper trophic 
level receptor species are not considered significant relative to ingestion exposures and are 
therefore not evaluated in the ERA. Upper trophic-level receptors considered in this 
ecological risk assessment would not likely be exposed to significant airborne sources of 
chemicals because the sites are vegetated and little wind erosion of topsoil would be 
expected. Furthermore, the primary chemicals on the sites, metals and PAHs, typically 
adsorb to soil suggesting the potential for volatilization and thus exposure via inhalation is 
limited. Incidental ingestion of soil or sediment during feeding, preening, or grooming 
activities is, however, considered in the risk estimates Direct contact is considered for lower 
trophic level receptors (e.g., invertebrates). 

3.1 .I .3 Endpoints and Risk Hypotheses 
The conclusion of the screening-level problem formulation includes the selection of 
ecological endpoints, which are based on the preliminary conceptual model. Two types of 
endpoints, assessment endpoints and measurement endpoints, are defined as part of the 
ERA process as are risk hypotheses or risk questions (USEPA, 1997). An assessment 
endpoint is an explicit expression of the environmental component or value that is to be 
protected. A measurement endpoint is a measurable ecological characteristic that is related 
to the component or value chosen as the assessment endpoint. The considerations for 
selecting assessment and measurement endpoints are summarized in USEFA (1997) and 
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discussed in detail in Suter (1989,1990,1993). Risk hypotheses are testable hypotheses about 
the relationship among the assessment endpoints and their predicted responses when. 
exposed to contaminants. 

Endpoints in the risk assessment define ecological attributes that are to be protected 
(assessment endpoints) and a measurable characteristic of those attributes (measurement 
endpoints) that can be used to gauge the degree of impact that has or may occur. 
Assessment endpoints most often relate to attributes of biological populations or 
communities, and are intended to focus the risk assessment on particular components of the 
ecosystem that could be adversely affected by chemicals attributable to the site (USEF’A, 
1997). Assessment endpoints contain an entity (e.g., raccoon population) and an attribute of 
that entity (e.g., survival rate). Individual assessment endpoints usually encompass a group 
of species or populations (the receptor) with some common characteristic, such as specific 
exposure route or contaminant sensitivity, with the receptor then used to represent the 
assessment endpoint in the risk evaluation. 

Assessment and measurement endpoints may involve ecological components from any level 
of biological organization, from individual organisms to the ecosystem itself. Effects on 
individuals are important for some receptors, such as rare and endangered species; 
population- and community-level effects are typically more relevant to ecosystems. 
Population- and community-level effects are usually difficult to evaluate directly without 
long-term and extensive study. However, measurement endpoint evaluations at the 
individual level, such as an evaluation of the effects of chemical exposure on reprodulction, 
can be used to predict effects on an assessment endpoint at the population or community 
level. In addition, use of criteria values designed to protect the vast majority (e.g., 
95 percent) of the components of a community (e.g., Ambient Water Quality Criteria for the 
Protection of Aquatic Life) can be useful in evaluating potential community- and/or 
population-level effects. 

Table 3-l summarizes the assessment endpoints, risk hypotheses, and measurement 
endpoints selected for Steps 1 and 2 of the risk assessment. Not all of these endpoints will be 
applied to all of the SWMUs. The relevant endpoints for each SWMU, based on the site- 
specific conceptual models, are identified in Sections 4 through 10. 

3.2 Screening-Level Effects Evaluation 
The purpose of the screening-level effects evaluation is to establish chemical exposure levels 
(screening values) that represent conservative thresholds for adverse ecological effects. One 
set of screening values is typically developed for each selected assessment endpoint. The 
screening values used in this ERA are the same as the values used in the SERA. Medium- 
specific screening values for surface water, sediment, and surface soil are summarized in 
Table 3-2. 

3.2.1 Medium-Specific Screening Values 
Medium-specific screening values are established for ecologically relevant media, in&ding 
fresh surface water, freshwater sediment, and surface soil. Although ecological receptors are 
not typically directly exposed to groundwater, surface water screening values are also 
applied to groundwater to provide a conservative evaluation of potential screening-level 
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risks associated with potential groundwater discharge to surface water bodies (for sites 
where this exposure pathway is complete). Based on the preliminary conceptual model 
(Figure 3-l), exposure via surface water, sediment, and surface soil are complete pathways 
at SWMUs 2B, ll,land 22. Exposure pathways at SWMUs 16,16GC, 21, and 26 exist only for 
surface soils. 

The screening values used in the risk assessment are based on either Region 3 BTAG 
screening values (USEPA, 1995a) or on alternate screening values previously used at NAS 
Oceana (CH2M HILL, 2000a). It was determined, based upon available information, that 
these screening values are appropriate for the SWMUs considered in this risk assessment. 
Where more than one screening value was available for a specific medium (e.g., soil fauna 
and soil flora), the lowest value was selected for use in the SERA portion of the risk 
assessment. Screening values were adjusted based on modifying factors such as hardness or 
total organic carbon (TOC) as follows: 

. Fresh surface water screening values for several divalent metals at SWMUs 11 and 22 
were adjusted using mean water hardness values of 24.9 mg/L and 44.0 mg/L, 
respectively. The values for hardness were calculated using the following formula 
(Franson, 1992): 

Hardness = 2.497 (Ca) + 4.218 (Mg) 

where: Ca = Measured calcium surface water concentration (mg/L) 
Mg = Measured magnesium surface water concentration (mg/L) 

* Surface soil screening values based on Dutch soil standards for certain organic chemicals 
were adjusted based on a TOC value of two percent. This two percent value represents 
the default minimum adjustment value. 

The screening values used in this risk assessment are summarized, by medium, in Table 3-2. 

3.2.2 Ingestion Screening Values 
Ingestion screening values for dietary exposures were derived for each avian/mamrnalian 
receptor species and chemical evaluated in the ERA. Toxicological information from the 
literature for wildlife species most closely related to the receptor species was used, where 
available, but was supplemented by laboratory studies of non-wildlife species (e.g., 
laboratory mice) where necessary. The ingestion screening values are expressed as 
milligrams of the chemical per kilogram body weight of the receptor per day (mg/kg- 
BW/day). 

Growth and reproduction were emphasized as assessment endpoints since they are the most 
relevant, ecologically, to maintaining viable populations and because they are generally the 
most studied chronic toxicological endpoints for ecological receptors. If several chronic 
toxicity studies were available from the literature, the most appropriate study was selected 
for each receptor species based on study design, study methodology, study duration, study 
endpoint, and test species. No Observed Adverse Effect Levels (NOAELs) based on growth 
and reproduction were utilized, where available, as the primary screening values. The same 
practice of applying uncertainty factors used in the SERA (CH2M HILL 2000a) was used in 
this ERA. When chronic NOAEL values were unavailable, estimates were derived or 

. 
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extrapolated from chronic Lowest Observed Adverse Effect Levels (LOAELs) or acute 
values as follows: 

l When values for chronic toxicity were not available, the median lethal dose (LD$i was 
used. An uncertainty factor of 100 was used to convert the acute LD50 to a chronic 
NOAEL (i.e., the LDso was multiplied by 0.01 to obtain the chronic NOAEL). 

l An uncertainty factor of 10 was used to convert a reported LOAEL to a NOAEL. 

Ingestion screening values for mammals and birds are summarized in Tables 3-3 and 3-4, 
respectively. 

3.3 Screening-Level Exposure Estimate 
Maximum concentrations in surface water, sediment, groundwater, and/or surface soil (as 
appropriate to each SWMU) were used in the screening-level portion of the ERA to 
conservatively estimate potential chemical exposures for the ecological receptors selected to 
represent the assessment endpoints at each SWMU. For conservatism, the maximum 
detection limit for chemicals that were analyzed for but not detected was also compared to 
medium-specific screening values and (where applicable) used for food web exposure 
modeling. This was done to ensure that detection limits were similar to, or less than, 
chemical concentrations at which potential adverse effects to ecological receptors may occur. 
For samples with duplicate analyses, the higher of the two concentrations was used in the 
screening (i.e., when both values were detects or both values were non-detects). In cases 
where one result was a detection and the other a non-detect, the detected value was used in 
the assessment. In no case was there a non-detected value with a greater concentration than 
a detected value. 

Exposures for upper trophic level receptor species via the food web were determined by 
estimating the chemical-specific concentrations in each dietary component using uptake and 
food web models. Incidental ingestion of soil or sediment and ingestion of water were also 
included when calculating the total level of exposure. As indicated previously, maximum 
surface soil, sediment, and surface water concentrations were used in all screening-level 
calculations to provide a conservative assessment. 

3.3.1 Selection Criteria for Analytical Data 
Available analytical data were selected for use in the risk assessment based on a set of 
selection criteria that included: 

l Data must have been validated by a qualified data validator using acceptable data 
validation methods. Data with rejected (R) values were not used in the risk assessment. 
Unqualified data and data qualified as J, L, or K were treated as detected. Data qualified 
as U or B were treated as non-detected. 

l For groundwater and surface water, only samples from the most recent one-year period 
were considered since these represent the best estimate of current exposures. Data from 
GeoprobeB sampling and from temporary groundwater wells were not considered. 
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0 Surface soil or sediment data collected prior to any major physical disturbance (such as 
capping or paving) that would result in the elimination of realistic exposure pathways 
were not used in the risk assessment. In addition, surface soil samples that were 
collected under paved surfaces were also not used in the risk assessment. 

a For surface soil, samples collected from depths of 0 to 6 inches were used since this 
depth range represents the most realistic potential exposures for most of the ecological 
receptors evaluated in terrestrial habitats. Although some ecological receptors may be 
exposed to deeper soils (e.g., down to 2 feet below the ground surface), no useable data 
are available for soils in the 6- to 24-inch depth range at these SWlvIUs. 

0 For sediment, samples from depths of 0 to 6 inches were also used preferentially since 
this depth range represents the most realistic exposures for sediment-dwelling species. 

* For surface water and groundwater, total (unfiltered) chemical concentrations were used 
in the risk assessment for conservatism. Dissolved metals data were not collected and 
therefore are not reported or used in exposure estimation. 

3.3.2 Selection of Receptor Species 
Because of the complexity of natural systems, it is generally not possible to directly assess 
the potential impacts to all ecological receptors present within an area. Therefore, specific 
receptor species or species groups (e.g., American kestrel) are often selected as surrogates to 
evaluate potential risks to larger portions of the ecological community (guilds; e.g., 
carnivorous birds) used to represent the assessment endpoints (e.g., survival and 
reproduction of carnivorous birds). Selection criteria typically include those species that: 

l Are known to occur, or are likely to occur, at the site 

. Have a particular economic or aesthetic value 

* Are representative of taxonomic groups, life history traits, and/ or trophic levels in the 
habitats present at the site for which complete exposure pathways are likely to exist 

* Can, because of toxicological sensitivity or potential exposure magnitude, be expected to 
represent potentially sensitive populations at the site 

* Have sufficient ecotoxicological information available on which to base an evaluation 

Amphibians will be selected as a receptor group when freshwater habitats are present on 
the site or in the contaminant migration pathways as defined in the conceptual site model 
Freshwater is defined as surface water salinity less than or equal to 1.0 part per thousand. 
Reptiles will be evaluated using other fauna as surrogates. 

Lower trophic level receptor species are evaluated in the risk assessment based on those 
taxonomic groupings for which screening values have been developed; these groupings and 
screening values are used in most ecological risk assessments. As such, specific species of 
aquatic biota (e.g., fish and macroinvertebrates) are not chosen as receptor species because 
of the limited information available for specific species and because aquatic biota are dealt 
with on a community level via a comparison to surface water and sediment screening 
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values. Similarly, terrestrial plants and soil invertebrates (earthworms are the standarid 
surrogate) are evaluated using soil screening values developed specifically for these groups. 

The following upper trophic level receptor species have been chosen for exposure mo’deling 
based on the criteria listed above and the assessment endpoints in Table 3-1: 

* 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

Short-tailed shrew (BZarina buevicauda) - terrestrial mammalian insectivore 
Meadow vole (Microfus pennsylvanicus) - terrestrial mammalian herbivore 
Deer mouse (Peromyscus manicuZatus) - terrestrial mammalian omnivore 
Raccoon (Procyon lotor) - semi-aquatic mammalian omnivore 
Mink (MusfeEu vison) - semi-aquatic mammalian piscivore 
Red fox (Vdpes vulpes) - terrestrial mammalian carnivore 
American robin (Turdus migratorius) - terrestrial avian insectivore/omnivore 
American kestrel (FuZco spurverius) - terrestrial avian insectivore/carnivore 
Killdeer (Charudrius vocqerus) - terrestrial avian insectivore 
Great blue heron (Ardeu kerudius) - wetland/aquatic avian piscivore/omnivore 
Mallard (Anus plufyrkynckos) - wetland/ aquatic avian herbivore/omnivore 
Marsh wren (Cisfofkorus pulusfris) - wetland avian insectivore 

Not all of these receptors are evaluated at all SWMUs. Sections 4 through 10 discuss which 
of these receptor species are selected for evaluation at each SWMU based on the site-specific 
conceptual models. Life history information and exposure parameters used in the screening- 
level (Steps 1 and 2) portion of the ERA for these receptors are summarized in Table 3-5 and 
discussed in detail in Appendix B. 

3.3.3 Exposure Estimation 
Upper trophic level receptor exposures to chemicals in surface soil, surface water, and/or 
sediment were determined by estimating the concentration of each chemical in each relevant 
dietary component. Incidental ingestion of soil or sediment was included when calculating 
the total exposure. Exposure via drinking water was also included at each SWMU that had a 
potential freshwater drinking source from which analytical chemistry data were collected. 
Since receptors (and their prey) are not exposed directly to groundwater, food web 
exposures were not calculated based on groundwater concentrations. 

Only those chemicals that were identified as bioaccumulative COPCs are evaluated for food 
web exposures. This list of bioaccumulating chemicals is provided in Table 3-6 and is ‘based 
on the selection process and approved list documented in CH2M HILL (2OOOd). This list 
includes all of the chemicals contained in Region III USEPA BTAG current list of 
bioaccumulative chemicals (USEPA 2000). In general, bioaccumulating organic chemicals 
were defined as those with a maximum reported log I&, value of 2 3.0. All of the inorganic 
chemicals on the Target Analyte List (TAL) were also retained except for the essential 
macro-nutrients calcium, magnesium, sodium, and potassium, and cyanide, which is readily 
metabolized and does not bioaccumulate (Eisler, 1991). 

Dietary items for which tissue concentrations were modeled included terrestrial plants, soil 
invertebrates (earthworms), small mammals, aquatic plants, aquatic invertebrates, fish, and 
amphibians. The methodologies used for these tissue calculations are outlined in the 
following subsection. For the screening-level portion of the ERA, the uptake of chemicals 
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from the abiotic media into these food items was based on conservative (e.g., maximum or 
90th percentile) bioconcentration factors (BCFs) or bioaccumulation factors (BAFs) from the 
literature. Default factors of 1.0 were used only where data were unavailable for a chemical 
in the literature. 

3.3.3.1 Screening-Level Exposure Point Concentrations 
Maximum media concentrations are used as exposure point concentrations for exposure 
estimation and food web modeling in the screening-level portion of the ERA. Exposure 
point concentrations (concentrations in plant, soil invertebrate, small mammal, amphibians, 
fish, and aquatic invertebrate prey items) for terrestrial and aquatic predators are estimated 
using bioaccumulation models and maximum measured media concentrations. The 
methodology and models used to derive these estimates are described below. 

Terrestrial Plants. Tissue concentrations in terrestrial plants were estimated by multiplying 
the maximum surface soil concentration for each chemical by chemical-specific soil-to-plant 
BCFs obtained from the literature. The BCF values used were based on root uptake from soil 
and on the ratio between dry-weight soil and dry-weight plant tissue. Literature values 
based on the ratio between dry-weight soil and wet-weight plant tissue were converted to a 
dry-weight basis by dividing the wet-weight BCF by the estimated solids content for 
terrestrial plants (15 percent [0.15]; Sample et al., 1997). 

For inorganic chemicals without literature based BCFs, a soil-to-plant BCF of 1.0 was 
assumed. For organic chemicals without literature based BCFs, soil-to-plant BCFs were 
estimated using the algorithm provided in Travis and Arms (1988): 

log B, = 1.588 - (0.578) (log J&J 

where: B, = Soil-to-plant BCF (unitless; dry weight basis) 
Kw = Octanol-water partitioning coefficient (unitless) 

The log K,,, values used in the calculations were obtained mostly from USEPA (1995b, 
1996a) and are listed in Table 3-6. The soil-to-plant BCFs used in the screening-level portion 
of the ERA are shown in Table 3-7. 

Earthworms. Tissue concentrations in soil invertebrates (earthworms) were estimated by 
multiplying the maximum surface soil concentration for each chemical by chemical-specific 
BCFs or BAFs obtained from the literature. BCFs are calculated by dividing the concen- 
tration of a chemical in the tissues of an organism by the concentration of that same 
chemical in the surrounding environmental medium (in this case, soil) without accounting 
for uptake via the diet. BAFs consider both direct exposure to soil and exposure via the diet. 
Since earthworms consume soil, BAFs are more appropriate values and are used in the food 
web models when available. BAFs based on depurated analyses (soil was purged from the 
gut of the earthworm prior to analysis) are given preference over undepurated analyses 
when selecting BAF values since direct ingestion of soil is accounted for separately in the 
food web model. 

The BCF/BAF values used were based on the ratio between dry-weight soil and dry-weight 
earthworm tissue. Literature values based on the ratio between dry-weight soil and wet- 
weight earthworm tissue were converted to a dry-weight basis by dividing the wet-weight 

,, 
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BCF/BAF by the estimated solids content for earthworms (16 percent [0.16]; USEPA, 1993). 
For chemicals without available measured BAFs or BCFs, an earthworm BAF of 1.0 was 
assumed. The soil-to-earthworm BCFs/BAFs used in the screening-level portion of the ERA 
are shown in Table 3-7. 

Small Mammals. Whole-body tissue concentrations in small mammals (shrews, voles, 
and/or mice) were estimated using one of two methodologies. For chemicals with 
literature-based soil-to-small mammal BCFs, the small mammal tissue concentration was 
obtained by multiplying the maximum surface soil concentration for each chemical by a 
chemical-specific soil-to-small mammal BCF obtained from the literature. The BCF values 
used were based on the ratio between dry-weight soil and whole-body dry-weight tissue. 
Literature values based on the ratio between dry-weight soil and wet-weight tissue were 
converted to a dry-weight basis by dividing the wet-weight BCF by the estimated solids 
content for small mammals (32 percent [0.32]; USEPA, 1993). BCFs for shrews were those 
reported in Sample et al. (1998b) for insectivores (or for general small mammals if 
insectivore values were unavailable), for voles were those reported for herbivores, and for 
mice were those reported for omnivores. 

For chemicals without soil-to-small mammal BCF values, an alternate approach was used to 
estimate whole-body tissue concentrations. Because most chemical exposure for these small 
mammal species is via the diet, it was assumed that the concentration of each chemical in 
the small mammal’s tissues was equal to the chemical concentration in its diet, that is, a & 
to whole-body BAF (wet:weight basis) of one was assumed. The use of a diet to whole-body 
BAF of one is likely to result in a conservative estimate of chemical concentrations for 
chemicals that are not known to biomagnify in terrestrial food chains (e.g., aluminum). For 
chemicals that are know to biomagnify (e.g., PCBs), a diet to whole-body BAF value of one 
will likely result in a realistic estimate of tissue concentrations based on reported literature 
values. For example, a maximum BAF (wet weight) value of 1.0 was reported by Simmons 
and McKee (1992) for PCBs based on laboratory studies with white-footed mice. Menzie 
et al. (1992) reported BAF values (wet-weight) for DDT of 0.3 for voles and 0.2 for short- 
tailed shrews. Reported BAF (wet-weight) values for dioxin were only slightly above one 
(1.4) for the deer mouse (USEPA, 1990). Resulting tissue concentrations (wet-weight) were 
then converted to dry weight using an estimated solids content of 32 percent (see above). 
The soil-to-small mammal BAFs used in the screening-level portion of the ERA are shown in 
Table 3-S. 

Aquatic Plants. Tissue concentrations in aquatic and wetland plants were estimated using 
the same methodologies as described above for terrestrial plants except that maximum 
sediment (not soil) concentrations were used in the calculation. 

Aquatic Invertebrates. Tissue concentrations in aquatic invertebrates were estimated by 
multiplying the maximum sediment concentration for each chemical by chemical-specific 
sediment-to-invertebrate BCFs obtained from the literature. The BCF values used were 
based on the ratio between dry-weight sediment and dry-weight invertebrate tissue. 13CFs 
based on depurated analyses (sediment was purged from the gut of the organism prior to 
analysis) were given preference over undepurated analyses when selecting BCF values since 
direct ingestion of sediment is accounted for separately in the food web model. 
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Literature values based on the ratio between dry-weight sediment and wet-weight 
invertebrate tissue were converted to a dry-weight basis by dividing the wet-weight BCF by 
the estimated solids content for aquatic invertebrates (21 percent [0.22]; USEPA, 1993). For 
chemicals without literature-based sediment-to-invertebrate BCFs, a BCF of 1.0 was 
assumed. The sediment-to-invertebrate BCFs used in the screening-level portion of the ERA 
are shown in Table 3-9. 

Fish and Amphibians. Tissue concentrations in whole-body fish and amphibians were 
estimated by multiplying the maximum sediment concentration for each chemical by 
chemical-specific sediment-to-fish/amphibian BCFs obtained from the literature. The BCF 
values used were based on the ratio between dry-weight sediment and dry-weight fish or 
amphibian tissue. Literature values based on the ratio between dry-weight sediment and 
wet-weight fish or amphibian tissue were converted to a dry-weight basis by dividing the 
wet-weight BCF by the estimated solids content for fish/amphibians (25 percent [0.25]; 
USEPA, 1993). For chemicals without literature based sediment-to-fish/amphibian BCFs, a 
BCF of 1.0 was assumed. The sediment-to-fish/amphibian BCFs used in the screening-level 
portion of the ERA are shown in Table 3-9. 

3.3.3.2 Dietary Intakes 
Dietary intakes for each receptor species were calculated using the following formula 
(modified from USEPA [1993]): 

where: DI, 
FIR 
FGi 
I’DFi 
SC, 
PDS 
WIR 
WC, 
BW 

Dietary intake for chemical x (mg chemical/ kg body weight/day) 
Food ingestion rate (kg/day, dry-weight) 
Concentration of chemical x in food item i (mg/ kg, dry weight) 
Proportion of diet composed of food item i (dry weight basis) 
Concentration of chemical x in soil/sediment (mg/kg, dry weight) 
Proportion of diet composed of soil/sediment (dry weight basis) 
Water ingestion rate (L/day) 
Concentration of chemical x in water (mg/L) 
Body weight (kg, wet weight) 

Receptor-specific values used as inputs to this equation were obtained from Table 3-5. We 
used averages of values presented in USEPA, 1993 when appropriate. 

3.4 Screening-Level Risk Calculation 
The screening-level risk calculation is the final step in a SERA. In this step, the maximum 
exposure concentrations (abiotic media) or exposure doses (upper trophic level receptor 
species) are compared with the corresponding screening values to derive screening risk 
estimates. The outcome of this step is a list of Chemicals of Potential Concern (COPCs) for 
each media-pathway-receptor combination evaluated or a conclusion of acceptable risk. 
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3.4.1 Selection of Chemicals of Potential Concern (COP&) 
COPCs are selected using the hazard quotient (HQ) method. HQs are calculated by dividing 
the chemical concentration in the medium being evaluated by the corresponding medium- 
specific screening value or by dividing the exposure dose by the corresponding ingestion 
screening value. Chemicals with HQs greater than or equal to 1.0 are considered COPCs in 
the SERA. 

HQs exceeding one indicate the potential for risk since the chemical concentration or dose 
(exposure) exceeds the screening value (effect). However, screening values and exposure 
estimates are derived using intentionally conservative assumptions such that HQs greater 
than or equal to one do not necessarily indicate that risks are present or impacts\are 
occurring. Rather, it identifies chemical-pathway-receptor combinations requiring further 
evaluation. Following the same reasoning, HQs that are less than one indicate that risks are 
very unlikely, enabling a conclusion of no unacceptable risk to be reached with high 
confidence. Synergistic and antagonistic affects of chemicals were not evaluated in this ERA. 
Uncertainty associated with evaluating risk on the sole toxicity of a chemical is discussed 
further in Section 11. 

3.4.1 .l Abiotic Media 
The following conservative methodology was used when selecting COPCs for abiotic media 
in the screening-level portion of the ERA: 

l The maximum detected chemical concentration in each media (surface soil, sediment, 
surface water, and groundwater) was used to calculate HQs 

l For chemicals not detected in any samples of a particular medium, the maximum 
reporting limit was used to calculate the HQ 

l Chemicals without medium-specific screening values for a particular chemical were 
retained as COPCs for that medium 

3.4.1.2 Food Web Exposures 
The following conservative methodology was used when selecting COPCs for food web 
exposures in the screening-level portion of the ERA: 

l The maximum detected chemical concentration in each media (surface soil, sediment, 
and/or surface water) was used to estimate dietary doses for each receptor 

l For bioaccumulating chemicals not detected in any samples of a particular medium, the 
maximum reporting limit was used to estimate dietary doses for each receptor 

l Exposures were based on maximum ingestion rates and minimum body weights for 
each receptor 

l It was assumed that chemicals were 100 percent bioavailable to the receptor and it was 
also assumed that each receptor spent 100 percent of its time on the site (i.e., an arlea use 
factor of 1.0 was assumed). 

l Chemicals without screening values for any receptor were retained as COPCs 
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3.4.2 Fate and Transport Mechanisms of the COP& 
Measured surface water, sediment, and surface soil concentrations reflect the acting fate and 
transport mechanisms of the COPCs at each SWMU and provide a direct means to charac- 
terize exposure to the abiotic media. The ultimate fate of chemicals in environmental 
compartments can be estimated from physico-chemical characteristics in the absence of 
measured values. The physico-chemical characteristics that are most relevant for exposure 
modeling in this assessment include water solubility, adsorption to solids, octanol-water 
partitioning, and degradability. These characteristics are defined below. A synthesis of 
general, non site-specific fate and toxicity information is presented in Appendix C. The 
information in Appendix C is presented regardless of whether or not it was applicable to the 
site-specific situations for each SWMU. 

The water solubility of a compound influences its partitioning to aqueous media. Highly 
water soluble constituents, such as some polar volatile organics, have a tendency to remain 
dissolved in the water column rather than partitioning to soil or sediment (Howard, 1991). 
Compounds with high water solubilities also generally exhibit a lower tendency to 
bioconcentrate in aquatic organisms and a greater likelihood of biodegradation (Howard, 
1991). 

Adsorption is a measure of a compounds affinity for binding to solids, such as soil or 
sediment particles. Adsorption is expressed in terms of partitioning, either Kd (adsorption 
coefficient; a unitless expression of the equilibrium concentration in the solid phase versus 
the water phase) or as K,,c (I(d normalized to the organic carbon content of the solid phase; 
again unitless) (Howard, 1991). The higher the I(oc or I& value, the greater the tendency for 
the constituent to adhere strongly to soil or sediment particles. Id, values can be measured 
directly or can be estimated from either water solubility or the octanol-water partition 
coefficient using one of several available regression equations (Howard, 1991). 

Octanol-water partitioning indicates whether a compound is hydrophilic or hydrophobic. 
The octanol-water partition coefficient (I6,) expresses the relative partitioning of a 
compound between octanol (lipids) and water. A high affinity for lipids equates to a high 
K, w and vice versa. &, has been shown to correlate well with bioconcentration factors in 
aquatic organisms, adsorption to soil or sediment particles, and the potential to 
bioaccumulate in the food chain (Howard, 1991). Typically expressed as log I&..,, a value of 
three (3.0) or less generally indicates that the constituent will not bioconcentrate to a 
significant degree (Maki and Duthie, 1978). A log I$&,, of three equates to an aquatic species 
bioconcentration factor (BCF) of about 100, using the equation (Lyman et al., 1990): 

log BCF = (0.76) (log l&w) - 0.23 

Degradability is an important factor in determining whether there will be significant loss of 
mass or change in the form of a constituent over time in the environment. The half-life of a 
compound is typically used to describe losses from either degradation (biological or abiotic) 
or from transfer from one compartment to another (e.g., volatilization from soil to air). The 
half-life is the time required for one-half of the mass of a compound to undergo the loss or 
degradation process. 
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As depicted on Figure 3-1, the primary mechanisms for contaminant transport from the 
source areas at these SWMUs are believed to include: 

l Leaching of chemicals from the soil and/ or waste materials by precipitation and 
transport by surface runoff to surface water bodies 

l Leaching of chemicals from the soil and/or waste m:.terials by infiltrating precipitation 
and transport to surface water bodies via groundwater 

l Uptake by biota from soil, sediment, and/or surface water and trophic transfer to upper 
trophic level receptors 

3.4.3 Mechanisms of Toxicity for the COPCs 
The mechanisms of toxicity for the COPCs are discussed in the chemical profiles contained 
in Appendix C. 

3.5 Refinement of Conservative Screening Assumptioris 
According to Superfund guidance (USEPA, 1997), Step 3 initiates the problem formulation 
phase of the baseline ERA. Under Navy guidance (CNO, 1999), the baseline ERA begins 
with a preliminary step (Step 3A) in which the conservative assumptions employed in the 
screening ERA are refined and risk estimates are recalculated using the same conceptual 
model for the site. The re-evaluation may also include consideration of background data, 
bioavailability of analytes in the media, and the frequency at which chemicals were detected 
(CNO, 1999). This reevaluation would only be used when there is adequate spatial sampling 
intensity. 

The assumptions, parameter values, and methods that were modified for the Step 3A re- 
evaluation included: 

l Evaluations of risk based on the maximum chemical concentration used in the screening 
ERA were supplemented by the use of average (arithmetic mean) chemical 
concentrations. For upper trophic level receptors, mean chemical concentrations provide 
a more refined estimate of the likely level of chemical exposure because their populations 
(as documented in the SERA, there are no threatened or endangered species present that 
could be exposed, thus the population level assessment endpoint) would be expected to 
utilize the entire site rather than concentrating use in one area. In cases where adequate 
spatial sampling coverage exists, the mean concentrations are also appropriate for 
evaluating potential risks to populations of lower trophic level terrestrial and aquatic 
receptors because the members of the population are also expected to be found 
throughout the site where habitat is present, rather than concentrated in one particular 
area. This method is used in addition to other lines of evidence (comparison to 
background values, bioavailability of chemicals in soils, and spatial extent of exceedences 
of chronic and acute screening values) to determine potential risk at each SWh4U. 

l Bioaccumulation factors (BAFs) and bioconcentration factors (BCFs) were based on, or 
modeled from, central tendency estimates (e.g., median or mean) from the literature as 
opposed to the maximum or “high-end” (e.g., 90th percentile) estimates used in the 
screening ERA for many chemicals. Revised BAF / BCF values used in Step 3 are 
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provided in Tables 3-10 (plants and soil invertebrates), 3-11 (small mammals), and 3-12 
(aquatic invertebrates and fish/amphibians). 

* Central tendency estimates (e.g., mean, median, midpoint) for body weight and 
ingestion rate (Table 3-13) were used to develop exposure estimates for upper trophic 
level receptors, rather than the minimum body weights and maximum ingestion rates 
used in the screening ERA. The use of central tendency exposure parameter estimates is 
more relevant because they represent the characteristics of a greater proportion of the 
individuals in the population. 

0 In addition to the No Observed Adverse Effect Levels (NOAELs) used in the screening 
ERA, consideration is also given to risk estimates based on Lowest Observed Adverse 
Effect Levels (LOAELs). 

0 All COPCs from the SERA were carried through into the BERA. Chemicals which were 
undetected and had no screening values were not retained as COPCs at the completion 
of the BERA. The potential for these chemicals to be present at concentrations that could 
adversely affect ecological receptors is unknown and is not able to be evaluated due to 
the lack of screening values. Chemicals which were detected but did not have screening 
values were retained as COPCs at the completion of the BERA in order to incorporate 
possible risk into the overall site conclusions. 

* The bioavailability of COPCs is described in the ERA in order to show how these 
chemicals behave in the media being evaluated and to show whether or not it is 
expected that the chemical will be available for uptake for receptors at the site. 

0 Background concentrations were also considered in the re-evaluation and were 
obtained, for surface soil, from the SWMU 15 Biopile ecological evaluation (CH2M HIILL 
2OOOd). 

Only complete and significant pathways identified in the screening ERA were re-evaluated 
in Step 3A of the ERA. Similarly, only COPCs and receptors identified in the screening ERA 
as requiring further evaluation are addressed in Step 3A. Although many aspects of the 
estimation of exposure are modified in Step 3 (see above), the screening values (effects) used 
in Step 3A are the same as the values used in the screening ERA. Although the same basic 
conceptual model from the screening ERA is used in Step 3A, the endpoints and risk 
hypotheses from the screening ERA have been modified slightly to better reflect the Step 3A 
analysis (Table 3-14). 

3.6 Uncertainties 
Uncertainties are present in all risk assessments because of the limitations of the available 
data and the need to make certain assumptions and extrapolations based on incomplete 
information. Since conservative assumptions were used in the exposure and effects 
assessments, these uncertainties are more likely to result in an overestimation rather than an 
underestimation of the likelihood and magnitude of risks to ecological receptors. The 
uncertainties associated with this risk assessment are discussed in Section Il. 
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4.0 SWMU 2B - Line Shack Diwosal Area 

SWMU 2B is located southeast of the main MATWING Hangar 122 (Figure l-l). The site 
includes Line Shacks 130 through 134 and the five aircraft cleaning stations northeast of Line 
Shack 130. The Initial Assessment Study (IAS) states that potential contaminants at 
SWMU 2B may include oil, hydraulic fluid, turco (paint remover used in aircraft 
maintenance), paint stripper and thinners, I’D 680 (degreaser), and aromatic hydrocarbons 
(naphtha, benzene, toluene and derivatives), all of which were used in aircraft maintenance 
activities (RGH, 1984). These waste oils and aircraft-maintenance chemicals were disposed 
of adjacent to the line shacks in unknown amounts beginning in 1963 when the line shacks 
were constructed, until the early 1980s (RGH, 1984). A hazardous waste collection and 
recycling program has been in force throughout the air station since 1981. During the 1980s 
an oil-water separator system was installed in the aircraft cleaning area northeast of Line 
Shack 130 to separate oil from wash water flowing from the aircraft cleaning area. 

4.1 Screening-Level Problem Formulation 
As described in Section 3.1, in the screening-level problem formulation: (1) the 
environmental setting of a site is characterized in terms of the habitats and biota known or 
likely to be present; (2) the types and concentrations of chemicals that are present in 
ecologically relevant media are characterized; (3) a conceptual model is developed for the 
site that describes potential sources, potential transport pathways, potential exposure 
pathways and routes, and potential receptors; and (4) assessment endpoints, measurement 
endpoints, and risk hypotheses are selected to evaluate those receptors for which complete 
and potentially significant exposure pathways are likely to exist. These components of the 
problem formulation are developed for SWMU 2B in this section. In addition, the fate, 
transport, and toxicological properties of the chemicals present at a site are also considered 
during the problem formulation process (see Sections 4.4.2 and 4.4.3). 

4.1.1 Environmental Setting 
Much of the ground surface in the immediate area of the Line Shacks is covered with 
concrete or asphalt (Figure 4-l), and the ground surface that is not covered has been h.eavily 
disturbed as a result of the on-going construction of the Aircraft Maintenance Hangar and 
the extension of the flight line. After construction is completed, the limited exposed ground 
surface between the buildings, parking areas, and tarmac will be graded. Grass will be 
planted and it will be maintained as mowed lawn. A fence surrounds the impervious 
surfaces and separates the developed portion of the area from the undeveloped portion. 
Most of the site is within the flight line. The flat terrain is interrupted only by a storm water 
drainage ditch and a few berms left from previous disturbances. 

SWMU 2B contains a storm water drainage ditch that is used to convey surface runoff from 
the site to the southeast. Groundwater discharges to the ditch, which maintains a perennial 
base flow. Data show that shallow groundwater flow is to the southeast over most of the 
area from Line Shacks 138 to 134, but it is to the southwest northwest of Line Shacks 132, 
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133, and 134 (CH2M HILL, 1993). No submerged aquatic vegetation was observed in the 
ditch. A band of vegetation approximately IO feet wide runs along either side of the ditch. 
Vegetation includes bamboo, sweetgum (Liquidambur sfyraciflua), red maple (Acer rubrum) 
and some shrubs. This drainage ditch originates at the end of a pipe which collects storm 
water runoff from parking lots, roads, and other impervious surfaces in this section the base. 

Construction of the Aircraft Maintenance Hangar and extension of the flight-line are 
underway in the immediate vicinity of this SWMU. With the exception of a short reach 
(between samples OWZB-SD01 and OW2BSD04) near the construction, in late 2000 the 
ditch was cleaned out to a depth of 6 to 18 inches downgradient, all the way to the golf 
course. The sediments that were removed were disposed of at an approved landfill. 

Drains within the aircraft cleaning area of SWMU 2B direct runoff to oil-water separators 
before discharging to sanitary sewers. Thus, this area of SWMU 2B does not currently 
contribute to the potential occurrence of contamination in the drainage ditches. 

4.1.2 Summary of Available Analytical Data 
As stated in Section 1.0, SWMU 2B was identified as requiring no further action for 
ecological consideration under the previous RCRA investigations. However, as part of an 
agreement between the Navy and the EPA, this ERA at SWMU 2B has been conducted 
utilizing as much of the previous RCRA investigation data as feasible. Therefore, there may 
be differences in the classes of chemicals analyzed for in the various site media. These 
differences were considered in the development of a sampling plan to collect new data for 
significant data gaps and the effects of which are addressed in the uncertainties section. 

The data used in this ERA were obtained from multiple sources as described below. Data 
that were used are summarized in Tables 4-1 through 4-4 and are contained in Appendix A. 

The Phase I RCRA Facility Investigation (RFI; CH2M HILL, 1993) determined that the 
groundwater is contaminated with chlorinated hydrocarbons in one area near Line 
Shack 134 (western source area) and in another area near Line Shack 131 (eastern source 
area). Fuel-related benzene, toluene, ethylbenzene, and xylene (BTEX) contamination was 
also detected east of Line Shack 130. No chlorinated volatile organic compounds (VQCs) 
were detected in the soils. Surface water from the northern-most ditch was shown to contain 
VOCs in some areas, however, no polycyclic aromatic hydrocarbons (PAHs) were detected. 
Chlorinated VOCs were not detected in any sediment samples, but 15 PAH compounds 
were detected in two sediment samples. The Corrective Measures Study (CMS; CH2M 
HILL, 1995a) confirmed that chlorinated VOCs were not present in the soils, however, trace 
amounts of BTEX compounds were found in several samples. Results from groundwater 
sampling confirmed the presence of chlorinated VOCs. The CMS also confirmed the 
presence of low concentrations of chlorinated VOCs in surface water in the ditch. Ditch 
sediments were found to contain PAHs, which were not found in the groundwater. 

As part of the Phase III RF1 (CH2M HILL, 1999b), two groundwater samples were taken 
from monitoring wells on either side of the perennially flowing drainage ditch at points 
where the groundwater discharges to the ditch. The samples were analyzed for semivolatile 
organic compounds (SVOCs) and PAHs. These chemicals were not detected in either of the 
samples. Confirmatory sediment samples were taken at the same points within the ditch as 
in the Phase I RFI. These samples confirmed the presence of PAHs in the sediments. 
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In 2001, additional soil samples were collected at SWMU 2B in order to further investigate 
potential inorganic contamination in the soils. These samples were not evaluated in this 
ERA, but will instead be evaluated in conjunction with soil sampling which is part of the 
Feasibility Study being conducted at SWMU 2B. Figure 4-l shows the locations of the 
samples used in the ERA as well as the soil samples collected in 2001. 

4.1.3 Preliminary Conceptual Model 
The preliminary conceptual model for SWMU 2B is illustrated on Figure 4-2. 

4.1.3.1 Exposure Pathways 
At SWMU 2B, waste oils and aircraft-maintenance chemicals were disposed of adjacent to 
the line shacks in unknown amounts contaminating the surface and subsurface soils. 
Contaminants leached from the soils into the groundwater as evidenced by the detection of 
chlorinated VOCs in the groundwater. Groundwater feeds the perennial flowing ditch, 
which contains contaminated surface water and sediment. The contamination in the 
groundwater may have been caused by persistent releases of chemicals close to the fence 
line near Line Shack 131. The source of the surface water contamination is believed to be 
centered around the concrete area northwest of Line Shacks 132,133, and 134. The source of 
PAHs is probably a storm water pipe, which outlets into the drainage ditch and brings 
water from parking lots, road, and flight line areas located west and northwest of the 
SWMU. Since oils and PAHs are common constituents found near aircraft operations areas, 
the PAHs found in the sediment may not be related to past disposal practices at SWMU 2B. 
The sediments in the section of the ditch east of OW2B-SD04 have been removed. Habitat at 
SWMU 28 consists of impervious surfaces, a storm water drainage ditch, and a small 
mowed lawn. 

Ecological receptors at SWMU 2B can be exposed to chemicals in surface water, sediment, 
and surface soils via direct exposure pathways (including ingestion and direct contact) or 
via food-chain transfer of chemicals that bioaccumulate. 

4.1.3.2 Endpoints and Risk Hypotheses 
Preliminary assessment endpoints, risk hypotheses, and measurement endpoints (Table 4-5) 
are developed for SWMU 2B based on the preliminary conceptual model (Figure 4-2) and 
the complete exposure pathways identified therein. These endpoints/hypotheses were 
selected from the generic set developed in Section 3.1.1.2. Table 4-5 also identifies specific 
receptor species or groups associated with each endpoint. These receptors are discussed in 
more detail in Section 4.3.1. 

4.2 Screening-Level Effects Evaluation 
The purpose of the screening-level effects evaluation is to establish chemical exposure levels 
(screening values) that represent conservative thresholds for adverse ecological effects. The 
medium-specific screening values developed in Section 3.2.1 and Table 3-2 for fresh surface 
water (also applied to groundwater), freshwater sediment, and surface soil are used in this 
section to evaluate the maximum concentrations in these media at SWMU 2B. The relevant 
chemical-specific screening values are shown in Tables 4-6 (groundwater), 4-7 (surface 
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water), 4-8 (sediment), and 4-9 (surface soil). Ingestion screening values for dietary 
exposures to upper trophic level receptors via the food web are discussed in Section 4.3.3. 

,-. 

4.3 Screening-Level Exposure Estimate 
Maximum concentrations in groundwater, surface water, sediment, and surface soil were 
used to conservatively estimate potential chemical exposures for ecological receptors at 
SWMU 2B. For conservatism, the maximum detection limit for chemicals that were analyzed 
for, but not detected, was also compared to medium-specific screening values (see 
Section 3.3). Also for conservatism, no dilution factors were applied to the maximum 
groundwater concentrations. 

Exposures for upper trophic level receptor species via the food web were determined by 
estimating the chemical-specific concentrations in each dietary component using uptake and 
food web models (see Section 3.3.3). Incidental ingestion of soil or sediment was also 
included when calculating the total level of exposure, as was direct ingestion of surface 
water. Maximum surface soil, sediment, and/or surface water concentrations were used in 
all calculations to provide a conservative assessment. 

4.3.1 Selection of Receptor Species 
Receptor species used in the SWMU 2B evaluation are identified in Table 4-5. These species 
or species groups were selected based on the complete exposure pathways identified in the 
conceptual model, the specific habitats present on the site, the biota known or likely to occur 
on the site (see Section 2), and the selected assessment endpoints. The general criteria for 
receptor selection were identified in Section 3.3.2. Receptor profiles are provided in 
Appendix B. 

4.3.2 Exposure Estimation 
Upper trophic level receptor exposures to chemicals in surface soil, surface water, and 
sediment were determined by estimating the concentration of each chemical in each relevant 
dietary component. Incidental ingestion of soil or sediment was included when calculating 
the total exposure. Exposure via drinking water was included in the food web model since 
SWMU 2B contains a potential freshwater drinking source. Since receptors (and their prey) 
are not exposed directly to groundwater, food web exposures were not calculated using 
groundwater data. 

4.3.2.1 Exposure Point Concentrations 
Maximum measured media concentrations are used as exposure point concentrations for 
exposure estimation and food web modeling. Dietary concentrations (concentrations in 
plants, soil invertebrates, small mammals, and aquatic invertebrates that are eaten) for 
terrestrial and aquatic consumers were estimated using bioaccumulation models and 
maximum measured media concentrations. The methodology and models used to derive 
these estimates are described in Section 3.3.3.1. 
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4.3.2.2 Dietary Intakes 
Dietary intakes were calculated for each upper trophic level receptor species using the 
methods discussed in Section 3.3.3.2. 

4.3.3 Ingestion Screening Values 
Ingestion screening values for mammals and birds were developed in Section 3.3.4 and are 
summarized in Tables 3-3 and 3-4, respectively. 

4.4 Screening-Level Risk Calculation 
The screening-level risk calculation for SWMU 28 compares the maximum exposure 
concentrations in site groundwater, surface water, sediment, and surface soil with the 
corresponding screening values to derive screening risk estimates using the hazard quotient 
(HQ) method (see Section 3.4). Chemicals with HQs greater than or equal to 1.0 are retained 
as Chemicals of Potential Concern (COPCs) in the SERA. 

4.4.1 Selection of Chemicals of Potential Concern (COPCs) 

4.4.1.1 Groundwater 
Maximum undiluted groundwater concentrations are compared to screening values fior 
fresh surface water in Table 4-6. Based on this comparison, two inorganic chemicals 
(manganese and iron) exceeded their screening values based on detected concentrations and 
four undetected inorganic chemicals (copper, cyanide, lead, and silver) have exceedences 
based on the maximum reporting limit (Table 4-6). These six chemicals were retained as 
COPCS. 

Six undetected PCBs and twelve undetected pesticides exceeded their screening values 
based on the maximum reporting limit (Table 4-6). These 18 chemicals were retained as 
COPCs. No detected PCBs or pesticides were retained as COPCs. 

Ten undetected SVOCs exceeded screening values based on maximum reporting limits and 
were retained as COPCs. Nineteen additional undetected SVOCs were retained as COPCs 
because screening values were not available (Table 4-6). No detected SVOCs were retained 
as COPCs. 

One undetected VOC exceeded its screening value based on the maximum reporting limit 
and was retained as a COW. Twelve additional VOCs were retained as COPCs because 
screening values were not available (Table 4-6). Of those twelve VOCs, four (chloroethane, 
ethane, ethene, and methane) were detected. 

4.4.1.2 Surface Water 
Maximum surface water concentrations are compared to screening values for fresh surface 
water in Table 4-7. Based on this comparison, two undetected VOCs (acrolein and carbon 
disulfide) have HQs exceeding one based on the maximum reporting limit and are 
identified as COPCs. Eight undetected VOCs were retained as COPCs because screening 
values were not available (Table 4-7). No detected VOCs were retained as COPCs. 
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4.4.1.3 Sediment 
Maximum sediment concentrations are compared to screening values for fresh sediments in 
Table 4-8. Based on this comparison, I5 detected SVOCs had HQs exceeding one and were 
identified as a COPCs. Fourteen undetected SVOCs were retained as COPCs based on 
maximum reporting limits. Thirty SVOCs were retained as COPCs because screening values 
were not available (Table 4-8). Of these 30 SVOCs, only two (I-methylnaphthalene and 
carbazole) were detected. 

Five undetected VOCs exceeded their screening values based on maximum reporting limits 
(Table 4-8) and were retained as COPCs. Twenty-four undetected VOCs were retained as 
COPCs because screening values were not available (Table 4-8). No detected VOCs were 
retained as COPCs. 

4.4.1.4 Surface Soil 
Maximum surface soil concentrations are compared to screening values in Table 4-9. Based 
on this comparison, eight detected inorganics (aluminum, antimony, chromium, iron, lead, 
mercury, vanadium, and zinc) have HQs exceeding one and are identified as COPCs. 
Cyanide and thallium (undetected) had exceedences based on maximum reporting limits. 

No PCBs or pesticides were detected at levels above their screening values Five undetecte 
pesticides were retained as COPCs because screening values were not available. 

Four SVOCs @enzo(a)anthracene, benzo(k)fluoranthene, chrysene, and pyrene) exceeded 
their screening values based on detected concentrations and were retained as COPCs; 
maximum HQs were less than two for these four chemicals. The HQ for benzo(a)pyrene was 
1.0 and this chemical was also retained. Eleven undetected SVOCs exceeded screening 
values based on maximum reporting limits. Twenty-eight additional SVOCs were retained 
as COPCs because screening values were not available (Table 4-9). Of these 28 SVOCs, three 
(butylbenzylphthalate, di-n-octylphthalate, and bis(2-ethylhexyl)phthalate) were detected. 

Ten VOCs were retained as COPCs because screening values were not available (Table 4-9). 
Of these ten VOCs, only one (acetone) was detected. 

4.4.1.5 Food Web Exposures 
Maximum exposure doses for each receptor species are compared to ingestion screening 
values in Table 4-10. Based on a comparison to NOAELs, ten inorganic chemicals have 
NOAEL HQs exceeding one for one or more receptors based on maximum detected values. 
These metals included aluminum, antimony, arsenic, cadmium, chromium, iron, lead, 
mercury, vanadium, and zinc. Two inorganic chemicals have NOAEL HQs exceeding one 
for one or more receptors based on maximum reporting limits 

One PCB (Aroclor -1254) has a NOAEL HQ exceeding one based on a maximum detected 
value. Four PCBs (Aroclor-1221,1232,1242, and 1260) have NOAEL HQs exceeding one 
based on maximum reporting limits. 

Hexachlorobenzene has an HQ exceeding one for one or more receptors based on a 
maximum reporting limit. Ingestion screening values were not available for six SVOCs. 
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4.4.2 Fate and Transport Mechanisms of the COPCs 
The fate and transport mechanisms of the COPCs are discussed in Section 3.4.2 and 
described in Appendix C. 

4.4.3 Mechanisms of Toxicity for the COPCs 
The mechanisms of toxicity for the COPCs are described in Appendix C. 

4.5 Screening-Level Risk Conclusions 
COPCs were identified in each media evaluated. These COPCs are summarized in 
Table 4-11. In groundwater, only two metals (iron and manganese) exceeded their screening 
values based on detected concentrations. Their HQs were 111 and 4.17, respectively. No 
organic chemicals exceeded their screening values based on detected concentrations. 
Buchman (1999) recommends the use of a dilution factor of 10 in a SERA to account for the 
dilution expected during migration and upon discharge of groundwater to surface water in 
the absence of site-specific dilution factors. If such a dilution factor was applied, only iron 
would be retained as a COPC. Similarly, only nine of the 33 non-detected COPCs that were 
retained based on maximum reporting limits would be retained if a dilution factor of 10 was 
applied. Of the 31 COPCs retained based on a lack of a screening value, only four were 
actually detected in groundwater samples (Table 4-l). 

In surface water, no chemicals were retained as COPCs based on maximum detected 
concentrations and only two chemicals (carbon disulfide and acrolein) were retained as 
COPCs based on maximum reporting limits (HQs of 2.5 and 4.76, respectively). None of the 
eight chemicals that were retained because screening levels were not available were 
detected in the surface water. In surface sediments, SVOC HQs ranged from 2.41 to 310.8 
with six of the 15 chemicals having HQs below 15. Five VOCs had HQs greater than or 
equal to one but all were below three. In surface soils, eight inorganic chemicals and five 
organic chemicals were retained as COPCs based on detected concentrations. All of the 
organic HQs were below two. 

Maximum HQs from food web exposures for metals were relatively low (only aluminum, 
antimony, chromium, lead, and mercury had NOAEL HQs greater than 10). Five PCBs and 
one SVOC had NOAEL HQs greater than or equal to 1.0 (all were below 3.0). No NOAEL 
HQs were greater than or equal to one for the raccoon or the mallard so evaluation of these 
receptors is not recommended in Step 3. 

In summary, potential ecological risks based on observed groundwater, surface water, 
surface sediment, and surface soil concentrations exist at SWMU 2B. Since one or more 
COPCs were identified in each medium evaluated during the screening process, additional 
evaluation in Step 3 is recommended for this SWMU. 

4.6 Refined (Step 3A) Risk Characterization 
Based on the results of the SERA, the assessment endpoints, measurement endpoints, and 
risk hypotheses have been modified for the Step 3A evaluation (Table 4-12). Modifications 
include dropping assessment endpoints for which no unacceptable risk (as defined by no 
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HQs equal to or greater than or equal to 1.0) was found during the SERA and modifying the 
measurement endpoints to reflect the assumptions and methods used in the Step 3A 
evaluation (see Section 3.5). 

Refined medium-specific screenings for groundwater, surface water, sediment, and surface 
soil are presented in Tables 4-13,4-l4,4-15, and 4-16, respectively. Receptor species HQs 
associated with Step 3A food chain modeling are provided in Table 4-17. Results of the 
recalculation of risk estimates are discussed by media type below. 

4.6.1 Groundwater 
Mean chemical concentrations in groundwater are compared to surface water screening 
values in Table 4-13 (maximum concentrations are used if the mean concentration exceeded 
the maximum). Only iron (HQ of 48.4) and manganese (HQ of 2.93) exceeded screening 
values based upon detected concentrations. Four detected VOCs were retained as COPCs 
because no screening values were available. 

4.6.2 Surface Water 
Mean chemical concentrations in surface water are compared to surface water screening 
values in Table 4-14 (maximum concentrations are used if the mean concentration exceeded 
the maximum). No chemicals were retained as COPCs for surface water at SWMU 2B. 

4.6.3 Sediment 
Mean chemical concentrations in sediment are compared to screening values in Table 4-15 
(maximum concentrations are used if the mean concentration exceeded the maximum). 
Fourteen chemicals (13 PAHs and one phthalate) exceeded screening values based upon 
detected concentrations. Mean HQs ranged from 1.23 to 21.9. Two detected SVOCs were 
retained as COPCs because no screening values were available. 

4.6.4 Surface Soil 
Mean chemical concentrations in surface soil are compared to screening values in Table 4-16 
(maximum concentrations are used if the mean concentration exceeded the maximum). Six 
inorganic compounds (aluminum, chromium, iron, lead, mercury, and vanadium) exceeded 
screening values based on detected concentrations. Mean HQs were 215,674,21.5,18.7,2.28, 
and 7.62, respectively. Mercury and vanadium were detected at levels slightly above the 
detection limits. Four detected organic chemicals were retained as COPCs because no 
screening values were available. 

4.6.5 Food Web Exposures 
Mean exposure doses for each receptor species are compared to ingestion screening values 
in Table 4-17. HQs for the short-tailed shrew (based on NOAELs) exceeded one for 
aluminum (8.58), iron (l-23), lead (3.98), and vanadium (1.04). HQs based on LOAELs were 
less than one. HQs for the American robin (based on NOAELs) exceeded one for chromium 
(3.68) and lead (11.89). The HQ based on the LOAEL for chromium was less than one. The 
HQ based on the LOAEL for lead was 1.19. HQs for the American kestrel (based on 
NOAELs) exceeded one for chromium (4.25) and lead (3.48). The HQ based on the LOAELs 
were less than one. The remaining receptors all had NOAEL and LOAEL HQs less than one. 
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4.7 Risk Evaluation 
The potential for adverse effects associated with the COPCs identified in Section 4.6 and 
Table 4-18 are evaluated in this section. 

4.7.1 Aquatic Habitats 
Aquatic habitat at SMWU 2B consists of a drainage ditch which conveys surface runoff from 
the site. The ditch also receives water from other sites at NASO. Groundwater discharges to 
the ditch, which maintains a perennial base flow. 

At SWMU 2B, not all media were sampled for the same analytes. The following table shows 
which media were analyzed for which groups of chemicals. 

Sampling Analyses Conducted in Media at SWMU 28 

Media Groundwater Surface Water Sediment Surface Soil 

vocs X X X X 

svocs X X X 

Pesticides 

PCBs 

lnorganics (metals) 

X X 

X X 

X X 

Due to limited available analytical information for surface water and sediments, it was not 
possible to draw concrete conclusions as to possible risk in surface water and sediments. 
However, based on the information that is available, the following conclusions have been 
drawn. 

There is no significant transport of VOCs via groundwater to surface water or sediment at 
SWMU 2B. The four VOCs that were detected in groundwater were not detected in surface 
water or sediment samples. 

Surface water was not analyzed for SVOCs, pesticides, or PCBs. However, there were no 
exceedences based on detected concentrations for these analytes in either groundwater or 
surface soils. Therefore, possible migration of these analytes from these media to surface 
water is not expected to occur. 

Two metals exceeded screening values in groundwater. Surface water was not analyzed for 
metals, so possible migration from groundwater to surface water is unknown. Additional 
soil sampling that is planned as part of the Feasibility Study will address possible metal 
contamination in soils. This data may be used in order to extrapolate information as to 
whether or not metals in soils are migrating to surface water and sediments through surface 
runoff. Possible contamination to sediments and surface water from pesticides and PCBs is 
unknown. 

Fourteen detected chemicals (13 were PAHs) exceeded screening values in the sediment. All 
of these chemicals had HQs under ten except fluorene, whose HQ was 16.84. However, total 
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PAHs from the three most recent sediment samples (taken in 1999) did not exceed sediment 
screening values for total PAHs (SD-01 and SD-02) or were only marginally over one (HQ of 
1.06, SD-04) (Table 4-19). Although two of the three older samples (collected from the same 
locations as the 1999 samples) exceeded sediment screening values based on total PAHs, 
PAHs were not detected in one of these samples (SD-l) and were not detected in the 
duplicate of the second (SD-30). The HQ for the third sample (SD-4) was 3.38 (Table 4-19). 

Based on the most recently collected samples (1999), the area of concern for PAH 
exceedences is limited to sediments in the vicinity of sample SD-01, where four PAHs 
exceeded the screening values, acenaphthene (HQ of 4.6), butlybenzylphthalate (HQ of 
l.Ol), fluorene (HQ of 3.2), and phenanthrene (HQ of 2.0). There were no exceedences at 
location SD-02 and only one exceedence at location SD-04 (for butylbenzylphthalate, HQ of 
2.4). Therefore, there is a small section of the ditch located between samples OW2B-SD01 
and OW2B-SD02 and the immediate area near SD-04 where there may be some risk to 
aquatic invertebrates. In addition, no chemicals exceeded ingestion-based screening values 
for the aquatic upper trophic level receptors evaluated. 

Risks to aquatic receptors at SWMLJ 2B are low to negligible for VOCs. Risks to aquatic 
receptors for SVOCs (other than PAHs), PCBs, pesticides, and metals are unknown. Risk is 
present in the sediments for PAHs. 

4.7.2 Terrestrial Habitats 
Six inorganic compounds (aluminum, chromium, iron, lead, mercury, and vanadium) 
exceeded screening values based on detected concentrations in surface soils. Four of these 
metals (aluminum, chromium, iron, and vanadium) exceeded the screening values in each 
sample collected, thus indicating a potential risk to soil invertebrates and plants throughout 
the site. However, the other two metals (lead and mercury) were present at concentrations 
exceeding their screening levels in only one sample (SS-OZ), thus indicating a localized 
potential risk to soil invertebrates and plants in the vicinity of this sampling location. 

To evaluate the potential significance of these exceedences, on-site soil concentrations are 
compared to background surface soil concentrations developed as part of the SWMU 15 
Biopile ecological evaluation (CH2M HILL 2000d). Maximum and mean background 
concentrations were compared to on-site concentrations. Based on this evaluation 
(Table 4-20), only on-site concentrations of chromium, lead, and mercury exceeded 
background soil concentrations for both maximum and mean values. 

Aluminum, iron, lead, and vanadium exceeded ingestion-based screening values based on 
NOAELs for the short-tailed shrew. Chromium and lead exceeded ingestion-based 
screening values based on NOAELs for the American robin and the American kestrel. Only 
the lead HQ for the robin exceeded one (1.2) based on the LOAEL. 
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4.8 Risk Conclusions 
Conclusions drawn from the above analyses are: 

Groundwater 
l Mean concentrations of two metals (iron and manganese) were detected at levels above 

the screening values; however, these are likely not site-related chemicals. 

l Both metals exceeded the screening values in each sample, thus indicating their presence 
at similar concentrations throughout the site. 

l No VOCs exceeded screening values. 

l Four VOCs were detected (chloroethane, ethane, ethene, and methane) for which no 
screening values were available. 

Based upon the above lines of evidence, it is unlikely that COPC concentrations in 
groundwater pose a site-related ecological risk for VOCs when discharging into surface 
water. Potential for metals in groundwater to discharge to surface water is unknown 
because surface water was not sampled for metals. 

This conclusion is qualified for the site-related COPCs for which no screening values ‘were 
available. The potential for these chemicals to be present at concentrations that could 
adversely affect ecologica receptors is unknown and is not able to be evaluated due tlo the 
lack of screening values. 

Surface Water 
l No VOCs were detected at mean concentrations above the screening values. 

l Surface water was not analyzed for SVOCs, pesticides, or PCBs. However, there were no 
exceedences based on detected concentrations for these analytes in either groundwater 
or surface soils. Therefore, possible migration of these analytes from these media to 
surface water is not expected to occur. 

l Metals were not analyzed for in the surface water samples, therefore some metals 
COPCs may be present in the surface water, however they are likely not site-related 
since the only metal that exceeded screening values in the groundwater were non site- 
related iron and manganese. 

Based upon the above lines of evidence, it is unlikely that COPC concentrations in surface 
water pose a site-related ecological risk. Since metals were not analyzed for in the surface 
water, some uncertainty exists in this conclusion. However, based on the results of the 
groundwater screening, any metals present in the surface water are likely not-site related. 

Sediment 
l No VOCs were detected in any of the sediment samples. 

l The mean concentrations of 14 detected chemicals (13 PAWS and butylbenzylphthalate) 
exceeded screening values in the sediment. 

WDCOi2210058.DOC/KTM/FlNAL 4-11 



4.0 - SWMU 28. LINE SHACK DISPOSAL AREA 

l The spatial distribution of exceedences (based on the most recently collected data) 
indicated that the presence of all but one chemical (butylbenzylphthalate) was limited to 
the upper part of the ditch (near location SD-01). 

0 Two SVOCs were detected (1-methylnaphthalene and carbozole) for which no screening 
values were available. 

e Although PAHs were detected in the sediment samples, levels were below the screening 
value for Total PAHs. 

* Based upon the above lines of evidence, there is a small section of the ditch located 
between samples OW2B-SD01 and OW2B-SD02 and the immediate area near SD-Q4 
where there may be some risk to aquatic invertebrates. If a removal action for sediments 
was conducted, there is a high probability of the ditch being recontaminated from the 
storm water draining from non-point sources (parking lots, roads, and other impervious 
surfaces). In addition, removing sediments may do more harm to ecological receptors 
and the surrounding habitat than will be gained from the removal, particularly when 
storm water runoff from the surrounding area will likely recontaminate the ditch 
following any removal action. 

* This conclusion is qualified for the two COPCs for which no screening values were 
available. The potential for these chemicals to be present at concentrations that could 
adversely affect ecological receptors is unknown and is not able to be evaluated due to 
the lack of screening values. 

Soil 
* Six metals (aluminum, chromium, iron, lead, mercury, and vanadium) exceeded 

screening values based on detected concentrations in surface soils. Three of these metals 
(aluminum, iron, and vanadium) were measured at concentrations similar to 
background. 

0 Lead and mercury were present at concentrations exceeding their screening levels in 
only one sample (SS-02), thus indicating a localized potential risk to soil invertebrates 
and plants in the vicinity of this sampling location. 

* Three SVOCs (butylbenzylphthalate, di-n-octylphthalate, and bis(2-thylhexyl)phthalate) 
and one VOC (acetone) were detected for which no screening values were available. 

* Based upon the above lines of evidence, it is likely that concentrations of chromium, 
lead, and mercury in soil pose a site-related ecological risk. It is unlikely that any of the 
other chemicals detected in the soil pose an ecological risk. This conclusion is qualified 
for the four COPCs for which no screening values were available. The potential for these 
chemicals to be present at concentrations that could adversely affect ecological receptors 
is unknown and is not able to be evaluated due to the lack of screening values. 
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Food Web 
l Aluminum, chromium, iron, lead, and vanadium exceeded ingestion-based screening 

values for terrestrial receptors based on the NOAEL. Only the estimated dosage of lead 
for robin exceeded the LOAEL dosage. 

Based upon the lines of evidence above, potential site related risk to terrestrial organisms 
exist at SWMU 2B. It is recommended that additional data be collected and evaluated1 in a 
Feasibility Study in order to verify and delineate the metal concentrations in the soils. 
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5.0 SWMU 11 - Fire-Fighting Training Area 

SWMU 11 consists of two fire-fighting training rings and their immediate surroundings. The 
site is on the west side of NAS Oceana at the intersection of two abandoned runways 
(Figure l-l). From the early 1960s until the mid-197Os, two fire-fighting practice sessions 
were conducted each weekend as part of training exercises (RGH, 1984). Waste oil, fuel, 
chlorinated and aromatic hydrocarbons, and hydraulic fluid were poured into the center of 
the abandoned runway, ignited, and extinguished. This burning was believed to have taken 
place between the two rings due to burn marks and scarring on the runway that show up on 
historical aerial photographs. 

In the mid-197Os, a fire pit with an earthen outer berm was built (RGH, 1984). Discussions 
with officials from the Public Works Department indicated that the waste fuels and water 
would occasionally flow over the earthen berm onto surrounding soils (R.E. Wright 
Associates, 1983). 

A second fire ring with a concrete outer berm was constructed approximately 100 feet north 
of the old ring where jet fuel was burned for fire-fighting training. This ring had an oil- 
water separator system (RGH, 1984). Waste oils flowed from the oil-water separator into 
two adjacent USTs (1,000 gallon fiberglass and 10,000 gallon steel). When the USTs became 
full, the waste oils were transferred to an adjacent 15,000 gallon AST. 

Ignitable materials used in the training fires, in addition to the wastes listed above, included 
paint, paint thinners and strippers, naptha, and I’D 680 (degreaser) (RGH, 1984). 

In January and February 1995, the two rings, berms, and adjacent soils were removed to a 
depth of approximately one foot (Figure 5-l). Confirmatory samples were collected to 
ensure TPH remediation goals were met. Soils were transferred to an approved landfill. 

Both USTs, the oil-water separator, and the AST were removed in June of 1995 (Figurle 5-l). 
Approximately 230 tons of soil were excavated during the removal of the two USTs. 
Contaminated soils were separated from uncontaminated soils using an organic vapor 
analyzer. Contaminated soils (170 tons) were transferred to and disposed of at an approved 
landfill. There are no known occurrences of leaks or spills or stained soils or stressed 
vegetation associated with the AST. 

The tarmac between the two fire rings was broken up and crushed as part of the overall 
tarmac restoration project at Oceana. The area was then covered with soils from the 
SWMU 15 biopiles (Figure 5-l). 

The IAS reported that an area directly west of the fire training pits on the west side of the 
abandoned runway was used for the disposal of waste fuels and lubricants by land farming 
(R.E. Wright Associates, 1983). Land farming entailed spreading hydrocarbon products over 
a large area, followed by tilling the soil to enhance volatilization and biodegradation. 
However, it could not be confirmed that the land farming occurred from a review of aerial 
photographs, however, it is believed that the wetland is site of this land farming. 
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5.1 Screening-Level Problem Formulatio 
As described in Section 3.1, in the screening-level problem formulation: (1) the 
environmental setting of a site is characterized in terms of the habitats and biota known or 
likely to be present; (2) the types and concentrations of chemicals that are present in 
ecologically relevant media are characterized; (3) a conceptual model is developed for the 
site that describes potential sources, potential transport pathways, potential exposure 
pathways and routes, and potential receptors; and (4) assessment endpoints, measurement 
endpoints, and risk hypotheses are selected to evaluate those receptors for which complete 
and potentially significant exposure pathways are likely to exist. These components of the 
problem formulation are developed for SWMU 11 in this section. In addition, the fate, 
transport, and toxicological properties of the chemicals present a% a site are also considered 
during the problem formulation process (see Sections 5.4.2 and 5.4.3). 

5.1 .l Environmental Setting 
Portions of the immediate area around SWIvIU 11 (Figure 5-l) consist of impervious 
concrete; however, this concrete was crushed in place to allow for infiltration. Following the 
concrete crushing operation, soils from the SWMU 15 biopiles were spread over %he areas to 
promote the growth of vegetation. Grasses dominate the surrounding area to the east. A 
wetland is located west of the training rings and the former AST (Figure 5-l). During a site 
visit in November 1999, no standing water was present. In December 1999, there was an 
area of standing water approximately 8 to 10 feet in diameter with the deepest portion being 
3 to 5 inches deep. There were several rainstorms in the area prior to that sampling event 
and the ponded water at the site remained from the rain events. Water from storm events 
percolates into the ground and does not remain on the site long after a rain even%. At the 
time of sampling, it was only possible to collect one surface water sample. Soft rush (Juncus 
e&sus), wool grass (Scirpus cyperinus), spike rush (Eleocharis sp.), and water purslane 
(Ludwigia palustuis) dominate the wetland. The remaining area west of the site is comprised 
of old field and mowed grass. Groundwater level measurements taken during the Phase I 
RF1 show that groundwater flow is to the southwest. Groundwater does not discharge to the 
wetland. The near-surface geology consists of a 5- to lo-foot thick layer of sandy clays with 
silty sands and clays. This layer is underlain by lo- to 1Zfoot thick layer clean sand with 
coarse grains. 

5.1.2 Summary of Available Analytical Data 
As stated in Section 1.0, SWMU 11 was identified as requiring no further action for 
ecological consideration under the previous RCRA investigations. Wowever, as part of an 
agreement between the Navy and the EPA, this ERA at SWMU 11 has been conducted 
utilizing as much of the previous RCRA investigation data as feasible. Therefore, there may 
be differences in the classes of chemicals analyzed for in the various site media. These 
differences were considered in the development of a sampling plan to collect new data for 
significant data gaps and the effects of which are addressed in the uncertainties section. 

The data used in this ERA was obtained from multiple sources as described below. Data 
that were used are presented in Tables 5-l through 5-3 and are contained in Appendix A. 
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The Phase I RF1 (CH2M HILL, 1993) investigated the extent of groundwater and soil 
contamination at SWMU 11. No VOCs or SVOCs were detected in groundwater. All of the 
trace metals detected in groundwater were a% or near the detection limit. Total petroleum 
hydrocarbons (TPH), VOCs, and metals were detected in the surface and subsurface soil 
samples, however, VOC and metal concentrations were present at or near the detection 
limit. 

Additional groundwater and soil samples were collected during the CMS (CH2M HILL, 
1994). Benzene and PAHs were detected at one shallow groundwater well. The soil data 
showed that there is no apparent contamination in the former fuel farm area but there are 
high TPH levels northeast of the northern training ring and southeast of the southern 
training ring. 

One surface water and three surface sediment samples were collected from the wetland in 
December 1999 to be used in the ERA. The two additional proposed surface water samples 
were not collected due to the small amount of surface water present at these locations a% the 
time of sample collection. Figure 5-l shows the locations of the samples used in the ERA at 
SWMU 11. 

5.1.3 Preliminary Conceptual Model 
The preliminary conceptual model for SWMU 11 is shown on Figure 5-2. 

5.1.3.1 Exposure Pathways 
At SWMU 11, waste fuel and other liquid wastes were burned as part of fire-fighting 
training activities. Overflow from the training rings contaminated surface and subsurface 
soils. Precipitation leaching through the soils to the water table may have transported the 
contaminants to the groundwater as indicated by the contaminants detected (benzene and 
PAHs) in one shallow groundwater well during the CMS. Groundwater level measurements 
show that groundwater flow is southwest in the direction of an emergent wetland. 
Groundwater level measurements show that groundwater is 6 feet below ground. 
Therefore, groundwater is not discharging to the wetland. Water is only present in the 
wetland area for a few days after significant storm events. During the sampling efforts in 
December 1999, it was only possible to collect one surface water sample after several storms 
had recently moved through the area. Therefore, the wetland is not considered to be a 
significant exposure pathway because exposure to aquatic habitats via surface water is 
minimal. However, surface water was evaluated in both direct exposure and ingestion- 
based exposure calculations. 

Groundwater at SWMU 11 flows towards SWMU 1. Because groundwater does not 
discharge at SWMU 11 and groundwater contamination has already been evaluated at 
SWMU 1 (13 samples analyzed for volatiles and semivolatiles), groundwater was not 
evaluated a% this site. Five of the monitoring wells at SWMU 1 receive groundwater flow 
from the direction of SWMU 11 (CH2M HILL 2000b). Therefore the long-term monitoring of 
groundwater from these wells will also address chemicals in the groundwater from 
SWMU 11. 

The wetland may also receive contaminants via surface water runoff from exposed or 
eroding surface soils during heavy precipitation. Habitats at SWMU 11 include old field, 
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mowed grass, and the emergent wetland to the west of the site. Ecological receptors 
utilizing these habitats can be exposed to chemicals in surface soil, surface sediment, and 
surface water via direct exposure pathways (including ingestion and direct contact) or via 
food-chain transfer of chemicals that bioaccumulate. 

. . 

5.1.3.2 Endpoints and Risk Hypotheses 
Preliminary assessment endpoints, risk hypotheses, and measurement endpoints (Table 5-4) 
are developed for SWMU 11 based on the preliminary conceptual model (Figure 5-2) and 
the complete exposure pathways identified therein. These endpoints/ hypotheses were 
selected from the generic set developed in Section 3.1.1.2. Table 5-4 also identifies specific 
receptor species or groups associated with each endpoint. These receptors are discussed in 
more detail in Section 5.3.1. 

5.2 Screening-Level Effects Evaluatio 
The purpose of the screening-level effects evaluation is to establish chemical exposure levels 
(screening values) that represent conservative thresholds for adverse ecological effects. The 
medium-specific screening values developed in Section 3.21 and Table 3-2 for fresh surface 
water, freshwater sediment, and surface soil are used in this section to evaluate the 
maximum concentrations in these media at SWMU 11. The relevant chemical-specific 
screening values are shown in Tables 5-5 (surface water), 5-6 (sediment), and 5-7 (surface 
soil). Ingestion screening values for dietary exposures to upper trophic level receptors via 
the food web are discussed in Section 5.3.3. 

5.3 Screening-Level Exposure Estimate 
Maximum concentrations in surface water, sediment, and surface soil were used to 
conservatively estimate potential chemical exposures for ecological receptors at SWMU 11. 
For conservatism, the maximum measured value for chemicals that were analyzed for, but 
not detected, was also compared to medium-specific screening values (see Section 3.3). 

Exposures for upper trophic level receptor species via the food web were determined by 
estimating the chemical-specific concentrations in each dietary component using uptake and 
food web models (see Section 3.3.3). Incidental ingestion of soil or sediment was also 
included when calculating the total level of exposure, as was direct ingestion of surface 
water. Maximum surface soil, sediment, and/ or surface water concentrations were used in 
all calculations to provide a conservative assessment. 

53.1 Selection of Receptor Species 
Receptor species used in the SWMU 11 evaluation are identified in Table 5-4. These species 
or species groups were selected based on complete exposure pathways identified in the 
conceptual model, the specific habitats present on the site, the biota known or likely to occur 
on the site (see Section 2), and the selected assessment endpoints. The general criteria for 
receptor selection were identified in Section 3.3.2. Receptor profiles are provided in 
Appendix B. 
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5.3.2 Exposure Estimation 
Upper trophic level receptor exposures to chemicals in surface soil, surface water, and 
sediment were determined by estimating the concentration of each chemical in each relevant 
dietary component. Incidental ingestion of soil or sediment was included when calculating 
the total exposure. Exposure via drinking water was included in the food web model since 
SWMU 11 contains a potential freshwater drinking source. 

5.3.2.1 Exposure Point Concentrations 
Maximum measured media concentrations are used as exposure point concentrations for 
exposure estimation and food web modeling. Dietary concentrations (concentrations in 
plants, soil invertebrates, small mammals, and aquatic invertebrates that are eaten) for 
terrestrial and aquatic consumers were estimated using bioaccumulation models and 
maximum measured media concentrations. The methodology and models used to derive 
these estimates are described in Section 3.3.3.1. 

5.3.2.2 Dietary Intakes 
Dietary intakes were calculated for each upper trophic level receptor species using the 
methods discussed in Section 3.3.3.2. 

5.3.3 Ingestion Screening Values 
Ingestion screening values for mammals and birds were developed in Section 3.3.4 and are 
summarized in Tables 3-3 and 3-4, respectively. 

5.4 Screening-Level Risk Calculation 
The screening-level risk calculation for SWMU 11 compares the maximum exposure 
concentrations in site surface water, sediment, and surface soil, and the maximum exposure 
doses for the upper trophic level receptor species, with the corresponding screening values 
to derive screening risk estimates using the hazard quotient (HQ) method (see Section 3.4). 
Chemicals with HQs greater than or equal to 1.0 are retained as Chemicals of Potential 
Concern (COPCs) in the SERA. 

5.4.1 Selection of Chemicals of Potential Concern (COPCs) 

5.4.1.1 Surface Water 
Maximum surface water concentrations are compared to screening values for fresh surface 
water in Table 5-5. Based on this comparison, 13 inorganic chemicals had HQs exceeding 
one based on detected concentrations and were identified as COPCs. 

Six undetected PCBs and twelve undetected pesticides had HQs exceeding one based on 
maximum reporting limits. These 18 chemicals were retained as COPCs (Table 5-5). No 
PCBs or pesticides were detected in surface water. 

Nine undetected SVOCs had HQs exceeding one based on maximum reporting limits. 
Twenty undetected SVOCs were retained as COPCs because screening values were not 
available (Table 5-5). No detected SVOCs were retained as COPCs. 
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One undetected VOC had a HQ exceeding one based on its maximum reporting limit and 
was retained as a COPC. Three undetected VOCs were retained as COPCs because 
screening values were not available (Table 5-5). No detected VOCs were retained as COPCs. 

5.4.1.2 Sediment 
Maximum sediment concentrations are compared to screening values for freshwater 
sediments in Table 5-6. Based on this comparison, one inorganic chemical (lead) had a HQ 
exceeding one based on a detected concentration and three undetected inorganic chemicals 
had HQs exceeding one based on maximum reporting limits. These four chemicals were 
retained as COPCs. Two detected inorganic chemicals were retained as COPCs because 
screening values were not available. 

Seven undetected PCBs and six undetected pesticides had HQs exceeding one based on 
maximum reporting limits. These 13 chemicals were retained as COPCs (Table 5-6). No 
PCBs or pesticides were detected in sediments. 

Fourteen undetected SVOCs had HQs exceeding one based on maximum reporting limits. 
Thirty undetected SVOCs were retained as COPCs because screening values were not 
available. All 44 chemicals were retained as COPCs (Table 5-6). No detected SVOCs were 
retained as COPCs. 

One undetected VOC (ethylbenzene) had a HQ exceeding one based on its maximum 
reporting limit and was retained as a COPC. Thirty-one VOCs were retained as COPCs 
because screening values were not available (Table 5-6). Of these 31 VOCs, only one 
(bromochloromethane) was actually detected. 

5.4.1.3 Surface Soil 
Maximum surface soil concentrations are compared to screening values for surface soil in 
Table 5-7. Based on this comparison, 14 undetected SVOCs had HQs exceeding one based 
on maximum reporting limits. Two undetected SVOCs lacked screening values. These 16 
chemicals are retained as COPCs (Table 5-7). No SVOCs were detected in SWMU 11 surface 
soils. 

Nineteen VOCs were retained as COPCs because screening values were not available 
(Table 5-7). Of these 19 VOCs, only one (acetone) was actually detected. Other than acetone, 
no detected VOCs were retained as COPCs. 

5.4.1.4 Food Web Exposures 
Maximum exposure doses for each receptor species are compared to ingestion screening 
values in Table 5-8. HQs for the raccoon (based on NOAELs) exceeded one for antimony 
(2.89), iron (1.14), and vanadium (1.35). HQs based on LOAELs were less than one. HQs for 
the mallard (based on NOAELs) exceeded one for lead (4.09), mercury (6.74), and selenium 
(1.30). HQs based on LOAELs were less than one. HQs for the marsh wren (based on 
NOAELs) exceeded one for aluminum (3.15), cobalt (2.87), iron (9.61), lead (7.05), aroclor- 
1221 (1.67), aroclor-1248 (1.87), aroclor-1254 (1.87), aroclor-1260 (1.87), di-n-butylphthalate 
(1.51) and hexachlorobenzene (2.07). HQs based on LOAELs were less than one. 
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5.4.2 Fate and Transport Mechanisms of the COPCs 
The fate and transport mechanisms of the COPCs are discussed in Section 3.4.2 and 
described in Appendix C. 

5.4.3 Mechanisms of Toxicity for the COPCs 
The mechanisms of toxicity for the COPCs are described in Appendix C. 

5.5 Screening-Level Risk Conclusions 
COPCs were identified in each media evaluated. These COPCs are summarized in Table 5-9. 
In surface water, 13 inorganic chemicals were retained as COPCs based on maximum. 
detected concentrations although half of these have HQs of less than ten. Nine SVOCs, one 
VOC, six PCBs, and twelve pesticides were retained as COPCs based on maximum 
reporting limits. None of the 20 chemicals that were retained because screening levels were 
not available were detected in surface water samples. 

In surface sediments, only one inorganic (lead) was retained as a COPC based on a detected 
concentration and its HQ was below two. The three inorganic chemicals that were retained 
based on maximum reporting limits all have HQs below three. None of the PCBs that were 
retained as COPCs were detected and all had HQs of less than five. Undetected pesticide 
HQs (based on maximum reporting limits) ranged from 1.36 to 9.03. No VOCs or SVOCs 
were retained as COPCs based on detected concentrations. Undetected HQs (based on 
maximum reporting limits) ranged from 1.2 to 48.2. 

Maximum HQs from food web exposures for metals all had NOAEL HQs less than 10. Four 
PCBs and two SVOCs had NOAEL HQs greater than or equal to 1.0 (all were below 3.0). 

In summary, potential ecological risks based on observed surface water, surface sediment, 
and surface soil concentrations exist at SWMU 11. Since one or more COPCs were identified 
in each media evaluated during the screening process, additional evaluation in Step 3 is 
recommended for this SWMU. 

5.6 Refined (Step 3A) Risk Characterization 
Based on the results of the SERA, the assessment endpoints, measurement endpoints, and 
risk hypotheses have been modified for the Step 3A evaluation (Table 5-10). Modifications 
include dropping assessment endpoints for which no unacceptable risk (as defined by no 
HQs equal to or greater than 1.0) was found during the SERA and modifying the 
measurement endpoints to reflect the assumptions and methods used in the Step 3A 
evaluation (see Section 3.5). 

Refined medium-specific screenings for surface water, sediment, and surface soil are 
presented in Tables 5-11,5-12, and 5-13, respectively. Receptor species HQs associated with 
Step 3A food chain modeling are provided in Table 5-14. Results of the recalculation of risk 
estimates are discussed by media type below. 
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5.6.1 Surface Water 
Mean chemical concentrations in surface water are compared to surface water screening 
values in Table 5-11 (maximum concentrations are used if the mean concentration exceeded 
the maximum). Thirteen inorganic compounds exceeded screening values. HQs ranged 
from 2.37 to 53.6. 

5.6.2 Sediment 
Mean chemical concentrations in sediment are compared to screening values in Table 5-12 
(maximum concentrations are used if the mean concentration exceeded the maximum). No 
chemicals exceeded screening values based on detected concentrations. TWQ detected metals 
were retained as COPCs because no screening values were available. 

5.6.3 Surface Soil 
Mean chemical concentrations in surface soil are compared to screening values in 
Table 5-13. No chemicals exceeded screening values based on detected concentrations. TP 
and acetone were detected and were retained as COPCs because no screening values were 
available. 

5.6.4 Food Web Exposures 
Mean exposure doses for each receptor species are compared to ingestion screening values 
in Table 5-14. HQs for the marsh wren (based on NOAELs) exceeded one for iron (4.41) and 
lead (2.36). HQs based on LOAELs were less than one. The remaining receptors all had 
NOAEL and LOAEL HQs less than one. 

5.7 Risk Evaluation 
The potential for adverse effects associated with the COPCs identified in Section 5.6 and 
Table 5-15 are evaluated in this section. 

5.7.1 Aquatic Habitats 
Aquatic habitats at SWMU 11 consist of one small emergent wetland. The wetland only 
holds water after storm events. At the time of sampling, only enough water was available to 
take one sample. 

Thirteen inorganic compounds exceeded screening values in surface water but no detected 
chemicals exceeded sediment screening values. It is likely that the exceedences in surface 
water were due to high levels of suspended solids in the samples given the shallow depths 
of water present during sampling. Although filtered surface water data for these metals 
were not available to test this hypothesis, visual observation of the water suggested high 
suspended solids were present. Only two inorganic compounds (iron and lead) exceeded 
ingestion based screening values for the marsh wren. Both NOAEL HQs were under five, 
and LOAEL HQs were less than one. 
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5.7.2 Terrestrial Habitats 
No chemicals exceed surface soil screening values or ingestion based screening values at 
SWMU 11. Therefore, risks to terrestrial receptors at SWMU 11 are considered negligible. 

5.8 Wisk Conclusions 
Conclusions drawn from the above analyses are: 

Surface Water 
e Thirteen inorganic compounds exceeded screening values in the surface water sample, 

however, inorganic compounds in the corresponding sediment samples did not exceed 
screening values. 

l No other chemicals exceeded the screening values. 

l The presence of considerable suspended solids in the unfiltered sample likely 
contributed to the inorganic exceedences. 

l Surface water is only present in the wetland after significant storm events. Therefore, 
any potential risk associated with surface water in the wetland is expected to be low 
because of this insignificant exposure pathway to aquatic organisms. 

Based upon the above lines of evidence, it is unlikely that COPC concentrations in surface 
water pose a site-related ecological risk. 

Sediment 
l The mean concentrations of none of the chemicals detected in the sediment exceelded the 

screening values. 

l Lead was the only chemical detected for which the maximum concentration exceeded its 
screening value in sediments. It was detected in three samples, however, only one of the 
three samples exceeded the screening value. The maximum concentration (SD-03:) was 
72.3 mg/ kg. This’was the only sample which exceeded the sediments screening value, 
thus indicating a localized potential risk in the vicinity of this sample. Mean 
concentrations of lead in the wetland did not exceed screening values. 

l As the wetland does not hold water for significant amounts of time, the site likely 
provides suitable habitat for terrestrial invertebrates. In order to investigate this risk, the 
maximum concentration of lead at sample SD-03 was compared to the ORNL values of 
50 mgl kg (plants) and 500 mg/ kg (earthworms). Lead concentrations were below the 
earthworm screening values showing that risk to invertebrates is not expected to occur 
at this site. Limited risk to terrestrial plants (HQ of 1.4 in this sample) may be present. 

l Three chemicals were detected (beryllium, thallium, and bromochloromethane) for 
which no screening values were available. 

9 Beryllium was detected in 2 of the three samples (SD-02 and SD-03) at 0.2 “g/kg. 

l Thallium was detected in 1 of the three samples at 0.8 “g/kg. 
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0 Bromochloromethane was detected in each sample at 50 pg/kg. 

l Based upon the above lines of evidence, it is unlikely that COPC concentrations in 
sediment pose a site-related ecological risk. This conclusion is qualified for the CQPCs 
for which no screening values were available. The potential for these chemicals to be 
present at concentrations that could adversely affect ecological receptors is unknown 
and is not able to be evaluated due to the lack of screening values. 

Soil 
* No chemicals exceeded screening values based on detected concentrations. 

* TPH and acetone were detected, but did not have screening values available. 

* Acetone was detected in only one sample (SS-IO) and is a common laboratory 
contaminant. 

* TPH was detected in each sample, with a range of I4 to 607 pg/kg. 

l Based upon the above lines of evidence, it is unlikely that any of the chemicals detected 
in the soil pose an ecological risk. This conclusion is qualified for the COkCs for which 
no screening values were available. The potential for these chemicals to be present at 
concentrations that could adversely affect ecological receptors is unknown and is not 
able to be evaluated due to the lack of screening values. 

Food Web _ 

0 HQs for the marsh wren (based on NOAELs) exceeded one for iron (4.41) and lead 
(2.36). HQs for the marsh wren (based on LOAELs) were less than one for iron (0.4) and 
lead (0.2). 

HQs based on NOAELs exceeded 1.0 for lead across an area of about 20,000 square feet, 
representing less than one-half acre of wren habitat. 

In consideration of the lines of evidence, potential risks to terrestrial organisms utilizing 
SWMU 11 are expected to be low to negligible based on the lack of screening value 
exceedences. Potential risks to aquatic organisms utilizing SWlvIU 1P are expected to be low 
to negligible. Although though there were exceedences based on metals, it is likely that the 
exceedences in surface water were due to high levels of suspended solids in the samples 
given the shallow depths of water present during sampling. In addition, any potential risk 
associated with surface water in the wetland is expected to be low, because of this 
insignificant exposure pathway to aquatic organisms. No COPCs exceeded ingestion-based 
screening values based on LOAELs for the wetland/aquatic receptors evaluated. 

In conclusion, further evaluation of SWMU 11 is not recommended and there is adequate 
information to conclude no need for remediation. 
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6.0 SWMU 16 - Pesticide Storage Area 

SWMU 16 consists of a pesticide storage area adjacent to the pesticide shop at Building 821 
in the Public Works Compound (Figure l-l). The IAS stated that rinse water from the 
pesticide mixing tank was discharged directly onto the ground near Building 821 between 
1968 and 1982 (RGH, 1984). The pesticides and herbicides used at this site included 2,4-D, 
2,4,5-T, baygon heptachlor, malathion, dursban, nibaryl, aldrin, chlordane, bromacil, 
warfarin, and DDT. Releases may have resulted from washing out pesticide containers and 
equipment during the 15-year life of the pesticide shop. 

6.1 Screening-Level Problem Formulation 
As described in Section 3.1, in the screening-level problem formulation: (I) the 
environmental setting of a site is characterized in terms of the habitats and biota known or 
likely to be present; (2) the types and concentrations of chemicals that are present in 
ecologically relevant media are characterized; (3) a conceptual model is developed for the 
site that describes potential sources, potential transport pathways, potential exposure 
pathways and routes, and potential receptors; and (4) assessment endpoints, measurement 
endpoints, and risk hypotheses are selected to evaluate those receptors for which complete 
and potentially significant exposure pathways are likely to exist. These components of the 
problem formulation are developed for SWMU 16 in this section. In addition, the fate, 
transport, and toxicological properties of the chemicals present at a site are also considered 
during the problem formulation process (see Sections 6.4.2 and 6.4.3). 

6.1.1 Environmental Setting 
The pesticide storage area adjacent to Building 821 was located within a fenced, 
undeveloped, gravel lot (Figure 6-l). This area is currently paved. The area immediately 
adjacent to the storage area is composed of hard packed dirt and gravel and was used as a 
parking lot. This area is now fenced. Beyond the lot (south of the fenced area) is a small area 
of trees (red maple (Acer rubrum), tuliptree (Liviodendron tuZipfera)i American beech (Fagus 
grandifolia), sweet gum (Liquidamber styraciflua), bamboo, and southern red oak (Quercus 
falcata)) which surrounds a low-lying area. The lot slopes downward approximately 50 feet 
towards this low-lying area (Figure 6-l). Surface flow from the site flows into this low-lying 
area, which is approximately 20 feet wide by 60 feet long, and ponds for varying periods of 
time. No vegetation is present in the ditch itself. Although the water depth was 
approximately one foot at the time of the ecological study conducted in 1992, and 
approximately 6 to 8 inches during a site visit conducted in 1999, this area does not m.eet the 
criteria for classification as a wetland due to the lack of wetland vegetation in the ditch. At 
the time of the site visit in 1999, leaves were covering the bottom of the ditch and were 
floating on the water and the water appeared stagnant. No outlet from this area was 
observed. The closest surface stream is about 1,000 feet southwest of Building 821. Shallow 
soils on the site are silts, and sandy, lean clays. 
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6.1.2 Summary of Available Analytical Data 
As stated in Section 1.0, SWMU 16 was identified as requiring no further action for 
ecological consideration under the previous RCRA investigations. However, as part of an 
agreement between the Navy and the EPA, this ERA at SWMU 16 has been conducted 
utilizing as much of the previous RCRA investigation data as feasible. Therefore, there may 
be differences in the classes of chemicals analyzed for in the various site media. These 
differences were considered in the development of a sampling plan to collect new data for 
significant data gaps and the effects of which are addressed in the uncertainties section. 

Surface soil data (four samples) were collected from the gravel lot just northeast of 
Building 821 during the 1993 Phase I RFI. The Phase I RFI soil investigation determined that 
surface soil at Building 821 contained pesticides and metals. Organo-phosphorous pesticide 
and herbicide compounds were not detected in surface soil samples. The Phase I RFI 
recommended that no future RF1 or CMS activities be conducted based on human health 
concerns because the concentrations detected were low and did not pose a risk to human 
health. Due to the fact that the area in which these samples were collected is now paved and 
there is no exposure pathway or migration to downgradient habitats, these samples were 
not used in this ERA. 

Two surface soil samples and one surface water sample were collected in December 1999 
from the low-lying area located southwest of Building 821 (Figure 6-l). These samples were 
analyzed for pesticides and metals. Although the soil sample collected from the intermittent 
ponded area was labeled a sediment sample, it is treated as a surface soil sample in the ERA 
since this area is not a wetland, is only periodically wet, and does not support aquatic-type 
receptors. Pesticides and metals were detected in the soil samples while only metals were 
detected in the surface water sample. 

Figure 6-l shows the location of the samples used in the ERA. Data that were used in the 
ERA are summarized in Tables 6-l and 6-2, and are contained in Appendix A. 

6.1.3 Preliminary Conceptual Model 
The preliminary conceptual model for SWMU 16 is shown on Figure 6-2. 

6.1.3.1 Exposure Pathways 
At SWMU 16, pesticides were historically stored at Building 821. Rinse water from pesticide 
storage containers was discharged directly onto the ground near Building 821. A small low- 
lying area is located southwest of Building 821 and may have received surface water runoff 
from SWMU 16 during periods of heavy precipitation. The habitats present at SWMU 16 
include a small deciduous woodlot that contains a small low-lying area that periodically 
collects standing water. Soils in the parking lot immediately adjacent to Building 821 are not 
evaluated since potential exposures in this unvegetated area composed of hard-packed dirt 
and gravel are considered negligible. Although birds could use this area of the site 
infrequently, they would not use the area for feeding or any other significant life activity 
that would result in ecologically important exposure. Since water is not present in the low- 
lying area long enough for the soils to be considered sediments (they showed no evidence of 
hydric reduction), initially the “sediment” sample taken from the low-lying area in 1999 was 
treated as a surface soil sample in this ERA. However, because the water is sometimes 
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present, this sample was also screened against sediment screening values in Step 3 in order 
to determine any possible risk to aquatic invertebrates. In addition, in Step 3 the two surface 
water samples will be screened against water screening values in order to determine any 
possible risk to aquatic invertebrates. Since it is present at least intermittently, surface water 
is used as a drinking water input to the ingestion-based food web model. Ecological 
receptors utilizing these habitats can be exposed to chemicals in surface soil and surface 
water via direct exposure pathways (including ingestion and direct contact) or via food- 
chain transfer of chemicals that bioaccumulate. 

6.1.3.2 Endpoints and Risk Hypotheses 
Preliminary assessment endpoints, risk hypotheses, and measurement endpoints (Table 6-3) 
are developed for SWMU 16 based on the preliminary conceptual model (Figure 6-2) and 
the complete exposure pathways identified therein. These endpoints/ hypotheses were 
selected from the generic set developed in Section 3.1.1.2. Table 6-3 also identifies specific 
receptor species or groups associated with each endpoint. These receptors are discussed in 
more detail in Section 6.3.1. 

6.2 Screening-Level Effects Evaluation 
The purpose of the screening-level effects evaluation is to establish chemical exposure levels 
(screening values) that represent conservative thresholds for adverse ecological effects. The 
medium-specific screening values developed in Section 3.2.1 and Table 3-2 for surface soil 
are used in this section to evaluate the maximum concentrations in soils at SWMU 16. The 
relevant chemical-specific screening values for surface soils are shown in Table 6-4. 
Ingestion screening values for dietary exposures to upper trophic level receptors via the 
food web are discussed in Section 6.3.3. 

6.3 Screening-Level Exposure Estimate 
Maximum concentrations in surface soil were used to conservatively estimate potential 
chemical exposures for ecological receptors at SWMU 16. For conservatism, the maximum 
measured value for chemicals that were analyzed for, but not detected, was also compared 
to medium-specific screening values (see Section 3.3). 

Exposures for upper trophic level receptor species via the food web were determined by 
estimating the chemical-specific concentrations in each dietary component using uptake and 
food web models (see Section 3.3.3). Incidental ingestion of soil, and direct ingestion of 
surface water, was also included when calculating the total level of exposure. Maximum 
surface soil and surface water concentrations were used in all calculations to provide a 
conservative assessment. 

6.3.1 Selection of Receptor Species 
Receptor species used in the SWMU 16 evaluation are identified in Table 6-3. These species 
or species groups were selected based on complete exposure pathways identified in the 
conceptual model, the specific habitats present on the site, the biota known or likely to occur 
on the site (see Section 2), and the selected assessment endpoints. The general criteria for 
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receptor selection were identified in Section 3.3.2. Receptor profiles are provided in 
Appendix B. 

6.3.2 Exposure Estimation 
Upper trophic level receptor exposures to chemicals in surface soil and surface water were 
determined by estimating the concentration of each chemical in each relevant dietary 
component. Incidental ingestion of soil was included when calculating the total exposure. 
Exposure via drinking water was included in the food web model since SWMU 16 contains 
a potential freshwater drinking source, at least intermittently. 

6.3.2.1 Exposure Point Concentrations 
Maximum measured media concentrations are used as exposure point concentrations for 
exposure estimation and food web modeling. Dietary concentrations (concentrations in 
plants, soil invertebrates, and small mammals that are eaten) for terrestrial consumers were 
estimated using bioaccumulation models and maximum measured media concentrations. 
The methodology and models used to derive these estimates are described in Section 3.3.3.1. 

6.3.2.2 Dietary Intakes 
Dietary intakes were calculated for each upper trophic level receptor species using the 
methods discussed in Section 3.3.3.2. 

6.3.3 Ingestion Screening Values 
Ingestion screening values for mammals and birds were developed in Section 3.3.4 and are 
summarized in Tables 3-3 and 3-4, respectively. 

6.4 Screening-Level Risk Calculation 
The screening-level risk calculation for SWMU 16 compares the maximum exposure 
concentrations in site surface soil, and the maximum exposure doses for the upper trophic 
level receptor species, with the corresponding screening values to derive screening risk 
estimates using the hazard quotient (HQ) method (see Section 3.4). Chemicals with HQs 
greater than or equal to 1.0 are retained as Chemicals of Potential Concern (CQPCs) in the 
SERA. 

6.4.1 Selection of Chemicals of Potential Concern (C 

6.4.1 .l Surface Soii 
Maximum surface soil concentrations are compared to screening values for surface soil in 
Table 6-4. Based on this comparison, ten inorganic chemicals have HQs exceeding one based 
on detected concentrations and two undetected inorganic chemicals have HQs exceeding 
one based on maximum reporting limits. These twelve chemicals are retained as CQPCs. 

One pesticide (DDT) is retained as a COPC based on a detected concentration; its HQ is 1.10. 
Five additional undetected pesticides are retained as COPCs because screening values are 
not available (Table 6-4). 
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6.4.1.2 Food Web Exposures 
Maximum exposure doses for each receptor species are compared to ingestion screen.ing 
values in Table 6-5. HQs for the short-tailed shrew (based on NOAELs) exceeded one for 
14 inorganic chemicals and one pesticide (dieldrin). HQs for the meadow vole (based. on 
NOAELs) exceeded one for aluminum (2.73), arsenic (79.96), iron (1.81, mercury (2.53), and 
selenium (3.49). HQs for the red fox (based on NOAELs) exceeded one for barium (4.41), 
iron (1.29), and zinc (1.26). HQs for the American robin (based on NOAELs) exceeded one 
for eight inorganic chemicals. HQs for the American kestrel (based on NOAELs) exceeded 
one for aluminum (2.68), arsenic (2.68), cadmium (1.86), chromium (10.56), iron (2.9), and 
zinc (12.78). 

6.4.2 Fate and Transport Mechanisms of the COPCs 
The fate and transport mechanisms of the COPCs are discussed in Section 3.4.2 and 
described in Appendix C. 

6.4.3 Mechanisms of Toxicity for the COPCs 
The mechanisms of toxicity for the COPCs are described in Appendix C. 

6.5 Screening-Level Risk Conclusions 
COPCs were identified in the surface soils and in the food web modeling. These COF’Cs are 
summarized in Table 6-6. 

In surface soils, ten inorganic chemicals were retained as COPCs based on detected 
concentrations. HQs ranged from just over 1.0 to 320. One pesticide (DDT) was retained as a 
COPC based on a detected value, although its HQ was 1.10, and five additional pesticides 
were retained as COPCs because screening values were not available. 

Aluminum, arsenic, chromium, iron, mercury, and zinc all had NOAEL HQs greater than 
10). Dieldrin (2.14) was the only pesticide with a NOAEL HQ greater than or equal toI one. 

In summary, potential ecological risks based on observed surface soil concentrations ‘exist at 
SWMU 16. Since one or more COPCs were identified in this medium during the screening 
process, additional evaluation in Step 3 is recommended for this site. 

6.6 Refined (Step 3A) Risk Characterization 
Based on the results of the SERA, the assessment endpoints, measurement endpoints, and 
risk hypotheses have been modified for the Step 3A evaluation (Table 6-7). Modifications 
include dropping assessment endpoints for which no unacceptable risk (as defined by no 
HQs equal to or greater than 1.0) was found during the SERA and modifying the 
measurement endpoints to reflect the assumptions and methods used in the Step 3A 
evaluation (see Section 3.5). 

Refined medium-specific screenings for surface soils are presented in Table 6-8. Receptor 
species HQs associated with Step 3A food chain modeling are provided in Table 6-9. The 
results of the recalculation of risk estimates are discussed below. 
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6.6.1 Surface Soil 
Mean chemical concentrations in surface soil are compared to screening values in Table 6-8. 
Seven inorganic compounds (aluminum, chromium, copper, iron, silver, vanadium, and 
zinc) exceeded screening values based on detected concentrations. Mean HQs were 281,98, 
1.14,94.2,1.93,16.8, and 3.67, respectively. No pesticides were retained as COPCs, however 
4,4’-DDT was detected in both soil samples, but at concentrations below the screening value. 

6.6.2 Food Web Exposures 
Mean exposure doses for each receptor species are compared to ingestion screening values 
in Table 6-9. HQs for the short-tailed shrew (based on NOAELs) exceeded one for 
aluminum (11.20), arsenic (11.30), iron (5.39), and vanadium (2.31); HQs based on LOAELs 
were greater than or equal to one for aluminum (1.12) and arsenic (1.13). HQs for the 
meadow vole (based on NOAELs) exceeded one for aluminum (1.03) and arsenic (1.17); 
HQs based on LOAELs were all less than one. HQs for the American robin (based on 
NOAELs) exceeded one for zinc (1.19); HQ b s ased on LOAELs were all less than one. 
for the American kestrel (based on NOAELs) exceeded one for zinc (1.27); HQs based 8r-t 
LOAELs were all less than one. 

6.7 Risk Evaluation 
The potential for adverse effects associated with the COPCs identified in Section 6.6 and 
Table 6-10 are evaluated in this section. 

6.7.1 Terrestrial Habitats 
Seven inorganic compounds (aluminum, chromium, copper, iron, silver, vanadium, and 
zinc) exceeded screening values based on detected concentrations in surface soils. 
Aluminum, arsenic, iron, vanadium and zinc also exceeded ingestion-based screening 
values for terrestrial receptors based on the NOAEL. To evaluate the potential significance 
of these exceedences, on-site soil concentrations are compared to background surface soil 
concentrations developed as part of the SWMU 15 Biopile ecological evaluation 
(CH2M HILL, 2OOOd). Maximum and mean background concentrations were compared to 
on-site concentrations. 

Based on this evaluation (Table 6-ll), only chromium exceeds background for both the 
maximum and mean concentrations. However, chromium-containing compounds are not 
known to have been stored at this site (see Section 6.0) so this chemical is not likely to be 
site-related. Chromium concentrations in the sample collected in the low-lying were 
compared to both sediment and soil screening values in order to pinpoint risk to chromium. 
Concentrations of chromium in this sample fall below the sediment screening value of 
81 mg/kg showing no risk to aquatic invertebrates or plants. The screening value for soil 
invertebrates is 0.4 mg/kg. The screening values for terrestrial plants is 1.0 mg/kg. Both 
samples exceed the soil screening values. Therefore, there is potential for risk to terrestrial 
invertebrates and plants at both samples. However, there is no vegetation in the low-lying 
area where the samples were collected and the habitat for soil invertebrates in the low-lying 
area is poor due to the fact that there is water present part of the time. Due to the small size 
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of the ditch compared to the size available surrounding habitat, soil invertebrates would 
most likely be utilizing other areas. In addition, chromium has low bioavailability in soils. 

Silver was not compared to background data because background data were not available. 
However, the mean HQ from soil screening was less than two and HQs for silver from 
ingestion-based exposures were all substantially less than one. The silver concentration in 
the swale exceeded the soil screening value with an HQ of 3.4 showing a potential ris’k to 
soil invertebrates and plants in the swale. However, this swale is about 50 linear feet in a 
hard packed dirt area with limited vegetation and is not of exceptional habitat quality. 
Silver was not detected in the low-lying area. HQs from ingestion-based exposure were all 
below one for mammalian and avian receptors. In soils, silver tends to form complexies with 
inorganic chemicals and humic substances. As pH increases, silver solubility increases and 
subsequently mobility increases. However, because silver toxicity to microbial communities 
inhibits bacterial enzymes, biotransformation is not expected to be significant (ATSDR, 
1990). Silver can bioconcentrate in aquatic biota and bioaccumulate in plants and animals, 
but is not expected to biomagnify and food chain transfer is not expected to be significant 
(Luoma and Jenne, 1977).” 

Because surface water in the low-lying area is present intermittently, the sample collected in 
the low-lying area was also screened against sediment screening values in order to 
determine possible risk to aquatic invertebrates. Two metals (mercury and zinc) exceieded 
sediment screening values based upon detected concentrations. HQs were 1.0 and 1.1, 
respectively. Four pesticides (DDD, DDE, DDT, and alpha-chlordane) exceeded screening 
values based upon detected concentrations. HQs were 2.9, 7.3,16.5, and 1.6, respectively. 
Therefore, there is a potential risk to aquatic invertebrates in the sediments at SWMU 16 for 
these analytes. (There is no aquatic vegetation present in the low-lying area; therefore risks 
to aquatic plants are not present.) This area is limited in size (approximately 1,200 square 
feet or 0.03 acres). In addition, water is not present at all times, limiting the number a:nd 
variety of aquatic invertebrates that may use the site. 

Because surface water in the low-lying area is present intermittently, surface water samples 
were be screened in order to determine risks to aquatic invertebrates. Two analytes (iron 
HQ of 5.38 and manganese HQ of1.97) have HQs greater than or equal to one based on 
detected concentrations for the surface water sample collected in the low-lying area. All 
other analytes were undetected. Therefore, there is a potential risk to aquatic invertebrates 
in the water at SWMU 16 for these two metals. (There is no aquatic vegetation present in the 
low-lying area; therefore risks to aquatic plants are not present.) This area is limited in size 
(approximately 1,200 square feet or 0.03 acres). 

Thus, risks to ecological receptors at SWMU 16 are not likely to be significant. 

6.8 Risk Conclusions 
Conclusions drawn from the above analyses are: 

Soil 
l The maximum concentrations of ten metals exceeded screening values, with five of the 

metals exceeding screening in only one sample (SS-01). Of the metals that exceeded the 
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screening values in both samples, aluminum and chromium had the greatest 
exceedences (HQs of 320 and 130, respectively). 

. Seven metals (aluminum, chromium, copper, iron, mercury, silver, and vanadium) 
exceeded screening values based on mean detected concentrations in surface soils. 

. Arsenic HQ for maximum concentration was 1.5, but its HQ for the mean concentration 
was below one. 

* Only one of the metals (chromium) that exceeded the screening values was present at 
concentrations above maximum background concentrations. (Comparison to the 
maximum value versus the mean value is more appropriate because of a sample size of 
two samples.) Chromium exceeded the screening value in both samples, thus indicating 
a potential risk to soil invertebrates and plants throughout the site. However, since the 
other metals were present at concentrations similar to background, it is unlikely that 
they are posing a site-related threat to flora and invertebrates at the site. 

* Background data were not available for silver to allow a comparison with concentrations 
at the site. Silver was detected in only one location (SS-01). The mean HQ was 1.9. The 
silver concentration in the swale (SS-01) exceeded the soil screening value with an H 
3.4 showing a potential risk to soil invertebrates and plants. However, this swale is 
about 50 linear feet in a hard packed dirt area with limited vegetation and is not of 
exceptional habitat quality. Silver was not detected in the low-lying area. HQs from 
ingestion-based exposure were all below one for mammalian and avian receptors. In 
soils, silver tends to form complexes with inorganic chemicals and humic substances. As 
pH increases, silver solubility increases and subsequently mobility increases. However, 
because silver toxicity to microbial communities inhibits bacterial enzymes, biotrans- 
formation is not expected to be significant (ATSDR, 1990). Silver can bioconcentrate in 
aquatic biota and bioaccumulate in plants and animals, but is not expected to 
biomagnify and food chain transfer is not expected to be significant (Luoma and Jenne, 
1977). 

l There were no exceedences for pesticides in any of the soil samples, indicating that there 
is little potential for risk from pesticides to soil invertebrate and plant communities. 

0 Based upon the lines of evidence above, it is unlikely that any of the chemicals detected 
in the soil pose a site-related risk to soil invertebrate or terrestrial plant communities. 

Aquatic Invertebrates 
0 Concentrations of chromium fall below the sediment screening value of 81 mg/kg 

showing no risk to aquatic invertebrates. 

* Two metals (mercury and zinc) exceeded sediment screening values based upon 
detected concentrations. HQs were 1.0 and 1.1, respectively. 

* Four pesticides (DDD, DDE, DDT, and alpha-chlordane) exceeded screening values 
based upon detected concentrations. HQs were 2.9,7.3, 16.5, and 1.6, respectively. 

a Therefore, there is a potential risk to aquatic invertebrates in the water at SWMU 16 for 
these analytes. (There is no aquatic vegetation present in the low-lying area; therefore 
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risks to aquatic plants are not present.) However, this area is limited in size 
(approximately 1,200 square feet or 0.03 acres). In addition, water is not present at all 
times, limiting the number and variety of aquatic invertebrates that may use the site. 

l Two analytes (iron HQ of 5.38 and manganese HQ of1.97) have HQs greater than or 
equal to one based on detected concentrations for the surface water sample collected in 
the low-lying area. All other analytes were undetected. 

l Therefore, there is a potential risk to aquatic invertebrates in the water at SWMU 16 for 
these two metals. (There is no aquatic vegetation present in the low-lying area; therefore 
risks to aquatic plants are not present.) However, this area is limited in size 
(approximately 1,200 square feet or 0.03 acres). In addition, water is not present at all 
times, limiting the number and variety of aquatic invertebrates that may use the site. 

l Based upon the lines of evidence above, it is unlikely that any of the chemicals detected 
in the sediments or surface water pose a site-related risk to invertebrate communities. 

Food Web 
l Aluminum, arsenic, iron, vanadium, and zinc exceeded ingestion-based screening 

values for terrestrial receptors based on the NOAEL. 

l Aluminum (HQ of 1.1) and arsenic (HQ of 1.1) exceeded the ingestion-based screening 
values for short-tailed shrew based on LOAELs. 

l Aluminum, iron, vanadium are likely not site-related based upon comparisons to 
background concentrations. It is unclear whether zinc is a site-related chemical. Zinc 
maximum concentrations were below background maximum concentrations, but its 
mean concentration was above mean background concentration. However, based on 
past use, as documented in the Phase I and III RFIs (CH2M HILL 1993,1999b), there is 
no evidence that zinc was disposed of at the site. 

. Arsenic could pose a potential risk in the swale that leads to the low-lying area to 
mammalian terrestrial insectivores based upon the LOAEL HQ of 1.1 for the short-tailed 
shrew. However, this swale is about 50 linear feet in a hard packed dirt area with limited 
vegetation and is not of exceptional habitat quality. In addition, any exposure to the 
shrew is through the ingestion of invertebrates. As this is an area of hard-packed dirt, it 
is unlikely that it is exceptional habitat to invertebrates. It is expected that both shrews 
and invertebrates would more likely be expected to forage in other areas which provide 
better habitat. Potential use of this area by the shrew is expected to be low. 

Based on the lines of evidence presented above, potential risks to terrestrial organisms at 
SWMU 16 are expected to be low. 

In conclusion, further evaluation of SWMU 16 is not recommended and there is adequate 
information to conclude no need for remediation. 
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7.0 SWMU 16GC - Golf Course Pesticide 
Storage Area 

SWMU l6GC consists of the pesticide storage area at the Golf Course Maintenance Shop 
(Figure l-l). The pesticide storage area at the NAS Oceana Golf Course has existed since 
1956 (RGH, 1984). Since 1956, pesticides were stored in the Golf Course Barn - Building 798 
(RGH, 1984). Materials stored in the barn included fungicides, such as Daconil, Chipco 
26019, and dursban; herbicides, including Daconte 6; and Oursban, an insecticide (RGH, 
1984). Since 1982, pesticides drained from the spray tankinto 55 gallon drums have been 
removed by Public Works as part of the hazardous waste pickup program (RGH, 1984). 
Before 1982, residual pesticides were rinsed over a concrete rinsing pad in the shack outside 
Building 798 (RGH, 1984). This rinse water flowed into a shallow drainage ditch adjacent to 
Building 798. 

7.1 Screening-Level Problem Formulation 
As described in Section 3.1, in the screening-level problem formulation: (1) the 
environmental setting of a site is characterized in terms of the habitats and biota known or 
likely to be present; (2) the types and concentrations of chemicals that are present in 
ecologically relevant media are characterized; (3) a conceptual model is developed for the 
site that describes potential sources, potential transport pathways, potential exposure 
pathways and routes, and potential receptors; and (4) assessment endpoints, measurement 
endpoints, and risk hypotheses are selected to evaluate those receptors for which complete 
and potentially significant exposure pathways are likely to exist. These components of the 
problem formulation are developed for SWMU 16GC in this section. In addition, the fate, 
transport, and toxicological properties of the chemicals present at a site are also considered 
during the problem formulation process (see Sections 7.4.2 and 7.4.3). 

7.1.1 Environmental Setting 
The pesticide storage shack at SWMU 16GC is located adjacent to the Golf Course on the 
western side, and Buildings 798 and 799 on the southeastern side (Figure 7-l). Most o:f the 
interior of the three-sided, open front shack has a cement floor where pesticides were 
historically rinsed. A small portion of the shack interior has an exposed dirt floor. The area 
in front of the shack consists of hard-packed dirt. To the north of Building 798 is an open 
field with a small, shallow swale running through it. The swale begins about 20 feet north of 
the shack and drains northward into the Oceana NAS surface water drainage system 
ditches. Water is present in the swale only intermittently and no aquatic habitats or 
communities are present. The field consists mostly of mowed grass. There is a line of 
loblolly pine (Pinus taeda) between the golf course green and the field. There is also a small 
clump of sweetgum (Liquidambar s~ymciflua) next to the swale. 
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7.1.2 Summary of Available Analytical Data 
As stated in Section 1.0, SWMU 16GC was identified as requiring no further action for 
ecological consideration under the previous RCRA investigations. However, as part of an 
agreement between the Navy and the EPA, this ERA at SWMU 16GC has been conducted 
utilizing as much of the previous RCRA investigation data as feasible. Therefore, there may 
be differences in the classes of chemicals analyzed for in the various site media. These 
differences were considered in the development of a sampling plan to collect new data for 
significant data gaps and the effects of which are addressed in the uncertainties section. 

Available data for SWMU 16GC include historical surface soil data collected during the 
Phase I RFI, and surface water and surface soil samples collected from the drainage swale in 
December 1999 for use in the ERA. Figure 7-l shows the locations of the samples used in the 
ERA. Data that were used are summarized in Tables 7-l and 7-2 and are contained in 
Appendix A. 

Four surface soil samples were collected during the Phase I RFI near the shack and in the 
beginning portion of the drainage swale. These samples were analyzed for pesticides. 
4,4’-DDD, 4,4’-DDE, 4,4’-DDT and chlordane were detected in these soil samples. These 
samples were not analyzed in this ERA because they are located in an area of hard-packed 
dirt that is enclosed on three sides and adjacent to the concrete pad. Therefore, this was not 
seen as a significant exposure pathway. 

Two surface soil and two surface water samples were collected in December 1999 from the 
drainage swale and were analyzed for pesticides and metals. Pesticides and metals were 
detected in the soil samples. Only metals were detected in the surface water samples. 

7.1.3 Preliminary Conceptual Model 
The preliminary conceptual model for SWMU 16GC is shown on Figure 7-2. 

7.1.3.1 Exposure Pathways 
At SWMU 16GC, pesticides have been, and currently are, stored at the Golf Course 
Maintenance Shop. At the Maintenance Shop, residual pesticides were historically (I956 - 
1982) rinsed over a concrete rinsing pad that drains into a shallow swale to the north. Since 
1982, this rinsate has been collected and shipped off-site as part of the air station’s 
hazardous waste collection program. Water runoff from the concrete pad potentially 
transported contaminants to soils adjacent to the pad, and to surface water and soils in the 
drainage swale. 

Terrestrial habitats present at SWMU 16GC include mowed lawn, the drainage swale, and a 
few trees. Surrounding habitats consist on the golf course. Since water is not present in the 
swale area long enough for the soils to be considered true sediments, (they showed no 
evidence of hydric reduction), the “sediment” samples taken from the swale in 1999 will be 
treated as surface soil samples in this ERA. The swale width varies from about two inches to 
twelve inches and is about three to four inches deep. Any water that remains in this swale 
after a storm event either percolates into the groundwater or evaporates within a few days. 
Flowing water is only present in this swale during or immediately after a storm event. No 
aquatic plants are located in the swale. It is a maintained and mowed grassy swale along the 
edge of a golf course. Aquatic habitats are not present at this SWMU. Since water is present 
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at least intermittently, surface water is used as a drinking water input to the ingestion-based 
food web model but chemical concentrations in surface water are not compared to surface 
water screening values since aquatic habitats are not present at this SWMU. Ecological 
receptors utilizing these habitats can be exposed to chemicals in surface soil and surface 
water via direct exposure pathways (including ingestion and direct contact) or via food- 
chain transfer of chemicals that bioaccumulate. 

7.1.3.2 Endpoints and Risk Hypotheses 
Preliminary assessment endpoints, risk hypotheses, and measurement endpoints (Talble 7-3) 
are developed for SWMU 16GC based on the preliminary conceptual model (Figure 7-2) and 
the complete exposure pathways identified therein. These endpoints/hypotheses were 
selected from the generic set developed in Section 3.1.1.2. Table 7-3 also identifies specific 
receptor species or groups associated with each endpoint. These receptors are discussed in 
more detail in Section 7.3.1. 

7.2 Screening-Level Effects Evaluation 
The purpose of the screening-level effects evaluation is to establish chemical exposure levels 
(screening values) that represent conservative thresholds for adverse ecological effects. The 
medium-specific screening values developed in Section 3.2.1 and Table 3-2 surface soil are 
used in this section to evaluate the maximum concentrations in these media at 
SWMU 16GC. The relevant chemical-specific screening values are shown in Table 7-4 
(surface soil). Ingestion screening values for dietary exposures to upper trophic level 
receptors via the food web are discussed in Section 7.3.3. 

7.3 Screening-Level Exposure Estimate 
Maximum concentrations in surface soil were used to conservatively estimate potential 
chemical exposures for ecological receptors at SWMU 16GC. For conservatism, the 
maximum measured value for chemicals that were analyzed for, but not detected, was also 
compared to medium-specific screening values (see Section 3.3). 

Exposures for upper trophic level receptor species via the food web were determined by 
estimating the chemical-specific concentrations in each dietary component using uptake and 
food web models (see Section 3.3.3). Incidental ingestion of soil, and ingestion of drinking 
water, were also included when calculating the total level of exposure. Maximum surface 
soil and surface water concentrations were used in all calculations to provide a conservative 
assessment. 

7.3.1 Selection of Receptor Species 
Receptor species used in the SWMU 16GC evaluation are identified in Table 7-3. These 
species or species groups were selected based on complete exposure pathways identified in 
the conceptual model, the specific habitats present on the site, the biota known or likely to 
occur on the site (see Section 2), and the selected assessment endpoints. The general criteria 
for receptor selection were identified in Section 3.3.2. Receptor profiles are provided in 
Appendix B. 
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7.3.2 Exposure Estimation 
Upper trophic level receptor exposures to chemicals in surface soil were determined by 
estimating the concentration of each chemical in each relevant dietary component. 
Incidental ingestion of soil was included when calculating the total exposure. Exposure via 
drinking water was included in the food web model since SWU 16GC contains a potential 
freshwater drinking source (the drainage swale), at least intermittently. 

7.3.2.1 Exposure Point Concentrations 
Maximum measured media concentrations are used as exposure point concentrations for 
exposure estimation and food web modeling. Dietary concentrations (concentrations in 
plants, soil invertebrates, and small mammals that are eaten) for terrestrial consumers were 
estimated using bioaccumulation models and maximum measured media concentrations. 
The methodology and models used to derive these estimates are described in Section 3.3.3.1. 

7.3.2.2 Dietary Intakes 
Dietary intakes were calculated for each upper trophic level receptor species using the 
methods discussed in Section 3.3.3.2. 

7.3.3 Ingestion Screening Values 
Ingestion screening values for mammals and birds were developed in Section 3.3.4 and are 
summarized in Tables 3-3 and 3-4, respectively. 

7.4 Screening-Level Risk Calculation 
The screening-level risk calculation for SWMU 16GC compares the maximum exposure 
concentrations in site surface soil, and the maximum exposure doses for the upper trophic 
level receptor species, with the corresponding screening values to derive screening risk 
estimates using the hazard quotient (HQ) method (see Section 3.4). Chemicals with HQs 
greater than or equal to 1.0 are retained as Chemicals of Potential Concern (COPCs) in the 
SERA. 

7.4.1 Selection of Chemicals of Potential Concern (COPCs 

7.4.1 .l Surface Soil 
Maximum surface soil concentrations are compared to soil screening values in Table 7-4. Six 
inorganic chemicals exceeded screening values based on detected concentrations. Three 
undetected inorganic chemicals exceeded screening values based on maximum reporting 
limits. One undetected pesticide (methoxychlor) was retained as a COPC based on a 
maximum reporting limit. Five additional undetected pesticides were retained as COPCs 
because screening values were not available. No detected pesticides were retained as 
COPCs since none of these chemicals exceeded soil screening values (Table 7-4). 

7.4.1.2 Food Web Exposures 
Maximum exposure doses for each receptor species are compared to ingestion screening 
values in Table 7-5. HQs for the short-tailed shrew (based on NOAELs) exceeded one for 
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aluminum (23.60), antimony (1.37), arsenic (6.54), cadmium (8.61), iron (2.93), mercury 
(8.45), thallium (6.62), vanadium (2.14), and dieldrin (2.24); HQs based on LOAELs were less 
than one except for aluminum (2.36) and mercury (1.69). HQs for the meadow vole (based 
on NOAELs) exceeded one for aluminum (1.87), arsenic (8.48), mercury (X86), and selenium 
(1.27); HQs based on LOAELs were less than one. HQs for the American robin (based1 on 
NOAELs) exceeded one for aluminum (1.58), cadmium (2.80), chromium (2.64), lead 1(1.62), 
and zinc (5.33); HQs based on LOAELs were less than one. HQs for the American kes#trel 
(based on NOAELs) exceeded one for aluminum (1.83), cadmium (3.04), chromium (3.24), 
and zinc (6.52); HQs based on LOAELs were less than one. 

7.4.2 Fate and Transport Mechanisms of the COPCs 
The fate and transport mechanisms of the COPCs are discussed in Section 3.4.2 and 
described in Appendix C. 

7.4.3 Mechanisms of Toxicity for the COPCs 
The mechanisms of toxicity for the COPCs are described in Appendix C. 

7.5 Screening-Level Risk Conclusions 
COPCs were identified in each media evaluated. These COPCs are summarized in Table 7-6. 
In surface soils, six inorganic chemicals were retained as a COPCs based on maximum 
detected concentrations. Three inorganic compounds and one pesticide were retained as 
COPCs based on maximum reporting limits. Five pesticides were retained as COPCs 
because no screening values were available. 

Maximum NOAEL HQs from food web exposures for metals were all less than ten except 
for aluminum which had an HQ of 23.60). Only one pesticide (dieldrin; HQ of 2.24) had a 
NOAEL HQ greater than or equal to 1.0. No NOAEL or LOAEL HQs were greater than or 
equal to 1.0 for the red fox. Therefore, further evaluation of the red fox is not recommended 
in Step 3A. 

In summary, potential ecological risks based on surface soil concentrations exist at 
SWMU 16GC. Since COPCs were identified in surface soils evaluated during the screening 
process, additional evaluation in Step 3 is recommended for this site. 

7.6 Refined (Step 3A) Risk Characterization 
Based on the results of the SERA, the assessment endpoints, measurement endpoints, and 
risk hypotheses have been modified for the Step 3A evaluation (Table 7-7). Modifications 
include dropping assessment endpoints for which no unacceptable risk (as defined by no 
HQs equal to or greater than one) was found during the SERA and modifying the measure- 
ment endpoints to reflect the assumptions and methods used in the Step 3A evaluation (see 
Section 3.5). 

Refined medium-specific screenings for surface soil are presented in Table 7-8. Receptor 
species HQs associated with Step 3A food chain modeling are provided in Table 7-9. Results 
of the recalculation of risk estimates are discussed below. 
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7.6.1 Surface Soil 
Mean chemical concentrations in surface soil are compared to screening values in Table 7-8. 
Five inorganic compounds (aluminum, chromium, iron, vanadium, and zinc) exceeded 
screening values based on detected concentrations. Mean HQs were 202,37.8,22.9,7.08, and 
1.83, respectively. 

7.6.2 Food Web Exposures 
HQs for the short-tailed shrew (based on NOAELs) exceeded one for aluminum (8.05) and 
iron (1.31); HQs based on LOAELs were less than one (Table 7-9). HQs for all other 
receptors based on NOAELs and LOAELs were below one. 

7.7 Risk Evaluation 
The potential for adverse effects associated with the COPCs identified in Section 7.6 and 
Table 7-6 are evaluated in this section. 

7.7.1 Terrestrial Habitats 
Five inorganic compounds (aluminum, chromium, iron, vanadium, and zinc) exceeded soil 
screening values based on detected concentrations. Aluminum and iron also exceeded 
ingestion-based screening values for the short-tailed shrew based on the NOAEL (but not 
the LOAEL). To evaluate the potential significance of these exceedences, on-site soil 
concentrations are compared to background surface soil concentrations developed as part of 
the SWMU I5 Biopile ecological evaluation (CH2M HILL 2000d). Maximum and mean 
background concentrations were compared to on-site concentrations. Based on this 
evaluation (Table 7-ll), none of the five metals exceeded background surface soil concen- 
trations based on both the maximum. Only the mean concentration for zinc exceeded its 
background mean concentration. 

7.8 Risk Conclusions 
Conclusions drawn fron the above analyses are: 

Surface Soils 
0 Five metals (aluminum, chromium, iron, vanadium, and zinc) exceeded screening values 

in both samples. However, none of the five metals exceeded maximum background soil 
concentrations and only zinc exceeded the mean background concentration, thus 
indicating that these four metals likely do not pose a significant risk to soil invertebrate 
and plant communities at the site relative to background concentrations. 

0 Mercury exceeded the screening value in one of the soil samples, but only slightly with 
an HQ of 1.1. Mercury bioaccumulates in the food chain, however, HQs from ingestion- 
based exposure models were all below one for mammalian and avian receptors. 
Therefore, mercury is not a concern at the site. 

l The mean concentration of zinc exceeded background; however, the maximum 
concentration did not exceed the background maximum. Thus, indicating that a 
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potential site-related risk to soil invertebrate and plant communities might exit, but it is 
likely isolated. 

l No pesticides were detected at concentrations exceeding the screening values in any of 
the samples. 

Food Web 
l HQs for the short-tailed shrew (based on NOAELs) exceeded one for aluminum (8.05) 

and iron (1.31); however, HQs based on LOAELs were less than one. Concentrations of 
aluminum are not likely site-related. 

* HQs for all other receptors based on NOAELs and LOAELs were below one. 

Based upon the lines of evidence, potential site-related risks to terrestrial organisms at 
SWMU 16GC are expected to be negligible. The few inorganic chemicals which exceeded 
soil screening values were consistent with background soil concentrations, suggesting they 
are not site related. In addition, no chemical exceeded a LOAEL-based ingestion screlening 
value for an upper trophic level receptor. Finally the site’s small size would limit potential 
exposure on a population scale. 

In conclusion, further evaluation of SWMU 16GC is not recommended and there is adequate 
information to conclude no need for remediation. 
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8.0 SWMU 21 - Transformer Storage Area 

SWMU 21 is located in the southwestern corner of the Public Works Transportation Yard, 
approximately 400 feet southeast of Building 830 (Figure l-l). Transformers were stored in 
two gravel areas between the sand loaders and the yards chain-link fence. The sand l.oaders 
are on the edge of a large asphalt parking lot. In the past, old electrical transformers, ,which 
were known to contain PCBs, were stored on pallets over bare ground at this site until they 
could be disposed of (RGH, 1984). The Public Works Transportation Yard has been in use 
since the early 1950s; however, it is unclear how long this area has been used for 
transformer storage (RGH, 1984). Transformers have been stored in the yard since as early 
as 1982, when a transformer leaked oil, and the Navy hired a contractor to clean up the spill 
(RGH, 1984). Two transformers without release controls were seen leaking oil onto the 
ground during the Visual Site Inspection (VSI) (USEPA, 1988). 

Navy personnel inspected the transformers stored at SWMU 21 on a regular basis, and a 
contractor was retained by the Navy to respond to any identified release. In recent years, the 
NAS Oceana PCB program was subjected to a “multi-media” EPA inspection in the summer 
of 1998, which included a review of inspection records. No PCB program discrepancies, or 
findings,, were noted by the EPA inspectors. 

8.1 Screening-Level Problem Formulation 
As described in Section 3.1, in the screening-level problem formulation: (1) the environ- 
mental setting of a site is characterized in terms of the habitats and biota known or likely to 
be present; (2) the types and concentrations of chemicals that are present in ecologically 
relevant media are characterized; (3) a conceptual model is developed for the site that 
describes potential sources, potential transport pathways, potential exposure pathways and 
routes, and potential receptors; and (4) assessment endpoints, measurement endpoints, and 
risk hypotheses are selected to evaluate those receptors for which complete and potentially 
significant exposure pathways are likely to &St. These components of the problem 
formulation are developed for SWMU 21 in this section. In addition, the fate, transport, and 
toxicological properties of the chemicals present at a site are also considered during the 
problem formulation process (see Sections 8.4.2 and 8.4.3). 

8.1.1 Environmental Setting 
The Transformer Storage Yard consists of a fenced asphalt parking lot, two gravel storage 
areas, and an area of hard-packed dirt with some herbaceous vegetation (Figure 8-l). !jome 
Japanese honeysuckle (Loniceru japonicu) grows along the fence line. Immediately to the east 
of the chain-link fence is a recreational picnic area with a maintained lawn and a few 
loblolly pines. Beyond the site, to the southeast, is the golf course. A forested area is located 
southwest of the site and is dominated by sweetgum, tulip tree, and loblolly pine. The 
understory consists of Japanese honeysuckle, greenbriar (Smilax sp.), and giant cane 
(Arundinaria giganfea). There are no transport pathways to the forested area. 
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Drainage across the storage yard generally flows southeast. In the southeastern corner of the 
yard, an exposed storm sewer pipe extends from the asphalt, goes under the fence and 
underground into a manhole cover observed just inside the forested area southeast of the 
site. This storm sewer discharges to a twelve inch corrugated metal pipe which runs into a 
60 x 30 inch concrete pipe. This pipe discharges to a 71 x 47 inch corrugated metal pipe 
which in turn discharges to a drainage ditch which flows behind the closed landfill. This 
drainage ditch was significantly cleaned out (scraped and widened) in the summer of 1999 
in order to retain more water during storm events. The length of concrete and metal piping 
is all underground and is only accessible via manhole covers. The total distance between 
SWMU 21 and the outlet to the ditch is approximately 1500 feet (based on storm sewer maps 
provided to CH2M HILL). Sediments that were removed from the ditch were either 
disposed of off site at a landfill or were spread in low areas in other sites at NAS Oceana. 
However, based on the fact that all PCBs were undetected in the eleven soil samples and 
mean concentrations (based upon reporting limits) were all below screening values, it is not 
believed that any PCBs that may have traveled from these soils through the 1500 feet of 
piping to the ditch would be at levels that would be a concern. Surface runoff from the site 
is directed into this storm sewer pipe. Shallow soils are silts and sandy silts. 

8.12 Summary of Available Analytical Data 
As stated in Section 1.0, SWMU 21 was identified as requiring no further action for 
ecological consideration under the previous RCRA investigations. However, as part of an 
agreement between the Navy and the EPA, this ERA at SWMU 21 has been conducted 
utilizing as much of the previous RCRA investigation data as feasible. Therefore, there may 
be differences in the classes of chemicals analyzed for in the various site media. These 
differences were considered in the development of a sampling plan to collect new data for 
significant data gaps and the effects of which are addressed in the uncertainties section. 

The data used in this ERA were obtained from the Phase I and Fhase III RFIs. Data that were 
used are sumrnarized in Table 8-1 and are contained in Appendix A. Figure 8-I shows the 
locations of all samples used in the ERA. 

The Phase I RF1 soil investigation determined that PCBs were not detected in the ten 
shallow (0.5 to 1 foot) soil samples collected in the two gravel areas. Six samples were taken 
from the soils in the gravel area near the parking lot and four samples were taken from the 
soils in the gravel area near the fence. Detection limits for PCBs range from 21 to 460 pg/kg. 
The two soil samples that were analyzed for TPH (both from the gravel area near the 
parking lot) did contain petroleum hydrocarbons (91,000 and 242,000 ng/kg). No 
groundwater sampling was performed. 

The Phase III RFI field activities involved the collection of two shallow soil samples (0.5 to 
1 feet) taken to confirm the results of the Phase I RF1 soil sampling. A third sample (0.0 to 
0.5 feet) was collected from the drainage feature located in the southern corner of the 
SWMU. All samples were analyzed for SVOCs. In addition, the third sample was analyzed 
for PCBs. Some PAHs were detected in all three samples (50 to 1,200 pg/kg). No PCBs were 
detected in the third sample at a detection limit of 42 pg/kg. 

At the time that the samples were collected, there was a layer of gravel across the sampling 
area. It determined that a more representative analytical result could be attained if the soils 
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under the gravel layer were collected. Therefore, rather than collect from the top 6 inches of 
substrate which was primarily gravel, the second 6 inches of substrate which consists of the 
surface soils were collected. 

8.1.3 Preliminary Conceptual Model 
The preliminary conceptual model for SWMU 21 is shown on Figure 8-2. 

8.1.3.1 Exposure Pathways 
At SWMU 21, transformers containing PCBs were stored and potentially leaked, thereby 
contaminating surface soils. Surface drainage across the SWMU is towards the southeast 
into a storm sewer pipe. There are no known areas of groundwater discharge to surface 
water within the vicinity of this SWMU. The only habitat at SWMU 21 consists of a small 
area of bare, hard packed dirt and gravel with a small amount of vegetation. The vegetation 
consists of some low, sparse groundcover, grass, and Japanese honeysuckle. Ecological 
receptors utilizing this habitat can potentially be exposed to chemicals in the surface soil via 
direct exposure pathways (including ingestion and direct contact) or via food-chain transfer 
of chemicals that bioaccumulate. 

8.1.3.2 Endpoints and Risk Hypotheses 
Preliminary assessment endpoints, risk hypotheses, and measurement endpoints (Table 8-2) 
are developed for SWMU 21 based on the preliminary conceptual model (Figure 8-2) and 
the complete exposure pathways identified therein. These endpoints/ hypotheses were 
selected from the generic set developed in Section 3.1.1.2. Table 8-2 also identifies specific 
receptor species or groups associated with each endpoint. These receptors are discussed in 
more detail in Section 8.3.1. 

8.2 Screening-Level Effects Evaluation 
The purpose of the screening-level effects evaluation is to establish chemical exposure levels 
(screening values) that represent conservative thresholds for adverse ecological effects. The 
medium-specific screening values developed in Section 3.2.1 and Table 3-2 for surface soil 
are used in this section to evaluate the maximum concentrations in surface soils at 
SWMU 21. The relevant chemical-specific screening values are shown in Table 8-3 (surface 
soil). Ingestion screening values for dietary exposures to upper trophic level receptors via 
the food web are discussed in Section 8.3.3. 

8.3 Screening-Level Exposure Estimate 
Maximum concentrations in surface soil were used to conservatively estimate potential 
chemical exposures for ecological receptors at SWMU 21. For conservatism, the maximum 
measured value for chemicals that were analyzed for, but not detected, was also compared 
to medium-specific screening values (see Section 3.3). 

Exposures for upper trophic level receptor species via the food web were determined by 
estimating the chemical-specific concentrations in each dietary component using uptake and 
food web models (see Section 3.3.3). Incidental ingestion of soil was also included when 
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calculating the total level of exposure. Maximum surface soil concentrations were used in all 
calculations to provide a conservative assessment. 

8.3.1 Selection of Receptor Species 
Receptor species used in the SWMU 21 evaluation are identified in Table 8-2. These species 
or species groups were selected based on complete exposure pathways identified in the 
conceptual model, the specific habitats present on the site, the biota known or likely to occur 
on the site (see Section 2), and the selected assessment endpoints. The general criteria for 
receptor selection were identified in Section 3.3.2. Receptor profiles are provided in 
Appendix 8. 

8.3.2 Exposure Estimation 
Upper trophic level receptor exposures to chemicals in surface soil were determined by 
estimating the concentration of each chemical in each relevant dietary component. 
Incidental ingestion of soil was included when calculating the total exposure. Exposure via 
drinking water was not included in the food web model since the SWMU does not contain a 
drinking source. 

8.3.2.1 Exposure Point Concentrations 
Maximum measured media concentrations are used as exposure point concentrations for 
exposure estimation and food web modeling. Dietary concentrations (concentrations in 
plants and soil invertebrates that are eaten) for terrestrial consumers were estimated using 
bioaccumulafion models and maximum measured media concentrations. The methodology 
and models used to derive these estimates are described in Section 3.3.3.1. 

8.3.2.2 Dietary Intakes 
Dietary intakes were calculated for each upper trophic level receptor species using the 
methods discussed in Section 3.3.3.2. 

8.3.3 Ingestion Screening Values 
Ingestion screening values for birds were developed in Section 3.3.4 and are summarized in 
Table 3-4. 

8.4 Screening-Level Risk Calculation 
The screening-level risk calculation for SWMU 21 compares the maximum exposure 
concentrations in site surface soil, and the maximum exposure doses for the upper trophic 
level receptor species, with the corresponding screening values to derive screening risk 
estimates using the hazard quotient (HQ) method (see Section 3.4). Chemicals with I-IQs 
greater than or equal to 1.0 are retained as Chemicals of Potential Concern (CQPCs) in the 
SERA. 
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8.4.1 Selection of Chemicals of Potential Concern (COPCs) 

8.4.1 .l Surface Soil 
Maximum surface soil concentrations are compared to screening values in Table 8-3. Based 
on this comparison, seven undetected PCBs have HQs exceeding one based on maximum 
reporting limits and are identified as COPCs. 

Sixteen undetected SVOCs exceeded their screening values based on maximum detection 
limits and were retained as COPCs. Twenty-seven additional SVOCs (plus TPH) were 
retained as COPCs because screening values were not available (Table 8-3). Of these 28 
SVOCS, only bis(2-ethylhexyl)phthalate and TPH was actually detected. No SVOC was 
retained as a COPC based on a detected concentration. 

8.4.1.2 Food Web Exposures \ 
Maximum exposure doses for each receptor species are compared to ingestion screening 
values in Table 8-4. Based on a comparison to NOAELs, seven PCB Aroclors and one SVOC 
(hexachlorobenzene) had HQs exceeding one for one or more receptors. 

8.4.2 Fate and Transport Mechanisms of the COPCs 
The fate and transport mechanisms of the COPCs are discussed in Section 3.4.2 and 
described in Appendix C. 

8.4.3 Mechanisms of Toxicity for the COPCs 
The mechanisms of toxicity for the COPCs are described in Appendix C. 

8.5 Screening-Level Risk Conclusions 
COPCs were identified in the preliminary screening of surface soils at SWMU 21. These 
COPCs are summarized in Table 8-5. In surface soils, no chemicals had HQs exceeding one 
based on detected values. Of the 23 chemicals that had HQs exceeding one based on 
maximum reporting limits, none were greater than five. 

Maximum NOAEL HQs from food web exposures for pesticides were all less than five. All 
seven chemicals were undetected in the soils and HQs are based on maximum reporting 
limits. 

In summary, potential ecological risks based on observed surface soil concentrations are 
very low at SWMU 21. However, since one or more COPCs were identified in this media 
during the screening process, additional evaluation in Step 3 is recommended for this site 
for surface soils. 

8.6 Refined (Step 3A) Risk Characterization 
Based on the results of the SERA, the assessment endpoints, measurement endpoints, and 
risk hypotheses have been modified for the Step 3A evaluation (Table 8-6). Modifications 
include dropping assessment endpoints for which no unacceptable risk (as defined by no 
HQs equal to or greater than one) was found during the SERA and modifying the measure- 
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ment endpoints to reflect the assumptions and methods used in the Step 3A evaluation (see 
Section 3.5). 

Refined medium-specific screenings for surface soil are presented in Table 8-7. Receptor 
species HQs associated with Step 3A food chain modeling are provided in Table 8-8. Results 
of the recalculation of risk estimates are discussed below. 

8.6.1 Surface Soil 
Mean concentrations of surface soil COPCs identified in the SERA are compared to 
screening values in Table 8-7. No PCBs were detected in site surface soil samples. The mean 
concentration of the all PCB Aroclors (based on reporting limits) are below screening values. 
Only one SVOC, bis(Zethylhexyl)phthalate, was detected. However, there is no screening 
value for this chemical. Bis(2-ethylhexyl)phthalate is a common laboratory contaminant and 
is not considered to be a COPC at SWMU 21. All other SVOCs were not detected and are 
therefore not considered to be COPCs. 

8.6.2 Food Web Exposures 
All NOAEL and LOAEL HQs for the killdeer were below one for all chemicals modeled. 

8.7 Risk Evaluation 
Based on the results of the refined medium-specific screenings, no detected chemicals 
exceeded soil screening values. The only chemical that was detected at SWMU 21 is a 
common laboratory contaminant and is not considered to be a COPC. Xn addition, all 
NOAEL and LOAEL values were below one for the killdeer, which is the only receptor 
expected to utilize the habitat at SWMU 21. 

8.8 Risk Conclusions 
Conclusions drawn from the above analyses are: 

Surface Soil 
* No PCBs were detected in the surface soil samples. Mean concentrations of the PCB 

Aroclors (based on reporting limits) were below the screening values. 

* Only one SVOC, bis(2-ethylhexyl)phthalate, was detected. However, there is no 
screening value for this chemical. 

Based upon the above Lines of evidence, it is unlikely that COPC concentrations in surface 
soil pose a site-related ecological risk. This conclusion is qualified for bis(2- 
ethylhexyl)phthalate for which no screening values were available. The potential for risk for 
this chemical remains unknown. However, it is not considered a site-related chemical. 

Food Web 
l All NOAEL and LOAEL HQs for the killdeer were below one for all chemicals modeled. 
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Based upon the lines of evidence, potential risks to terrestrial organisms utilizing the limited 
habitats present on SWMU 21 are expected to be negligible. In conclusion, further 
evaluation of SWMU 21 is not recommended and there is adequate information to conclude 
no need for remediation. 
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9.0 SWIVIU 22 - Construction Debris Landfill 

SWMU 22 is approximately 600 to 1,000 feet west of Oceana Boulevard and 1,500 feet north 
of the VACAPES complex (Figure l-l). The landfill is an approximately 0.5-acre unlined 
facility that was in use at the time of the VSI. No release controls were observed (USEPA, 
1988). The age of the landfill is unknown, but it was first discovered in 1986 (USEPA, 1988). 
The former permit status of this landfill is not known. Although the Navy designated and 
permitted this landfill for construction debris, controls on the landfill’s waste stream did not 
prevent the disposal of other types of waste. Essentially only surface dumping occurred at 
this SWMU and was confined to inert objects such as major appliances, furniture, and 
aircraft components. These objects have been removed and the area replanted as part of 
ecological restoration activities being conducted on the base. There have been no 
documented releases from this site. 

9.1 Screening-Level Problem Formulation 
As described in Section 3.1, in the screening-level problem formulation: (1) the 
environmental setting of a site is characterized in terms of the habitats and biota known or 
likely to be present; (2) the types and concentrations of chemicals that are present in 
ecologically relevant media are characterized; (3) a conceptual model is developed for the 
site that describes potential sources, potential transport pathways, potential exposure 
pathways and routes, and potential receptors; and (4) assessment endpoints, measurement 
endpoints, and risk hypotheses are selected to evaluate those receptors for which complete 
and potentially significant exposure pathways are likely to exist. These components of the 
problem formulation are developed for SWMU 22 in this section. In addition, the fate, 
transport, and toxicological properties of the chemicals present at a site are also considered 
during the problem formulation process (see Sections 9.4.2 and 9.4.3). 

9.1 .I Environmental Setting 
SWMU 22 is bounded by Oceana Boulevard to the east, a drainage ditch to the north, and an 
access road to the southwest (Figure 9-l). The plant community in this area is dominated by 
scrubby vegetation adapted to sandy, nutrient poor soils, including loblolly pine, glasswort 
species (Salicornia sp.), grasses, waxmyrtle (Myrica cerifem), and long-leaf pine (Pinus 
palustris). The ditch which runs along the northern boundary of the SWMU flows northeast 
and is not tidally influenced. Bottom sediments in the ditch were sandy. The deep 
depressional area in the main terminal loop of the road contains disturbed clayey soils, and 
little vegetation has become established. Vegetation includes path rush (Juncus tenuis), 
bluestem (Andropogon sp.), and stunted specimens of waxmyrtle, pine, and several weedy 
species. The site provides potential habitat for a variety of wildlife and aquatic species due 
to its proximity to water and cover. Near-surface geology consists of a 5- to lo-foot thick 
layer of sandy silts and clay that is underlain by a 12- to 17-foot thick layer of clean sands 
with fine to coarse grains. 
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9.1.2 Summary of Available Analytical Data 
As stated in Section 1.0, SWMU 22 was identified as requiring no further action for 
ecological consideration under the previous RCRA investigations. However, as part of an 
agreement between the Navy and the EPA, this ERA at SWMU 22 has been conducted 
utilizing as much of the previous RCRA investigation data as feasible. Therefore, there may 
be differences in the classes of chemicals analyzed for in the various site media. These 
differences were considered in the development of a sampling plan to collect new data for 
significant data gaps and the effects of which are addressed in the uncertainties section. 

Available data for SWMU 22 include historical groundwater, surface water, and sediment 
data collected during the Phase I RFI, and surface soil samples collected in December 1999 
for use in the ERA. Figure 9-1 shows the locations of the samples used in the ERA. Data that 
were used are summarized in Tables 9-l through 9-4 and are contained in Appendix A. 
Total organic carbon and grain size measurements were not collected for the sediment 
samples. 

The Phase I RFI (CH2M HILL, 1993) investigated potential groundwater, surface water, and 
sediment contamination. Groundwater samples contained no pesticides, PC&, herbicides, 
or dioxins/furans. Four common organic laboratory contaminants and some metals were 
found in the groundwater at low concentrations. A duplicate sediment sample contained 
low levels of VOCs, and four pesticide compounds were detected at low concentrations in 
all of the sediment samples. No pesticides were detected in the surface water. Metals were 
detected in the sediment and surface water, with concentrations generally higher in the 
downstream sediment sample relative to the upstream sediment sample. No further 
investigation for human health concerns was recommended because significant contam- 
ination was not found. Three surface soil samples were collected in December 1999. Metals, 
pesticides, PCBs, SVOCs, and two VOCs were detected in the surface soil samples. 

9.1.3 Preliminary Conceptual Model 
The preliminary conceptual model for SWMU 22 is shown on Figure 9-2. 

9.1.3.1 Exposure Pathways 
SWMU 22 is an unlined landfill where construction debris and unknown wastes were 
disposed of. Precipitation leaching through the wastes to the water table may have 
transported contaminants to the groundwater. Groundwater level measurements show that 
groundwater flow is north or northwest towards a large drainage ditch. Groundwater 
discharge to the ditch may be contributing to surface water and sediment contamination. 
Surface water runoff from the exposed waste during periods of heavy precipitation may 
transport contaminants to downgradient surface soils, surface water, and sediment. 
Ecological receptors utilizing these habitats can be exposed to chemicals in surface soil, 
surface sediment, and surface water via direct exposure pathways (including ingestion and 
direct contact) or via food-chain transfer of chemicals that bioaccumulate. 

9.1.3.2 Endpoints and Risk Hypotheses 
Preliminary assessment endpoints, risk hypotheses, and measurement endpoints (Table 9-5) 
are developed for SWMU 22 based on the preliminary conceptual model (Figure 9-2) and 
the complete exposure pathways identified therein. These endpoints/ hypotheses were 
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selected from the generic set developed in Section 3.1.1.2. Table 9-5 also identifies specific 
receptor species or groups associated with each endpoint. These receptors are discussed in 
more detail in Section 9.3.1. 

9.2 Screening-Level Effects Evaluation 
The purpose of the screening-level effects evaluation is to establish chemical exposure levels 
(screening values) that represent conservative thresholds for adverse ecological effects. The 
medium-specific screening values developed in Section 3.2.1 and Table 3-2 for fresh surface 
water (also applied to groundwater), freshwater sediment, and surface soil are used in this 
section to evaluate the maximum concentrations in these media at SWMU 22. The relevant 
chemical-specific screening values are shown in Tables 9-6 (groundwater), 9-7 (surface 
water), 9-8 (sediment), and 9-9 (surface soil). Ingestion screening values for dietary 
exposures to upper trophic level receptors via the food web are discussed in Section 9.3.3. 

9.3 Screening-Level Exposure Estimate 
Maximum concentrations in groundwater, surface water, sediment, and surface soil vvere 
used to conservatively estimate potential chemical exposures for ecological receptors at 
SWMU 22. For conservatism, the maximum measured value for chemicals that were 
analyzed for, but not detected, was also compared to medium-specific screening values (see 
Section 3.3). Also for conservatism, no dilution factors were applied to the maximum 
groundwater concentrations. 

Exposures for upper trophic level receptor species via the food web were determined by 
estimating the chemical-specific concentrations in each dietary component using uptake and 
food web models (see Section 3.3.3). Incidental ingestion of soil or sediment was also 
included when calculating the total level of exposure, as was direct ingestion of surface 
water. Maximum surface soil, sediment, and/or surface water concentrations were used in 
all calculations to provide a conservative assessment. 

9.3.1 Selection of Receptor Species 
Receptor species used in the SWMU 22 evaluation are identified in Table 9-5. These species 
or species groups were selected based on complete exposure pathways identified in the 
conceptual model, the specific habitats present on the site, the biota known or likely to occur 
on the site (see Section 2), and the selected assessment endpoints. The general criteria for 
receptor selection were identified in Section 3.3.2. Receptor profiles are provided in 
Appendix B. 

9.3.2 Exposure Estimation 
Upper trophic level receptor exposures to chemicals in surface soil, surface water, and 
sediment were determined by estimating the concentration of each chemical in each relevant 
dietary component. Incidental ingestion of soil or sediment was included when calculating 
the total exposure. Exposure via drinking water was included in the food web model since 
SWMU 22 contains a potential freshwater drinking source. Since receptors (and their prey) 
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are not exposed directly to groundwater, food web exposures were not calculated using 
groundwater data. 

9.3.2.1 Exposure Point Concentrations 
Maximum measured media concentrations are used as exposure point concentrations for 
exposure estimation and food web modeling. Dietary concentrations (concentrations in 
plants, soil invertebrates, small mammals, fish, and aquatic invertebrates that are eaten) for 
terrestrial and aquatic consumers were estimated using bioaccumulation models and 
maximum measured media concentrations. The methodology and models used to derive 
these estimates are described in Section 3.3.3.1. 

9.3.2.2 Dietary Intakes 
Dietary intakes were calculated for each upper trophic level receptor species using the 
methods discussed in Section 3.3.3.2. 

9.3.3 Ingestion Screening Values 
Ingestion screening values for mammals and birds were developed in Section 3.3.4 and are 
summarized in Tables 3-3 and 3-4, respectively. 

9.4 Screening-Level Risk Calculation 
The screening-level risk calculation for SWMU 22 compares the maximum exposure concen- 
trations in site groundwater, surface water, sediment, and surface soil, and the maximum 
exposure doses for the upper trophic level receptor species, with the corresponding 
screening values to derive screening risk estimates using the hazard quotient (HQ) method 
(see Section 3.4). Chemicals with HQs greater than or equal to 1.0 are retained as Chemicals 
of Potential Concern (COPCs) in the SERA. 

9.4.1 Selection of Chemicals of Potential Concern (COPCs 

9.4.1 .I Groundwater 
Maximum groundwater concentrations are compared to screening values for groundwater 
in Table 9-6. Based on this comparison, three metals had HQs exceeding one based on 
detected concentrations, three undetected metals had HQs that exceed one based on the 
maximum reporting limit, and barium was not detected but lacked a reporting limit. These 
seven chemicals were retained as COPCs. 

No PCBs or pesticides were detected in groundwater. Six undetected PCBs and eight 
undetected pesticides had HQs exceeding one based on maximum reporting limits and were 
retained as COPCs (Table 9-6). 

No SVOCs were detected in groundwater. Thirteen undetected SVOCs had HQs exceeding 
one based on maximum reporting limits and were retained as COPCs. Twenty-two 
undetected SVOCs were retained as COPCs because screening values were not available 
(Table 9-6). 
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One undetected VOC (carbon disulfide) had a HQ exceeding one based on the maximum 
reporting limit and one undetected VOC (methylene chloride) lacked a reporting limit. 
These two VOCs were retained as COPCs. Six undetected VOCs are retained as COPCs 
because screening values were not available (Table 9-6). No detected VOCs were retained as 
COPCS. 

9.4.1.2 Surface Water 
Maximum surface water concentrations are compared to screening values for fresh surface 
water in Table 9-7. Based on this comparison, one inorganic chemical (iron) had a HQ 
exceeding one (3.91) based on a maximum detected value. Six undetected inorganic 
chemicals (aluminum, barium, cadmium, lead, silver, and zinc) have HQs exceeding one 
based on maximum reporting limits or lacked reporting limits. These seven metals w’ere 
retained as COPCs (Table 9-7). 

PCBs and pesticides were not detected in surface water samples (Table 9-7). Six undetected 
PCBs and eight undetected pesticides had HQs exceeding one based on maximum reporting 
limits. These 14 chemicals were retained as COPCs (Table 9-7). 

Except for acetone, VOCs were also not detected in surface water samples. One undetected 
VOC (carbon disulfide) had a HQ exceeding one based on maximum reporting limits and 
was retained as a COPC. Six additional undetected VOCs are retained as COPCs because 
screening values or reporting limits were not available (Table 9-7). 

9.4.1.3 Sediment 
Maximum sediment concentrations are compared to screening values for sediment in 
Table 9-8. Based on this comparison; two undetected inorganic chemicals (thallium and 
beryllium) were retained as COPCs because screening values are not available. Four 
undetected inorganic chemicals (arsenic, barium, mercury, and vanadium) were retained as 
COPCs because no reporting limits were available to compare with screening values. ‘No 
inorganic was retained as a COPC based on a detected concentration. 

Two undetected pesticides and five undetected PCBs had HQs exceeding one based on 
maximum reporting limits and were retained as COPCs. Seven additional undetected 
pesticides were retained as COPCs because screening values were not available (Table 9-8). 
No detected PCBs or pesticides were retained as COPCs. 

9.4.1.4 Surface Soil 
Maximum surface soil concentrations are compared to soil screening values in Table 9-9. 
Based on this comparison, five inorganic chemicals (aluminum, chromium, cyanide, iron, 
and vanadium) had HQs that exceeded one based on detected concentrations. Two 
undetected inorganic chemicals (antimony and thallium) had HQs that exceeded one based 
on maximum reporting limits. These seven chemicals are retained as COPCs (Table 9-Y). 

Five undetected pesticides (endosulfan I, endosulfan II, endosulfan sulfate, heptachlor, and 
toxaphene) and ten VOCs were retained as COPCs because screening values were not 
available (Table 9-9). No detected PCBs, pesticides, or VOCs were retained as COPCs. 
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One SVOC (fluoranthene) had a HQ that exceeded one based on a detected concentration; 
the HQ was 1.20 (Table 9-9). Seven SVOCs had HQs that exceeded one based on maximum 
reporting limits. These eight chemicals were retained as COPCs. Twenty-eight additional 
SVOCs (27 of which were not detected) were retained as COPCs because screening values 
were not available (Table 9-9). 

9.4.1.5 Food Web Exposures 
Maximum exposure doses for each receptor species are compared to ingestion screening 
values in Table 9-10. Based on a comparison to NOAELs, eight inorganic chemicals have 
HQs exceeding one based on maximum detected concentrations, and four inorganic 
chemicals have HQs exceeding one based on maximum reporting limit ranges. These twelve 
chemicals are being retained as COFCs (Table 9-10). 

Five PCBs (Aroclor-1221,1232,1242,1248, and 1254) have HQs exceeding one based on 
maximum reporting limits and are retained as COPCs. Five organic chemicals are retained 
as COPCs because no ingestion screening values are available (Table 9-10). 

9.4.2 Fate and Transport Mechanisms of the COPCs 
The fate and transport mechanisms of the COPCs are discussed in Section 3.4.2 and 
described in Appendix C. 

9.4.3 Mechanisms of Toxicity for the COPCs 
The mechanisms of toxicity for the COPCs are described in Appendix C. 

9.5 Screening-Level Risk Conclusions 
COPCs were identified in each medium evaluated. These COPCs are summarized in 
Table 9-11. In groundwater, only three inorganic chemicals (aluminum, iron, and 
manganese) exceeded their screening values based on detected concentrations. Their HQs 
were 8.64,29.2, and 2.53, respectively. Buchman (1999) recommends the use of a dilution 
factor of 10 in a SERA to account for the dilution expected during migration and upon 
discharge of groundwater to surface water in the absence of site-specific dilution factors. If 
such a dilution factor were to be applied, only iron would be retained. Similarly, of the 
thirty-three non-detected COPCs that were retained based on maximum reporting limits, 
only ten would be retained if a dilution factor of 10 were to be applied. 

In surface water, only iron (HQ of 3.34) was retained as a COPC based on the maximum 
detected concentration. In surface sediments, no chemicals were retained as COPCs based 
on detected concentrations. In surface soils, five inorganic chemicals and one organic 
chemical were retained as COPCs based on detected concentrations. Only aluminum and 
antimony had a NOAEL HQ greater than 10. Only five PCBs NOAEL HQs were greater 
than or equal to 1.0 (1.12 to 2.28). 

In summary, potential ecological risks based on observed groundwater, surface water, 
surface sediment, and surface soil concentrations may exist at SWMU 22. Since one or more 
COPCs were identified in each medium evaluated during the screening process, additional 
evaluation in Step 3 is recommended for this site. 
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9.6 Refined (Step 3A) Risk Characterization 
Based on the results of the SERA, the assessment endpoints, measurement endpoints, and 
risk hypotheses have been modified for the Step 3A evaluation (Table 9-12). Modifications 
include dropping assessment endpoints for which no unacceptable risk (as defined by no 
HQs equal to or greater than one) was found during the SERA and modifying the measure- 
ment endpoints to reflect the assumptions and methods used in the Step 3A evaluation (see 
Section 3.5). 

Refined medium-specific screenings for groundwater, surface water, sediment, and surface 
soil are presented in Tables 9-13 through 9-16, respectively. Receptor species HQs associated 
with Step 3A food chain modeling are provided in Table 9-17. Results of the recalculation of 
risk estimates are discussed by media type below. 

9.6.1 Groundwater 
Mean concentrations of the groundwater COPCs identified in the SERA are compared to 
screening values in Table 9-13. Three inorganic compounds (aluminum, iron, and 
manganese) exceeded screening values based on mean concentrations. Mean hazard 
quotients were 4.80 19.9, and 1.76, respectively. No organic compounds exceeded screening 
values based on mean detected concentrations. 

9.6.2 Surface Water 
Mean concentrations of the surface water COPCs identified in the SERA are compared to 
screening values in Table 9-14. One inorganic compound (iron; HQ of 3.63) exceeded its 
screening value based on a mean concentration. None of the PCB, pesticide, or VOC COPCs 
from the SERA were detected in surface water. 

9.6.3 Sediment 
Mean concentrations of the sediment COPCs identified in the SERA are compared to 
screening values in Table 9-15. All inorganic COPCs (none of which were detected) were 
below screening values based on mean concentrations (reporting limits). Similarly, none of 
the PCB or pesticide COPCs from the SERA were detected. 

9.6.4 Surface Soil 
Mean concentrations of the surface soil COPCs identified in the SERA are compared to 
screening values in Table 9-16. Four inorganic compounds (aluminum, chromium, iron, and 
vanadium) exceeded screening values based on mean detected concentrations. Mean HQs 
were 273,42.5,28.0, and 9.17, respectively. One organic compound (fluoranthene; HQ of 
1.14) exceeded its screening value based on a mean detected concentration. Potential for risk 
is unknown for two detected SVOCs because no screening values were available. 

9.6.5 Food Web Exposures 
Mean exposure doses for each receptor species are compared to ingestion screening values 
in Table 9-17. HQs for the short-tailed shrew (based on NOAELs) exceeded one for 
aluminum (10.87), iron (1.60), and vanadium (1.26); HQs based on LOAELs were less than 
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one except for aluminum (1.09). HQs for the meadow vole (based on NOAELs) was 1.0 for 
aluminum; HQs based on LOAELs were less than one. HQs for the mink (based on 
NOAELs) exceeded one for iron (1.22); HQs based on LOAELs were less than one. HQs for 
the marsh wren (based on NOAELs) exceeded one for iron (4.12); HQs based on LOAELs 
were less than one. HQs for the great blue heron (based on NOAELs) exceeded one for 
aluminum (2.24), iron 3.27), and mercury (2.24); HQs based on LOAELs were less than one. 

9.7 Risk Evaluation 
The potential for adverse effects associated with the COPCs identified in Section 9.6 and 
Table 9-18 are evaluated in this section. 

9.7.1 Groundwater 
Three metals exceeded screening values based upon a detected concentration in undiluted 
and unfiltered groundwater samples. HQs for aluminum, iron, and manganese were 4.80 
19.9, and 2.76, respectively. Based on contours, groundwater near SWMU 22 appears to flow 
directly into the drainage ditch at numerous points. Only iron exceeded screening values in 
surface water samples taken in the drainage ditch based on detected concentrations and the 
HQ was 3.34. 

9.72 Aquatic Habitats 
Aquatic habitats present within SWMU 22 consist of a small drainage ditch. Iron was the 
only chemical detected in ditch surface water that exceeded a screening value; the HQ was 
3.63. When compared to the freshwater AWQC for iron, the HQ drops to 1.16. Given that 
this comparison is based on total (not the more bioavailable dissolved) iron, this marginal 
exceedence is not likely to be ecologically important. 

No chemicals that were detected in sediment samples exceeded screening values based on 
mean concentrations. No chemicals exceeded ingestion-based screening values based on the 
LOAEL for aquatic upper trophic level receptors. 

9.7.3 Terrestrial Habitats 
Based on the results of the refined medium-specific screenings, four inorganic compounds 
and one organic compound exceeded screening values in surface soils. The short-tailed 
shrew has one LOAEL HQ that exceeds one (1.09) for aluminum. To evaluate the potential 
significance of these exceedences, on-site soil concentrations are compared to background 
surface soil concentrations developed as part of the SWMU 25 Biopile ecological evaluation 
(CH2M HILL, 2000d). Based on this evaluation (Table 9-19), only chromium exceeded 
background surface soil concentrations based on maximum concentrations. However, 
chromium did not have any ingestion-based exceedences based on NOAEL or LOAEL HQs. 
In addition, chromium has low bioavailability in soils. Thus, risks to terrestrial receptors are 
considered negligible. 
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9.8 Risk Conclusions 
Conclusions drawn from the above analyses are: 

Groundwater 
* Three metals (aluminum, iron, and manganese) exceeded screening values (mean HQs 

were 4.80 19.9, and 1.76, respectively). 

l Based on contours, groundwater near SWMU 22 appears to flow directly into the 
drainage ditch at numerous points, where iron was the only detected chemical in the 
surface water that exceeded the screening values. 

l Based upon the above lines of evidence, it is unlikely that COPC concentrations in 
groundwater, with the exception of iron, pose a site-related ecological risk when 
discharging into surface water. Discharges of iron, as discussed below, are not likjely 
result in ecological risk in the surface water or sediments, where the point of ecological 
exposure exists. 

Surface Water 
. Only iron exceeded screening values, with a mean HQ of 3.34 (exceeded in each sample). 

l The surface water samples were unfiltered and thus the HQ is based on total (not the 
more bioavailable dissolved) iron. 

Based upon the above lines of evidence, it is unlikely that COPC concentrations in surface 
water pose a site-related ecological risk. 

Sediment 
l No chemicals that were detected in the sediment samples exceeded the screening values. 

l Sediment samples were collected in the ditch. This section of the ditch has sandy 
sediments. It is possible that depositional areas exist downstream that were not 
sampled. However, because minimal contamination was found in surface soil at the 
site, the chance of significant contamination in any portion of the ditch (even 
downgradient) is expected to be low. 

Based upon the above lines of evidence, it is unlikely that COPC concentrations in sediment 
pose a site-related ecological risk. 

Surface Soils 
. Based on mean concentrations, four inorganic compounds (aluminum, chromium, iron, 

and vanadium) exceeded screening values in surface soils. The concentration of each 
metal exceeded the screening value in each sample. However, only chromium exceeded 
the maximum background concentration, suggesting that the concentrations of the 
remaining three metals cannot be differentiated from background. Chromium did not 
have any ingestion-based exceedences based on NOAEL or LOAEL HQs. In addition, 
chromium has low bioavailability in soils. Therefore, it is expected that it is unlikely that 
metals pose a site-related risk to soil invertebrate and plant communities. It is also 
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unlikely that any contamination from soils migrated to surface water or sediments in the 
ditch due to these low concentrations present in the soils. 

One other inorganic chemical (cyanide) exceeded its screening value in one of the soil 
samples (SS-03), thus indicating a potential isolated risk to soil invertebrate and plant 
communities in the vicinity of this sampling location. 

The mean concentration of one VOC, fluoranthene, exceeded its screening value (HQ of 
1.1). 

Two SVOCs were detected (l-methylnaphthalene and 2methylnaphthalene) for which 
no screening values were available. 

Based upon the above lines of evidence, it is unlikely that COFC concentrations in 
surface soils pose a site-related ecological risk across the site. There are a few isolated 
locations where limited numbers of individual organisms could be affected. This 
conclusion is qualified for the two COPCs for which no screening values were available. 
The potential for these chemicals to be present at concentrations that could adversely 
affect ecological receptors is unknown and is not able to be evaluated due to the lack of 
screening values. 

Food Web 
l No chemicals exceeded ingestion-based screening values based on the LOAEL for 

aquatic upper trophic level receptors. 

* The short-tailed shrew has one LOAEL HQ that exceeds one (1.09) for aluminum. 

Based upon the lines of evidence above, there is little potential for site-related ecological risk 
to upper trophic level receptors. In conclusion, further evaluation of SWMU 22 is not 
recommended and there is adequate information to conclude no need for remediation. 
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10.0 SWMU 26 - Fire Extinguisher Training Area, 
Building 220 

SWMU 26 consisted of partially buried drum or small tank with the top removed that 
measured 3-feet wide by 4-feet high and was inset approximately 3 feet below grade 
(Figure l-l). The tank formed a burn pit that was used for fire extinguisher training. The 
tank was located southeast of Building 220, the air station’s fire station. Petroleum oil 
lubricant (POL) and fuel-soaked objects were placed in the pit and were ignited. Burn 
residue and water were periodically pumped out of the tank to the adjacent mowed 
depression or swale. This swale is a low, graded, mowed area between two parking lots 
where storm water collects and percolates into the groundwater, but does not connect to a 
drainage system or a surface water body. During the VSI, inspectors observed soil sta.ining 
that extended to the adjacent swale. The burn pit had no release controls at the time of the 
VSI (USEPA, 1988). The tank has been removed and the area has been returned to grade in 
or before 1990. 

10.1 Screening-Level Problem Formulation 
As described in Section 3.1, in the screening-level problem formulation: (1) the environ- 
mental setting of a site is characterized in terms of the habitats and biota known or likely to 
be present; (2) the types and concentrations of chemicals that are present in ecologically 
relevant media are characterized; (3) a conceptual model is developed for the site that: 
describes potential sources, potential transport pathways, potential exposure pathways and 
routes, and potential receptors; and (4) assessment endpoints, measurement endpoints, and 
risk hypotheses are selected to evaluate those receptors for which complete and potentially 
significant exposure pathways are likely to exist. These components of the problem 
formulation are developed for SWMU 26 in this section. In addition, the fate, transport, and 
toxicological properties of the chemicals present at a site are also considered during the 
problem formulation process (see Sections 10.4.2 and 10.4.3). 

10.1.1 Environmental Setting 
SWMU 26 includes the former burn pit area and a small grassy mowed swale (Figure 10-l). 
There is no vegetation other than mowed grass. A steam pipeline traverses the southern 
corner of the SWMU. Aside from the slight southeasterly slope from the former pit to the 
swale, the site is flat. The surface soils are sandy silts underlain by silty sands. 

10.1.2 Summary of Available Analytical Data 
As stated in Section 1.0, SWMU 26 was identified as requiring no further action for 
ecological consideration under the previous RCRA investigations. However, as part of an 
agreement between the Navy and the EPA, this ERA at SWMU 26 has been conducted 
utilizing as much of the previous RCRA investigation data as feasible. Therefore, there may 
be differences in the classes of chemicals analyzed for in the various site media. These 
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differences were considered in the development of a sampling plan to collect new data for 
significant data gaps and the effects of which are addressed in the uncertainties section. 

Phase I RF1 (CH2M HILL, 1993) studies of subsurface soils revealed that soils contained 
TPH, PAHs, VOCs, and metals. No groundwater samples were taken. No further action for 
protection of human health at the site was recommended in the Fhase I RFI. Only TPH was 
detected at levels which (slightly) exceeded human health guidelines and there was no 
transport to surface water bodies via surface runoff. 

Phase III RF1 (CH2M HILL, 199913) studies included subsurface soil sampling in order to 
identify any subsurface petroleum contamination which may have resulted from the 
spillage of flammable liquids used during fire-fighting training activities. Three subsurface 
soil samples were taken around the tank and in the base of the ditch, and analyzed for BTEX 
and PAHs. Only acetone and methylene chloride were detected in the subsurface soils. 

Three surface soil samples were taken during December 1999 in the swale and analyzed for 
VOCs, SVOCs, pesticides, PCBs, and metals. Metals, pesticides, SVOCs, and VOCs were 
detected in these soil samples, while PCBs were not. 

Only data from the December 1999 sampling were used in the ERA since these data are 
more recent and focus on the surface strata. These data are summarized in Table 10-l and 
are contained in Appendix A. Figure 10-l shows the locations of the samples used in the 
ERA. 

10.1.3 Preliminary Conceptual Model 
The hreliminary conceptual model for SWMU 26 is shown on Figure 10-2. 

10.1.3.1 Exposure Pathways 
At SWMU 26, firefighters were trained to extinguish fires by putting PQL and fuel-soaked 
objects in a buried tank in the ground and igniting them. Habitat at this SWMU is limited to 
a mowed grassy swale. There are no outlets from the swale to any other areas. The grassy 
swale is surrounded by pavement. Burn residue and water from the tank were occasionally 
pumped from the tank into the adjacent mowed swale where it was allowed to seep into the 
ground. There are no known areas of groundwater discharge to surface water on or near 
this SWMU. Ecological receptors can be exposed to chemicals in surface soils within this 
swale via direct exposure pathways (such as ingestion and direct contact) or via food-chain 
transfer of chemicals that bioaccumulate. 

10.1.3.2 Endpoints and Risk Hypotheses 
Preliminary assessment endpoints, risk hypotheses, and measurement endpoints 
(Table 10-2) are developed for SWMU 26 based on the preliminary conceptual model 
(Figure 10-2) and the complete exposure pathways identified therein. These endpoints/ 
hypotheses were selected from the generic set developed in Section 3.1.1.2. Table 10-2 also 
identifies specific receptor species or groups associated with each endpoint. These receptors 
are discussed in more detail in Section 10.3.1. 
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10.2 Screening-Level Effects Evaluation 
The purpose of the screening-level effects evaluation is to establish chemical exposure levels 
(screening values) that represent conservative thresholds for adverse ecological effects. The 
medium-specific screening values developed in Section 3.2.1 and Table 3-2 for surface soil 
are used in this section to evaluate the maximum concentrations in these media at 
SWMU 26. The chemical-specific screening values for soils are shown in Table 10-3. 
Ingestion screening values for dietary exposures to upper trophic level receptors via the 
food web are discussed in Section 10.3.3. 

10.3 Screening-Level Exposure Estimate 
Maximum concentrations in surface soil were used to conservatively estimate potential 
chemical exposures for ecological receptors at SWMU 26. For conservatism, the maximum 
measured value for chemicals that were analyzed for, but not detected, was also compared 
to medium-specific screening values (see Section 3.3). 

Exposures for upper trophic level receptor species via the food web were determined by 
estimating the chemical-specific concentrations in each dietary component using uptake and 
food web models (see Section 3.3.3). Incidental ingestion of soil was also included when 
calculating the total level of exposure. Direct ingestion of surface water was not included in 
the exposure estimates since the site lacks a drinking water source. Maximum surface soil 
concentrations were used in all calculations to provide a conservative assessment. 

10.3.1 Selection of Receptor Species 
Receptor species used in the SWh4U 26 evaluation are identified in Table 10-2. These species 
or species groups were selected based on complete exposure pathways identified in tlhe 
conceptual model, the specific habitats present on the site, the biota known or likely to occur 
on the site (see Section 2), and the selected assessment endpoints. The general criteria for 
receptor selection were identified in Section 3.3.2. Receptor profiles are provided in 
Appendix B. 

10.32 Exposure Estimation 
Upper trophic level receptor exposures to chemicals in surface soil were determined by 
estimating the concentration of each chemical in each relevant dietary component. 
Incidental ingestion of soil was included when calculating the total exposure. Exposure via 
drinking water was not included in the food web model since SWMU 26 does not contain a 
potential freshwater drinking source. 

10.3.2.1 Exposure Point Concentrations 
Maximum measured media concentrations are used as exposure point concentrations for 
exposure estimation and food web modeling. Dietary concentrations (concentrations in 
plants and soil invertebrates that are eaten) for terrestrial consumers were estimated using 
bioaccumulation models and maximum measured media concentrations. The methodology 
and models used to derive these estimates are described in Section 3.3.3.1. 

103 



10.0 - SWMU 26 - FIRE-FIGHTING TRAINING AREA, BUILDING 220 

10.3.2.2 Dietary Intakes 
Dietary intakes were calculated for each upper trophic level receptor species using the 
methods discussed in Section 3.3.3.2. 

10.3.3 Ingestion Screening Values 
Ingestion screening values for birds were developed in Section 3.3.4 and are summarized in 
Table 3-4. 

10.4 Screening-Level Risk Calculation 
The screening-level risk calculation for SWMU 26 compares the maximum exposure 
concentrations in site surface soil, and the maximum exposure doses for the upper trophic 
level receptor species, with the corresponding screening values to derive screening risk 
estimates using the hazard quotient (HQ) method (see Section 3.4). Chemicals with HQs 
greater than or equal to 1.0 are retained as Chemicals of Potential Concern (COPCs) in the 
SERA. 

10.4.1 Selection of Chemicals of Potential Concern (CQPCs 

10.4.1 .l Surface Soil 
Maximum surface soil concentrations are compared to screening values in Table 10-3. Based 
on this comparison, five inorganic chemicals (aluminum, chromium, iron, vanadium, and 
zinc) had HQs equal to or exceeding one based on detected values and were identified as 
COPCs. Two undetected inorganic chemicals (cyanide and thallium) exceeded screening 
values based on maximum reporting limits and were also retained as COPCs (Table 10-3). 

Five SVOCs (all were PAHs) had HQs equal to or exceeding one based on detected values 
and were identified as COPCs. Sixteen undetected SVOCs exceeded screening values based 
on maximum reporting limits and were also retained as COPCs. Twenty-eight SVOCs (25 of 
which were undetected) were retained as COPCs because screening values were not 
available (Table 10-3). 

Five pesticides and ten VOCs were retained as COWS because screening values were not 
available. None of these 15 chemicals were detected. No detected PCBs, pesticides, or VOCs 
were retained as COPCs. 

10.4.1.2 Food Web Exposures 
Maximum exposure doses for each receptor species are compared to ingestion screening 
values in Table 10-4. Based on a comparison to NOAELs, five inorganic chemicals had HQs 
equal to or exceeding one for one or more receptors. These inorganic chemicals included 
aluminum, cadmium, chromium, lead, and zinc. 

Among organic chemicals, HQs were equal to or exceeded one for one or more receptors for 
di-n-butylphthalate (1.33) and hexachlorobenzene (2.75). Twenty-five organic chemicals are 
included as COPCs because screening levels are not available. 
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10.4.2 Fate and Transport Mechanisms of the COPCs 
The fate and transport mechanisms of the COPCs are discussed in Section 3.4.2 and 
described in Appendix C. 

10.4.3 Mechanisms of Toxicity for the COPCs 
The mechanisms of toxicity for the COPCs are described in Appendix C. 

10.5 Screening-Level Risk Conclusions 
COPCs were identified in each medium evaluated at SWMU 26. These COPCs are 
summarized in Table 10-5. In surface soils, five inorganic chemicals and five organic 
chemicals were retained as COPCs based on detected concentrations. Only three chemicals 
(aluminum, chromium, and iron) had HQs greater than 10. Maximum HQs from food web 
exposures for metals all had NOAEL HQs less than 10. Only two organic chemicals (di-n- 
butylphthalate and hexachlorobenzene) had NOAEL HQs greater than or equal to one and 
both were less than three. 

In summary, potential ecological risks based on observed surface soil concentrations may 
exist at SWMU 22. Since one or more COPCs were identified in surface soils during the 
screening process, additional evaluation in Step 3 is recommended for this site. 

10.6 Refined (Step 3A) Risk Characterization 
Based on the results of the SERA, the assessment endpoints, measurement endpoints, and 
risk hypotheses have been modified for the Step 3A evaluation (Table 10-6). Modifications 
include dropping assessment endpoints for which no unacceptable risk (as defined by no 
HQs equal to or greater than one) was found during the SERA and modifying the measure- 
ment endpoints to reflect the assumptions and methods used in the Step 3A evaluation (see 
Section 3.5). 

A refined medium-specific screening for surface soil is presented in Table 10-7. Receptor 
species HQs associated with Step 3A food chain modeling are provided in Table 10-8. 
Results of the recalculation of risk estimates are discussed below. 

10.6.1 Surface Soil 
Mean concentrations of the surface soil COPCs identified in the SERA are compared to 
screening values in Table 10-7. Four inorganic compounds (aluminum, chromium, iron, and 
vanadium) exceeded screening values based on mean concentrations. Mean hazard 
quotients were 397,52.7,27.6, and 12.3, respectively. Three PAHs @enzo(b)fluoranthene, 
fluoranthene, and pyrene) also exceeded screening values based on mean concentrations. 
Mean hazard quotients were 1.73,2.51, and 2.10, respectively. 

10.6.2 Food Web Exposures 
All NOAEL and LOAEL HQs for the American robin were below one for all chemicals 
modeled. 
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10.7 Risk Evaluation 
The potential for adverse effects associated with the COPCs identified in Section 10.6 and 
Table 10-9 are evaluated in this section. 

10.7.1 Terrestrial Habitats 
Terrestrial habitats at SWMU 26 are limited and consist of a mowed grassy swale, which 
was the past site of fire extinguisher training. Based on the results of the refined medium- 
specific screenings, four inorganic and three organic compounds exceeded screening values 
in surface soils. To evaluate the potential significance of these exceedences, on-site soil 
concentrations are compared to background surface soil concentrations developed as part of 
the SWMU 15 Biopile ecological evaluation (CH2M HILL 2OOOd). Based on this evaluation 
(Table lo-lo), only chromium exceeded background surface soil concentrations based on 
maximum concentrations. However, chromium did not have any ingestion-based exceed- 
ences based on NOAEL or LOAEL HQs. In addition, chromium has low bioavailability in 
soils. All three PAHs exceeded background levels based on maximum concentrations. The 
mean HQs for the PAHs range from 1.7 to 2.5. Given the limited habitat present on this 
SWMU, this exceedence is not likely to be significant. In addition, total PAHs were summed 
for each surface soil sample and compared to the soil screening value (4,100 pg/kg) for total 
PAHs. In this comparison, each sample had a HQ below I.0 (Table 10-11). 

10.8 Risk Conclusions 
Conclusions drawn from the above analyses are: 

Surface Soils 
l The mean concentrations of four metals (aluminum, chromium, iron, and vanadium) 

exceeded screening values (HQs of 397,52.7,27.6, and 12.3, respectively). Each of these 
metals was detected in all three of the soil samples. However, only chromium exceeded 
background surface soil concentrations, suggesting that the remaining three metals are 
not site related. Chromium did not have any ingestion-based exceedences based on 
NOAEL or LOAEL HQs. In addition, chromium has low bioavailability in soils. 
Therefore, it is expected that it is unlikely that metals pose a site-related risk to soil 
invertebrate and plant communities. 

* One other metals (zinc) slightly exceeded the screening value (HQ of 1.3) in one of the 
three soil samples (SS-03). This exceedence suggests that a potential isolated risk to soil 
invertebrate and plant communities may exist in the vicinity of this sampling location. 

l The mean concentrations of three PAHs (benzo(b)fluoranthene, fluoranthene, and 
pyrene) exceeded screening values (HQs of 1.73,2.51, and 2.10, respectively). However, 
each was detected in only one of the three soil samples (SS-03) and two of the three 
PAHs (fluoranthene and pyrene) did not exceed background soil concentrations. 

0 Benzo(b)fluoranthene exceeded background levels (HQ of 1.73). Given the limited 
habitat present on this SWMU, this exceedence is not likely to pose a substantial risk to 
soil invertebrate or plant communities. 
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. Two other PAHs (benzo(g,h,i) perylene and chrysene) were detected in one sample 
(SS-03) at concentrations exceeding the screening values, but their mean concentrations 
did not exceed the screening values. 

l There were three SVOCs detected (butylbenzylphthalate, carbazole, and bis(2- 
ethylhexyl)phthalate) for which screening values were not available. 

Based upon the above lines of evidence, it is unlikely that COPC concentrations in surface 
soils pose a site-related ecological risk over the site. However, there may exist a slight risk to 
soil invertebrate and plant communities in the portion of the site near the vicinity of 
sampling location SS-03. This conclusion is qualified for the three COPCs for which no 
screening values were available. The potential for these chemicals to be present at concen- 
trations that could adversely affect ecological receptors is unknown and is not able to be 
evaluated due to the lack of screening values. 

Food Web 
l There were no exceedences of NOAEL or LOAEL dosages for ingestion-based exposure 

to the American robin. 

Based upon the lines of evidence, potential risks to terrestrial organisms at SWMU 26 are 
expected to be low to negligible. Except for one PAH, the few inorganic and organic 
chemicals which exceeded soil screening values were consistent with background soil 
concentrations. Total PAHs did not exceed screening values. In addition, no chemical 
exceeded a LOAEL-based ingestion screening value for an upper trophic level receptor. In 
conclusion, further evaluation of SWMU 11 is not recommended and there is adequate 
information to conclude no need for remediation. 
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11 .O Uncertainties 

Uncertainties are present in all risk assessments because of the limitations of the available 
data and the need to make certain assumptions and extrapolations based on incomplete 
information. Since conservative assumptions were used in the exposure and effects 
assessments, especially in the screening portion of the ERA, these uncertainties are more 
likely to result in an overestimation rather than an underestimation of the likelihood and 
magnitude of risks to ecological receptors. The uncertainty in this ERA is mainly 
attributable to the following factors: 

l Detection Limits - Detection limits for some analytes exceeded applicable screening 
values in some media; these COPCs were not further evaluated in Step 3 unless they 
were detected on the site. The potential for risks associated with these chemicals is 
unknown and represents an uncertainty in the risk assessment. 

l No Screening Values - For some chemicals there were no screening values available for 
some of the media. This resulted in the chemical being retained as a COPC in the SERA 
for both detected and undetected chemicals. The potential for risks associated with the 
detected and undetected chemicals is unknown for the following reasons. A non- 
detected result shows that the analytical methods could not detect the presence of a 
compound above a certain detection limit. The compound could be present at 
concentrations up to the detection limit for that compound or the compound may be 
absent. This adds an uncertainty to the risk assessment process. The non-detected value 
may or may not be toxic depending on screening values. If a screening value is not 
available for that compound, additional uncertainty is introduced into the process. In 
order to carry this possible risk through the risk assessment process, all COPCs from the 
SERA were carried through into the BERA. Chemicals which were undetected and had 
no screening values were not retained as COPCs at the completion of the BERA because 
the potential for these chemicals to be present at concentrations that could adversely 
affect ecological receptors is unknown. However, chemicals which were detected ‘but 
did not have screening values were retained as COPCs at the completion of the BERA in 
order to incorporate possible risk into the overall site conclusions. 

l Total Versus Dissolved Metals - Current USEPA guidance (USEPA, 199610) indicates that 
the dissolved metal fraction should be preferentially used to the total metal fraction in 
surface water screening. Total concentrations were used in the ERA for surface water 
and groundwater screenings since dissolved data were not available. High levels of 
suspended solids and sediment-adsorbed metals would result in overstating bioavail- 
able surface water and groundwater concentrations and thus potential exposures and 
l-i&S. 

l Evaluation of Groundwater - Although ecological receptors are not directly exposed to 
groundwater, groundwater concentrations were compared directly to surface water 
screening values without the application of any dilution factors. Since significant 
dilution is likely to occur prior to discharge to a surface water body, this procedure 
results in a very conservative assessment. For illustrative purposes, the implications of 
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applying a dilution factor of 10 (recommended in Buchman 119993) to the groundwater 
concentrations were provided in each applicable section. 

* Evaluation of Soils - The evaluation of chemical contamination in soils was restricted to 
surface soils from the 0 to 6 inch depth range. Although some ecological receptors may 
be exposed to deeper soils (e.g.,. in the 6 to 24 inch depth range), no useable existing soil 
data were available from this deeper depth range. However, the evaluation of surface 
soils in the 0 to 6 inch depth range is likely to result in a conservative assessment since 
releases were at the surface (and thus higher chemical concentrations would be expected 
in the surface strata except possibly for volatile organic compounds). 

* Sediment Screening; Values - Most of the sediment screening values used in the ERA do 
not consider site-specific bioavailability to ecological receptors and are typically based 
on correlational studies (termed the Screening Level Concentration [SLC] approach). 
These factors tend to make the resulting screening values very conservative and likely 
overestimate potential risk. 

. Plant Tissue Concentrations - Due to the fact that above-ground tissue concentrations 
(and not root/ tuber concentrations) are estimated for aquatic plants, a degree of 
uncertainty is introduced into the risk assessment. Plant tissue concentrations were 
calculated for the above ground portions of the plant. Soil-plant BCFs are extrapolated to 
sediment and aquatic plants. Herbivores rarely drive risks in aquatic systems as is 
shown by the fact that risk estimates are typically much greater for piscivores for 
bioaccumulative chemicals. In addition, risks to herbivores are usually driven more by 
sediment consumption than plant consumption (since plant BCFs are typically well 
below one for most chemicals). 

* Ingestion Screening Values - Data on the toxicity of many chemicals to the receptor 
species were sparse or lacking, requiring the extrapolation of data from other wildlife 
species or from laboratory studies with non-wildlife species. This is a typical limitation 
and extrapolation for ecological risk assessments because so few wildlife species have 
been tested directly for most chemicals. The uncertainties associated with toxicity 
extrapolation were minimized through the selection of the most appropriate test species 
for which suitable toxicity data were available. The factors considered in selecting a test 
species to represent a receptor species included taxonomic relatedness, trophic level, 
foraging method, and similarity of diet. 

A second uncertainty related to the derivation of ingestion screening values applies to 
metals. Most of the toxicological studies on which the ingestion screening values for 
metals were based used forms of the metal (such as salts) that have high water solubihty 
and high bioavailability to receptors. Since the analytical samples on which site-specific 
exposure estimates were based measured total metal, regardless of form, and these 
highly bioavailable forms are expected to compose only a fraction of the total metal 
concentration, this is likely to result in an overestimation of potential risks for these 
chemicals. 

A third source of uncertainty associated with the derivation of ingestion screening 
values concerns the use of uncertainty factors. For example, NOAELs were extrapolated 
to LOAELs using an uncertainty factor of ten. This approach is likely to be conservative 
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since Dourson and Stara (1983 cited in USEPA, 1997) determined that 96 percent of the 
chemicals included in a data review had LOAEL/NOAEL ratios of five or less. The use 
of an uncertainty factor of 10, although potentially conservative, also serves to counter 
some of the uncertainty associated with interspecies extrapolations, for which a specific 
uncertainty factor was not used. 

There are different methods available for converting lab endpoints to actual wikllife 
endpoints using safety factors. The typical conversion and what was used in this risk 
assessment is to multiply a NOAEL by ten or an LD50 by 100. Studies have shown that 
95% of the cases fall below these conversions (Dourson and Stara, 1983). There are other 
methods that are not necessarily well documented. For example, The TriServices 
Guidline (Wentzel, et al., 1996) proposes a graded scale for laboratory endpoints as well 
as multipliers of 2 for intraspecific and interspecific applications. However, there is no 
scientific basis for these multipliers. Use of the latter scheme, would result in HQ’s in 
this risk assessment being increased by a multiple of two to 16. It is unknown whether 
this increase in robustness of HQs would be better predictors of the actual potenti.al for 
risk. Using this extra safety factor method could result in having different analytes being 
retained as COPCs, however, the HQs would be low in general relative to other 
chemicals that were COPCs using the scheme used in this risk assessment and would 
not likely be risk drivers. Using the TriServices scheme would typically result in HQs 
that are presently between 0.125 and 0.999 being increased to HQs equal to or greater 
than one (1.0 to 8.0). This would result in those chemicals becoming COPCs. For 
example, based upon a review of Table 4-17 for SWMU 2B, this change would increase 
the list of COPCs for mammals at SWMU 28 from five COPCs to seventeen COPCs. 

* Chemical Mixtures - Information on the ecotoxicological effects of chemical interactions 
is generally lacking, which required (as is standard for ecological risk assessments) that 
the chemicals be evaluated on a compound-by-compound basis during the comparison 
to screening value. This could result in an underestimation of risk (if there are additive 
or synergistic effects among chemicals) or an overestimation of risks (if there are 
antagonistic effects among chemicals). 

l Receptor Species Selection - Reptile and amphibian species were selected as receptors in 
the ERA, but were not evaluated quantitatively even when exposure pathways to these 
organisms were likely to be complete for a number of reasons. Reptiles were evaluated 
using other fauna (birds and mammals) as surrogates due to the general lack of reptile- 
specific toxicological data. This represents an uncertainty in the risk assessment. 

l The ERA evaluates amphibians at a critical life stage (tadpole) by screening against 
ambient water quality criteria or other comparable screening values. After a search of 
toxicological databases, no dietary toxicological information was found for amphilbians. 
Thus, food web exposures for amphibians were not directly, quantitatively evaluated. 
However, the ERA analyzed ingestion exposures for other upper trophic level receptors 
that eat one hundred percent aquatic food items (e.g., raccoon, great blue heron) as well 
as for receptors that eat one hundred percent terrestrial food items (e.g., short-tailed 
shrew, meadow vole). By analyzing tadpoles at a sensitive stage and evaluating other 
(non-amphibian) upper trophic level aquatic and terrestrial receptors, the ERA is likely 
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to adequately bound potential risks to amphibian species, even though they were not 
quantitatively evaluated. 

* It was also assumed that any reptiles and amphibians present at the SWMUs were not 
exposed to significantly higher concentrations of COPCs and were not more sensitive to 
COPCs than other terrestrial receptor species evaluated in the risk assessment. This 
assumption was a source of uncertainty in the ERA. 

* SWMUs 2B, 11, and 22 contain potential habitat that could support amphibians at all life 
stages. Therefore, based on habitat, amphibians were qualitatively evaluated at these 
SWMUs. In addition, there is some uncertainty associated with the use of specific 
receptor species to represent larger groups of organisms (e.g., guilds). 

l Food Web Exposure Modeling - Chemical concentrations in terrestrial and aquatic food 
items (plants, earthworms, small mammals, aquatic invertebrates, and fish) were 
modeled from measured media concentrations and were not directly measured. The use 
of generic, literature-derived exposure models and bioaccumulation factors introduces 
some uncertainty into the resulting estimates. The values selected and methodology 
employed were intended to provide a conservative (SERA) or reasonable (Step 3A) 
estimate of potential food web exposure concentrations. 

Another source of uncertainty is the use of default assumptions for exposure parameters 
such as bioconcentration and bioaccumulation factors (BCFs/BAFs). Although BCFs or 
BAFs for many bioaccumulative chemicals were readily available from the literature and 
were used in the ERA, the use of a default factor of 1.0 to estimate the concentration of 
some chemicals in receptor prey items is a source of uncertainty. However, for most 
chemicals, the assumption that the chemical body burden in the prey item is at the same 
concentration as in soil or sediment is conservative, particularly when many of the 
chemicals are known not to accumulate to any significant degree. 

. Mean Versus Maximum Media Concentrations - As is typical in a ERA, a finite number 
of samples of environmental media are used to develop the exposure estimates. The 
maximum measured concentration provides a conservative estimate for immobile biota 
or those with a limited home range. The most realistic exposure estimates for mobile 
species with relatively large home ranges and for species populations (even those that 
are immobile or have limited home ranges) are those based on the mean chemical 
concentrations in each medium to which these receptors are exposed. This is reflected in 
the wildlife dietary exposure models contained in the Wildlife Exposure Factors 
Handbook (USEPA, 1993), which specify the use of average media concentrations. Given 
the mobility of the upper trophic level receptor species used in the ERA, the use of 
maximum chemical concentrations (rather than mean concentrations) in the SERA to 
estimate the exposure via food webs is very conservative. This conservatism was 
reduced to more realistic levels in the values selected for use in the Step 3A evaluation. 

* Bioavailabilitv - The bioavailability of chromium is described in the ERA in order to 
show how chromium behaves and to show whether or not it is expected that chromium 
will be available for uptake for receptors at the site. Different bioavailability and 
toxicities exist between different oxidation states. For example, chromium III is insoluble 
and would not be in the dissolved fraction of surface water. Because samples were 
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analyzed for total chromium in this ERA, the exact behavior of the different states 
present at the site cannot be known which introduced a degree of uncertainty into this 
ERA. 

l Data Gaps - At SWMU 2B, not all media were sampled for the same analytes. 
Groundwater and surface soils were analyzed for volatile organics, semi-volatile 
organics, pesticides, PCBs, and inorganics. Surface water was sampled for volatile 
organics and sediments were sampled for volatile organics and semi-volatile organics. 
This introduces a data gap for surface water and sediment for pesticides, PCBs, and 
metals. Additional soil sampling that is planned as part of the Feasibility Study will 
address possible metal contamination in soils. This data may be used in order to 
extrapolate information as to whether or not metals in soils are migrating to surfa.ce 
water and sediments through surface runoff. Possible contamination to sediments and 
surface water from pesticides and PCBs is unknown. This introduces uncertainty into 
the risk assessment. 

At SWMU 16, one sample was collected in the low-lying area. The use of a single sample 
to evaluate risk in this area introduces some uncertainty into the risk assessment. 

At SWMU 22 sediment samples were collected in the ditch. This section of the ditch has 
sandy sediments. It is possible that depositional areas exist downstream that were not 
sampled. However, because minimal contamination was found in surface soil at the site, 
the chance of significant contamination in any portion of the ditch (even downgra.dient) 
is expected to be low. 

TOC is not available for these SWMUs. Therefore, the default minimum of 2 percent was 
used. Use of this minimum value will be conservative, since the calculated screening 
value decreases as TOC decreases. 

l Comparisons to Background - Background levels of chemicals were used to judge where 
it was likely or not chemicals were site related. If site chemical concentrations were 
consistent with background levels, it was assumed that the concentrations were not site 
related. There exists the possibility that concentrations below background were indeed 
site-related, rendering the assumption false. However the impact of this possibility is 
minimal since chemicals at levels consistent with background should exhibit no different 
ecological effects than commonly occurring at areas not affected by releases, regardless 
of their source. 
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Potential site related risk to terrestrial organisms exist at SWMU 28 due to exceedences of 
metals in the soils. Therefore, it is recommended that additional data will be collected and 
evaluated in a Feasibility Study in order to verify and delineate the metal concentrations in 
the soils. 

Potential risks to terrestrial organisms utilizing SWMU 11 are expected to be low to 
negligible based upon lines of evidence provided in Section 6.8. Although there were 
exceedences based on metals, it is likely that the exceedences in surface water were due to 
high levels of suspended solids in the samples given the shallow depths of water present 
during sampling. Surface water is only present in the wetland after significant storm events. 
Therefore, any potential risk associated with surface water in the wetland is expected to be 
low because of this insignificant exposure pathway to aquatic organisms. In order to 
investigate risk to terrestrial invertebrates in the wetland, the maximum concentration of 
lead at sample SD-03 was compared to the ORNL values for plants and earthworms. Lead 
concentrations were below the earthworm screening values showing that risk to 
invertebrates is not expected to occur at this site. Limited risk to terrestrial plants from lead 
may be present in a localized area around one sample. Only two metals exceeded ingestion 
screening values for the marsh wren and both had NOAEL HQs under five. In conclusion, 
there is little potential for ecological risk at SWMU 11 as based upon the evidence. 
Therefore, further evaluation is not warranted and the ERA process is concluded. 

Potential risks to terrestrial organisms or aquatic invertebrates utilizing SWMU 16 are 
expected be low to negligible based upon lines of evidence provided in Section 6.8. 
Aluminum exceeded soil screening values at SWMU 16; however, aluminum concentrations 
in SWMU 16 surface soils were below background soil concentrations. Chromium exceeded 
soil screening values and background soil concentrations, but was not a COPC in ingestion- 
based models and is not likely to be site-related based on site history. Copper exceeded soil 
screening values, although on-site surface soil concentrations were below background soil 
concentrations and copper was not a COPC in ingestion-based models. Iron, vanadium, 
and zinc exceeded soil and ingestion-based screening values but did not exceed background 
soil concentrations. The HQ for silver based on a comparison with soil screening values was 
less than two and HQs for ingestion-based exposures were substantially less than one. 

Two metals exceeded sediment screening values based upon detected concentrations. Four 
pesticides exceeded sediment screening values based upon detected concentrations. Two 
metals exceeded screening values based upon detected concentrations for the surface water. 
There is no aquatic vegetation present in the low-lying area; therefore risks to aquatic plants 
are not present. This area is limited in size and water is not present at all times, limiting the 
number and variety of aquatic invertebrates that may use the site. Based upon the lines of 
evidence above, it is unlikely that any of the chemicals detected in the sediments or surface 
water pose a site-related risk to invertebrate communities. In conclusion, there is little 
potential for ecological risk at SWh4U 16 as based upon the evidence. Therefore, further 
evaluation is not warranted and the ERA process is concluded. 
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Potential risks to terrestrial organisms at SWMU 16GC are expected to be low to negligible 
based upon lines of evidence provided in Section 7.8. The few inorganic chemicals which 
exceeded soil screening values were consistent with background soil concentrations. In 
addition, no chemical exceeded a LOAEL-based ingestion screening value for an upper 
trophic level receptor. In conclusion, there is little potential for ecological risk at SWMU 
16GC as based upon the evidence. Therefore, further evaluation is not warranted and the 
ERA process is concluded. 

Potential risks to terrestrial organisms utilizing the limited habitats present on SWh4U 21 are 
expected to be negligible based upon the lack of screening value exceedences. In conclusion, 
there is little potential for ecological risk at SWh4U 21 as based upon the evidence. 
Therefore, further evaluation is not warranted and the ERA process is concluded. 

Potential risks to terrestrial organisms at SWMU 22 are expected to be negligible based upon 
lines of evidence provided in Section 9.8. The few inorganic and organic chemicals which 
exceeded soil screening values were consistent with background soil concentrations. In 
addition, only aluminum (1.09) exceeded a LOAEL-based ingestion screening value for a 
terrestrial upper trophic level receptor and no chemicals exceeded a LOAEL-based ingestion 
screening value for terrestrial upper trophic level receptors. 

Aquatic habitats present within SWh4U 22 consist of a stormwater drainage ditch. Iron was 
the only chemical detected in ditch surface water that exceeded a surface water screening 
value. This exceedence was marginal relative to the chronic AWQC for iron, especially given 
that the comparison was based on total (not dissolved) iron. No chemicals that were 
detected in sediment samples exceeded screening values-based on mean concentrations. No 
chemicals exceeded ingestion-based screening values based on the LOAEL for aquatic 
upper trophic level receptors. Sediment samples were collected in the ditch. This section of 
the ditch has sandy sediments. It is possible that depositional areas exist downstream that 
were not sampled. However, because minimal contamination was found in surface soil at 
the site, the chance of significant contamination in any portion of the ditch (even 
downgradient) is expected to be low. In conclusion, there is little potential for ecological risk 
at SWMU 22 as based upon the evidence. Therefore, further evaluation is not warranted and 
the ERA process is concluded. 

Potential risks to terrestrial organisms at SWMU 26 are expected to be low to negligible 
based upon lines of evidence provided in Section 10.8. . Except for one PAH, the few 
inorganic and organic chemicals which exceeded soil screening values were consistent with 
background soil concentrations. Total PAHs did not exceed screening values. In addition, 
no chemical exceeded a LOAEL-based ingestion screening value for an upper trophic level 
receptor. In conclusion, there is little potential for ecological risk at SWMU 22 as based upon 
the evidence. Therefore, further evaluation is not warranted and the ERA process is 
concluded. 

Based upon the results and the certainty associated with the results, the relative size of these 
SWMUs, and the proximity of these SWMUs to an active military runway/airfield, site 
specific toxicity testing or additional sampling on which to base remedial action decisions is 
not warranted. Therefore, no further study in the risk assessment is recommended at this 
time. The identified potential for risks to ecological receptors at SWMU 2B will be further 
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addressed in the remkdial alternatives in the feasibility study being drafted for SWMU 2B. 
All remaining SWMUs (11,16,16GC, 21,22, and 26) require no further action. 
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Plant Species Known or Expected to Occur 
NAS Oceana, Virqinia Beach, VA 

Species I Common Name 

II Trees 
finus taeda 1 Loblollv Pine -II 
Pinus serotina 
Taxodium dis tichum 
Chamaecvcaris thvoides 

Pond Pine 
Bald Cypress 
Atlantic White Gel 

Juniperus virginiana 1 Red Cedar 
Salix nigra 1 Black Willow 

II Pooulus heteroohvlla I Swamo Cottonwo 
0s trva virginiana 
Carpinus caroliniana 
Fagus grandifolia 
Quercus alba 

Hop Hornbeam 
Musclewood 
American Beech 
White Oak 

II Quercus fatca ta I Southern Red Oa 

II Amelanchier canadensis I Shadbush 

II Scewartia malacodendron I Silkv Camellia 

Oxydendrum arboreum 
Diospyros virginiana 
Symplocos tinctoria 
Fraxinus caroliniana 

Sourwood 
Persimmon 
Horse Sugar 
Carolina Ash 

Fraxinus pennsylvanica 
Fraxinus tomentosa 

1 Green Ash 
Pumokin Ash 

II /tea virainica I Virninin Willnw 
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Table 2-1 
Plant Species Known or Expected to Occur 

NAS Oceana, Virginia Beach, VA 
Species Common Name 

Ferns and Fern Allies 
Lycopodium obscurum 1 Groundpine 
Lycopodium flabeliiforme Running-Pine 
Osmunda regalis Royal Fern 
Osmunda cinnamomea Cinnamon Fern 
Lygodium palmatum 
Dennstaedtia punctilobula 
Pferidium aquilinum 
Athyrium asplenioides 
Urvopteris celsa 
Dryopteris intermedia 
Theiypteris noveboracensis 
Theivpteris oaiustris 

Climbing Fern 
May-scented Fern 
Bracken Fern 
Southern Lady Fern 
L M Fern -- -... 
Fancy Fern 
New York Fern 
Marsh Fern 

II Onociea sensibiiis 

iodeia oiioormiza 

so/a virainiana 

II Tiouiaria discolor I Crane Flv flrrhid 

II Tovara virainiana I .I1 rGmvx-4 

aria media I Chiekwm-i 

II Cassia fascicuiafa I Pnrtridno PP 

II Geranium caroiinianum 
imDafiens cat2ensis I .lPW 

Hype&m mu/U/urn 
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Mammal Species Known or Expected to Occur 
NAS Oceana, Virginia Beach, VA 

- . 

II Lasiurus intermedius fioridanus I 
Lasiurus seminoius 

II Castor canadensis 

Peromyscus ieucopus easti 
Ochrotomys nuttaiii nuttaiii 
Peromyscus ieucopus ieucopus 
Peromvscus 0ossvDinus aossvoinus 

Mouse, 
Mouse, 
Mouse, 

Reithrodontomys humuius humuius 
Mus muscuius 
Ondatra zibethica 

vsteia drenata noveboracensis . . . . 

1 Source: VA Department of Game and Inland Fisheries - Fish a ‘, 
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Bird Species Known or Expected to Occur 

aiia siaiis I Bluebird. eastern 

II Caiamosoiza melanocotvs I Buntinn. lark 

II Parus caroiinensis I Chickarks Cnrnlinn 

II Corvus brachvrhvnchos I G-w. Amnrinnn 

Oxyura jamaicensis 
Aix sponea -.. 

Duck, ruddy 
1 Duck, wood 

Bubulcus ibis 
Casmerodius a/bus egreita 
Earetta thuia 
Carpodacus mexicanus 
Coiaptes auratus 
Empidonax virescens 
Myiarchus crinitus 

Egret, cattle 
Egret, great 
Eornt nnnwv 
- ‘--I -“-‘.I 

Finch, house 
Flicker, northern 
Flycatcher, Acadian 
Flycatcher, great crested 

II Anas streoera I GArlwnll 
b 

Poiioptiia’caeruiea 
Limosa fedoa 
Cardueiis fris tis 
Branta canadensis 

II Chen caeruiescens atianficus 

-- -..-.. 

Gnatcatcher, blue-gray 
Godwit, marbled 
Goldfinch, American 
Goose, Canada 

I GnnG nrcsdor snnw 

Chen caeruiescens caeruiescens 
Quiscaius major 
Quiscaius quiscuia 
Podiceps aurifus 

-----, ..,...“, _,.“.. 

Goose, lesser snow 
Grackle, boat-tailed 
Grackle, common 
Grebe, horned 

II Podiivmbus oodiceos I Grehe ninri-hillnd II 



Bird Species Known or Expected to Occur 
NAS Oceana, Virginia Beach, VA 

Soecies I Common Name 

Accipifer sfriafus velox Hawk, sharp-shinned 

Cvanocitta cristata 
Junco hyamalis Junco, dark-eyed 
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Gallinago gallinago Snipe, common 

Hylocichla musfelina Thrush, wood 
Parus bicolor Titmouse, tufted 
Pipilo eq-fhrophfhalmus Towhee, rufous-sided 
Arenaria inierpres morinella Turnstone, ruddy 
Vireo olivaceus Vireo. red-eved 

II Vireo sofifarius I Vireo. solitarv II 
Vireo griseus 
Vireo ffavifrons 
Coragyps afrafus 
Cafharfes aura 

Vireo, white-eyed 
Vireo, yellow-throated 
Vulture, black 
Vulture. turkev 

Mniofilta varia 
Wilsonia cifrina 
Parula americana 
Dendroica palmarum 

Warbler, black-and-white 
Warbler, hooded 
Warbler, northern parula 
Warbler, palm 

II Dendroica oiflus I Warbler. oine II 
II Dendroica disco/or I Warbler. orairie 
II Profonofaria citrea I Warbler. orothonotarv 
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Table 2-4 
Reptile Species Known or Expected to Occur 

NAS Oceana, Virginia Beach, VA 
Soecies I Common Name 

II Lamorooelfis aefulus aefulus I Kinasnake. eastern 
Lampropelfis friangulum elapsoides 
Ophisaurus venfralis 

1 Kingsnake, scarlet 
1 Lizard, eastern glass 

II Ophisaurus ah enuafus lonaicaudus I Lizard. eastern slender alass 
Scelooorus undulafus hvacinfhinus 1 Lizard. northern fence II 
Coluder consfricfor constrictor 
Cnemidophorous sexlineafus 
Crofalus horridus africaudafus 
Eumeces laficeps 

Racer: northern black 
Racerunner, six-lined 
Rattlesnake, canebrake 
Skink, broadhead 

II Eumeces fasciafus I Skink. five-lined 

obsofefa I Snake. black rat 

sirfalis I Snake. eastern aarter 

‘er ervfhroaasfer 

Gn terrapin 

ria reficularia 

I Snake. northern brown 

I Snake. red-bellv water 

I Terrabin. northern diamondback 

I Turtle. eastern chicken 



Table 2-5 
Amphibian Species Known or Expected to Occur 
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Fish Species Known or Expected to Occur 
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Table 2-7 
Rare Wildlife Known From Virginia Beach and Chesapeake 

NAS Oceana, Virginia Beach, VA 
Species I Common Name 

Sfereochilus maroiffafus I Manv-lined salamander 
Siren lacerfina 
Limnaoedus ocularis 
Rana virgafipes 

Greater Siren 
Little Grass Frog 
Carpenter Frog 

II Crofalus horridus africaudafus 1 Canebrake rattlesnake 
Deirochelvs reticularis I Chicken turtle --II 
Ophisaurus venfralis 
lxobrychus exilis 
Haliaeefus leucocephalus 
Nvcficorax nvcficorax 

Eastern glass lizard 
Least Bittern 
Bald Eagle 
Black-crowned Niaht Heron 

Ardea herodias 
Ardea adba 
Lophodyfes cucullafus 
Podilymbus podiceps 

Great Blue Heron 
Great Egret 
Hooded Merganser 
Pied-billed Grebe 

II Picoides borealis I Red-cockaded woodoecker 
II Acfifus macularia I Sootted sandoioer 

Limnofhlypis swainsonii 1 Swainson’s Warbler 
I Star-nosed mole Condylrrra crisfata parva 

Blarina brevicauda felmalestes - 1 Dismal Swamp short-tailed shrew 
ex lonoirosfris fisheri I Dismal Swamo shrew II 
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Rare Plants Known From Virginia Beach and Chesapeake 
NAS Oceana, Virginia Beach, VA 

Species 

II Bacooa monnieri 

Cyperus haspan 
Desmodium stricturn 
Dichromena colorafa 
Drosera infermedia 
Eleocharis baldwinii 
Eleocharfs halophila 
Eleocharis radicans 
Efeocharis rosfellafa 
Eleocharis vivipara 

II Eriaeron vemus 
Eupaforium recurvans 
Euphorbia ammannioides 
Fimbristyks caroliniana 

II Galium hisoidulum 

Juncus megacephalus 
Juniperus communis 
Kalmia angusfifolia 
Lechea marifima 

II Lilaeoosis carolinensis 



FINAL Page 2 of 2 



Table 3-1 
Preliminary Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints - Screening ERA 

NAS Oceana, Virdnia Beach, VA 
Assessment Endpoint I Risk Hypothesis I Measurement Endpoint 

Terrestrial Habitats 

Survival, growth, and reproduction of 
terrestrial soil invertebrate communities. 

Survival, growth, and reproduction of 
terrestrial plant communities. 

Survival, growth, and reproduction of 
avian terrestrial insectivores. 

Survival, growth, and reproduction of 
avian terrestrial carnivores. 

Survival, growth, and reproduction of 
mammalian terrestrial insectivores. 

Survival, growth, and reproduction of 

Are site-retated surface soil concentrations sufficient to 
adversely effect soil invertebrate communities based on 
conservative screening values? 
Are site-related surface soil concentrations sufficient to 
adversely effect terrestrial plant communities based on 
conservative screening values? 
Are site-related chemical concentrations in surface soils 
sufficient to cause adverse effects (on growth, survival, or 
reproduction) to avian species that may consume soil 
invertebrates from the site? 
Are site-related chemical concentrations in surface soils 
sufficient to cause adverse effects (on growth, survival, or 
reproduction) to avian species that may consume small 
mammals from the site? 
Are site-related chemical concentrations in surface soils 
sufficient to cause adverse effects (on growth, survival, or 
reproduction) to mammalian species that may consume soil 
invertebrates from the site? 
Are site-related chemical concentrations in surface soils 
sufficient to cause adverse effects (on growth, survival, or 

Comparison of maximum chemical concentrations in surface soil with 
soil screening values. 

Comparison of maximum chemical concentrations in surface soil with 
soil screening values. 

Comparison of literature-derived chronic No Observed Adverse Effect 
Level (NOAEL) values for survival, growth, and/or reproductive effects 
with modeled dietary exposure doses based on maximum soil 
concentrations. 
Comparison of literature-derived chronic No Observed Adverse Effect 
Level (NOAEL) values for survival, growth, and/or reproductive effects 
with modeled dietary exposure doses based on maximum soil 
concentrations. 
Comparison of literature-derived chronic No Observed Adverse Effect 
Level (NOAEL) values for survival, growth, and/or reproductive effects 
with modeled dietary exposure doses based on maximum soil 
concentrations. 
Comparison of literature-derived chronic No Observed Adverse Effect 

sufficient to cause adverse effects 

Survival, growth, and reproduction of 
mammalian terrestrial carnivores. 

sufficient to cause ects (on growth, survival, or Level (NOAEL) values for survival, growth, and/or reproductive effects 
pecies that may consume with modeled dietary exposure doses based on maximum soil 
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Table 3-1 
Preliminary Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints - Screening ERA 

er upper trophic level terrestrial 

h, and reproduction of fish 
and/or sediment sufficient to adversely e 

Survival, growth, and reproduction of 
amphibians. 

Evidence of potential risk to other upper trophic level aquatic receptor: 
evaluated in the ERA. 

Evidence of potential risk to other upper trophic level aquatic receptor, 

Survival, growth, and reproduction of 
avian aquatic/wetland insectivores. 

and sediment sufficient to cause adverse effects 

Survival, growth, and reproduction of 
avian aquatic/wetland omnivores. 

and sediment sufficient to cause adve 
survival, or reproduction) to avian spe 
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Table 3-1 
Preliminary Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints - Screening ERA 

NAS Oceana, Virqinia Beach, VA 
Assessment Endpoint Risk Hypothesis Measurement Endpoint 

Are site-related chemical concentrations in surface water Comparison of literature-derived chronic No Observed Adverse Effect 
Survival, growth, and reproduction of and sediment sufficient to cause adverse effects (on growth, Level (NOAEL) values for survival, growth, and/or reproductive effects 
avian aquatic/wetland piscivores. survival, or reproduction) to avian species that may consume with modeled dietary exposure doses based on maximum surface 

fish from the site? water and sediment concentrations. 
Are site-related chemical concentrations in surface water Comparison of literature-derived chronic No Observed Adverse Effect 

Survival, growth, and reproduction of and sediment sufficient to cause adverse effects (on growth, 
mammalian aquatic/wetland piscivores 

Level (NOAEL) values for survival, growth, and/or reproductive effects 
survival, or reproduction) to mammalian species that may with modeled dietary exposure doses based on maximum surface 
consume fish from the site? water and sediment concentrations. 
Are site-related chemical concentrations in surface water Comparison of literature-derived chronic No Observed Adverse Effect 

Survival, growth, and reproduction of and sediment sufficient to cause adverse effects (on growth, 
mammalian aquatic/wetland omnivores. 

Level (NOAEL) values for survival, growth, and/or reproductive effects 
survival, or reproduction) to mammalian species that may with modeled dietary exposure doses based on maximum surface 
consume aquatic/wetland orev from the site? water and sediment concentrations. 
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Table 3-2 
Medium-Specific Screening Values Used in the ERA 

I,1 ,z- I ncntoroetnane 
1 ,I-Dichloroethane 
1 ,I-Dichloroethene 
1,2,4,5Tetrachlorobenzene 

safety factor of 100) 
safety factor of IO) 

I UglL USEPA 1995a 

995a 
ISEPA 1995a 

safety factor of 100) 

j 

2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrophenol 

2,4-Dinitrotoluene ~- Ii 2-Butanone 

safety factor of IO) I 
II 

ISEPA 1995a 
USEPA 1995a 
Federal Register 59:3762 (1994) 
1 
1 

I 
I 

JSEPA 1995a 
JSEPA 1995a 

1 Suter and Tsao 1996 
JSEPA 1995a 
JSEPA 1995a (with safety factor of 10) 
JSEPA 1995a (with safety factor of 100) 

: 

I II 
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Acetone 

II Arsenic 

11nn I Ml/L IJSEPA 1995a Iv 
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II Medium-Specific Screening Values Used in the ERA II 

Carbon tetrachloride 
Chlordane 
Chlorobenzene 
Chloroform 

1 Chloromethane 

3520 
0.17 
130 
1240 

USEPA 1995a (with 
Suter and Tsao 1991 
I JSEPA 1996b 
USEPA 1995a I 

! 5500 ! ug/L 1 USEPA 1999a 
Chromium 11.4 UglL 
cis-1 ,P-Dichloroethene 1160 UglL 
cis-I ,3-Dichloropropene 244 ug/L 
Cobalt 23 ug/L 
Coooer fSWMU 1 ll 7.RP I Ill/l 

safety factor of 10) 

II I”-- ‘- - Copper (SWMU 22 I 

USEPA 1999b 
USEPA 1995a (with 
USEPA 1995a 
Suter and Tsao 1996 
I JSEPA 199913 -.- I . - 

I 
1 

4.6 1 UdL 1 ; 

I 
24.9 II 

II I;!ani!e. - ! 5.2 I UglL 1 1 

Dibromochloromethane 
Dibromomethane 
-. . ..,. 

Dlethylphthalate 
Dimeth I hthalate 
Oi-n-h,! L-,.,- 

delta-BHC 
Dibenzofuran 

u~cnloroa~tluorometnane 
Dieldrin 
-. 

JSEPA 1999b 44.0 
JSEPA 1995a 

I 2.2 I ug/L I Suter and Tsao 1996 
20 ug/L 1 USEPA 199613 

safety factor of 10) 
995a (with safety factor of IO) 

safety factor of 10) 

JSEPA 1996b 

1100 
1100 
1100 
0.056 
220 
330 

ug/L USEPA 1995a (with 
UglL USEPA I! 
UglL USEPA 1995a (with 

USEPA 1999b ug/L 
ug/L 1 
ug/L USEPA 1999a 

I 

I 
] II 

II Endosulfan II 

Endrin aldehyde 
0.036 
0.036 
0.036 

JSEPA 1996b 
i JSEPA 1995a 

Buchman 1999 
1 JSEPA 1995a 

-i JSEPA 1995a 
ug/L 1 JSEPA 1995a 
q/L 1 ISEPA 1995a 

fSEPA 1999b 1 
USEPA 1996b 
USEPA 199613 
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Table 3-2 
Medium-Specific Screening Values Used in the ERA 

I LUUU t 
I 

II lsophorone 
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II Table 3-2 
Medium-Specific Screening Values Used in the ERA 

II Toluene 

Reference 

I 1700 I Ug/L 1 1 
II Toxaphene ! 0.011 l@L USEPA 1 .--... 

1160 UglL USEPA 1 
chloropropene ! 244 UgfL USEPA 1 

trans-1,2-Dichloroethene 
trans-1,3-Di 
Tribromomethane 

II Trichlorobenzene 

II 
Trichloroethene 
Trichlorofluoromethane 

II Vanadium 
Vinyl chloride 
Xylene, total 
Zinc (SWMU 11) 
Zinc (SWMU 22) 
Sediment 

996b 
I 995a (with safety 

995a 
! 320 
! 

! q/L 1 USEPA 199613 
50 I ug/L 1 1 JSEPA 1995a 

I 21900 ! UglL 1 USEPA 1995a 
1100 I ug/L I USEPA 1995; ~ 4 (with safetv factor of 10) I 

II 
II 

I 10000 UglL 1 USEPA 1995a 
I 1160 I UgJL 1 1 JSEPA 1995a (with safety factor of 10) 

130 q/L I1 JSEPA 1995a 
I 37 I q/L 1 USEPA 1999b 24.9 

60 ug/L 1 USEPA 1999b 44.0 

JSEPA 1995a ! 

1 factor of 1 01 

I 2-Methylnaphthalene I q/kg 

1995a 
1995a 

2-Methylphenol 
. . . --- 63 uglkg 1 USEPA 1995a 

USEPA 1995a 

u alphaChlordane I 7 I uglkg 1 Ontario Minist N of the 

Environment 1993 
Environment 1993 
Environment 1993 
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Table 3-2 
Medium-Specific Screening Values Used in the ERA 

NAS Oceana, Virginia Beach, VA 
Reference 

Amrlnr-I 331 I 22.7 I ualka USEPA 1995a 

--A 

EnvironmeW 
Environment 
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Table 3-2 
Medium-Specific Screening Values Used in the ERA 

Chemical 
Di-n-octyl phthalate 
Endrin 
Ethylbenzene 
Fluoranthene -. 

NAS Oceana, Virginia Beach, VA 
I Screening Value I Units I Reference I Mardness (mg/L) 
! 6200 1 q/kg 1 USEPA 1995a I 

Fluorene 
gamma-BHC (Lindane) 
gammaChlordane 

3 
10 

600 

ug/kg 
uglkg 
uglkg 
@kg 
@kg 
q/kg 

Ontario Ministry of the Environment 1993 
USEPA 1995a 
USEPA 1995a 

SEPA 1995a U 
Ontario Ministry of the Enviror 
Ontario Ministry of the Enviror 

rment 1993 

Hexachlorobutadiene 
Indeno(l,2,3cd)pyrene 

I 11 I ug/kg I USEPA 1995a 
600 ug/kg 1 USEPA 1995a 

mglkg I Buchman 1999 

n-Nltrosodrphenylamine 
PAH (total) 
Pentachlorophenol 
Phenanthrene 

28 
4022 
360 
240 

@kg 
@kg 
ugfkg 
@kg 

USEPA 1995a 
Long et al. 1995 
U SEPA 1995a 
USEPA 1995a 

Phenol 

I -y 

420 q/kg 1 USEPA 1995a pol chic * . . * . ‘^^^ . 
SEPA 1995a 
SEPA 1995a 
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Aldrin 
Chemical 

Table 3-2 
Medium-Specific Screening Values Used in the ERA 

NAS Oceana, Virsinia Beach, VA 
I Screening Value I Units I Reference 
I 100 I ualko 1 I ICEDA 4OOEc, 

II 
Y--s 

alpha-BHC ! 100000 ! q/kg -.. 

I 50 I mgIkg , _,, “,‘, 
1 see PAH, total; 100 I uglkg 1 MHSF 

Aroclor-1016 
Aroclor-1221 
Aroclor-1232 .-.- 
Aroclor-I 242 
Aroclor-1248 
Aroclor-1254 

II Aroclor-1260 

““Lb n ,YYdcl 

USEPA 1995a 
! 100 ! @kg USEPA 1995a 

Ffrowrson et al. 1997a 
‘E 1994; USEPA 1995a 

! 5 I mglkg I Efroymson et al. 1997a 
VVLl A 1995a 
USEPA 1995a 
I ISFPA 1 QQ!in 

I Hardness (mg/L) 
I 

II alpha-Chlordane 
Aluminum 
Anthracene 

II Antimony 
100 @kg t IICCD 

100 uglkg 
100 @kg , _ __. , . . v-v_ 
100 uglkg lJ SEPA 1995a 
100 q/kg u, SEPA 1995a 
100 ug/kg u, SEPA 1995a 

! 100 ! q/kg I I ICEDA 1aar;.zl 

Arsenic 
Barium 

II Benzene 
Benzo(a)anthracene 

I\ Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Beryllium 

1 see PAH, total; 100 I 
1 see PAH, total: 100 I 

see PAH, total; 100 
see PAH, total; 100 

IO 

1 ““Ll n IYYdcA 

I 60 I mglkg I Lb1 I Cfroymson et al. 1997b 
500 mg/kg I Efr”,, -nson et al. 1997a 

I 105 I ugfkg MHSPE 1994 
MHSPE 1994; USEPA 1995a 
MHSPE 1994; USEPA 1995a 

! 100 ! q/kg USEPA 1995a 
““Onr ‘,,“; USEPA 1995a 

; USEPA 1995a 

uglkg 
uglkg 

ug/kg 
q/kg 
mnlkn 

winwiz I ~34 

MHSPE 1994 
Ffrnvmnnn nt 

I 
. -.. 

beta-BHC 100000 q/kg us 
Bromochloromethane 300000 @kg us 
Bromodichloromethane 
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-Naphthalene 
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Table 3-2 

n Chemical 

Medium-Specific Screening Values Used in the ERA 
NAS Oceana, Virginia Beach, VA 

I Screening Value I Units 1 Reference I Hardness (mg/L) 
II Nitrobenzene ! 2260 ! ug/kg 1 Efroymson et al. 1997b ! II 

n-Nitrosodiphenylamine 1090 q/kg 
PAH (total) 4100 ug/kg 
Pentachlorobenzene 1150 ug/kg 
Pentachlorophenol 3000 q/kg 

Efroymson et al. 1997b 
MHSPE 1994 
Efroymson et al. 1997b 
Efroymson et al. 1997a 

1994; USEPA 1995a 

I 
II 

Phenanthrene see PAH, total; 100 ug/kg 
Phenol 1880 uglkg 
Pyrene 100 uglkg 

MHSPE 
Efroymson et al. 1997b 
USEPA 1995a 

I etrachloroethene 
1 Thallium 

I 401 I uglkg I 
1 mg/kg I Efroymson et al. 1997a 

Toluene 13005 q/kg MHSPE 1994 
trans-1 ,BDichloroethene 300 uglkg USEPA 1995a 
trans-1,3-Dichloropropene 300 uglkg USEPA 1995a 
Tribromomethane 114700 @kg USEPA 1995a (with safety factor of 10) 

’ q/k! 3 
@kg 
mg/kg 
ualka 
uglkg 
mglkg 

I USEPA 1995a 
MHSPE 
Efroymson et al. 
USEPA 1995a 
MHSPE 1994 
Efroymson et al. 1997a 

Trichlorobenzene 
Trichloroethene 
Vanadium L Vinyl chloride 
Xylene, total 
Zinc 

100 
6000 

2 
300 

50 
2505 

1997a 
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Chemical Test Qroanism 
Body Weight 

(Id 

Ingestion Screening Values for Mammals 
NAS Oceana. VirtSnia Beach, VA 

LOAEL NOAEL 
Duration Exeosure Route EffeedEndpoint (mdkskd) Imdkclldl Reference 

Inor&ii ~~ 

Aluminum Aluminum mouse I 0.03 I 390 days 1 oral in water reproduction 1 193 1 19.3 1 ATSDR 1990a I dog IO 6 months ! oral I reproduction 1 600 1 60 1 ATSDR 1990a I 
Antimony mouse 0.03 lifetime oral in water lifespan/longevity 1.25 0.125 Sample et al. 1996 
Arsenic mouse 0.03 3 generations oral in water reproduction 1.26 0.126 Sample et al. 1996 
Barium rat 0.435 16 months oral in water growth/hypertension 19.8 5.1 Sample et al. 1996 
Beryllium rat 0.35 lifetime oral in water longevity/weight loss 6.6 0.66 Sample et al. 1996 
Cadmium rat 0.303 6 weeks oral (gavage) reproduction 10 1 Sample et al. 1996 
Cadmium dog IO 3 months oral reproduction 7.5 0.75 ATSDR 1993 
Chromium rat 0.35 3 months oral in water .WXt~!l!y 131.4 13.14 Samp!e e! a!. 1996 
Cobalt rat 0.35 69 days oral in diet reproduction 50 5 ATSDR 1992a 
Copper mink 1 357 days oral in diet reproduction 15.14 11.7 Sample et al. 1996 

Zinc 
Pesticides/PCBs 
4,4’-DDD 
4,4’-DOD 
4$-DDE 
4,4’-DDE 

I mink 

rat 
dog 
rat 
dog 

I 1 

0.35 
10 

0.35 
10 

I 25 weeks oral reproduction 1 208 1 20.8 1 ATSDR 199213 

2 years oral in diet reproduction 4 0.8 Sample et al. 1996 
2 generations oral reproduction 5 1 ATSDR 1992c 

2 years oral in diet reproduction 4 0.8 Sample et al. 1996 
2 generations oral reproduction 5 1 ATSDR 1992c 
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II Ingestion Screening Values for Mammals II 

rat 
mouse 
mouse 
mouse 

rat 

3u aays 1 

Organic compounds 
I I I I mnrortuction 4i-G I 

ulston and Kolbve 1994 II 
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Table 3-4 1 
Ingestion Screening Values for Birds 

NAS Oceana. Virginia Beach, VA 
Body Weight LOAEL NOAEL 

Chemical Test Qrsranism (kg) Duration Exposure Route Effect/Endpoint (m&!/d) (mg/kgldI Reference 
. 
morgamcs 
Aluminum 
Antimony 
Arsenic 
Arsenic 
Barium 
Beryllium 
Cadmium 

ringed dove 0.155 
northern bobwhite 0.19 

brown-headed cowbird 0.049 
mallard 1 
chicks 0.121 

__ __ 

mallard 1.153 

4 months 
8 weeks 
7 months 
128 days 
4 weeks 

__ 
90 days 

oral in diet 
oral 

oral in diet 
oral in diet 
oral in diet 

__ 
oral in diet 

reproduction 1097 109.7 
? 47400 4740 

mortality 7.38 2.46 
mortality 12.84 5.14 
mortality 417 208 

_. NA NA 
reproduction 20 1.45 

Sample et al. 1996 
Opresko et al. 1993 
Sample et al. 1996 
Sample et al. 1996 
Sample et al. 1996 

__ 
Sample et al. 1996 

Sample et al. 1996 II 
Stick4 1973 I 

4,4’-DDD 
4.4-DDE 

American kestrel 0.115 2years I 0 
I orown 

1 

alpha-BHC 
alphaChlordane 
Aroclor-lnlfi 

I\ Aroclor-1221 

11 Arocror-iz;Jz 

1 Aroclor-1254 

Davison ana Sell 1974 
McLane and Hall 1972 

- ‘ttree 1970 
Japanese q 1996 

red-winged bk 
Sample et al. 
Sample et al. 1996 

I 

screech owl I 0.181 I 2generations I 
I 

I 

screech owl f 0.181 f 2generations -1 oral in diet reproduction 4.1 
I 0.181 1 2generations ] 

0.41 
screech owl 

Sample et al. 1996 
oral in diet 

) ring-necked pheasant I 
reproduction 4.1 0.41 

1 17weeks I 
Sample et al. 1996 

1 oral 
ring-necked pheasant I 1 1 

reproduction 1.8 0.18 et al. 1996 
17weeks I Sample oral reproduction 1.8 0.18 Sample et al. 1996 
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ingestion Screening Values for Birds 
NAS Oceana. Virginia Beach. VA 

t Bodv Weight 1 I 1 LOAEL 1 NOAEL 1 
Chemical 1 Test Organism 1 ikg) - 1 Duration 1 ExposureRoute 1 Effect/Endpoint Imdkqld) (mg/kg/dl Reference 

I ring-necked pheasant ( 1 1 17weeks 1 oral reproduction 1 1.8 1 0.18 1 Sample et al. 1996 
iample et al. 1996 

11 Benzo(a)anthracene chicken 34 days oral in diet reproduction 395 j 39.5 1 Ri! gdon and Neal 1963 
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1 9Odays oral I reproduction 
? oral reproduction 0.8 0.08 Coulston and Kolbye 1994 

Naphthalene 
N-Nitrosodiphenylamine 
Pentachlorophenol 
Phenanthrene 
Pyrene 
Volatile Organic Compounds 
Carbon Tetrachloride 
Chlorobenzene 
Chloroform 
Ethylbenzene 
Styrene 

mallard 
-_ 

chicken 
chicken 
chicken 

__ 

__ -- __ NA NA __ 
1.5 34 days oral in diet reproduction 395 39.5 Rigdon Neal and 1963 
1.04 7 months oral in diet hepatic 228 22.8 Patton and Dieter 1980 
__ -- __ _- NA NA __ 

1.5 8 weeks oral growth 200 100 Eisler 1989 
1.5 34 days oral in diet reproduction 395 39.5 Rigdon and Neal 1963 
1.5 34 days oral in diet reproduction 395 39.5 Rigdon and Neal 1963 

I -- I _- I -- 1 __ 1 NA 1 NA 1 __ 
I _- 1 NA I NA I _. II 

-_ I __ 1 NA 1 NA 1 _. II 

Tetrachloroethene 
Toluene 
Trichloroethene 

11 Xylenes (total) 

__ -. -_ ._ 
__ __ -_ 
-_ __ 
._ __ 
-- 
__ 
__ 

/ quail 

__ 
-_ 
-_ 

0.191 

-- 
-- 
__ 

subacute 

__ 
-_ 
__ 
__ 
_- 
? 

-_ 
__ 
-- 
__ 
__ 

“toxicity” 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
405 40.5 

_. 
-. 
__ 
__ 
__ 

Hill and Camardese 1986 
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FINAL 

Screening-Level Exposure Parameters for Upper Trophic Level Ecological Receptors 
NAS Oceana, Virsinia Beach, VA 

Birds 
Receptor 

Body Weight (kg) Water Ingestion Rate (L/day) Food Ingestion Rate (kg/day - dry) 

Value Reference Value Reference Value Reference 

American kestrel 
American robin 

Great blue heron 

I 

Killdeer 
Mallard 
Marsh wren 
Mnmmak 
. ..“..a...“.- 

Deer mouse 
Meadow vole 
Mink 
Raccoon 
Red fox 

Short-tailed shrew 

, 0.083 Palmer 1988 0.01685 allometric equation 0.01192 USEPA 1993 
0.0635 USEPA 1993 0.01287 allometric equation 0.00735 Levey and Karasov 1989 

2.1 
0.0858 
0.612 

0.00975 

Butler 1992 
Dunning 1993 
Bellrose 1980 
Dunning 1993 

0.10901 
0.01385 
0.08498 
0.00330 

allometric equation 0.43894 allometric equation 
allometric equation 0.01424 allometric equation 
allometric equation 0.08297 allometric equation 
allometric equation 0.00298 USEPA 1993 

0.0122 Silva and Downing 1995 0.00398 USEPA 1993 0.00067 USEPA 1993 
0.03 Silva and Downing 1995 0.01334 USEPA 1993 0.00310 USEPA 1993 
0.726 Silva and Downing 1995 0.02856 USEPA 1993 0.03396 USEPA 1993 
4.23 Silva and Downing 1995 0.60919 allometric equation 0.12681 Conover 1989 
3.17 Silva and Downing 1995 0.41154 allometric equation 0.14763 Sample and Suter 1994 

0.01331 USEPA 1993 0.00475 USEPA 1993 0.00189 USEPA 1993 
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11 Birds II 
Assumed based on diet 
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II Table 3-6 
Bioaccumulative Chemicals List and Log K, Values 

NAS Oceana. Viruinia Beach, VA 

-. . 
Chemical 

Volatile Organics 
I,1 ,I-Trichloroethane 

I . ._ - I -~ I n-l -_---- 1 Evaluate for Food Wab 
Log K, Range 

2.47 to 2.51 
2.31 to 2.64 

1 Selected log K, 1 

I 2.48 I 
2.39 

netererir;e 

USEPA 1995b 
USEPA 1995b 

Exposures? 

NO 
NO 

I I KFPA I Nfl II 

I 1.47 I USEPA 1995b I NO II 



II Bioaccumulative Chemicals List and Log K, Values 
NAS Oceana. Viruinia Beach, VA 

I Evaluate for Food Web II 
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II Table 3-6 
Bioaccumulative Chemicals List and Log K, Values 

4-Methylphenol 
11 4-Nitroanaline 

Chemical 

NAS Oceana, Viruinia Beach, VA 
Evaluate for Food Wet 

Log K, Range Selected log K, Reference Exnasures? 

t 1.38 to 2.04 1.95 USEPA 1995b 
Not reported 1.40 USEPA 1996a 

I 

I -.. ---.--. 
I NC-l 

.63 to 7.05 I 6.70 I USEPA 1995b I YES 

II Rlc.lO.Fth\,lhnv\,l\nhth~l~tn ’ . .-. 11”“” I 

4.20 to 8.61 7.30 USEPA 1 VL 
3.57 to 5.02 4.84 USEPA 1 E 
3.01 to 3.76 3.59 USEPA 1E 

I 
.-- w-m., . .““WS 

1.40 to 3.00 2.50 USEPA 1 WXh 

t.34 to 1.90 1.57 USEP n IXKW 
3.74 to 4.79 4.61 USEPA 1995b 

I 

’ ‘SFPA 1 QQ6n YES 
,a O”“YY YES 
IA 4nncL. NO 

I I YES 
I 8.03 to 9.49 I 8.06 I USEPA i995b YES 

4.31 to 5.39 5.12 USEPA 1995b I YES 
4.04 to 4.40 4.21 USEPA 1995b YFS 
4.74 to 5.16 4.81 u, 
5.00 to 7.42 5.89 U! 
5.04 to 5.51 5.39 Ubcrn I i7Ja.J I rc.J 
3.82 to 4.14 AMI I KFPA IOCGh VFS 

I ’ ‘SEPA 1995b YES 
SEPA 19956 YES 
‘LCDA 4nnrL. “CO 

Di-n-butylphthalate 
DCn-octylphthalate 

Fluoranthene 
Fluorene 
Hexachlorobutadiene 
Hexachlorobenzene 
Hexachlorocyclopentadiene 
Hexachloroethane 

Indeno(i ,2,3-cd)pyrene 6.58 to 6.72 
lsophorone i.67 to 1.90 
Naphthalene 3.01 to 4.70 

..V” ““_I *. l”““” 
6.65 USEPA 1995b 
1.70 USEPA 1995b 
3.36 USEPA 1995b 

IL” 
YES 
NO 
YES 
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Table 3-6 
Bioaccumulative Chemicals List and Log K, Values 

I USEPA 1995b I YES 
I KFPA 1 W’ih VFS 

II A A’A-mn I n7a tn I I I ICCDA I vcc 

II Aroclor-1016 Not reported I 5.60 

;EPA 1995b I YES 

37 I YES 
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Table 3-6 
Bioaccumulative Chemicals List and Log K, Values 

NAS Oceana, Virginia Beach, VA 
Evaluate for Food Web 

Chemical Log K, Range Selected log K, Reference Exposures? 
Heptachlor 4.93 to 6.26 6.26 USEPA 1995b YES 
Heptachlor epoxide 3.50 to 5.40 5.00 USEPA 1995b YES 
Methoxychlor 3.31 to 5.60 5.08 USEPA 1995b YES 
Toxaphene 3.23 to 5.56 5.50 USEPA 199513 YES 
PCBs (total) Not reported 6.00 USEPA 1996a YES 
lnorganics 
Aluminum ! .- ! __ ! __ 1 YES 

II Arsenic I __ I -- I __ I YES II 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 

__ -_ __ YES 
__ __ -_ YES 
-. -_ -_ YES 
__ __ __ NO 
-- -_ _- YES 
-. -- __ YES 
.- -. __ YES 
__ .- __ NO 
__ __ __ VFS 0-w 
__ -_ -_ YES 
__ __ __ NO 
__ __ __ YES 
0. __ __ YES 
_- .- __ YES 
__ __ NO 
.* -s __ VFS 

Sodium 
Thallium 
Vanadium 
Zinc 

__ -_ .- NO 
__ __ __ YES 
__ __ __ YES 
__ -- __ YES 
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Table 3-7 
Screening-Level Soil Bioconcentration Factors Used For Plants and Soil Invertebrates 

NAS Oceana, Virainia Beach, VA 

Barium 0.15 Baes et al. 1984 0.36 Bever and Stafford 1993 
Beryllium 0.01 Baes et al. 1984 1 __ 

Cadmium 3.25 Bechtel Jacobs 1998a 40.69 Sample et al. 1998a 
Chromium 0.0075 Baes et al. 1984 3.162 Sample et al. 1998a 
Cobalt 0.02 Baes et al. 1984 1 _- , ---- -. -.. .--. 
Copper 0.625 Bechtel Jacobs 1998a 1.531 Sample et al. 1998a 
Iron 0.004 Baes et al. 1984 0.1 Sample et al. 1998a 
Lead I 0.468 I Bechtel Jacobs I! 998a 1.522 Sample et al. 1998a 
Manganese 0.25 Baes et al. 1984 0.124 Sample et al. 1998a . 
Mercury 5 Bechtel Jacobs 1998a 20.63 Sample et al. 1998a 
Nickel 1.411 Bechtel Jacobs 1998a 4.73 Sample et al. 1998a 
Selenium 3.012 Bechtel Jacobs 1998a 1.34 Sample et al. 1998a 
Silver 0.4 Baes et al. 1984 1 -- 
Thallium 
Vanadium 
Zinc 

0.004 
0.0055 
1.82 

Baes et al. 1984 
Baes et al. 1984 

Bechtel Jacobs I! 398a 
II Pesticides/PCBs 

1 4,4’-DDL 
4$-DDE 
4,4’-DDT 
Aldrin 
alpha-BHC 
aloha-Chlordane 

r nn1is; “.“I I” 
0.0048 
0.0065 
0.0068 
0.2464 

I 1 I -_ II 

I 0.088 I Samole et al. 1998a II 

I 12.89 I Sample et al. 1998a II 
I 

IIcl”t~ cul”l-llllli) IJV 
Travis and Arms 198 
Travis and Arms 1988 

Travis and Arms 1988 2 Menzie et al. 1992 
Travis and Arms 1988 10.6 Menzie et al. 1992 
Trcn#i@ 1w-4 Armm 4008 0.7 Menzie et al. 1992 

8 1 __ 

-II 

II Aroclor-I 016 
II Aroclor-1221 

II Aroclor-1232 ----. .::I . 
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Table 3-7 
Screening-Level Soil Bioconcentration Factors Used For Plants and Soil Invertebrates 
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Table 3-7 
Screening-Level Soil Bioconcentration Factors Used For Plants and Soil Invertebrates II 

NAS Oceana, Virginia Beach, VA 
Soil-Plant BCF (dry weight) Soil-Invertebrate BAF (dry weight) 

Chemical Value I Reference Value I Reference 
Acenaphthylene 0.1653 Travis and Arms 1988 0.22 Beyer and Stafford 1993 
Anthracene 0.0908 Travis and Arms 1988 0.32 Beyer and Stafford 1993 
Benzo(a)anthracene 0.0197 Travis and Arms 1988 0.27 Beyer and Stafford 1993 
Benzo(a)pyrene 0.0114 Travis and Arms 1988 0.34 Beyer and Stafford 1993 

11 Benzo(b)fluoranthene 0.0101 Travis and Arms 1988 I 0.21 I Beyer and Stafford 1993 

11 Benzo(g,h,i)perylene 

! 

! 

! 

0.0052 ! Travis and Arms 1988 0.15 Beyer and Stafford 1993 I 
11 Benzo(k)fluoranthene 1 0.0101 ! Travis and Arms 1988 ! 0.21 ! Beyer and Stafford 1993 II 

Bis-(2-Ethylhexyl)phthalate 
Butylbenzylphthalate 
Carbazole 

Chrysene 
Dibenz(a,h)anthracene 
Dibenzofuran 

I 
II Diethylphthalate 

Di-n-butylphthalate 
Di-n-octylphthalate 

Fluoranthene 

0.0023 
0.0617 
0.3258 

0.0197 
0.0053 
0.1447 

0.0838 
0.0008 

0.0425 

Travis and Arms 1988 1 __ 
Travis and Arms 1988 1 _- 
Travis and Arms 1988 1 __ 

Travis and Arms 1988 0.44 Beyer and Stafford 1993 
Travis and Arms 1988 0.49 Beyer and Stafford 1993 
Travis and Arms 1988 1 __ 

1 __ 
Travis and Arms 1988 1 __ 
Travis and Arms 1988 1 __ 

Travis and Arms 1988 0.37 Beyer and Stafford 1993 

1 1.39 I Travis and Arms 1988 

II Hexachlnmhutadiene 
0.1428 
0.0642 
0.0153 

0.0297 

--- 
Travis and Arms 1988 0.: ?: Beyer and Stafford 1993 
Travis and Arms 1988 I 1 __ 
Travis and Arms 1988 1.69 Bever 1996 

Travis and Arms 1988 I 1 I __ II 
0.1888 Travis and Arms 1988 1 __ 

0.0056 Travis and Arms 1988 0.41 Beyer and Stafford 1993 
0.4425 Travis and Arms 1988 0.21 Beyer and Stafford 1993 
0.5775 Travis and Arms 1988 1 -. 

] 0.0443 ! Travis and Arms 1988 8 van Gestel and Ma 1988 
I 0.0908 ! Travis and Arms 1988 0.28 Beyer and Stafford 1993 

Hexachlorobenzene 
Hexachlorocyclopentadiene 
Hexachloroethane 

Indeno(l,2,3cd)pyrene 
Naphthalene 
N-Nitrosodiphenylamine 

11 _Pentach!orophenol 
II rhenanthrene 

II .?““e - I 0.0431 I Travis and Arms 1988 I 0.39 I Beyer and Stafford 1993 II 
II Volatile Oraanics II . -.- _.._ _. -...-_ 

Carbon Tetrachloride 1.0234 Travis and Arms 1988 1 __ 
Chlorobenzene 0.8608 Travis and Arms 4 988 i -_ 
Chloroform 3.0077 Travis and Arms 1988 1 __ 
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Table 3-7 
Screening-Level Soil Bioconcentration Factors Used For Plants and Soil Invertebrates 
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II Table 34 
Screening-Level Soil Bioaccumulation Factors Used For Small Mammals II 

Chemical 

NAS Oceana, Virginia Beach, WA 
Soil-Mouse BAF (dry weight) I Soil-Vole BAF (dry weight) 

Value I Reference I Value I Reference 
I Soil-Shrew BAF (dry weight) 
I Value I Reference 

II Aluminum I -- I see text I .- I see text I __ I see text II 
II Antimonv I __ I see text I __ I see text I __ I see text II 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 

0.014 
0.069 
0.41 

0.349 
0.025 
0.554 
0.015 
0.286 

Sample et al. 1998b 
Sample et al. 1998b 

SWDIV 1996 

Sample et al. 1998b 
Sample et al. 1998b 
Sampl 
Sampl 
Sampl 

le et al. 1998b 

0.016 
0.253 
0.41 

0.309 
0.14 I 

Sample et al. 19981, 0.0149 
Sample et al. 1998b 0.1121 

SWDIV 1996 0.41 

Sample et al. 1998b 0.3333 
Samole et al. 19986 I 0.1 I 

Sample et al. 1998b 
Sample et al. 1998b 

SWDIV 1996 

Sample et al. 1998b 
Samole et al. 1998b 

1.29 I Samole et al. 1998b 1 1.117 I Samole et al. 1998b II 
le et al. 1998b 1 0.024 1 Samole et al. 19986 I 0.0171 I 
le et al. 1998b 1 0.187 I Samole et at. 1998b I 0.339 I 

Samole et al. 1998b 
Samole et al. 1998b 

Manganese 
Mercury 
Nickel 

-- 

0.13 
0.589 

see text 
Sample et al. 1 E 
Sampl 

see text __ see text II 
)98b 1 0.192 1 Sample et al. 1998b I 0.192 1 Sample et al. 1998b II 

11 Zinc 2.7822 1 Sample et al. 1998b 
PesticideslPCBs 
4,4’-DDD 
4$-DDE 
4/l’-DDT 

see text 
see text 
see text 

__ 
__ 
__ 

see text 
see text 
see text 

see text 
see text 
see text 
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Table 3-3 
Screening-Level Soil Bioaccumulation Factors Used For Small Mammals 

I -- I see text I __ I see rexr 
Dibenz(a,h)anthracene ^^^ 1^ __ 

Dibenzofuran -_ 
Diethylphthalate __ btlt: LML I __ 

I I 

5ee text 
see text 
^^^ A-..‘ 

see text 
see text 
see text 

see text 
see text 
see text 
^^^ ,^.A 

II Hexachloroethane I -_ I 
Indeno(l,2,3-cd)pyrene __ 

see text 
see text 

I __ I see text -_ I see rexr 
-_ see text I _- see text 

see text 
see text 
see text 

see text 
see text 
see text 

see text 
see text 
see text 
^^^ ‘^.A 
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Table 3-9 
Screening-Level Sediment Bioaccumulation Factors Used For Aquatic Invertebrates and Fish/Amphibians 
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Screening-Level Sediment Bioaccumulation Factors Used For Aquatic invertebrates and Fish/Amphibians 



II Table 3-9 II 
Screening-Level Sediment Bioaccumulation Factors Used For Aquatic Invertebrates and Fish/Amphibians 
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A search was instituted, however the page(s) 

was/were not found. 
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Table 3-1 I 
Soil Bioaccumulation Factors Used For Small Mammals Baseline (Step 3A) ! 

NAS Oceana. Virainia Beach. V: A 
Soil-Mouse BAF (dry weight) I Soil-Vole BI 1F (dry weight) 

Value 1 Reference I Value I Rnftwmcn 

II 

j Soil-Shrew BAF (dry we 
!I 

I Vnlun I Refere~%~ . . -. -. -. . - - - -.-- ..-.-. v..-- 
I 

. -.-- . . -. -. -. - - 

I __ I see text I v. I see text I -- I see text 
-_ see text -- see text __ see text 

Chemical 
lnorganics 
Aluminum 
Antimony 

Vanadium I __ I see text I __ I see text I __ I see text 
1 1 P 1 1 p 1 0.862 1 Zinc 0.5092 Sam le et al. 1998b 0.2929 Sam le et al. 1998b Sample et al. 1998b 

PesticideslPCBs 
Aroclor-1016 I __ I see text I __ I see text I -_ I see text 
Aroclor-1221 -- see text __ see text __ see text 
Aroclor-1232 
Aroclor-I 242 
. .^.^ 

-- 
_- 

see text 
see text 

I see text 
see text 

I -- I see text 
__ see text 

Aroclor-1248 _- see text __ see text -- see text 
Aroclor-1254 __ see text __ see text __ see text 
Aroclor-I 260 __ see text _- see text __ see text -. 
Dleldnn I -- I see text I __ I see text I _- I see text 
Semivolatile Organic Compounds 
Di-n-butylphthalate I -_ I see text I __ I see text I __ I see text 
Hexachlorobenzene __ see text -. see text __ see text 
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The following page(s) is/are not available. 
A search was instituted, however the page(s) 

was/were not found. 



Marsh wren I 0.01125 I Dunnina 1993 I 0.00292 I allometric eauation I 0.00249 I USEPA 1993 I 
Mammals 
Deer mouse 
Meadow vole 
Mink 

0.0168 Silva and Downing 1995 0.00302 USEPA 1993 0.00051 USEPA 1993 
0.0428 Silva and Downing 1995 0.00899 USEPA 1993 0.00209 USEPA 1993 
0.777 Silva and Downino 1995 0.02176 USEPA 1993 0.02587 USEPA 1993 

Raccoon 
Red fox 

5.94 
4.06 

1995 
_ _ - _ 

1 0.49209 1 allometric equation 1 0.10003 I Conover 1989 II Silva and Downing 
Silva and Downing 1995 I 0.34939 I allometric equation 1 0.12308 1 Sample and Suter 1994 

I I I II 
Short-tailed shrew 1 0.01687 1 USEPA 1993 1 0.00376 1 USEPA 1993 1 0.00149 I USEPA 1993 II 
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Baseline (Step 3A) Exposure Parameters for Upper Trophic Level Ecological Receptors 
NAS Oceana, Virginia Beach, VA 

I 
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Table 3-14 
Refined Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints 

Assessment Endpoint I 
NAS Oceana, VWnia Beach, VA 

Risk Hypothesis I Measurement Endpoint 
Terrestrial Habitats 

Survival, growth, and reproduction of 
terrestrial soil invertebrate communities. 

Survival, growth, and reproduction of 
terrestrial plant communities. 

Survival, growth, and reproduction of 
avian terrestrial insectivores. 

Survival, growth, and reproduction of 
avian terrestrial carnivores. 

Survival, growth, and reproduction of 
mammalian terrestrial insectivores. 

Survival, growth, and reproduction of 
mammalian terrestrial herbivores. 

Survival, growth, and reproduction of 
mammalian terrestrial omnivores. 

Survival, growth, and reproduction of 
mammalian terrestrial carnivores. 

Are site-retated surface soil concentrations sufficient to 
adversely effect soil invertebrate communities based on 
conservative screening values? 
Are site-related surface soil concentrations sufficient to 
adversely effect terrestrial plant communities based on 
conservative screening values? 
Are site-related chemical concentrations in surface soils 
sufficient to cause adverse effects (on growth, survival, or 
reproduction) to avian species that may consume soil 
invertebrates from the site? 
Are site-related chemical concentrations in surface soils 
sufficient to cause adverse effects (on growth, survival, or 
reproduction) to avian species that may consume small 
mammals from the site? 
Are site-related chemical concentrations in surface soils 
sufficient to cause adverse effects (on growth, survival, or 
reproduction) to mammalian species that may consume soil 
invertebrates from the site? 
Are site-related chemical concentrations in surface soils 
sufficient to cause adverse effects (on growth, survival, or 
reproduction) to mammalian species that may consume 
terrestrial plants from the site? 
Are site-related chemical concentrations in surface soils 
sufficient to cause adverse effects (on growth, survival, or 
reproduction) to mammalian species that may consume 
plants and invertebrates from the site? 
Are site-related chemical concentrations in surface soils 
sufficient to cause adverse effects (on growth, survival, or 
reproduction) to mammalian species that may consume 
small mammals from the site? 

Comparison of mean chemical concentrations in surface soil with soil 
screening values. 

Comparison of mean chemical concentrations in surface soil with soil 
screening values. 

Comparison of literature-derived chronic No Observed Adverse Effect 
Level (NOAEL) and Lowest Observed Adverse Effect Level (LOAEL) 
values for survival, growth, and/or reproductive effects with modeled 
dietary exposure doses based on mean soil concentrations. 
Comparison of literature-derived chronic No Observed Adverse Effect 
Level (NOAEL) and Lowest Observed Adverse Effect Level (LOAEL) 
values for survival, growth, and/or reproductive effects with modeled 
dietary exposure doses based on mean soil concentrations. 
Comparison of literature-derived chronic No Observed Adverse Effect 
Level (NOAEL) and Lowest Observed Adverse Effect Level (LOAEL) 
values for survival, growth, and/or reproductive effects with modeled 
dietary exposure doses based on mean soil concentrations. 
Comparison of literature-derived chronic No Observed Adverse Effect 
Level (NOAEL) and Lowest Observed Adverse Effect Level (LOAEL) 
values for survival, growth, and/or reproductive effects with modeled 
dietary exposure doses based on mean soil concentrations. 
Comparison of literature-derived chronic No Observed Adverse Effect 
Level (NOAEL) and Lowest Observed Adverse Effect Level (LOAEL) 
values for survival, growth, and/or reproductive effects with modeled 
dietary exposure doses based on mean soil concentrations. 
Comparison of literature-derived chronic No Observed Adverse Effect 
Level (NOAEL) and Lowest Observed Adverse Effect Level (LOAEL) 
values for survival, growth, and/or reproductive effects with modeled 
dietary exposure doses based on mean soil concentrations. 

FINAL Page 1 of 3 



Table 3-14 
Refined Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints 

surface water and/or 

surface water and/or 

Survival, growth, and reproduction of Evidence of potential risk to other upper trophic level aquatic receptors 
evaluated in the ERA. 

Survival, growth, and reproduction of 
Are site-related chemical concentrations in surface water 

Evidence of potential risk to other upper trophic level aquatic receptors 
aquatic/wetland reptiles. evaluated in the ERA. 

Survival, growth, and reproduction of 
avian aquatic/wetland insectivores. 

survival, growth, and/or reproductive effects with modeled 
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Table 3-14 
Refined Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints 

Survival, growth, and reproduction of 
avian aquatic/wetland omnivores. 

avian aquatic/wetland piscivores. 

Are site-related chemical concentrations in surface water 
and sediment sufficient to cause adverse effects (on growth, 
survival, or reproduction) to avian species that may consume 

uction) to avian species that may consume 

growth, and/or reproductive effects with modeled 
oses based on mean surface water and sediment 

NOAEL) and Lowest Observed Adverse Effect Level (LOAEL) 
for survival, growth, and/or reproductive effects with modeled 

osure doses based on mean surface water and sediment 

Survival, growth, and reproduction of 
mammalian aquatic/wetland piscivores 

mammalian aquatic/wetland omnivores. 

and sediment sufficient to cause adverse effects (on growth, 
survival, or reproduction) to mammalian species that may 

values for survival, growth, and/or reproductive effects with modeled 

consume fish from the site? osure doses based on mean surface water and sediment 

Level (NOAEL) and Lowest Observed Adverse Effect Level (LOAEL) 
values for survival, growth, and/or reproductive effects with modeled 

FINAL Page 3 of 3 



Table 4-1 
Summary Statistics - SWMU 28 - Groundwater 

NAS Oceana, Virginia Beach, VA 

Maximum 

Reporting Limit Frequency of Concentration Sample ID of Maximum Arithmetic Standard Deviatia 
Chemical Range Detection Detected Concentration Mean’ of Mean 

lnorganics (UG/L) - . .--- __- 
o/4 1 

~..._...~_____ 
Aluminum 15.5 - 15.5 . . ..- 28.5 11.3 ..- ~__~---~- -. -. --~- _..~ ~.~ 
Antimony 1.60 - 1.60 0 I4 __ __ 0.95 .- 0.30 
Arsenic 2.50 - 2.50 2 I4 29.7 OW2B-MW17-ROl 11.2 13.4 .-__---.--~ - 
Barium 0.60 - 0.60 414 65.6 OW2B-MW20-ROI 49.7 12.8 
Beryllium 0.20 - 0.20 0 I4 __ __ 0.1 0 --- .~..... ~.~-~~~ ~~~~~ ~- _~~~.-~ ~~~~~ ~. ______. __- 
Cadmium 0.70 - 0.76 

-___ 
0 I4 -- __ 0.35 0 -~__-- - -.-. 

Calcium 13.4 - 13.4 4 I4 40 800 - -~ ----(jjj~$,j~~&&j - 21100 13331 
Chromium 2.60 - 2.60 1 I4 4.80 OW2B-MW20-ROI 2.18 --- -. 1.75 
Cobalt -150 - 1.50 ~-___~~ -- ---: II4 A!i!L~~__ ___ __. ~~_. OW2B-MW18-ROl 0.96 0.43 
Copper 2.90 - 2.90 o/4 __ .- 1.45 0 __~- 
Cyanide 10.0 - 10.0 o/2 -- __ 5 0 _---~ -~ __~-~~-~~~ ~- ~.~~ 
Ferric iron 

5oo _ 5oo ---- -.~~~114 -. ---.---.. - .-... 
1 100 __-- ~ ~. ---8 OW2B-MW17-ROI 463 425 

Ferrous iron 
__-. -~. --. ~. -~ .- 

500 - 5,000 4 I4 ----.~-.-~-. -. -. .~ ~~~ ~~~~_ ~. ._~ 18,000 OW2B-MW17-ROl 8250 6550 
Iron 43.7 - 43.7 414 35,500 OW2B-MW17-Rdi 15500 13489 
Lead 1.40 - 1.40 ~~~ 014 -. __ 0.70 b -___- - --_ __..-.. ~. 
Magnesium 

__-_- .~ .- 
19.7 - 19.7 4 I4 13500 OWPB-MWI7-ROI 

Manganese 
-~-.-.--I--- ..___. ~_ 9600 3600 

0.40 - 0.40 4 I4 500 OW2B-Mti20-ROI 351 170 
Mercury o/4 ~-- 0.03 - 0.03 __ __ 0.02 0 --__- _~_~~~. _ 
Nickel 1.70 - 1.70 o/4 __ -_ - .~.~___ 
Potassium 103 - 103 414. -__-- 2,190 OW2B-MW20-ROI 1638 483 
Selenium 

___- ~- 

Sodium 
Thallium 
Vanadium 
Zinc 

4,4’-DDD 
A d’.nnF n4l-l - n,n 

FINAL 
Page1 of 7 1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 



Table 4-1 
Summary Statistics - SWMU 2B - Groundwater 

I Reportina Limit 

Aroclor-1242 1.00 

___ 

-~~ _____~ ~~~~~ 
Aroclor-1248 
Aroclor-1254 /--- 

_ 1.00 
1.00 - 1.00 
1.00 - 1.00 

Endosulfan II _~. .___~ ~~ ~~_ ~~. 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
neptachlor 
Heptachlor epoxide 
Methoxychlor __ ..~~- 
Toxaohene 

delta-BHC ______ ~~~ _--~ 
gamma-BHC (Lindane) 

P Oceana, Virs 

Frequency of 
Detection 

o/4 
014 .___. 
o/4 

o/4 
o/4 
o/4 

nia Beach, VA 

9 Arithmetic 

Mean’ 

0.05 
0.03 
0.5 
1 -. 

0.5 
0.5 
0.5 
0.5 -. 
0.5 
0.05 
0.03 
0.05 
0.05 
0.05 
0.05 
0.05 
0.03 
0.03 
0.25 
~2.50 
0.03 
0.03 
-0.63 
0.03 
0.03 ~- 
0.03 

Standard Deviatia 
of Mean 

0 
0 
0 
0 
0 ..-. _. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
-0 
0 
0 
0 
0 
0 
0 

Semi-volatile Organic Compounds (UGIL) 
1,2,4-Trichlorobenzene 
1,2-Dichlorobenzene 

FINAL 
1 _ One-half of the reporting limit was used for non-detected samples when calculating the mean. Page2 of 7 



Table 4-1 
Summary Statistics - SWMU 28 - Groundwater 

nia Beach, VA NAS Oceana, Vir 

Maximum 
Concentration 

Detected 
Sample ID of Maximum 

Concentration 

Arithmetic 

Mean’ 

5 
5 

12.5 
5 
5 
5 

12.5 
5 
5 
5 
5 
5 
5 

12.5 
5 
5 

12.5 
12.5 
5 
5 
5 - _-- ._.-~-- 
5 
5 

12.5 
12.5 
0.50 
0.50 

1 
0.05 
0.05 

standard Deviation 
of Mean 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 .~ .~ 
0 
o- -- 
0 
0 
0 
0 
0 
0 
0 
0 
0 .-.. __ ..- 
0 
0 
0 .~ 
0 
0 
0 
0 
0 
0 

Chemical 

1.4-Dichlorobenzene 

Reporting Limit Frequency OI 
Range Detection 

10.0 - 10.0 o/4 __ - 
__ 2;2’-Oxybis(l-chloropropane) 

2.4.5Trichlorophenol 

__ 
__ 
_- -. 
__ _. 

__ - .-.-- 
2XhloronaDhthalene I 10.0 - 10.0 I----” 0 14 __ 
2-ChloroDhenol I 10.0 - 10.0 I n 14 

__ 
__ 

4-Chloroaniline 

~.- 4ChlorophenyCphenylether 
4-Methylphenol 
4-Nitroaniline 

__ 
__ 
__ &Nitroahenol 

Acenaohthene __ 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 

__ 
__ 
__ 
__ 

FINAL 
1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. Page3 of 7 



Table 4-1 
Summary Statistics - SWMU 28 - Groundwater 

NAS Oceana, Virginia Beach, VA 

I Reporting Limit 
Chemical 

Benzo(b)fluoranthene __~ ._._ ~- ~____. 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Butylbenzylphthalate 
Carbazole 

Di-n-butylphthalate __ ____- ~~~~ ~~___-. ~~~~~ --~-~- ~- 
Di-n-octylphthalate .-____ 
Dibenz(a,h)anthracene 

%benzofuran 
Diethvlohthalate 
Dimethyl phthalate 
Fluoranthene 
Fluorene _~- --.~~ ~__ ~~~ 
Hexachlorobenzene 

Hexachlorocvclooentadiene 
Hexachloroethane 
Indeno(l,2,3-cd)pyrene --~ 
lsophorone 

bis(2Ethylhexyl)phthalate 
n-Nitroso-dt-n-propylamine 

Maximum 
Frequency of Concentration Sample ID of Maximum Arithmetic Standard Deviatio 

Detection Detected Concentration Mean’ of Mean - - _- - -. -. . , 
o/4 I .v I __ I 0.05 I 0 

FINAL 
1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. Page4 of 7 



Table 4-1 
Summary Statistics - SWMU 28 - Groundwater 

iVAS Oceana, Virginia Beach, VA 

Chemical 

n-Nitrosodiphenylamine 
Volatile Draanic Comaounds 

Maximum 

Reporting Limit Frequency of Concentration Sample ID of Maximum Arithmetic Standard Deviation 

Range Detection Detected Concentration Mean’ of Mean 

10.0 - 10.0 o/4 -. __ 5 0 

--1.07 
1.07 
1.07 
24.5 
3.55 

0 
0 
n 

1.2-Dibromoethane I 1.00 - 1.00 I o/4 I -- I _- I n5n I n 
1 2-Dichlorobenzene -1. ~~--. 
1,2-Dichloroethane 
1 2-Dichloroethene (total) I- 
1,2-Dichloropropane 
1,3-Dichlorobenzene 
1,4-l%hlorobenzene 
2-Butanone 

0 18 __-___ 
I la 
214 ~-__ 
018 --~-___ 
o/a 
0 ia 
o/4 

22.4 
1.07 _--.- 
1.07 - 

X07 

4-MethylQ-pentanone 
Acetone 

Acrylonitrile 
Benzene 
Bromochloromethane Bromochloromethane - 
Bromodichloromethane 
Bromoform 
Bromomethane Bromomethane 
Carbon disulfide Carbon disulfide 

018 .- -__ ___ .~._ 
o/a I_ 1- --I 0 ia .- 
3 ia 0.80 .-.__ 

OW2B-MWI 7-94A -.___ 
~~. ~___- 

-.~- 

FINAL 
1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. Page5 of 7 



Table 4-1 
Summary Statistics - SWMU 2B - Groundwater 

NAS Oceana, Virainia Beach, VA 

Chemical 

Carbon tetrachloride _.._ __.~___ ~~~-. ~__~ 
Chlorobenzene -___ 
Chloroethane -. ._~___ ~~ -.___ -~- ~__ 
Chloroform ~. .- 

Chforomethane ~.~~ -__~ - ~ 
Dibromochloromethane ___- ~~~~____~~~ 
Dibromomethane __ ~I_--- ~ .~__ 
Dichlorodifluoromethane 
Ethane 
Ethene ~- -- 
Ethyl methacrylate 
Ethylbenzene -__ 
lodomethane ~-~ __ 
Methane __ ~~ ~~___ ~~ 
Methvlene chloride 
Styrene __ ___~ ~~ 
Tetrachloroethene ____~_ .-~~~ ~___~~~ ~~. 
Toluene 
Trichloroethene --___~ ..~ 
Trichlorofluoromethane __~ -~~~ .~__ 
Vinyl acetate ___.~..-- -~ 
Vinyl chloride _~ ~__ -~~ ~ 
Xylene, total ~~ ..__ ~.____. ~~. -___.~~~ ~- 
cis-1 ,PDichloroethene ._..___ ~. ___ 
cis-1,3-Dichloropropene 
trawl ,PDichloroethene 

Reporting Limit 
Ranqe 

1.00 - 5.00 __--~ -___ 
1.00 - 5.00 .~ ~____---.- 
1.00 - 10.0 --~___ 
1.00 - 5.00 
1.00 - 10.0 -.~-. 
1.00 - 5.00 ~~____ _-- 
5.00 - 5.00 
10.0 - 10.0 

0.005 - 0.005 
0.005 - 0.005 
5.00 - 5.00 
1.00 - 5.00 ~~~. ___-- .~. 
10.0 - 10.0 
0.02 - 0.02 
2.00 - 5.00 
1.00 - 5.00 ___-~~.-__ 
1.00 - 5.00 
-1.00 - 5.00 
1.00 - 5.00 
5.00 - 5.00 
10.0 _ 10.0 _____._~.~ ~ 
1.00 - 10.0 
1.00 _ 5.00 __---~-. .__ 
1.00 - 1.00 
1.00 - 5.00 ~-..~- .__ 

trawl ,SDichloropropene __- 
~-trans-I ,CDichloro9-butene ---.___ _~ ___~~ 
Other Parameters (MGIL) 
Alkalinity I 10.0 - 10.0 1- 4 77.0 - I 4 1 110 7 OW2B-MW20-ROl-P - -. -.~- [ r.---- 

Frequency of 
Detection 

0 18 ~._.__ 
0 la ____-~.. 
218 
0 /a ___.__- 
o/a 
018 

~~ 0’4 
0 I4 
214 
214 
0 I4 
o/a 
014 --___ 
4 I4 __-~~- 
418 .- 
o/a ~ 

Maximum 
Concentration Sample ID of Maximum Arithmetic 

Detected Concentration Mean’ 

w. .- 

20.0 OW2B-MWI 8-94A __ __-~ 
w. __ 

.- __ _” I 5 __.~~~ --- 
0.11 OW2B-MW20-ROl 0.03 

I .3a 
1.66 
2.50 

5 

Standard Deviation 
of Mean 

1.07 - 
1.07 
6.56 
1.07 
2.41 
1.07 

0 
0 

0.05 
0.03 

0 
1.07 
0 -. 

869 
0.78 
1.07 
1.07 
1.21 
1.39 
0 
0 

4.99 

FINAL 
1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. Page6 of 7 



Table 4-1 
Summary Statistics - SWMU 2B - Groundwater 

NAS Oceana, Virsinia Beach, VA 

Chemical , . .I.. s - -v--v..-.. 

Chloride 0.50 - 0.50 414 23.0 OW2B-MW20-R01 14.1 6.51 .___ 

I 
--. ___-. 

0.01 - 0.01 I 414 I 0.17 1 OWPB-MW18-ROl _._. ~- 1 
~. ~.. 

0.09 I-- 0.06 II 

Redox -_ _ _- 414 -. OW2B-MW17-ROI -- 0 
Specific conductance - -_ _ __ 414 __ OW2B-MW17-ROl -- 0 
Sulfate 0.50 - 0.50 4 I4 19.0 OW2B-MW17-ROI 13.4 8.01 

--~--- __-- Sulfide - 0.06 _ oJf3 4 I4 0.16 OW2B-MW20-ROl-P 0.12 0.03 ----.- 
Temperature 

.___. _ ~~~ 
_- _ __ 414 __ OWPB-MWl7-ROl -- 0 --.- 

Total organic carbon (TOC) - 2.00 - 2.00 414 9.40 OW2B-MW17-ROl 5.85 2.56 
Turbidity __ _ __ 414 __ OW2B-MW17-ROl -- 0 
pH -- _ __ 414 __ OW2B-MWl7-ROI -- 0 

1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 
FINAL 
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Table 4-2 
Summary Statistics - SWMU 28 - Surface Water 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Standard 

Reporting Limit Frequency of Concentration Maximum Arithmetic Deviation of 
Chemical Ranqe Detection Detected Concentration Mean’ Mean 

Volatile Organic Compounds (N/L) 
1.1.1 -Trichloroethane 

.~ ..r -5100. .-~~5.00- 
2.50 0 
2.50 0 _ ~.~. 
2.50 0 
2.13 

~-- f- 
0.75 

i,l-Dichloroethene I---~--- __ -r 2.50 0 
!,2,3-Trichtoropropane 
I ,2-Dichlorobenzene 

0 
0 

-1.25 

2-Hexanone 

Bromoform 
Bromodichloromethane 

FINAL 
Page 1 of 2 1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 



Table 4-2 
Summary Statistics - SWMU 2B - Surface Water 

NAS Oceana, Virginia Beach, VA 

Trichlorofluoromethane 

bans-1 3-Dichloro 

1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 

-- 

FINAL 
Page 2 of 2 



Table 4-3 
Summary Statistics - SWMU 28 - Sediment 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Standarl 

Reporting Limit Frequency of Concentration Maximum Arithmetic Deviation 
Chemical Ranse Detection Detected Concentration Mean’ Mean 

Semi-volatile Organic Compounds (N/KG) 
L$4-Trichlorobenzene 390 - 420 o/3 -w __ 205 8.66 

--~ 1 ,P-Dichlorobenzene 390 - 420 o/3 __ __ 205 8.66 __-----_ 
'-.p-- 1 3-Dichlorobenzene 390 420 013 - _- -. 205 8.66 ._..~ ~~.~ --~~. 
1,4-Dichlorobenzene 390 - 420 o/3 me __ 205 8.66 

1 -Methylnaphthalene 310 - 3,700 1 I3 430 ~~-!?!!EE?~- 743 27' ~- .~. -.-~~ - --. - 
2,2’-Oxybis(1 -chloropropane) 390 - 420 o/3 .- __ 205 8.66 
2,4,5-Trichlorophenol 390 - 420 oi3 _- _- 205 8.66 
2,4,6-Trichlorophenol 390 - 420 013 __ __ 205 8166 .-___-- 
2,4-Dichlorophenol 390 - 420 o/3 __ _- 205 ~8.66 -.-- ____-. -- ~- -.~ .-~-___--~- ~. 
2,4-Dimethylphenol 390 - 420 013 -_ __ 205 8.66 
2,CDinitrophenol 950 - 1,000 o/3 -s __ 492 14.4 
2,CDinitrotoluene 390 - 420 o/3 __ .- -~205 8.66 _____---.-.. 
2,6-Dinitrotoluene 390 - 420 o/3 .- __ 205 8.66 
2Ghloronaphthalene 390 - 420 013 .- __ 205 --EL66 
2-Chlorophenol 390 - 420 o/3 __ __ 205 8.66 

OW2B-SD4-94A 2-Methylnaphthalene 310 - 3,700 216 420 -450 368 ~ ~__----- ~~~_~_~~_. ~~~~~ --.. ._~. 
2-Methylphenol 390 - 420 o/3 __ __ 205 8.66 

- 2-Nitroaniline 950-1,000 o/3 -_ __ 492 14.4 -___-- .._._~. 
2-yitrophenol 390 - 420 o/3 __ __ 205 8.66 
3,3’-Dichlorobenzidine 390 - 420 o/3 _- __ 205 8.66 
3-Nitroaniline 950 - 1,000 o/3 __ __ 492 ii.4 
4,6-Dinitro-2-methylphenol 950 - 1,000 o / 3 .-.-~-~~--~- __ 492 14.4 - -----_. .~~.. ~. 

---- -~ ~~~-~~~~ 
--~-~~--- - 

4-Bromophenyl-phenylether 390 - 420 o/3 __ -0 205 8.66 .~. ..~ 
4-Chloro-3-methylphenol 390 - 420 013 __ __ 205 8.66 
4TChioroaniline 390 - 420 o/3 -_ _- 205 8.66 -. ..~ 
4-Chlorophenyl-phenylether 390 - 420 o I 3 ..~.-----; __ 205 8.66 
4Methylphenol 390 - 420 o/3 _- __ 205 8.66 

- 4-Nitroaniline 950 - 1,000 013 -c 
m-4 

-- 492 14.4 
-- fir- > A,... ^ I^ .__ 

YOU - 1,uuu 1 u/3 _- I __ 1 492 I 14.4 

FINAL 
1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. Page 1 of 4 



Table 4-3 
Summary Statistics - SWMU 28 - Sediment 

PIAS Oceana, Virginia Beach, VA 

Fluorene 

Phenanthrene 

FINAL 
1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. Page 2 of 4 



Table 4-3 
Summary Statistics - SWMU 2B - Sediment 

NAS Oceana, Virginia Beach, VA 

Chemical 

Pyrene 
bis(2-Chloroethoxy)methane 

bis(2Xhloroethyl)ether 
bis(2-Ethylhexyl)phthalate 
n-Nitroso-di-n-propylamine 
n-Nitrosodiphenylamine 
Volatile Organic Compounds (N/KG) 
1 ,l ,l -Trichloroethane 

1,1,2,2-Tetrachloroethane 
1 ,1,2-Trichloroethane 
1 ,I-Dichloroethane 

J-Jichloroethene 
1,2-Dichlorobenzene 
1 ,P-Dichloroethane 
1 ,PDichloropropane 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
2-Chloroethyl vinyl ether 
Bromodichloromethane 
Bromoform 

Bromomethane 
Carbon tetrachloride 
Chlorobenzene 

~Chi~~~thane~ ~~..~.--~. 
~~~~ 

Chloroform 
Chloromethane _--. ~.. ..~_ ~~ 
Dibromochloromethane 
Dichlorodifluoromethane 
Methylene chloride 
Tn+“.-.“L,~.,.P.+l..,.~~ 

Maximum Sample ID of Standard 

Reporting Limit Frequency of Concentration Maximum Arithmetic Deviation a 

Range Detection Detected Concentration Mean’ Mean 

310 - 3,700 5 I6 11,000 OW2B-SD2-94A 2533 4188 

____~~_~ _ ~~. ~~. _~~ .~ 
1.30 - 63.0 0 I3 __ __ 20.6 i7.2 ___- _.____~ 
1.30 - 63.0 0 I3 __ __ 20.6 17.2 __-.~ -- .-.- ~~. - -. 
1.30 - 63.0 0 I3 __ _- 20.6 17.2 
1.30 - 63.0 o/3 .- __ 20.6 17.2 
1.30 - 63.0 '013 __ _- 20.6 17.2 

- 1.30 - 63.0 o/3 -- __ 20.6 17.2 __-. - -. ~-__~ ._ . ._~ 
1.30 - 63.0 o/3 __ -. 20.6 17.2 ._~____.__ ___--~_.~-_. _~ 
1.30 - 63.0 o/3 -- -- 20.6 17.2 
1.30 - 63.0 o/3 -. -_ 20.6 17.2 
1.30 - 63.0 013 _- __ 20.6 17.2 

-- 1.30 - 63.0 0 I3 -- __ 20.6 17.2 
1.30 - 63.0 o/3 _- __ 20.6 17.2 
1.30 - 63.0 o/3 _- __ 20.6 17.2 - .- -. 
1.30 - 63.0 o/3 _- __ 20.6 17.2 -___- 
1.30 - 63.0 o/3 -_ __ 20.6 17.2 

- 
--~-~~-~-~.. -~.~.~ 

1.30 - 63.0 013 -. __ 20.6 17.2 
.~..__-- 1.30 - - 63.0 013 -e __ 20.6 17.2 

1.30 - 63.0 O 1 3 mm 20.6 17.2 ~--- .- -II _... 
1.30 - 63.0 013 __ -_ 20.6 17.2 

20.6 17.2 

FINAL 
1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. Page 3 of 4 



Table 4-3 
Summary Statistics - SWMU 28 - Sediment 

NAS Oceana, Virginia Beach, VA 

lorofluoromethane 

138 131 

1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 

FINAL 
Page 4 of 4 



Table 4-4 
Summary Statistics - SWMU 28 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Standard 

Reporting Limit Frequency of Concentration Maximum Arithmetic Deviation o 
Chemical RanQe Detection Detected Concentration Mean’ Mean 

lnorganics (MGIKG) 
Aluminum 40.1 - 45.8 313 11,000 OW2B-SSOI-00 10767 208 

-- Antimony 12.0 - 13.7 l 1 3 10.0 OW2B-SSO2-00 3.48 5.65 -----~-.- .----~-~~~ ~. .~ ~~~~ -_-._~--- -- -.. - .-.._ _~~_ ~~._ _~ 
Arsenic 2.00 - 2.30 313 2.60 OW2B-SSOl-00 2.27 0.58 -.--- .-.-~-- __ .~- -~~-~ 

40.1 _ 45.a~-----e-m~3-- 44.4 Barium 45.4 OW2B-SS03-00 1.06 
Beryllium 1.00 - 1.10 213 0.31 OW2B-SSO2-00 0.22 0.13 
Cadmium 1.00 - 1.10 213 1.20 OW2B-SSO2-00 0.57 0.55 
Calcium 1,003 - 1,145 313 1,380 OW2B-SS02-00 1065 275 
Chromium - 2.00 - 2.30 313 782 OW2B-SSO2-00 270 444 - .--___ __~ 
Cobalt 10.0 - 11.4 313 2.00 OW2B-SSO2-00 1.87 0.15 __ -. 
Copper 

-_--. -~-. ~. 
5.00 - 5.70 313 9.20 OW2B-SSO3-00 7.2- ~1,95 

Cyanide - 0.60 - 0.60 013 . . __ 0.01 0.003 ~__- -..-__-_-~ 
Iron 20.1 - 22.9 313 ____- .~ ~_~ ___ 4,800 OW2B-SSO3-00 4293 439 __- 
Lead 0.60 - 6.00 313 2,760 OW2B-SSO2-00 935 1580 
Magnesium 1003-1145 Lp-_'. 313 a72 OW2B-SSO2-00 739 129 ~-I_ __~-~ ~~~ .-. _ 
Manganese 3.00 - 3.40 313 36.5 OW2B-SS03-00 28.9 -6.85 
Mercury 0.10 - 0.10--~-~2/3 0.61 OW2B-SS02-00 0.23 0.33 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 

4/f'-DDD 
4,4-DDE 

Aldrin 

1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 
FINAL 

Pagelof6 



Table 4-4 
Summary Statistics - SWMU 2B - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Standard 
Deviation c 

Mean ..I.._.. . ..“I.. 

0 I3 ..- _I 20.6 
0 I3 __ -- 41.8 

0.56 
1.14 
0.56 

.0.56 
0.56 
18.8 
0.56 
2.63 
0.03 
0.06 
0.06 
0.06 
0.06 
0.06 
0.03.- 
2.03 
O.Z!ti 
2.89 
0.03 
1.17 
0.03 
0.03 
0.03 
1.18 

12.6 
12.6 
12.6 
12.6 
0 

~ ---~. i 
Aroclor-1254 

lX&-lrin t 4.05 - 4.22 

Fnrlnc~ llfan CI llfrta I 4.Ofi - 4.22 t 

Endrin aldehyde --___ ~~~ 
Endrin ketone 

__- - .-___ ~~- 
HQntarhlnr pnnxidn 

20.9 - 21.7 

aloha-Chlordane 

I .“” 

1.06 
-.I- I... 2 13 3.40 1 OW2B-SSOI-00 1 2.36 namma.Chlnrrlnnn 

zls (UGIKG) Semi-volatile Organic Compounc 
1,2,4-Trichlorobenzene ~-I- -370 " 420 1 
1 ,PDichlorobenzene 
1,3-Dichlorobenzene ~-.--.. 
I A-DirhlnmhnnrrnnP 

FINAL 
1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. Page 2 of 6 



Table 4-4 
Summary Statistics - SWMU 28 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Standard 

Reporting Limit Concentration Maximum Arithmetic Deviation c 
Chemical 

Frequency of 
Range Detection Detected Concentration Mean’ Mean 

2,2’-Oxybis(l-chloropropane) 370 - 420 013 -. __ 198 12.6 
2,4,5TrichlorophenoI 930 - 1,000 o/3 __ __ 488 20.2 
%@%c%rophenol 370 - 420 o/3 __ _- 198 12.6 -__- .- - ~.~~ ~~~~~~~ .~ ..--__-..- 
2,CDichlorophenol 370 - 420 o/3 __ .- 198 12.6 
2,4-Dimethylphenol 370 - 420 o/3 -_ __ 198 -~ 12.6 

- -----~~ einitrophenol 930 - 1,000 0 / 3 -__ 
-.-. ..- ~. 

_- 488 20.2 .___- - 
2,4-Dinitrotoluene 370 - 420 013 __ _- 198 12.6 ~..__---~ 
2,6-Dinitrotoluene 370 - 420 o/3 __ __ 198 12.6 ___-. ..~~. 
2Chloronaphthalene 370 - 420 o/3 .- __ 198 i2.6 
2-Chlorophenol 370 - 420.. o/3 *- __ 198 12.6 --.-____ 
P-Methylnaphthalene 21.0 - 420 o/3 __ __ 77. 115 ---~.~ -. ______ --.-__- 
2-Methylphenol 370 - 420 o/3 __ -- .- ~___ 198 1216 __ ._-- 
2-Nitroaniline 

.~. 
930 - 1,000 o/3 .- __ 488 20.2 

2-Nitrophenol 370 - 420 o/3 __ __ 198 12.6 
3,3’-Dichlorobenzidine 370 - 420 013 __ __ 198 12.6 
3-Nitroaniline 930 - 1,000 o/3 .- __ 488 20.2 
4,6-Dinitro-2-methylphenol 

-.. 
930 - 1,000 o/3 __ -_ 488 20.2 

4-Bromophenyl-phenylether 370 - 420 013 __ __ 198 12.6 
4-Chloro-3-methylphenol 370 - 420 o/3 -_ .- 
4-Chloroaniline------ ---~ 

198 12.6 
370 - 420 -.__~ 0 I3 -~ -- -- 198 ‘12.6 

4-Chlorophenyl-phenylether 370 - 420 o/3 __ __ 198 12.6 . ____....~ 
4-Methylphenol 370 - 420 o/3 . . __ 198 12.6 
4-Nitroaniline 

__---. ~~~~~ .~.~ 
930 - 1,000 o/3 __ __ 

4-Nitrophenol. 
. ~.-.~ ---~~-~~~-- -.- 488 20.2 

____ -_.~~- 930 - 1,000 0 I 3- -- -. _~ -- .~_.__ - .~ .~~__~ 488 20.2 __ __-. 
Acenaphthene 21.0 - 420 o/3 .- -- ~__~ 77 115~ 
Acenaphthylene 41.0 - 420 o/3 __ -. 858- 109 
Anthracene 2.00 - 420 o/3 -i __ 70.7 -121 
Benzo(a)anthracene 2.00 - 420 313 140 OW2B-SSO3-00 61.3 68.2 
Benzo(a)pyrene --- 2.00 - 2.00 3 i 3C- 100 - OW2B-SSO3-00 ~. --___- 50 43.4 
Benzo(b)fluoranthene 4.10 - 4.20 313 57.0 OW2B-SS03-00 37.3 17.9 ~.. ~ 

FINAL 
1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. Page 3 of 6 



Table 4-4 
Summary Statistics - SWMU 2B - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Maximum I 

Reporting Limit Freq ,,,?anr.,, rr# Concentration 
iamole ID of 
Makimum Arithmetic 

i,“,‘::y’ 1 -----------~---~~ 1 
Detected Concentration Mean’ 

I 

I Ranqe 1 DerGcclull I -_---_- - 

1 3 I3 I 89.0 I OW2B-SS03-00 I 41.3 
Chemical 

Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 

154 
198 
78.3 

Butvlbenzvlohthalate 1 380 - 420 1 
Carbazole 

Dibenzofuran 
Diethvlohthalate 
Dimethyl phthalate ___.~.._ 
Fluoranthene 
Fluorene _____ --~ -____- 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocvclooentadiene 

86.0-I OW2B-SS03-00 L 60.7 

198 
262 
198 

71.4 
198 
198 
198 
198 

Phenanthrene 

.~_~____ ~~~~ 
21.7 
198 
77 
198 
488 
ti.i 
198 
76.3 
198 
198 
293 
198 
198 

1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 

Standard 
leviation ( 

Mean 

41.5 
84.7 
88.5 
12.6 
88.1 
4.04 
14.4 
120 
12.6 
112 
12.6 
24.1 
120 
12.6. 
12.6 
12.6 
12.6 
11.9 
12.6 
115 
12.6 
20.2 
-17.9 
12.6 
73.1 
12.6 
12.6 
346 
12.6 
12.6 

FINAL 
Page 4 of 6 



Table 4-4 
Summary Statistics - SWMU 2B - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Standard 

Reporting Limit Frequency of Concentration Maximum Arithmetic Deviation o 

Chemical Range Detection Detected Concentration Mean’ Mean 

Volatile Organic Compounds (UGIKG) ___ -.-- -...- .._~..._.~ -.--..~ 
1 ,l ,l -Trichloroethane 10.0 - 12.3 0 13 __ __ 5.39 0.68 
1 ,1,2,2-Tetrachloroethane 10.0 - 12.3 0 13 __ -_ 5.39 0.68 __-- - -..-. .-.~- ~~~~~~~ ~~ ~~~ 
IJJ-Trichloroethane 10.0 - 12.3 0 I3 .* __ 5.39 0.68 
1 ,l -Dichloroethane 10.0 - 12.3 0 I3 __ -_ 5.39 0.68 ---. ..- ~~~ -.. 
l,l-Dichloroethene 10.0 - 12.3 013 -. __ 5.39 0.68 
1,2-Dichloroethane 10.0 - 12.3 o/3 __ __ 5.39 0.68 -__.-~ -.__________ _~. _~_~ _ 
1 ,P-Dichloroethene (total) 10.0 - 12.3 o/3 __ -_ 5.39 0.68 
1,2-Dichloropropane 10.0 - 12.3 o/3 __ __ 5.39 0.68 
2-Butanone 10.0 - 12.3 o/3 __ __ 4 .1.73 ~.~- .-..-- __-- .- -----~ ~. 
2-Hexanone 10.0 - 12.3 o/3 -- *- 5.39 0.68 _________...__~__~.__ ~~ ..~_ -__--~ ~---~~~~~-~ - - 
4-Methyl-P-pentanone 10.0 - 12.3 -_ 5.39 0.68 -~- _.-- ~.. -.- .~--- o/3 -- -- 
Acetone 10.0 - 12.3 1 I3 6.00 OW2B-SS02-00 4.83 1.04 
Benzene 10.0 - 12.3 o/3 __ __ 5.39 0.68 

3 13- OW2B-!&I-00 -- 50 Bromochloromethane 10.0 - 12.3 50.0 0 .~~____~.__________________ 
Bromodichloromethane 10.0 - 12.3 013 __ __ 5.39 0.68 
Bromoform 

__ .~___-.-___ 
10.0 - 12.3 o/3 __ -_ 5.39 0.68 

Bromomethane 10.0 - 12.3 o/3 __ __ 5.39 0.68 --~.___-_. 
Carbon disulfide 10.0 - 12.3 o/3 __ __ 5.39 0.68 
Carbon tetrachloride 10.0 - 12.3 o/3 .- __ 5.39 0.68 __~ __-.~. ~~-~. ~~. ~~~~ ~~ ~~~ 
Chlorobenzene 

-. 
10.0 - 12.3 013 __ mm 5.39 0.68 

Chloroethane 
__---~-~--~ - -- 

10.0 - 12.3 o/3 __ __ 5.39 0.68 .-__ 
Chloroform 10.0 - 12.3 o/3 -_ __ 5.39 0.68 
Chloromethane 

~.--~._ - 
10.0 - 12.3 o/3 -_ -_ 5.39 0.68 ..--__ 

Dibromochloromethane 10.0 - 12.3 013 - -- __ 5.39 0.68 
Ethylbenzene 10.0 - 12.3 

.-~_--..-_~- - .- 
013 __ -. 5.39 O.&l 

Methylene chloride 10.0 - 12.3 013 -- __ 12.2 0.76 - 
Styrene 10.0 - 12.3 o/3 __ -_ 5.39 0.68 - ..~. 
Tetrachloroethene 10.0 - 12.3 
Toluene 

0 1 3 -..pm-e..~-l_- v. i.39 0.68 
10.0 - 12.3 o/3 _- -_ 5.39 0.68 

FINAL 
1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. Page 5 of 6 



Table 4-4 
Summary Statistics - SWMU 2B - Surface Soil 

NAS Oceana, Virginia Beach, VA 

II I lhwwwtinn I hit I Maximum Sample ID of Standard 
Eranlmn#w nf I Concentration I Maximum I I Arithmetic Deviation of II I l.q.wl .,m,y LII,,,,. I I”y”“nI”, “I 

Chemical Range Detection Detected Concentration Mean’ Mean 

Trichloroethene 10.0 - 12.3 o/3 we __ 5.39 0.68 
- -Vinyl chloride 10.0 - 12.3 013 __ __ 5.39 -0.68 ~~. ~..~~~____ ~~. 

Xylene, total 10.0 - 12.3 o/3 __ __ 5.39 0.68 
cis-1,2-Dichloroethene ~~ ~___. -~~ 

,3-DichJropropene cis-I 
o-Xylene _~ ~~~~. ~~~~ 
trans-1 ,P-Dichloroethene 
trens-1.3~Dichlormrooene 

0.68 
0.68 
0.68 
0.68 
b.68 

FINAL 
1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. Page 6 of 6 



Table 4-5 

Assessment Endpoint 
Terrestrial Habitats 

Preliminary Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints - SWMU 28 
NAS Oceana. Viminia Beach, VA 

I Risk Hypothesis I Measurement Endpoint I Receptor 

Survival, growth, and reproduction of 
terrestrial soil invertebrate communities. 

Survival, growth, and reproduction of 
terrestrial plant communities. 

Survival, growth, and reproduction of 
avian terrestrial insectivores. 

Survival, growth, and reproduction of 
avian terrestrial carnivores. 

Survival, growth, and reproduction of 
mammalian terrestrial insectivores, 

Survival, growth, and reproduction of 
mammalian terrestrial omnivores. 

Survival, growth, and reproduction of 
mammalian terrestrial herbivores. 

Are site-related surface soil concentrations sufficient to 
adversely effect soil invertebrate communities based on 

Comparison of maximum chemical concentrations in Soil Invertebrates 

conservative screening values? 
surface soil with soil screening values. (earthworms) 

Are site-related SUI face soil concentrations sufficient to 
adversely effect terrestrial plant communities based on 

Comparison of maximum chemical concentrations in 
Terrestrial plants 

conservative screening values? 
surface soil with soil screening values. 

Are site-related chemical concentrations in surface soils Comparison of literature-derived chronic No Observed 
sufficient to cause adverse effects (on growth, survival, or Adverse Effect Level (NOAEL) values for survival, growth, 
reproduction) to avian species that may consume soil and/or reproductive effects with modeled dietary exposure 

American robin 

invertebrates from the site? doses based on maximum soil concentrations. 

Are site-related chemical concentrations in surface soils Comparison of literature-derived chronic No Observed 
sufficient to cause adverse effects (on growth, survival, or Adverse Effect Level (NOAEL) values for survival, growth, 
reproduction) to avian species that may consume small and/or reproductive effects with modeled dietary exposure 

American kestrel 

mammals from the site? doses based on maximum soil concentrations. 

Are site-related chemical concentrations in surface soils Comparison of literature-derived chronic No Observed 
sufficient to cause adverse effects (on growth, survival, or Adverse Effect Level (NOAEL) values for survival, growth, 
reproduction) to mammalian species that may consume soil and/or reproductive effects with modeled dietary exposure 

Short-tailed shrew 

invertebrates from the site? doses based on maximum soil concentrations. 

Are site-related chemical concentrations in surface soils Comparison of literature-derived chronic No Observed 
sufficient to cause adverse effects (on growth, survival, or Adverse Effect Level (NOAEL) values for survival, growth, 
reproduction) to mammalian species that may consume and/or reproductive effects with modeled dietary exposure 

Deer mouse 

plants and invertebrates from the site? doses based on maximum soil concentrations. 

Are site-related chemical concentrations in surface soils Comparison of literature-derived chronic No Observed 
sufficient to cause adverse effects (on growth, survival, or Adverse Effect Level (NOAEL) values for survival, growth, 
reproduction) to mammalian species that may consume and/or reproductive effects with modeled dietary exposure 

Meadow vole 

plants from the site? doses based on maximum soil concentrations. 

FINAL Page 1 of 3 



Table 4-5 
Prellminary Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints - SWMU 28 

Survival, growth, and reproduction of 
mammalian terrestrial carnivores. 

Survival, growth, and reproduction of 
terrestrial reptiles. 

Are site-related chemical concentrations in surface soils 
sufficient to cause adverse effects (on growth, survival, or 
reproduction) to mammalian species that may consume 
small mammals from the site? 

Comparison of literature-derived chronic No Observed 
Adverse Effect Level (NOAEL) values for survival, growth, 
and/or reproductive effects with modeled dietary exposure 
doses based on maximum soil concentrations. 

Evidence of potential risk to other upper trophic level 
terrestrial receptors evaluated in the screening ERA. 

Survival, growth, and reproduction of 
benthic invertebrate communities. 

Are site-related chemical concentrations in surface water 
and/or sediment sufficient to adversely effect benthic 
invertebrate communities? 

Comparison of maximum chemical concentrations in 
surface water and/or sediment with medium-specific 

Survival, growth, and reproduction of 
aquatic and wetland plant communities. 

Survival, growth, and reproduction of fish 
communities. 

and/or sediment sufficient to adversely effect fish surface water and/or sediment with medium-specific 

Survival, growth, and reproduction of 
nt sufficient to adversely effect amphibian or sediment with medium-specific 

Evidence of potential risk to other upper trophic level 

amphibians. 
aquatic and wetland receptors evaluated in the screening 

FINAL Page 2 of 3 



Assessment Endpoint 

Survival, growth, and reproduction of 
wetland reptiles. 

Survival, growth, and reproduction of 
avian aquatic/wetland insectivores. 

Survival, growth, and reproduction of 
avian aquatic/wetland omnivores. 

Survival, growth, and reproduction of 
avian aquatic/wetland piscivores. 

Survival, growth, and reproduction of 
mammalian aquatic/wetland omnivores. 

Table 4-5 
Preliminary Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints - SWMU 28 

NAS Oceana, Virginia Bea 
Risk Hvoothesis 

Are site-related chemical concentrations in surface water 
and sediment sufficient to cause adverse effects (on 
growth, survival, or reproduction) to aquatic/wetland reptile 
species? 

Are site-related chemical concentrations in surface water 
and sediment sufficient to cause adverse effects (on 
growth, survival, or reproduction) to avian species that may 
consume aquatic invertebrates from the site? 

Are site-related chemical concentrations in surface water 
and sediment sufficient to cause adverse effects (on 
growth, survival, or reproduction) to avian species that may 
consume aquatic plants and invertebrates from the site? 

Are site-related chemical concentrations in surface water 
and sediment sufficient to cause adverse effects (on 
growth, survival, or reproduction) to avian species that may 
consume fish from the site? 

Are site-related chemical concentrations in surface water 
and sediment sufficient to cause adverse effects (on 
growth, survival, or reproduction) to mammalian species 
that may consume aquatic plants and invertebrates from tht 
site? 

, VA 
Measurement Endpoint 

Evidence of potential risk to other upper trophic level 
aquatic and wetland receptors evaluated in the screening 
ERA. 

Comparison of literature-derived chronic No Observed 
Adverse Effect Level (NOAEL) values for survival, growth, 
and/or reproductive effects with modeled dietary exposure 
doses based on maximum surface water and/or sediment 
concentrations. 

Comparison of literature-derived chronic No Observed 
Adverse Effect Level (NOAEL) values for survival, growth, 
and/or reproductive effects with modeled dietary exposure 
doses based on maximum surface water and/or sediment 
concentrations. 

Comparison of literature-derived chronic No Observed 
Adverse Effect Level (NOAEL) values for survival, growth, 
and/or reproductive effects with modeled dietary exposure 
doses based on maximum surface water and/or sediment 
concentrations. 

Comparison of literature-derived chronic No Observed 
Adverse Effect Level (NOAEL) values for survival, growth, 
and/or reproductive effects with modeled dietary exposure 
doses based on maximum surface water and/or sediment 
concentrations. 

Receptor 

__ 

Marsh wren 

Mallard 

Great blue heron 

Raccoon 

FINAL Page 3 of 3 



Chemical 

Table 4-6 
Preliminary Screening Statistics - SWMU 2B - Groundwater 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Maximum 

Reporting Frequency Concentration Maximum SCl’eelling Frequency of Hazard 

Limit Ranqe of Detection Detected Concentration Value Exceedance Quotient ’ COPC ’ 

1.60 - 1.60 o/4 -- 
OW2B-MWl7-ROI 
OW2B-MW20-ROI 

Chromium 2.60 - 2.60 1 I4 4.80 OW2B-MW20-ROl 

5.20 -- I -- 

OW2B-MW17-ROl NSV -- I -- .-..-__ 
OW2B-MW20-ROI 

Silver 1.90 - 1.90 0 I4 -- 

Sodium ’ -___-~ --- 
Thallium Vanadium .~~ ~-~ .---.- ~~~~- ~~~._____-..--- 2.,. _ 2.,. 

NSV - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

FINAL 
Page 1 of 6 



Table 4-6 Table 4-6 
Preliminary Screening Statistics - SWMU 2B - Groundwater Preliminary Screening Statistics - SWMU 2B - Groundwater 

NAS Oceana, Virginia Beach, VA NAS Oceana, Virginia Beach, VA 

Aroclor-I 221 

Aroclor-1248 

Aroclor-1260 

_____~ ~~~ 
Endosulfan sulfate _ ~.~~. ~~. 
Endrin Endrin 

delta-BHC 

YES 
YES 
YES 
YES 
YES 
YES 
NO 
YES 
NO 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
NO 
NO 
NO- 
rib 
NO 
NO 

NO 
NO 
NO 
NO 

NSV - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

FINAL 
Page 2 of 6 



Table 4-6 
Preliminary Screening Statistics - SWMU 28 - Groundwater 

VA NAS Oceana, Vifginia Beat, 

I Maximum Samole ID of 1 1 Maximum 1 

Makmum Screening 1 Frequency of I 
Hazard 1 I Reporting I Frequency 1 Concentration 

Chemical Limit Ranie of D&e&& Detected 
10.0 - 10.0 014 . . 

25.0 - 25.0 o/4 -- 
10.0 - 10.0 o/4 -- 
10.0 - 10.0 0 I 4 . . __ 
10.0 - 10.0 o/4 -- 
25.0 - 25.0 o/4 -- 

- 10.0 - 10.0 o/4 -- 
10.0 - 10.0 014 -- 
10.0 - 10.0 014 -- 
10.0 - 10.0 o/4 -- ~~___ 

2,2’-Oxybis(1 -chloropropane) 
2.4.5.Trichloroohenol 

_~ 2L4--DDmphenol 
2,41Dtnrtrotoluene -...-. -- 

2,8Dinitrotoluene 
2Xhloronaphthalene .-- 

.~ .._ _-. 

. . 

. . 
NO 
YES 
NO 
YES 

10.0 - 10.0 o/4 -- 
- 10.0 - 10.0 o/4 -- 

25.0 - 25.0 o/4 -- 

. . 

. . 

. . -1 YES 
It 

3.Nitroaniline 
-4.s-Dinitro-2-meihvlbhe~~~~~ ~- -~ ~ 

. . 1 :. YES 
-. / -. YES 
-. / .- NO 
. . I . . 

NSV 
NSV 

*( 
1 

YES 
YES 

4.Bromophenyl-phenylether ..~~_. .- ~-~ .~ 
4-ChloroS-methylphenol 
4-Chloroaniline 
4-Chlorophenyl-phenylether 
4-Methylphenol 
4-Nitroaniline 
4-Nitrophenol 

. . 

. . 0.30 - ..~..~ _~ - 

. . 50.0 

. . NW 

10.0 - 10.0 o/4 -- 
10.0 - 10.0 o/4 . . 
10.0 - 10.0 o/4 . . __.... 
10.0 - 10.0 o/4 -- 
25.0 - 25.0 o/4 . . 
25.0 - 25.0 o/4 -- 

. . 

. . NSV 

. . NSV 

. . 150 
520 
NSV 
0.73 
6.30 
0.01 
NSV 

. . 

. . 

. . 

. . 

YES 
NO 
NO 
YES 
YES 
NO 
YES 
YES 

Benzo(a)anthracene 0.10 - 0.10 014 -.--_.- 
Benzo(a)pyrene 0.10 - 0.10 O/4 :: ..~~.-~__---.--.-... 
Benzo(b)fluoranthene 0.10 - 0.10 o/4 -- NSV 

NSV - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

FINAL 
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Table 4-6 
Preliminary Screening Statistics - SWMU 2B - Groundwater 

Virainia Beach. VA NAS Ocean 

Butvlbenzvlohthalate 

Maximum I 
Hazard 

Quotient’ 

Maximum 
Concentration 

Detected 

Sample ID of 
Maximum 

Concentration 
Screening 

Value 

NSV 
NSV 
22.0 
NSV 
NSV 
33.0 
3.00 
NSV 
20.0 
220 
330 
398 
430 
3.68 
9.30 
5.20 
540 
NSV 

11,700 
ioo 

2,700 
6.69 
6.30 
256 
NSV 
1,100 
2,380 
30.0 
NSV 
585 

Frequency of 
Exceedance 

I ._ __ 
~~ __ j -_ 
-Tr j :1---- 

COPC 

NSV 
NSV 

YES 
YES 
NO 
YES NSV Carbazole .- , “. 

YES 
NO 
YES 
YES 
NO 
NO 
NO 
NO 
NO 
YES 
YES _- ~- 
YES 
NO 
YES 

Di-n-butylphthalate 
1: --~~~~~ Di-n-octylphthalate 
Dibenz(a,h)anthracene 
Dibenzofuran 
Diethvlohthalate 
Dimethvl ohthalate , I 
Fluoranthene 
Fluorene .-_. _.._ 
Hexachlorobenzene 
Hexachlorobutadrene 
Hexachlorocyclopentadiene 

' o/4 
o/4 

- -“r# 

I 0.10 - 0.10 
I.00 - 1.00 I II4 

o/4 
o/4 

-_ . . .- --.__.- ..- ~~___-- 
0.10 OW2B-MWI 8-ROl 

I4 
Hexachloroethane 

~~~~- Indeno(l,2,3-cd)pyrene __ ~. 
lsoohorone NO 

NO 
NO 

YES 
NO 
NO 
YES 
NO 
NO 
NO 
YES 
NO 

Phenol 

n-Nitroso-di-n-oronvlamine 
n-Nitrosodiphenylamine 

NW - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Repotting Limit 
2 - Macronutrient I Not considered to be a COW 

FINAL 
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Table 4-6 
Preliminary Screening Statistics - SWMU 2B - Groundwater 

NAS Oceana, Virginia Beach, VA 

Chemical 

1,2,4-Trichlorobenzene 

1,3-Dichlorobenzene 

Acrolein 

Maximum Sample ID of Maximum 

Reporting Frequency Concentration Maximum %.W3litlg Frequency of Hazard 

Limit Range of Detection Detected Concentration Value Exceedance Quotient’ COPC ’ 

NO 
NO 
NO 

OW2B-MWI 8-94A .NO 
NO 
YES 
NO 
YES 
NO 
NO 
NO 
NO 
hi0 

NO 
No 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
NO 
tie 
NO 
NO 
NO 

NW - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not co?sidered to be a COPC 

FINAL 
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Table 4-6 
. . -........ -. , ----------a - h&tics - SWMU 2B - Groundwater 

NAS Oceana, Vhginia Beach, VA 

Maximum Sample ID of Maximum 

Reporting Frequency Concentration Maximum Screening Frequency of Hazard 

I in.:+ l3rrn.-. 4 nstsrtinrr Detected Cop-antrstinn VllllP e-.-~-.~~ Chrntiont ’ CfiPC ’ 

YES 
-Nb 
NO 
iJ6 
NO 
NO 
YES 

Chloromethane 

Ethane 

YES 
NO 
YES _ 
YES 
NO 
YES 
NO 
NO 
NO 
NO 

YES 

l.l”Ll VA, I” ~- .-~_--~- 
Methylene chloride 
Stvrene 

--~ ~~ ~~ Tetrachloroethene _~ .-.__ 
Toluene _ _ -.- --~~~ 
Trichloroethene 
TrirhlnrnflllnrnmnthanP ,,,“,II”I”II”“IYI~l”LlII1I.” 
Vinyl acetate 
Vinyl chloride 

-Xyl&e total _ -. .’ 
cis-I ,PDichloroethene ___~ .-~~ .~ 
cis-I ,3-Dichloropropene 
tranc.1 3.JJirhlnm~th~n~ ~~- mer I- 

lodomethane 
Mathann 

. .- 
NO 
NO 
Nd 
NO 

--NO. 

NSV - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

FINAL 
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Chemical 

Table 4-7 
Preliminary Screening Statistics - SWMU 2B - Surface Water 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Maximum 

Reporting Frequency of COnOentratiOn Maximum Screening Frequency of Hazard 

Limit Range Detection Detected Concentration Value Exceedance Quotient’ COPC? 

Acrolein 

Bromodichloromethane 

Carbon tetrachlorid 

NSV - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

HNAL 
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Table 4-7 
Preliminary Screening Statistics - SWMU 2B - Surface Water 

NAS Oceana, Virginia Beach, VA 

Dichlorodifluoromethane 

NSV - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

FINAL. 
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Table 4-8 
Preliminary Screening Statistics - SWMU 2B - Sediment 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Maximum 

Reporting Limit Frequency Concentration Maximum Screening Frequency of Hazard 

Chemical Ranae of Detection Detected Concentration Value Exceedance Quotient’ COPC? 

Semi-volatile Organic Compounds (UG/KG) ~-.-__ 
1 ,P,GTrichlorobenzene 390 - 420 o/3 -- 

- 1,2-Dichlorobenzene 390 - 420 o/3 *- _- 35.0 -- I -- __-- 
1,3-Dichlorobenzene 390 - 420 013 -- 
1 ,CDichlorobenzene 390 - 420 
1 -Methylnaphthalene 310 - 3,700 II3 430 OW2B-SD4-94A NSV -- I -- 
2,2’-Oxybis(l-chloropropane) 390 - 420 o/3 -- .--__- - -. 
2,4,5Trichlorophenol 390 - 420 o/3 -- .-- -~-__ 
2,4,6-Trichlorophenol 390 - 420 o/3 -- 
2,4-Dichlorophenol 390 - 420 o/3 -- 
2,4-Dimethylphenol 390 - 420 013 -- -. 
2,4-Dinitrophenol 950 - 1,000 o/3 -- 
2,CDinitrotoluene 390 _ 420---t/3r---m ._ __ 

2,6-Dinitrotoluene 390 - 420 013 -- ~~.~- _--~~- .~~~ ~- .~.. ~. 
2Chloronaphthalene 390 - 420 o/3 -- ___-- 
P-Chlorophenol 390 - 420 013 .* __ NSV -- I -- NSV YES -~ - -.~ ~~-~-- -~~~~-.. ~... __---- 
P-Methylnaphthalene 310 - 3,700 216 420 OW2B-SD4-94A 70.0 1 I6 6.00 YES ___-~ ~~~~~~ ~-~ 
P-Methylphenol 390 - 420 o/3 .- _- 63.0 -_ / -_ ~~~~~~~~~~ YES +&& % .:L .~ +<; .- 
2-Nitroaniline N$V- -- 1 _- NSV YES -A?!i!!L !!FO 013 -- __ 
P-Nitrophenol 390 - 420 o/3 -- __ NSV -_ 1 -- NSV YES ---- ~__.- 
3,3’-Dichlorobenzidine 390 - 420 o/3 -- __ -N$j __ / __ NSV YES 

1,000 ] 
~ --- -. - ~~ 

3-Nitroaniline 950 - o/3 __ __ NSV __ 1 -_ NSV YES ___~-~ --.____-_ --- 
~--~- 4,6-Dinitro-2-methylphenol 950 - 1,000 013 -- __ NSV ---I II- NSV YES --~~~~~-.- -.- __-~ __..... 

4-Bromophenyl-phenylether 390 - 420 o/3 __ __ NSV -- I -- NSV YES ---__-~~-.- .- - I 
4-Chloro9-methylphenol 390 - 420 o/3 IV _- NSV -- I -- NSV YES ___~- __- 
4-Chloroaniline 390 - 420 o/3 -- -- NSV -- I -- NSV YES 
4-Chlorophenyl-phenylether NSV -- / -------.-- --- - -- .- .- -- 390 - 420 o/3 -- .- NSV YES 
4-Methylphenol 390 - 420m o/3 me __ 670 -- I -- 0.63 NO 
4-Nitroaniline ~950-:,003 013 __ __ NSV --- I -- NSV YES -__--- 
4-Nitrophenol -- i -- 

_~. .~. _-_~ 
950 - 1,000 o/3 __ __ NSV NSV YES 

NSV - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

FINAL 
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Table 4-8 
Preliminary Screening Statistics - SWMU 2B - Sediment 

NAS Oceana, Virginia Beach, VA 

Chemical 

Acenaohthene 
Acenaphthylene 
Anthracene _~ __ ~~~ .___ 
Benzo(a)anthracene __ ..--~ 
Benzo(a)pyrene ~~~~ .___ 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene - __ .- .~~ ..-__ 
Benzo(k)fluoranthene 
Butylbenzylphthalate __- --- ~__--..~~~ - --~~ 
Carbazole 
Chrysene - ..~__ ~- 
Di-n-butylphthalate __ __-.- --_- 
Di-n-octylphthalate ___-- -~~ -_____ 
Dibenz(a,h)anthracene 
Dibenzofuran 
Diethylphthalate 
Dimethyl phthalate 
Fluoranthene .___ ~~~ 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Indeno(l.2.3-cdlovrene 
lsophorone 
Naphthalene 
Nitrobenzene 
Pentachlorophenol 
Phenanthrene ~. 
Phenol 

I Maximum 

I 

Sample ID of 
Freouencv Concentration Maximum Screening Reporting Limii . . 

Range of Detection Detected Concentration Value 

310 - 3,700 2 1 6 350 P!!ESD4-~4A 16.0 _ ~-----~.~-~_ .______._ _ 
310 - 3.700 O/6 -- -_ 44.0 
310 _ 3:700 1 3 / 6 t 2.200 1 OW2B-SD2-94A -t- 85.3 

I 

310 - 3,700 1 i I 6 1 

39ofzkrpx 1 ~‘~ 
-- 

150 1 OW2B-SD04 r 63.0 
NSV 
384 

1,400 .~- 
6.200 

71 .o 
600 
19.0 
22.0 

390 - 420 
390 _ 420 
you; 3,700 
390 - 420 

310 - 3,700 
390 - 420 

NSV 
NSV 
600 
NSV 
160 
NSV 
360 
240 
420 

NSV - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

1 I6 
2 I6 
2-l-3 
1: -i.- 

-2 I 6 

4.78 
27.1 
2.38 
NSV 
20.6 

216 

-_ / __ i NW 

COPC’ 

YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
-NO 
NO 
YES 
NO 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
-YES 
YES 

FINAL 
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Table 4-8 
Preliminary Screening Statistics - SWMU 28 - Sediment 

NAS Oceana, Virginia Beach, VA 

1 ,l -Dichloroethane 
1 ,I -Dichloroethene 

Bromodichloromethane 

Chloromethane 

NSV - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

FINAL 
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Table 4-8 Table 4-8 
Preliminary Screening Statistics - SWMU 2B - Sediment Preliminary Screening Statistics - SWMU 2B - Sediment 

NAS Oceana. Virainia Beach. VA 

NW - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

FINAL 
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Table 4-9 
Preliminary Screening Statistics - SWMU 28 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Maximum 

Reporting Limit Frequency Concentration Maximum Screening Frequency of Hazard 

Chemical Range of Detection Detected Concentration Value Exceedance Quotient’ COPC 

lnorganics (MGIKG) ~Aluminum .._ ~. ~~~~-~~-~~---~~~-~~-~~-~~-40.1~ * 45.8 .__~_.._ ..---.... 
313 11,000 OW2B-SSOI -00 

1,003 - 1,145 3 I3 1,380 OW2B-SS02-00 NSV -- / -- 

Nickel 
Potassium ’ 

1.80 -- I -- 

Thallium 
.-.--- 

2.00 - 2.30 o/3 ** 

NSV - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

FINAL 
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Table 4-9 
Preliminary Screening Statistics - SWMU 2B - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Aroclor-I 260 ___~ ~~. -____ 

Endosulfan I 

Endrin 

1 2-Dichlorobenzene L---- -_____ ~-~ -- 
1,3-Dichlorobenzene 

NSV - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

FINAL 
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Table 4-9 
Preliminary Screening Statistics - SWMU 28 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

2,2’-Oxybis(1 shloropropane) 
2,4,!STrichlorophenoI -____ _____ 
2,4,6-Trichlorophenol 

-~- ___. 
4,6-Dinitro-2-methylphenol 

NW - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit I-INHL 

2 - Macronutrient - Not considered to be a COPC Page 3 of 6 



Table 4-9 
Preliminary Screening Statistics - SWMU 28 -Surface Soil 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Maximum 1 

Chemical 
Rnn7nfh\fIllnranthpnp 

neporung Llmlt 
I 

rreque 
t3rrrr ,4 nets, 

4.10 - 4.20 3 I Y”“L”\Y,‘IU”I~II...“..” 

Benzo(g,h,i)perylene 
__ ~~ _ 

Benzo(k)fluoranthene ~- ~. 
Butylbenzylphthalate 
Carbazole 
Chrvsene 
ni.i-hlitilnhthnlntP -i----380 

.-- .__-~ 
- 420 0 / 3 i __ I 3nnnnn I -- I -_ II ,I ““.,y’“““‘..... 

Di-n-octylphthalate 
Dibenz(a,h)anthracene 
Dibenzofuran 
Diethylphthalate 
Dimethyl phthalate 
Fluoranthene 

Hexachlorobenzene 

-- _.., 10,640 -1 -- I -- 

Hexachlorocyclopentadiene ____~__~_~.. 
Hexachloroethane 
Indeno(l.2.3~cd)ovrene 313 I 35.0 1 OW2BSSO 

I .U~‘,\, lUl”l IV 

Nitrobenzene 
~--~~~~~~ Pentachlorophenol 

Phenanthrene 
Phenol 
Pyrene 
bis(2Chloroethoxy)methane 
hic(7-r.hInrnnth\,l\nth~r 

2.00 - 2.00 I 3 I 

.-- 
27n - 47n “‘“\L- “‘““‘““%1I,I,YLI~YI 

bis(2-Ethylhexyl)phthalate I 
n-Nitroso-di-n-propylamine 1 370 - 420 

NO 
NO 
NO 
YES 
YES 
Nb 
YES 
NO 

_- / _s YES 
__ j-i- NO 

I 9_ P_ NO 
0 I3 ~- NO 
~- __ I NO 
113~ VES 

YES 
YES 
YES 

NSV - No Screening Value 
1 ” Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

FINAL 
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Table 4-9 
Preliminary Screening Statistics - SWMU 28 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Maximum 

Reporting Limit Frequency Concentration Maximum Screening Frequency of Hazard 

Chemical Ranqe of Detection Detected Concentration Value Exceedance Quotient’ COPC? 

n-Nitrosodiphenylamine 370 - 420 o/3 __ .- 1,090 -- I -- ~ NO 

Volatile Organic Compounds (UGIKG) 
~-__-.. 

Bromochloromethane __-.- ~- .- -~- 
Bromodichloromethane 

.-___.-.-- 

Bromoform 
Bromomethane 

Chloroethane 

romochloromethane 

Tetrachloroethene .~____. 

NSV - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit FINAL 
2 - Macronutrient - Not considered to be a COPC Page 5 of 6 



Table 4-9 
Preliminary Screening Statistics - SWMU 2B - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of 
n--,..a:.., I :-:A I?.-r.......^.< fhnrtantratinn Mavimllm 

Maximum 
Hazard 

Chemical 

Toluene ___--~~. ~.._ 
Trichloroethene ~_~__~ 
Vinyl chloride 
Xylene total -__I-- _..~ ~- ~- 
cis-I ,2-Dichloroethene 
cis-I ,3-Dichloropropene 
o-Xylene ~___-~ - -~--~. 
trans-1 2-Dichloroethene - !---- -~ ~___~ 
tram-1 .BDichloroorooene 

nepulwy LIIIIIL 

Rang- 
10.0 - 12.3 

riuqueur;y 
-a m-r--n-- l 

___~~ ~_~~- 
10.0 - 12.3 
10.0 - 12.3 
10.0 - 12.3 __~~~ 
10.0 - 12.3 
10.0 - 12.3 
10.0 - 12.3 

- 10.0 - 12.3~ __-- -- 
10.0 - 12.3 

NSV _ No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

FINAL 
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Table 4-10 
Summary of Maximum Hazard Quotients for Food Web Exposures - SWMU 28 

NAS Oceana, Vifginia Beach, VA 

1 Short&?&d shrew 1 1 Deer mouse 1 Meadow vole Raccoon I Red fox American robin 

FINAL 
Page 1 of 6 



Table 4-l 0 
Summary of Maximum Hazard Quotients for Food Web Exposures - SWMU 2B 

NAS Oceana, Virginia Beach, VA 

I Qhnrt-tailed shrew 1 Deer mouse Meadow’ 

Gamma-BHC (Lindane) 

11 3,3’-Dichlorobenzidine NA 1 NA I NA . I .I. 

FINAL Page 2 of 6 



Table 4-10 
Summary of Maximum Hazard Quotients for Food Web Exposures - SWMU 2B 

NAS Oceana, Virginia Beach, VA 

Benzo(k)fluoranthene 
Bis-(2-Ethylhexyl)phthalate 
Butylbenzylphthalate 
fhhn7nk 

<O.Ol <0.0-l <O.OI 
-co.01 co.01 -co.01 
<O.Ol <O.Ol 40.01 
<n 01 <l-l ni <nni 

11 Hexachlorobutadiene 0.03 1 co.01 1 <O.Ol 

II N-Nitrosodiphenylamine 
Pmtarhlnmnhnnnl . ““.‘..“,““,“~““*w, 

Phenanthrene 
Pyrene 
Volatile Organic Compounds 

<O.Ol co.01 I <O.Oi <O.Ol co.01 -co.01 <O.Ol 
I nw I nm I nn7 I 

NA 1 
A I-II ,n ni ,n ni I hIA I hIA I nn-3 I 

4 nl 1 NA I NA I 
I..,_ V.“” “.“I .“.“I .“.“I .Y.YI l’lrl ,m “.“G <O.Ol co.01 co.01 

<O.Ol <O.Ol co.01 co.01 co.01 co.01 NA NA <O.Ol <O.Ol <O.Ol <O.Ol 
<O.Ol <O.Ol <O.Ol co.01 co.01 <O.Ol NA NA <O.Oi <O.Ol -co.01 <O.Ol 

Carbon Tetrachloride 
Chlorobenzene 

1 co.01 I co.01 1 -co.01 <O.Oi <O.Ol -co.01 1 NA 1 NA 1 
<O.Oi -co.01 cO.Ql <O.Ol co.01 co.01 NA I NA I 

FINAL Page 3 of 6 



Table 4-10 
Summary of Maximum Hazard Quotients for Food Web Exposures - SWMU 2B 

NAS Oceana, Virginia Beach, VA 

NA l NA I NA I 

Cadmium 
Chromium 

Copper 1 NA I I... , 
NA I NA I 0.48 I 0.05 t NA I 

II 
. . . . . . . 
NA I NA I 

11 4,4’-DbD NA I NA I 0.02 I <O.( 

FINAL Page 4 of 6 
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Table 4-10 
Summary of Maximum Hazard Quotients for Food Web Exposures - SWMU 28 

NAS Oceana, Virginia Beach, VA 

II Endosulfan Sulfate 1 NA I NA I 4m I 401 I NA I NA 1 NA I NA If 
Endrin NA NA 0.03 <O.Ol NA NA NA NA 
Endrin Aldehyde NA NA 0.03 co.01 NA NA NA NA 
Endrin Ketone NA NA 0.03 co.01 NA NA NA NA 
Gamma-BHC (Lindane) NA NA co.01 co.01 NA NA NA NA 
Gamma-Chlordane NA NA -co.01 co.01 NA NA NA NA 
Heotachlor NA NA <O.Ol <n.oi NA NA NA NA 

11 Heptachlor Epoxide 
Methoxychlor 
Toxaphene 
Semivnlatilc? Or 

I , NA 1 NA 1 <O.Ol 1 co.01 1 NA 1 NA 1 NA 1 NA 11 
1 NA 1 NA I co.01 I co.01 1 NA 1 NA 1 NA 1 NA 
1 NA 1 NA 1 0.05 1 <O.Ol 1 NA 1 NA 1 NA 1 NA 

panic Compounds I I I I I I I II -- . . . . . -.-_..- -. 
1,2,4-Trichlorobenzene 
1 ,PDichlorobenzene 
1,3-Dichlorobenzene 

NA NA NA NA NA NA NA NA 
NA NA -co.01 <O.Ol NA NA NA NA 
NA NA co.01 -co.01 NA NA NA NA 

11 1 ,CDichlorobenzene 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenoi 
2,4-Dichlorophenol 
2-Chloronaohthalene 

II 2-Methvlnaohthalene 

1 NA 1 NA 1 <O.Oi 1 <O.Ol 1 NA NA 1 NA 1 NA II 
NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA 

1 NA I NA I NA I--N/-- 1 

II 
, , 

3,3’-Dichlorobenzidine 1 NA 1 NA 
, , 
1 NA 

, NA 1 NA 1 NA [ NA 
I NA 1 NA I NA 1 NA 1 NA 

4-Bromophenyl-Phenylether NA NA 1 NA 1 NA NA 1 NA II 

. . . 

),, 

j Benzo(g,h,i)perylene NA 1 NA 1 co.01 <O.Ol 1 I 

FINAL Page 5 of 6 



Table 4-l 0 
Summary of Maximum Hazard Quotients for Food Web Exposures - SWMU 26 

NAS Oceana, Virginia Beach, VA 

I------ 
l Chemical 1 N 

Dibenzofuran 
l-&+hdnhthalatn 

NA I NA I NA I NA NA I NA I 

1 MA I NA I NA NA I NA I NA I 
. ., . 

-I . NA 
0.03 1 0.04 NA 

ul~nIJlp8nlululr 

Di-n-butylphthalate 
Di-n-octylphthalatc 
Fluoranthe 

NA I 47 ni I <n nl 

Carbon. !----- Chlorobc 
I MA I NA I NA I NA I NA I NA I NA II 

NA 
NA 

1 NA I 

FINAL Page 6 of 6 
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Table 4-11 
Summary of COPCs - SWMU 28 - Screening ERA 

NAS Oceana, Virginia Beach, VA 

2-Nitroaniline 

3-Nitroaniline 

lximum detect exceeds screening value 
MRL _ Not detected; maximum reporting limit exceeds screening value 
NSV - No screening value 

FINAL 
Page 2 of 5 
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Summary of COPCs - SWMU 28 - Screening ERA 

Chemical 
NAS Oceana, Virqinia Beach, VA 

Groundwater Surface Water Sediment Surface Soil 
MD 1 MRL NSV --- -.-- MD 1 MRL 1 NSV MD MRL NSV 

I 
MD MRL 1 NSV 

.I 

MD - Maximum detect exceeds screening value 
MRL - Not detected; maximum reporting limit exceeds screening value 
NSV . No screening value 

1 ,PDichloropropane 

P-Hexanone 

Bromodichloromethane 

Food web 

FINAL 
Page 4 of 5 
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Table 4-12 

Assessment Endpoint 

Refined Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints - SWMU 2B 

NAS Oceana. Virainia Beach, VA 

I Risk Hypothesis I Measurement Endpoint Receptor 

terrestrial soil invertebrate communities. 
communities based on 

communities based on 

Survival, growth, and reproduction of 
avian terrestrial insectivores. 

sufficient to cause adverse effects (on growth, survival, or 
reproduction) to avian species that may consume soil 
invertebrates from the site? 

Survival, growth, and reproduction of 
avian terrestrial carnivores. 

Are site-related chemical concentrations in surface soils 
sufficient to cause adverse effects (on growth, survival, or 
reproduction) to avian species that may consume small 

American kestrel 

Survival, growth, and reproduction of 
mammalian terrestrial insectivores. 

Adverse Effect Level (NOAEL) and Lowest Observed 

species that may consume soil 
Adverse Effect Level (LOAEL) values for survival, growth, Short-tailed shrew 
and/or reproductive effects with modeled dietary exposure 

Survival, growth, and reproduction of 
mammalian terrestrial omnivores. 

Are site-related chemical concentrations in surface soils 
sufficient to cause adverse effects (on growth, survival, or 
reproduction) to mammalian species that may consume 
lants and invertebrates from the site? 

Survival, growth, and reproduction of 
mammalian terrestrial herbivores. 

Adverse Effect Level (NOAEL) and Lowest Observed 
Adverse Effect Level (LOAEL) values for survival, growth, 
and/or reproductive effects with modeled dietary exposure 

WDC003670102.XLS Page 1 of 3 FINAL 



Table 4-12 
Refined Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints - SWMU 2B 

Survival, growth, and reproduction of 
mammalian terrestrial carnivores. 

Survival, growth, and reproduction of 
terrestrial reptiles. 

sufficient to cause adverse effects (on growth, survival, or 
pecies that may consume 

terrestrial receptors evaluated in the baseline ERA. 

Survival, growth, and reproduction of 
benthic invertebrate communities. 

and/or sediment sufficient to adversely effect benthic water and/or sediment with medium-specific screening 
invertebrate communities? 

Are site-related chemical concentrations in surface water 
adversely effect aquatic or ndlor sediment with medium-specific screening 

Survival, growth, and reproduction of fish 
Are site-related chemical concentrations in surface water Comparison of mean chemical concentrations in surface 

communities. 
and/or sediment sufficient to adversely effect fish water and/or sediment with medium-specific screening 

Survival, growth, and reproduction of 
amphibian communities. 

and/or sediment sufficient to adversely effect amphibian water and/or sediment with medium-specific screening 

Survival, growth, and reproduction of 
amphibians. 

aquatic and wetland receptors evaluated in the baseline 

WDCOO3670102.XLS Page 2 of 3 FINAL 



. 

Refined Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints - SWMU 2B 

l- Measurement Endpoint 
NAS Oceana, VirMtia Bea 

Risk Hypothesis 
Are site-related chemical concentrations in surface water 
and sediment sufficient to cause adverse effects (on 
growth, survival, or reproduction) to aquatic/wetland reptile 

L VA 

Evidence of potential risk to other upper trophic level 
aquatic and wetland receptors evaluated in the baseline 
ERA. 

Assessment Endpoint 

Survival, growth, and reproduction of 
wetland reptiles. 

species? 

Survival, growth, and reproduction of 
avian aquatic/wetland insectivores. 

Are site-related chemical concentrations in surface water 
and sediment sufficient to cause adverse effects (on 
growth, survival, or reproduction) to avian species that may 
consume aquatic invertebrates from the site? 

Survival, growth, and reproduction of 
mammalian aquatic/wetland omnivores. 

Are site-related chemical concentrations in surface water 
and sediment sufficient to cause adverse effects (on 
growth, survival, or reproduction) to mammalian species 
that may consume aquatic plants and invertebrates from tht 

I site? 
3 

- 

Comparison of literature-derived chronic No Observed 
Adverse Effect Level (NOAEL) and Lowest Observed 
Adverse Effect Level (LOAEL) values for survival, growth, 
and/or reproductive effects with modeled dietary exposure 
doses based on mean sediment concentrations. 

Comparison of literature-derived chronic No Observed 
Adverse Effect Level (NOAEL) and Lowest Observed 
Adverse Effect Level (LOAEL) values for survival, growth, 
and/or reproductive effects with modeled dietary exposure 
doses based on mean sediment concentrations. 

Receptor 

-- 

Marsh wren 

WDC003670102.XLS Page 3 of 3 FINAL 



Table Table 4-13 4-13 
Refined Screening Statistics - SWMU 2B - Groundwater Refined Screening Statistics - SWMU 2B - Groundwater 

NAS Oceana, Virginia Beach, VA NAS Oceana, Virginia Beach, VA 

Maximum Maximum Sample ID of Sample ID of Mean Mean 

Reporting Reporting Frequency Concentration Frequency Concentration Maximum Maximum Arithmetic Screening Frequency of Hazard Arithmetic Screening Frequency of Hazard 

Chemical Chemical Limit Range of Detection Limit Range of Detection Detected Detected Concentration Concentration Mean Mean Value Value Exceedance Quotient COPC’ Exceedance Quotient COPC’ 

lnorganics (UGIL) lnorganics (UGIL) 
Copper Copper 2.90 - 2.90 2.90 - 2.90 o/4 o/4 -- -- .__ .__ -..~~~-~-~. -..~~~-~-~. 
Cyanide .-- Cyanide .-- 10.0 - 10.0 10.0 - 10.0 o/2 o/2 -- -- 
Iron Iron 43.7 - 43.7- 43.7 - 43.7- -414-- -414-- 
Lead Lead 1.40 - 1.40 1.40 - 1.40 o/4 o/4 -- -- 
Manganese Manganese 0.40 - 0.40 0.40 - 0.40 414 414 OW2B-MW20-ROI OW2B-MW20-ROI ~~~ ~~~ - - ~--.- ~--.- 
Silver Silver 1.90 - 1.90 1.90 - 1.90 0 I4 o/4 _____ .-~~~~~~ --__ _____ .-~~~~~~ --__ 
PesticidelPolychlorinated Biphenyls (UGIL) PesticidelPolychlorinated Biphenyls (UGIL) 
4,4’-DDD 4,4’-DDD 0.10 - 0.10 0.10 - 0.10 0 I4 o/4 -. -. ----~~~___ ----~~~___ 
~,~‘-DDT ~,~‘-DDT 0.10 - 0.10 0.10 - 0.10 o/4 o/4 -- -- I __ __ 

____~~~~~ - ____~~~~~ - - - 
Aldrin Aldrin 0.05 - 0.05 0.05 - 0.05 014 014 -- -- _- / -- 
Aroclor-1016 Aroclor-1016 1.00 - 1.00 1.00 - 1.00 o/4 o/4 -- -- 

Endosulfan II 
Endosulfan sulfate 
Endrin ~------- 

Endrin aldehyde 0.10 - 0.10 o/4 *. . . 
Endrin ketone 0.10 - 0.10 014 __ -_ ____ .- __~~ 
Heptachlor 0.05 - 0.05 o/4 -- __ 
Heotachlor eooxide 0.05 - 0.05 o/4 -- -_ --__ 
Methoxychlor 1 0.50 - 0.50 1 0 I 4 1 -- 
Toxaphene 1 5.00 - 5.00 1 0 I 4 1 .* 

0.05 
0.05 -----~- 
0.03 
0.5 
1 .o _. ~. ~~~~~ 
0.5 
0.5 
0.5 
0.5 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.03 
0.03 __-- 
0.25 
2.50 

0.06 
0.001 I~ 
0.30 --~ _-. 
0.01 _~ --- 
0.28 --- -._ 
0.58 
0.05 ..- _-~ 
0.08 -~ - 
0.03 _- ~~_ - 
0.06 
0.06 
0.06 
0.04 
0.04 
0.04 
0.007 
0.007 
0.03 
0.01 

I __ -- 
I __ __ 

__ 1 -- 

I _- _. 

NO. 
NO 
NO. 
NON 
tid 
NO- 
NO- 
NO 
NO- 
NO 
NO- 
NO 
NO 
NC 

-NO 
-NO 
ilo- 
Nd 
NO 

Semi-volatile Organic Compounds (UG/L) 
2,2’-Oxybis(l-chloropropane) 
2,6-Dinitrotoluene 

NSV - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 

FINAL 
Page 1 of 3 



Table 4-13 
Refined Screening Statistics - SWMU 28 - Groundwater 

NAS Oceana, Virginia Beach, VA 

Sample ID of 
Maximum 

Concentration 

1 Mean 
3rd 

P-Nitroaniline 
3.3’-Dichlorobenzidine 10.0 - 10.0 o/4 __ 

3:Nitroaniline- _.~~. .~~~~-~~~~~~~ 25.0 - 25.0 014 -- --__~-_______~ 
4,6-Dinitro-2-methylphenol 25.0 - 25.0 o/4 -- 
4-Bromophenyl-phenylether 
4-Chloro-3-methylphenol 
4-Chlorophenyl-phenylether 
4-Methvlahenol 
4-Nitroaniline I 25.0 - 25.1 
Acenaphthylene 
Anthracene ~~.~ ~~~.~~~ 
Benzo(a)pyrene ___ 
Benzo(b)fluoranthene 

Nil 
NO- 
NO 
NO- 

* 
Benzo(g,h,i)perylene 1 0.10 - 0.10 1 0 I 4 -- 
Benzo(k)fluoranthene 1 0.10 - 0.10 1 0 / 4 -- ..- -.___ NO-- 
Carbazole 

-. Chrysene 
Di-n-octylphthalate 

NO 
NO-- 3.00 - 

NSV 
3.68 
9.30 
5.20 
NSV 

NO 
NO- 
NO- 

Dibenz(a,h)anthracene 

NO 
NO 
-NO 
NO 
NO- 

NO 
NO-- 

n-Nitroso-di-n-oroovlamine 
lnic Comaounds ( 

1.2.3-Trichloroorooane 
1,2-Dibromo-3chloropropane 

NW - No Screening Value FINAL 
Shaded Cells indicate Hazard Quotient based on Reporting Limit Page 2 of 3 



Table 4-13 
Refined Screening Statistics - SWMU 2B - Groundwater 

II NAS Oceana. Virainia Beach. VA 

, 

Chemical 

2-Chloroethyl vinyl ether 
Bromodichloromethane 

Maximum 

Reporting Frequency Concentration 

Limit Range of Detection Detected 

10.0 - 10.0 o/4 -- 
1.00 - 5.00 O/8 -- 

Sample ID of 
Maximum 

Concentration 

-- 
__ 

Arithmetic Screening 
Mean Value 

5 NSV 
1.50 1.100 

- -- 1 .oo - 10.0 -I-is~-- OW2B-MW18-94A __~~ ~~~~~ 
OW2B-MW20-ROI 

5.00 - 5.00 o/4 -- 

10.0 - 10.0 o/4 -- 

-- 1.50 NSV 
Viiyl acetate 
trans-I ,4-DichloroQ-butene 

I 
10.0 - 10.0 o/4 __ _- 5 NSV -.____ 
5.00 - 5.00 o/4 -- -. 2.50 NSV 

Frequency 01 
Exceedance 

I __ __ 

I __ __ .~ 
I __ __ 

I __ __ 

I __ __ 
-i 1-1: 
-1. /Al- 
__ __ I 

r, I - 

I __ __ 
I __ _- 

-_ , -_ 

NW - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 

FINAL 
Page 3 of 3 



Table 4-14 
Refined Screening Statistics - SWMU 2B - Surface Water 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Mean 
Arithmetic Screening Frequency of Hazard 

Chemical 
Reporting Frequency Co~;i;on Maximum 

Limit Ranae of Detection Concentration Mean Value Exceedance Quotient COPC? 

Volatile Organic Compounds (UCIL) 
1,2,3-Trichloropropane 5.00 - 5.00 o/4 -- _~ ___- _-..- 
2-Chloroethyl vinyl ether 10.0 - 10.0 o/4 -- ______- 

-- Acetone . . _ -- 0 / 4 -- .- _---.- - - -... .- 
Acrolein 100 - 100 o/4 -- 
Carbon disif..e ~~~ -~~~-~~ ~~~- 5.00 - 5.00 014 -- 2.00 -- I -* 
Chloroethane 10.0 - 10.0 0 I4 
Ethyl methacrylate 5.00 - 5.00 o/4 -- 
lodomethane 10.0 - 10.0 o/4 -- ___~~~~ ~~~ 
Styrene 5.00 - 5.00 o/4 -- 
Vinyl acetate 10.0 - 10.0 o/4 -- 
trans-1,4-DichloroQ-butene 5.00 - 5.00 o/4 -- 

NSV - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 

FINAL 
Page 1 of 1 
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Table 4-15 
Refined Screening Statistics - SWMU 28 - Sediment 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Mean 
Reporting Frequency COllcelltratiOfl Maximum Arithmetic Screening Frequency of Hazard 

Chemical Limit Range of Detection Detected Concentration Mean Value Exceedance Quotient 
Semi-volatile Organic Compounds (%/KG) _---. _ ~~_-.r--..---.---- 
1.2.4-Trichlorobenzene I 390 - 420 I 0 I 3 __ 

-~. ..-~__- ,---------.+ -..-~--.-.. .--.-- 
1 .P-Dichlorobenzene I 390 - 420 I 0 I 3 __ ,-. _~- , -.--~---~ .- -.-..--- 
1.3-Dichlorobenzene I 390 - 420 I 0 I 3 __ .,.-. ~~___.. -I-.----- --.~..- - -.-- 
1.6Dichlorobenzene I 390 - 420 I 0 I 3 __ .-,----- --~~-- c-.-. -.. 
I-Methvlnaohthalene I 310 - 3.700 I 1 I 3 _- ---__- 
2,2’-Oxybis(l-chloropropane) 390 - 420 o/3 __ 
2,4,5-Trichlorophenol 390 - 420 o/3 __ _I~~-~- 
2,4,6-Trichlorophenol 390 - 420 013 - 
2,4-Dichlorophenol 390 - 420 o/3 
2 4-Dimethylphenol 2--~ 390 - 420 o/3 ~~ -.____ 
2,4-Dinitrophenol 950 - 1,000 o/3 

-_ 
__ 
-- 
-- 
-- -. 
-_ 

2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
2Chloronaphthalene 
2Chlorophenol 1 390 - 420 1 0 / 3 1 _- 

1 1 1 -- 2-Methylnaphthalene 310 - 3,700 2 I 6 420 ~~~___~. 
2-Methylphenol -~~~~ ..-. 
P-Nitroaniline 
2-Nitrophenol 
3,3’-Dichlorobenzidine 
3-Nitroaniline 
4.6-Dinitro-2-methvlohenol t 950 - &-J-J 1 0 13 j--r---t-. -~-~- 

.~...rm ~~~~ ~~, 
__ 492 NSV 

4-Chlorophenyl-phenylether 

---_-II 

4-Bromoohenvl-ohenvlether 

4-Nitroaniline 950 - 1,000 o/3 -- 
QNitrophenol 950 - 1,000 o/3 __ 

Acenaphthene -310 - 3,700 216 350 
Acenaphthylene _ 310 - 3,700 O/6 __ 

_- 

COPC? 

NO 
NO 

-NO 
NO 
YES 
Nd 
NO 
.NO 
-NO 
NO 

~NO 
NO 
NO 
NO 
NO 
YES 
NO 
NO 
NO 

NSV - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 

FINAL 
Page 1 of 3 



Table 4-15 
Refined Screening Statistics - SWMU 2B - Sediment 

NAS Oceana, Virginia Beach, VA 

Chemical 

Anthracene 
~ymln\nnthrwnnF! 

Maximum Sample ID of 

Reporting Frequency Concentration Maximum Arithmetic 
Limit Range of Detection Detected Concentration Mean 
310 - 3.700 3 16 2.200 OW2B-SD2-944 

Fluoranthene 

Hexachlorobenzene .- .~-~__ 
Hexachlorobutadiene 
Hexachlorocyclopentadiene - 
Hexachloroethane 

%deno(l,2,3cd)pyrene 
lsophorone 
Naphthalene 
Nitrobenzene 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
bis(2Xhloroethoxy)methane 
bis(2-Chloroethyl)ether 
n-Nitroso-di-n-propylamine 

NSV - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 

Screenir 
Value 

85.3 
261 
430 

3,200 
670 
240 
63.0 
NSV 
384 
63.4 
200 
71.0 
600 

19:0- 
22.0 
11.0 
NSV 
NSV 
600 
NSV 
160 
NSi 
360 
240 
420 
665 
NSV 
NSV 
NSV 

:requency 0 
Exceedance 

216 
216 
216 
1 I6 
116~ 

2 16. 
213 

I “” “” 

216 

Mean 
Hazard 

Quotient 

7.69 
5.33 
3.37 
0.52 
i.23 
5.66 
2.24 
NSV 
4.58 

4.82 
16.84 

NSV 
NSV 
1.90 
NSV 

@2&&$+j&>$ 

NSV 
NSV 
NSV 

COPC’ 
- 

YES 
YES 
YES 
NO 
YES 
YES 
YES 
-YES 
YES 
NO 
NO 
NO 
YES 
YES 
NO 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
NO 
YES 
NO 
YES 
NO 
NO 
NO 

FINAL 
Page 2 of 3 



Table 4-15 
Refined Screening Statistics - SWMU 28 - Sediment 

NAS Oceana, Virginia Beach, VA 

Volatile Organic Compounds (UGIKG _~ ___ -~~ 
1 ,1 ,l -Trichloroethane .___- ~.~~~ 
JJ ,2,2”Tetrachloroethane 
1 ,l ,STrichloroethane 
1 ,l-Dichloroethane -- _ ..__ ---.. 

1 ,PDichloroethane 

Bromoform 

Chloroethane 

__ _..._ 
Chloromethane 

Dichlorodifluoromethane 

Tetrachloroethene 

Trichlorofluoromethane __ __-- ~. 
Vinyl chloride ___-.- __- 

cis-1,3-Dichloropropene 
trans-1,2-Dichloroethene 

NSV - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 

FINAL 
Page 3 of 3 



Table4-16 

Refined Screening Statistics - SWMU 26 - Surface Soil 

Chemical 

Maximum Sample SD of Mean 

Reporting Frequency Concentration Maximum Arithmetic Screening Frequency of Hazard 

Limit Ratwe of Detection Detected Concentration Mean Value Exceedance Quotient COPC? 

Semi-volatile Organic Compounds (UGIKG) 
J,2-@$orobenzene 
1 ,SDichlorobenzene 
1 -Methylnaphthalene 

0 I 3-. .---- ~~_ 

----- 
o/3 -- 

NW - No Screening Value FINAL 
Shaded Cells indicate Hazard Quotient based on Reporting Limit Page 1 of 3 



Chemical 

Table 4-16 
Refined Screening Statistics - SWMU 2B - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of 

Reporting Frequency Concentration Maximum Arithmetic 

Limit Ranae of P~t-tinn Detected Concentration Mean 

Mean 

V COPC? 

NSV -- I -- NSV NO 
NSV ---~ -iI _I NSV NO 
NSV NW Nb 

2-Nitroohenol 
2-Nitroaniline __~ -- -__ .~~ 
~~ ._I-. ~.-_- 
3 3’-Dichlorobenzidine _1_ ._ . ..-__.-- ~.~-~ 
3-Nitroaniline 

-4,6-Dinitro-2-methylphenol 
4-Bromophenyl-phenylether ____ ._ ___~_~~. 
4-ChloroS-methvlehenol 

___ .- 

NSV 
NSV ~.--.- 
NSV _- .~~ 
NSV 

NSV 
NSV 

-NSV 
NSV 
NSV 

370 - 420 

NSV 
NSV 
100 
NSV 

, NbV I NV 4ChlorophenyLphenylether 
4-Methylphenol 
4-Nitroaniline ~..- ~~ 
4-Nitroohenol N6 

-- NO 
NO 
NO- 
NC-I 

380 
Acenaohthvlene 

I .w 

YES 
NO 
NO 

Benzo(a)anthracene _~~ .___- ~-- ~ ~~~ 
Benzo(k)fluoranthene 
Butylbenzylphthalate ~__~ ~~~~ ~--~-~~ -~~ ~~~ -~ 
Carbazole ~ ____~ ~~ -- .~~ 
Chrysene 
Di-n-octylphthalate ~~ __~ ~~ ~ 
Dibenz(a,h)anthracene _..___~_ -..___ ~~ __~ 
Dibenzofuran __~...~~~~. ____~ .~__~ - - 
Hexachlorobenzene -~~~- 
Hexachlorobutadiene 

YES 
NO- 
Nd 
NC? 
NO- _~-- 
NO 
NO 
NO 
NO 
NO- 
NO 

Hexachloroethane 

Naphthalene 

bis(2Chloroethoxy)methane ~~~____ ~ -__ ~~ ___ -~~~ 
bis(2Chloroethvl)ether 

FINAL 
Page 2 of 3 

NSV - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 



Table 4-16 
Refined Screening Statistics - SWMU 28 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Mean 

Reporting Frequency Concentration Maximum Arithmetic Screening Frequency of Hazard 
Chemical Limit Ranne of Detection Detected Concentration Mean Value Exceedance Quotient COPC? 

bis(2-Ethylhexyl)phthalate 380 - 420 3 I3 690 OW2B-SSO3-00 293 NSV -- I -- NSV YES ._.- ____.~. .~~~~ 
-~ ~- 

_-_____---.. ___--_~- -.~. -..-. 
n-Nitroso-di-n-propylamine 370 - 420 013. -. -_ 198 NSV -- I -- NSV NO 
Volatile Organic Compounds (UWKG) 

- 

l,l-Dichloro_ethene -- 
-~. _.-. 

10.0 - 12.3 o/3 -- __ 5.39 NSV -- I -- ‘Nsv .- NO - .~~--~ .--...~__-.- .--~ --- ..~ 
2-Butanone 10.0 - 12.3 0 I3 -- -_ 4.00 NSV -- I -- NSV NO 

- 
__ ___- --- 

2-Hexanone 10.0 - 12.3 0 I 3 -- __ 5.39 NSV -- I -- iNi NO - -___~ ~-.~-~-~~~ 
Acetone 10.0 - 12.3 1 I3 6.00 OW2B-SSO2-00 4.83 NSV -- I -- NSV YES ___-..- .~_~~ -~~ ---.-___--_~--~~ 
Bromomethane 10.0 - 12.3 013~~ -7- _- 5.39 NSV -- I -- NSV- - NO ~--. 

12.3 o/3 --- __ 5.39 NSV -- I -- Carbon disulfide 10.0 - NSV Nd- 
-%hloroethane -- 10.0 - 12.3 0 I 3 -. -_ 5.39 ---.-~ NSV ~. -- I -- NSV NO _-- 
Chloromethane 10.0 - 12.3 o/3 -- __ 5.39 NSV -- I -- NSV Nd- - ~-___..- -- _ ~~__- 

12.3 o/3 -- __ 5.39 NSV __ / _- 
. . - .~- ..- 

Dibromochloromethane 10.0 - NSV NO 
o-Xylene 10.0 - 12.3 0 I3 -- -v 5.39 NSV -- I -- NSV NO-- 

NW - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 

FINAL 
Page 3 of 3 



Table 4-17 
Summary of Mean Hazard Quotients for Food Web Exposures - SWMU 2B 

NAS Oceana, Virginia Beach, VA 

FINAL 
Page 1 of 1 



Chemical 
lnorganics 
Aluminum --- --. -.. 
Chromium 
Iron 

cead __-. ~_-. ~ 
Manganese 
Mercury 
Vanadium 
Semi-volatile Organic Compounds 
2-Methylnaphthalene 
Acenaphthene 
Anthracene ____--.~ --- 
Benzo(a)anthracene ~ .~_ 
Benzo(a)pyrene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
&tylbenzylphthalate __--~ _~_. 
Chrysene 
Fluoranthene 
Fluorene 
Indeno( 1,2,3-cd)pyrene 
Phenanthrene ___~ ~~~~-~ 
Pyrene 

Table 4-18 
Refined Summary of COP& - SWMU 2B 

NAS Oceana, Virainia Beach, VA 
1 Groundwater 1 Surface Water 1 Sediment 1 SurfaceSoil I Food web 

X X 
X X 

X X x 
X X 

X -- ---.-___ . ..~. 
X -. - _- ~-.-__-- .~~ .~_. ._ ._ __.~~ 
X X- 

X 
X ~.~__--. ~~ 
X -~-~ _..___~ _~ 
X - --___ -~~ ~. -._ ._~ 
X -- .__ -_ 
X ~..___-.- 
X 
X --~___. -.._ ~--.- 
X __-~ -.-.- ~-. ...~~_ _~ _____ 
X -- ___-__ 
X 
X ..~_ ______ 
X -- - .__..~ .--~ 
X 

FINAL 
Page 1 of 1 



FINAL 

Table 4-19 -__- -_. 
Sediment Screenina -Total PAHs - SWMU 28 

_..----~ 
I 

Sample 

OW2B-SD01 
OW2B-SD02 

OW2B-SD04 
OW2B-SDl-94A 
OW2B-SD2-94A 

OW2B-SD30-94A 
OW2B-SD4-94A 

--TV 
NAS Oceana, Virginia Beach, VA 

PAHs Detected/Total PAHs Total PAH (ugkg) 1 Screening Value (ugkg) Hazard Quotient 

14117 3 798 I- 4 022 0.94 --.~ - - .I_- .- ~~ ~~. 
10/17 2,533 0.63 -_ !?P .~ __--~ _~ - ~.~ 
10117 4,270 4,022 1.06 - .~-~.- ~.~.___.--~~ ._ ~- .._ .-.. .~. _~ ~ 
O/18 33,300 0.28 .~ e-4e?L __._ _ .~. ~.- _~ 
1’/18 62,700 4,022 20.6 - ____.~-~ --- ..---._- ~.~ .~ _ 
O/l8 16,200 4,022 4.03 

- 15118 13,595 4,022 3.38 

1 One-half of the detection limit was used for non-detected comoounds when calculatina total PAH. I 

Page 1 of 1 



Table 4-20 
Comparison of SWMU 2B Surface Soil COPC Concentrations to Background Concentrations 

FINAL 
Page 1 of 1 



Table 5-1 
Summary Statistics - SWMU 11 - Surface Water 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Stan& 

Reporting Limit Frequency of Concentration Maximum Sample Deviatior 
Chemical Ranoe Detection Detected Concentration Value’ Mean 

lnorganics (N/L) _- _-~~- .-____ ..--~~- ~. 
Aluminum 
Antimony 60.0 - 60.0 
Arsenic 10.0 - 10.0 ~-~ ~___ ___ - ~~~.- 
Barium -___-~ --~-~-~ .~ 
Beryllium 5.00 - 5.00 111 20.1 OWll-SW01 ~~~. -~-__- 
Cadmium 
Calcium ___.___~ ~~~. 
Chromium 
Cobalt 
Copper 25.0 - 25.0 1 Ii 101 OWli-SW01 _~ -.______ .~~~~~_. 
Cyanide _-__-~.~ -~~ - 
Iron 100 - 100 
Lead ___-- --. .___ ~~---~ ~ 
Magnesium 
Manganese 
Mercury ---~. ~~~. ~.____~ -. .~~ 
Nickel 40.0 - 40.0 l/l 188 OWli-SW01 
Potassium . .~~~__~ 
Selenium 5.00 - 5.00 
Silver 
Sodium ~-___ -~ _~ 
Thallium "anadium. ~-- .-~--... ---. ~- 

Zinc 20.0 - 20.0 1 I1 220 OWll-SW01 --.___--.-____--... 

4,4'-DDT 
11-i .- . . 

1 

FINAL 
1 - One-half of the reporting limit was used for non-detected samples. Pagelof6 



Table 5-1 
Summary Statistics - SWMU 11 - Surface Water 

NASO 

Reporting Limit 
Chc emical I Ranoe I 

Aroclor-I 221 __ -.- ..__ ~. ~~ ~~.___ 
Aroclor-1232 ______ .~~~~ __ ~~ .__ - 
Aroclor-1242 __.~~~_ ___~ -.___ - 
Aroclor-1248 --___ ____ ~~.~___- 
Aroclor-1254 __-- ~__.~.. ~ -~__ 
Aroclor-1260 _ ____ .~~- ~ - 
Dieldrin ~__ .~ __ -~ 
Endosulfan I 

gamma-BHC (Lindane) - ___~--- ~~. __~. ~~ 
gammachlordane 
Semi-volatile Organic Comp 
124-Trichlorobenzene L.----~ ~ 
1 ,BDichlorobenzene 
1,3-Dichlorobenzene ___.~ ___..~_. __-- 
1 4-Dichlorobenzene L_- .___ ~- ___ ~~ 
1 -Methylnaphthalene - --.___ -.--___ ~~ ____ -~~ 

Sample 
Value’ 

0.50 
1.0- 

0.50 
0.50 
0.50 
0.50 
0.50 
0.05 
0.03 
0.05 
0.05 
0.05 
0.05 

~- 0.05 
0.03 
0.03 
0.25 
2.50 
0.03 
0.03 

~- 0.03 
0.03 
0.03 
0.03 

Standard 
Deviation of 

Mean 
_- 
__ 
__ 
__ 
_- 
_- 
__ 
__ 
_~ 
__ 
__ 
__ 
-_ 
-_ 
__ 
-- 
__ 
_- 
_- 
__ 
-_ 
__ 
_- 
_- 

__ 

One-half of the reporting limit was used for non-detected samples. 

FINAL 
Page 2 of 6 



J U.IU - U.IU _-.-~___ l- “‘1-l _ ----I --.. 

Table 5-l 
Summary Statistics - SWMU 11. Surface Water 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Standard 

Reporting Limit Frequency of COllcentratiOn Maximum Sample Deviation 01 
Chemical Ranqe Detection Detected Concentration Value’ Mean 

Exybis( 1 -chloropropane) 10.0 - 10.0 O/l __ -_ --~... -___-- .-.. -- 5.00 -- 
24STrichlorophenol 25.0 - 25.0 011 _- -_ 12.5 ~_ 

___ _. 
2,4,6-Trichlorophenol 10.0 - 100 O/l __ -_ 5.00 __ _---~.-- ---_L_~ __ -- - -.-_. 
2,4-Dichlorophenol 10.0 - 10.0 O/l __ __ 5.00 __ ---~ _______ 

10.0 - 10.0 - 
~ _~__. --~~ 

2,4-Dimethylphenol O/l __ __ 5.00 __ _ ..~ 
26Dinitrophenol 

- ---- --.-~___._ ~~ ~___~ __.. --. - 
25.0 - 25.0 O/l .- .- 12.5 -_ ~~--.-.___ -~ 

2,4Dinitrotoluene 10.0 - 10.0 
o , 1 -.--. __._~~. 

__ 5.00 __ 
2,6-Dinitrotoluene 10.0 - 10.0 0 I 1 __ __ 5.00. _- .---__. -. ~-.__--. --~ 
P-Chloronaphthalene 10.0 - 10.0 O/l _- __ 5.06 __ 
P-Chlorophenol ___~ -_~~ ___--- 10.0 - 10.0 O/l -w __ 5.00- -_ __-. 
2-Methylnaphthalene 0.50 - 0.50 O/l __ _- 0.25 -- .--. ___~. _ 
2-Methylphenol 10.0 - 10.0 011 a- -w ~__ ___ _-- -___--_ 
P-Nitroaniline 

~*OO -~~ 1 IL:-.. _ __ .~. 
25.0 - 25.0 O/l __ __ 12.5 __ ___. .-~-~ ~~ ~~ -..-. 

2-Nitrophenol 10.0 - 10.0 o/i- -- __ 5.00 -_ 
3,3’-Dichlorobenzidine 10.0 - 10.0 O/l -___~ 

.____~_ .~~~ ~~-~ ..- -. 
__ __ 5.00 .- .~.. ~________ _ 

3-Nitroaniline 25.0 - 25.0 011 __ 12.5 __ 
4,6-Dinitro-2-methylphenol 25.0 - 25.0 O/l .- __ 12.5 -- -~ ~~--.__ .~__. -- ~__..~ 

~ -- 
~~___ 

4-Bromophenyl-phenylether 
___. _ 

10.0 - 10.0 O/l _- -_ 5.00 _- 
4-Chloro-3-methylphenol 10.0 - 10.0 011 .- -_ 5.00 __ 
4-Chloroaniline -- 0 / 1 

-___..~~-. 
10.0 - 10.0 _- __ 5.00 - -’ -__ 

$Chlorophenyl-phenylether 10.0 - 10.0 O/l .- -. 5.00 _- ~_I~____-___- 
4-Methylphenol 

_. ~______ _ ~~~ ~--__--~~. -~~ 
10.0 - 10.0 O/l -- __ __ ____--- .~~~. 5.00 ____ -- 

4-Nitroaniline 25.0 - 25.0 
_. ~__---~.~~~~- 
O/l -. __ 12.5 __ 

4-Nitrophenol 
~_._____ ___ -.-. 

25.0 - 25.0 O/l -v __ 12.5 __ 
Eenaphthene ___-- 0.50 - 0.50 o/i __ -- ~.. ~-.~ ~~. ._____~_ o.jj- .- .- 
Acenaphthylene 

-~-- ~~___. 
1.00 - 1.00 O/l -- -_ 0.50 - ~- -- 

Anthracene 
--___- ~- ____--_. 

0.05 - 0.05 O/l -_ -. 0.03 __ -~---~____ 
Benzo(a)anthracene 

~-.~--.___ _.~~~.. 
0.05 - 0.05 O/l __ . . 0.03 __ 
0.05 - 0.05 -- 

-__- 
Benzo(a)pyrene 

--.___~- 
033 

~- -..~--. 
-O/l -. __ -_ ~--.~___ ~-~ “----I L\‘I. .__^^ LL^-^ .--__ -~. AA,-. ,.J,. -~-~ ____ _-. ___. - ~ ~~~ . , . __ 1.. 0.05 ___~ I- -- ___. 

FINAL 
1 - One-half of the reporting limit was used for non-detected samples. Page 3 of 6 



Table 5-1 
Summary Statistics - SWMU 11 - Surface Water 

NAS Oceana, Virginia Beach, VA 

Diethylphthalate -~--~ ~~. __ -.. 
Dimethyl phthalate ___. ~. __ ~~ ___- 
Fluoranthene ~ ~~ -__ - 

Hexachloroethane __.~~~~ .~ 

~__ ~~ 
Pentachlorophenol ___.~-- ___..~~ ___ -~- 
Phenanthrene _ ~____ _~.~~--~~--~~. 
Phenol 

bis(2Chloroethoxy)methane __~. ~--~ ~~. -~ 
bis(2Chloroethyl)ether ~. ~__~_..~~ ~- __ ~~_ .- 
bis(2-Ethylhexyl)phthalate ___ --~ ~ ~~ 
n-Nitroso-di-n-propylamine ~___ ~- ___ .~ 
n-Nitrosodiphenylamine .~~.___ --~-__- .~___ ~~ 

FINAL 
I - One-half of the reporting limit was used for non-detected samples. Page 4 of 6 



Table 5-1 
Summary Statistics - SWMU 11 - Surface Water 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Standard 

Reporting Limit Frequency of Concentration Maximum Sample Deviation of 
Chemical Range Detection Detected Concentration Value’ Mean 

Volatile Organic Compounds (N/L) _..~__._ 
1 , 1 , 1 -Trichloroethane 10.0 - 10.0 O/l __ __ 5.00- __ 
1 ,I ,2,2-Tetrachloroethane 10.0 - 10.0 011 .- __ 5.00 __ -~-_-~ - 
i,1,2-Trichloroethane 10.0 - 10.0 O/l __ __ 5.00 -_ -..-___.-~-~.. 
1 ,I-Dichloroethane 10.0 - 10.0 011 -. __ 5.00 -- .--.- -~ .___-. .~.~~~~ .~ .- -..- 
l,l-Dichloroethene 10.0 - 10.0 O/l -_ __ 5.00 __ . ..___---___-- -~ ~. - 
s-Dichloroethane 10.0 - 10.0 011 -_ __ 5.00 -- 
J,2-Dichloroethene (total) 10.0 - 10.0 O/l .- -_ 5.00 _- 

-- 
~-___-. .~-..___-..~ ~. _....._ 

1 ,FDichloropropane 10.0 - 10.0 O/l __ __ 5.00 _- ---____--______~~ 
2.Butanone 10.0 - 10.0 O/l -. __ 5.00 __ ~__.______. ___- -~~ .~.-.~~~~ ~~_ _-. .i- ~. 
2-Hexanone 10.0 - 10.0 o , , .- -_ 5.00 -- 
CMethylQ-pentanone 

-^ .~ 
10.0 - 10.0 O/l __ .- 5.00 -. __-.__- - .__-- . ..___ 

Acetone 10.0 - 10.0 O/l __ -- 5.00 -- 
-- 

--___ - 
Benzene 10.0 - 10.0 011 *- __ 5.00 -_ 

- ___ --- ~- ~~- Bromochloromethane 10.0 - 10.0 111 50.0 owl l-SW01 50.0 __ -. -~~_-~-. _ -.___.-__.- ___ ____ .-__ -_~~ _ ~_--- 
Bromodichloromethane 10.0 - 10.0 O/l __ __ 5.00 __ 
Bromoform 10.0 - 10.0 O/l __ __ 5.00 __ - -. ~~ ____-__ ~_~. .- __- ~- 
Bromomethane 10.0 - 10.0 O/l -- __ 5.00 __ -- .~---~. 

- 
--.__-~. - 

Carbon disulfide 10.0 - 1r 011 _- -_ 5.00 -- - .~ -~ .~______... - 
Carbon tetrachloride 10.0 - 10.0 011 __ __ 5.00 __ -.- .-_--~.___ ~-- -~ 
Chlorobenzene 10.0 - 10.0 O/l mm -- 5.00 __ _-.. 

- 
-.--. __-__ _~___ ,__ ..~_. .~_~ 

Chloroethane 10.0 - 10.0 O/l .- -. 5.00 -_ - .-~ --. 
-- 

.~ 
Chloroform 

-~~~_ _- 
10.0 - 10.0 0 I 1 -- -_ 5.00 __ 

Chloromethane 
-___ 

- 
___.--... ._-___ _~- ~. ~~~~ 

10.0 - r O/l .- . . 5.00 
. ~_ ._ .~__~ 

_- __ .-. -~-- -. - ----_I_~~- 
Dibromochloromethane 10.0 - 10.0 011 __ -_ 5.00 __ ~--__. ^~- 
Ethylbenzene 10.0 * 10.0 011 __ __ 5.00 -- -~~ -___ - .~ ~-___..-~-___~~~_- ~~. ___-- 10.0 - 10.0 011 _- __ ~~,,50~ Methylene chloride __ 

~- 
~-___.- 

Styrene 10.0 - 10.0 011 -- __ 5.00 _- ~ --___.. ---___ __.__ 
Tetrachloroethene 10.0 - 10.0 O/l _- __ 5.00 __ ~-- -. 
Toluene 

-___ 
10.0 - 10.0 1 O/l __ -- 

._- .~~_ ___ -~.__ 
5.00 m. .~ -~. -___ .~_-- - -____ .-.. ~~.. 

FINAL 
1 - One-half of the reporting limit was used for non-detected samples. Page 5 of 6 
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tram-i li-Dichloronrooene 

Reporting Limit 
Range 

10.0 - 10.0 --___.. .-. .- 
10.0 - 10.0 ~.-~~___- 
10.0 - 10.0 ___- -. 
10.0 - 10.0 
10.0 - 10.0 _______ 
10.0 - 10.0 
10.0 - 10.0 
10.0 - 10.0 

Table 5-1 
Summary Statistics - SWMU 11 - Surface Water 

NAS Oceana, Virginia Beach, VA 

I Maximum I Sample ID of I 

Freauencv of 1 Concentration 1 Makmum ( Sample 
nd+p~+;k 1 Detected 1 Concentration I Value’ 

Standard 
Deviation of 

Mean 

__ 
-_ 
__ 
__ 
__ 
__ 

1 - One-half of the reporting limit was used for non-detected samples. 

FINAL 
Page 6 of 6 



Table 5-2 

, 
2 In---~ ___- 

.._... --.~ 
t -- -?#Jl i-SD02 t 

..~_ ~.. __- .-- 
Arsenic 1.50 1.08 

Conner 

Chemical Chemical 

fforganics (MGIKG) fforganics (MGIKG) 
Aluminum Aluminum -- ~__-. -- ~__-. 
Antimonv Antimonv 

Summary Statistics - SWMU 11 - Sediment Summary Statistics - SWMU 11 - Sediment 

NAS Oceana, Virginia Beach, VA NAS Oceana, Virginia Beach, VA 

Maximum Maximum 

Reporting Limit Reporting Limit Frequency of Frequency of Concentration Concentration 

Ranae Ranae Detection Detection Detected Detected 

Sample ID of Sample ID of 
Maximum Maximum 

Concentration Concentration 

Standard Standard 
Arithmetic Arithmetic Deviation c Deviation c 

Mean’ Mean’ Mean Mean 

--I 

Lead 

Mnnnanoca .__ .-~~ .~-- _____--. ~. 
Owl l-SD02 - -0.05 

Nickel - ~__ 
Potassium 

---t- -~____- 8.00 - 10.9 

Sodium 
Thallium 
Vanadium 
-* 
Lrnc _-~- _ _---I- 4JJJ - !atJ __~.. ~ 
PesticidelPolychlorinated Biphenyls (UGIKG) 

4,096 
0.05 
0.64 
24.3 
-0.09 
0.09 
609 
4.85 
0.13 
2.41 
0.005 
1,241 
35.8 
260 
18.9 
0.02 
2.40 
267 
0.06 
0.09 
5.61 
0.32 
6.06 
7.17 

Aldrin 

0.38 
0.38 
0.38 
0.20 

FINAL 
1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. Page 1 of 6 



Table 5-2 
Summary Statistics - SWMU 11 - Sediment 

NAS Oceana, Virginia Beach, VA 

aximum Sample ID of Standard 
Deviation o 

Mean 

3.82 
7.75 
3.82 
3.82 
-3.82 
3.82 
3.82 
0.38 
0.20 
0.38 
0.38 
6.38 
0.38 
0.38 
0.20 
0.20 
1.97 
19.7 
19.7 

--19.7 
19.7 
19.7 
19.7 
19.7 

Reporting Limit Frequency of Concentration 
Detected 

Maximum 
Concentration 

Arithmetic 

Mean’ 

22.0 _-.-~ 
44.6 
22.0 
22.0 
22.0 
22.0 
22.0 
2.20 
1.13 
2.20 - 
2.20 
2.20 
2.20 
2.20 
1.13 
1.13 
11.3~ 
113 
1.13 
1.13 
1.13 
1.13 
1.13 ~~.~ __-- 
1.13 

Detection 
O/3 ~- --..- 
0 I3 

Range 
39.0 - 52.7 
79.2 - 107 -~ _- 

__ 
~I__.. 

39.0 - 52.7 .~___ 
39.0 - 52.7 
39.0 - 52.7 ~- .___..-- ~ 

Aroclor-l2r 
Dieldrin 

Endosulfan II 
Endosulfan sulfate 
Endrin 1 3.90 - 5.27 I 013 I -- I __ I 

Endrin ketone I 3.90 - 5.27 I 

Heptachlor epoxide 
Methoxychlor 

2.01 - 2.71 
20.1 - 27.2 .~~ .__-.~ ~~ 

Toxaphene 
alpha-BHC ~~ __~- 
alpha-Chlordane 
beta-BHC 

gamma-BHC (Lindane) ~.~ ..___ ~.-~___ 
gamma-Chlordane ~- -~ ___ ~. -~-__ 
Semi-volatile Organic Compounds (W/KG) - .___~ ..~~ 
1.2.4-Trichlorobenzene 

2.01 - 2.71. A 

1,2-Dichlorobenzene 

FINAL 
I - One-half of the reporting limit was used for non-detected samples when calculating the mean. Page 2 of 6 



Table 5-2 
Summary Statistics - SWMU 11 - Sediment 

NAS Oceana, Virginia Beach, VA 

II Reporting Limit I Frequency of 

Maximum Sample ID of 
Concentration Maximum 

Chemical Range Dkectidn Detected Concentration 
2,2’-Oxybis(1 -chloropropane) 390 - 530 0 I3 -- -_ -____ -- 
&4,5TrichlorophenoI 980 - 1,300 o/3 __ -. -_ 
2,4,6-Trichlorophenol 390 - 530 0 I3 _- __ ..~______.._ -_.. __ .- -.__ 

1 98 

o/3 -_ 
-~--- -- o/3 __ 

Arithmetic 

Mean’ 

220 39.1 
547 89.6 
220 39.1 
220 39.1 
220 
547 
220 
220 
220 
220 
11.2 
220 
547 
220 

Standard 
Deviation o 

Mean 

39.1 
89.6 
39.1 

39.1 
89.6 
89.6 
39.1 
39.1 
39.1 
39.1 
39.1 
89.6 
89.6 
2.02 
3.91 
0.29 
0.29 
0.29 
0.39 

FINAL 
Page 3 of 6 1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 



Table 54 
Summary Statistics - SWMU 11 - Sediment 

NAS Oceana, Virginia Beach, VA 

Dibenz(a,h)anthracene .____ _- .__ ~~~ ~--~ 
Dibenzofuran 

Fluorene ._~ ___ .___ ~- __- ~~-~ 
Hexachlorobenzene 
Hexachlorobutadiene 

Pentachlorophenol ____ ___~~ -.__--- 
Phenanthrene ~._ .____~ ~ ~~___ ~~ 
Phenol ___~ -~ ~~~~~~~.. 
Pyrene __ - __ .~ ___ .-~ 
Dis(2-Chloroethoxy)methane ~. ~___..._~ __.-- ~__~ ~~~ 
ois(2-Chloroethyl)ether _ ---.__ .._~___~ ~. ~ ~~. 
bis(2-Ethylhexyl)phthalate ____- ~~-~~~ ~ 
n-Nitroso-di-n-propylamine ~-__ -~ __ - 
n-Nitrosodiphenylamine 

1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. Page 4 of 6 
FINAL 



Table 5-2 
Summary Statistics - SWMU 11 - Sediment 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Standard 

Reporting Limit Frequency of Concentration Maximum Arithmetic Deviation I 
Chemical Range Detection Detected Concentration Mean’ Mean 

Volatile Organic Compounds (UGIKG) 
JJJ-Trichloroethane 11.7 - 15.3 -- o/3 m. -- 6.37 1.10 ~-- - -__ 
ll,2,?-Tetrachloroethane 11.7 - 15.3 o/3 v.. __ 6.37 1.10 __~- 
1,1,2-Trichloroethane 11.7 - 15.3 013 .- _- 6.37 1.10 ~-.-~ .__~~. 
1 I-Dichloroethane -!.-~---~-.- 11.7 - 15.3 -- o/3 .- .- 6.37 1.10 --. 
l,l-Dichloroethene 11.7 - 15.3 o/3 .I .- 6.37 1.10 
1,2-Dichloro$hane 11.7 - 15.3 -- 0 I 3 m* __ 6.37 1.10 -- 
1,2-Dichloroethene (total) 11.7 - 15.3 o/3 mm __ 6.37 1.10 -~. ___-_--~- ~_- ~. -____ -..--. ___.~.__ 
l,P-Dichloropropane 11.7 - 15.3 o/3 w. -_ 6.37 1.10 ~~~~~ __~._.~ ~-- 
P-Butanone 11.7 - 15.3 o/3 me __ 1.83 0.58 -~-__- -- ~- .~ .-. 
2-Hexanone 11.7 - 15.3 o/3 we __ 6.37 1.10 ---- ~~~~~ - ~___-.- .~~~ -.- --- ___~~..--. .___--._-____ ~_~~ ___- ~. .~ 
4-MethylQ-pentanone 'la7 - '5.3 - ..- o/3 __ -~--. -5.-. .~~ ____.._ A?!.. ..!:'O 
Acetone 11.7 - 15.3 0 1 5 ----I .- ~~~__~ .I:---.- ~. ._ 7.5 ~. 7.09 
Benzene 11.7 - 15.3 0 I3 _- __ 6.37 i.10 

313 .- 
___ ~~~ ____~~__ ~~. 

Bromochloromethane 11.7 - 15.3 50.0 OWll-SD01 50.0 0 - --__.--~~~- ____- ~.-~. ~~___- -~- 
Bromodichloromethane 11.7 - 15.3---------- o/3 __ __ 6.37 -- 1.10 -~~ ____ .~ ~~~~ 
Bromoform 11.7 - 15.3 o/3 __ -_ -____~- -.~.- ~~ ..-. 6.37 1.10 
Bromomethane 11.7 - 15.3 o/3 __ __ 6.37 1.10 
Carbon disulfide 11.7 - 15.3 o/3 -_ _- 6.37 1.10 ~-~~~. _____ ~~ __ _.~ 
Carbontetrachloride 

--~..~--..__--. ~_ .~____ 
11.7 - 15.3 o/3 l.id .~.._____ 

Chlorobenzene 
6.37 

11.7 - 15.3 o/3 .- __ 6.37 1.10 ___- ~-~ ._____- -~-~ 
Chloroethane 

---.___-. ______~ ..- _--.- _~~~ 
11.7 - 15.3 o/3 -. -. 6.37 i.10 .~~~- ____. __. -___---. 

Chloroform 
,.-~-.- ~ 

11.7 - 15.3 o/3 -. __ 6.37 1.10 
Chloromethane 

--~___~ ~~.-~-~ ~_____..~_ ~. _.__~ ~~.~ _ 
11.7 - 15.3 o/3 __ __ 6.37 1.10 -..-~ ___~ --~ 

Dibromochloromethane -il.7 - 15.3 
--- .-~-.___ ~~_~ 
o/3 -. __ 6.37 1.10 _.~___~. _ 

Ethylbenzene 
~--___ -~ ~--.__~ .__~~ 

11.7 - 15.3 o/3 _- __ 6.37 - 1.10 - .____ _ __-.. --~ 
Methylene chloride 11.7 - 15.3 o/3 __ -_ 12.j 5.48 __ 
Styrene 11.7 - 15.3 o/3 __ -_ --. .-.-~ .-..- ~~___~-~_-- -____ 6.37 --i.10.-- 
Tetrachloroethene 11.7 - 15.3 o/3 c- .- 6.37 1.10 
Toluene 11.7 - 15.3 O/3 -. -_ __ .-~~~ ___.--. 6.37 1.10 -. - -.- 

FINAL 
1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. Page5of6 
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Table 5-2 

o-Xylene 

II-~---~----- trawl .3-Dichlorom 

FINAL 
Page 6 of 6 1 - One-half of the reporting limit was used for non-detected samples when calculating the mean 
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Table 5-3 
Summary Statistics - SWMU 11 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Standard 

Reporting Limit Frequency of Concentration Maximum Deviation of 
Chemical Range Detection Detected Concentration Sample Value’ Mean 

Semi-volatile Organic Compounds (UGIKG 
1 -Methylnaphthalene r--y- -~---pGi-~; ..I -_ ~. _~ 

Benzolalanthracene 
Benzo(ahwrene 

Acenaphthylene -- .___ ___- .~~ 
Anthracene 

Benzo(b)fluoranthene __~- ~. 

Benzo(k)fluoranthene 
Chrysene 

Phenanthrene 

Volatile Organic Compounds (UGII 
1 ,I ,I -Trichloroethane- ---~- ~-.--- 
1,1,2,2-Tetrachloroethane ___. -.-_. 
1 ,I ,2-Trichloroethane 
1 ,l -Dichloroethane ._-__ .~ 
1 ,l-Dichloroethene 
J-,2,3-Trichloropropane 
1 ,PDichlorobenzene 
1 ,BDich@oethane 
1 ,P-Dichloroethene (total) - -- ___ ~~ ___-- 
1 ,BDichloropropane ~.~. _~___~~-. 

--- 

FINAL 
1 - One-half of the reporting limit was used for non-detected samples. Page 1 of 3 
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Table S-3 
Summary Statistics - SWMU 11 - Surface Soil 

NAS Oceana, Virghia Beach, VA 

Chemical 
Reporting Limit Frequency of 

Ranse 

ns+~ar+in~ 

c?nfl 

Arntnne I -- _ es I 111 I 

Acrylonitrile 
Benzene 
Bromodichloromethane 
Rrnmnfnrm 

Chloroethane 
Chloroform --__ ~~~__ 1 6.00 - 6.1 

Dibromomethane 6.00 - 6.1 _____.-- ___~ -~ ___- -~-~ 
Ethyl methacrylate 6.00 - s? -_ .___ 
Ethylbenzene 6.00 - 6.1 ...~______~~_ 
lodomethane 
hAc+hdann rhlnrido 

.__~ ~-.. 

--J 
Tetrachloroethene ~~~ .___ 
Toluene 
Trichloroethene ~___~ _ ___~ -~ ___~ 
Trichlorofluoromethane ~~~ -___ - __-~ ~~ 

amole Value 

-~ Standard 
Deviation of 

Mean 

ii.50 
5.50 - 
5.50 
5.50 
65.0 
55.0 
55.0 
3.00 

__ 
__ 
__ 
_- 
_- 
__ 
-_ 
__ 
-_ 
_- 
_~ 
__ 
_- 
__ 
__ 
__ 
-- 
__ 
_I 
__ 
__ 
__ 
~_ 

1 - One-half of the reporting limit was used for non-detected samples. 

FINAL 
Page 2 of 3 



Table 5-3 
Summary Statistics - SWMU 11. Surface Soil 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Standard 

Reporting Limit Frequency of Concentration Maximum Deviation of 
Chemical Ranqe Detectlon Detected Concentration Sample Value’ Mean 

Vinyl acetate 11.0 - 11.0 011 -. __ 5.50 __ _.. - _~-- .~~- ---.~- 
Vinyl chloride 2.00 - 2.00 011 __ _- 1.00 - -- 
Xylene, total 

- ~. 
.- - .- 1 /l 2.00 OWli-SSlO-l-94A 2.00 -- ___- ..- -_____- _ .- ~~~- ____- .~~ 

cis-I ,3-Dichloropropene 6.00 - 6.00 o/i __ __ 3.00 -- -__ .- 
trawl ,3-Dichloropropene 6.00 - 6.00 O/l -. .* 3.00 _- -~.~ ~..__~~~_~. -~ ~~~ _ .~ 

-_-Total Petroleum Hydrocarbons (MG/KG) 
Total petroleum hydrocarbons (TPH) I ~~-.-- __ _ __ I 515 I 607 1 Owl i-SS12-94A 1 28i 1 215 

1 - One-half of the reporting limit was used for non-detected samples. 
FINAL 

Page 3 of 3 



Table 5-4 

Assessment Endpoint 
Terrestrial Habitats 

Preliminary Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints - SWMU 11 
NAS Oceana, Virdnia Beach, VA 

I Risk Hypothesis I Measurement Endpoint I Receptor 

Survival, growth, and reproduction of 
Are site-related surface soil concentrations sufficient to 
adversely effect soil invertebrate communities based on 

Comparison of maximum chemical concentrations in Soil Invertebrates 
terrestrial soil invertebrate communities. 

conservative screening values? 
surface soil with soil screening values. (earthworms) 

Survival, growth, and reproduction of 
Are site-related surface soil concentrations sufficient to 
adversely effect terrestrial plant communities based on 

Comparison of maximum chemical concentrations in 
terrestrial plant communities. surface soil with soil screening values. 

Terrestrial plants 
conservative screening values? 

Are site-related chemical concentrations in surface soils Comparison of literature-derived chronic No Observed 
Survival, growth, and reproduction of sufficient to cause adverse effects (on growth, survival, or Adverse Effect Level (NOAEL) values for survival, growth, 
avian terrestrial insectivores. reproduction) to avian species that may consume soil and/or reproductive effects with modeled dietary exposure 

American robin 

invertebrates from the site? doses based on maximum soil concentrations. 

Are site-related chemical concentrations in surface soils Comparison of literature-derived chronic No Observed 
Survival, growth, and reproduction of sufficient to cause adverse effects (on growth, survival, or Adverse Effect Level (NOAEL) values for survival, growth, 
avian terrestrial carnivores. reproduction) to avian species that may consume small and/or reproductive effects with modeled dietary exposure 

American kestrel 

mammals from the site? doses based on maximum soil concentrations. 

Are site-related chemical concentrations in surface soils Comparison of literature-derived chronic No Observed 
Survival, growth, and reproduction of sufficient to cause adverse effects (on growth, survival, or Adverse Effect Level (NOAEL) values for survival, growth, 
mammalian terrestrial insectivores. reproduction) to mammalian species that may consume soil and/or reproductive effects with modeled dietary exposure 

Short-tailed shrew 

invertebrates from the site? doses based on maximum soil concentrations. 

Are site-related chemical concentrations in surface soils Comparison of literature-derived chronic No Observed 
Survival, growth, and reproduction of sufficient to cause adverse effects (on growth, survival, or Adverse Effect Level (NOAEL) values for survival, growth, 
mammalian terrestrial omnivores. reproduction) to mammalian species that may consume and/or reproductive effects with modeled dietary exposure 

Deer Mouse 

plants and invertebrates from the site? doses based on maximum soil concentrations. 

Are site-related chemical concentrations in surface soils Comparison of literature-derived chronic No Observed 
Survival, growth, and reproduction of sufficient to cause adverse effects (on growth, survival, or Adverse Effect Level (NOAEL) values for survival, growth, 
mammalian terrestrial herbivores. reproduction) to mammalian species that may consume and/or reproductive effects with modeled dietary exposure 

Meadow vole 

plants from the site? doses based on maximum soil concentrations. 

FINAL Page 1 of 3 
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Table 5-4 
Preliminary Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints - SWMU 11 

Uvival, growth, and reproduction of 
iammalian terrestrial carnivores. 

ffects (on growth, survival, or 
pecies that may consume 

Comparison of literature-derived chronic No Observed 
Adverse Effect Level (NOAEL) values for survival, growth, 

effects with modeled dietary exposure 

;urvival, growth, and reproduction of 
Are site-related chemical concentrations in surface SOilS 

sufficient to cause adverse effects (on growth, survival, or 
Evidence of potential risk to other upper trophic level 

errestrial reptiles. 

Mvival, growth, and reproduction of 
lenthic invertebrate communities. 

Netland and Aquatic Habitats , 

and/or sediment sufficient to adversely effect benthic 
invertebrate communities? 

Survival, growth, and reproduction of 
aquatic and wetland plant communities. 

Survival, growth, and reproduction of 
amphibian communities. 

Survival, growth, and reproduction of 
amphibians. 

Survival, growth, and reproduction of 
wetland reptiles. 

FINAL 

versely effect aquatic or 

Are site-related chemical concentrations in surface water 
and/or sediment sufficient to adversely effect amphibian 

surface water and/or sediment with medium-specific 

Comparison of maximum chemical concentrations in 

d sediment sufficient to cause adverse 
growth, survival, or reproduction) to amph 

Evidence of potential risk to other upper trophic level 
aquatic and wetland receptors evaluated in the baseline 

risk to other upper trophic level 

Page 2 of 3 



Table 5-4 
Preliminary Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints - SWMU 11 

Survival, growth, and reproduction of 
avian aquatic/wetland insectivores. 

and sediment sufficient to cause adverse effects (on 

n maximum surface water and/or sediment 

Survival, growth, and reproduction of 
avian aquatic/wetland omnivores. 

Are site-related chemical concentrations in surface water 
and sediment sufficient to cause adverse effects (on 
growth, survival, or reproduction) to avian species that may 
consume aquatic plants and invertebrates from the site? 

and/or reproductive effects with modeled dietary exposure 
doses based on maximum surface water and/or sediment 

Survival, growth, and reproduction of 
mammalian aquatic/wetland omnivores. 

Are site-related chemical concentrations in surface water Comparison of literature-derived chronic No Observed 
and sediment sufficient to cause adverse effects (on Adverse Effect Level (NOAEL) values for survival, growth, 
growth, survival, or reproduction) to mammalian species andlor reproductive effects with modeled dietary exposure 
that may consume aquatic plants and invertebrates from the doses based on maximum surface water and/or sediment 
site? concentrations. 

FINAL Page 3 of 3 



Table 5-5 
Preliminary Screening Statistics - SWMU 11 - Surface Water 

NAS Oceana, Virginia Beach, VA 

Chemical 

lnorganics (UGIL) 
Aluminum 
-Antimony 
Arsenic 

Maximum Sample ID of Maximum 

Reporting Frequency Concentration Maximum Screening Frequency of Hazard 

Limit Ranqe of Detection Detected Concentration Value Exceedance Quotient’ COPC’ 

-1 

Barium 
Bervllium 
Cadmium 

Calcium 2 
Chromium 
Cobalt 
Copper 
Cyanide 
Iron ___~- ~. - .-~~ 
Lead 
Magnesium 2 
Manganese 
Mercury 
Nickel 
Potassium 2 
Selenium 
Silver 

Sodium 2 
Thallium 
Vanadium -. 
Zinc 
PesticidelPolychlorinated 

-4,4’-DDD 
4$-DDE 
4,4’-DDT 

NW - No Screening Value 

5.00 - 5.00 1 1 I 1 
-__-_ 

2O.j-7~-ow11-sW0II 0.83--l 1 I 1 L 25.0 1 YES 
NO 
YES 
YES 
YES 

FINAL 
Shaded Cells indicate Hazard Quotient based on Reporting Limit Page 1 of 6 



Table S-5 
Preliminary Screening Statistics - SWMU 11 - Surface Water 

NAS Oceana, Virginia Beach, VA 

Sample ID of 
Maximum 

I Mnvim~lm I 

:requency of I Hazard _ I Screening 
Value 

0.30 
0.01 ~___ 
0.28 
0.58 ~-- 
0.05 
0.08 
0.03 .--_ -. 
94.0 
0.06 __--. 
0.06 
0.06 
0.06 
0.04 
0.04 
0.04 -..__ 
0.007 __~ 
0.007 
0.03 
-0.01 
2.20 
0.17 
2.20 -- 
2.20 
0.08 ~___ 
0.17 

Reporting 
Chemical Limit Flanse 

Aldrin 0.05 - 0.05 -~ --__~~ ~~~ _____ .~.~ -___ -~-~_____ 
Aroclor-1016 1.00 - 1.00 ~~~ .~ 

Concentratior 
-- 

__ 
__ 

Endosulfan I ___- ..~~ 
Endosulfan II 

alpha-Chlordane ~. -~-___ -~ ~__ ~~. ___ -..___ 
beta-BHC __.---. - -___..-~~..- 
delta-BHC - -~___ _-____ ~~~~ - 
gamma-BHC (Lindane) ._ .____ .~~~ .~ 
gamma-Chlordane ~~ -.~___- 
Semi-volatile Organic Compounds (G/L) ~~-.--. 

l__p _ 1 2 4-Trichlorobenzene 
1.2.Dichlorobenzene 

Endrin ketone ___ ___ ~~- -__~ ._ 
Heotachlor 
Heptachlorepoxide -~ 
Methoxychlor 
Toxaphene 
alph&HC -.~ ---~~ ~~~ ~-__ 

NO 
NO 
NO 
NO 

NSV - No Screening Value FINAL 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 

I 

Page 2 of 6 



Table 5-5 
Preliminary Screening Statistics - SWMU 11 - Surface Water 

NAS Oceana, Virginia Beach, VA 

fiaximum 
ml 

COPC 

YES 

I 1 Maximum I Sample ID of 

I Reporting Frequency Concentration Maximum 
Limit Range of Detection Detected Concentration 

33 O/l .- 

Screening 
Value 

NSV 
NSV 
63.0 
970 
365 
530 
150 
230 ~--- -. ._. 
NSV 
620 
97.0 __-- _ 
NSV 
13.0 
NSV _-_ 
150 ,~-.. 

-- NSV ___- .~ 
NSV 
2.30 
1.50 
0.30 _- - 
50.0 
NSV -_I- 
NSV __- ~-~~ 
NSV 
150 
520 
NSV _~__ 
0.73 
6.30 
0.01 -__- 

Chemical 

.-- 
YES 
NO 
NO 
NO 
NO 
NO 
NO 

VI ,ES 
NO 
NO 
YES 
NO 
YES 

2,4-Dimethylphenol 
2.4-Dinitroohenol 

P-Chloronaphthalene 

2-Nitroohenol 
__ -- I P-Nitroaniline I 25.0 - 2: 

3,3’-Dichlorobenzidine 
__ I -- NT%.. -1 

YES 
YES 
YES 
NO 
VES 
YES 
YES 
NO- 
NO 
YES 
NO 
Pi0 
YES _~ 

4,6-Din&o-2-methylphenol 
4-Bromophenyl-phenylether ___. ~~- 
4-ChloroB-methylphenol 
4-Chloroaniline 
4-Chlorophenyl-phenylether _ ’ 10.0 - 1( - 

~ 4-Nitroaniline 

1~~ Benzo(a)anthracene 
, Benzo(a)wrene 

FINAL 
Page 3 of 6 

NSV - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 



Table 5-5 
Preliminary Screening Statistics - SWMU 11 - Surface Water 

NAS Oceana, Wfrgfnia Beach, VA 

Maximum Sample ID of 

Reoortina Preuuencv Concentration Maximum 
Chemical Limit Ranie of Dkctidn Detected Concentration 

Benzo(b)fluoranthene 0.10 - 0.10 O/l wm . . ___ _____ .~. ~.. ~. ~-.~_ 
671 

____ ._-____ 
__ . . ___.- -___~- .-~~ 

O/l __ __ __ .___ 

Di-n-octvlohthalate 
Dibenz(a,h)anthracene -~ - ~~.. .-.- ~~~~ 
Dibenzofuran - -.__- .~~ __.~~ 
Diethylphthalate 
Dimethyl phthalate -~_ ___ --~__~ ___. ~- 
Fluoranthene ___~--_.__- ~~~--.~ 
Fluorene ---. ___ .--__ ~- __ .- 
Hexachlorobenzene ___.. -- -.-~ 
Hexachlorobutadiene ..___ .~ 
Hexachlorocyclopentadiene ____~ _- __~ ~~ .~__~ ~~ __ 
Hexachloroethane - ~... ___.~~ ~-. - 
~d~q(l,2,3-cd)pyren~ .~ __ __ ~~. 
lsophorone 
I.--- -- - 

Phenol _.~___~ ~ 
Pvrene 

NSV - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Weporting Limit 

33.0 --. 
3.00 
NSV 

NO 
YES 
YES 
NO- 
YES 
YES 

20.0 --- I -- NO __-~ 
220 -- I -- NO 

--- 330 L rr- NO __~ 

3.68 __ I 
__ I 
__ I 

540 -- I 
NSV -- I 

%,700 
100 

NO 
NO 
YES 
YES 
YES 

2,700 
6.69 - .- 
6.30 
256 
NSV 

YES 
NO 
NO 
Nd 
YES 
NO 
NO 
YES 
NO- 

-M- 
NO 
YES 

FINAL 
Page 4 of 6 



Table 5-5 
Preliminary Screening Statistics - SWMU 11 - Surface Water 

NAS Oceana, Virginia Beach, VA 

Maximum 1 Sample ID of Maximum 
. . . 

Chemical 
Reporting Frequency COnCentration Maximum 

Limit Range of Detection Detected Concentration 
Screening Frequency 0f Hazara-, 1 

Value Exceedance c -. - 
____ 

luotient 1 COPC? 

n-Nitrosodiphenylamine 
Volatile Oraanic Comoounds IUG/L) 
1 ,I ,I -Trichloroethane ’ 
1 I 3 ‘)=mtmnhlnmdhmo 

O/l . . ** 585 ._ 1 . . 

I 3-lXchlnrn&hthnnn ftntnl\ 
, -  _ , . , . . ”  . - - .  . . - . . -  \ . - . - . ,  

- 
-~~~ 

9-IX-hlnrnnrnnan~ .--pr-....-- 10.0 - j-0 / 1 -- 

2-Hexanone 
4-MethylP-pentanone 
Acetone --~~~.-~ 
Benzene 

Bromomethane -~ _~_______ ~--.-. 
Carbon disulfide 

Chloromethane 
Dibrom&hloromethane 
Ethylbenzene 
Methylene chloride 
Stvrene 
Tetrachloroethene 

NO 
NON 
NO 
NO. 
NO- 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

-NO- 
NO 
NO 
YES 
NO 
NO 
YES 
NO 
NO 
NO- 
NO 
NO 
YES 
NO 

t.\ 
.‘. * ! 

_I 
,_ 

.” 

NSV - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 

FINAL 
rage 5 of 6 

-- 



Table 5-5 
Preliminary Screening Statistics - SWMU 11 - Surface Water 

NW - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 

FINAL 
Page 6 of 6 

-- 



Chemical 

lnorganics (MGIKG) 

Table 5-6 
Preliminary Screening Statistics - SWMU 11 - Sediment 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Maximum 

Reporting Frequency Concentration Maximum Screening Frequency of Hazard 

Limit Range of Detection Detected Concentration Value Exceedance Quotient’ COPC 

Arsenic 

Lead 

NW - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 

FINAL 
rage 1 of 6 



Table 5-6 
Preliminary Screening Statistics - SWMU 11 - Sediment 

Oceana, Virginia Beach, VA NAS 

-r--II c 

Maximum 1 Sample ID of 
Frequency Concentration 

I I 
Maximum 

~-“.!- nPtaFtarl hww-antrstinn 

Endosulfan II -- __~-. __ __ ~- __ 
Endosulfan sulfate 

Endrin aldehyde _~_~ __~- .__~ -.~~__ ~- 
Endrin ketone -.__-~ .___ .- ~- ~ ~__ _~ -_ 
Heptachlor ___ __.___~ ~. __ - __-~ 
Heptachlor epoxide 
Methoxychlor __ _ ~-__ -~___~ 
Toxaphene __ -~ __~~~ __ - ~- 
alpha-BHC _~ __~___~. __ ~~ ~- 
alpha-Chlordane -~ ~ __~~~ ~ 
beta-BHC 

Reporting 
Limit Ranse 
2.01 - 2.71 
39.0 - 52.7 ~--___- 
79.2 - 107 ___-__ 
39.0 - 52.7 

39.0 - 52.7 __.--__ 
39.0 - 52.7 ~~ ___ -- .- 
39.0 - 52.7 
39.0 - 52.7 __ ~.- 
3.90 - 5.27 ~.___._ 
2.01 - 2.71 ---~. -~ 
3.90 - 5.27 __~-~- .- 
3.90 - 5.27 
-3.90 - 5.27 
3.90 - 5.27 
3.90 - 5.27 -..___- 
2.01 - 2.71 __ --- 
2.01 - 2.71 
20.1 - 27.2 
201 - 271 
2.01 - 2.71 
2.01 - 2.71 ..--.__-. 
2.01 - 2.71 
2.01 - 2.71 
2.01 - 2.71 __.-.__ 
2.01 - 2.71 -_____ 

~ cDpc 

“” 
YES 
YES 

Screening 
Value 

2.00 
22.7 __. - 
22.7 
22.7 
22.7 
22.7 
22.7 
22.7 
2.00 
NSV 
NSV 
NSV 
3.00 
NSV 
NSV 
0.30 
5.00 
NSV 
NSV 
6.00 
7.00 
5.00 
NSV ___~ 
3.00 
7.00 __-. 

Chemical 

Aldrin 
Aroclor-1016 ~-.___ -__ ~- 
Aroclor-1221 
Aroclor-1232 __ ._. __ - __ .~~ 
Aroclor-1242 ~~.-__- .__.~. ~__ ~ __ ~~ .- 
Aroclor-1248 ~__ - __ ~. __~ - 

YES 
YES 
YES 
YES 
YES 
YES ..~ 
YES 

Aroclor-1254 -.___ ~~~ .__ .~. 
Aroclor-1260 __ .-. -- 
Dieldrin ~. __~ __ ~-~ - 
Endosulfan I 

YES 
YES 
YES 
YES -- 
YES 

_. 7 .: YES 
I “” “” NO 

“” / “” YES 
I “” “” YES 
I “” “” NO 

--“_ -/ ..- NO 
IS / “” ~~~- NO 

I “” “I YES 
I .” “” NO 

~ z / -". .-NO 

delta-BHC 
gamma-BHC (Lindane) -. 
gamma-Chlordane 
Semi-volatile Organic Compounds (UGIKG) ~__ _~ ~__~-~~ -___ ~- ~- 
1.2.4-Trichlorobenzene 

-.-__ 
390 - 530 ~__ ~~.~__ - __-.- 

1 P-Dichlorobenzene L-.- ___ ~~ 390 - 530 ~. ~~~ ____~. ---__ 
1 3-Dichlorobenzene -L F 390 - 530 - .__..~. __. ~ .___ - 
1 4-Dichlorobenzene L-- __-~ __ --__ 

NSV - No Screening Value 
Shaded Cells indicate l-iazard Quotient based on Reporting Limit 

FINAL 
Page 2 of 6 



NSV . No Screening Value 

Chemical 

Table 5-6 
Preliminary Screening Statistics - SWMU 11 - Sediment 

#AS Oceana, Virginia Beach, VA 

Maximum Sample ID of Maximum 

Reporting Frequency Concentration Maximum Screening Frequency of Hazard 

Limit Ranqe of Detection Detected Concentration Value Exceedance Quotient’ COPC 

NSV -- I -- 

2-Methylnaphthalene __-. __.. .- 
2-Methylphenol _--. 
P-Niiroaniline 

NSV -- / -- 

NSV -- I -- 

4-Nitroaniline ___ ___-- 
NSV -- / -- 

Anthracene ------ __-. ._~ 
Benzo(a)anthracene 

-om-..4”\ I.,. A.._ -____.- P.l.14 1 en-1 
1 uvvll-SW1 1 4YU U I Y NV -. 1. L_ “>o_OJ 1 

FINAL 
Page 3 of 6 Shaded Cells indicate Hazard Quotient based on Reporting Limit 



Table 5-6 
Preliminary Screening Statistics - SWMU 11 - Sediment 

#AS Oceana, Virginia Beach, VA 

___.~_ 
Benzo(k)fluoranthene _ _~~__~ -~ 
Butylbenzylphthalate 

~~ ~___ ~~ 

Fluoranthene __ .~_~ ___ ~~.. ~. 
Fluorene -~~ --.-~ -. 
Hexachlorobenzene .__ _~_ ..~~~~~_~ .~ 
Hexachlorobutadiene 

FINAL NSV - No Screening Value 
Shaded Ceils indicate Hazard Quotient based on Reporting Limit rage 4 of 6 

-- 



Table 5-6 
Preliminary Screening Statistics - SWMU 11 - Sediment 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of I Maximum 

Reporting Frequency Concentration 
I I 

Maximum 
Chemical Limit Ranqe of De+*+inn Detected (bnrnntratinn I 

Screening Frequency of 
Vllllt3 I CvrmArw.nn I Omtient’ I COPC? II 

n-Nitrosodiphenylamine 390 - 530 0 _~- _-~-. .~-. 
Volatile Organic Compounds (UGIKG) 

Hazard 1 II 
I.rY.I”I,, #“,,“I ,.., . ...“.. .“.I_ , c*.c~T;“aIIb~ , _- -_.-..- --. -. 

131 -- I mm 1 28.0 1 -- / -- ~ YES it 
,,.,-,- .“.,..-*..“.--...-..- 

I I ‘ATrirhlnrnnthanP 

-_--. 
i-l-Dichloroethene , - _. _ _ - . . 
1,2-Dichloroethane 
1,2-DicFt&roethene (total) 
I %i3irhlnrnnrnnnn~ 

Bromochloromethane 
Bromodichloromethane 
Rrnmnfnrm 

RrnmnmnthanP I 117 - IFi.? I 

_ ~~. .__~ _ -. .~ -~~ 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane ____ _.~ .___...__~ 
Chloroform 
Chloromethane ~-___~-~ --~- ___ -. --___-- ~~ .~ 
Dibromochloromethane 
-..., .I”*.--. .I -. 
Methylene chloride 
Stvrnnn - .-- 
Tetrachloroethene 

FINAL NSV - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit Page 5 of 6 



Table 5-6 
Preliminary Screening Statistics - SWMU 11 - Sediment 

NAS Oceana. Virainia Beach. VA 

Trichloroethene -__ -~___- - 
Vinyl chloride ~~.___ - __~ ~.~~ 

Chemical 

Toluene __-- NSV 

Xvlene, total 

I-Maximum 1 

NSV - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 

FINAL 
Page 6 of 6 



Table 5-7 
Preliminary Screening Statistics - SWMU 11 - Surface Soil 

NAS Oceana, Virginia Beact - - - I, VA 

Maximum Sample ID of Maximum 

Reporting Frequency Concentration Maximum 
Chemical 

Screening Frequency of Hazard 

Limit Ranse of Detection Detected Concentration Value Exceedance Quotient’ COPC 
- - 
Semi-volatile Organic Compounds (UGIKG) 
1 -Methylnaphthalene ----. ~-~~. ~. 
2-Methylnaphthalene -.--.-~~. - .._~_ 
Acenaohthene 
Acenaohthvlene 
Anthracene 

Benzo(a)pyrene __. .--. .~ 
Benzo(b)fluoranthene 

_Benzo(g,h,i)pewlene ~_~ 
Benzolk)fluoranthene 
Chrvsene 
Dibenzla.hlanthracene 

Indeno(l,2,9cd)pyrene 
Naphthalene 

__~ ~~ L-. --..-I J - -- 
Volatile Oraanic Comoounds (UWKGI 

1 

1,1P-Trichloroethane 
1 ,l -Dichloroethane 
1 ,I -Dich&oethene 
f ,2,3-Trichloropropane __ ~. 
1 ,P-Dichlorobenzene 
1 ,2-Dichloroethanem---- 
1,2-Dichloroethene (total) 
1 ,P-Dichloropropane 

.- - 
1 

NO 
NO 
NO 
NO 
YES 
YES 
NO 
NO 
NO- 
NO - .- 

NSV - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 

FINAL 
Page 1 of 3 



Table 5-7 
Preliminary Screening Statistics - SWMU 11 - Surface Soil 

VA 4 - 
I 

NAS Oceana, Virginia Beal 

I 1 Maximum 1 Maximum 1 

reening 1 Frequencv of I Hazard 1 
Value 1 Exceed&e I Quotient’ 1 COPC? 

Sample ID of 
Maximum 

Concentration 
k 

Chemical 

1 3-Dichlorobenzene -_‘.~_p~ -. ~__ ~~~~.~ - __ - 
1.4-Dichlorobenzene 

Reporting Frequency Concentration 
Limit Range of Detection Detected 

6.00 - 6.00 o/i -- .--__-. -____ -___- 

2-Butanone 11.0 - 11.0 __--- __~.~ __- ~. 
P-Chloroethyl vinyl ether 11.0 - 11.0 .___ -~ __- - .~ ~.~ --.___ 
2-Hexanone _~ ____ ~ ~~_ -~ 
4-Methyl-P-pentanone _---. ~~ +---- 

11.0 - 11.0 

Acrolein 
-_ I --- NSV I YES 

NO 
NO 
NO 
YES __ 
YES __- ~ 
NO 
NO 
YES NSV 

-Q&) _. / __ 

NSV __ 

Acrvlonitrile 
Benzene 6.00 - 6.00 
Bromodichloromethane -___ - ___~ 
Bromoform __--___- -__ -~ ___ ~ 
Bromomethane __. _-. ___~~~ -~ ~__ 
Carbon disulfide 
Carbon tetrachloride I 6.00 - 6.00 
Chlorobenzene I 6.00 - 6.00 
Chloroethane ._~.___ ~ 
Chloroform - ____ ..~~~ ~___ ~~ ___~ ~~ ~ 
Chloromethane _-. - __~_.~~ ~__-.~~ -~- 
Dibromochloromethane ___~ -~___~ ~~~~ 
Dibromomethane --~- __--.- 
Ethyl methacrylate ___ ~-~ --. ~__ -~~ ..__- -~ .__ 
Ethylbenzene _ ..____~ ___ ~~-~ 
lodomethane __~ -~~ ~~ ~~ 

__ ~-~ Methylene chloride ~___ ~~~ ___~ ~- 

I I.“. YES 
YES 
YES 
YES 
NO 
YES 
YES .--~ 
NO 
NO 
NO 

i 1 /--- _- 

Stvrene 
Tetrachloroethene 
Toluene 
Trichloroethene 
Trichlorofluoromethane 

NO 
YES 

FINAL NW - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit Page 2 of 3 
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Table 5-7 
Preliminary Screening Statistics - SWMU 11 - Surface Soil 

NAS Oceana. Virdnia Beach. VA 

[I Totalj%rol ~~ eum hydrocarbons (TPH) 
-1-- - _- -- 

m. _ __ 1 515 1 607 1 OWI I-SS12-94A 1 NSV 1 -- / -- 1 NSV- 1 YES 

NSV - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 

FINAL 
Page 3 of 3 

-- 



Table 5-8 
Summary of Maximum Hazard Quotients for Food Web Exposures - SWMU 11 

NAS Oceana, Virgh?ia Beach, VA 

Page 1 of 6 FINAL 



Table 5-8 
Summary of Maximum Hazard Quotients for Food Web Exposures - SWMU 11 

NAS Oceana, VirgMa Beach, VA 

i ChnrLtzAd chrn 

11 -,4-Trichlorobenzene 

I\ 1,4-Dichlorobenzene 

2,4,6-Trichlorophenol 
2,4-Dichlorophenol 

11 ?tiaphth$ene 
Antnracene 
Benzo(a)anthrace ne 1 ~0.01 I co.01 I co.01 I NA 

Page 2 of 6 FINAL 



Table 5-8 
Summary of Maximum Hazard Quotients for Food Web Exposures - SWMU 11 

NAS Oceana, Virginia Beach, VA 

II 1 VI I”, L-LCIIIG” JI 11 zw Deer mouse Meadow vole Raccoon Red fox 
Chemical 1 NOAEL 1 LOAI EL NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL 

I I 
NOAEL LOAEL 

Benzo(a)pyrene co.01 co.01 CO.01 co.01 co.01 co.01 NA NA co.01 
Benzo(b)fluoranthene 

<O.Ol 
co.01 co.01 co.01 <O.Ol <O.Ol co.01 NA NA co.01 co.01 

1 Benzo(g,h,i)perylene 
Benzo(k)fluoranthene -. ,- -. 

1 co.01 co.01 co.01 <O.Ol co.01 NP 
1 <0.01 

co.01 1 
co.01 co.01 co.01 co.01 

n 0.01 co.01 co.01 co.01 NA I 

0.01 I co.01 I co.01 I co.01 I CO.01 1 N/ 
0.01 I co.01 I eo.01 I 4-l ni I m n1 I Al n1 I hll 

II III-n-butyAp-hthafate 

I !-fexachloro-1,3-butadiene 

3.01 1 co.01 1 d.01 1 co.01 1 <O:Ol 1 co.01 1 NP 

J.01 I co.01 I co.01 I co.01 co.01 
I 

co.01 
I I I 

1 
I 

NA 1 
I 

NA 1 co.01 co.01 
I I I 

II Carbon Tetrachloride co.01 I <O.Ol CO. 
Chlorobenzene I cnn1 I I ,n 

I I I I I I I I I I 

Page 3 of 6 FINAL 



Table 5-8 
Summary of Maximum Hazard Quotients for Food Web Exposures - SWMU 11 

NAS Oceana, Virginia Beach, VA 

Marsh American robin Mallard 

Chemical NOAEL 1 LOAEL NOAEL 1 LOAEL NOAEL 1 LOAEL NOAEL 1 LOAEL 
I I I I 

0.32 

Arsenic . 
Barium 

1 co.01 1 co.01 I 0.13 I 0.04 I co.01 <O.Ol I 0.04 I 0.02 
n* I #-It-to I I m n-l A-In1 I hl' ' -c <Oh I 

hi* t uerywm 
m--l-:..- 

it 

bil”llllUlll 
Chromium 

Mercurv 

Page 4 of 6 FINAL 



Table 5-8 
Summary of Maximum Hazard Quotients for Food Web Exposures - SWMU 11 

NAS Oceana, Virginia Beach, VA 

Chemical 
American robin Marsh wren 

NOAEL 1 
1 American kestrel I Mallard 

LOAEL 
I NOAEL I LOAEL I NOAEL 1 LOAEL 1 NOAEL I LOAEL I 

II 
_Enfosu!fan I! 

II Heptachlor - ,xide 
II Heptachlor Epc 

Methoxychlor 
Toxaphene 

eo.01 co.01 
co.01 co.01 
co.01 co.01 
co.01 co.01 0.28 0.03 1 co.01 1 -co.01 

.-.---..- _.._ 

obenzene 

I&Trichlorophenol 
I-Dichlorophenol 

. ., . 
NA ;;; 
NA NA 

NA 

3romophenyl-Phenylether I 
~~ - 

NA T F -.. -.... 

Page 5 of 6 FINAL 



Table 5-8 
Summary of Maximum Hazard Quotients for Food Web Exposures - SWMU 11 

NAS Oceana, Virginia Beach, VA 

Chemical 

I Ammknn robin I Marsh wren American kestrel I Mallard 
, .*..-..--.. .--... 

:L 1 NOAEL 1 LOAEL NOAEL 1 LOAEL 1 NOAEL I LOAEL 
I I I 1 NOAEL 1 LOAE I 

II ~~n~nln h ikmvlene 1 <U.Ul I -3J.y I I .“.” I , <“.“I 1 I 

II IA I <o.oi I -co.01 I NA I NA 

Hexacnloro-1 ,Wlu1aalene It- l-h 

<c-j.01 1 co.01 I NA NA _.-. 
( co.01 1 <o.ol I NA NA co.01 I eo.01 II Phenanthrene 

. 

MA I NA I 

II Chloroform 
11 Ethylbenzene 
II Stvrene 

Page 6 of 6 FINAL 



Table 5-9 

lnoraanics 

Chemical 

Summary of COP& - SWMU 11. Screening ERA 
NAS Oceana, Viroinia Beach. VA 

Surface Water Sediment Surface Soil Food web 
MD I MRL 1 NSV 

I I 
MD 1 MRL 1 NSV 1 MD 1 MRL 1 NSV 1 MD 1 MRL 1 NSC 

Copper 
Iron 
Lead 

~--- 
Zinc 
PesticidelPolychlorinated Biphenyls 

1 I I 

4,4’-DDD. ~~~. X 
4 4’-DDE 

-. 
‘.-- ~..~ 
!!E!?DT__- .~~~ 
Aldrin .___- .- -~ ~___.- 
Aroclor-1016 __-~-- ~~_ --____ __~~ 
Aroclor-1221 ----t 
Aroclor-I 232 

__ t .~~ ___- ~~~~~. -___ ~_ 
Aroclor-1242 
iirocm- - 

~___ ..-- -__. .~~_ 

Aroclor-1254 
Aroclor-I 260 .~-.-~~ _ 
Dieldrin ~___~. 

MD _ Maximum detect exceeds screening value 
MRL - Not detected; maximum reporting limit exceeds screening value 
NW - No screening value 
* - Non-detected value - No reporting limit available 

-- 

FINAL 
Page 1 of 5 



Table 5-9 
Summary of COPCs - SWMU 11 - Screening ERA 

WAS Oceana, Virginia Beach, VA 
SurfaceWater I Sediment ! Surface Soil I Food web 

_-- .,I,, ..m .,I-&, LIP,, 

MD - Maximum detect exceeds screening value 
MRL - Not detected; maximum reporting limit exceeds screening value 
NSV . No screening value 
’ - Non-detected value - No reporting limit available 

FINAL 
Page 2 of 5 



Table 5-9 
Summary of COPCs - SWMU 11. Screening ERA 

NAS Oceana. Virginia Beach, VA 
Chemical Surface Water Sediment Surface Soil Food web 

MD MRL NSV MD MRL NSV MD MRL NSV MD MRL NS\ 
3,3’-Dichlorobenzidine X X 
3-Nitroaniline X X 
4,6-Din&o-Pmethylphenol X X 
4-Bromophenyl-phenylether 

-._ ~.~~ 
X X 

4-Chloro-3-methylphenol X X _ ~- .._--~ ___- _-__ . 
4Chloroaniline X 
4-Ghlorophenyl-phenylether X X 
4-Methylphenol 

-.-.-.--. _~.... 
X ..~.___ 

4-Nitroaniline X X 
4-Nitrophenol X 
Acenaphthene ~- 

-- 
X 

Acenaphthylene X X X 
Anthracene X 
Benzo(a)anthracene x 
Benzo(a)pyrene 

~---.____ 
X 

___----- _ - 
~.~- -_ X 

Benzo(b)fluoranthene 
_-~-~~ .- 

X ___ X 
Benzo(g,h,i)perylene x - X 
Benzo(k)fluoranthene X -.__.. __-__. ..-- X 
Butylbenzylphthalate 

- --.~ 
__- .- X 
Carbazole X X 
Chrysene X X 
Di-n-butylphthalate X 
Di-n-octylphthalate 

.- - 
X __ _- 

Dibenz(a,h)anthracene x - -- . .__~ _ X 
Iiethylphthalate 
Imethyl phthalate 
-luoranthene 
-lexachlorobenzene 
-lexachlorobutadiene 
iexachlorocyclopentadiene -... - 
dexachloroethane 

MD - Maximum detect exceeds screening value 
MRL - Not detected; maximum reporting limit exceeds screening value 
NSV - No screening value 
* - Non-detected value - No reporting limit available 

FINAL 
Page 3 of 5 



Table 5-9 
Summary of COPCs - SWMU 111 Screening ERA 

Nitrobenzene -. 

~___ ~~~ 
bis(2Ghloroethoxy)methane ~_~-- ___ --~ 
bis(2-Chloroethyl)ether 
n-Nitroso-di-n-propylamine ~. .~.~~~~~.-___- ~~ .___- .~ 

1 1 -Dichloroethene mpmj! ~~~_ ___- ~ 
1 2 3.Trichloropropane I---.-~ -~ 
1 2-Dichloroethane Lmm--- _~___-- ___- 

J,21XJicthloroethene (total) ___~ ~ ..___ -- 
1 P-Dichloropropane -L- ~_ -.-__ ~~~~~ ~--_- ~~ 

l3Dichlorobenzene __~~~. ~~~ ~---~ ~~- 
2-Butanone 

2-Hexanone 
4-Methyl-P-pentanone _____ -_._ ~.. _~ 
Acetone 
Acrolein 

Benzene 

MD - Maximum detect exceeds screening value 
MRL - Not detected; maximum reporting limit exceeds screening value 
NSV - No screening value 
* - Non-detected value - No reporting limit available 

Food wf 
MD MRL NSV 

FINAL 
Page 4 of 5 



Chemical 

Bromoform 
Bromomethane 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform -- ~~~~. 
Chloromethane 
Dibromochloromethane ~.. .__ ..~ 
Dibromomethane 

Table 5-9 
Summary of COPCs - SWMU 11. Screening ERA 

NAS Oceana. Virsinia Beach. VA 
Surface Water 1 Sediment I Surface Soil Food web 

MD MRL NSV 1 MD MRL NSV 1 MD MRL NSV MD MRL NSV 

I X 

~~___ ~~~~.~ 
ldomethane __~ .~-~ 
Methylene chloride 
Styrene 
Trichlorofluoromethane 
Vinyl acetate 
Toluene __~. .- ~ 
Vinyl chloride 
cis-1 ,PDichloroethene 
cis-1,3-Dichloropropene 
o-Xylene 
trawl ,P-Dichloroethene 

MD - Maximum detect exceeds screening value 
MRL - Not detected; maximum reporting limit exceeds screening value 
NSV . No screening value 
* - Non-detected value - No reporting limit available 

FINAL 
Page 5 of 5 



Table 5-10 
Refined Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints - SWMU 11 

NAS Oceana. Virginia Beach, VA 
Assessment Endpoint I Risk Hypothesis I Measurement Endpoint I Receptor 

Terrestrial Habitats 

Survival, growth, and reproduction of 
Are site-related surface soil concentrations sufficient to 
adversely effect soil invertebrate communities based on 

Comparison of mean chemical concentrations in surface soil Soil Invertebrates 
terrestrial soil invertebrate communities. conservative screening values? 

with soil screening values. (earthworms) 

Survival, growth, and reproduction of 
Are site-related surface soil concentrations sufficient to 

Comparison of mean chemical concentrations in surface soil 
terrestrial plant communities. 

adversely effect terrestrial plant communities based on Terrestrial plants 
conservative screening values? 

with soil screening values. 

Wetland and Aquatic Habitats 

Survival, growth, and reproduction of 
benthic invertebrate communities. 

Are site-related chemical concentrations in surface water Comparison of mean chemical concentrations in surface 
and/or sediment sufficient to adversely effect benthic water and/or sediment with medium-specific screening 
invertebrate communities? values. 

Benthic 
invertebrates 

Survival, growth, and reproduction of 
aquatic and wetland plant communities. 

Are site-related chemical concentrations in surface water 
and/or sediment sufficient to adversely effect aquatic or 
wetland plant communities? 

Comparison of mean chemical concentrations in surface 
water and/or sediment with medium-specific screening 
values. 

Aquatic/wetland 
plants 

Survival, growth, and reproduction of 
amphibian communities. 

Survival, growth, and reproduction of 
amphibians. 

Survival, growth, and reproduction of 
wetland reptiles, 

Survival, growth, and reproduction of 
avian aquatic/wetland insectivores. 

Are site-related chemical concentrations in surface water Comparison of mean chemical concentrations in surface 
and/or sediment sufficient to adversely effect amphibian water and/or sediment with medium-specific screening Amphibians 
communities? values. 

Are site-related chemical concentrations in surface water 
and sediment sufficient to cause adverse effects (on 

Evidence of potential risk to other upper trophic level 
aquatic and wetland receptors evaluated in the baseline __ 

growth, survival, or reproduction) to amphibian species that 
may consume aquatic invertebrates from the site? 

ERA. 

Are site-related chemical concentrations in surface water 
and sediment sufficient to cause adverse effects (on 

Evidence of potential risk to other upper trophic level 
__ 

growth, survival, or reproduction) to aquatic/wetland reptile 
aquatic and wetland receptors evaluated in the baseline 

species? ERA. 

Are site-related chemical concentrations in surface water 
Comparison of literature-derived chronic No Observed 

and sediment sufficient to cause adverse effects (on Adverse Effect Level (NOAEL) and Lowest Observed 

growth, survival, or reproduction) to avian species that may Adverse Effect Level (LOAEL) values for survival, growth, Marsh wren 

consume aquatic invertebrates from the site? 
and/or reproductive effects with modeled dietary exposure 
doses based on mean sediment concentrations. 

Page 1 of 2 FINAL 



Table 5-10 
Refined Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints - SWMU 11 

Survival, growth, and reproduction of 
avian aquatic/wetland omnivores. 

Are site-related chemical concentrations in surface water 
and sediment sufficient to cause adverse effects (on 

Adverse Effect Level (NOAEL) and Lowest Observed 

growth, survival, or reproduction) to avian species that may 
Adverse Effect Level (LOAEL) values for survival, growth, 

consume aquatic plants and invertebrates from the site? 
and/or reproductive effects with modeled dietary exposure 

Survival, growth, and reproduction of 
mammalian aquatic/wetland omnivores. 

and sediment sufficient to cause adverse effects (on Adverse Effect Level (NOAEL) and Lowest Observed 
growth, survival, or reproduction) to mammalian species Adverse Effect Level (LOAEL) values for survival, growth, 
that may consume aquatic plants and invertebrates from the and/or reproductive effects with modeled dietary exposure 

doses based on mean sediment concentrations. 

Page 2 of 2 FINAL 



Table 5-l 1 

Chemical 

Refined Screening Statistics - SWMU 11 - Surface Water 
NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of 
Reporting Limit Frequency COn~ntratiOn Maximum Sample Screening Frequency of Hazard 

Range of Detection Detected Concentration Value Value Exceadance Quotient COPG 

Lead 

Aroclor-1016 

Endosulfan II 

~Semivolatile Organic Compounds (UQ//) ~ .._ 
1 -Methylnaphthalene ~_~_ _ pl.50 - 0.50 L 0 I 1 1 __ ---I ----:-Jy0.25jNSV - 1 --/--I ~NSV :J-go_ 

NSV - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Repotting Limit 

FINAL 
Page 1 of 2 



Table 5-11 
Refined Screening Statistics - SWMU 11 - Surface Water 

NAS Oceana, Virginia Beach, VA 

Chemical 

3,3’-Dichlorobenzidine 

4-Nitroaniline 

Carbazole 

NSV - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 

FINAL 
Page 2 of 2 



Chemical 

Table 5-12 
Refined Screening Statistics - SWMU 11 - Sediment 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Mean 

Reporting Frequency Concentration Maximum Arithmetic Screening Frequency of Hazard 

Limit Range of Detection Detected Concentration Mean Value Exceedance Quotient COPC? 
II 

NSV - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 

FINAL 
Page 1 of 4 



Table 5-12 
Refined Screening Statistics - SWMU 11 - Sediment 

NAS Oceana, Virginia Beach, VA 

I ,2,4-Trichlorobenzene 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1 -Methylnaphthalene 
2,2’-Oxybis(l-chloropropane) 
2.4.5Trichloroohenol 
2,4,&TrichlorophenoI- 

__~ 

2,4-Dichlorophenol 
mthylphenol 

___~ 

2,CDinitrophenol 
2,4-Dinitrotoluene 
2.6-Dinitrotoluene 

0 I3 
0 I3 
0 13 

220 
220 
547 

0 13 
0 I3 

2khloronaphthalene __~- 
2-Chlorophenol 
2-Methylphenol 
2-Nitroaniline 
P-Nitrophenol 
3,3’-Dichlorobenzidine ~-___ 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
4-Bromophenyl-phenylether 
4-Chloro-3-methylphenol 
4-Chloroaniline 
4-Chloroohenvl-Dhenvlether 

220 

------A I 220 --_ ~-~ 
o/3 1 __ __ 220 

%Nitroaiiline 

40.0 
35.0 
NSV 
110 
NSV 
NW 
NSV 
NSV 
NSV 

29.0 
NSV 
NSV 
NSV 
NSV 
NSV 
63.0 
NSV 

-NSV 
NSV 
NSV 
NSV 
NSV 
NSV 
NSV 
NSV 
NSV 
NSV 
16.0 
44.0 

NO 
NO 
NON 
NO 
ticI 
NO 
NO 
NO 
NO 
NO 
NO 
Nb 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO- 
NO 
NO 
NO 
NO _.~ 
NO 
NO 
NO 
NO 
NO 

NW - No Screening Value FINAL 
Shaded Cells indicate Hazard Quotient based on Reporting Limit Page 2 of 4 



Table 5-12 
Refined Screening Statistics - SWMU 11 - Sediment 

NAS Oceana, Virginia Beach, VA 

Chemical 

Butylbenzylphthalate 
Carbazole 

Maximum Sample ID of 

Reporting Frequency Concentration Maximum Arithmetic Screening 

Limit Ranqe of Detection Detected Concentration Mean Value 

390 - 530 o/3 *- -. 220 63.0 
390 - 530 o/3 -- "" 220 NSV 

Hexachlorocyclopentadiene ~_- .- ..- 
Hexachloroethane ~_~ -~- 
lsoohorone 

n-Nitrosodiphenylamine 
Volatile Oraanic Comaounds IUGIKG) 

1 ,P-Dichloroethane 
1 ,BDichloroethene (total) 
l,P-Dichloropropane 
2-Butanone 

4-MethylQ-pentanone 

Benzene -.. 
Bromochloromethane 
Bromodichloromethane 
Bromoform 

1 Mean 1 - 

Frequency of 1 Hazard 1 
Exceedatke 1 Guoi 

NSV 
NSV 
NSV 
NSV 
NSV 
NS’i 
NSV 
NSV 
NSV 
NSG 
NSV 
NSV 
NSV 
NSV 

NO 
NO- 
NO 
NO 
NO 
NO-- 
NCY 
NC 
NO 
NO 
NO 
NO ..~ 
NO 
NO 

NO 
NO 
NO 
NO 
Nd 
NO 
NO 
NO 
NO 
Iv0 
NO 
YES- ~. 
NO 
NO- 

FINAL NSV - No Screening Value 
Shaded Ceils indicate Hazard Quotient based on Reporting Limit Page 3 of 4 

-- 



Table 5-12 
Refined Screening Statistics - SWMU 11 - Sediment 

NAS Oceana, Virginia Beach, VA 

Chemical 

Carbon tetrachloride -~__ 
NO 11 

10 
NO 
NO 
NO 

NSV - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 

FINAL 
Page 4 of 4 



Table 5-13 
Refined Screening Statistics - SWMU 11 - Surface Soil 

Fluoranthene 

Phenanthrene 

Chloroethane 

_. 

’ 

NSV - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 

FINAL 
Page 1 of 2 



1 Chemical 

Chloromethane 
Dibromochloromethane __---. .- .-~ --~~~- ~~ 
Dibromomethane 
Ethyl methacrylate ~-~____~~~ .~ ~~~~.~ 
lodomethane 
Methylene chloride 
Trichlorofluorome%&%p 

Table 5-13 Table 5-13 
Refined Screening Statistics - SWMU 11 - Surface Soil Refined Screening Statistics - SWMU 11 - Surface Soil 

NAS Oceana, Virginia Beach, VA NAS Oceana, Virginia Beach, VA 

.- 
NO 
NO 
NO - 
Nd 
NO 

NSV - No Screenina Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 

FINAL 
Page 2 of 2 



Table 5-l 4 
Summary of Mean Hazard Quotients for Food Web Exposures - SWMU 11 

NAS Oceana, Virginia Beach, VA 

Zinc NA NA 1 0.12 1 0.01 1 0.01 1 NA 
I I I I I II 

“.“L , ..I\ , ..*. , . . . . 

NA I NA NA II 

260 NA 1 NA 1 0.05 1 NA 1 NA 11 Aroclor-1 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endosulfan Sulfate 
Fndrin 

NA NA NA 1 NA 1 NA 1 NA 
NA NA NA i NA I NA I NA 

I ., . , . ., I , . . . . , . .I. 
II 

NA NA NA I NA I NA t NA . _. . , . _. . , . _, . , . __ 
NA NA NA 1 NA 1 NA 1 NA 
NA NA NA 1 NA 1 NA 1 NA 

Page 1 of 3 FINAL 



Table 5-l 4 
Summary of Mean Hazard Quotients for Food Web Exposures - SWMU 11 

NAS Oceana, Virginia Beach, VA 

Page 2 sf 3 FINAL 





lnorganics 
Chemical 

Refined Summary of COP& - SWMU 11 
NAS Oceana, Virginia Beach, VA 
1 Surface Water 1 Sediment 1 SurfaceSoil 1 Food web 

I ., I I 

Iron _- ~- --~~__ 
Lead 
Manganese 
Nickel __~- -.-_______~ 
Silver 
Zinc 

X x- ____.~. 
X X 
X 
X 
X 
X 

FINAL 
Page 1 of 1 



Table 6-1 
Summary Statistics - SWMU 16 - Surface Water 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Standard 

Reporting Limit Frequency of Concentration Maximum Sample Deviation c 

Chemical Range Detection Detected Concentration Value’ Mean 

lnorganics (N/L) ----.- - __________- -- -.- __--. .~~~ --~ ._-___ - ~.. 
Aluminum o/i -- _ -. .__...~~_~ 98.0 .- ..~-.--. -- _.__-- ~.~ 
Antimony __ __ 1.10 ~- __~_. ~~- -fiO.O - 60.0 o/i -_ 
Arsenic 10.0 - 10.0 O/l __ v- 1.70 y- ~-~.~-~-~ - Barium 200 - 200 Ill 37.0 OW16-SW01 37.0 __ 

__~..__---~- - Beryllium 5.06- - 5.00 -011 __ __ 0.33 -- 
..- ~~- --____ ~ .-_~- 

Cadmium 5.00 - 5.00 O/l __ *- 0.17 :; _ 
Calcium 5,000 - 5,000 1 71 12,200 OW16-SW01 ~~~~ !?G!!?!oo ..-.. -- _ 
Chromium 10.0 - 10.0 011 -. _- 3.10 __ 

.~._. ~__ Cobalt 50.0 - 50.0 O/l __ 3.10 -- __ 
Copper _____-. 25.0 - 25.0 .-..--- O/l __ _ ~.. __ .- 2.76. -- 
Cyanide 5.00 - 5.00 011 __ __ (-Jib "_ 
Iron 100 - '00 Ill 1,720 OW16-SW01 1720 -- _~ .~_.~-.. -L-- .~ - ~ ~- ________~. Lead 3.00 - 3.00 O/l .- __ 0.70 -- ~~..- 
Magnesium 

._~~~ .~~ 
5,000 - 5,000 Ill 3,420 OW16-SW01 Ll- - ~3!420 .~-. -~ ____-. ~-~~.. __ - ~-~_-.--__ 

Manganese 15.0 - 15.0 Ill - 236 OW16-SW01 236 -- -~- -- -- O/l _ ~~_- ___~.--- -- Mercury 0.20 - 0.20 __ __ 0.03 I- 
- .~~~ - 

Nickel 40.0 - 40.0 011 .- __ 3.00 -- 
Potassium OW16-SW01 4,650 -- 
Selenium 

~~ -~- ~_. .~~ 5000 - 5000 !...~. 111 4,650 I-.. - 5.00 - 5.00 O/l a. __ 1.50 -- 
Silver 10.0 - 10.0 O/I __ __ 1.95 -- 

-- Sodium _- .L- 5000 - 5,000 1 / 1 -11,100 OW16-SW01 Ii,100 -- 
Thallium 10.0 - 10.0 011 -. __ 1.20 -- 
Vanadium 50.0 - 50.0 O/l -- __ 2.85 -- 

___.-.--__ ----- Zinc 20.0 - 20.0 O/l __ -. 18.4 __ 
-~ .~-~-.- 
PesticidelPolychlorinated Biphenyls (UWL) _~ .._ __ 

4,4'-DDD 0.10 - 0.10 O/l _- 

__ 
~,~'-DDE 0.10 - 0.10 011 __ 

-l-:li 

-. ~~~ _~~~~__ - 
4,4'-DDT ..-. -~~__ -._ 0.10 - 0.10 O/l __ __ 
Aldrin 0.05 - 0.05 O/l __ __ . ---- __. 

1 - One-half of the reporting limit was used for non-detected samples. 

FINAL 
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Table 6-1 
Summary Statistics - SWMU 16 - Surface Water 

NAS Oceana, Virginia Beach, VA 

FINAL 
1 - One-half of the reporting limit was used for non-detected samples. Page 2 of 2 



Table 6-2 
Summary Statistics - SWMU 16 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Chemical 

Maximum Standard 
Reporting Limit Frequency of Concentration Sample ID of Maximum Arithmetic Deviation of 

Ranae Detection Detected Concentration Mean’ Mean 

lnorganics (MWKG) ~~~-__-_~~~ _~~... ..- 
42,3 _ g3,4--. ---2/ 

.-.-. --___ 
Aluminum 16,000 OW16-SD01 ~~~~ .~~~___ 
Antimony 12.7 - 28.0 l/2 1.40 OWl6-SSOI-00 --.--~~ ~~~~~~ - - ~ .._ Arsenic 2.10 - 4.70 212 8g,5 -~.wi6~o~~o-.- 

Barium 42.3 - 93.4 21 2 111 OWl6-SSOI-00 
Beryllium 1.10 - 2.30 212 0.44 OWl6-SD01 

___I 
--.~ _ -~ 

Cadmium 1.10 - 2.30 II2 1.10 OW16-SD01 ___~ 
Calcium 212 4,200 OWl6-SD01 .__ ~~~ --_ 1,057 - 2,33_5 

Chromium 2.10 - 4.70 212 5’ 3 ~~. ow~-sso_l,oo . 
Cobalt 10.6 - 23.3 212 9.60 OWl6-SSOI-00 
Copper 

__--- -._~ 
5.30 - 11.7 212 86.9 0Wl6-SSOI-00 

Cyanide 0.60 - 1.30 o/2 __ __ ---__ ~~~ 
Iron 21.1 - 46.7 212 29,100 OW16-SSOl-00 
Lead 0.80 - 1.40 212 27.2 OW16-SD01 
Magnesium 

-~. .--_____ 
1,057 - 2,335 212 4~430 ~_- 0~16-ssO1 T!? _ 

Manganese 3.20 - 7.00 212 339 OW16-SSOl-00 -. --______-. 
Mercury 0.10 - 0.30 212 0.15 OWl6-SD01 
Nickel 212 
Potassium 212 
Selenium i j-j -2-jg --~. ~--~-572 

- Silver 2.10 - 4.70 1 I2 6.80 OWl6-SSOI-00 -- .~-~___-- - 
Sodium 1,057 - 2,335 II2 218 OWlG-SD01 ~. --~__.~-~--_ 
Thallium 2.10 - 4.70 II2 0.57 0Wl6-SSOI-00 
Vanadium 10.6 - 23.3 212 36.7 owis-SSOI-00 
Zinc 4.20 - 9.30 212 L 198 0Wl6-SSOI-00 
PesticidelPolychlorinated Biphenyls (UGIKG) 
!!!!E!?DE..- 4.14 - 13.6 212 46.0 OWl6-SD01 ----- ~~ 
4$-DDE 4.14 - 13.6 2/2 23.0 OW16-SSOl-00 
4,4'-DDT 13.6 - 41.4 212 110 0Wl6-SSOl-00 
Aldrin 2.13 - 6.99 o/2 __ __ _ 

14,050 
0.95 
46.8 
110 
0.36 
0.57 
3,075 
39.2 
7.10 
$6.9 
0.02 -___- ~. 

18,845 
18.7 

3,570 
239 
0.10 
20.3 -.. _._.- 
3,070 
0.51 -~ 
3.85 
139 
0.56 
33.7 
184 

2,758 
0.64 
60.5 
2.12 
0.11 
0.75 
1,591 
17.8 
3.54 
42.4 

1 0.01 
14,503 
12.0 
1,216 
142 
0.08 
9.55 
2,404 
0.27 
4.17 
112 
0.01 
4.31 
20.5 

24.0 
4.95 

1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 
FINAL 

Pagelof2 



Table 6-2 

etected Concentration 

OWI 6-SSOI-00 

Mean’ Mean 

1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 
FINAL 

Page 2 of 2 



Table 6-3 

Assessment Endpoint 

preliminary Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints - SWMU 16 
NAS Oceana, Vkrinia Beach. VA 

Risk Hypothesis Measurement Endpoint 1 Receptor 

Comparison of maximum chemical concentrations In su 

ical concentrations in surfac 

Survival, growth, and reproduction of 
avian terrestrial insectivores. 

Survival, growth, and reproduction of 
avian terrestrial carnivores. 

Are site-related chemical concentrations in surface soils 
sufficient to cause adverse effects (on growth, survival, or 

ecies that may consume small 

Comparison of literaturederived chronic No Observed 

Survival, growth, and reproduction of 
mammalian terrestrial insectivores. 

Short-tailed shrev\ 

Survival, growth, and reproduction of 
mammalian terrestrial herbivores. 

Are site-related chemical concentrations in surface soils Comparison of literature-derived chronic No Observed 
sufficient to cause adverse effects (on growth, survival, or Adverse Effect Level (NOAEL) values for survival, growth, 
reproduction) to mammalian species that may consume and/or reproductive effects with modeled dietary exposure 
plants from the site? doses based on maximum soil concentrations. 

Meadow vole 

Survival, growth, and reproduction of 
mammalian terrestrial carnivores. 

Are site-related chemical concentrations in surface soils 
sufficient to cause adverse effects (on growth, survival, or 
reproduction) to mammalian species that may consume 
small mammals from the site? 

Comparison of literaturederived chronic No Observed 
Adverse Effect Level (NOAEL) values for survival, growth, 
andlor reproductive effects with modeled dietary exposure 
doses based on maximum soil concentrations. 

Red fox 

Survival, growth, and reproduction of 
terrestrial reptiles. 

Are site-related chemical concentrations in surface soils 
sufficient to cause adverse effects (on growth, survival, or 
reproduction) to terrestrial reptilian species? 

Evidence of potential risk to other upper trophic level 
terrestrial receptors evaluated in the screening ERA. 

Page 1 of 1 FINAL 



fable 6-4 
Preliminary Screening Statistics - SWMU 16 - Surface Soil 

NAS Oceana, Viroinia Beach. VA 

Chemical 

lnoraanics IMGIKG) 

_ - 

Maximum Sample ID of Maximum 

Reporting Frequency Concentration Maximum Screening Frequency 0f 
Hazard 

Limit Ranae of Detection Detected Concentration Value Exceedance Quotient’ COPC? 

Calcium * il.057 -2.3351 2 12 1 4.2M-1 NSV -- I -- NSV 

Chromium 
Cobalt 
Copper 
Cyanide 
Iron 
Lead -.-~~- - - 1.40 2 / 2 1 -0.60 1 

0.06 
200 
50.0 

Manganese 3.20 - 7.00 
Mercury 0.10 - 0.30 .- -___-. -- 
Nickel 8.50 - 18.7 : !I2 I 27.0 
Potassium' 

c 
1,057 - 2,335 212 ~~~~ .~~- ~~-------.~- 4,770 ~-~~.- .~ 

Se,enium 1.10 - 2.30 012 -- 
Silver 2.10 - 4.70 l/2 6.80 
Sodium * 1,057 - 2,335 II2 
Thallium 

2'8 .~.-~ 
2.10 - 4.70 l/2 0.57 

Vanadium 10.6 - 23.3 : 
; 

OW16-SSOi-00 330 
OW16-SD01 -- I 0.10 

NSV 
1.80 
2.00 
NSV 
1 .oo 

YES 
NO 
YES 
NO 
NO 
NO 

NO 
YES 
NO 
YES 
YES 
YES 
NO 

NO 
YES 
YES 
NO 

NO 
YES 
YES 

NO 
-NO 
YES 
-YES 

NO 
NO 
YES 

NSV - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Repotting Limit FINAL 
2 - Macronutrient - Not considered to be a COPC Pagelof2 



Table 6-4 
Preliminary Screening Statistics - SWMU 16 -Surface Soil 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of 

Reaortina Preouencv Concentration Maximum Screening 
Chemical Limit Ranie of D&&n 

2.13 - 6.99 0 12 

Detected 

-. 

Concentration 

__ 

Value 

100 
Dieldrin 4.14 - 13.6 112 45.0 ___-__ -__- 
Endosulfan I 2.13 - 6.99 012 -- 
Endosulfan II 4.14 - 13.6 o/2 -- -.-.-__--.-.-------_ 
Endosulfan sulfate 4.14 - 13.6 o/2 -- -. NSV 
Endrin 4.14 - 13.6 o/2 -- -* 100 
Endrin aldehvde 4.14 - 13.6 0 I2 __ __ 100 ~___ 
Endrin ketone 4.14 - 13.6 o/2 -- 
Heptachlor 2.13 - 6.99 o/2 __ 

---- Heptachlor epoxide 2.13 . 6.99 ee--T7e~e--- 3.80 
Methoxychlor 
Toxaohene 

t 21.3-69.9 213 - 699 1 1 O/2 0 I 2 1 1 .- -- I .- 100 
e. NSV 

1 
~~~ 

aloha-BHC t-2.13 _ 6.99 0 / 2 1 -- I .* t -~- -~ 100.000 
alphachlordane 2.13 - 6.99 2 I2 11.0 OW16-SD01 100 
beta-BHC 2.13 - 6.99 o/2 -- __ 100,000 
delta-BHC 2.13 - 6.99 o/2 -- __ 100,000 
gamma-BHC (Lindane) 

NW - No Screening Value 
1 - Shaded Ceils indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

I Maximum I 
Frequency of I 

Hazard 
_ I 

Exceedance 1 Quotient' 1 COPC? 

NO 
NO 
YES 
YES 
YES 

FINAL 
Page 2 of 2 



Table 6-5 
Summary of Maximum Hazard Quotients for Food Web Exposures - SWMU 16 

NAS Oceana, Virginia Beach, VA 
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Table 6-5 
Summary of Maximum Hazard Quotients for Food Web Exposures - SWMU 16 

NAS Oceana, Virginia Beach, VA 
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Table 6-6 II 
Summary of COPCs - SWMU 16 - Screening ERA 

NAS Oceana, Viruinia Beach, VA 
Chemical Surface Soil I Food web 

MD 1 MRL 1 NSV 1 MD 1 MRL 1 NSV 
lnorganics 
Aluminum X) : x; / 
Antimony I XI / 
Lwcnnir x I x / - , IIVYIII” 

Barium x I 
Cadmium x/ ) 
Chromium x x I I 

- 

II Lead 

- 

VU,“, ll”l I I 

Copper 

II 

Silver 

- 
Cvnnirin 

Thallium 

-I-“‘-- 

Vnnndii rm 

Iron 

Manganese 
Mercury 
Cnlnnitm 

I 1 x I 

__ 

1x1 I , Ixi 1 

x . . 2 

I 

II 

x I 

x j 

I 

1 

I I 

X 

1 x 1 

x I II 

I 1 x / 
I ., 

1 x 1 I 

1 x / 
I 
1x1 ) 11 

I /xl I IXI II 

/.- 
PesticidelPolychlorinated Bi lrenvlr 

I A I , I I / II - 

I x I I II 

MD - Maximum detect exceeds screening value 
MRL _ Not detected; maximum reporting limit exceeds screening value 
NSV - No screening value 

FINAL 
Page 1 of 1 



Table 6-7 

Assessment Endpoint 

Survival, growth, and reproduction of 

Refined Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints - SWMU 16 
NAS Oceana. Virqiina Beach. VA 

Risk Hypothesis I Measurement Endpoint 1 Receptor 

ical concentrations in surface soi 

Survival, growth, and reproduction of 
avian terrestrial insectivores. 

Adverse Effect Level (NOAEL) and Lowest Observed 

Survival, growth, and reproduction of 
avian terrestrial carnivores. 

sufficient to cause adverse effects (on growth, survival, or 
reproduction) to avian species that may consume small 
mammals from the site? 

American kestrel 

Survival, growth, and reproduction of 
mammalian terrestrial insectivores. 

Survival, growth, and reproduction of 
mammalian terrestrial herbivores. 

Survival, growth, and reproduction of 
mammalian terrestrial carnivores. 

sufficient to cause adverse effects (on growth, survival, or 
reproduction) to mammalian species that may consume soil Short-tailed shrew 

invertebrates from the site? and/or reproductive effects with modeled dietary exposure 
doses based on mean soil concentrations. 

Are site-related chemical concentrations in surface soils Comparison of literature-derived chronic No Observed 

sufficient to cause adverse effects (on growth, survival, or Adverse Effect Level (NOAEL) and Lowest Observed 

reproduction) to mammalian species that may consume Adverse Effect Level (LOAEL) values for survival, growth, Meadow vole 

plants from the site? and/or reproductive effects with modeled dietary exposure 
doses based on mean soil concentrations. 

Are site-related chemical concentrations in surface soils Comparison of literature-derived chronic No Observed 

sufficient to cause adverse effects (on growth, survival, or Adverse Effect Level (NOAEL) and Lowest Observed 

reproduction) to mammalian species that may consume Adverse Effect Level (LOAEL) values for survival, growth, Red fox 

small mammals from the site? and/or reproductive effects with modeled dietary exposure 
doses based on mean soil concentrations. 

Survival, growth, and reproduction of 
terrestrial reptiles. 

Are site-related chemical concentrations in surface soils 
sufficient to cause adverse effects (on growth, survival, or 
reproduction) to terrestrial reptilian species? 

Evidence of potential risk to other upper trophic level 
terrestrial receptors evaluated in the baseline ERA. 

Page 1 of 1 FINAL 



Table 6-8 
Refined Screening Statistics - SWMU 16 - Surface Soils 

NAS Oceana, Virginia Beach, VA 

Chemical 

lnorganics (MGIKG) 
Aluminum 
Arsenic 

Maximum Sample ID of Mean 

Reporting Frequency Concentration Maximum Arithmetic Screening Frequency of Hazard 

Limit Range of Detection Detected Concentration Mean Value Exceedance Quotient COPC? 

50.0 ..~ 
60.0 

YES 
NO- 

5.30 - 11.7 2 12 --- 
0.60 - 1.30 0 I2 ..~____~. 
21.1 - 46.7 2 I2 29,100 OWI 6-SSOI-00 
3.20 - 7.00 2 12 339 OW16-SSOI -00 
0.10 - 0.30 2 I 2 0.15 ~- 
1.10 - 2.30 0 I2 __ -- 

Silver --__ -- 
J , 

2.10 - 4.70 i/2 6.80 0W16-SSOI-00 3.85 
Vanadium 10.6 - 23.3 2 I2 36.7 OWI 6-SSOI -00 33.7 _..-- ~__. ~. 
Zinc 4.20 - 9.30 212 198 Owl 6-SSOl -00 184 Pesticide/Polvchlorinated --.- - Binhenvls (UGIKGI 

Endosulfan II 
Endosulfan sulfate ~~ .~_-.- ___- 
Heptachlor 
Toxaphene 

YES 
YES 
NO.- 
YES 
NO 
NO 
Nb 
YES 
YES 
YES 

13.6 - 41.4 2 I2 110 OWl6-SSOl-00 68.0 100 1 I2 -___~-- -. --...-_. .-._ ._~ _. .-. 
2.13 - 6.99 o/2 -- __ 2.28 NSV -- I -- 

-4.14 - 13.6 ~= = o/2 -- -* 4.43 NSV .r-j--- 

4.14 - 13.6 0 I2 -* __ 4.43 NSV -- I -- 
-_ 2.13 - 6.99 0 I2 __ __ -2.55, NSV __ / me- --. 

213 - 699 0 I2 __ __ 228 NSV __ / -- 

NW - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

0.68 
NSV 
NSV. 
NSV 
NSV 
NSV 

NO 
NO 
NO 
NO 
NO 
NO - 

FINAL 
Page 1 of 1 



Table 6-9 
Summary of Mean Hazard Quotients for Food Web Exposures - SWMU 16 

NAS Oceana, Virginia Beach, VA 

1 Short-tailed shrew 1 Meadow vole ! Red fox 1 American robin 1 American kestrel ..- _-. Am-. 
Chemical ~N~AEL 1 LOAEL 1 NOAEL I LOAEL 1 NOAEL 1 LOAEL I NOAEL I LOAEL I NOM- I LUAtL 

I I I I I I I II 

4/I’-DDT co.01 co.01 co.01 <O.Ol co.01 co.01 0.03 <O.Ol 0.04 co.01 
Dieldrin 0.77 0.08 0.01 co.01 0.03 co.01 0.09 co.01 0.09 co.01 
Endosulfan I co.01 co.01 co.01 co.01 co.01 co.01 co.01 co.01 co.0 I co.01 
Endosulfan II co.01 co.01 co.01 co.01 <O.Ol co.01 co.01 <O.Ol co.01 co.01 
Endosulfan Sulfate co.01 co.01 co.01 co.01 co.01 co.01 KO.01 co.01 co.01 co.01 
Heptachlor 0.02 co.01 co.01 co.01 co.01 co.01 co.01 co.01 co.01 co.01 
Toxaphene co.01 co.01 co.01 co.01 <O.Ol co.01 0.03 co.01 0.03 co.01 

Page 1 of 1 FINAL 



lauleo-Iv 
Refined Summary of COPCs - SWMU 16 II 

lnorganics 
Aluminum 

NAS Oceana, Virginia Beach, VA 
Chemical 1 Surface Soil I Food web 

X X _____-- . 
X 1 X 

x : 
x i X I 

. -..- -.-... 

71.. _ i ” ” II 

MD - Maximum detect exceeds screening value 
MRL - Not detected; maximum reporting limit exceeds screening value 
NW - No screening value 

FINAL 
Page 1 of 1 



Table 6-11 
Comparison of SWMU 16 Surface Soil COPC Concentrations to Background Concentrations 

On-site Maximum 

Background obtained from (CHPM HILL, 2000~). 

FINAL Page 1 of 1 



Table 7-1 
Summary Statistics - SWMU 16GC - Surface Water 

NAS Oceana, Virginia Beach, VA 

Chemical 
Reporting Limit Frequency of 

Range Detection 
lnorganics (UGIL) 
Aluminum 
Antimnnu ~. 

Beryllium 

----~ -~~~ ~--~-z--T Cadmium 
Calcium 
Chromium 
Cobalt 

Lead 3.00 - 3.00 
Magnesium 5,000 - w9gy 
Manganese 15.0 - 15.0 
Mercurv 0.30 - 0.30 

Vanadium 50.0 - 50.0 ~___ 
Zinc I 20.0 - 20.0 
Pesticide/Polychlorinated Biphenyls (l&/L) 
4,4’-DDD 0.10 ~ 0.10 __~_~___~.~.~ .._..~~_~~..~ 
4$-DDE 0.10 - 0.10 
4,4’-DDT 0.10 - 0.10 ~~.. ._~____ 
Aldrin 0.05 - 0.05 

II I 
Arithmetic 

Mean’ 

standard 
Deviation of 

Mean 

Maximum 
Concentration 

Detected 

Sample ID of 
Maximum 

Concentration 

529 21.2 
1.10 0 .._~ .~ 
19.1 6.58 
8.78 3.43 

-- - 0.33 0.33 0 
0.27 0.27 0.02 

11,750 1,909 1,909 
3.10 0 0 __ 
3.10 0 0 

.I 9.50 
--_ 
j-. 1.60 

1.60 -. 1 
;.y; 
7 17 

466 122 8-b 
1.10 0.57 0.57 - 

2,835 474 474 
70.2 50.6 
0.03 0 0 
5.65 375 3.75 

11,400 707 
1.50 0 
1.95 0 

_>,695 587 ___~~~ 
1.20 0 
2.85 0 
162 145. -- - 

0.05 
0.05 - 
0.05 
0.03 

1 - One-half of the reporting limit was used for non-detected samples when calculating the mean, Page 1 of 2 
FINAL 



Table 7-1 
Summary Statistics - SWMU 16GC - Surface Water 

NAS Oceana, Virginia Beach, VA 

Endrin ketone 

1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 
FINAL 
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Table 7-2 
Summary Statistics - SWMU 16GC - Surface Soil 

NAS Oceana. Viroinia Beach. VA 
I I 

I Sample ID of Standard 

Reoortina Limit 1 Freauencv of ) C~~~~Otl Maximum Arithmetic Deviation of 

I ’ Ranbe 1 Detect& 1 Detected 1 Concentration Mean’ Mean 

OWlGGC-SD01 10095 ~~ _..- ..I .- 
OWlGGC-SD01 0.75 

--OWlGGC-SD01 7.80 ~-_ ._~~ -.. ~_ _- -..-- 
OWlGGC-SD01 42.4 

__ 0.10 

1,138 
-0.50 ._-- 
2.26 
3.89 
0.02 
0.02 

Chemical 

lnorganics (MGIKG) 
Aluminum 

I-uJGjl lb 

Barium -.. -~_ --~ Beryllium 
Cadmium 
.-___--.. 
Calcium 

L.“” V.“” 

- ( 
“. .” 

55.4 - 71.1 212 45.1 ~--~-- _-.--.-~ 
.-.-__ 1.40 - 1.80 --.-- 012 __ 

1.40 - 1.80 o/2 -. ----- . 
212 I 1,690 

Chromium 
1 1,385 - 1,777 
1 2.80 - 3.60 212 1 15.9 

2 i-II7 I __ Cobalt 13.8 - 17.L v , - __~_~__ - 
Copper 6.90 - 8.90 212 15.1 
Cvnnidr? 0.80 - 0.90 o/2 __ 

389 
2.83 _~ ~-.- 
279 
2.26 

OWlGGC-SD01 
OWlGGC-SD01 
OWlGGC-SD02 
OWlGGC-SD01 
OW16GC-SD02 
OWlGGC-SD01 
OWl6GC%D& ___~ _-.__- ~-- ..-. 
OWlGGC-SD01 

__ 

Lead 1 0.80 - l.l( 
Magnesium 1,385 - 1,777 112 847 
Manganese 4.20 - 5.30 212 47.5 
Mercury 0.10 - 0.20 .--- - 1 ---- I2 0.11 

--____ 
__~.. .~._~. ..-~ 
Nickel 11.1 - 14.2 2 I2 5.80 

0.04---- 
1.06 
98.3 
0.20' 
0.11 
10.3 
0.07 
1.20 
13.6 

5.05 
724 

____ 
Silver 
-sochmi 

- 
Potassium 1,385 - 1,777 2 I2 793 ___----. - -. 
Selenium 1.40 - 1.80 1 I2 0.83 

2.80 - 3.60 o/2 __ 
1,385 - 1,777 o/2 __ __~~~ -~.~-- _~_-----. 
2.80 3.60 - o/2 0. IIICII~IUIII 

Vanadium 13.8 - 17.8 2 I2 15.0 
Zinc 5.50 - 7.10 2 I2 101 

Thcallil m 

0.69 
0.63- 

-- 54.7 
0.38 
14.2 
91.4 

OWIGGC-SD01 
OWlGGC-SD61 

13.7 16.9 
13.1 12.1 
13.2~ l&6- 
5.57 ~ I--- 8.86 __ - -... 

FINAL 
1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. Pagelof2 



Table 7-2 
Summary Statistics - SWMU 16GC - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Endosulfan II 

__--- 

1 - &e-half of the reporting limit was used for non-detected samples when calculating the mean. 
FINAL 
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Table 73 

Assessment Endpoint 
Terrestrial Habitats 

preliminary Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints - SWMU 16GC 
NAS Oceana. Virginia Beach. VA 

Risk Hypothesis I Measurement Endpoint 1 Receptor 

Survival, growth, and reproduction of 
Are site-related surface soil concentrations sufficient to 
adversely effect soil invertebrate communities based on 

Comparison of maximum chemical concentrations in surface Soil Invertebrates 
terrestrial soil invertebrate communities. conservative screening values? 

soil with soil screening values. (earthworms) 

Survival, growth, and reproduction of 
Are site-related surface soil concentrations sufficient to Comparison of maximum chemical concentrations in surface 

terrestrial plant communities. 
adversely effect terrestrial plant communities based on soil with soil screening values. 

Terrestria, nlants 

conservative screening values? 

Are site-related chemical concentrations in surface soils Comparison of literaturederived chronic No Observed 
Survival, growth, and reproduction of sufficient to cause adverse effects (on growth, survival, or Adverse Effect Level (NOAEL) values for survival, growth, 
avian terrestrial insectivores. reproduction) to avian species that may consume soil and/or reproductive effects with modeled dietary exposure 

American robin 

invertebrates from the site? doses based on maximum soil concentrations. 

Are site-related chemical concentrations in surface soils Comparison of literaturederived chronic No Observed 
Survival, growth, and reproduction of sufficient to cause adverse effects (on growth, survival, or Adverse Effect Level (NOAEL) values for survival, growth, 
avian terrestrial carnivores. reproduction) to avian species that may consume small antior reproductive effects with modeled dietary exposure 

American kestrel 

mammals from the site? doses based on maximum soil concentrations. 

Are site-related chemical concentrations in surface soils Comparison of literature-derived chronic No Observed 
Survival, growth, and reproduction of sufficient to cause adverse effects (on growth, survival, or Adverse Effect Level (NOAEL) values for survival, growth, 
mammalian terrestrial insectivores. reproduction) to mammalian species that may consume soil and/or reproductive effects with modeled dietary exposure 

Short-tailed shrew 

invertebrates from the site? doses based on maximum soil concentrations. 

Are site-related chemical concentrations in surface soils Comparison of literature-derived chronic No Observed 
Survival, growth, and reproduction of suft icient to cause adverse effects (on growth, survival, or Adverse Effect Level (NOAEL) values for survival, growth, 
mammalian terrestrial herbivores. reproduction) to mammalian species that may consume and/or reproductive effects with modeled dietary exposure 

Meadow vole 

plants from the site? doses based on maximum soil concentrations. 

Are site-related chemical concentrations in surface soils Comparison of literature-derived chronic No Observed 
Survival, growth, and reproduction of sufficient to cause adverse effects (on growth, survival, or Adverse Effect Level (NOAEL) values for survival, growth, 
mammalian terrestrial carnivores. reproduction) to mammalian species that may consume and/or reproductive effects with modeled dietary exposure 

Red fox 

small mammals from the site? doses based on maximum soil concentrations. 

Survival, growth, and reproduction of 
terrestrial reptiles. 

Are site-related chemical concentrations in surface soils 
sufficient to cause adverse effects (on growth, survival, or 
reproduction) to terrestrial reptilian species? 

Evidence of potential risk to other upper trophic level 
terrestrial receptors evaluated in the screening ERA. 

Page 1 of 1 FINAL 



Chemical 

Table 7-4 
Preliminary Screening Statistics - SWMU 16GC - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Maximum 

Reporting Frequency Concentration Maximum Screening Frequency of Hazard 

Limit Ranae of Detection Detected Concentration Value Exceedance Quotient’ COPC’ 

Cadmium 

Iron 

Potassium ’ 

Sodium ’ 

NW - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

FINAL 
Page 1 of 2 



Table 7-4 
Preliminary Screening Statistics - SWMU 16GC - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Dieldrin 

Endrin aldehyde 

delta-BHC 

NSV s No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

FINAL 
Page 2 of 2 



Table 7-5 
Summary of Maximum Hazard Quotients for Food Web Exposures - SWMU 16GC 

NAS Oceana, Virginia Beach, VA 

Page 1 of 2 FINAL 



Table 7-5 
Summary of Maximum Hazard Quotients for Food Web Exposures - SWMU 16GC 

NAS Oceana, Virginia Beach, VA 
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II lame l-6 
Preliminary Summary of COPCs - SWMU 16GC II 

NAS Oceana, Viruinia Beach, VA 
Chemical Surface Soil I Food web 

MD 1 MRL 1 NSV 1 MD 1 MRL 1 NSV 

lnorganics 
Aluminum x: : x / 

Antimony XI I - 

Arsenic I xl / 

Cadmium !X/ - 
I 

Chromium x 1 X 

Cyanide x j 
A 

Iron xi : 
-. -+ 

x ! - 
Lead X 

Mercury x / xi ~ 
Snlnnilwn X i I 

x I 
Y”I”.IIUIII 

Silver 
Thallium 
Vanadium ] x 1 1 x 1 ., I I I, I / II 
Zinc 1 x 1 1 A 1 I 

PesticidelPolychlorinated Biphenyls 
Dieldrin 

I X 
Endosulfan I I x 
Endosulfan II / x 
Endosulfan sulfate I x __.__.._ _-..-..- 

11 Hnnt: . .-,.Jchlor 

II ~~ Methoxychlor 

MD - Maximum detect exceeds screening value 
MRL - Not detected; maximum reporting limit exceeds screening value 
NSV - No screening value 

FINAL 
Page 1 of 1 



Table 7-7 

Assessment Endpoint 
Terrestrial Habitats 

Refined Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints - SWMU 16GC 
NAS Oceana, Virdnia Beach, VA 

I Risk Hypothesis I Measurement Endpoint Receptor 

Survival, growth, and reproduction of 
terrestrial soil invertebrate communities. 

Survival, growth, and reproduction of 
terrestrial plant communities. 

Survival, growth, and reproduction of 
avian terrestrial insectivores. 

Are site-related surface soil concentrations sufficient to 
adversely effect soil invertebrate communities based on 
conservative screening values? 
Are site-related surface soil concentrations sufficient to 
adversely effect terrestrial plant communities based on 
conservative screening values? 

Are site-related chemical concentrations in surface soils 
sufficient to cause adverse effects (on growth, survival, or 
reproduction) to avian species that may consume soil 
invertebrates from the site? 

Comparison of mean chemical concentrations in surface soil Soil Invertebrates 
with soil screening values. (earthworms) 

Comparison of mean chemical concentrations in surface soil 
with soil screening values. 

Terrestrial plants 

Comparison of literature-derived chronic No Observed 
Adverse Effect Level (NOAEL) and Lowest Observed 
Adverse Effect Level (LOAEL) values for survival, growth, American robin 
and/or reproductive effects with modeled dietary exposure 
doses based on mean soil concentrations. 

Survival, growth, and reproduction of 
avian terrestrial carnivores. 

Are site-related chemical concentrations in surface soils 
sufficient to cause adverse effects (on growth, survival, or 
reproduction) to avian species that may consume small 
mammals from the site? 

Comparison of literature-derived chronic No Observed 
Adverse Effect Level (NOAEL) and Lowest Observed 
Adverse Effect Level (LOAEL) values for survival, growth, 
and/or reproductive effects with modeled dietary exposure 
doses based on mean soil concentrations. 
Comparison of literature-derived chronic No Observed 
Adverse Effect Level (NOAEL) and Lowest Observed 
Adverse Effect Level (LOAEL) values for survival, growth, 
and/or reproductive effects with modeled dietary exposure 
doses based on mean soil concentrations. 
Comparison of literature-derived chronic No Observed 
Adverse Effect Level (NOAEL) and Lowest Observed 
Adverse Effect Level (LOAEL) values for survival, growth, 
and/or reproductive effects with modeled dietary exposure 
doses based on mean soil concentrations. 

American kestrel 

Survival, growth, and reproduction of 
mammalian terrestrial insectivores. 

Are site-related chemical concentrations in surface soils 
sufficient to cause adverse effects (on growth, survival, or 
reproduction) to mammalian species that may consume soil 
invertebrates from the site? 

Short-tailed shrew 

Survival, growth, and reproduction of 
mammalian terrestrial herbivores. 

Are site-related chemical concentrations in surface soils 
sufficient to cause adverse effects (on growth, survival, or 
reproduction) to mammalian species that may consume 
plants from the site? 

Meadow vole 

Survival, growth, and reproduction of 
terrestrial reptiles. 

Are site-related chemical concentrations in surface soils 
sufficient to cause adverse effects (on growth, survival, or 
reproduction) to terrestrial reptilian species? 

Evidence of potential risk to other upper trophic level 
terrestrial receptors evaluated in the baseline ERA. 

Page 1 of 1 FINAL 



Chemical 

Table 7-8 
Refined Screening Statistics - SWMU 16GC - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Mean 

Reporting Frequency Concentration Maximum Arithmetic Screening Frequency of Hazard 

Limit Range of Detection Detected Concentration Mean Value Exceedance Quotient COPE 

Thallium 
Vanadium 

I_---._ .--.- ________ 

O/2 -- 

Owl GGC-SD01 

Endosulfan II 

NSV - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 

FINAL 
Page 1 of 1 



Table 7-9 
Summary of Mean Hazard Quotients for Food Web Exposures - SWMU 16GC 

NAS Oceana, Virginia Beach, VA 

Chemical 
1 Shnti-tailed shrew 1 American kestrel -..-._ --..-- -. 
1 NOAEL 1 LC 

Meadow vole 1 American robin 
IAEL 1 NOAEL 1 LOAEL 1 NOAEL 1 LOAEL NOAEL 1 LOAEL 

I 

Arsenic 
Cadmium 

0.03 
<O.Ol <I 

Selenium 
Silver 
Thallium 

Endosulfan I 1 co.01 1 co.01 

Toxaphene 

Page 1 of 1 FINAL 



Table 7-10 
Refined Summary of COP& - SWMU 16GC 

NAS Oceana, Virginia Beach, VA 
Chemical 1 SurfaceSoil 1 Food web 

lnorganics 
Aluminum 
Chromium 
Iron 
Vanadium 

X X 
x -~~ 
X X -..______ 
X 

FINAL Page 1 of 1 



Table 7-l 1 
Comparison of SWMU 16GC Surface Soil COPC Concentrations to Background Concentrations 

II 

Chemical 
Frequency of 

Detection 

NAS Oceana, Virginia Bead - - - 
II 

On-Site 

Maximum Arithmetic Mean 

b, VA 

Background ’ 

Maximum Arithmetic Mean 

On-site Comparison to Background 

On-site Mean 
On-site Maximum Exceeds 

Exceeds Background Background 
Maximum? Mean? 

lnorganics (mglkg) 
Aluminum 212 
Chromium 2 I2 
Iron 2 12 
Vanadium 2 I2 
Zinc 2 12 

’ Background obtained from (CH2M HILL, 2000~). 

10,900 10,095 100,000 66,000 NO NO 
15.9 15.1 19.5 15.7 NO NO 

4,860 4,585 100,000 25,000 NO NO 
15.0 14.2 500 76 NO NO 
101.0 91.4 2,000 54 NO YES 

FINAL Page 1 of 1 



Table 8-l 
Summary Statistics - SWMU 21 - Surface Soil 

NAS Oceana, Vkg!nia Beach, VA 

Maximum Sample ID of Standard 

Reporting Limit Frequency of Concentration Maximum Arithmetic Deviation of 
Chemical Ranae Detection Detected Concentration Mean’ Mean 

Polychlorinated Biphenyls (UGIKG) ---.- 
Aroclor-1016 41.0 - 230 0 I 11 me __ 30.1 28.2 __- _ 
Aroclor-1221 42.0 - 460 0 I 11 __ __ 59.1 57.1 
Aroclor-1232 42.0 - 460 0 I 11 __ __ 59.1 57.1 

-____- Aroclor-I 242 41.0 - 230 0 I 11 __ __ 30.1 28.2 
Aroclor-1248 
Aroclor-I 254 
Aroclor-1260 .~~---.-------~:~~~~:~~~~~ r 

41.0 - 230 0 I 11 __ __ 30.1 28.2 
21.0 - 120 0 I 11 -. __ 16.5 14.7 
21.0 - 120 0 I 11 *- _- 16.5 14.7 

Semi-volatile Organic Compounds (UGfKG) -~--~__-~.-- __~ ~- ~._ -.- ._. ..--. 
1,2,4-Trichlorobenzene 420 - 460 0 I3 __ _- 2G 10.0 
lJ$IjicJ!$enzene 420 - 460 0 I3 __ __ 215 10.0 
1,3-Dichlorobekene 420 - 460 0 I3 __ .- 215 10.0 
1,4-Dichlorobenzene 420 - 460 0 I3 __ _* 215 10.0 ____--.-. 
2,2’-Oxybis(l-chloropropane) 

___-.- 
420 - 460 0 I3 __ __ 215 10.0 

2,4,5-Trichlorophenol 420 - 460 0 I3 .- __ 215 10.0 ________-___- 
2,4,6-Trichlorophenol 420 - 460 0 I3 __ . . 215 10.0 ___~~___~.~-.- ..-____-__ ~__ 
2,4-Dichlorophenol 420 - 460 0 I3 -. .- 215 10.0 - ..-~___--.- __~~~ ~.~ ---_ ~~_..~ . 
2,CDimethylphenol 420 - 460 013 .- __ 215 IO& .___~._ .~~ ~~ 

-~~ 2,CDinitrophenol 1,000 - 1,100 0 I3 __ __ 517 28.9 
2,4-Dinitrotoluene 420 - 460 o/3 _- __ 215 10.0 
2,6-Dinitrotoluene 420 - 460 0 I3 __ __ 215 10.0 -.-~~__-~ .- -.--~- -~ _ 
2Xhloronaphthalene 420 - 460 0 I3 __ -_ 215 10.0 
P-Chlorophenol 420 - 460 0 I3 .- .- 215 10.0 
2-Methylnaphthalene 420 - 460 0 I3 w* __ 215 10.0 ~..-.-.--__ -..__ ~..__ -. .- ~~~-~~---- 
P-Methylphenol 420 - 460 0 I3 _- -. 215 10.0 - .__~___. 
P-Nitroaniline 1,000 - 1,100 0 I3 __ .- 517 28.4 ..~ __ .- .-~~ ~--~ .~~. - . 

-- P-Nitrophenol 420 - 460 o/3 __ __ 215 10.0 
3,3’-Dichlorobenzidine 420 - 460 0 13 __ __ 215 10.0 -~-__-. _-_~~~~ ~., ~~~ -~~~.~~~~ 

28.9.. 3-Nitroaniline 1,000 = 1,100 o/3 __ .- 517 
4,6-Dinitro-2-methylphenol 1,000 - 1,100 , 0 I3 __ __ 517 28.9 - .-- 

FINAL 
1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. Page 1 of 3 



Table 8-1 
Summary Statistics - SWMU 21 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Chemical 

4-Bromophenyl-phenylether 

J-Chloro-3-methylphenol 
4-Chloroaniline 

Reporting Limit 
Ranae 

4-Chloroohenvl-Dhenvlether I 420 -460 I 0 I 
1- 4 

.3 __ __ 215 
I60 1 o/3 .- __ 215 

1 1,000 - 1,100 1 o/3 __ _- 517 
3 -. __ 517 

10.0 
10.0 
28.9 
28.9 

Benzolalanthracene 
Benzo(a)pyrene ~_.. - .__~- 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Butvlbenzvlohthalate 

D[-n-butylphthalate ~._~_~___.__... ~~ ~~~ 
Di-n-octylphthalate 
Dibenz(a,h)anthracene 
Dibenzofuran 
Diethvlohthalate 

420 - 460 ~__ 
420 _ 460 
420 - 460 
420 - 460 I 215 

Cariazole ’ 
Chrysene 

Hexachlorobenzene I 420 ~ 460 I 0 I 
Hexachlorobutadiene I 420 - 460 I 0 / 

Hexachloroethane 420 -460 01 

10.0 
lo.0 
10.0 
98.3 
10.0 
94.2 
io.0 
10.0 
10.0 
10.0 
88.5 
10.0 
10.0 
10.0 
10.0 

1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 

10.0~ 
10.0 

FINAL 
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Table 8-1 
Summary Statistics - SWMU 21 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Standard 

Reporting Limit Frequency of Concentration Maximum Arithmetic Deviation of 
Chemical Ranae Detection Detected Concentration Mean’ Mean 

Indeno(l,2,3-cd)pyrene 420 - 460 0 I3 __ -_ 215 10.0 ~~. -. ~_.~.~~_ __- -... . .~~ .~_ ~~~ ~~~ _ 
lsophorone 420 - 460 0 13 .- __ 215 10.0 
Naphthalene 420 - 460 0 I3 __ __ 215 10.0 ____~ 
Nitrobenzene 420 - 460 1 o/3 __ __ 215 10.0 ~-. .--___ ~.~ _. ..~ 
Pentachlorophenol 1,000 - 1,100 0 I3 __ __ 517 28.9 -- . .__ -.--. -_- ~_~~~ _ 
Phenanthrene 420 - 460 o/3 .- __ 215 10.0 
Phenol 420 - 460 0 I3 __ __ ~215 10.0 

~- 
__-~. -.-- -_-- -. -.. 

-mPyrene 420 - 460 l/3 87.0 OW21-SS13 176 77.6 -. .-~ _-~ ~. ~.~~~ 
bis(2Xhloroethoxy)methane 420 - 460 0 I3 __ -. 215 10.0 

--~ bis(2Xhloroethyl)ether 420 - 460 0 1 3 -. __ 215 10.0 
bis(2-Ethylhexyl)phthalate 420 - 460 3 I3 1,200 ow21 -SSl 1 743 460 
n-Nitroso-di-n-propylamine 
n-Nitrosodiphenylamine 
%tal Petroleum Hydrocarbons (MGIKG) 

g : ;;; p+..-. 
._~~~ :: -- I---:-- -----I ~-- --51;:.: .i:.:. ;.;:8.. 

Total petroleum hydrocarbons (TPH)---------[ I 
-.-__ -~.~ 

-- - -- 2 I2 242 1 OW21-SS6-93A 1 126 I 165 

1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 
FINAL 
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Preliminary Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints - SWMU 21 

Assessment Endpoint 
Terrestrial Habitats 

NAS Oceana, Virginia Beach, VA 
Risk Hypothesis I Measurement Endpoint I Receptor 

Survival, growth, and reproduction of 
terrestrial soil invertebrate communities. 

Survival, growth, and reproduction of 
terrestrial plant communities. 

Survival, growth, and reproduction of 
avian terrestrial insectivores. 

Are site-related surface soil concentrations sufficient to 
adversely effect soil invertebrate communities based on 
conservative screening values? 
Are site-related surface soil concentrations sufficient to 
adversely effect terrestrial plant communities based on 
conservative screening values? 

Are site-related chemical concentrations in surface soils 
sufficient to cause adverse effects (on growth, survival, or 
reproduction) to avian species that may consume soil 
invertebrates from the site? 

Comparison of maximum chemical concentrations in 
surface soil with soil screening values. 

Comparison of maximum chemical concentrations in 
surface soil with soil screening values. 

Comparison of literature-derived chronic No Observed 
Adverse Effect Level (NOAEL) values for survival, growth, 
andlor reproductive effects with modeled dietary exposure 
doses based on maximum soil concentrations. 

Soil Invertebrates 
(earthworms) 

Terrestrial plants 

Killdeer 

FINAL Page 1 of 1 



Table 8-3 
Preliminary Screening Statistics - SWMU 21 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Chemical 

Maximum Sample ID of Maximum 

Reporting Frequency Concentration Maximum Screening Frequency of Hazard 

Limit Range of Detection Detected Concentration Value Exceedance Quotient’ COPC? 

Aroclor-1016 

Aroclor-1242 
Aroclor-1248 

2-Nitroaniline 

41.0 - 230 0 Ill -- -- 100 --I-- YES 
o/11 -- YES 
0 Ill -- YES 

41.0 - 230 0 Ill -- YES~ _. .- - __- 
41.0 - 230 0 Ill -- YES 

YES 
0 Ill -- YES 

NO 
YES 
YES 
tid 
YES- 
YES 
NO 
NO 
YES 
NO 
YES 
YES 
NO 
YES -___._ ----- 
YES 
YES 
YES- 
YES- 
YES- -- 
YES 
YES 

NW - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 

FINAL 
Page 1 of 3 



Table 8-3 
Preliminary Screening Statistics - SWMU 21 -Surface Soil 

NAS Oceana, Virginia Beach, VA 

Carbazole 

Hexachlorobenzene 

Hexachloroethane 

Sample ID of Sample ID of Maximum Maximum I 
Maximum Maximum Screening Frequency of Hazard Screening Frequency 0f H 

Concentration Concentration Value Value Exceedance Qu Exceedance Quotient’ COPC? 
__ NSV -- I -- NSV YES ___ - 

NSV -- 1 -- NSV YES 
__ NSV -- I -- tiSV YES 

- __ NSV 

1 NSV 1 

YES 
NO 
YES 
YES 
NO 
YES 
NO 
YES- 
YES 
YES 

NSV - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 

FINAL 
Page 2 of 3 



Table 8-3 
Preliminary Screening Statistics - SWMU 21 - Surface Soil 

Pentachlorophenol __.- ~. 
Phenanthrene 

n-Nitrosodiphenylamine 
Total Petroleum Hydrocarbons (MGIKG) -__-- 

_ 
-. ._ --. 

Total petroleum hydrocarbons (TPH) 
__-.-- 

I __ _ __ 1 212 1 242 1 OW21-SS6-93A( NSV 1 -- I -- 1 NSV 1 YES 

NSV - No Screenina Value 
1 - Shaded Cells inkcate Maximum Hazard Quotient based on Maximum Reporting Limit 

FINAL 
Page 3 of 3 



Table 8-4 
Summary of Maximum Hazard Quotients for Food Web Exposures - SWMU 21 

NAS Oceana, Virginia Beach, VA 

Chemical 
Killdeer 

NOAEL 1 LOAEL 
I 

11 2-Methvlnaohthalene I NA l NA ll 
II 3,3’-Dichlorobenzidine I NA 1 NA II 

4-Bromophenyl-Phenylether 
4-Chloro-3-Methylphenol 
4-Chlorophenyl-Phenylether 

18 Acenaohthene 
Ii Acenaohthvlene 

NA NA 
NA NA 
NA NA 

ni I co.01 I co. 
I <O.Ol I co.01 II 

II Anthracene I co.01 I co.01 II 
Iii Benzoialanthracene I co.01 I co.01 II 
II Benzoialovrene 
II Benzo(b1fluoranthene 

I co.01 I co.01 II 
I co.01 I co. .Ol II 

Page 1 of 2 FINAL 



Table 8-4 
Summary of Maximum Hazard Quotients for Food Web Exposures - SWMU 21 

NAS Oceana, Virginia Beach, VA 
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Table 8-5 
Preliminary Summary of COPCs - SWMU 21 

NAS Oceana, Virginia Beach, VA 
Chemical Surface Soil I Food web 

MD 1 MIX 1 NSV 1 MD 1 MRL 1 NSV 

aolychlorinated Biphenyls 
Voclor-1016 
4roclor-1221p 

+--- ++-- 

koclor-1232 I x x ’ A&- 
boclor-1242 x j x ) 

9roclor-1c X / x : 
-__ 

Aroclor-1254 x ; I X i 

Aroclor-1260 x ’ I X i 

MD - Maximum detect exceeds screening value 
MRL - Not detected; maximum reporting limit exceeds screening VaiUe 

NW - No screening value 

FINAL 
Page 1 of 2 



Table 8-5 
Preliminary Summary of COPCs - SWMU 21 

Ipaphthalene 
Phenanthrene 
bis(24hloroethoxy)methane 
bis(24hloroethyl)ether 
bis(2-Ethylhexyl)phthalate -- -- 

MD - Maximum detect exceeds screening value 
MRL - Not detected; maximum reporting limit exceeds screening value 
NSV - No screening value 

FINAL 
Page 2 of 2 



Assessment Endpoint 
Terrestrial Habitats 

Table 8-6 
Refined Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints - SWMU 21 

NAS Oceana, Virginia Beach. VA 

I Risk Hypothesis I Measurement Endpoint I Receptor 

Survival, growth, and reproduction of 
terrestrial soil invertebrate communities. 

Survival, growth, and reproduction of 
terrestrial plant communities. 

Are site-related surface soil concentrations sufficient to 
adversely effect soil invertebrate communities based on 
conservative screening values? 
Are site-related surface soil concentrations sufficient to 
adversely effect terrestrial plant communities based on 
conservative screening values? 

Comparison of mean chemical concentrations in surface soil Soil Invertebrates 
with soil screening values. (earthworms) 

Comparison of mean chemical concentrations in surface soil 
Terrestrial plants 

with soil screening values. 

Survival, growth, and reproduction of 
avian terrestrial insectivores. 

Are site-related chemical concentrations in surface soils 
sufficient to cause adverse effects (on growth, survival, or 
reproduction) to avian species that may consume soil 
Ivertebrates from the site? I if 

Comparison of literature-derived chronic No Observed 
Adverse Effect Level (NOAEL) and Lowest Observed 
Adverse Effect Level (LOAEL) values for survival, growth, 
and/or reproductive effects with modeled dietary exposure 
doses based on mean soil concentrations. 

Killdeer 

FINAL Page 1 of 1 



Table 8-7 
Refined Screening Statistics - SWMU 21 - Surface Soil 

NAS Oceana, VirgMa Beach, VA 

Chemical 

I I 
Maximum Maximum Sample ID of Sample ID of Mean Mean 

Reporting B,...-d:-” Frequency Concentration Cyquency Concentration Maximum Maximum Arithmetic Screening Frequency of Hazard Arithmetic Screening Frequency of Hazard 

Limit Range . retection of Detection Detected Detected Concentration Concentration Mean Mean Value Value Excdance Quotient’ COPC? Excdance Quotient’ COPC? 

Aroclor-1221 

_ -. __-- - 

Aroclor-1254 
Aroclor-1260 

_--.- ~-____ 
1,2-Dichlorobenzene 

-1~,3~Di@orobenzene 
2,2’-Oxybis(l-chloropropane) ..~.-- 
2,4,5-Trichlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
2Chloroohenol 

21.0 - 120 1 
21.0 - 120 1 

I -..-_ - -- --mm,----- -- 
420 - 460 
420 - 460 -. ----~--I- 
420 - 460 - _.-. 
420 - 460 013 -- 
420 - 460 o/3 -- 
420 - 460 013 -- - __-__-~..--~ - 
420 - 460 o/3 -- 
420 - 460 o/3 -- 

NO 
NO -~- 
NO- 
-NO 
NO _--. 
NO 

2-Methylnaphthalene 420 - 460 o/3 -- __ 215 NSV __-~~- 
2-Methylphenol 42o - 460 L-L -FL.-..-- -- 215 100 z 
2-Nitroaniline 1,000 - 1,100 o/3 -- __ 517 NSV ___- . -- 
P-Nitrophenol 420 - 460 o/3 -- m. 215 NW ___ .---__ -___- 

33’;3’j&tor@nzidine 420 - 460 o/3 -- __ 215 NSV - 
3-Nitroaniline 1,000 - 1,100 0 I 3 -- .- 517 NSV -I____ 

__ - 4.6~Dinitro-2-methvlohenol 1.000 - 1.100 o/3 -- __ -517 NSV 

NO- 
NO 
NO- 
NO 
NO 
NO 

4-Bromophenyl-phenylether __- ..-. .--~-- - 
4-Chloro-3-methvlohenol 
4Chloroaniline 

1 420 - 460 1 0 / : 

4-Chlorophenyl-phenylether ~~~~. _ _~ 
4-Methylphenol 
4-Nitroaniline 

NO 
NO 
NO 
Nd - 

V 
NO 

I __ __ NO 
-:I / -. NO 

NW - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 

FINAL 
Page 1 of 2 



Table 8-7 
Refined Screening Statistics - SWMU 21. Surface Soil 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of 

Reporting Frequency Concentration Maximum 
Chemical Limit Ratwe of Detection Detected Concentration 

4-Nitrophenol 1,000 - 1,100 o/3 -- .- 
I- _ -- -.-.--- 

Acenaohthvlene -imr -- __ AmLmm_~. -~~ ~~_-- I 420 - 460 I .~~~ ~~~~~ ---.------+---- -. - - 
__ .- Anthracene 

Benzo(a)pyrene 
Benzo(g h i)perylene _ ..--A1 - -~--~~~-~~. 
Benzo(k)fluoranthene 
Butvlbenzvlohthalate 

1 420 - 460 1 
1 420 - 460 1 

r-_ ~- Carbazole 
Di-n-octylphthalate 
Dibenz(a,h)anthracene 
Dibenzofuran 

Hexachlorobutadiene 
Hexachloroethane I 420 - 460 I _~- .-~ 
Indeno(l,2,3-cd)pyrene 420 - 460 1 0 / 3 -- -- 
fsophorone 420 - 460 1 0 I 3 -- _~ 

o/3 __ s_ 

Phenanthrene 

Arithmetic 
Mean 

517 
215 
215 
215 
215 _~___. 
215 
215 
215 
215 
215 -.- ~~~-- 
215 
215 __- 
215 
215 
215 
215 
215 
215 
215 

215 

NSV 
-NSV 

NSV 
100 
NSV 
NSV 1 --- I -- _~... 
NSV 
NSV 
100 
NSV 
100 

NSV t -- I -- 

Mean 
Hazard 

Quotient’ 

NSV 
NSV 
NSV 

~~ 
NSV 
NSV 
NSV 
NSV 

COPC? 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
Nd 
NO 
NO 
NON 
NO 
NO 
NO 
Nd 
NO- 
NO 
NO-- 
NO. 
NO 

NSV - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 

FINAL 
Page 2 of 2 



Table 8-8 
Summary of Mean Hazard Quotients for Food Web Exposures - SWMU 21 

NAS Oceana, Virgjnia Beach, VA 

Chemical 
Killdeer 

NOAEL 1 LOAEL 
I 

1,2-Dichlorobenzene co.01 co.01 
1.3”Dichlorobenzene co.01 co.01 

Page 1 of 1 FINAL 



Table 9-1 
Summary Statistics - SWMU 22 - Groundwater 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of 
Frequency of Concentration Maximum 

Chemical Reportinn Limit Range Detection Detected Concentration 

lnoraanics RIG/L\ 
Aluminum ~~_ 
Antimonv 

- --~:l~i:~~~l~~m .~!!%+f!“j-!&4 

Arsenic I 0.68 - 0.68 1 
Barium -._____~ 
Beryllium __. --. 
Cadmium 
Calcium 
Chromium 

Magnesium --._ 
Manganese 
Mercury 
Nickel -~~~ ____~.~ 
Potassium 

Vanadium 

PesticidelPolvchlorinated E 

Standard 
Arithmetic Deviation , 

Mean’ Mean 

_ 
417 
8.20 
0.34. 
18.4 
0.21 
1.40 

11,683 
1.54 
1.60 
1.26 ___--. 
0.70 
6,355 
0.88 ____-- ~~ 
6,283 
211 
0.04 
4.70 
1,155 
0.90 
1.06 

13,300 
1.15 
1.30 
4.55 

346 
.O 
0 

4.37 
_~ 0.15 

0 
4,287 
6.21 
0.48 
0.95 

-- 

4,972 
0.05 ___~.~ 
3,927 
I?3 

0.007 
0 

487 
0 

0.13 
866 
0 
0 

0.10 

n 

4,4’-DDT 
Aldrin 

1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 
FINAL 

Page 1 of 6 
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Table 9-1 
Summary Statistics - SWMU 22 - Groundwater 

NAS Oceana, Virginia Beach, VA 

delta-BHC 

1,2,4-Trichlorobenzene .____ ~~.- 

1,3-Dichlorobenzene ~--~- ~ .~~- 

FINAL 
1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. Page 2 of 6 



Chemical Chemical 

1 ,CDichlorobenzene 1 ,CDichlorobenzene 
2,2’-Oxybis(1 -chloropropane) 2,2’-Oxybis(1 -chloropropane) 
2.45Trichloroohenol 2.45Trichloroohenol 
-12 ?L 

2&STrichlorobhenol 
2J$ichlorophe$ ~- 
2,4-Dimethylphenol 
$iCDinitrophenol 
2,CDinitrotoluene 
2,6-Dinitrotoluene 
P-Chloronaphthalene 
P-Chlorophenol 
P-Methylaniline 
P-Methylnaphthalene 
2-Methylphenol __ 
2-Nitroaniline 
P-Niirophenol - ~~.__- 
3.3’-Dichlorobenzidine 
3-Nitroaniline ~~ ~__._. 
4.6-Dinitro-2-methvlohenol 

‘- 

4-Bromophenyl-phenylether __~_ _ _ ___-~- -.. .~ .~-~~ 
4-Chloro-3-methylphenol __.___ 
4-Chloroaniline 
4-Methylphenol __- 
4-Nitroaniline 
4-Nitrophenol 
Acenaphthene 
Acenaohthvlene 
Aniline 
Anthracene 
Benzidine ~~-__ 

Table 9-l 
Summary Statistics - SWMU 22 - Groundwater 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of 
Freoiencv of Concentration Maximum 

Reportina Limit Range Detect& 
10.0 - 10.0 014 ..__~____._ - ___- 
10.0 - 10.0 o/4 

Detected Concentration 
__ mm 
-_ v- 

Arithmetic 

Mean’ 

5.00 
5.00 
25.0 
5.00 
5.00 _.--. .- ._-.... 
5.00 
25.0 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
25.0 

.-~5*99.. 
10.0 

-2510 
25.0 
5.00 
5.00 
5.00 
5.00 
25.0 
25.0 
5.00 
5.00 
5.00 
5.00 
25.0 

Standard 
Deviation 1 

Mean 

0 .- 
0 
0 
0 
0 
0 
0 
0 

-0 .- 
0 
0 
-_ -. 
0 -’ 
0 
0 --. 
0 _. 
0 
0 
0 
0 
0 _.... - .~. 
0 
0 
0 - ~~ 
0 
0 
0 -. 
0 
0 
0 

FINAL 
1 - One-half of the reporting limit was used for non-detected samples when calculating the mean, Page 3 of 6 



Table 9-1 
Summary Statistics - SWMU 22 - Groundwater 

NAS Oceana, Virgh?Sa Beach, VA 

__- ~~- ~~~__ -~ 
Hexachlorobenzene 

Hexachlorocyclopentadiene .~-~ .-__ ~~.~~ ~-~ 
Hexachloroethane - .___~~.~~~ ~ ..- 
lndeno(l,2,3sd)pyrene .__~ ~~~~ ~ ~~ 
lsophorone -~- .____ ~- ___~~ 
Naphthalene ~.~.~ .___ ~ .___ ~~..~ 
Nitrobenzene 
Pentachlorophenol .~~____~ ~.. ~__~~~ 
Phenanthrene 
Phenol 

1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 
FINAL 

Page 4 of 6 



Table 9-1 
Summary Statistics - SWMU 22 - Groundwater 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Standard 
Frequency of Concentration Maximum Arithmetic Deviation o 

Chemical Reportina Limit Ranse Detection Detected Concentration Mean’ Mean 

bis(2=Chloroethyl)ether 10.0 = 10.0 0 I4 =_ == 5.00 ~.-.-__-- .- 0 
bis(2-Ethylhexyl)phthalate 10.0 - 10.0 o/4----- -- 

.~.~ ~~_ ~~ 
.- 4.63 0.75 

n=Nitroso=di=n=propylamine 10.0 - 10.0 --0 I 4 .- .- 5.00 d 
n=Nitrosodimethylamine 

.~..___ 
10.0 = 10.0 0 I4 -. == 5.00 0 

n-Nitrosodiphenylamine 
-. 

10.0 = 10.0 o/4 
~~~~~~ ~~--.~.-- --~..-~- - - 

== == __-~- 5.00 0 
Volatile Organic Compounds (UG/L) __....- .~~~~- .~__ 
1 ,l,i,P=Tetrachloroethane 5.00 = 5.00 0 / 1. --- == --.--~ == 2.50 == 
1 ,l ,I =Trichloroethane 5.00 = 5.00 o/4 == =_ 
t :1,2,2=Tetrachloroethane 

2.50 0 
5.00 = 5.00 

~~~-~ --... ._ ~ 
o/4 -= =* ..~___. 2.50 ~- 0 

1 ,1,2-Trichloroethane 
-_____~~ 

5.00 = 5.00 o/4 == == 
J J-Djchloroethane ___~-- 

2.50 
5.00 = 5.00 -- -7) I4 

0 
-. == ___~_~.... ~~ 2.50 0 

1 ,l=Dichloroethene 5.00 = 5.00 o/4 == -. 
1,2,3=Trichloropropane 

2.50 0 
5.00 = 5.00 

.~ __ ~-~-~ ..~_.~__~~~... ~._ _ _ 
OIQ == == 2.50 0 

1,2=DibromoS=chloropropane 10.0 = 10.0 O/l == -- __. .~-.-._ 5.00 -= 
1,2-Dibromoethane 5.00 = 5.00 - 0 I 1 .- == 2.50 == 

_1,2=Dichlorobenzene 5.00 = 5.00 014 .= == ---__- 2.50 0 
l,2=Dichloroethane 5.00 = 5.00 o/4 == == 2.50 0 
1,2=Dichloroethene (total) 5.00 = 5.00 o/4 =_ == ~__~ ~.-- 2.50 
1 ,I?=Dichloropropane 

--_I 0 
5.00 = 5.00 __--. o/4 == == 2.50 0 

1,3=Dichlorobenzene 5.00 = 5.00 o/4 -. =- 
-i,CDichlorobenzene 

~- 2.50 0 -__. 
5.00 - 5.00 014 .- .= 

2=Butanone 
----..--_____ 2.50 0 

10.0 - 10.0 o/4 me .- ~- --- ~~ 5.00 0 
P-Chloroethyl vinyl ether 10.0 = 10.0 o/4 . . == 5.00 0 
2=Hexanone 10.0 = 10.0 - 014 -s == 5.00 0 
4=MethylP-pentanone 10.0 = 10.0 o/4 

~~~ ~__...._~.~._ ~. .~~ 
-. -. 5.00 0 

Acetone -- = .- ..--.____. 414 6.00 0W22=MWl-93A 5.75 0.50 
Benzene 5.00 = 5.00 Of4 

- -. _ ~~~ ~~~~.~. . . 
-. s= __-- .._ 2.50 

Bromodichloromethane 
0 

5.00 = 5.00 o/4 == == 2.50 0 
Bromomethane 10.0 = 10.0 

__ 
014 _= .- 

Carbon disulfide 
5.00 0 

5.00 = 5.00 o/4 -= -. 2.50 ---. 0 

1 = One-half of the reporting limit was used for non-detected samples when calculating the mean. 
FINAL 

Page 5 of 6 



Table 9-l 
Summary Statistics - SWMU 22 - Groundwater 

NAS Oceana, Virginia Beach, VA 

Chloroethane 
Chloroform 

Dibromochloromethane 
Dibromomethane _~_____ ~___ - ~ .~___ 
Dichlorodifluoromethane I--- 5.00 = 5.00 -.--I *A.-- 1: 

10.0 = 10.0 

Trichlorofluoromethane 
Vinyl acetate 
Vinvl chloride 

1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 

Standard 
Ieviation I 

Mean 

0 
0 
0 
0 .~. 
0 
0 
0 
-= 

0 
0.25 

0 
0 
0 
0 
0 
0. 
0 
0 

FINAL 
Page 6 of 6 



Table 9-2 
Summary Statistics - SWMU 22 - Surface Water 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Standarc 
Reporting Limit 

Chemical 
Frequency of Concentration Maximum Arithmetic Deviation 

Range Detection Detected Concentration Mean’ Mean 
lnorganics (K/L) -.__-_ _.. ~~ 
Aluminum -_ - -_ 0 12 __ __ 79.8 15.2 
Antimony 16.4 - 16.4 0 I2 .- -. - __ __. -~ ~__~~ _ -.. 8.20 0 
Arsenic 0.68 - 0.68 0 12 __ __ 0.45 O.l$ 
Barium __ _ -_ 0 12 __ __ 17.6 0 __.- 
Beryllium 0.26 - 0.26 0 I2 __ __ 0.13 ..~ 0 
Cadmium 2.80 - 2.80 o/2 -- __ ..- __. - 1.40 0 
Calcium 

_- 
-. _ _. 212 9,170 OW22-SW2-93A 8,965 290 

Chromium 2.80 - 2.80 012 .- __ __ --..-.. .~ __ - .- 1.40 0 
Cobalt 2.60 - 2.60 0 I2 .- __ 1.50 0 
Copper 1.20 - 1.20 012 __ __ 0.60- 0 
Iron w. _ _. 1,070 0W22-SWl-93A 1,160 -0 
Lead 1.70 - 1.70 ~~-~-_____- 

~_ 
__ -_ 0.85 0- 

Magnesium -- - __ 2 I2 5,260 GW22-SW1-$3Am- ~~~_~~-____-__~ -.~~ ~~~~~- ~_~_~ $390 0 
Manganese -- . __ 2 I2 Mercury 73.9 ~ __-__. 0W22-SWl-93A __ -~ 88.0 0 0.07 - 0.07 o/2 

__ 0.04 0 
Nickel 9.40 - 9.40 o/2 __ __ 4.70 0 Potassium -- - __ 2- ~- - 

o / 
~..---_ ..~_ ~~ ~_~ 

__ 805 219 
Selenium 1.80 - 1.80 o/2 __ __ __-- .~~~ 0.90 0 
Silver 

--.~~~ 
2.00 - 2.00 o/2 

-~.~ . .._ - 
-w __ 1 .oo 0 

Sodium __ _ __ 2 I2 - _--~-~-. ~_ __. ~~~ ~_ 9,200 0W22-SWl -93A Thallium 2.30 - 2.30 .~ 
0 I2 

w!! 163 -~ -. 
-_ -~ ~~. 1.15 0 Vanadium 2.60 - 2.60 

o/2 
__-~ .~ _ ~~ 

_- __ 1.30 0 
Zinc ____- PesticidelPolychlorinated Biphenyls (N/L) -. 

$4’~DDD 
4$-DDE 

FINAL 
Page 1 of 4 1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 



Table 9-2 
Summary Statistics - SWMU 22 - Surface Water 

NAS Oceana, Virginia Beach, VA 

___ .~~ -. 
Aroclor-1242 

Aroclor-1260 

Endosulfanl _ ___ -.~ ___ ~~- 
Endosulfan II 
Endosulfan sulfate 

Heptachlor 
Heptachlor epoxide 
Methoxvchlor 
Toxaohene 

gamma-BHC (Lindane) 

Arithmetic 

Mean’ 

1 .oo 
1 .oo 
0.50 
0.50 
0.25 
0.25 
0.10 
0.01 
0.01 

.- 0.02 
0.02 
6.02 
0.02 
0.01 
0.01 -~ 
~0.04 
0.50 
0.01 
0.02 
0.01 
0.61 

Volatile Organic Compounds (IN/L) 
1 , 1,l -Trichloroethane _____..- 
1 ,I ,2,2-Tetrachloroethane _______.~_~ 
1 ,I 2-Trichloroethane .-~ 
1 ,I-Dichloroethane 
1 ,I-Dichlorcethene ___ .~~ ___ .~~- 
4,2,3-Trichloropropane ..._.~___ ~~ 
1,2-Dichlorobenzene ...~~ ___ .-~ ___ 
1 2-Dichloroethane -! .._~~... ___. ~~~~ ___ ~~--. ..- 

1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. Page 2 of 4 

Standard 
Deviation a 

Mean 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 
0 
0 
0 
0 
0 
a 

0 
0 
0 
0 
0 
0 
0 
0 

FINAL 



Table 9-2 
Summary Statistics - SWMU 22 - Surface Water 

NAS Oceana, Virginia Beach, VA 

Chemical 

1,2-Dichloroethene (total) 
1 ,PDichloropropane 

J,SDichlorobenzene 
- >CDichlorobenzene 2-Butanone 

2-Chloroethyl vinyl ether 
2-Hexanone 
4-Methyl-2-pentanone 
Acetone ~~~-. -~- - -_ 
Acrolein 
Acrylonitrile 
Benzene ___. Bromodichloromethane 

Bromoform Biomomethane 
Carbon disulfide 

Carbon tetrachloride 
Chlcrobenzene Chloroethane 

Chloroform Chloromethane 
Dibromochlorornethane 
-. ~__~--.~ 
Dibrotnomethane 
Ethyl methacrylate ~.~. _~. ~ 
Ethylbenzene 

lodomethane 
Methylene chloride - -- 
Styrene 
Tetrachloroethene 
Toluene - 

Maximum Sample ID of Standar 
Reporting Limit Frequency of Concentration Maximum Arithmetic Deviation 

Ranqe Detection Detected Concentration Mean’ Mean 
5.00 - 5.00 0 12 . . . . ___ .-.. , -- 2.50 0 
5.00 - 5.00 12 . . 0 . . 2.50 0 
5.00 - 5.00 0 I2 . . __-. -.~~~ . . ~~~ 2.50 0 ~ 
5.00 - 5.00 . . 0 I2 -~ _~~.____ . . -. 

~~_. 
2.50 --___ 0 10.0 - 10.0 . . 

o/2 . . 5.00 0 
10.0 - 10.0 o/2 . . . . 5.00 0 
10.0 - 10.0 . . 0 12 . . 

- -___ 
5.00 0 --__--. 

10.0 - 10.0 . . o/2 
-~~ __-- .~ -. .~ ..~ 

. . 5.00 0 
5.00 - 530 212 5.00 ~~w22-sw1-9~A - 5100 ..- 0 
100 - . . 100 012 -~ . . 5oIo 0 
100 - 100 o/2 . . . . 50.0 0 

5.00 - 5.00 . . o/2 . . 
5.00 - 5.00 ~~.-- . . 2.50 0 - -. 

012 . . -..___ 2.50 -._ 0 
5.00 - 5.00 o/2 . . . . 2.50 0 10.0 - 10.0 . . 

o/2 . . 5.00 0 5.00 - - 
5.00 0 I 2 . . . . 2.50 c: 

5.00 - 5.00 o/2 . . . . 2.50 0 
5.00 - 5.00 o/2 . . . . 10.0 - -----___ ..-- -__ _. .~~~ 2.50 0 

10.0 o/2 . . 
._.... . 

. . 5.00 0 
5.00 - 5.00 o/2 . . . . 2.50 0 10.0 - 

10.0 o/2 . . 
--. ___~_ ..~ .~ ~~ 

. . - 5.00 - 5.00 ----.- -.___- ~~~_ 5.00 0 

._ o/2 . . 2.50 0 
5.00 - 5.00 o/2 . . . . 2.50 
5.00 - 5.00 o/2 --. . . 

0 
. . 2.50 0 

5.00 - 5.00 . . 
o/2- __.~..~~ ~~ 

. . 2.50 0 
10.0 - 10.0 o/2 . . ~'~ . . 5.00 0 

. . . . . . . o/2 . . 
5.00-5.00 o/2 . . 

1.25 1.06 
. . 

- 5.00 5.00 0 I 2 . . - --- 
2.50 0 

. . 2.50 0 
5.00 5.00 o/2 . . - . . ._ 2.50 0 

1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 
FINAL 

Page 3 of 4 



Table 9-2 
Summary Statistics - SWMU 22 - Surface Water 

NAS Oceana, Virginia Beach, VA 

II I I I Maximum 

I 

Sample ID of 

I 

Standard 
Reoortina Limit Freauencv of Concentration Maximum Arithmetic Deviation of II ..-r _._... il- . .._ -. ~~~~~. 

Chemical Range Detection Detected Concentration Mean’ Mean 
Trkhlnrnethene I 5.00 - 5.00 I 0 I2 . . . . 2.50 0 I 

d.tJichlnrn-?-hl Itnne 

1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 

FINAL 
Page4of4 



Table 9-3 
Summary Statistics - SWMU 22 - Sediment 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Standarc 
Reporting Limit Frequency of Concentration Maximum Arithmetic Deviation 

Chemical Range Detection Detected Concentration Mean’ Mean 
lnorganics (MGIKG) 

Aluminum i_--- . . . . . 212 2,400 QW22-SDl-93A -_- __ 1,392 1,426 
Antimony 

~...._ _ 
3.90 - 4.00 o/2 . . . . - ---~. .~ - ~~~~ .~ 1.98 0.04 

Arsenic . . . . . 012 . . . . 0.61 0.41 
Barium . . . . . o/2 . . . . __~- ~. 3.03 ~1.73 
Beryllium 

~--- 
0.06 - 0.06 o/2 . . . . 0.04 0.007 

Cadmium -- -- --~--L---- -- ---. -- 0.66 - 0.67 - 0 / 2 . . 
_- 

0.33 0.004 
Calcium . . . . . o/2 . . . . 72.5 32.6 
Chromium . . . . . 1 I2 6.20 OW22-SDI-93A 3.43 .3.92 
Cobalt 0.65 - 0.65 o/2 . . . . 0.35 0.04 
Copper 0.29 - 0.29 012 . . . . 0.52 -. 0.53 
Iron . . . . . 212 --___ 3,000 OW22-SDI-93A 1,857 
Lead . . . . . 212 5.50 j@ OW22-SD2-93A 4.50 1.41 
Magnesium . . . . . o/2 . . . . 100 111 
Manganese . . . . . 1/2- 12.4 OW22-SDl -93A 6.58 8.24 
Mercury 

..___- 
. . . . . o/2 . . . . 0.03.- ---6 

Nickel 2.30 - 2.30 o/2 . . . . 1.15 0 
Potassium 228 - 228 0 I . . 2.----- ___-- . . 117 3.54 
Selenium 0.44 - 0.45 . . ___- o/2 . . .~ ~_~~ 0.22 0.004 
Silver 0.47 - 0.48 o/2 . . . . 0.24 Sodium 0.004 

0 / 2 
-~~~-- . . - .- . . . . . 

. . __~_. 121 1.06 
Thallium 0.55 - 0.57 Vanadium o/2 . . . . .-...__ . . . . . 0.28 

07 2 . . 
0.007 .-. __. 

1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 

--. 

FINAL 
Page 1 of 2 



Table 9-3 

Chemical 

Aroclor-I 260 ~ .- ~--~-~ 

Endrin aldehyde Endrin aldehyde 
Heptachlor Heptachlor -- ~-- ~___ ~_. ~___ ~~ 
Heptachlor epoxide Heptachlor epoxidee 
Methoxychlor Methoxychlor 
Toxaphene 
alpha-BHC .~ ~ ~ __~ .~~ __ 
beta-BHC ~.- .__~ -. ___ ~- ~- 

Reporting Limit 

.- ___ 
0.79 - 0.79 __ ~_-- 
0.79 _ 0.83 .___. 
1.50 - 1.60 
1.50 - 1.60 
1.50 - 1.60 ~..___._~._~ 
1.50 - 1.60 
0.79 _ 0.83 .___ 
0.79 - 0.83 
3.20 I 3.30 __ ~-~. ~-- 
39.0 - 41.0 
0.79 - 0.83 _~ ~__ ~~ 
1.50 - 1.60 _~ .-. 
0.79 s 0.83 

Summary Statistics - SWMU 22 - Sediment 

NAS Oceana, Virginia Beach, VA 

Freauencv of I COnOentratiOn I Maximum 

Ditectidn Detected Concentration 

o/2 __ __ 

0 12 -- __ 

1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 

Arithmetic 

Mean’ 

30.5 
30.5 

-20.0 
20.0 
10.3 
10.3 
4.05 
0.48 
0.41 
0.78 
0.78 
0.78 
0.78 
0.41 
0.4; 
1.63 
20.0 
0.41 
0.78 
0.41 
0.41 

Standard 
Deviation of 

fvlean 

15.6 
15.6. 
0.71 
OX 
-0.35 
0.35 
0.14 
0.12 
0.01 
0.04 
0.04 . 
0.04 
0.04 
0.01 
0.01 
0.04 
0.71 
0.01 
0.04 
0.01 
6.0; 

FINAL 
Page 2 of 2 



Table 9-4 
Summary Statistics - SWMU 22 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

I I 1 Maximun ii- 
I Remrtin;Jmit 1 Fr;qwc;;f 1 Ci;;iion 

Sample ID of 
Maximum 

Concentration Ran,, , __.__-._.. 

Arithmetic 

Mean’ 

Standar 
Deviation o 

Mean Chemical 

lnorganics (MGfKG) 
Aluminum 
Antimony : ---~~--- 
Arsenic 
Barium 

1,750 
0.01 
0.40 

_ 9.89 
6.07 

Calcium 
0.12 
467 
2.75 
0.32 
0.45 
0.06 
592 
3.82 -- - -. 
96.2 
4.06 
0.008 

Cobalt 
Copper 
Cyanide 

7.80 

--- I 533 
Nickel 0.20 

63.1 
0.02 
0.29 
8164 
0.63 
2.04 
10.1 

Sodium 1 954 - 1,094 1 3 I 3 _. 1 60.4 ._ 1 OW22SSO2-60 1 50.4. _ -1 _______~~._ ----~ 
Thallium ---- ~~~~. 
Vanadium ___ 
zinc r3:80 - 4.40 -I- 1 I 3 -I-- -~_~ ~- .-.. A_ 
Pesticide/Polychlorinated Biphenyls (UGIKG) 
4,4’-DDD 
4/S-DDE 
4,4’-DDT 
Aldrin 

FINAL 
1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. Page 1 of 6 

_. 



Table 9-4 
Summary Statistics - SWMU 22 - Surface Soil 

NAS 01 am. Virainia Beach. VA 

Reporting Limit 

Aroclor-1260 

Endosulfan I ~__-- 
Endosulfan II ~__~___ ~__ - 
Endosulfan sulfate ~.~-~---__~--~ 
E’ndrin I 
Endrin aldehyde __-~~ .__,-. 
Endrin ketone _~~ ___ ~ --- ___. ~~~ 
Heptachlor - ~- -_ ~~ __ ~~~ ___ ~ 
Heptachlor epoxide 
Methoxychlor 
Toxaphene 
aloha-BHC 

Frequency of 
Detection 

0 I3 -~ -~ __ 
0 I3 

0 I3 ___-- 
o/3 

gamma-BHC (Lindane) ____ .~~ ___ ~~ 
gammachlordane 
Semi-volatile Organic Compounds (UGIKG) 

JSDjchlorobenzene 
1,9Dichlorobenzene 
1 4-Dichlorobenzene mmI .~___~ -~ 
I-Methylnaphthalene --. ___ ~-- 

1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 

Standard 
Deviation c 

Mean 

0.56 
1.15 
0.56 
0.56 
0.56 
0.56 

~3.42 
5.00 
0.03 
0.06 
0.06 
Oil6 
0.06 
0.06 
0.03 
0.03 
0.29 
2.92 
0.03 
1.26 
0.03 
0.03 
0.03 
0.80 

7.64 
7.64 
7.64 
7.64 
21.2 

FINAL 
Page 2 of 6 



Table 9-4 
Summary Statistics - SWMU 22 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Stands 

Chemical 
Reporting Limit Frequency of Concentration Maximum Arithmetic Deviatio 

Ranae Detection Detected Concentration Mean’ Mear 

2,2’-Oxybis(l-chloropropane) 390 - 420 0 I3 __ __ 202 7.64 

2,4,5-Trichlorophenoi 980 - 1,000 o/3 __ ~= 495 5.00 

2,4,6-Trichlorophenol 390 L 420 o/3 .- __ -~~ __~- .~ __---. ~~. 202 7.64 

2,4-Dichlorophenol %O - 420 613 
-~~- 

___._~~~. _ __ __ ~-.--__ --- .- ~_. .- 202 ~~~ 7.64 .---- 
2,4-Dimethylphenol 390 - 420 o/3 . . __ 202 7.64 
2,4-Dinitrophenol 

--__- 
980 - 1,000 o/3 __ __ ___~-- .~.~_~~_ 495 5.00 

2,4-Dinitrotoluene 390 - 420 o/3 -. __ --.__-. 202 7.64 
2,6-Dinitrotoluene 

-__-. 
390 - 420 o/3 

--.. -. 
-. -_ 202 7.64 

2Ghloronaphthalene 390 - 420 0 I3 __ __ 202 7.64 

P-Chlorophenol 390 - 420 o/3 __ -_ 202 7.64 
2-Methylnaphthalene --~--... 20.0 - 420 1 I3 -_-~~ - .~~~_ 40.0 ow22-SSOI -00 86.7 108 P-Methylphenol 390 - 420 

o/3 __ __ 
P-Nitroaniline 
2-Nitrophenol 390 - 420 o/3 -- -_ 
3,3’-Dichlorobenzidine 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol __-- 
4-Bromophenyl-phenylether 
4-Chloro-3-methylphenol 
4-Chloroaniline 
4:Chlorophenyl-phenylether 
4-Methylphenol 
4-Nitroaniline 
4-Nitrophenol 
Acenaphthene 
Acenaphthylene 
Anthracene 

- Benzo(a)anthracene 2.00 - 2.00 
Benzo(a)pyrene 2.00 - 2.00 
Benzo(b)fluoranthene 

FINAL 
1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. Page 3 of 6 



Table 9-4 
Summary Statistics - SWMU 22 - Surface Soil 

Chemical 

NAS Oceana, Virginia Beach, VA 

Maximum 

Reporting Limit Frequency of Concentration 
Damma nstectiar Detected 
“a,,yG 

Benzo(g,h,i)perylene 3.90 - 4.20 : _~~~ --___ ~~ ~ ..~~ ___ - 
Benzo(k)fluoranthene 

Sample ID of 
Maximum 

Concentration 

Arithmetic 

Mean’ .-T..-lt , I I 

? 13 78.0 1 ow22-SSOI-00 1 27.2 
I nw77-ssni..nn I 81 l-l 

Standard 
Deviation a 

Mean 

44.0 
113 
7.64 
7.64 
106 
7.64 
7.64 
111 
7.64 
7.64 
7.64 
99.7 
21.2 
7.64 
7.64 
7.64 
7.64 
30.8 
7.64 
108 

-7.64 
5100 
28.5 
7.64 
105 - 
7.64 
-7.64 
10.6 
7.64 
7.64 

~___~~_ ___ .~~ ~___~ 
Butylbenzylphthalate 
Carbazole 
Chrvcnnn 
-‘-‘J”““- 

Di-n-butylphthalate __~.._ 
ni.n.nrhAnhthnlatn 

202 
202 
202 
114 
15.6 
202 
202 
205 - 

Dibenzofuran .____~ -~---._~~ ~~~ 
Diethylphthalate ..-. -- __ -~~ 

-I Dimethyl phthalate __. _____ ~~-~~ ~~~~ 
FII lnrnnthnnn 

Fluorene ~. - 

_ 390 - 42( 
390 _ 42( 

Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Inde$l@-cd)pyrene 
Isophorone 
Naphthalene 

-- 
.__- ~-. 
Nitrobenzene ~__~~~ __~ ~~ 
Pentachlorophenol ~_~-- ___-~- 
Phenanthrene 
Phenol -~ ~ 
Pvrnncr ’ I’““’ 
bis(2Ghloroethoxy)methane ~~. ~~~ ___ ~_ ____ _~ ~___..~.~ 
bis(2Chloroethyl)ether 

n-Nitroso-di-n-propylamine ___~~ .~ 
n-Nitrosodiphenylamine ~ ___~ ~~~ ~~.-~. 

FINAL 
Page 4 of 6 1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 



Table 9-4 
Summary Statistics - SWMU 22 - Surface Soil 

Chemical 

Volatile Oraanic Comoounds lUG/KGl 

NAS Oceana, Virginia Beach, VA 

Maximum 

Reporting Limit Frequency of Concentration 
Range Detection Detected 

Sample ID of 
Maximum 

Concentration 

Standal 
Arithmetic Deviation 

Mean’ Mean 

1 ,I ,I -Trichloroethane ’ 
lJ,?,?$~@rachloroethane __ ~-~.- 
i1112Trichloroethane ____~_~. .~~.~__. ~~~ 
1 ,I -Dichloroethane 
1 ,I-Dichloroethene 
1 ,PDichloroethane _ 
1,+Dichloroethene (total) ~-~. -___ 
1 ,P-Dichloropropane .-. 
2-Butanone ~~--.~ .~ 
2-Hexanone ____ ._.~~~_ . 
4-MethylP-pentanone 
Acetone 

__- ~-~~~~- 
~.__ _ -~ 

Benzene 
Bromochloromethane ___-- 
Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon disulfide _~- - _~-- ~- ~-~ --~~ _~ 
Carbon tetrachloride 
Chlorobenzene -~-- -- 
Chloroethane 
Chloroform 
Chloromethane -___-. 
Dibromochloromethane 
Ethylbenzene 
Methylene chloride 
Styrene ~-- .~. .--~~ 
Tetrachloroethene 
Toluene -__ 

11.7 - 12.9 I 0 j-3 I .* 

11.7 12.9 I3 0 
11.7 - ma 12.9 0 I3 ___~ 
11.7 

fifth - mr 

- I3 -- 12.9 0 
11.7 - ms 12.9 0 I3 
11.7 - o/3 -I 12.9 
11.7 - 12.9 313 50.0 
11.7 - 12.9 1 0 I 3 t---- ~~ we ___--. 
11.7 - 12.9 0 I3 m. _~... .___ 
11.7 - 12.9 o/3 --_____ -I 
11.7 - 12.9 013 - -- __~. .-_~ _ 

~----~.~-- 

11.7 - 12.9 0 13 -. --. _ 
11.7 - 12.9 0 I3 me -~. 

- 0 I 3 11.7 - 12.9-- e. _. 
11.7 - 12.9 0 I3 __ .-,___ 
11.7 -12.9- -- 
11.7 - 12.9 0’3 . . 
11.7 - 12.9 0 I3 -- 
11.7 - 12.9 3 I3 45.0 

- --I:;: 

11.7 - 12.9 0 I 3 -- ---7 ~- 
il.7 - 12.9 0 I3 -_ ____ 
11.7 - 12.9 0 I3 -- __ -_ 

FINAL 
1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. Page 5 of 6 



Table 9-4 
Summary Statistics - SWMU 22 - Surface Soil 

Concentration 

1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 

FINAL 
Page 6 of 6 



Table 9-5 

Assessment Endpoint 
Terrestrial Habitats 

Preliminary Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints - SWMU 22 
NAS Oceana, Virginia Beach, VA 

I Risk Hypothesis I Measurement Endpoint I Receptor 

Survival, growth, and reproduction of 
terrestrial soil invertebrate communities. 

Survival, growth, and reproduction of 
terrestrial plant communities. 

Survival, growth, and reproduction of 
avian terrestrial insectivores. 

Survival, growth, and reproduction of 
avian terrestrial carnivores. 

Survival, growth, and reproduction of 
mammalian terrestrial insectivores. 

Survival, growth, and reproduction of 
mammalian terrestrial omnivores. 

Survival, growth, and reproduction of 
mammalian terrestrial herbivores. 

Are site-related surface soil concentrations sufficient to 
Comparison of maximum chemical concentrations in Soil Invertebrates 

adversely effect soil invertebrate communities based on 
conservative screening values? 

surface soil with soil screening values. (earthworms) 

Are site-related surface soil concentrations sufficient to 
Comparison of maximum chemical concentrations in 

adversely effect terrestrial plant communities based on Terrestrial plants 
conservative screening values? 

surface soil with soil screening values. 

Are site-related chemical concentrations in surface soils Comparison of literature-derived chronic No Observed 
sufficient to cause adverse effects (on growth, survival, or Adverse Effect Level (NOAEL) values for survival, growth, 
reproduction) to avian species that may consume soil and/or reproductive effects with modeled dietary exposure 

American robin 

invertebrates from the site? doses based on maximum soil concentrations. 

Are site-related chemical concentrations in surface soils Comparison of literature-derived chronic No Observed 
sufficient to cause adverse effects (on growth, survival, or Adverse Effect Level (NOAEL) values for survival, growth, 
reproduction) to avian species that may consume small and/or reproductive effects with modeled dietary exposure 

American kestrel 

mammals from the site? doses based on maximum soil concentrations. 

Are site-related chemical concentrations in surface soils Comparison of literature-derived chronic No Observed 
sufficient to cause adverse effects (on growth, survival, or Adverse Effect Level (NOAEL) values for survival, growth, 
reproduction) to mammalian species that may consume soil and/or reproductive effects with modeled dietary exposure 

Short-tailed shrew 

invertebrates from the site? doses based on maximum soil concentrations. 

Are site-related chemical concentrations in surface soils Comparison of literature-derived chronic No Observed 
sufficient to cause adverse effects (on growth, survival, or Adverse Effect Level (NOAEL) values for survival, growth, 
reproduction) to mammalian species that may consume and/or reproductive effects with modeled dietary exposure 

Deer Mouse 

plants and invertebrates from the site? doses based on maximum soil concentrations. 

Are site-related chemical concentrations in surface soils Comparison of literature-derived chronic No Observed 
sufficient to cause adverse effects (on growth, survival, or Adverse Effect Level (NOBEL) values for survival, growth, 
reproduction) to mammalian species that may consume and/or reproductive effects with modeled dietary exposure 

Meadow vole 

plants from the site? doses based on maximum soil concentrations. 

FINAL Page 1 of 3 



Table 9-5 
Preliminary Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints - SWMU 22 

Survival, growth, and reproduction of 
mammalian terrestrial carnivores. 

Survival, growth, and reproduction of 
terrestrial reptiles. 

Are site-related chemical concentrations in surface soils 
sufficient to cause adverse effects (on growth, survival, or 
reproduction) to mammalian species that may consume 

Comparison of literature-derived chronic No Observed 
Adverse Effect Level (NOAEL) values for survival, growth, 
and/or reproductive effects with modeled dietary exposure 

Evidence of potential risk to other upper trophic level 
terrestrial receptors evaluated in the screening ERA. 

Survival, growth, and reproduction of 
benthic invertebrate communities. 

Are site-related chemical concentrations in surface water 
and/or sediment sufficient to adversely effect benthic 
invertebrate communities? 

Comparison of maximum chemical concentrations in 
surface water and/or sediment with medium-specific 

Survival, growth, and reproduction of 
aquatic and wetland plant communities. 

and/or sediment sufficient to adversely effect aquatic or 

Survival, growth, and reproduction of fish 
communities. 

and/or sediment sufficient to adversely effect fish surface water and/or sediment with medium-specific 

Survival, growth, and reproduction of 
chemical concentrations in surface water Comparison of maximum chemical concentrations in 
t sufficient to adversely effect amphibian 

Survival, growth, and reproduction of 
amphibians. 

Evidence of potential risk to other upper trophic level 
aquatic and wetland receptors evaluated in the screening 

FINAL Page 2 of 3 



Table 9-5 

Assessment Endpoint 

Survival, growth, and reproduction of 
aquatic/wetland reptiles. 

Survival, growth, and reproduction of 
avian aquatic/wetland insectivores. 

Preliminary Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints - SWMU 22 
NAS Oceana, Virginia Beach, VA 

Risk Hypothesis Measurement Endpoint 
Are site-related chemical concentrations in surface water 
and sediment sufficient to cause adverse effects (on 

Evidence of potential risk to other upper trophic level 

growth, survival, or reproduction) to aquatic/wetland reptile 
aquatic and wetland receptors evaluated in the screening 

species? 
ERA. 

Are site-related chemical concentrations in surface water 
Comparison of literature-derived chronic No Observed 

and sediment sufficient to cause adverse effects (on 
Adverse Effect Level (NOAEL) values for survival, growth, 

growth, survival, or reproduction) to avian species that may 
and/or reproductive effects with modeled dietary exposure 

consume aquatic invertebrates from the site? 
doses based on maximum surface water and/or sediment 
concentrations. 

Receptor 

. . 

Marsh wren 

Survival, growth, and reproduction of 
avian aquatic/wetland omnivores. 

Are site-related chemical concentrations in surface water 
and sediment sufficient to cause adverse effects (on 
growth, survival, or reproduction) to avian species that may 
consume aquatic plants and invertebrates from the site? 

Comparison of literature-derived chronic No Observed 
Adverse Effect Level (NOAEL) values for survival, growth, 
and/or reproductive effects with modeled dietary exposure 
doses based on maximum surface water and/or sediment 
concentrations, 

Mallard 

Survival, growth, and reproduction of 
avian aquatic/wetland piscivores. 

Survival, growth, and reproduction of 
mammalian aquatic/wetland piscivores 

Survival, growth, and reproduction of 
mammalian aquatic/wetland omnivores. 

Are site-related chemical concentrations in surface water Comparison of literature-derived chronic No Observed 

and sediment sufficient to cause adverse effects (on Adverse Effect Level (NOAEL) values for survival, growth, 

growth, survival, or reproduction) to avian species that may and/or reproductive effects with modeled dietary exposure Great blue heron 

consume fish from the site? doses based on maximum surface water and/or sediment 
concentrations. 

Are site-related chemical concentrations in surface water Comparison of literature-derived chronic No Observed 

and sediment sufficient to cause adverse effects (on Adverse Effect Level (NOAEL) values for survival, growth, 

growth, survival, or reproduction) to mammalian species and/or reproductive effects with modeled dietary exposure Mink 

that may consume fish from the site? doses based on maximum surface water and/or sediment 
concentrations. 

Are site-related chemical concentrations in surface water Comparison of literature-derived chronic No Observed 
and sediment sufficient to cause adverse effects (on Adverse Effect Level (NOAEL) values for survival, growth, 
growth, survival, or reproduction) to mammalian species and/or reproductive effects with modeled dietary exposure Raccoon 
that may consume aquatic plants and invertebrates from the doses based on maximum surface water and/or sediment 
site? concentrations. 

FINAL Page 3 of 3 



Table 9-6 
Preliminary Screening Statistics - SWMU 22 - Ground Water 

NAS Oceana. Virainia Beach. VA 

Chemical 
-... 

Maximum Sample ID of Maximum 

Reporting Limit Frequency Concentration Maximum Screening Frequency of Hazard 

Range of Detection Detected Concentration Value Exceedance Quotient’ COPC? 

lnorganics (K/L) -... -~_-.- ._~.. .~.___ 
Aluminum 

---- Antimony .~-~.~_~ 
Arsenic 

Mercury 
Nickel 

Manganese 

Potassium 2 I . . . . . I n / 3 I . . I 

Pesticide/Polychlorinated Biphenyls (UGIL) 

YES 
NO 
NO- 
YES~ 
NO-- 

-YES 

NO 
~- I40 

No 
NO 
NO 
YES 
YES 

NO 
YES 
NO 
NO 

NO 
NO 
YES 

NO 
NO 
NO - -...-... 
NO 

$4’~DDD 
$/Y-DDE 
$4’.DDT 

NW - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

FINAL 
Page 1 of 6 



Table 9-6 
Preliminary Screening Statistics - SWMU 22 - Ground Water 

Chemical 

Aroclor-I 016 .__ .- __ .- 

Aroclor-12322~~ --~__ ~ 
Aroclor-I 242 _.~ - ___~ 
Aroclor-I 248 __. .~- .~ ___ -~ .__- ~~- ___~ 
Aroclor-I 254 ~_~ -____ -~ ___ -~~ 
Aroclor-1260 

Dieldrin 

Endosulfan II .~____~. 
Endosulfan sulfate _--. ~~ - 
En&in .~~~~..__ ~- 
Endrin aldehyde .~_.___~ ~~~ ___ ~-~~ 
Endrin ketone ~~~ _~ ~.~~ 
Heptachlor _ 
Heptachlor epoxide __~~ -- .~ ~- 
Methoxvchlor 

delta-BHC ____~ 
gamma-BHC (Lindane) 
Semi-volatile Oraanic Comoounds 0.HX.l 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Maximum 
e*equency Concentration Maximum Screening Frequency of Hazard 

rL.*rr+:r.a netecterl Cnnenntratian Value nnmtiant' PflDP3 

1,2-Dichlorobenzene ~~~~___ -- ~__ 
1,3-Dichlorobenzene ._~_ __- ~-. 
1,4-Dichlorobenzene 
2.2’-Oxvbis(1 -chlorobropane) 

763 
763 
763 
NSV NSV 

NSV - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

I-INAL 
Page 2 of 6 

- 



Table 9-6 
Preliminary Screening Statistics - SWMU 22 - Ground Water 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of 
Reporting Limit Frequency Concentration Maximum Screening 

Chemical Range of Detection Detected Concentration Value 

2,4,5TrichlorophenoI 50.0 - 50.0 0 I4 __ __ --.___ ~~~~ 63.0 ~. ----. 
2,4,6-Trichlorophenol 

-_ 
10.0 - 10.0 014 -- _- 970 -- 

2,4-Dichlorophenol 10.0 - 10.0 o/4 -- __ __~- -~ 365 
2.6Dimethvbhenol 10.0 - 1n.n n I4 __ __ 530 

2,6-Dinitrotoluene 
2-Chloronaphthalene ---~-~- - -~~ 
2-Chlorophenol ..~____--- 
2-Methylaniline 
2-Methylnaphthalene -2-MethvlDhenol-- ~. .-~ -~ 

3-Nitroaniline 
4,6-Dinitro-2-methylphenol -~ ~.__~.~_ ~~.. 
4-Bromophenyl-phenylether 
4-Chloro-3-methvlohenol 

LL--.-----. 

- 4-Chloroaniline 
4-Methylphenol 
4-Nitroaniline 
4-Nitrophenol 
Acenaphthene ___-- ..-. 
Acenaphthylene 
Aniline 
Anthracene 
Benzidine - 
Benzola1anthracene ,-I- ~-- - 
Benzo(a)pyrene ____--- .-_ 

NSV - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

I Maximum I 

Freauencv of I Hazard I 
Excieda&e 1 Quotient’ 1 COPC? 

- 
NO 
NO 
NO 
-NO 
NO 
NO 
YES 

Nd 
YES 
NO 
YES 

-_ __ I I NW I 

KS 
YES 
YES 
YES 
NO 
YES 
YES 
NO 
NO 
YES 
YES 
YES 
YES- 
YES 
YES 

FINAL 
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Table 9-6 
Preliminary Screening Statistics - SWMU 22 - Ground Water 

NAS Oceana, Virginia Beach, VA 

Benzo(g,h,i)perylene __ --. 
Eenzo(k)fluoranthene . ___-.--~- -__ 
Benzoic acid _~ _____~ ~- 
Benzyl alcohol ___ .-~~- - 
Butylbenzylphthalate ~,~_ _.___ ..- - ~~ 
Chrvsene 

A - -. 

Di-n-butylphthalate _ ___--~~ 
Di-n-octylphthalate ___~--~.. -__ 
Dibenz(a,h)anthracene ..___ .~~ 
Dibenzofuran 
Diethvlohthalate -___ 
Dimethvl ohthalate 

Hexachlorobenzene -___- ..--~ ~~ 
Hexachlorobutadiene _.~ .~-__ .~~ 
Hexachlorocyclopentadiene __._- -_. __ .~~ .__~ ~~-~ ~~..~ 
Hexachloroethane ~~ -.~--..~~ _....~~ 
Indeno(l,2,3-cd)pyrene 
lsophorone 
Naphthalene 
Nitrobenzene 
Pentachlorophenol 
Phenanthrene 
Phenol __ ~~~. 

____ ~~ 
___ _~~~ 

Pvrene 

NSV - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

Screening Frequency of 

398 
430 
3.68 

-- I -- 
-- I -- 
-_ I _~ .~ __- 

9.30 
5.20 
540. 
NSV 

Maximum 
Hazard 

Quotient’ COPC? 

NO 
NO- 
NO 

FINAL 
Page 4 of 6 



Table 9-6 
Preliminary Screening Statistics - SWMU 22 - Ground Water 

NAS Oceana, Virginia Beach, VA - 

Maximum Sample ID of Maximum 

Reportiwti;imit 1 

1 10.0 ; 10.0 

Frequency Concentration Maximum Screening Frequency of Hazard 

of Detection Detected Concentration Value Exceedance Quotient’ COPC? 

0 14 __ __ NSV .- / -- NSV YES 

Chemical 

n-Nitroso-di-n-propylamine 
YES 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
YES 
YES 
NO 
NO 
NO 
NO 
Nd 
NO 
NO 
NO 
YES 
NO 
NO 
tici 
NO 
NO 
NO 
YES 
NO 
NO 

nMitrosodimethylamine __..~_~~ _ . . ~- __.. _- ~~__ 
n-Nitrosodiphenylamine -___~-.-- -~-~ 
Volatile Organic Compounds (UGIL) 
1 ,I ,I ,P-Tetrachloroethane --- _~ .-~~ ~~~ 
l,l,l-Trichloroethane 
1 ,I ,2.2-Tetrachloroethane 

- 10.0 __ .I 
01 1 

z 
2,400 ~-___ __-. .~_ 

01 4 .- 9,400. 
01 4 2.400 

-- 
__ 

1 ,I ,2-Trichloroethane 
I, 1 -Dichloroethane 
1 ,I -Dichloroethene _-~~--. 
!,2,3-Trichloropropane 

1,160 
NSV 
NSV 1,2-Dibromo-3-chloropropane _____ 1 10.0 - lo.oI 

1.2-Dichloroethane 
1 ,BDichloroethene (total) 
1 ,P-Dichloropropane ___ ~- .~~~~ ~---. ~~ ~.~.. ~~-~ 

-“,““” 
_- ~~ 

1,160 
-- 5,700 

763 
763 

14,000 
NSV 

A 78n 

__ 
1,3-Dichlorobenzene ___-.--.~. .~ 
P-Butanone ___- --. ~~. .~-----~~- .._ ~~~ _ 
2-Chloroethyl vinyl ether 
2-Hexanone -- 
%MethyC2-pentanone 

-~- ..--.~ 

Acetone 

.- 
__ 

Benzene I 5.00 - 5.or-r I n 1 A I -- 

Bromodichloromethane 

Carbon disulfide -. ~..~~ 
Carbon tetrachloride _ ._~.~ 
Chlorobenzene 

2.00 
3,520 
130 - .~~ 

NSV - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

FINAL 
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Table 9-6 
Preliminary Screening Statistics - SWMU 22 - Ground Water 

NAS Oceana, Virginia Beach, VA 

Chloroform ____~~ ___ ~~~~ ~__~~ - 
Chloromethane ~___. ~~~~ .___ ~. ~__ ~. 
Dibromochloromethane ~ .-. 
Dibromomethane ____~_~___ ~- -.-~ .~- 
Dichlorodifluoromethane _ _~ .__ .- 
Ethylbenzene ~_~ ..___~ -_~ ~__~ 
Methylene chloride ~.-._--__ ..-. 
Styrene ___ ..~~~ __~ - 
Toluene ~.--.__-- -~~ 
Trichlorofluoromethane ___- .~. .- __ ~~- .~-.-~ .~ -- 

NW - No Screening Value 
1 - Shaded Cells indicate Maximum Iiazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

FINAL 
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Table 9-7 
Preliminary Screening Statistics - SWMU 22 - Surface Water 

NAS Oceana, Virginia Beach, VA 

Chemical 

lnorganics (UG/L) __ .- .~- 
Aluminum 

Maximum Sample ID of Maximum 

Reporting Frequency Concentration Maximum Hazard Screening Frequency of 
Limit Flange of Detection Detected Concentration Value Exceedance Quotient’ COPC? 

-__ 
. . . . . 

o , 2 __--. T---. -- , 
. . I . . YES 
. . I . . NO 
. . I . . NO 
. . I . . YES 
. . I . . NO 
. . I . . YES 

Calcium ’ ___ ~~~~ 
Chromium 

NO 
NO 
NO 
NO Coooer 
YES 
YES Lead ~. . . ._ I 

Magnesium * 
..-...--..~ ~- --I 

. . . . . 
I 

2 I2 
___----- ^ I^ - c- ~ 

557l-l Inw77.cwX NC\/ 
. . -- ..- ~_ .A 

nwmnf4nes:FI I . . . . . I ;//‘/ I 1”’ n t~J’~2-SW1-93Aj 120 
-- I -- NSV NO 

NO _~..-.-- 
NO 
Nn Nickel 

Potassium * -..---..-- - 
Selenium .- / . . NO 

-. . . I YES 
Sodium ’ 
Thallium 
Vanadium 

Zinc- 

. . / . . NO 

. . -. I NO 

. . I . . -NO --___ 

. . I . . YES ~~- -..----.-..1: A-.--_pI~ 
Pesticide/Polychlorinated Biphenyls (UGIL) 

NW - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit FINAL 
2 - Macronutrient - Not considered to be a COPC Page 1 of 4 



Table 9-7 
Preliminary Screening Statistics - SWMU 22 - Surface Water 

NAS Oceana, Virginia Beach, VA 

I Maximum Sample IDof 

Aroclor-1016 

~~~ .-__ -~ .~ -- .- 
Aroclor-I 242 

I Reporting Frt I 

Aroclor-I 260 

Dieldrin 

Endosulfan sulfate ----__ .-- .~__ - 
Endrin - - ~.__.. 
Endrin aldehyde 
Heptachlor .__ ~- ___ .- 
Heptachlor epoxide ~~~ __- -~.~~ ~__ ~__~ _ ~._ 
Methoxvchlor __ 

Toxaphene me 
___ .- --- _- ~~ 
alpha-BHC -s 

.,- ~~~ -___ 
s_ 

L.-- L-.1- --__ .-__ ~-- ~- ___ 
Volatile Organic Compounds (UGIL) _~.___--___ --___ 
1 1 1 -Trichloroethane A-- ___- --__ - 

~----~]5.00-5.0nlnj~-I.--P- -~ -7 

1 ,1,2,2-Tetrachloroethane ~~ .___ -.~__ 
l,l,P-Tnchloroethane __~ ~~~. 
1 .l -Dichloroethane 
l,l-Dich lo=ethene 
1.2.3-Trichloroorooane _.I_ I 1.-~ ~ ~ .___ ~~ 
I P-Dichlorobenzene L. _-.___ .- ___--. 

NSV - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

Screening Frequency of 
COPC? 

YES 
YES 
YES 
YES 
YES 
YES 
Nd 
YES 
Nd 
NO 
NO 
NO 
YES 
YES 
YES 
YES 
YES 
YES 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO’ 
NO 
YES 
NO 

FINAL 
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Table 9-7 
Preliminary Screening Statistics - SWMU 22 - Surface Water 

NAS Oceana, Virginia Beach, VA 

I I 1 Maximum Sample ID of 

Reporting Frequency Coz:iEon Maximum Screening 

Limit Ranae of Detection Concentration Value 
5.00 - 5.00 o/2 -- -. ---_~-- 20,000~ 
5.00 - 5.00 012 -- __ 1.160 -___ 
5.00 - 5.00 o/2 -- -- 
5.00 - 5.00 o/2 -- .-__-- 
5.00 - 5.00 o/2 .- -__-- - ---_ -.._____ 

I 4.280 

Bromodichloromethane I 5.00 - 5.no I 0 / 2 I -- -- I 1.100 

1 Maximum 1 

Chemical 

1 ,P-Dichloroethane 
1 ,PDichloroethene (total) 
1.2~DiChlOrODrODane 
1[3-Dichlorobenzene 
!,4_1Dichlorobenzene ____ ~~_ ~~~~ __~ 

2-Hexanone 
4-Methvl-2-oentanone 

I I _- .- NSV I YES 

Acetone NO 
NO 
NO 
NO 
NO 
NO-- 
YES 
NO 
NO 
YES 

Benzene 

Bromoform 
Bromomethane 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 

NO 
NO 
NO 
NO 
-Ii0 _-.- 
YES 

I -_ YES 
I __ NO .-. 
I -- NO 
I -- NO 

NO 

Chloromethane 
Dibromochloromethane 
Dibromomethane 
Ethylbenzene ~. .~~ ~-. - -. __ 
Methvlene chloride 
Stvrene 
Tetrachloroethene 
Toluene 
Trichloroethene -__---~~ 
Trichlorofluoromethane 

NW - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

FINAL 
Page 3 of 4 



Table 9-7 
Preliminary Screening Statistics - SWMU 22 - Surface Water 

NAS Oceana, Virginia Beach, VA 

NSV - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

FINAL 
Page 4 of 4 



Table 9-8 
Preliminary Screening Statistics - SWMU 22 - Sediment 

NAS Oceana. Virainia Beach. VA 

1 Maximum 1 SamPIe IDof 1 1 Maximum 1 

Chemical 

lnorganics (MGIKG) 
Aluminum 

Reporting Frequency Concentration Makmum Screening Frequency of Hazard 

Limit Ranae of Detection Detected Concentration Value Exceedance Quotient’ COPC? 

---r- --- --- -- - -- I 2 / 2 -- -I5mv%iz%G% n5.500--1. 
. .-~ 

0 / 2 I 0.09 I No 

Barium I __ _ __ IO/21 -- I -- I 500 

Cadmium 

Cobalt 

Magnesium * 
Manganese 
Mercury 
Nickel 

Arsenic 

Potassium * 1 228 - 228 1 0 / 2 1 -- 1 -- 1 NSV 

Zinc - -~__~- -..:l--=-l--l -- ~-~ .~. 
PesticidelPolvchlorinated Biohenvls IUG/KGI 

6.60 .--~~- 1-~1-9%$15q 

NSV - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

-.. 
NO 
YES 
YES 
YES 
NO 

__ I -- NSV NO 
o/2 NO 

I -_ _- NO 
__ 1 __ NO 
o/2 -. NO 
0 I2 NO 

I __ __ NO 
0 12 NO 

I __ _- YES 
I __ __ NO 

-- / -- NSV NO 
NO 
NO 

NO 
YES 
YES 
NO 

0 12 NO .--. 
o/2 NO 
0 I2 NO 
__ __ I NO 

FINAL 
Page 1 of 2 



Aroclor-I 221 --- ~~ 

Aroclor-I 242 

Table 9-8 
Preliminary Screening Statistics - SWMU 22 - Sediment 

- I------ -~~ __ m-l---@3V -- ? -- I tiSV YES II 

II Heptachlor _~~ ___~ ~~~ -___ 
Heotachlor eooxide 

II beta-BHC 

NW - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

FINAL 
Page 2 of 2 



Table 9-9 
Preliminary Screening Statistics - SWMU 22 - Surface Soil 

Chemical 
Reporting Limit 

Ranae 

NAS Oceana, Virginia Beach VA 

1 Maximum 
I 

Sample ID of 
antmtinn Mayimaim Frequency Co;;;;;;=* 

of Detection Concentration 

Antimony 
Arsenic 
Barium 
Bervllium 
Cadmium 

t 
"" 

OW22”ss02-00 

Calcium ’ .____ 
Chromium .~ - .____- 
Cobalt - ~____ --~-- 
Copper ~..._.__ .~--~ ~~~~ 
Cyanide 
Iron 
Lead 

Magnesium 2 
Manganese 
Mercury 
Nickel- 

0.10 - 0.10 
I-- 7.60 - 8.80 

Potassium ’ 
I 

954 - 1,094 

---~---~ 

Selenium 1.00 - 1.10 _~ .~ ~-.--.~~ ~.~ ~____ 
Silver 1.90 - 2.20 

50.0 313 
5.00 "_ / "" . . 
60.0 013 
500 o/3 

Sodium 2 __ .~~ ~.~ 
Thallium 
Vanadium 
Zinc I_~~ -~~-~ ~.~_ 
PesticidelPolychlorinated Biphenyls (N/KG) 
4 4’“DDD 2. ~~~~~ 

4,4’-DDT 

10.0 o/3 
4.00 o/3 
NSV __ / :m- 

0.40 313 
100 d/3 
50.0 o/3 
0.06 II3 I- ~~ ~.~ ~-~ 
200 313 
50.0 o/3 

4,400 o/3 
330 o/3 -___~ . ~~~~ ~. - 
0.10 -- I -- 
30.0 .-i/3 
NSV “” / -_ 

NSV - No Screening Value 
1 - Shaded Ceils indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

.- 1.80 -- I -- 2,00 o./ 3 
__--.- .~~~~~. 

NSV “_ / “_ 

1 .oo -- I -- 
2.00 313 

-- 50.0 o/3 

0 13. 
o/3 
o/3 

YES 
YES 
NO 
NO 
.Nb 
NO 

NO 
YES 
NO 
NO 
YES 
YES 
-NO 

NO 
NO 
NO 
NO 

NO 
NO 
NO 

NO 
.YES 
YES 
Nd 

NO 
NON 
NO 

FINAL 
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Table 9-9 
Preliminary Screening Statistics - SWMU 22 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Aroclor-1016 

I Maximum I 

Fresuencv of 1 Hazard 1 

I COPC? 
L 

Exceedaice 1 Quotient’ ’ 

-:-“- 

__ 

NO 
NO 

I -- 
7 _..- 

I __ 

tid 
NO 
NO 
NO 
Nfl I -. __ .- 

o/3 -~ NO 
0 I3 NO 
-_ / __ YES 
__ / __ YES 

I _- __ YES 
I __ __ NO 

---/ -L NO 
I j -: ~~-- NO 

I -s __ YES 
-~ .I / L --NO 

-r--- ~ NO 

Aroclor-I 232 
Aroclor-1242 ~~ ~__ ~-~~ ~- 
Aroclor-I 248 
Aroclor-1254 100 

100 
100 
NSV 

-- ~.-~ 
Aroclor-1260 .____~ -~ --~ 
Dieldrin 

26.0 
20.0 -___ 

-- Endosulfan I 

Endosulfan sulfate 

Heptachlor epoxide 
Methoxvchlor 100 

NSV 
100,000 

100 
100.000 

__ I- I NSV 1 YES Toxaphene 
aluha-BHC 
alphaChlordane ---~ .-__. ~~- __~~ - ___ I-2.02 - 2.12 j 

NO ..~ - 
NO 
NON- gamma-BHC (Lindane) ___ ~~~ 

gammaChlordane 
Semi-volatile Oraanic 

__ 

2.40 
Compounds ~U~KG~ __--.- 

1.270 420 NO 
YES- 
YES 
NO 

1,2,4-Trichlorobenzene 
t ,2-Dichlorobenzene 420 __-. 

NSV 
1,280 

420 
420 

1 3-Dichlorobenzene A- ~~~-~__ 
j &Dichlorobenzene 

NSV - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

FINAL 
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Table 9-9 
Preliminary Screening Statistics - SWMU 22 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of 1 Maximum 

P-Methvlnaohthalene 

2-Nitrophenol 
3,3’-Dichlorobenzidine 
3-Nitroaniline 
4,6-Dinitro-2-methvlohenol -1 980 - i.ocGT 
4-Bromoohenvl-ohenvlether I 390 - 420 I 0 I 3 I -- I -- 1 NW 1 __ / _- 1 NW 

4-ChloroB-methylphenol 
4-Chloroaniline 

Acenaphthylene -... 
Anthracene 

.-. 
NW 
NSV 

__ ; __ 
_ 

-- 1 -_ 

-_ __ I ..___ 
I _. __ 

I __ -_ 

--I 
.-. 

NSV 
1 NSV 

Benzolalanthracene I 2.00 - 2.00 I 3 / 3 I !inn 
~- ~~ 

I fiw99.ssnlm 1 
Benzo(a)pyrene 1 2.00 - 2.00 1 3 / 3 1 853 

NSV - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

COPC? 
- 

YES 
YES 
YES 
NO 
NO 

YES 
NO 
YES 
YES 
NO 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES -- 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
NO 
NO 
NO 
NO 
NO 

FINAL 
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Table 9-9 
Preliminary Screening Statistics - SWMU 22 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Carbazole 

Hexachlorobenzene 
Hexachlorobutadiene 

~~___~ ~~~ .___ 
Nitrobenzene _.__- ~~ ~~ 
Pentachlorophenol __.--. -- ___-- 
Phenanthrene 
Phenol ___ ~- 

n-Nitroso-di-n-propylamine ._ .__ ~~ ___-~ 

NSV - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COW 

FINAL 
Page 4 of 6 
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Table 9-9 
Preliminary Screening Statistics - SWMU 22 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

1 ,l,l-Trichloroethane 

4-MethylB-pentanone 

Benzene 

Bromodichloromethane ---.- .~~~ 
Bromoform Bromomethane 

Carbon disulfide 
Carbon tetrachloride ~.-___..-.~ 
Chlorobenzene 
Chloroethane 
Chloroform 

11.7 - 12.9 O/3 -- 

O/3 -- 

.-__-.- 

Dibromochloromethane 

Styrene 
Tetrachloroethene 

11.7 - 12.9 o/3 -- 

NSV - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on h!aximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

FINAL 
Page 5 of 6 



Table 9-9 
Preliminary Screening Statistics - SWMU 22 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Trichloroethene __--._~ -.- ~~~ -- 
Vinyl chloride ____~.__ ~~. ~~ ~__-. 
Xylene, total ~~.~~~~~.. ___- ~.~ 
cis-1,2-Dichloroethene ~~~~ ___~ 
cis-1 3-Dichloropropene 1. _~~...~__-~.-~ ___--~~ 
o-Xylene ~~____. ~~~ ___ .~ - 
tram1,2-Dichloroethene 

NSV - No Screening Value 
1 - Shaded Ceils indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

FINAL 
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Table 9-10 
Summary of Maximum Hazard Quotients for Food Web Exposures - SWMU 22 

NAS Oceana, Virginia Beach, VA 

Chemical 
Short-tailed shrew 1 Deer mouse 1 Meadow vole 1 Raccoon I Mink Red fox 
NOAEL 1 LOAEL 1 NOAEL 1 LOAEL 1 NOAEL 1 LOAELI NOAEL 1 LOAEL 1 NOAELI LOAEL 1 NOAEL 1 LOAEL 

0.02 
<O.Ol E <O.Ol 
t 3.02 1 0.02 1 co.01 NA 
:o.ol 1 co.01 1 co.01 1 NA 1 NA 

Page 1 of 6 FINAL 



Table 9-10 
Summary of Maximum Hazard Quotients for Food Web Exposures - SWMU 22 

NAS Oceana, Virginia Beach, VA 

<O.Oi 
0.01 

<O.Ol 
<O.Ol 

40.01 
co.01 
co.01 
co.01 
<O.Ol 
co.01 
en n1 

-:. - . _.-r . . 
7 Chlnrnnanhthnlnn~ 

. . 
NA 1 NA NA ---- 1 NA I NA 1 NA . 

<O.Ol co.01 
NA NA 
NA NA 

11 4-Chloro-3-Methylphenol NA I NA I NA I NA 1 NA 1 NA I NA ( NA 1 NA I NA I NA NA ] 

NA 
co.01 
co.01 
co.01 
co.01 -...-- _ 

Rm-m-dnkwrwtn I co.01 I co.01 I co.01 I co.01 I <O.Ol I to.0 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
xi- 

co.01 
co.01 
co.01 
co.01 
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Table 9-10 
Summary of Maximum Hazard Quotients for Food Web Exposures - SWMU 22 

NAS Oceana, Virginia Beach, VA 

Chemical 
Short-tailed shrew Deer mouse Meadow vole Raccoon Mink Red fox 
NOAEL 1 LOAEL NOAEL 1 LOAEL NOAEL 1 LOAEL NOAEL 1 LOAEL NOAELI LOAEL NOAEL 1 LOAEL 

I I I I I I 

II Pvrene 

NA NA NA NA 0.02 co.01 
NA NA NA NA <O.Ol <O.Ol 
NA NA NA NA CO.01 co.01 1 

Carbon Tetrachloride 
Chlorobenzene 
Chloroform 

co.01 co.01 co.01 co.01 <O.Ol co.01 NA NA 1 NA 
co.01 <O.Ol co.01 co.01 <O.Ol <O.Ol 1 NA 
co.01 <O.Ol <O.Ol co.01 co.01 cO.0’ 

Page 3 of 6 FINAL 



Table 9-10 
Summary of Maximum Hazard Quotients for Food Web Exposures - SWMU 22 

NAS Oceana, Virginia Beach, VA 

Chemical NOAEL ( LO, 
I I 

Page 4 of 6 FIPIAL 



Table 9-10 
Summary of Maximum Hazard Quotients for Food Web Exposures - SWMU 22 

NAS Oceana, Virginia Beach, VA 

1 NA r NA NA Heptachlor Epoxide 
Methoxychlor 
Toxaphene 

1,2,4-Trichlorobenzene 
1.2-Dichlorobenzene 

1 co.01 1 <O.Ol 1 NA NA 1 <O.Ol I”.“. ,.r, 

CO.01 CO.01 NA NA co.01 co.01 NA ;;; ;;; ;;;; 
0.04 <O.Ol 0.04 NA 0.05 <O.Ol 0.03 NA NA NA 

NA NA NA NA NA MA NA NA NA NA 
<O.Ol <O.Ol NA NA d-l 01 d-l n1 NA NA NA NA 

,- - 
1.4-Dichlorobenzene 

-. - . -. - . . 
1 <O.Ol 1 CO.01 1 NA 1 & 1 CO.01 <O.Ol 1 N 

NA NA N 

_ - . - .  __.“ .  , .  

1 co.01 CO.01 1 NA 1 NA 1 <O.Ol 1 co.01 1 N Benzofblfluoranthene 
NA NA I .&-I ni I m n 

Page 5 of 6 FINAL 
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Table 9-11 
Preliminary Summary of COP& - SWMU 22 - Screening ERA 

P-Butanone 

Acetone 
Bromomethane ---~- ~. ~-___ 

Dibromochloromethane 

MD - Maximum detect exceeds screening value 
MRL - Not detected; maximum reporting limit exceeds screening value 
NSV - No screening value 
* _ Non-detected value - No reporting limit available 

FINAL 
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Table 9-12 

Assessment Endpoint 
Terrestrial Habitats 

Refined Assessment Endpoints, Risk Hypotheses, and Yeasurement Endpoints - SWMU 22 
NAS Oceana, Virginia Beach, VA 

I Risk Hypothesis I Measurement Endpoint I Receptor 

Survival, growth, and reproduction of 
terrestrial soil invertebrate communities. 

Survival, growth, and reproduction of 
terrestrial plant communities. 

Survival, growth, and reproduction of 
avian terrestrial insectivores. 

Survival, growth, and reproduction of 
avian terrestrial carnivores. 

Survival, growth, and reproduction of 
mammalian terrestrial insectivores. 

Survival, growth, and reproduction of 
mammalian terrestrial omnivores. 

Survival, growth, and reproduction of 
mammalian terrestrial herbivores. 

Are site-related surface soil concentrations sufficient to 
adversely effect soil invertebrate communities based on 

Comparison of mean chemical concentrations in surface soil Soil Invertebrates 

conservative screening values? 
with soil screening values. (earthworms) 

Are site-related surface soil concentrations sufficient to 
Comparison of mean chemical concentrations in surface soil 

adversely effect terrestrial plant communities based on 
Terrestria, plants 

conservative screening values? 
with soil screening values. 

Are site-related chemical concentrations in surface soils 
Comparison of literature-derived chronic No Observed 

sufficient to cause adverse effects (on growth, survival, or 
Adverse Effect Level (NOAEL) and Lowest Observed 

reproduction) to avian species that may consume soil 
Adverse Effect Level (LOAEL) values for survival, growth, American robin 

invertebrates from the site? 
and/or reproductive effects with modeled dietary exposure 
doses based on mean soil concentrations. 

Are site-related chemical concentrations in surface soils 
Comparison of literature-derived chronic No Observed 

sufficient to cause adverse effects (on growth, survival, or 
Adverse Effect Level (NOAEL) and Lowest Observed 

reproduction) to avian species that may consume small 
Adverse Effect Level (LOAEL) values for survival, growth, American kestrel 

mammals from the site? 
and/or reproductive effects with modeled dietary exposure 
doses based on mean soil concentrations. 

Are site-related chemical concentrations in surface soils 
Comparison of literature-derived chronic No Observed 

sufficient to cause adverse effects (on growth, survival, or 
Adverse Effect Level (NOAEL) and Lowest Observed 

reproduction) to mammalian species that may consume soil 
Adverse Effect Level (LOAEL) values for survival, growth, Short-tailed shrew 

invertebrates from the site? 
and/or reproductive effects with modeled dietary exposure 
doses based on mean soil concentrations. 

Are site-related chemical concentrations in surface soils 
Comparison of literature-derived chronic No Observed 

sufficient to cause adverse effects (on growth, survival, or 
Adverse Effect Level (NOAEL) and Lowest Observed 

reproduction) to mammalian species that may consume 
Adverse Effect Level (LOAEL) values for survival, growth, Deer mouse 

plants and invertebrates from the site? and/or reproductive effects with modeled dietary exposure 
doses based on mean soil concentrations. 

Are site-related chemical concentrations in surface soils Comparison of literature-derived chronic No Observed 

sufficient to cause adverse effects (on growth, survival, or Adverse Effect Level (NOAEL) and Lowest Observed 

reproduction) to mammalian species that may consume Adverse Effect Level (LOAEL) values for survival, growth, Meadow vole 

plants from the site? and/or reproductive effects with modeled dietary exposure 
doses based on mean soil concentrations. 

Page 1 of 3 FINAL 



Table 9-12 
Refined Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints - SWMU 22 

Survival, growth, and reproduction of 
mammalian terrestrial carnivores. 

Are site-related chemical concentrations in surface soils 
sufficient to cause adverse effects (on growth, survival, or 
reproduction) to mammalian species that may consume 

mmals from the site? 

Survival, growth, and reproduction of 
terrestrial reptiles. 

Evidence of potential risk to other upper trophic level 
terrestrial receptors evaluated in the baseline ERA. 

Survival, growth, and reproduction of 
benthic invertebrate communities. 

Are site-related chemical concentrations in surface water 
and/or sediment sufficient to adversely effect benthic 
invertebrate communities? 

Comparison of mean chemical concentrations in surface 
water and/or sediment with medium-specific screening 

Survival, growth, and reproduction of 
aquatic and wetland plant communities. 

Survival, growth, and reproduction of fish 
and/or sediment sufficient to adversely effect fish Freshwater fish 

communities. 

Survival, growth, and reproduction of 
amphibian communities. 

and/or sediment sufficient to adversely effect amphibian nd/or sediment with medium-specific screening 

Survival, growth, and reproduction of 
amphibians. 

Survival, growth, and reproduction of 
aquatic/wetland reptiles. 

and sediment sufficient to cause adverse effects (on 

Page 2 of 3 FINAL 



Table 9-12 
Refined Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints - SWMU 22 

Adverse Effect Level (NOAEL) and Lowest Observed 
Adverse Effect Level (LOAEL) values for survival, growth, 
and/or reproductive effects with modeled dietary exposure 

Survival, growth, and reproduction of 
avian aquatic/wetland piscivores. 

Are site-related chemical concentrations in surface water 
and sediment sufficient to cause adverse effects (on 
growth, survival, or reproduction) to avian species that may 

Great blue heron 

mammalian aquatic/wetland piscivores 

Survival, growth, and reproduction of 
mammalian aquatic/wetland omnivores. 

Adverse Effect Level (NOAEL) and Lowest Observed 

growth, survival, or reproduction) to mammalian species 
Adverse Effect Level (LOAEL) values for survival, growth, 

that may consume fish from the site? 
and/or reproductive effects with modeled dietary exposure 
doses based on mean sediment concentrations. 

Are site-related chemical concentrations in surface water Comparison of literature-derived chronic No Observed 
and sediment sufficient to cause adverse effects (on Adverse Effect Level (NOAEL) and Lowest Observed 
growth, survival, or reproduction) to mammalian species Adverse Effect Level (LOAEL) values for survival, growth, Raccoon 
that may consume aquatic plants and invertebrates from the and/or reproductive effects with modeled dietary exposure 
site? doses based on mean sediment concentrations. 

Page 3 of 3 FINAL 



Table 9-13 
Refined Screening Statistics - SWMU 22 - Ground Water 

NAS Oceana. Virginia Beach, VA 

I I Mean 
Screening Frequency of Hazard I 

Value c .____ A--- Chmti Chemical 

Manganese I -- - -- 

Silver - ..___ ~- 
PesticidelPolychlorinated Bipheq 

?~- 
-_ 

A-A’-DDT -T‘-o.olf _ 0.04 

t- 

“.” , 

120 
0.36 

rls w/u 

213 YES- 
__ -- I NO 

I __ __ -NO .~ -..-_ 
313 .YEs 

I __ -- NO 
213 YES 
_- -- f Nd 

0.001 NO 
Aroclor-1016 
Aroclor-1221 

NO 
NO 
NO’ 
NO 
NO _--. 
NO 
Nb 
NO 
NO 
NO 
NO 
hlrl 

0.01 
0.28 

Aroclor-1232 
A.r.nln. 4 r)A’) 

m”w”I- I LLtL 

Aroclor-1248 0.08 ~-.-___- -~~ - 
Aroclor-I 254 __--.---.- 
Chlordane 

0.03 -- I -- 
0.17 -- I -- Fl= 0.04 -- I_;- 
n nd I 

Endrin 

El Endrin aldehyde 
Heptachlor _ ~- _ 
Undnnhlnr nnnvirlr. 

I”” 

NO 
IweLl Ivnybl ,,“I 

Toxaphene .~- ____ 
Semi-volatile Organic Compounds (UGIL) ~. - ___~. 
2,2’-Oxybis(l-chloropropane) ---___ - .~ -~. .___ 
2.6-Dinitrotoluene 
2-Methylaniline -. 
2-Methylnaphthalene 
2-Nitroaniline 
3,3’-Dichlorobenzidine 

NSV - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit FINAL 
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Table 9-13 
Refined Screening Statistics - SWMU 22 - Ground Water 

NAS Oceana, Virginia Beach, VA 

I 

wd 
Quotient COPC’ 

Screenin! 
Value 

NSV 
2.30 
1.50 
0.30 
NSV 
NSV 
NSV 
NSV 
0.73 
NSV 
6.30 
0.01 ~___. ~- 
NSV 
NSV 
NSV 
42.0 
NSV 
NSV 
3.00 
NSV 
3.68 
9.30 
5.20 .~__- 
NSV 
6.69 
6.30 
NSV 
NSV 
NSV 

NO 
NO 
NO 

3-Nitroaniline 
4,6-Dinitro-2-methylphenol _ - .~. ~-_~ 
4-Bromophenyl-phenylether-pp __. -_~--. .- 
4-Chloro-3-methylphenol 
4-Methylphenol 
4-Nitroaniline 
Acenaphthylene ~-----_-~~~~-- .~~~~_~._ .____ 
Aniline 
Anthracene 
Benzidine ..J 

NO 

NO 

Benzo(a)anthracene 
Benzo(a)pyrene 

Benzoic acid ---- -~__ 
Benzyl alcohol 

-Chrysene ~-.~ _~~~~ .~_ 
DCn-octylphthalate __~ ~. ~~- ~~~ 
Dibenz(a.h)anthracene 

1 NSV 1 NO 
NO 
NO 
NO 
NO- 

Hexachlorobenzene 
Hexachlorobutadiene ..~___. 
Hexachlorocyclopentadiene 
Indeno(l,2,3cd)pyrene 
Pentachloroohenol 

NO 
NO 
NO 
NO 
NO 
NO 

Pvrene 
n-Nitroso-di-n-propylamine 
n-Nitrosodimethylamine 

NW - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit FINAL 

Page 2 of 3 



Table 9-13 
Refined Screening Statistics - SWMU 22 - Ground Water 

NAS Oceana, Virginia Beach, VA 

Chemical 

Maximum Sample ID of Mean 

Reporting Limit Frequency Concentration Co~;u~on Arithmetic Screening Frequency of Hazard 

Ranse of Detection Detected Mean Value Exceedance Quotient COPE 

Vinvl acetate 

NO 
NO 
NO - 
NO -, 
NO 
Iid 
NO 
NO 

NSV - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit FINAL 

Page 3 of 3 



Table 9-l 4 
Refined Screening Statistics - SWMU 22 - Surface Water 

NAS Oceana, Virginia Beach, VA 

Zinc 

Aroclor-1221 

Aroclor-1248 

Carbon disulfide 

NSV - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 

FINAL 
Page 1 of 1 



Table 9-15 
Refined Screening Statistics - SWMU 22 - Sediment 

NAS Oceana, Virginia Beach, VA 

Vanadium --___-- __....~. .~~ ~...-. ..~ 

Aroclor-1221 

Aroclor-1248 

Endosulfan I 

Endosulfan sulfate 

NSV - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 

FINAL 
Page 1 of 1 



Table 9-16 
Refined Screening Statistics - SWMU 22 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Mean 

COPC? II I Reporting Frequency Concentration Maximum 
I I imit Ranna nf natwtinn I 

Arithmetic Screening Frequency of Hazard 
Detected Concentration Mean Value Exceedance Quotient Chemical 

lnoroanics IMGIKGl 

Thallium 
Vanadium ._..__~ 

Iron 1 19.1 - 21.9 1 3 I 3 1 I nwss.asnmn I- 5 ~;cin I 3n 

PesticidelPolychlorinated Biphenyls (UWKG) -____--~ -. ~~ ~~~~~_ 
Endosulfan I - 2.12 0 13 ___~ --~~ 1-- 2.02 1 

~~~- 
Endosulfan II 
Endosulfan sulfate 
Heptachlor Toxaphene.. ..~~~-~-~~~-- ~__ 
--~__- .~-~ ~ 
Semi-volatile Organic Compounds (&/KG) __--- -. ~-~~.~ 
1 2-Dichlorobenzene I- --.----~~~~__~ . ~~ 
1,3-Dichlorobenzene --- -__ __- 
I-Methylnaphthalene 
2,2’-Oxybis(1 chloropropane) ~_..--~_ _~.~~ . ~~~-- 
2,4,5-Trichlorophenol 
2,CDimethvlohenol 

I.” 

NON 
NO 
NO 

3.92 - 4.12 
2.02 - 2.12 
202 - 212- - 

390 - 420 
390 - 420 
20.0 - 20.0 

. . I . . -NO 

. . I . . NO 

. . I -- t N! 
~- _. j .I 

. . I . . 

YES 
NO 
NO 
NO- -~ -. 
NO 

390 - 420 
980 - 1,000 
390 - 421) 

2Chlorophenol 
P-Methylnaphthalene 
P-Methylphenol --~ ~. 
2-Nitroaniline ___ ~-~~ 
2-Nitrophenol 
33’.Dichlorobenzidine 

495 NSV __.~~ 
202 NSV --- -- 

~~ 202 NW 
495 NSV -- _II - 1,000 1 0 ; 5-1. -- -I-- 3-Nitroaniline --.~~~ ~~._ -.1 . . 

NSV - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 

FINAL 
Page 1 of 3 



Table 9-16 
Refined Screening Statistics - SWMU 22 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Chemical 

-4,6-Din&o-2-methylphenol 
4-Bromophenyl-phenylether __..._-- 
4-Chloro-3-methylphenol 
4-Chloroaniline 

I-Chlorophenyl-phenylether ~_~_____~~~ -~~ -- 
4-Methylphenol - .-~ -~-- ~- ~~~ 
4-Nitroaniline 
4-Nitrophenol _.~~.. -- _~ 
Butylbenzylphthalate _- ..~ ~~ ~~. 
Carbazole --__~ 

~~ -- 

DCn-octylphthalate 
Dibenzofuran 
Fluoranthene _ 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane ____ ..~_~~ 
lsophorone 
bis(2Chloroethoxy)methane ___- _.~~~..~ 
bis(2Chloroethyl)ether ._~___ ~. ~~ 
bis(2-Ethylhexyl)phthalate 

. 

Maximum Sample ID of 1 

Reporting Frequency Concentration Maximum Arithmetic 

Limit Ranae of Detection Detected Concentration Mean 

NSV 1 -- / -- 

380 -* Jo** 

NSV _- j **- 

NSV ** j ** 

NSV -- ..__- / z 

NSV -- I -- 
100 113 
NSV 
NSV 
NSV 
NSV 
NSV 

I 

** / ** 

NSV 1. -j ** 

Mean 
Hazard 

Quotient 

NSV 
NSV 
-NSV 

~-NSV 
NSV - 

~~~~~~ 
- 

NSV 
~ 

NSV 
NSV 
NSV 
NSV 
1.14 
NSV 
NSV 
NSV 
NSV 
NSV 
NSV 
NSV 
NSV 

ZOPC 

NO 
Nb 
NO 

.NO 
-NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
-NO 

2-Hexanone 
2-Butanone 

Acetone 
Bromomethane 
Carbon disulfide 
Chloroethane 
Chloromethane 

NSV - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 

FINAL 
Page 2 of 3 



Table 9-16 Table 9-16 
Refined Screening Statistics - SWMU 22 - Surface Soil Refined Screening Statistics - SWMU 22 - Surface Soil 

NAS Oceana, Virginia Beach, VA NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Mean 
Reporting Reporting Frequency Concentration Frequency Concentration Maximum Maximum Arithmetic Screening Frequency of Hazard Arithmetic Screening Frequency of Hazard 

Limit Ranoe of Detection Limit Ranoe of Detection Detected Detected Concentration Concentration Mean Mean Value Value Exceedance Quotient COPC? Exceedance Quotient COPC? 

11.7 - 12.9 11.7 - 12.9 Q/3 -- Q/3 -- -. -. 6.08 6.08 NSV NSV -- I -- -- I -- NSV NO NSV NO 
11.7 - 12.9 11.7 - 12.9 o/3 o/3 -s -s . . . . 6.08 6.08 NSV NSV is 1 -- is 1 -- NSV Nb NSV Nb 

I I Maximum I Sample IDof I I I I Mean I II II 
Chemical Chemical 

Dibromochloromethane Dibromochloromethane 
o-Xylene o-Xylene 

NSV - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 

FINAL 
Page 3 of 3 



Table 9-17 
Summary of Mean Hazard Quotients for Food Web Exposures - SWMU 22 

IUAS Oceana, Virginia Beach, VA 

Page 1 of 4 



Table 9-17 
Summary of Mean Hazard Quotients for Food Web Exposures - SWMU 22 

NAS Oceana, Virginia Beach, VA 

Page 2 of 4 FINAL 



Table 9-17 
Summary of Mean Hazard Quotients for Food Web Exposures - SWMU 22 

NAS Oceana, Virginia Beach, VA 

11 Selenium 0.06 1 0.03 1 

0.02 1 NA 1 co.01 

Iii , -.-- , NA 

I 

, “.V_ , 

dni I 

I 4~01 I NA I NA I -co.01 co.01 1 NA 
<O.Ol 1 NA i NA 1 co.01 I co.01 1 NA 

_. . 

1 <CL01 1 co.01 1 
, .“.“I 

NA i t .ani I 

I 4.01 I 0.01 NA 0.01 0.0’ 
I I I 

co.01 I 
I I I 

Page 3 of 4 FINAL 
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Table 9-19 
Comparison of SWMU 22 Surface Soil COPC Concentrations to Background Concentrations 

NAS Oceana, Virginia Beach, VA 

On-Site I Background ’ 1 On-site Comparison to Background 

I I I I I On-site Mean 

Chemical 
. , . . . 

Frequency of 
Detection Maximum Arithmetic Mean Arithmetic Mean 

On-site Maximum Exceeds 
Exceeds Background Background 

Maximum? Mean? 
morgamcs (mgkg) 
Aluminum 3 I3 15,400 13,633 100,000 66,000 NO NO 
Chromium 3 I3 19.7 17.0 19.5 15.7 YES YES 
Iron 3 13 6,270 5,590 100,000 25,000 NO NO 
Vanadium 3 I3 20.1 18.3 500 76 NO NO 
Semivolatiles (@I) 

Fluoranthene I 2 I3 I 120 I 114 580 I 136 I NO I NO 

Background obtained from (CHPM HILL, 2000~). 

FINAL Page 1 of 1 



Table 10-l 
Summary Statistics - SWMU 26 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Standard 

Reporting Limit Frequency of Concentration Maximum Arithmetic Deviation of 
Chemical Range Detection Detected Concentration Mean’ Mean 

lnorganics (MG/KG) 
Aluminum 

-_---~ ~~__.~~~_~ .~~ ~~ 
43.7 - 51.8 313 OW26-SSO3-00 -___ 19,867 1,721 

Antimony 13.1 - 15.5 .l 13 
?E_ .~ 
0.53 OW26-SSO2-00 0.36 0115 - 

Arsenic 2.20 - 2.60 313 3.20 OW26-SSO2-00 2.60 
Barium 

0.53 __-~~- ~_~_ ~~ . --.- ~_ 
43.7 - 51.8 313 85.9 OW26-SSO2-00 77.5 7.34 

Beryllium 1.10 - 1.30 3 I3 0.83 OW26-SSO2-00 0.77 0.07 
Cadmium 1.10 - 1.30 1 I3 0.86 OW26-SSO3-00 0.46 0.34 
Calcium 1,091 - 1,294 3 I3 1,220 OW26-SSOl-00 930 372 
Chromium 2.20 - 2.60 3 I3 _ 23.5 OW26-SSO3-00 ~- 21.1 2.27 
Cobalt 10.9 - 12.9 213 
Copper 

3.10 OW26-SSO3-00 2.13 i.19 ..-__- 
5.50 - 6.50 3 I3 15.7 OW26-SSO3-00 12.2 3.50 

Cyanide 0.70 - 0.70 0 I 3 _- __ 0.02 2.32831E-10 
Iron 21.8 - 25.9 3 I3 
Lead ___-- 

6,050 OW26-SSOl-00 5,523 904 
0.70 - 0.80 3 I3 __-- ~~~~~~ ~_ 44.5 OW26-SSO3-00 29.0 13.5 

Magnesium 1,091 - 1,294 
-- _~.~.. 

313 1,070 OW26-SSO3-00 799 241 
Manganese 3.30 - 3.90 3 I3 Mercury .~~..-..----.-.__ - .~ 33.9 OW26-SSO3-00 23.0 9.85 

0.10 - 0.10 313 0.10 OW26-SSOl-00 0.09 0.006 
Nickel 8.70 - 10.4 3 I3 11.3 -~ ~~~~~~. ~~_~ ._ OW26-SSO3-00 9.87 1.27 
Potassium 1,091 - 1,294 --3 I 3 1,010 OW26-SSO3-00 923 142 
Selenium 1.10 - 1.30 1 I 3 - ---- 1.50 OW26-SSOl-00 0.73 0167 
Silver 2.20 - 2.60 1 I3 1.20 OW26-SSO2-00 0.73 0.41 
Sodium 0 / 3 

-.- 
__ -. ---.~.-- ~~~~_ _ --i-;69~4 40.0 6.21 

Thallium 2.20 - 2.60 o/3 __ __ 0.29 ~- 0.03 
vanadium 10.9 - 12.9 3 I3 
Zinc 

26.8 OW26-SSO3-00 24.7 ~- - --~~-.~~ ~-.~.~~~. ~.____.~.~~~ 2.15 
4.40 - 5.20 113 66.1 OW26-SSO3-00 31.0 30.4 

PesticidelPolychlorinated Biphenyls (l&/KG) 
1,4'-DDD 

~__-- ~~I 4~~~-~ 
___. ..~ ~.~~- -~ t,4-DDE 

-3: 

FINAL 
Pagelof6 1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 



Table 10-l 
Summary Statistics - SWMU 26 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Chemical 

Aroclor-I 016 44.3 - 47.7 0 ~ ._~ ~~ ~~- 
Aroclor-1221 
Aroclor-I 232 

Aroclor-I 248 

Aroclor-1260 

Endosulfan I 2.28 - 2.46 0 

Endosulfan sulfate 

Endrin aldehyde 
Endrin ketone 

alphaChlordane 

6.23 
ii.9 --.. 
119 
1.20 

-m6-SSO3-00 4.18 
beta-BHC -___-___.~~ __ 
delta-BHC ____~ -~. 
gamma-BHC (Lindane) __.._~ ___.~~ .___- -- 
gammaChlordane --___- ~-~ .__ 
Semi-volatile Oraanic Compounds 

- 2.46 
- 2.46 

1,2,4-Trichlorobenzene 1 440 s 2,400 1 0 

0.09 
0.95 
0191 
1.85 
0.91 
0.91 
0.91 
0.91 
0.91 

O.bil 

0.05 

0.09 
0.09 

O.OY 
0.09 
0.09 
0.05 
2.38 
0.47. 
4.70 __- -.~ 
0.05 
2.94 
0.05 
0.05 
0.05 
2 711 

1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 
FINAL 

Page 2 of 6 
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Table 10-l 
Summary Statistics - SWMU 26 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Standard 
Reporting Limit Frequency of Concentration Maximum Arithmetic Deviation 01 

Chemical Range Detection Detected Concentration Mean’ Mean 
1 ,PDichlorobenzene 440 - 2,400 013 __ __ 552 562 
1,3-Dichlorobenzene 

~__- 
440 - 2,400 o/3 __ =E 552 562 

1,4-Dichlorobenzene 
-~ .~~__~ 

440 - 2,400 o/3 __ __ 552 562 

mthylnaphthalene 21.0 - 24.0 - -~____. o/3 __ .- 11.3 0.76 

2,2’-Oxybis(1 chloropropane) 440 - 2,400 o/3 __ __ 552 562 

2,4,5-Trichlorophenol 1,100 - 6,000m o/3 -_ __ 1,383 1,400 

2,4,6-Trichlorophenol 440 - 2,400 o/3 __ __ 552 562 
----.--- - 2,CDichlorophenol ~- --~~-~ 440 _ 2,400 013 __ -a %52- 562 _- .~_ __. ~.~ 

2,CDimethylphenol 440 - 2,400 o/3 __ __ ____. 552 ~.~ 562 

2,CDinitrophenol 1,100 - 6,000 o/3 -- __ 1,383 1,400 

2,4-Dinitrotoluene 440 - 2,400 o/3 __ .- 552 562 
2,6-Dinitrotoluene 440 - 2,400 o/3 __ 
2Chloronaphthalene 440 - 2,400.- 01 3 __ .~ 

__ 
P-Chlorophenol 440 - 2,400 o/3 -- 

---___ 2-Methylnaphthalene 21.0 - 24.0 013 __ 
2-Methylphenol 

__-- ~~ 
440 - 2,400 o/3 ~.~-__ _. ~~ 

2-Nitroaniline 1,100 - 6,000 013 ~ .-. ..__ 
2-Nitrophenol 440 - 2,400 013 
3,3’-Dichlorobenzidine 440 - 2,400 o/3 -.__- -. 
3-Nitroaniline 1,100 - 6,000 o/3 
4,6-Dinitro-2-methylphenol 1,100 - 6,000 o/3 
Q-Bromophenyl-phenylether 440 - 2,400 o/3 __ 
4-ChloroS-methylphenol 440 - 2,400 o/3 -_ 
Khloroaniline 440 - 2,400 o/3 .- -. ---~~~- ~-- 
4-Chlorophenyl-phenylether 

__-. 
440 - 2,400 o/3 -_ 

GMethylphenol 440 - 2,400 013 -. 
&Nitroaniline 1,100 - o/a.- 

6,000 
---.- -- 

--.__- 1 kI:l.--l.---l a >^^ ^^-^ _ ._ 
1,383 1 

FINAL 
1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 



Table 10-l 
Summary Statistics - SWMU 26 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Sample ID of 
Maximum 

Concentration 

Standard 
Deviation of 

Mean Chemical 

1 Maximum 
Arithmetic 

Mean’ 
Reporting Limit 

Range 
21.0 - 24.0 
42.0 - 48.0 

Acenaohthene 
__ 

OW26-SSO3-00 
OW26-SSO3-00 ---~ ~~ 
OW26-SSO3-00 
OW26-SSO3-00 
OW26-SSO3-00 
OW26-SSO3-00 -~ __ .-.- 
OW26-SSO3-00 
OW26-SSO3-00 .____~~ .~ 
OW26-SSO3-00 

Acenaphthylene __-~- ____ .~~ -__ ~ -.__ 
Anthracene 
Benzo(a)anthracene ~~ ._-. ___ ~~~ 
Benzo(a)pyrene ~- 
Benzo(b)fluoranthene .~ ~.-__-~...-.-~~ - -__ .~~ 
Benzo(g,h,i)perylene __~-~- --.~~ ~~ 
Benzo(k)fluoranthene -~ __ 
Butylbenzylphthalate ~.~--~~ ___ ~__.~~ 
Carbazole -- -.. __- ~~ .~~.~.___ 
Chrysene ~~. ___ ~--___ _~ .- ~- 
Di-n-butylphthalate __ -~_.-___ ~ ~~~ ~ ~ 
Di-n-octylphthalate ____~ -~~~~ -.- 
Dibenz(a,h)anthracene ~~._~..~~ - --~ 
Dibenzofuran ~~. __ ~ 
Diethylphthalate ~~ ~____ - 
Dimethyl phthalate - -. 
Fluoranthene ._~ - .~__- -~~ __- 
Fluorene -~. 
Hexachlorobenzene _~_ ___~ -. __-~ -~ ___- ~~~ 
Hexachlorobutadiene 

-39.6 
173 
46.1 
31.3 
495 
494 - _. --.-- 
44.0 
445 
552 
2.25 
552 
552 
552 
251 

552 
552 
552 

44.1 
266 
64.3 
41.8 
616 
617 
58.0 
654 
562 
0.15 
562 
562 
562 
354 
0.15 
562 
562 
562. 
562 

2.00 - 2.00 _ ~-~~. 
4.50 - 480 
4.20 - 4.80 - 
2.00 - 2.00 - -~ 
440 - 2,400 .--__ 

_ ?40-2,40!- 
2.00 - 2.00 __--__ 
440 - 2,400 
440 - 2,400 --~-~ -__ 
4.20 - 4.80 ___~ .~~~ 
440 - 2,400 
440 -2,400 ~. -. .~-- 
440 - 2,400 

OW26-SSO3-00 
I_ 

4.50 - 480 
-4.20 - 4.80 

440 - 2,400 
440 - 2,400 
440 - 2,400 
440 - 2,400 

Hexachlorocyclopentadiene --___ ___ .~ ~___- 
Hexachloroethane ~_~ _-__ .--~ __.~ ..__ 
Indeno(l,2,3-cd)pyrene ___ -~ ___. ~ 
lsophorone -~___ ~~~- -- 
Naohthalene 

552 
2.00 - 2100 _.- 
440 - 2,400 
21.0 _ 24.0 
440 - 2,400 -___-~ 

1,100 - 6,000 

39.9 43.0 -- 
552 562 
11.3 0.76 
552 562 

1,383 1,400 
Nitrobenzene 
Pentachlorophenol 

FINAL 
Page 4 of 6 1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 



Table 1 O-l 
Summary Statistics - SWMU 26 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Chemical 

Phenanthrene -___- _-~~- 
Phenol - _ ~___-~. ~~~ 
Pyrene 

Maximum Sample ID of 

Reporting Limit Frequency of Concentration Maximum Arithmetic 

Ranqe Detection Detected Concentration Mean’ 

2.00 - 2.00 313 83.0 OW26-SSO3-00 38.3 
440 - 2,400 0 I3 __ __ 552 ._-- ~.___. ..~ ___--. .- __~ ..-- 
2.00 - 480 3 I3 560 OW26-SSO3-00 210 

bis(2Ghloroethoxy)methane 
bis(2Ghloroethvl)ether 
bis(2-Ethylhexyl)phthalate --. --~ .~ 
n-Nitroso-di-n-propylamine 
n-Nitrosodiohenvlamine 
Volatile O;ganik%~ounds (N/KG) 

I 

Jl,l-Tr~~hloroethane 
1 ,I ,2,2-Tetrachloroethane - 
1 .1,2-Trichloroethane -.--A _ 
1 ,l-Dichloroethane 
1 ,I-Dichloroethene -~-- ___ 
1 ,PDichloroethane 
1,2-Dichloroethene (total) ~. ___~~.. .~- 
1 ,P-Dichloropropane 

-k?-Butanone 
-~ -~___. 

P-Hexanone 
4-Methvl-2-oentanone -I 13.4 - 14.0 

.i3.4 - 14.0 
Acetone 
Benzene .-__-. 
Bromochloromethane ___. .-~-. 
Bromodichloromethane .~- . . ___-. 
Bromoform 
Bromomethane 
Carbon disulfide 
Carbon tetrachloride -~--- 

552 
552 
590 -. 
552 
552 

-~ __- 
6.89 -_- ~~~~ 
6.89 
6.89 -__-~ ~~-~ 
6.89 
6.89 
6.89 
6.89 
6.89 
3.32 -____-_-. 
6.89 _- -~-.~-. 
6.89 
8.67 _.-.. _.__ --.-. 
6.89 
50.0 
6.89 
6.89 
6.89 
6.89 
6.89 ~~~.--~ ~__ 

Standar 
Deviation 

Mean 

38.9 
.562 
303 
562 
562 
534 
562 
562 

0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
3.16 
0.15 
0.15 
5.58 
0.15 

0 
6.15 
0.15 
0.15 
0.15 
0.15 

_ 

FINAL 
1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. Page 5 of 6 



Table 10-l 
Summary Statistics - SWMU 26 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Chloroethane ___ ~~_~~____ ~-~ ___ -~~ 
Chloroform 
Chloromethane --~~~ ___- - 

~___ 
~~.- 
Dibromochloromethane ~. .___- --_ ~~.___~ 
Ethylbenzene ___ -~- - ___~_~ 
Methylene chloride .___ ~-~. 

-__-. - 

___-- Toluene 

1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 

FINAL 
Page 6 of 6 



Assessment Endpoint 
Terrestrial Habitats 

Table 1 O-2 
Preliminary Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints - SWMU 26 

NAS Oceana, Virginia Beach, VA 

I Risk Hypothesis I Measurement Endpoint I Receptor 

Survival, growth, and reproduction of 
terrestrial soil invertebrate communities. 

Survival, growth, and reproduction of 
terrestrial plant communities. 

Are site-related surface soil concentrations sufficient to 
adversely effect soil invertebrate communities based on 
conservative screening values? 
Are site-related surface soil concentrations sufficient to 
adversely effect terrestrial plant communities based on 
conservative screening values? 

Comparison of maximum chemical concentrations in 
surface soil with soil screening values. 

Comparison of maximum chemical concentrations in 
surface soil with soil screening values. 

Soil Invertebrates 
(earthworms) 

Terrestrial plants 

Survival, growth, and reproduction of 
avian terrestrial insectivores. 

Are site-related chemical concentrations in surface soils Comparison of literature-derived chronic No Observed 
sufficient to cause adverse effects (on growth, survival, or Adverse Effect Level (NOAEL) values for survival, growth, 
reproduction) to avian species that may consume soil and/or reproductive effects with modeled dietary exposure 
invertebrates from the site? doses based on maximum soil concentrations. 

American robin 

FINAL Page 1 of 1 



Chemical 

lnorganics (MG/KG) 

Table 1 O-3 
Preliminary Screening Statistics - SWMU 26 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Maximum Sample ID of Maximum 
Maximum Hazard Reporting Frequency Concentration 

Limit Ranqe of Detection Detected Concentration 
Screening Frequency 0f 

Value Exceedance Quotient’ COPC’ 

Iron 

PjsticidelPolychlorinated Biphenyls (UGIKG) 
W-DDD ._ 
4$-DDE 
!,4’-DDT 

NW - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

FINAL 
Page 1 of 6 



Table 1 O-3 
Preliminary Screening Statistics - SWMU 26 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Aroclor-1016 --.___~~--. __- 
Aroclor-1221 -___-- -__- ~- __ - 
Aroclor-I 232 -__-. ~~ 

Dieldrin 

-__ ~-~ 
Endosulfan II .~-- ___ -~ ___~~_ 
Endosulfan sulfate __~ _~ 

~~. - ~ 

___~~~~ 
Semi-volatile Organic Compounds (UGIKG __ ~~ ~~___~~_ ___.~~. 
1,2,4-Trichlorobenzene .---___ - 
,BDichlorobenzene 1 -.- ~~___ -.___ ~- 

NSV - No Screening Value _ 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

FINAL 
Page 2 of 6 



Table 1 O-3 
Preliminary Screening Statistics - SWMU 26 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Z-Nitroaniline __-- -.... 

jIChlorophenyl-phenylether 
4-Methylphenol ~-- -___- ~- __-.~- ____-~ -- 

~___. ~- - 

NW - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

FINAL 
Page 3 of 6 



Table 10-3 
Preliminary Screening Statistics - SWMU 26 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Carbazole 

.___ ~-~-.___~ ~~ ~- 
Diethylphthalate ~ ~____ ~~~~ ~~ ~~ 
Dimethyl phthalate 
Fluoranthene ~~. -_ __~ ~ -~--- .~~ 
Fluorene ~~~__ - ~~__~ 
Hexachlorobenzene 

Phenol -~~ ~~ 
Pyrene 

&(2-Ethylhexyl)phthalate 
-I! - -” ̂ _.. ,^-:^^ 

360 ---___ 

NSV - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

FINAL 
Page 4 of 6 



Table 1 O-3 
Preliminary Screening Statistics - SWMU 26 - Surface Soil 

NAS Oceana. Virainia Beach. VA 

fb4aximum Sample ID of Maximum 

Reporting Frequency Concentration Maximum Screening Frequency 0f 
Hazard 

Chemical Limit Range of Detection Detected Concentration Value Exceedance Quotient’ COPC’ 

n-Nitrosodiphenylamine 440 - 2,400 1 0 I 3 
. ^^^ :I .Asma, -i-!mM~* 

~___-._~.~.~-~ 
Volatile Oraanic Comoounds (U 

__ 

2-Hexanone 
4-MethylQ-pentanone -1 1 13.4 - 14.0 1 0 / 3 L : ---r -- 

Benzene -.__. 
Bromochloromethane 
Bromodichloromethane 
Bromoform I I I -- 13.4 - 14.0 0 / 3 -- -. 
Bromomethane I 13.4 - 14.0 I 0 / 3 I -- I -- -NS\I 

Carbon ~-~ disulfide I 
..___ -~ 

13.4 - 14.0 I 0 / 3 I 7 -- I 

Chloromethane 
Dibromochloromethane 
Ethvlbenzene 
Methylene chloride 
Stvrene 
Tetrachloroethene 

NSV - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

FINAL 
Page 5 of 6 



Table 10-3 
Preliminary Screening Statistics - SWMU 26 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Toluene 

cis-1 ,P-Dichloroethene 

o-Xylene __ - -~ 
Vans-1 .P-Dichloroet 

-tram-l ,3-Dichloro ro I---p ----- ~.- --1- 134 _ 14(-j I ew 

Maximum 

Frequency of Hazard 

Exceedaice 1 Quotient’ 1 COPC? 

NW - No Screening Value 
1 - Shaded Cells indicate Maximum Hazard Quotient based on Maximum Reporting Limit 
2 - Macronutrient - Not considered to be a COPC 

FINAL 
Page 6 of 6 



Table lo-4 T: 
Summary of Maximum Hazard Quotients for Food Web Exposures - SWMU 26 

NAS Oceana, Virginia Beach, VA 

Chemical 
American robin 

NOAEL 1 LOAEL 
I I 

1,2,4-Trichlorobenzene NA NA 
1,SDichlorobenzene co.01 co.01 

Page 1 of 2 FINAL 



Table 10-4 

Summary of Maximum Hazard Quotients for Food Web Exposures - SWMU 26 
NAS Oceana, Virginia Beach, VA 

. _, 

n7iriinn NA / NA II 

lorophenyl-Phenylether I NA I NA 
I .-.,..a 

Acenaphthylene 

(rmBenzo(a)anthracene 

nthene 
!o(g,h,i)perylene 

( co.01 I co.01 
<O.Ol co.01 II 

--.-. 

d\nhthnlate I 0.02 ’ 

II Carbazole 
11 Chrysene 
11 Dibenz(a,h)anthracene 

. . . 
1 <u.u I 1 co.01 
I --. 

co.01 

Hexachloro 

Page 2 of 2 FINAL 



Table 1 O-5 

lnorganics 

Preliminary Summary of COPCs - SWMU 26 - Screening ERA 
NAS Oceana, Vir@nia Beach, VA 

Chemical Surface Soil I Food web 
MD 1 MRL 1 NSV 1 MD 1 MRL 1 NS 

MD - Maximum detect exceeds screening value 
MRL - Not detected; maximum reporting limit exceeds screening value 
NW - No screening value 

FINAL 
Page 1 of 2 



Table 1 O-5 
Preliminarv Summary of COPCs - SWMU 26 - Screening ERA 

Dibenz(a,h)anthracene -__ 

Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 

1 ,l -Dichloroeth6 IG 

MD - Maximum detect exceeds screening value 
MRL _ Not detected; maximum reporting limit exceeds screening value 
NSV - No screening value 

FINAL 
Page 2 of 2 



Assessment Endpoint 
Terrestrial Habitats 

Table 1 O-6 
Refined Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints - SWMU 26 

NAS Oceana, Viroinia Beach, VA 

I Risk Hypothesis I Measurement Endpoint I Receptor 

Survival, growth, and reproduction of 
terrestrial soil invertebrate communities. 

Survival, growth, and reproduction of 
terrestrial plant communities. 

Are site-related surface soil concentrations sufficient to 
adversely effect soil invertebrate communities based on 
conservative screening values? 
Are site-related surface soil concentrations sufficient to 
adversely effect terrestrial plant communities based on 
conservative screening values? 

Comparison of mean chemical concentrations in surface soil Soil Invertebrates 
with soil screening values. (earthworms) 

Comparison of mean chemical concentrations in surface soil 
with soil screening values. 

Terrestrial plants 

Survival, growth, and reproduction of 
avian terrestrial insectivores. 

Are site-related chemical concentrations in surface soils 
sufficient to cause adverse effects (on growth, survival, or 
reproduction) to avian species that may consume soil 
invertebrates from the site? 

Comparison of literature-derived chronic No Observed 
Adverse Effect Level (NOAEL) and Lowest Observed 
Adverse Effect Level (LOAEL) values for survival, growth, 
and/or reproductive effects with modeled dietary exposure 
doses based on mean soil concentrations. 

American robin 

FINAL Page 1 of 1 



Table 1 O-7 
Refined Screening Statistics - SWMU 26 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

I I Maximum Sample ID of I Mean 

Aluminum 143.7-51.81 3/3 I 21.100 I 01 

24.7 
31.0 

NSV 
NSV 

12.3 YES 
0.62 Nd 

NSV NO 
NSV NO 
NSV NO 
NSV NO- 
NSV NO-- 

Vanadium _____ ..- 
Zinc -__- - ~~ ._____ 
Pesticide/Polychlorinated Biphen! 
Endosulfan I 
Endosulfan II 

__._- 
2.32 
2.32 
1.20 

EndosulfansulfaK--- 
----- Heptachlor Heptachlor 
Toxaphene Toxaphene ~___ ~ ~___ ~ 

.~-.-~--.~--- --fpz;: 
I-zi : ;iFj-- ~~~ 

-Semi-volatile Organic Compounds (N/KG) -Semi-volatile Organic Compounds (N/KG) 
--r --r J ,2,4-Trichlorobenzene 

1 .PDichlorobenzene 

-Gii 
NSV .__ 
NSV 

NO 
NO -- 
NO 
NO--~ 
NO 
NO ~-~ 
NO 
No 
NO 
NO ~-~ 

L ~-.. 

1,3-Dichlorobenzene 
1,6Dichlorobenzene 
1 -Methylnaphthalene ~- .- 
2 2’-Oxybis(1 chloropropane) 2..--- 
2,4,5TrichlorophenoI _ ___ .~~.-.~ .- 

2,4,8Trichlorophenol 
2,CDimethylphenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
2Chloronaphthalene ___-- 
2-Chloroohenol 

NO ~-~ 
NO 
NO 
NO 
NO 

-.A -_ 

2-Methylnaphthalene 
2-Methylphenol 

FINAL 
Page 1 of 3 

NW - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 



Table 10-7 
Refined Screening Statistics - SWMU 26 - Surface Soil 

NAS Oceana, Virginia Beach. VA 

Reporting 

~~. ___ .-- 
-3,3’-Dichlorobenzidine 

Carbazole 

Dibenzofuran 

Hexachlorobutadiene 1 440 - 2,400 
Hexachlorocvclooentadiene 
Hexachloroethane 

I 440 - 2,4 
I 440 - 2,4 

lsophorone 
Qtrobenzene .~~~ ~. 
Pentachlorophenol ~..~~ ~___ ~ - 

IPhenol 
Pyrene -~- ~ 
bis(2Chloroethoxy)methane 440 - 2,400 

0 13 . . 
0 I3 __ ___-. -. ___.~ - 
o/3 *- .-..___ .~ 

IT-- ~--~ 

o/3 -- __.- 
o/3 -- 
o/3 -- 

6.46 
~NSV 
NSV 

COPC? 

NO 
NO 
NO 
NO - 
NO 
NO 
NO 
NO 
NON 
NO 
NO 
NO- - 
YES 
N6- 
NO -“.a...w 
NO -- 
NO 
NO 
NO- 
YES 
NO-- 

-NO .- 
NO 
NO 
NO 
NO 
NO 
NO 
YES 
NO 

NSV - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 

FINAL 
Page 2 of 3 



Table 1 O-7 
Refined Screening Statistics - SWMU 26 - Surface Soil 

NAS Oceana, Virginia Beach, VA 

Volatile Organic Compounds (UGIKG) 
!,I-Dichloroethene 13.4 - 14.0 --0 I 3 -- . . 6.89 NSV -- I -- f&V NO -~ 
P-Butanone 

_-- ~~_~._~______ .~ 
13.4 - 14.0 o/3 -- . . 3.32 --.--~..~ ~ NSV NSV NO ~- __--.. --.. 

2-Hexanone 
--~ I. / ..-- 

13.4 - 14.0 o/3 -- . . .--. ~~~ 6.89 NSV ~.~ . . 1 :. NSV NO 
Acetone 13.4 - 14.0 

.~.___ ~- ___~ -~. ___- ..- _._. 
o/3 -- . . 8.67 NSV ~~ ~__.. -- / -- NSV NO 

Bromomethane 13.4 - 14.0 0 I3 . . . . .__ .~- ~~~. _____~~~~~~~ _ 6.89 NSV -.. / -- NSV NO 
Carbon disulfide 13.4 - 14.0 013 -- . . -.-__-~ -~ 6.89 NSV ~__ Jo.. NSV NC? 
Chloroethane 13.4 - 14.0 

~.-.___-- -~.~.~-.~___ .~~ 
o/3 -- . . 6.89 NSV -- / -- NSV -- NO 

Chloromethane 13.4 - 14.0 
o / 3-~~~ ..___--... 

. . . . 6.89 NSV -- ! -- NSV NO 
Dibromochloromethane 

--~~ .__-~- 
13.4 - 14.0 o/3 -- 

- - -._ 
. . 6.89 NSV . . 1 . . NSV NO 

NSV - No Screening Value 
Shaded Cells indicate Hazard Quotient based on Reporting Limit 

FINAL 
Page 3 of 3 



Table 10-8 
Summary of Mean Hazard Quotients for Food Web Exposures - SWMU 26 

NAS Oceana, Virginia Beach, VA 

Chemical 
American robin 

NOAEL ) LOAEL 
I 

Endosulfan I co.01 co.01 
Endosulfan II co.01 <O.Oi 
Endosulfan Sulfate co.01 co.01 
Heptachlor co.01 co.01 
Toxaphene 0.01 co.01 

hlorobenzene 

vlnaohthalene 
, . . . . 

NA I 

o-3-Methylphenol NA NA 11 

ranthene 

wysene 1 co.01 ,.. 

ylphthalate 
ylphthalate 

11 Hexachlorobenzene 

loroethane 
pnthalene 
. . . . . 

ryrene 

Carbon Tetrachloride 
Chlorobenzene 

NA NA 
NA NA 

Page 1 of 2 FINAL 



Table 1 O-8 
Summary of Mean Hazard Quotients for Food Web Exposures - SWMU 26 

NAS Oceana, Virginia Beach, VA 

Chemical 
American robin 

NOAEL [ LOAEL 
I 

Page 2 of 2 FINAL 



Table 10-9 
Refined Summary of COPCs - SWMU 26 

NAS Oceana, Virginia Beach, VA 
Chemical I SurfaceSoil I Food web 

II lnoraanics 
Aluminum 
Chromium 

I X I 
X -. 

Iron 
Vanadium 
Semi-volatile Organic Compounds 
Benzo(b)fluoranthene 
Fluoranthene 
Pyrene 

X 1 
X 

X 
X 
X 

FINAL Page 1 of 1 



Comparison of SWMU 26 Surface Soil C 

FINAL Page 1 of 1 



Table 1 O-l 1 

Screening - Total PAHs - SWMU 26 

NAS Oceana, Virginia Beach, VA 

OW26-SSOl -00 
OW26-SSO2-00 
OW26-SSO3-00 

Total PAH (us/kg) Screening Value Hazard Quotient 

281 4100 0.069 

396 4100 0.097 

2501.4 4100 0.610 

FINAL 
Page1 of1 
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Source Transport Pathways Exposure Media Exposure Route Receptors 
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A 
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FIGURE 4-2. PRELIMINARY CONCEPTUAL MODEL 
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---b Incomplete migration pathway (not used) 

l - Exposure Route evaluated quantitatively 
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Source Transport Pathways Exposure Media Exposure Route Receptors 
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Source Transport Pathways Exposure Media Exposure Route Receptors 

SWMU 16 - 
Pesticide Storage 
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I 
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FIGURE 7-2. PRELIMINARY CONCEPTUAL MODEL l - Exposure Route evaluated quantitatively 
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Source Transport Pathways Exposure Media Exposure Route Receptors 
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Source Transport Pathways Exposure Media Exposure Route 

SWMU 22 - 
Construction 
Debris Landfill 
(waste fuels) - Surface Water ___)v Ingestion 

A 
Direct Contact 
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FIGURE 9-2. PRELIMINARY CONCEPTUAL MODEL 
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l - Exposure Route evaluated quantitatively 
* - Exposure Route not evaluated quantitatively 

(see text) 
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Appendix A 
Analytical Data 



APPENDIX A 

NS 

B 

J 
K 

L 

NJ 

U 

UJ 
UL 

SUMMARY OF DATA QUALIFIERS AND OTHER CODES 

Not Sampled 

Analyte not detected above associated blank 

Reported value is estimated 

Reported value may be biased high 

Reported value may be biased low 

Estimated; tentative identification 

Analyte not detected 

Analyte not detected; quantitation limit is estimated 

Analyte not detected; quantitation limit is probably higher 



\ / 
Table --1-l , 

Raw Data 
SWMU 28 - Ground Water 

NAS Oceana, Virginia Beach, Virginia 

NS - Not sampled 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
JB 
R : Unreliable result 

U - Analyte not detected 
UJ - Not detected, quantitation limit may be inaccurate 

UL 
Page1 of 12 

WDC003670364.ZIP 



Table A-l-l 
Raw Data 

SWMU 28 - Ground Water 
NAS Oceana, Virginia Beach, Virginia 

Sample D& 

Chemical Name 

-DWZB-MW17-94A OWPB-MWl7-ROl OW20-MWl694A ~-.-..- ._--~- -~ 

/ I 
___-. -- _.~~~~~.~.. I 

-,i -J .~.~~~.~ ! 

Dichlorodifluoromethane 

./ +-----t+--.-m--NSL 

OW2B-MW18-ROI 

_.... -.--- - 
IU 

0.2J. 

---!g!(L 

NS/ 

NS - Not sampled 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
JB 

U - Analyte not detected 
UJ - Not detected, quantitation limit may be inaccurate 

UL 

$+“a. 
R Unrel’ ‘,sult 

3 

OW2B-MWI 9-94A OWZB-MWl g-R01 

5itJ 

io!u 

NSi 

NSj 

5iU 

5ju 

IO/U 

NS; 

+J 

51” 

51” 
5u 

i, 1 
5u 

10 u 

2u 

5u 
I 

~“%I 

~.I- NS 

.--$ 

I 

I NS, 
NS: 

NS; 

NSi 

NSj 

NS/ 
NSI 

NS’ 

NS’ 

NSi 

NS; 

OW2B-MW20-940 
-----I 

Peqe2of 12 
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:\ I” 

Table . .-1-l 
Raw Data 

SWMU 2B - Ground Water 
NAS Oceana, Virginia Beach, Virginia 

Sample Date 

Chemical Name -_ --. ..-...-.---- --~-~- -- 

2,6D[nitrotoluene ______.-. ~-~- 
2Chloronaphthalene 

P-Chlorophenol 

2-Methylnaphthalene 

2-Methylphenol 

2-Nitroaniline _-- .~~ ~- 
2-Nitrophenol 

3,3’-Dichlorobenzidine . .._ -..---~. ~~-~-- - --__ 
3-Nitroaniline 

4,61Dinitro-2-methylphenol 

4-Bromophenyl-phenylether -.~-~-_-- 
4-Chloro-3-methylphenol 

4Chloroaniline 

4.Chlorophenyl-phenylether 

4-Methylphenol 

4-Nitroaniline _ ____~ -.-- 
4-Nitrophenol 

Acenaphthene 

Acenaphthylene 

Anthracene _ ~.-.--.-. 
Benzo(a)anthracene 

Benzo(a)pyrene ~. .- 
Benzo(b)fluoranthene 

ienzo(g h i)perylene 
_ ~.~ ~__ 

..-1-‘- ~ 
Benzo(k)fluoranthene 

Butylbenzylphthalate ..- --~___- 
Carbazole _._~~~. 
Chrysene 

Di-n-butylphthalate 

Di-n-octylphthalate _-..-.-~~-.~--. 
Dibenz(a,h)anthracene 

Dibenzofuran 

Diethylphthalate .~___ 
Dimeinyl phinaiate 

Fluoranthene 

NS - Not sampled 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
JB 
R - Unreliable result 

OWPB-MWl7-94A_ $y2B-MW17-ROt OW2B-MW1894A- 

I 

CWPB-MWl8-ROl_ 

_~- 1 --- 1 _.--.-------- -.,. 
NS 10 u -- _-.-. -- .-.- ~. -.--- JA --- 
NS IO u ~~- - - -~ ----.- N% _ ~. - _-.-~ 
NS IO u _ -.- -. _ NSl -.-.- ~.~ -~~ --.-. - - ; 
NS 10 u -----__ - --. .--.-. -.-El. 
NS 10 u --FL. 
NS 25 U _- -.. F-1 

r - .- 

- 

IO’UJ 

10 u 

10 UJ ---.- -. 

t 0.1 UJ 

U - Analyte not detected 
UJ - Not detected, quantitation limit may be inaccurate 

UL 

IO u 
I--- 

0.1 u 

OWPB-MWI 9-94A 

El 
NS/ 

NSI 
NSI 
NSi 

NS/ 
NSI 
NSI 
NS’ 

q: 
NS’ 

i NSI 
NSt 
NS 

N$ 

NSI 

NSi 

NSI 

NSi .~ _- -.. 
NS+ 

4 
NS 

NSI 

FjSi 

NSI 

( r - 
. 

_. 

.- 

3W2B-MW19-ROl 
-I 

-F)y2B-MW20-94B 

-.c. I. 
10 u .~ .- 
1ou 

--cl u’ 

10 u NS 

10 u NS 

25 U is - 

IOli 

IO u ?!S 

0.1 u NS 

Page3of 12 
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Table A-l -1 
Raw Data 

SWMU 28 - Ground Water 
NAS Oceana, Virginia Beach, Virginia 

exachloroethane 

s(2Xhloroethoxy)methane 

NS - Not sampled 
8 - Analyte not detected above associated blank 
J - Reported value is estimated 
JB 
R - Unref’ ~sult 

~~%-MW17-94A 1 OW26-MW17-ROI OW2B-MW18-R01 
---I 

OW2B-MW19-94A OW2B-MWl g-R01 
--- I I----------- ~- ~----.~ 

U - Analyte not detected 
UJ - Not detected, quantitation limit may be inaccurate 

UL 

,d’ 4, 
Page4of 12 

WDC’ ‘1364,ZIP 



Tabla _ A-1 
Raw Data 

SWMU 2B - Ground Water 
NAS Oceana, Virginia Beach. Virginia 

Sample Date 

Chemical Name 

--. 
Endrin ___ 
Endrinaldehyde 

Endrin ketone _._ 
Heptachlor 

Heptachlor epoxide .-- 
Methoxychlor 

Toxaphene 

alpha-BHC __.___~_ 
alpha-Chlordane - .-...-~ -.._-. -_ 
beta-BHC 

delta-BHC 

gamma-BHC (Lindane) 

gamma-Chlordane 

Total Metals (UOIL) 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Cyanide 

Ferric iron __.-.-.- 
Ferrous iron 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

NS - Not sampled 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
JB 
R - Unreliable result 

!B-MWlg:g!A ~_____-_- 
I 

OW2B-MWl g-R01 OW2B-MW20-94B- OWPB-MW17-94A OW2B-MW17-ROI OWPB-MW18-94A OWSB-MWl8-ROl __ ..-__- _-.. OE 

..-. ~~. .- .~ 

NS/ 
NSI 

NSi 

NS 41.2 J ___-- 
NS 0.2 u 

NS 

I -- 
10 u 

I I m-m I I .- 

NS 

f 
.~.. - -. 

NS 

NS 1.7 U NS h&C I”U 

NSI 1 1,870 J NS NS/ 

U - Analyte not detected 
UJ - Not detected, quantitation limit may be inaccurate 

UL 
Page5of 12 
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Table A-l -1 
Raw Data 

SWMU 2B - Ground Water 
NAS Oceana, Virginia Beach, Virginia 

UWZtl-MWl 
-...-- _ . . . . 7-g4A 

- __O~?B-MW17-R01 1 OW2B-MW18-9jA OW2B-MW18-ROI 

I 
_ __-_--.__..__ 

_.~_. - 
NS 

NS 

NS 

NS 

NS 

NS _ _~--.-. 

NS 

NS 

NS 

NS 

Redox 

Specific conuublal lti= 

Sulfate 
E,,lfiAo 

ganic carbon (TOC) 

NS - Not sampled 
B I Analyte not detected above associated blank 
J - Reported value is estimated 
JB 
R - Unrel’ fsult 

U - Analvte not detected 
UJ - Not detected, quaititation limit may be inaccurate 

UL 

OW2B-MWl9-94A 1 OW2B-MWl9-ROI OW2B-MW20-948 

NSi - - - 
NSI 

NSi 

NSi 

Page 6 of 12 
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I; /’ 

NS - Not sampled U - Analyte not detected 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
JB 
R - Unreliable result 

UJ - Not detected, quantitation limit may be inaccurate 
UL 

TabiL-d-1 
Raw Data 

SWMU 28 - Ground Water 
NAS Oceana, Virginia Beach, Virginia 

1 OW2B-MW20-Rnl 

Sample Date 

Chemical Name _--__ ---~- __-~-__ 

Volatile Organic Compounds (UGIL) ___-_____ 
I ,I ,I-Trichloroethane ____ 
I .1,2,2-Tetrachloroethane __--._._--__ 
I, 1,2-Trichloroethane 

I ,l -Dichloroethane 

I ,l -Dichloroethene 

I ,2,3-Trichloropropane 

l&4-Trichlorobenzene -- 
l ,2-Dibromo-3-chloropropane 

I ,2-Dibromoethane 

I 2-Dichlorobenzene L- 
I ,P-Dichloroethane 

I ,2-Dichloroethene (total) 

I ,2-Dichloropropane 

I ,3-Dichlorobenzene 

I ,4-Dichlorobenzene 

?-Butanone --___ 
!-Chloroethyl vinyl ether 

!-Hexanone 

3enzene 

3romochloromethane -___.. 
3romodichloromethane 

3romoform _-.- 
3romomethane 

:arbon disulfide 

Xbromochloromethane 

qW2B-MW20-ROI -_9 

1 1.u 

1lU 

i- 
/ 

5lU 

5iU 

51” 

51” 
5/u 

NS’ 

5u i 
5u 

5u 

5u 

5u 

NSi 

5u 

5u 

IO u 

5u 

5u 

5U 

_.-_~--. 

5/u 

Page7of 12 
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Table A-l -1 
Raw Data 

SWMU 28 - Ground Water 
NAS Oceana, Virginia Beach, Virginia 

Dibromomethane 

2,4-Dimethylphenol 

NS - Not sampled 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
JB 
R - Unrel: ,esult 

U - Analyte not detected 
UJ - Not detected, quantitation limit may be inaccurate 

UL 

p Wl 

OW2B-MW20D-946 

5iU 

IO/U 

Nd 

NS’ 

NS 

NS’ - i NSj 
NSI NSI 

Page8of 12 
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Tab& --i-l 
Raw Data 

SWMU 2B - Ground Water 
NAS Oceana, Virginia Beach, Virginia 

OW2B-MW20-ROI __-- ~----. .--_ -_-- .__- 
Sample Date 

Chemical Name ______~ .._. . .._....~_. --.--.-~--~-~---.-- __. . 
.--. __ --L 

P,&Dinitrotoluene 10 u 

P-Chloronaphthalene 10 u 

2Chlorophenol 10 u ~____ 
2-Methylnaphthalene 10 u 

2-Methylphenol IOlU 

P-Nitroaniline L P-Nitrophenol 

25/U 

IOlU. 

3,3’-Dichlorobenzidine 

3-Nitroaniline 

4,6-Dinitro-2-methylphenol 

4-Bromophenyl-phenylether ~__~ 
4-Chloro-3-methylphenol 

4-Chloroaniline 

4-Chlorophenyl-phenylether 

4-Methylphenol -____-- -- 
4-Nitroaniline 

4-Nitrophenol 

Acenaphthene 

Acenaphthylene 

Anthracene __- 
Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

~enzo(g,h,i)perylene 

Benzo(k)fluoranthene 

Butylbenzylphthalate -.-- .--. -..-_-.---_ _-.- -..- 
Carbazole 

10 u .~ 
25 U _~. 
25’U 

--------I 
to IO 

1oju 

Di-n-octylphthalate 

Dibenz(a,h)anthracene 

Dibenzofuran I Diethylphthalate 

.~CW2S-MW20-R01 -P 

.- .--..--A--- 

. ..-- -_.- 

NS - Not sampled 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
JB 
R - Unreliable result 

U - Analyte not detected 
UJ - Not detected, quantitation limit may be inaccurate 

UL 

3W2B-MW20D-94 __~__ _ 

NS] 

NSI 

NSI 

NS] 

NS] 

NSI 

NSi 

NSi 

NSt 
.t NS 

-- r NS 

.~ NS/ 

NS/ 

NS/ 
NS 

NS] 

NS’ -I NS 4 NSl 

Page9of12 
WDC003670364.ZIP 



Table A-l-l 
Raw Data 

SWMU 2B - Ground Water 
NAS Oceana, Virginia Beach, Virginia 

chlorobenzene 

n-Nitroso-di-n-propylamine _ __~_ ._-- ___-. ~.~~~~- - 
n-Nitrosodiphenylamine .~--~. 

OW2B-MW20-ROI OW2B-MW20-R01lP 

10/u 10/u 
-0.1 ju 

19jU 

2iu 2ju 

vu 

-I 

l/U 

1 u 1u 

-.!I!.-. --~- IU 

~-!p ---..liu. 

.--‘jU I’U 

0.1 IU 0.1 u 

o.o+ 
---.. ---- , 

o.o5!u 

NS - Not sampled 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
JB 
R - Unrelir .=suIt 

I 

U - Analyte not detected 
UJ - Not detected, quantitation limit may be inaccurate 

UL 

ip ‘\ 

CW2B-MW20D-94 

NS 

NSI 

NS~ 

NS’ 

NS; 

NS’ 

NSI 

NS] 

NSI 
NS/ 

NS’ 
t 

NSl 
NS/ 

NSi 

NS/ 
NS 

NS’ 

i 
1 

NSj 

NS/ 

NS 

-I 
NS 

NS! 

NSI 

::I 

NSI 

NSJ 

NS/ 

NS] 

NSj 

NS; 

NS; 
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i. ‘4 Tabk -_ 4-l 
Raw Data 

SWMU 28 - Ground Water 
NAS Oceana, Virginia Beach, Virginia 

Sample Date 

Chemical Name ~- - 
-.-- .~~.-~. ..~- .~ .~ 

Endrfn 

Endrfn aldehyde 

Endrfn ketone .- -~-.__-~-~.-- ~~~~ - _-- ~_..~_~._ 
Heptachlor 

Heptachlor epoxide 

&hoxychlor 

Toxaphene 

alpha-BHC _____ 
alpha-Chlordane .~ ~-___-. .- 
beta-BHC 

delta-BHC ._--- - --. - -. 
gamma-BHC (Lindane) 

gamma-Chlordane -_~~-~-- --.~---- ~.... 

___-- 
Total Metals (UGIL) -_- -. _ ..~.~_~.~_~_~_ _ _ 
Aluminum 

Antimony 

Arsenic 

Barium - .___--. 
Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt I_-- ~. 
Copper 

Cyanide 

Ferric iron 

Ferrous iron 

Iron ___ .- 
Lead 

Magnesium __--- -~--~-.-.~~ .__.. 
Manganese 

Mercury 

Nickel 

Potassium 

OW2B-MW20-ROl OW2B-MW20-R01 -P __. -. ..---.__ ---- 

-~ .!--.. .._~.. _---_- 1.... 
O.llU - 1 i --- - -. 0.1/U 

!??5ju..I ..- 0.05/u ____ - 

1.4 u 

-L-I -~-~~-~-~ 

1.4 u 

11,200 k 11,000 

NS - Not sampled 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
JB 
R - Unreliable result 

U - Analyte not detected 
UJ - Not detected, quantitation limit may be inaccurate 

UL 

OW2B-MW20D-94 

NSi 

NS; 

NSi 

NS/ 

NSj 

NSj 

NSI 
N.S 

NSI 

NS/ 
NSI 

NSI 

NS 
i 

./ 

NS/ 

NSi 

NS; 

NS-! 

NS/ 

NS; 

NS/ 

NSi 

NSI . 
NS[ 

Page11 of 12 
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Table A-l-l 
Raw Data 

SWMU 26 - Ground Water 
NAS Oceana, Virginia Beach, Virginia 

Vanadium 

Zinc 

Wet Chemistry (MAIL) 
Alkalinity 

Chloride 

Cyanide __~ ._~-...-~~ .~ _------ 
Dissolved oxygen ___- --~ 
Nitrate 

Nitrite ..___..~ ---- ~ 
Fiedox 

Specific conductance 

Sulfate 

Sulfide 

Temperature 

Total organic carbon (TOC) ~~~-~___~ ~.-_- 
Turbidity 

NSi 

NS/ 

NS 

NS 

NS 
_.^I 

NS s Not sampled 
B - Analyte not detected above associated blank 
J - Repotted value is estimated 
Jf3 
R - Unrelr .esult 

U - Analyte not detected 
UJ - Not detected, quantitation limit may be inaccurate 

UL 
Page 12 of 12 
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‘\ .F 
Tabk _ .A-2 

Raw Data 
SWMU 2B - Surface Water 

NAS Oceana, Virginia Beach, Virginia 

Sample Date 
Chemical Name 

OW2B-SW2-94A OW2B-SW4-94 OW2B-SW5-94A ~~~- _____...~. - . _. -.,-_i__-. 

I 

I ,I ,1=Trichloroethane 

I 

I ,I ,2=Trichloroethane 

I, 1 -Dichloroethane 

I ,2-Dichlorobenzene 

I ,2-Dichloroethane __.___....~_~ ~~ 
I ,BDichloroethene (total) ___~_ ----...--__ 
I ,2-Dichloropropane 

I ,3-Dichlorobenzene 

I ,4-Dichlorobenzene 

!-Butanone 

l-Chloroethyl vinyl ether 

!-Hexanone 

3romomethane ___- --- 
>arbon disulfide 

:arbon tetrachloride 

:hlorobenzene 

>hloroethane 

>hloroform 

:hloromethane 

Xbromochloromethane 

Iibromomethane 

Xchlorodifluoromethane 

ithy! methawy!ate 

lthylbenzene 

OW2B-SW6-94A 

51” 
51u t 
5” 

5” 

5” 

51” 
5” 

I IO u 

101” 

10 u 

IO u 

10 iJ 

100 u 

100 u 

5” 

5” 

5” 

-10 u- 

5” 

5L 

.5 L 

5L 

2J 

5L 

5L 

NS - Not sampled 
J - Reported value is estimated 
U - Analyte not detected 

Page 1 of 2 
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Table A-l -2 
Raw Data 

SWMU 2B - Surface Water 
NAS Oceana, Virginia Beach, Virginia 

OW2B-SW5-94A 
I 

OW2B-SW6-94A OW2B-SW60-94A --.- --.- 
-.- -. -- ~~~--~~ 

5lU 

NS - Not sampled 
J - Reported value is estimated 
U _ Analyte not detected 

Page 2 of 2 
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Volatile Organic Compounds (W/KG) 

-- 

Chloromethane 

Dibromochloromethane 

Methylene chloride 

Tetrachloroethene 

Semi-volatile Organic Compounds (W/KG) __- 
1,2,4-Trichlorobenzene 

1,2-Dichlorobenzene 

Tabla i-3 
Raw Data 

SWMU 28 - Sediment 
NAS Oceana, Virginia Beach, Virginia 

OWPB-SD01 1 OW2B-SDO~~.t .0’!2B-SD04 

4. -.~ ...~~ .-~ 
390 u 42olu 420 !A __-.-. ~__ 3go. u- -~-- .)~- ̂  

42OlU 420 U 

OW2B-SDl-94A OW2B-SD2-94A OW2B-SD30-94A OW2B-SD4-94A .._. _-_-~~-.-.. 

I I 

62jU 

60/U 1 62/U 

63lUl --.’ .3lc 

63lU 

-. -+ 
63jU 

63jU 1.3 1 

63 U 1.3 1 

63 U NS 

63 U 1.3 1 

63 U 1.3 1 

63 U 1.3 1 

63 U 1.3 1 

NS/ 

N.S 

-i ‘. 

NS - Not sampled 
J - Reported value is estimated 
U - Analyte not detected 

Page 1 of 3 
WDC003670364ZIP 



Table A-l-3 
Raw Data 

SWMU 28 - Sediment 
NAS Oceana, Virginia Beach, Virginia 

?_W2B-SD01 1 OW2Eb~~O2 OW2B-SD04 1 OWPB-SDl-94A 1 0W2S-SD2-94& _~- .----- 
I 

47nl I I I 47dll I NSI 1 NS/ 

1 nnnlll I 1 .oool u I NS/ 1 NSi 

42OlLJ 1 NSt 1 

571J 1 420/U 1 4201U 1 

a7nlll I 
1,og u 

47dLJ I 

-4 NS’ - 
nni I I I-. NS/- NS 

39olu I 420/U 1 420/U 1 

iwl.1 I fidl I 200/J I 3.7001 u I 3.200! 

PW2!3-SD30-94A 1 OW2B-SD4-!% 

I 

NS - Not sampled 
J - Reported value is estimated 
U - Analyte not detected 

. . 
r’ f, 

Page 2 of 3 
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Table ._ d-3 
Raw Data 

SWMU 28 - Sediment 
NAS Oceana, Virginia Beach, Virginia 

Sample Date 

Chemical Name 

- 

Diethylphthalate 

Dimethyl phthalate 

Fluoranthene 

Fluorene 

Phenanthrene 

Phenol 

Pyrene -. 
bis(2-Chloroethoxy)methane 

bis(2-Chloroethyl)ether 

bis(2-Ethylhexybphthalate 

n-Nitroso-di-n-propylamine 

n-Nitrosodiphenylamine 

Wet Chemistry (MGIKG) 

Carbon 

OW2B-SD01 OW2B-SD02 
c 

---..-.-. ----.- . .._ 

100/J 4901 1 

OW2B-SD04 _OW2B-SDl-94A j OW2B-SD2-94A_ 

1,800 u 

NS 

NS/ 
NS’ 

i 
/vo!j 

1,800pJ 

NS/ 
NS 

NS _ 
NS/ 

N-4 

OW2B-SD30-94A OW2B-SD4-94A 

1,800’ U 320 

NS NS _-. .- - .--._~ 
NS NS 

NS NS 

NS NS 

1,800 U 500, 

NS ~ Not sampled 
J - Reported value is estimated 
U - Analyte not detected 

Page 3 of 3 
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Tabk .,-l-4 
Raw Data 

SWMU 28 - Surface Soil 
NAS Oceana, Virginia Beach, Virginia 

Sample Date 

Chemical Name ____~-- --~ 

Volatile Organic Compounds (UGMG) 
1 .l ,I -Trichloroethane __~~- ._~ ___- 
1 ,I ,2,2-Tetrachloroethane 

1,1,2-Trichloroethane ____- 
1 ,I -Dichloroethane 

1,l -Dichloroethene 

1,2-Dichloroethane 

1,2-Dichloroethene (total) -__--__ 
1 ,FDichloropropane 

P-Butanone 

II Chlorobenzene 

Chloroethane 

richloroethene 

OW2B-SSOl-00 OW2B-SSOl-00-P ow2B-sso2-oc OW2B-SSO3-00 

12.34 u 

12.34 6 

12.34 U 

12.34 u 

12734 U 

12.34 ti 

12.34 U 

12.34 U. 

4B 

12.34 U 

12.34 U 

9B 

12.34 U 

50-. 

12.34. u ,. 
12.34 U 

12.34-U 

12.34 U 

12.34 U 

12.34 U 

12.34 U 

12.34 U 

12.34 U 

12:34’U 

12.34 U 

24 B 

12.34 U 

12.34 U 

12.34 U 

12.34 U 

12.34 U 

12.34 U 

i2.34 u 

12134 U __ 

10 

u 

-I- 

10 u 

--- 10 u 10 u I 

10 u 

10 u 

1ou I IOU I IO u 

10 u 

IO u 

23 B 

NS - Not sampled 
BD 
J - Reported value is estimated 
L - Reported value may be biased low 
U - Analyte not detected 

UJ - Not detected, quantitation limit may be inaccurate 
UL - Not detected, quantitation limit is probably higher 
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Table A-l -4 
Raw Data 

SWMU 2B - Surface Soil 
NAS Oceana, Virginia Beach, Virginia 

OW2B-SSOl-00 OW2B-SSOI -OO-P OW2B-SSO2-00 OW2B-SSO3-00 

400 u ] - .-__.- _. 370 u 1 

400 u 400 u 370 u 

‘G!!“.U 930 u -. 

400 u 

ioou 

I 

400 u 370 u 

- 

1,000 4 u 

400 u 370 u ~~~~. ..~ __~ ~-. -~ ~~. .- 

400 u 400 u 

---~~..i.L :I---~ 

370 u 

1pJy 1,000 u 930 u 

1,000 u 1,000 u 930 u _ --~-~ .~ ~~ -- - - 
400 u 400 u 370 u 

370 ~. 400 400 u u u .i:-. 

21u 1 21u ] --2’ UJ 1 

NS - Not sampled 
BD 
J - Reported value is estimated 
L - Reported value may be biased low 
U - Analy’ ’ detected 

UJ - Not detected, quantitation limit may be inaccurate 
UL - Not detected, quantitation limit is probably higher 

,+-: 
\ 

12.34 U 

12.34 b 

12.34 u 

420 U 

420 U 

420 U 

420 U 

21 -P 

420 U 

1,000 u 

420 u 

420 U 

420 li 

1,000 U 

420 U 

420 U 

420 U 

420 U 

420 U -~~I_ 
420 U 

1 ,pJA 2 

420 U 

420 U 

1,000 iJ 

1,000 u -- 
420 U 

420 U ..- 
420 U 

420 U 

420 U 

1,000 u 

1,000 u 

420 U 
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‘1, ,:’ 
Table-.. t :4 

Raw Data 
SWMU 2B - Surface Soil 

NAS Oceana, Virginia Beach, Virginia 

Sample Date 

Chemical Name _.--__---.-.- - ~-~---- .~ - .-.. - _...~ .._ 
- 

Acenaphthylene 

Anthracene _-.. - ~_ 
Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Butylbenzylphthalate 

Carbazole 

_..- ----._~-_- 
Di-n-octylphthalate 

Dibenz(a,h)anthracene 

Dibenzofuran 

Diethylphthalate 

Dimethyl phthalate 

Fluoranthene 

Fluorene 

II Phenol 

IlPvrene 

bis(2Xhloroethoxy)methane 

~b&%ttoro&~et her __ -_ ---~--~ 

bis(2-Ethylhexyl)phthalate 

!!n-Nitroso-di-n-oroovlamiae 

Ilnfi>rosodiphenylamine 

OW2B-SSOI-00 OWPB-SSOl-00-P OW2B-SS02-00 OW2B-SSO3-00 

~- 41 u 41 u 42 UJ 420 U 

2u 2u 2 UJ 420 U 

2.5 19 25 K 140 J - -. -.. _._.. .~~. 
9.9 22 28 K 100 L .- 
8.6 22 33 K 57 L ..- .-. -. 
5.7 13 22 K 69 L- 

16 28 19 K 170 J -.. .__....~,. 
400 u 400 u 52 J 420 U ., 
400 u 400 u 370 u 420 U 

13 25 30 K 1% c .._.. 
100 B 82 B 84 B 90 B 

400 u 210 J 370 u 420 i- 

4.1 u 4.1 u 4.2 UJ 420 U 

400 u --400 u 370 ti 
_, .- 

420 U 

400 u 390 J 370. u 420 U 

400 u 400 u 370 u 420 il 

20 38 58 K 86 L 

4.1 u 4.1 u 4.2 UJ 420 U 

400 u 400 u 370 u 420 U - - .-- _~-._-- -. _ .._. 
400 u 400 u 370 u 420 U --- --- -.--- ~. -~..--_~ .._ -~~ __._. ..___ .._ ~. _ -.-_- 
400 u 400 u 370 u 420 U ~.~.~._ .~.~. .__.. 
400 u 400 u 370 u 420 U -- ---- - . ~~_. ..--~ - -.-.--..-_--. _... .~__ ._-- 

6 12 18 K 35 L ~.. _. ~-~. ~~~ -__ ..-_ -.~.- .~.. ..- -~~ .~.-. ~~- 
400 u 400 u 370 u 420 U 21-u 21 u 21 UJ- 420 U .- 

400 u 400 u-r 370 u 420 u 

NS - Not sampled 
BD 
J - Reported value is estimated 
L - Reported value may be biased low 
U - Analyte not detected 

UJ - Not detected, quantitation limit may be inaccurate 
UL - Not detected, quantitation limit is probably higher 

Page 3 of 5 



Table A-l -4 
Raw Data 

SWMU 28 - Surface Soil 
NAS Oceana, Virginia Beach, Virginia 

NS - Not sampled 
BD 
J - Reported value is estimated 
L - Reported value may be biased low 
U - Analy’ ‘detected 

UJ - Not detected, quantitation limit may be inaccurate 
UL - Not detected, quantitation limit is probably higher 

r’ - . ! 

OWZB-SSO2-00 

8.1 J- 

5 

4.22 U 

2.17 U 

42.17 U 

85.61 U 

42.17 U 

42.17 U 

42.17 u 

53 

42.17 il 

6.6 

2.17 U 

4.22 U 

4.22 U 

4.22 U 

4.22 U 

4.22 U 

2.17 U _~ ~.- -. 
3.9 J -- ~.---.- 

21.72 U 

217.22 U 

2.17 U 

2.17 U 

2.17 L 

2.17 L 

2.17 L 

2.6 

10,700 J 

IO J 

2.6 

3W2B-SSO3-00 

4.15-u -. 
13 J 

30 J 

2.14 U 

41.5 u 

64.25 6 

41.5 u 

41.5 u- 

41.5 ill 

41.5 u 

41.5 i 

4.75~u 

2.14-U 

4.15 iJ 

4.15 u 

4.15 u 

4.15 u 

4.15 u 

2.14 U 

2.14 U 

il..36 u 

213.76 U 

2.14 U 

2.14 6 

2.14 U 

2.14-U 

2.14 U 

2.14 U 

10,600 

0.45 u 

1.6 L 
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Tablt.. _ d-4 
Raw Data 

SWMU 2B - Surface Soil 
NAS Oceana, Virginia Beach, Virginia 

Sample Date 

Chemical Name 

Chromium III----- Cobalt 

Potassium 

Selenium E-:::-~r~----~-~ ---.- Silver 

Sodium 

WDC003670364,ZIP 

OW2B-SSOl-00 
I 

OW2B-SSOI -OO-P 
I 

OW26-sso2-00 
I 

OW2B-SSO3-OC 

..I.---- -::= zzl- - 0.03 UL 
4,040 J 3,450 J 4 040 J 

‘~ 
.‘.-. 

17.5 16.2 2,760 

614 J 559 J 872 J 

20.8 -J 23.2 J -27 J 

0.05 B 0.05 B 0.61 K 

8.1 6.2 J 5.8 J 

366 L 343 L 351 L 

0.57 UL 6.69 UL . . ~._. -. 0.6 UL 

-- 1J 0.89 U 0.78 u 

45.4 

0.13 UI 

0.45 B 

941 J 

13.7 - 

117 J 

9.2 -_ 
0.03 UI 

4,800 L 

28.2 

731 J‘ 

36.5 

0.05 J 

5.4 J 

426 i 

0.61 UI 

0.8 U 

77 B 

0.49 u . ._.~ 
-15.3 

0.45 u 0.71 B 0.48 u 

15.3 13.7 15.1 

34.2 J 32.5 J 69.1 J 25.9 B 

NS - Not sampled 
BD 
J - Reported value is estimated 
L - Reported value may be biased low 
U - Analyte not detected 

UJ - Not detected, quantitation limit may be inaccurate 
UL - Not detected, quantitation limit is probably higher 
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Table _ _ d-1 
Raw Data 

SWMU 11 - Sutfacewater 
NAS Oceana, Virginia Beach, Virginia 

L----- ~- 
Sample Date 

Chemical Name 

Volatile Organic Compounds (M/L) _ 
1 ,l ,1 -Trichloroethane 

l,l,jY$$Tetrachloroethane 

1 ,I ,2-Trichloroethane --. 
1 ,I -Dichloroethane 

1,l -Dichloroethene 

1,2-Dichloroethane 

1,2-Dichloroethene (total) _.. ~--~~- -. 
1,2-Dichloropropane _ ________~_ -. 
2-Butanone 

P-Hexanone 

4-Methyl-2-pentanone 

Acetone ___ -. ~.--~.~-- -- - 
Benzene 

Bromochloromethane 

Bromodichloromethane 

Bromoform 

Bromomethane 

Carbon disulfide --,..-~.~~--~...-- __- 
Carbon tetrachloride -.~__ 
Chiorobenzene 

Chloromethane 

etrachloroethene 

L------- oluene 

richloroethene 

cis-1,3-Dichloropropene 

o-Xylene 
..- 

owl 1 -SW01 OWI 1 -SW01 -P 

1olu I IO/U 
-+ -4 4 

‘OP I .- -. _ --- lO[U .- 
lop .~ lop 

!qJ 1o;u 

1oju 

NS - Not sampled 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
L - Reported value may be biased low 

Page 1 of 5 
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Table A-2-l 
Raw Data 

SWMU 11 - Surfacewater 
NAS Oceana, Virginia Beach, Virginia 

-BGmophenyl-phenylether ___ -~___~~~ 

-~ -- 

NS - Not sampled 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
L - Repof ‘Fe may be biased low 

1oju 

IOiU 

IO/U. 1oLl .-. 

0.5ju 0.5!u 

10 u IO u 

25 U 25’U 

10 u IO u 

10 u IO u 

25iu I 25iL 

Page 2 of 5 
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Tablc 1-I 
Raw Data 

SWMU 11 - Surfacewater 
NAS Oceana, Virginia Beach, Virginia 

Sam&e Date 

Chemical Name -~-~~-i -____ __-. ._ 
__-- .-~ 

Benzo(a)anthracene ._--- -__ ~~.~_-.._~_.-- -. 
Benzo(a)pyrene .__-. 
Benzo(b)fluoranthene -. __,. ..-- ~~_.. --- 
Benzo(g.h,i)perylene 

Benzo(k)fluoranthene __-.-. 
Butylbenzylphthalate _--~--..~~.. .--- - 
Carbazole ~-____ -. 
Chrysene 

Di-n-butylphthalate .- 
Dt-n-octylphthalate _.~_.~~ 

-. Dibenz(a,h)anthracene 

Dibenzofuran _.- ~.._ ~. -.- .~._. 
Diethylphthalate 

Dimethyl phthalate 

Fluoranthene ...~-____- _- - .~-~ _ 
Fluorene _----. _ - .~~~ __-- 
Hexachlorobenzene ----~__.-. __ .~_~. 
Hexachlorobutadiene 

Hexachlorocyclopentadiene 

Hexachtoroethane 

Indeno(l,2,3-cd)pyrene 

lsophorone ..-.- 
Naphthalene 

Nitrobenzene -. 
Pentachlorophenol 

Phenanthrene . --. -.-- _ . 
Phenol 

Pyrene 

bis(2-Chloroethoxy)methane 

bis(2Chloroethyl)ether 

bis(2-Ethylhexyl)phthalate -~-- 

n-Nitroso-di-n-propylamine 

n-Nitrosodiphenylamine ~____ ^___ ~_.__~ 

PesticidelPoIychlorinated Biphenyls (UG/L) 

4,4’-DDD 

NS - Not sampled 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
L - Reported value may be biased low 

10 u 1o’u 

-10 I--- - 10 u 

0.05 u 0.05 u 

iou-- ^ 

i---l-.-- --. 
/ 

10 u 

IOU ‘- 10 u 

O.liU 1 0.1 u 

Page 3 of 5 
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NS - Not sampled 
S - Analyte not detected above associated blank 
J - Reported value is estimated 
L - RepoF !pe may be biased low 

Table A-2-l 
Raw Data 

SWMU 11 - Surfacewater 
NAS Oceana, Virginia Beach, Virginia 

.-_____~_ - --__-- 
Sample Date 

Chemical Name __---- ___-- 

” 
* ” - ;:/ 

t 

Page 4 of 5 
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Table-. .-B-l 
Raw Data 

SWMU 11 - Surfacewater 
NAS Oceana, Virginia Beach, Virginia 

Sample Date 

Chemical Name 

Chromium 

Cobalt 

Copper 

Cyanide --.. ..- _.. 

0Wlt-S’~‘$1 1 OWll-SWOl-F 

i 1 -~...-- - .I. 
6.2 U 80.31 

6.2 U- -- - 187 

8.4 J 

0.2 UL -~~.-. 

NS - Not sampled 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
L - Reported value may be biased low 

Page 5 of 5 
WDC003670364.ZIP 



Raw Data 
SWMU 11 - Sediment 

NAS Oceana, Virginia Beach, Virginia 

I! Sample Date 

II Chemical Name --~ 

1 It ,1,2,2-Tetrachloroethane 

1 ,I ,2-Trichloroethane 

1,2-Dichloroethene (total) __--~-- 

Carbon disulfide II- Carbon tetrachloride ..--. ___ -.--.. _ 

Chloroform 

It Chloromethane _-_ -. -.- ___--.- -~~__.. 
Dibromochloromethane 

IL- Ethylbenzene 

Methylene chloride - 
IlStyrene _..~----.. --_ 

etrachloroethene -~--- ___ 

Xylene. total It- cis-1 ,PDichloroethene 

cis-1,3-Dichloropropene 

_.-. .- _--_ 

OWt 1 SD01 

11.23 u 

11.23 U 

11.23 U 

11.23 U 

11.23 U 

11.23 U _ . -. 
11.23 U 

11.23 U 

38 - .-. 
11.23 U 

11.23 U 

12 B 

11.23 U 

50 

11.23 U 

11.23 U 

il.23 U 

11.23 U 

11.23 U 

11.23 UJ _--.. ^ 
11.23 U 

11.23 U 

11.23 ‘u _ 
11.23 U 

11.23 U 

19 t3 

11.23 U ~-__ -. 
11.23 U 

11.23 U 

11.23 U 

11.23 U 

11.23 U 

IT.23 u 

11.23 U 

11.23 U 

- 
1 Owl 1 -SD01 -P 

11.74 u 

11.74 u 

11.74 u 

11.74 u . ..--- 
11.74 u _. ---~... 
11.74 u 

11.74 u 

11.74 u 

38 

11.74 u 

11.74 u 

31 I3 _~ 
11.74 u 

50 

11.74 u 

11.74 6~ 

11.74 u -. ---..- 
11.74 u 

11.74 u .--- 
11.74 UJ 

-11.74 u 

il.74 u 

II .74 u 

11.74 Ii .-.._. - 
11.74 u 

19 B 

11.74 u 

11.74 u 

11.74 u . . ~-__ 
11.74 u 

11.74 u 

11.74 u _,.~._ 
11.74 Ll 

11.74 u 

11.74 u 

NS - Not sampled 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
L - Reported value may be biased low 
U - Analyte not detected 

UJ - Not detected, quantitation limit may be inaccurate 
UL 

Owl 1 -SD02 

I 

Owl 1 -SDO: 

--- I 
15.27 U 11.74 U 

15.27 U 11.74 u 

15.27 U’ 11.74 u 

58 

-- 15.27 U ----. I-. 

38 

11.74 u ~.. .- 

50 

15.27 u 

15.27 U 

15.27 U 

15.27 U 

15.27 U 

15.27 UJ 

15.27 U _ 
15.27 U 

15.27 U 

15.27 U 

15.27 u 

38 B 

15.27 U - .-----.-._ 
15.27 U ~--_~- 
15.27 U 

15.27 U 

15.27 U 

15.27 U _..-- 
15.27 U 

50 

11.74 u 

11.74 u 

11.74 u 

11.74 u 

11.74 u 

11.74-u, 

11.74 u 

11.74.u 

11.74 u 

11.74 u 

11.74 u 

19 B 

11.74 u 

11.74 u 

11.74 u 

11.74 u 

11.74 u 

11.74 U 

li.74 U 
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Table A-2-2 
Raw Data 

SWMU 11 - Sediment 
NAS Oceana, Virginia Beach, Virginia 

Wll-SD01 

11.23-U 

11.23 U 

400 u 

-400-u 

400 u 

400 u 

20 u -..--. 
400 u 

lAj~.:y- 

400 u 

400 u 

400 u 

.I ,000-u 

400 u 

400 u 

400 u 

400 u 

20 u 

400 u 

1,000 u 

400 u 

400 u 

1,000 6 

.- ---T 

400 u 530 u __.--- -. 
400 u 530 u __ ___- .- ~~. _-. .-. .-~ 
400 u 530 u 

1,pJo u ] !pJ u 
400 u 530 u .- - -- -- 
400 u 530 u 

400 u 530-u ..- -. 
1,000 u 1,300 u 

2ou 1 27 U ._.. -~ ~~_--- ..-. 
400 u 530 u 

-!I 

lP?O u 1,300 u 

:x:1 1,000 1,000 400 400 400 400 u- u u u u u 1,300 1,300 530 530 530 530 -u u u u u u 

400 u 

~~- t 

530 u 

_... 

-..-- 
400 u 530 u ~-- -1. 

NS - Not sampled 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
L - ReporV ?tue may be biased low 
U - Anal) \iletected 

UJ - Not detected, quantitation limit may be inaCCUrate 

UL 

I’ L-- 3 
\ 

3Wll -SD01 -P Owl 1 -SD02 3W11 -SD03 

11.74 u 

11.74 u 

390 u. 

390 u 

390 u 

390 3 

20 u 

390 u 

980 u 

390 u 

390 u 

390 u- 

980 U 

390 u 

390 u 

390 u 

390 u 

20 u 

390 u 

980-U 

390 u 

390 u 

980 U 

980 U 

390 u 

390 u 

390 u _-..-- 
390 u 

390 u 

980 U 

980 L 

20 L 

39 c 

2L 
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Tabk -4-2 
Raw Data 

SWMU 11 - Sediment 
NAS Oceana, Virginia Beach, Virginia 

Sample Date 

Chemical Name 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(g,h,i)perylene 

Benzo(k)fluoranthene 

Butylbenzylphthalate _ ~. .-__ -.-.- ..~... --.- 
Carbazole --___-~---~ _- _ -~ ~. -. -____ 
Chrysene 

Di-n-butylphthalate 

Di-n-octylphthalate --~- -----~ 
Dibenz(a,h)anthracene 

Dibenzofuran 

Diethylphthalate - .~ ~__-~-.- .~ ~. 
Dimethyl phthalate 

Fluoranthene 

Fluorene 

Hexachlorobenzene __.-- 
Hexachlorobutadiene 

Hexachlorocyclopentadiene 

Hexachloroethane 

Indeno(l,2,3-cd)pyrene __._.~~__..__ 
lsophorone .-~__ -- 
Naphthalene 

Nitrobenzene 

Pentachlorophenol 

Phenanthrene 

Phenol 

Pyrene _- 
bis(2-Chloroethoxy)methane 

bis(2-Chloroethyl)ether 

bis(2-Ethylhexyhphthalate ___-~-. .-_____- 
n-Nitroso-di-n-propylamine 

n-Nitrosodiphenylamine 

Owl l-SD01 OWII-SDOl-P 

-.. 
2u 

1.5 J 

4u 

5.4 

1.J 

400 u 

400-u 

2u 

82 B 

400 u 

4u 

400 u 

400 u 

400 u 

4u 

4u 

400 u 

400 u 

400 u 

400 u - -~~ 
1.8 J 

400 u 

20 u 

400 u 

A,000 u 

2u 

400. u 

2-u 

400 u 

400 u 

400 u 

400 u -- ~.~ 
400 u 

4u 

2U 

2iJ 

4u 

2u 

400 u- 

400 u 

2U 

62 B 

400 u 

4u 

400 u 

400 u 

400 u- 

4 u-- . . 
4 

400 u- 

400 u 

400 u 

400 u 

2u 

400 u 

20 u 

400 u 

1,000 u 

2u 

400 u 

2u 
400 u 

400 u-- 

400 u 

400 u 

400 u ,. .__ 

NS - Not sampled 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
L - Reported value may be biased low 
U - Analyte not detected 

UJ - Not detected, quantitation limit may be inaccurate 
UL 

Owl 1 -SD02 OWI 1 -SDO: 

3u 

3u 

5.3 u 

5.3 u 

3u _ ~. 
530 u 

530 u 

3u 

140 i -~. 
530 u 

5.3 u 

530 u ._~ 
530 u 

530-u 

8.8 

14 

530 u 

530 u 

530 u 

530 u 

4 

536 u 

27 U 

530 u 

1,300 u 

3u 

530 u 

3U 

530 u 

530 u ---.-~ - 
58 J 

530 u 

2u 

2u 

3.9 u 

3.9 u 

2u 

390 u 

390 u 

2u 

53 B 

390 u 

3.9-u 

390 b 

390 u 

390 u 

3.9 u 

8.2 

390 u 

390 u 

390 u 

390 u 

2u - 
390 u - 

20 ti 

390 u 

980 U 

2u 

390 u 

2u 

390 u 

390 u __ --._ --~ 
390 u 

390 iJ 

390 u 

3.9 u 
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Table A-2-2 
Raw Data 

SWMU 11 - Sediment 
NAS Oceana, Virginia Beach, Virginia 

4 u 
4u 

2.06. U 

39.98 U 

81.17 U 

39.98 U 

39.96u 

39.98-b 

ii.98 U .- _. 
39.98 U 

4u 

2.06 u 

4u 

4u 

4u ._~ _._ ~~..~ ~~ 
4u 

4u 

2.06. u 

2.06 U ~~ ~._____~ 
20.59-u 

205.94-u ~~~ 
2.06 U 

2.06 U 

2.06 U 

2.06 U 

~.2.06 U 

2.06 U 

1,626 - 

0.44 u .~ ~-- 
0.69 U 

6.9 B 

0.13 u 

0.12 B 

187 B 

L 

L 

NS - Not sampled 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
L - ReporiP-’ -lue may be biased low 
U - Analyi ‘Ftected 

UJ - Not detected, quantitation limit may be inaccurate 
UL 

y’- \ 
\ 

- 

( 

r 

IWI 1 -SD03 

3.9 u 

3.9 u 

2.01 u 

39.03 u 

79.23 u 

39.03 u 

39.03 u 

39.03 u 

39.03 u 

39.oi u 

3.9 u 

2.01 -u 

3.9 u 

3.9 u 

3.9 u 

3.9 u 

3.9 u 

2.01 u 

2.01 u 

20.1 u 

201.04 U 

2.01 u .~ 
2.01 u 

2.01 u 

2.01 u 

2.01 L 

2.01 L 

6,560 

0.44 c 

1.4 L 

32.4 J 

0.23 L 

0.15 i 

234 E 
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I e 
k., 4’ Table . . _ k-2 

Raw Data 
SWMU 11 - Sediment 

NAS Oceana, Virginia Beach, Virginia 

Sample Date 
Chemical Name 

1 ron 

,-- ---. 

WDCO03670364,ZIP 

NS - Not sampled 
6 - Analyte not detected above associated blank 
J - Reported value is estimated 
L - Reported value may be biased low 
U - Analyte not detected 

Owl 1 -SD01 OWI 1 SD01 -P Owl 1 -SD02 OWI 1 -SDO: 

2.8 

1.3 u 

1.8 J .- -.-- __ 
0.02 UL 

676 L- 

3 

115 J 

-6.3 

0.03 J 

1.3 J 

105 B 

~-0:6-UL 

0.79 u 

29.4 i 

0.48 U 

2J 

7.1 B 

1.6 J 12.5 7.9 

1.4 u 1.7 u 1.2 u 

1.8J 6.6 J 3.8 J 

0.02 UL 
.~ .._.~ .~ 

0.03 u 0.02 L 

441 i- 3,140 L 2,160 L 

-- 
~~~. 

1.5 22 72.3 

64.8 J 625 J 279 J 

3.1 J 39.5 7.2 

0.04 J 0.07 J 0.03 J 

1.4 J 6.2 J 3.9 J 

51.7 0 527 J 153 B 

0.s9 UC 0.82 UL 0.6 UI 

019 u 1.1 u 0.78 U- 

48.2 ii 65.8 43.7 B 

0.55 u 0.79 J 0.48 U 

1.5 J- 14.1 8.5 J 

5.3 I3 32.5 B 8.3 0 

UJ - Not detected, quantitation limit may be inaccurate 
UL 

Page 5 of 5 



Table .&2-3 
Raw Data 

SWMU 11 - Surface Soil 
NAS Oceana, Virginia Beach, Virginia 

Sample Date 
Chemical Name --~-__~-_ ----~. ~~.~ 

Volatile Organic Compounds (W/KG) 
llTLY?GzG::---------- -~ 1 

k.2-DiChlOrODrODane 

-- 

khlorobenzene 

Dichlorodifluoromethane ~-___- .- 

lllodomethane 

NS - Not sampled 
BD 
J - Reported value is estimated 
L - Reported value may be biased low 
U - Analyte not detected 

Owl l-SSlO-1-94A 

6U -__. - ._.. 
6U 

6U ____-_-.. 
6U 

6U 

6U 

6U 

6U -__--. 
6U 

6.U 

6U 

6U 

11 u ~-.-- 
11 u 

11 u ~~. ..--~.-- _ 
11 u ___--.-~ . 
65 

110 u 

110 u 

6U 

6U ~-~ 
6U 

11 u 

6U -- _-.. _ 
6U 

6U 

11 u 

6U 

11 u --..___-_-_ 
6U 

6U 

NS 

6U 

6U ___..- _ 
11-u 

Owl 1 -SSl l -94A 
I 

Owl 1 -SS12-94A 

I- 
- I 

NS NS 

NS NS 

r-i.5 NS 

NS NS 

NS NS 

NS 
_ -- 

NS 

NS NS 

NS 

NS 

NS 

NS- 

NS 

NS 

NS 

NS 

NS 

NS 

NS _- _-.~- 
NS 

NS NS 

NS NS -~ .--. __-._-.., _ ~~.._~~. ___ 
NS NS -- _ _- 
NS NS --.. -_- .._. -_~~~ _ 
NS NS 

NS NS -_ . 
NS NS 

NS NS 

NS NS 

NS NS 

NS NS 

NS NS - - - ---.__--.. .~ 

UJ - Not detected, quantitation limit may be inaccurate 
UL - Not detected, quantitation limit is probably higher 

OWll-SSl3-94A 

NS 

NS 

NS 

NS 

NS 

NS 

ii- 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS- 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS ----.~ _ 
NS 

NS 

NS 

NS 

NS-. -._-.- .- .-. 
NS- 

owl 1 -ss14-94P 

_. __- - .-. 
NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS . . 
NS 

NS 

NS 

NS 

NS .~~~-- ~-__ 
NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

Ni 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 
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Table A-2-3 
Raw Data 

SWMU 11 - Surface Soil 
NAS Oceana, Virginia Beach, Virginia 

I 

I 
I 
I 

I 
1 
I 
J 
I 
J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

- 

3W11 -SSl I-94A 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS _ -.... 
NS 

NS 

NS 

NS 

NS 

NS 

NS- 

NS 

NS ~__~ .~~ 
NS 

NS. -. 
NS 

NS 

NS 

NS 

NS 

NS 

NS 

Owl 1 -SSi 2-94A Owl 1 -SS13-94A Owl 1 -SS14-94A 

NS 

NS -. -. .-. _. 
NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS ~---- 
NS 

NS 

NS NS ~-~.. 
NS NS 

NS NS _--..- 
NS NS 

NS Nip ~._ _~- .-.- . 
NS NS _--. .--_-~ -~--.- 
NS NS . ..~~_ _-- -.. .-.- 
NS NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS NS NS 

NS- - NS NS 

is NS NS 

NS NS NS 

NS - Not sampled 
SD 
J - Reported value is estimated 
L - Repor? ‘\ue may be biased low 
U - Analy Jetected 

UJ - Not detected, quantitation limit may be inaccurate 
UL - Not detected, quantitation limit is probably higher 

p y;--, 
\ 
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Tab& ,-3-l 
Raw Data 

S&MU 16 - Sutface Water 
NAS Oceana, Virginia Beach, Virginia 

NS - Not sampled UL - Not detected, quantitation limit is probably higher 

6 - Analyte not detected above associated blank 
J - Reported value is estimated 
L - Reported value may be biased low 
U - Analyte not detected 

Endosulfan II 

Endosulfan sulfate ̂_ 
Endrin ___- .~.~~ - ~. 
Endrln aldehyde 

Endrin ketone ____--- 
Heptachlor 

Heptachlor epoxide 

Methoxychlor -’ 

Toxaphene ____-~.___-_- 
alpha-BHC -_-.-- ~.. 
alpha-Chlordane ~_-- - _--- 
beta-BHC .~_. 
delta-BHC 

gamma-BHC (Lindane) 

3W16-SW01 

.b.l ‘U 

0.1 u 

0.1 u 

0.05 u 

0.1 u .~. _ 
0.05 u 

0.1 u 

0.1 u 

-0.i iJ 

0.1 u 

0.i u 

0.05 u - .-.- _.. 
0.05 u 

-.- !:.?. !-! 
5U 

0.05 u 

0.05 u ---..-. 
0.05 u 

0.05 u 

0.05 u -~ 

-196 0 

-2.2 u 

3.4 u 

37 J _ -- 
0.66 u 

0.34 u .- .____. 
12 200 . .._L-- 

6.2 U 

6.2 U 

5.4 u ~~__ 
0.2 u --__ ~_ 

1 720 J w.--2e-..-. 
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Table A-3-l 
Raw Data 

SWMU 16 - Surface Water 
NAS Oceana, Virginia Beach, Virginia 

Sample Date 

Chemical Name __--__-. --- 

ItI--- 1-Y Lead 

2.4 U 

5.7 u 

_ 

0.06 U 

6U 

4,650 J 

3 Ul 

3.9 u 

11,100 

WDC003670364.ZIP 

NS - Not sampled 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
L - Reported value may be biased low 
U - Analy’ ‘$etected 

UL - Not detected, quantitation limit is probably higher 

,d .-- I,_ 
‘1 
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\\ ,t Table -4-2 
Raw Data 

SWMU 16 - Sediment 
NAS Oceana, Virginia Beach, Virginia 

Sample Date 

Chemical Name 

PesticidelPolychlorJnated~ Biphe&s (W/KG) 
4,4’-ODD 

4tE!?.-~. ___.... 
4/S-DDT 

Aldrin 

Dieldrin 

Endosulfan I _~----_~ 
Endosulfan II ___--._ 
Endosulfan sulfate -.--.----- ..--.-- - - 
Endrln ---- ~- - 
Endrin aldehyde 

Endtin ketone ..- -~__-.- -.-.. 
Heptachlor 

Heptachlor epoxide 

Methoxychlor .--~ -___-~ - 
Toxaphene -_-- .-... - 
alpha-BHC 

alpha-Chlordane 

beta-BHC de,ta-BHC---- ..-...- .~ .~ 

gamma-BHC (Lindane) 

Total Metals (MG/lJG) .- 
Aluminum -__-.-. -~ ._- ~_. 
Antimony 

Arsenic --- .-..-. 
Barium 

Beryllium 

Cadmium .____---~- .._.. 
Calcium .-~ _ ---- 
Chromium 

Cobalt 

Copper -.-_ -- __~. 

---.-_- ._ ~. 

OWlG-SD01 

6.9411 

6.99 U .~~--. _- 
6.99 U 

i 
_-.-.~ 

NS - Not sampled 
J - Reported value is estimated 
L - Reported value may be biased low 
U - Analyte not detected 
UL - Not detected, quantitation limit is probably higher 

Pagelof2 
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Tabli? -B-3 
Raw Data 

SWMU 16 - Surface Soil 
NAS Oceana, Virginia Beach, Virginia 

P 

NS - Not sampled 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
L - Reported value may be biased low 
U - Analyte not detected 

Sample Date 

Chemical Name 

Pesticide/Polychlorinated Biphenyi& (U&KG) ~~.-.. 
4,4’-DDD 

4,4’-DDE 

4,4’-DDT 

Aldrin 

Chlordane 

Dieldrin __ .~~ ~~~ 
Endosulfan I .^ 
Endosulfan II 

Endosulfan sulfate 

Endrin 

Endtin aldehyde 

Endrin ketone 

Heptachlor 

Heptachlor epoxide 

Methoxychlor 

Toxaphene --~ ..-- .- 
alpha-BHC 

alpha-Chlordane ___-~ 

beta-BHC ~__ 
delta-BHC -~.___--- 
gamma-BHC (Lindane) --.. _~ 

Total Metals (MGIKG) 
Aluminum -. 
Antimony 

Arsenic 

Barium ---..- ~_~--~-.. _ _ 
Beryllium 

Cadmium 

Calcium --.___ _. 
Chromium 

Cobalt 

OWI 6-SSOl -Ot 

.-12J 

23 

110 

2.13 U 

.Ni 

45 

2.13 U 

4.14 u ~.- 
4.14 u 

4.14 u 

4.14 u _-_ _ - _ 
4.14 u 

2.13 U 

3.0 J 

21.;1 u 

213.06 U 

2.13 U 

11 --- -.- 
2.13 U 

2.13 U 

2.13 U 

12,100 

1.4 J 

89.5 

1;; 

9.6 J .--.. .- - 
ai3.9 

0.02 u -_ ..~_ .-- 

UL - Not detected, quantitation limit is probably higher 

Page 1 of 2 



NS - Not sampled UL - Not detected, quantitatfon limit is probably higher 

B - Analyte not detected above associated blank 
J - Reported value is estimated 
L - Reported value may be biased low 
U - Analyf detected 

Table A-3-3 
Raw Data 

SWMU 16 - Surface Soil 
NAS Oceana, Virginia Beach, Virginia 

Sample Date 

Chemical Name -. . -___.-.~-~~ _.- 

Iron ---~... 
Lead 

Magnesium _ ._- ___.. -~~ .- ..~ 
Manganese 

Mercury _~_..__._~ ~~ - ._ 

WDC003670364ZIP 

OWlG-SSOl -00 

29,100 L 

-- 10.2 

4,430 
339 

0.04 J 

27 

4.770 

0.63 Ul 

6.8 

120 B 

0.57 J 

36.7 

198 



NS - Not sampled 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
L - Reported value may be biased low 

TabI&,-&1 
Raw Data 

SWMU 16GC - Surfacewater 
NAS Oceana, Virginia Beach, Virginia 

Sample Date 

Chemical Name 

OWlGGC-SW01 OWlGGCSW02 .-. -.-...-- _ -...-~ __._ ~__ 

PesticidelPolychlorinated Biphenyls(UG/L)- 
4,4’-DDD 

4.4’-DDE 

Dieldrin I Endosulfan I ,--.---. -. -.----~~. II. n &i r II-- 1 -‘“-l--1 _ 0.051 u 

Endosulfan sulfate 

[Endrfn aldehvde 

Endrin ketone 

Heptachlor 

Heptachlor epoxide 

Methoxychlor 

5 UL 

0.05 UL ~rl::~ 0.05 UL 

0.05 UL 

0.05 UL _.. 

i 
5U 

~o.FqU 

- o.g5/ U 

0.05 u 

0.05 u 

i-.-- M5 u gamma-BHC (Lindane) 

___~-~ 

- 

Pagelof2 
WDC003670364,ZIP 



Table A-4-l 
Raw Data 

SWMU 16GC - Surfacewater 
NAS Oceana, Virginia Beach, Virginia 

.~__ _. ~--__~ 
Sample Date 

Chemical Name -- -~~--- .__. _--- _ 

Iron _----. 
Lead ~-..-~ _-. ~~. ~~ 
Magnesium _ __~.. ~-- -- -~ 
Manganese ~. __-. ~~ ~--~ 
Mercury 

__- Nickel 

Potassium 

Selenium ~. ..~.. ..___~ 
Silver ._.- -. 
Sodium ~~ ~~____ .~~ 
Thallium .~~___..~ - 

Vanadium 

36O!J 552iJ 

1,5iJ ~- 1:4ju 

2,500jJ 3,17O]J 

34.4i J 

0.06 U 

8.3 J- 6iU 

11,900[ 
.~ 

lO,~OO t 
31% 3[UL 

.- 3.9ju.- 3.+ 

5,2801 6,llOi 

2.4 U 

5.7 u _ .-..~ -. 
119 0 

NS - Not sampled 
B - Analyte not detected above associated blank 
J - Repotted value is estimated 
L - Reportc ‘ye may be biased low 

Page 2 of 2 
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Tablt. -4-2 
Raw Data 

SWMU 16GC- Sediment 
NAS Oceana, Virginia Beach, Virginia 

Sample Date 

Chemical Name 

1 OWlGGC-SD01 

I- Pesticide/Polychlorinated Biphenyls .-__ --~___- ._ 
4 4’-DDD _‘--- L 4$-DDE 

IEndosulfan sulfate -- 

5.61 U 

5.61 U 

5.61 U 

5.61 U 

28.92/U 

289.2i, U 

2.89jU 

2.89111 

- 

Barium 

Beryllium .-.-____ 
Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Cyanide 

NS - Not sampled 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
L - Reported value may be biased low 

I 
._ 

OWI 6GCSD02 

. 

/ 
5.43/U 

5.43/u 

5.43/u 

2.8iU 

5.43 u 

2.8jU 

5.43 u 

1 5.43 u 

5.431 u 

5.43ju 

5.43i u 

2.81U 

2.8jU 

27.96jU 

279.61 jtJ 

2.8jU 
I 

2.g 

2.8jU 

2.8/U 

2.8IU 

9,290, 

.- 
39.6 J 

0.23 UI 

0.56 0 

Page 1 of 2 
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Table A-4-2 
Raw Data 

SWMU 16GC- Sediment 
NAS Oceana, Virginia Beach, Virginia 

Mercury Mercury 

Potassium Potassium 

Vanadium Vanadium 

Page 2 of 2 
WDCO Tp64.ZIP 

NS - Not sampled 
I3 - Analyte not detected above associated blank 
4 - Reported value is estimated 
L - Repor JJe may be biased low 

,F-’ -4L 

, 



Raw Data 
SWMU 16GC - Surface Soil 

NAS Oceana, Virginia Beach, Virginia 

_-.-..-__ 
Sample Date 

Chemical Name 

I 4,4’-DDT 

Aldrin 

Chlordane 

Dieldrin -___ 
Endosulfan I --__ _- -- -__~--.--~ ~--~ 
Endosulfan II 

Endosulfan sulfate 

Endrtn 

Endrin aldehyde 

Heptachlor 

Heptachlor epoxide _---- 
Methoxychlor _---...-..- -.. -- ~. -- .- .~---~-. 
Toxaphene 

alpha-BHC 

beta-BHC -~.__~~ ..--.- ---. - ..-- ~. ..-~ .--.- 
delta-BHC 

gamma-BHC (Lindane) 

owl GGC-SSI -93A .qJvl6GC-SS2-934 OWl6GC-SS3-93A 

15/J 

23: .--.. 

1.7 u 

17 u 

1.7u 

1.7 u -._-...-.- _ 
3.3 u 

3.3 u -. ..~_.~~.._ 92/u 
3.3 u . . . _ _ 
3.3 u 

1.7lU 471 u 

1.7 u 

6.9 -U 

47/u 

85jU- 

1901u 

2,300jU 

1.7 u 

3.3 u- 
4+J 

9.2’J 

8.3iU 

83jU 

8.3iU 

8.3iU 
1 

16/U 

16jU 

16iU 

16/U 

8.31 U 

8.31U 

33;u 

41oiu 

8.3/U 

l6jU 

8.3/L 

8.31 L 

21011 

4.211 

NS - Not sampled 
J - Reported value is estimated 
U - Analyte not detected 

Page 1 of 1 



:, 
Tablb. .&-I 

Raw Data 
SWMU 21 - Surface Soil 

NAS Oceana, Virginia Beach, Virginia 

Sample Date 

Chemical Name ____ --------- ___-- 

Semi-volatile Organic Compounds (UGIKG) .._________-. 1 
1,2,4-Trichlorobenzene 

1,2-Dichlorobenzene 

1,3-Dichlorobenzene 

I,CDichlorobenzene 

2,2’-Oxybis(l-chloropropane) 

2,4,5-Trichlorophenol ~ .--.--___--. .-- 
2,4,6TrlchlorophenoI 

2,4-Dichlorophenol 

2,4-Dimethylphenol 

2:4-Dlnitrophenol 

2,CDinitrotoluene ._~______. 

2,6-Dinitrotoluene 

Z-Chloronaphthalene 

P-Chlorophenol _ ~~~_--- 
2-Methylnaphthalene ______--- --- 

DWZl -SSl -93A OW21 -SS10-93A ow21-SSll ow21 SS12 OWZl -SSl 2P 

2-Nitrophenol 

3,3’-Dichlorobenzidine 

bNitroaniline 

4,6-Dinitro-2-methylphenol 

4-Eromophenyl-phenylether .__ 
4-Chloro-Smethylphenol 

4-Chloroaniline 

4-Chlorophenyl-phenylether -- 
4-Methylphenol 

4-Nitroaniline 

4-Nitrophenol 

Acenaphthene 

Acenaphthylene 

Anthracene .- - 
Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(g,h.i)perylene _____ .~___.~_ .~. 
Benzo(k)fluoranthene ___---.__------. 
Butylbenzylphthalate 

Carbazole 

Chrysene 

450 u 460 U 

1,100 u .-.- 
1,100 u 

460 U 

450 u 460 U 

NS 1 NS 1 430u I 

.i1:~ 1,100 1,100 450 _~- u u u 

I- 
450 u 460 U 

i I- 460 U 

NS - Not sampled 

BD 

J - Reported value is estimated 

L - Reported value may be biased low 

U - Analyte not detected 

UJ - Not detected, quantitation limit may be inaccurate 

UL - Not detected, quantitation limit is probably higher 

- 
)W21SS13 

420 u 

420 U 

420 u 

420 U 

420 U. 

420 U 

420 U 

420 U 

420 U 

1,000 u 

420 u 

420 U 

4.b.o u. 

420 U 

420 U 

.42OU 

1,000 u 

420 U 

420 U 

1,000 u 

1,000 u 

420 U _. _ -. 
420 U 

420 U 

4io u 

420 U 

1,000 u 

1,000 u 

420 U 

420 u 

420 U 

‘50J 

420 U 

57; 

420 U 

420-u 

420 U 

420 U 

67 J 

OW21 SS13P OW21-SS2-93A 

410 u 

410 u 

410 u 

410 u 

410 LA 

410 u 

410 u 

410 u 

410 u 

1,000 u 

410 u 

410 u 

410 u 

410 u 

410 u 

410 u 

1,000 u 

410 u 

410 u 

1,000 u 

1,000 u 

410 u 

410 u 

410 u 

410 u 

410 u 

1,000 u 

1,000 u 

410 u 

410 u 

410 u 

410 u 

-41ou 

410 u 

416 u 

410 u 

410 u. 

-410 u 

410 u 

NS 

NS 

ii 

IiS 

NS 

NS 

NS 

l+i 

NS 

NS -- 

NS 

NS 

NS 

NS 

NS-- 

ii 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 
NS 

OW21 -SS3-931 

NS 

NS 

NS 

NS 

NS -. 
Ni 

NS- 

NS 

NS 

NS 

NS 

NS 

NS 

NS _~---- -.-. 
NS __-.--. -- 
NS 

NS 

NS 

NS 

NS 

NS -- ~~-. -.- 
NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS _~---- 
NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

OW21 -SS4-93A 

NS -- 

NS 

NS 

NS 

Ni- 

NS 

NS 

NS 

NS 

NS 

NS _--- 
NS 

NS 

NS 

NS 

NS 

NS ~-_- 
NS 

NS 

NS 

NS 
NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS- 

NS 
NS 

NS 

NS 

-NS ___--.-- 
NS 

NS 

NS 

NS 

NS 



Table A-5-1 
Raw Data 

SWMU 21 - Surface Soil 
NAS Oceana, Virginia Beach, Virginia 

ow21-ss12 ow21-SS12P 
I 

OW21SS13 DW21 -SS13F OW21-SSl-93A OW21-SSlO-93A OW21SSll 

Sample Date 

Chemical Name 

Di-n-butylphlhalate 

Di-n-octylphthalate ~-__ _-___-- 
Dibenz(a,h)anthracene __--.~ -.-._.- 
Dibenzofuran 

Diethylphthalate 

Dimethyl phthalate 

Fluoranthene 

Fluorene 

Hexachlorobenzene 

Hexachlorobutadiene 

Hexachlorocyclopentadiene 

Hexachloroethane ~_~.~ - ~~-~ 

Indeno(l,2,3-cd)pyrene 

lsophorone 

Naphthalene 

Nitrobenzene 

Pentachlorophenol 

Phenanthrene 

Phenol 

iirene 

bis(2Chloroethoxy)methane ._..~ __-.-. 
bis(2Chloroethyl)ether ..~.--.__-..--.~ --~~-~- -. 
bis(2-Ethylhexyl)phthalate 

n-Nitroso-di-n-propylamine __~-.--.---- .._~~ 
n-Nitrosodiphenylamine ~--. -___ 

Pestlc~de/Polychlorinsted Blphenyls (UGIKG) 
Aroclor-1016 

Aroclor-1221 

Aroclor-1232 

Aroclor-1242 

Aroclor-1246 _--. .~~-~~~ 
Aroclor-1254 

Aroclor-1260 

420 U 

420 U 

420 U 

420 U 

420 U 

420 U 

74 J 

420 U 

420 ; 

420 U 

420 u 

--420 U 

420 U ___ 
420 U. 

420 U 

420 U 

1,000 u 

420 u 

420 u 

67 J 

420 u 

420 u 

280 J 

420 U 

420 U 

42 U 

42 U 

42 u 

42 U 

42 : 

42 U 

410 u 

410 u 

410 u 

410 u 

410 u 

410 u 

410 u 

410 u 

410 u 

410 u 

410 u 

410 u 

410 u 

410 u 

410 u 

410 u 

1,000 u 

410 u 

410 u 

410 u 

410 u 

410 u 

4lOU 

-410 u 

410 u 

41 u 

41 u 

41 u 

41 u 

41 u 

41 u 

41 u 

----t-- 
450 u 

450 u 

::~zl- i 

450 6 

450 u 

460 6 

460 u 

460 u- 

460 u 

450 u 460 u 

450 u 460 u 

450 u 460 iJ 

450 u 

-~_ 450 4 u 

460 u 

I 466-u 

450 u 460 u 

450 u 460 u 

~-----I ..- - ‘I’?-?.. -- _ 1,100 u NSl 

NS i NS I... _~_ 430 u. 

450 u 460 u 

--- -I:--- -.-- 

45 u 

-1. 

45 u 

92u 
.-.-. 92 u I 

43 

~---I 

u 

6s u .-- - - 

-NS NS 

NS NS 

Total Petroleum Hydrocarbons (MO/KG) 
Total petroleum hydrocarbons (TPH) 

WDC003670364ZIP 

UJ - Not detected, quantitation limit may be inaccurate 

UL - Not detected, quantitation limit is probably higher 
NS - Not sampled 
SD 

J - Reported value is estimated 

L - Reported value may be biased low 

U - Anal@ ‘tected qe2of4 



9, ,ic 
*.,v’ Tablk *A-l 

Raw Data 
SWMU 21 - Surface Soil 

NAS Oceana, Virginia Beach, Virginia 

Sample Date Sample Date 

Chemical Name Chemical Name 

OWZl-SS5-93A OWZl-SS5-93A OW21-SS6-93A OW21-SS6-93A 

_. _. 
Semf-volatile Organic Compounds (UGIKG) Semf-volatile Organic Compounds (UGIKG) ___ .---._ ----- ___ .---._ ----- 
1,2.4-Trichlorobenzene 1,2.4-Trichlorobenzene NS NS NS NS 

1,2-Dichlorobenzene 1,2-Dichlorobenzene NS -- NS -- NS NS -.-__~ - -.-__~ - _.- . . . -.-...-.. _.- . . . -.-...-.. -~ -~ .-... _. .-... _. 

1,5Dichlorobenzena 1,5Dichlorobenzene NS NS NS NS __--- ___-~. -~. ----. __--- ___-~. -~. ----. 
1,4-Dichlorobenzene 1,4-Dichlorobenzene NS NS NS NS 

2.2’-Oxybis(l-chioropropan’) .._ ~_ __ . __ _ ._ . -~. 2.2’-Oxybis(l-chioropropan’) .._ ~_ __ . __ _ ._ . -~. NS NS NS NS ~. ~. .---__ .---__ 
2.4,5-Trichlorophenol 2.4,5-Trichlorophenol NS NS NS NS _..___. _ _..___. _ --_---.. -- -~~-- --_---.. -- -~~-- 
2,4,6-Trichlorophenol 2,4,6-Trichlorophenol Ni - NS Ni - NS _,~_____ _._-~-. ~-~ .~~~ _,~_____ _._-~-. ~-~ .~~~ 

2,4-Dichlorophenol 2,4-Dichlorophenol NS NS NS NS -____ -____ __ _..... -..-. __ _..... -..-. _---_-- _---_-- 

2,CDimetftylphenol 2,CDimetftylphenol NS NS NS NS ..___ _._..- ~ ..___ _._..- ~ .__~.~~ -.- ----~- .__~.~~ -.- ----~- ~~.. ~~.. ~-. --- ----- ~-. --- ----- 
2,CDinltrophenol 2,CDinltrophenol NS NS NS NS ~---__ - ~---__ - 
2,CDinftrotoluene 2,CDinftrotoluene NS NS NS NS -___-- -___-- -___.. -___.. _- -..-- _-- --~ --- _- -..-- _-- --~ --- 

2,6-Dinltrotoluene 2,6-Dinltrotoluene NS NS NS NS ---. ---. -______ - ~~~~- .-. ---- .-..-. -______ - ~~~~- .-. ---- .-..-. 

P-Chloronaphthalene P-Chloronaphthalene NS NS NS NS 

P-Chlorophenol P-Chlorophenol NS NS NS NS - .- - --.-.. _.- - .- - --.-.. _.- __---.- __---.- 
2-Methylnaphthalene 2-Methylnaphthalene NS NS NS NS 

BMethylphenol BMethylphenol NS NS NS NS 

P-Nitroaniline P-Nitroaniline NS NS NS NS 

P-Nitrophenol P-Nitrophenol NS NS NS NS _. _. -__~~~ - .-- -__~~~ - .-- 
3,3’-Dichlorobenzidine 3,3’-Dichlorobenzidine NS NS NS NS 

3-Nitroaniline 3-Nitroaniline NS NS NS NS 

4.6-Dinitro-2-methylphenol 4.6-Dinitro-2-methylphenol NS NS NS NS 

4-Bromophenyl-phenylether 4-Bromophenyl-phenylether NS NS NS NS _____~~ -. _____~~ -. ~~.-~~-_~~~-.- ----.- ~~.-~~-_~~~-.- ----.- - - - - .-.- ---.- .-.- ---.- 
4-Chloro-3-methylphenol 4-Chloro-3-methylphenol NS NS NS NS ___ ___.. ..~ ~~ _ ~.-~~~~_--- ___ ___.. ..~ ~~ _ ~.-~~~~_--- - -_-__-- ~. ..~-- -..---. - -_-__-- ~. ..~-- -..---. 
4-Chloroaniline 4-Chloroaniline NS NS NS NS ..~ ~__~.~--~ ..~ ~__~.~--~ .- .- ...~_ ...~_ --.-.--~~ -- . . .._ --.-.--~~ -- . . .._ .- ---..-. .- ---..-. 
4-Chlorophenyl-phenylether 4-Chlorophenyl-phenylether NS NS NS NS .~.~_ - .~.~_ - 
4-Methylphenol 4-Methylphenol NS NS NS NS ___-. ___-. ---~ - -- .~. ..~ ---~ - -- .~. ..~ 
4-Nitroaniline 4-Nitroaniline is is NS NS 

CNitrophenol CNitrophenol NS NS NS NS 

Acenaphthene Acenaphthene NS NS NS NS 

Acenaphthylene Acenaphthylene NS NS NS NS 

Anthracene Anthracene NS NS NS NS 

OW21 -SS7-93A OW21 -SS8-93A 

NS 

NS 

NS 

NS 

NS 

NS 

N.5. 

NS- 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS- 

NS 

NS 

NS 

NS- 

NS 

NS 

NS- 

NS 

NS 

NS 

NS 

NS 

NS .-~ 
NS .._ 
NS 

NS 

NS _ .-.. _ .- 
NS 

NS 

NS 

NS 

NS 

NS - Not sampled 

SD 

J - Reported value is estimated 

L - Reported value may be biased low 
U - Analyte not detected 

UJ - Not detected. quantitation limit may be inaccurate 

UL - Not detected, quantitation limit is probably higher 

. 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

Ni 

NS 

Ni 

N!? 

NS 

NS 

NS 

NS 

NS 

3W21-SS9-93A 

NS- 

is - 

NS 

NS- 

NS 

NS 

Ns 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

G 

NS 

NS 

NS- 

NS ..-. .._~ 
NS 

NS 

NS 

NS 

NS- 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS --- -- 
NS 

Page 3 of 4 



Table A-5-l 
Raw Data 

SWMU 21 - Surface Soil 
NAS Oceana, Virginia Beach, Virginia 

NS - Not sampled UJ - Not detected, quantitation limit may be inaccurate 

BD UL _ Not detected, quantitation limit is probably higher 

J - Reported value is estimated 

L - Reported value may be biased low 

U - AnalytP ‘etected 
/ 

- ~.-- --__ 
(2Chloroethoxy)methane 

WDC003670364ZIP 

3W21 -SS5-93A 

NS 

NS 

NS 

NS 

NS _.-. 
NS 

NS 

NS~. 

NS 

NS’- 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

43 1 

88 1 

88 1 

43 1 

43 1 

22 1 

2; 1 

OW21 -SS6-93A 

NS 

NS 

NS-‘ 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

44 c 

89 c 

89 C 

-44c 

44 c 

XL 

23 1 

242 

OW21-SS7-93A 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS -. 
NS 

NY 

NS 

NS 

NS 

iii 

NS 

-NS 

NS 

NS 

NS -_ 
NS 

41 I 

84 I 

84 I 

41 i 

41 I 

21 -1 

21 I 

NS 

OW21-SS8-93A 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

44 L 

90 I 

90 I 

44 I 

44 I 

23 I 

23 1 

NS 

OW21 -SS9-93A 

NS 

NS 

NS 

is 

NS 

-NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS - 
NS 

NS 

NS 

NS 

NS 

NS 

NS 

!ts--. 
NS 

43 I 

aa t 

88 i 

43-1 

43 I 

221 

.221 



TabL.&l 
Raw Data 

SWMU 22 - Ground Water 
NAS Oceana, Virginia Beach, Virginia 

3W22-MWl-93A 
I 

OW22-MW2-93A ___- -~.-~- . . . ~~- __ ~. ___. .- ~_--__-_-- - 
Sample Date 

Chemical Name ______ . ..___ - .-- -.. ____ ..- i 

_ _--~-_ __-~ 
rolatile Organic Compounds (UGIL) 

1. I 
--. ---.-___ . . ..-. -..-. -... ~~- -- ~ 
I1,l_$Tetrachloroethane Pk+ ~~---~ . .._ _-. --. -. - 
,l ,l -Trichloroethane .5-u 

,1,2,2-Tetrachloroethane 5u ._~._ _...~. ~. .~..~ -~ 
1,2-Trichloroethane L.. ~~~__ 5u‘ ~~ ------ .- -- -. ___. _ _ 

,I-Dichloroethane 5u _. _ _. - 
,I-Dichloroethene 5u __- ._-. 
,2,3-Trichloropropane 5u .._~ _.... --... -~ ~~~~~~ ~. .~ ---.- ~. .~ - 
,2-Dibromo-3chloropropane NS 

2-Dibromoethane L-- NS 

1,2-Dichlorobenzene 

1,2-Dichloroethane ~~.~~ ~~.___._ _--.--. - 
1 ,P-Dichloroethene (total) 

1 ,P-Dichloropropane 

1?3--Pich!~robenzene 

1 ,CDichlorobenzene 

1,4-Dioxane 

P-Butanone -___ - 
2-Chloro-1,3-butadiene 

P-Chloroethyl vinyl ether 

P-Hexanone 

4-Methyl-2-pentanone _ .- _. .-.-- - .~~ 
Acetone 

51U 

5/u 

5iU 

5’u 

5&U 
5ju 

5ju. 

~YojlJ 

5u 

5u 

jtJ 

5jU 

5/u 

5’11 

5,u 

200 u 

-10 u 

200 u 

10 u 

lo-u 

1o;u 

6’J 

Acetonitrile 

Acrolein 

Acrylonitrile 

Ally1 chloride ~___-~- 
Benzene 

Bromodichloromethane 

Bromoform _-.~---~~ 
Bromomethane _. _ __~ .___--..___. 
Carbon disulfide ~.- 
Carbon tetrachloride 

Chiorobeniene 

Chloroethane 

NS - Not sampled 
B - Analyte not detected above associated blank 
BJ 
BU 

U - Analyte not detected 

J - Reported value is estimated 

1oo’u 

100 u 

100,u 

5llJ 

-.... i.- 5u 

5u 

51u ~- .-I- 
10 u 

-.A 5u 

5u 

516 

10/u 

OW22-MW3-93A 3W22-MW4-93A 

NS’ 
5;u 

5ju 

5iu 

5ju 

5ju 

5jU 

NSi 

NS; 
5/u 

51” 
5;u 

5;u 

5/u 

5ju 

NS! 

1oju 

NS1 
1OiU 

lO!U 

1oju 

5iJ 

NS; 

looiu 

~OOhl 

NS/- 

5j u 

5lu 

1 5u 

loju 

qu 

51U 

i .- 
NS 

5u 

56 

5u 

5u 

5u 

-i u 
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Table A-6-l 
Raw Rata 

SWMU 22 - Ground Water 
NAS Oceana, Virginia Beach, Virginia 

1,2,4,5-Tetrachlorobenzene 

NS - Not sampled 
i3 - Analyte not detected above associated blank 
BJ 
BU 
J - Repot’ \ue is estimated 

OW22-MWl-93/ OW22-MW2-93A _ .. qW22-MWg-93A 

1 

1olu 

IOO~U 

! 

5iU 

1oju 

51u 

5iu 

NSi 

5iU 

5ju 

1o’u 

NSI 

NS/ 

NS’ 

3iBd 

NS 

NS: 

5!u 

5iu 

5’u 

i 5u 

5’U 

‘1.0 v 

.2;u 

5iu 

5/u 

5/u 

5iU 

501” 

ioii 
,OiU~ 
1o;u 

NSf 

1oju 

NSt 

U - Analyte not detected 

OW22-MW4-93A --~-. 

- 

t 

51” 
1oju 

NSl 
NS/ 

5tu 

Page 2 of 7 
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TabI& -6-l 
Raw Data 

SWMU 22 - Ground Water 
NAS Oceana, Virginia Beach, Virginia 

._.i _-_.. _-_~.- --~ ~- .-.--.- -- ___- ._.- 
Sample Date 

Chemical Name 

1,4-Naphthoquinone ~. __ .~~.---...-~---~. 
I-Chloronaphthalene 

l-Naphthylamine 

2,2-ziybis(l -chloropropane) .___- -- -- .--..--.~. ~~~ .- 
2,3,4,ETetrachlorophenol 

2,4,5-Trichlorophenol 

2,4,6TrichlorophenoI ~-~~~~ 
2,4-Dichlorophenol 

2,CDimethylphenol 

2,4-Diiitrophenol 

?,+~nttrotoiuene 

2,6-Dichlorophenol _ _ ..___-. .~. .~~~-~ - - 
2,6-Dinitrotoluene 

2-Acetylaminofluorene 

2-ChGronaphthalene 

P-Chlorophenol 

2-Methylnaphthalene _. _... -..----~~- ~.~- ~-~- 
2-Methylphenol ~~... ___.-..-.- 
2-Naphthylamine 

--__-.-.~~- 

._.____~~_ .-. ~~- ~~ .- -.... -___-- 
2-Nitroaniline 

2-Nitrophenol 

- 2-Picoline 

33’Dichlorobenzidine 

3,3’-Dimethylbenzidine 

3-Methylcholanfhrene __~. ____-.-.- -- ~~~.~-~.- ~.-~~-~ 
3-Nitroaniline 

4,6-Dinitro-2-methylphenol _.._ --._. --~~~ -~ .-.- -~~.-.~---~--. -- .~. 
4-Aminobiphenyl -. ~. 
4-Bromophenyl-phenylether 

4-Chloro-3-methylphenol 

4:Chloroaniline 
~.- -_--. -. 

4-Cniorophenyl-phenyiether -. --__ 
4-Methvlnhenol 

NS - Not sampled 
B - Analyte not detected above associated blank 
BJ 
BU 
J - Reported value is estimated 

3W22-MWl -93A 

-_i..-J-- -.. 
NSI 1 5olu 

NS j. 

-5oju- 

10 u 

10/u 

.50\ u 

Ioiu 
1OjU 

1oju 

mu 

IO u 

10 u 

10 u .- 
IO u 

10/u 

IO/U 

10 u 

10 u 

10 u 

10 u 

50 u 

50 u-- .~ _. 
IO/U 

5oju 

20 u 

lO!U 

10 u- 

50 u 

U - Analyte not detected 

OW22-MW3-93A 

_ .._ - 

NS/ 

iojy 

501u 

101” 

101” 

501lJ 

IO;U 

1OiU 

1oju 

5O!U 

1oju 

10 u 
1 

IO!U 

NSi 

lot” 

‘O/U 

NS! 

NS 

10 u 

10 u 

50 u 
4 5OJU 

1oiu 

501” 

2o;u 

NS! 

10/u 

50 u 

SO/.” 

501” 
1oju 

1oju 

101u 

IOlij 

IOiU 

DW22-MW4-93A 

16 u 

I 10 u 

-50 6 

.I 10 u 

50 u 

20 u 

Page 3 of 7 
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Table A-6-l 
Raw Data 

SWMU 22 - Ground Water 
NAS Oceana, Virginia Beach, Virginia 

OW22-MWT-93A OW22-MW2-93A 

NS - Not sampled 
B - Anaiyte not detected above associated blank 
BJ 
BU 
J - Report ‘ye is estimated 

U - Analyte not detected 

p- c, 

10 u 

10,u 

‘!qJ 

.:A 

10/u 

10 u 

IO u-- 
I :- 

-. 101u -~ 

1o’u 

-10 u ..- .-I 1 

50/u 

50.1 u 

10 u 

‘Ojlj 

ioiu 
-1&J 

101u 

IOiU 

lO]U 

5oju 

50/u 

-1oju 

10 u 

10/u 

1o’u 

10 u 
I 

50 u 

I 10 u 

loju 

loiu 
10 u 

-1 

10 u 

10 u 

1oiu 

lO]U 

1oju 

10 u 

10 u 

10 u 

10 u 

10,u 

10 u 
-I 

IOlU 

-5oju 

-50 

OW22-MW3-93A 

5o]u 
5oju 

NS’ 

IOIU 

101u 

‘OiU 
IO u 

1o;u 

IOiU 

NS: 

5o:u 

IOjU 

1oju 

1oiu 

1oiu 

1o;u 

501u 

1olu 

IO~U 

IO/U 

qu 

1OiU 

1o;u 

1o;u 

‘01U 

IO/U 

‘01U 
ioiu 
1oiu 

IO’U 

1o;u 

IO/U 

1o;u 

NS 

NSI 

OW22-MW4-93A 

lo;! 

1oilJ 

NS/ 
--NST 
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‘i ,f Table.. Al 
Raw Data 

SWMU 22 - Ground Water 
NAS Oceana, Virginia Beach, Virginia 

Indeno(l,2,3-cd)pyrene -~~ 

lsophorone 
_-__ .-- ..-.. -. -.- -~-~-~- .-. 

lsosafrole .~ --~~. 
Methapyrilene 

Methyl meth&esulfonate 

N-Nitrosomorpholine 

N-Nitrosopiperidine 

Naphthalene __.- ___--. 
yitrobenzene 

Pentachlorobenzene 

Penmchloronitrobenzene 

Pentachlorophenol --~~ . . .~ -~~ 
Phenacetin 

Phenanthrene 

Phenol -..-~-- 
Pronamide 

Pyrene 

Pyridine 

Safrole -- 

a,a-Dimethylphenethylamine 

f&(2-Chloroethoxy)methane 

b&(2-Chloroethyl)ether 

bis(2-Ethylhexyhphthalate 

n-Nitroso-di-n-butylamine 

n-Nitroso-di-n-propylamine --~~_ ~.._ ~ -~ -.-~.--. 
n-Nitroso-n-methylethylamine 

n-Nitrosodiethylamine 

n-Nitrosodimethylamine __---_- 
n-Nitrosodiphenylamine 

n-Nitrosopyrrolidine 

p-Dimethylaminoazobenzene 

p-Phenylenediamine 

Pesticide/Polychlorinated Biphenyls &G/L) 

14.4’~DDD -~ --~~~ - 

NS - Not sampled 
B - Analyte not detected above associated blank 
BJ 
BU 
J - Repotted value is estimated 

OW22-MWl-93A OW22-MW2-93P 

--I----- -- -- - 

50 u ..~ 

_. ‘O,? 
IOjU 
loiu 

10 u -- 

---- 10 u 
---‘3 I ‘PP 

IOIU 

iiqj U so& 

%!/u 50/u 

5olu 5otu 

10 u t IO u 

AI ~-~~~j:..~ - -.-. I 

ib u 10 u 

IO u 10 u 

, 
I 

0.04 u 0.041 u 

U - Analyte not detected 

OW22-MW3-93A 

I 

I 
i 

1olu 

IO/U 

NS/ 

NS/ 
lO]U 

NSI 
1o;u 

1oiu 

IOiU 

qu 

5o;u 

5oju 

101u 

IOIU 

IOjU 

IO/U 

lO]U 

NSI 

NS/ 

5o;u 

IOjU 

10 u 

1OjBU 

lO!U 

1o:u 

NS; 

NSj 

IO/U 

IO/U 

NS/ 

IOIU 

is; 

4 
I 

0.041 u 

-!O/” 
IO’U 

10 U 

50 Li 

50 iJ 

50 il 

IO u 

IO u .~. _ 
IO u 

10 U 

IO u 

NS 

NS 

so -6 

10 u 

IO u 

IO t-f 

r -10 U 

1o’u 

0.04ju 

OW22-MW4-93A _-...-.- ~...~ 
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Table A-6-l 
Raw Data 

SWMU 22 - Ground Water 
NAS Oceana, Virginia Beach, Virginia 

NS - Not sampled 
B - Analyte not detected above associated blank 
BJ 
BU 
J - Reportr ‘ye is estimated 

OW22-MWi-93A OW22-MW2-93A OW22-MW3-93A 

U - Analyte not detected 

OW22-MW4-93A _. _--- 

l- .._A.. 
0.021 u 

o.04iu 

OYo2 u 

--I u 

16.4;U 

o,p3jlJ 

40.518 

Page 6 of 7 
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TabL. A-1 
Raw Data 

SWMU 22 - Ground Water 
NAS Oceana, Virginia Beach, Virginia 

I ._.-_.-...-.-- ---~-.-~--------~ -...L -~-~ OW22-MWl-93A 1 OW22-MW2-93A 

Sample Date 
Chemical Name ..-.-.-.____ ..- . _ -. --- _-...-- 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Cyanide 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Tin 

.i 

1. 
0.26jU 

2.4 u 
NS’ 

38 

318 

5.3/B 

l.4iU 

Nd 

1.7 u 

NSI 

-2.5 i 

NS 

2.3 U 

1qu 

NS - Not sampled 
Et - Analyte not detected above associated blank 
BJ 
BU 
J - Reported value is estimated 

U - Analyte not detected 

OW22;MW3-93A OW22-MW4-93A 

I 

0.26/U 

2.8/U 

14,500j 

2.8iU 

2.6/U 

1.2$ 

NS/ 
9,340’ 

1.7ju 

7,260; 

2791 

0.071 u 

9.4 u 

1,600/B 

1.8jU 

2jU 

12,800 

2.3 u 

NS 1 

2.6,U 

91u 

13,800 

-2.8 u 
2.6 U 

‘1.4 B 

NS 

9,110 

1.9 B 

9,630 

303 

0.1 B 

--- I-.- 9.4 u 

Page 7 of 7 
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Table *. ti:2 
Raw Data 

SWMU 22 - Surface Water 
NAS Oceana, Virginia Beach, Virginia 

.., --.~-_. ~~. 
Sample Date 

Chemical Name __~.~.._ -. __._. . ._ -~- -~ ~_ .- 

Semi-volatile Organic Compounds WW 

1 1 1 -Trichloroethane .-L ____ ~^_._----~- .~.. - ---- - ---- - 
1 ,1,2,2-Tetrachloroethane 

1 ,I ,2-Trichloroethane _ ._ .- -. .- 
1 ,l -Dichloroethane 

lzl -C)ichloroethene ~... -.. 
1.2,3-Trichloropropane 

! ,2-Dichlorobenzene 

1 ,P-Dichloroethane 

1,2-Dichlorc+hene (total) .-.-.-- 
1,2-Dichloropropane 

!,3-Dichlorobenzane 

1,4-Dichlorobenzene 

P-Butanone 

&Chloroeth~l &yl ether _ _ _--. --- -. .-... --. -- .~ _~. 
2-Hexanone ._.. ~~._~_~~ _.-. 
4:Methyl-2-pentanone 

_ ~. 

Acetone 

Acrolein 

Acrylonitrile 

Be&we 
_--~-~~. ..~ 

Bro&odichlorometh&e 

Bromoform 

Bromomethane 

Carbon disulfide 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 

Chloromethane -- -- 
Dibromochloromethane 

NS - Not sampled 
I3 - Analyte not detected above associated blank 
BJ 
J - Reported value is estimated 

)W22-SWI-93A ._. .- -. -~.. 

I --f 

NS. 
NS 

NS I _., I 
NS/ 

NSi 

NSI 

NS] 

NSj 

NS! 

NSI 

NSI 

NSI f 
- --I 

NS 

NS 

-.[ NS .- 

ysi 
NS/ 

NSi 

NS 
-- -4 

._ NSI 
NSi 

NS’ 
-1 NS, 

NSI 

OW?2-SW2-93A 

511 

I 5ju 
5/U 

5iu 
5u 
5jU 

5ju 
5/u 
5lU 
5)U 
5;u 
5ju 
5;u 

101u 

10,u 

::/:: 

5J 

100 u 

100,u 

5/U 

5!L 
5lL 

IOlL 
5$ 
5/L 
51c 

10 L 

sic 
10’1 

5ii 
5!1 

511 
5/l 

IOji 
4p 
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Table A-6-2 
Raw Data 

SWMU 22 - Surface Water 
NAS Oceana, Virginia Beach, Virginia 

NS I Not sampled 
B.- AnalyV 
BJ 

jetected above associated blank 

J - Reportecl value is estimated 

-. .-. 

ans-1,3-Dichloropropene -- .-- __~~ ~. 

3W22-SWl-93A 

NS/ 
Ns/ 

4 
0.04/u 

O.?2lU 

0.04 u 
I O.O?i tj 
l/U 
2il 

---I 2u 

VU 

1u 

0.5 u 

---- i 
-075 u 

0.2lU 

0.021” 

o.oq u 
0.04iu 

o.$u 

_~ _t -0.04 u. 
0.04Ju 
0.02ju 

0.02/u 

0.08iu 
-. ..-. 1.1~+ 

p.o2/LJ 

0.04lU 

o.on~u 

- o.oaiu 

5jU 

5lu 

5;Ll 

5:u 

ioiu 
2lU 
5~u 

5) 

5/U 

I 

1. 
0.041u 

0.021u 

0.041u 

0.02iu 

1ju 

21U 

21” 
‘I!! 

J:: 

0.5ju 

0.2/u 

o.o2]u 

0.02lU 

0.04 u 
O.OilU 
O.Oiju 

g;$ 

0.02ju 

0.081U 

liU 

o.+i 

0;"4jYj 

0.02ju 

0.02/u 

I dge2of3 



NS - Not sampled 
B - Analyte not detected above associated blank 
BJ 
J - Reported value is estimated 

TabI&.-o/-2 
Raw Data 

SWMU 22 - Surface Water 
NAS Oceana, Virginia Beach, Virginia 

Sample Date 

Chemical Name 

c 
l&Metals (US/L) -- 
Aluminum 

Antimony __.__ ~. ~~. _.~ ~~ ---- 
Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium Calcium 

Chromium Chromium 

Cobalt Cobalt 

Copper Copper 

Iron Iron 

Lead Lead 

Magnesium Magnesium 

Manganese -- ___ 
Mercury . _- -.. -..~... ~~---. .-- 
Nickel ._. _ - -___-.-..- .- _.- ~...__. 
Potassium 

Selenium 

Silver 
~-__-.-. .~ .~. _~- -.-~~ 

Sodium 

Thallium 

Vanadium 

OW22-SWl-93A 1 OW22-SW?-93A .-._ 

i I 

34 B 
-I 

_ 0,26/U 

12(U 

1!?50’ 

1.7!B 

5,520 

102, 

9,200j 

2.3ju 

2.6jU 
/ 

.(- 
Idi 

16.4’U 

0.68 u 

36.31 i 

0.26/U 

2.8iU 

9,170i 

2.8jU 

2.6 U 

1.2/u 

1,070j 

1.7/u 

.5,2601 

73.91 

0.071 u 

9.4 u 

4 1,9zO,B 

l&U 

2u 

8,970j 

2.3; U 

2.6: U 

15.9/B 1 14.1;0 
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Tabla. 2-3 
Raw Data 

SWMU 22- Sediment 
NAS Oceana, Virginia Beach, Virginia 

Sam .ie Date -.------. -. .- ~- --~~ 
P 

Chemical Name 

_- -~~~ __..._ --~ ~. .~~-- 
Pestici~ePolychlorinated Biphenyls (UGKG) 
4/I’-DDD 
4,&D& 

4,4’-DbT 
_.~ 

Al&k 

Aroclor-1016 

Arodor-; 221 

Aroclor-1232 

Aroclor-1242 
_..~__._ _ 

Arocior-1248 - 

Aroclor-1254 

Aroclor-1260 

Chlordane 

Dieldrin _._. - --- 
Endosulfan I .---.- ~~ 
Endosulfan II ___ ~~._~--_-~~ - ~. ~.~-. _- - 
Endosulfan sulfate 

Endrin 

Endhn aldehyde 

Heptachlor 

Heptachlor epoxide 

Methoxychlor --.. - -----. ~. 
Toxaphene 

alpha-BHC 

beta-BHC 

delta-BHC 

gamma-BHC (Lindane) 

TotalMetals (MGfKG) 
Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium _..~ _~~ 
Calcium 

Chromium 

NS - Not sampled 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
U - Analyte not detected 

OW22-SDl-93A OW22-SD2-93A 

1.1 jJ 

0.83!D 
41ju 

831U 

a3 u 

41 u 

41lU 

21tu 

211u 

8.3/U 

- - 0.56lJ 

1.6 U 

1.6 U 

1.6 U 

0.83 tX 

0.83lL 

3.3 c 

Gil 

0.831 L 

1.6/C 

0.83 : 1 

0.83 1 

M--F--..-/- 

0.66iL 

..-. . 

1.5 I 

0.68, c 

0.68,, 

0.7911 

39) 

39jt 

39/t 

3911 

39 I 

2011 

2011 

7.911 

0.7911 

0.79!1 

! 
t.5 1 

1.5 

1.5 

I.51 

0.79’ 

0.79 
! 

3.21 

391 
0.79’ 

.I 
3841 

4i 
0.64 

.3.6 I 

0.061 

0.671 

98.81 

131 
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Table A-6-3 
Raw Data 

SWMU 22- Sediment 
NAS Oceana, Virginia Beach, Virginia 

I Copper 

lron’~ 

Manganese 

I. - Mercury 

Nickel 

Potassium - ,.__~ _. --.- 
Selenium 

Silver- 

Sodium 

I Thallium 

Vanadium 

NS - Not sampled 
B - Analytf etected above associated blank 
J - Repor $e is estimated 
U - Analyte .._, detected 

OW22-SDl-93A 

/ 
t 

0.751 B 

1.84 

3,oooj 

3.5’ 

357 s _ 
12.41 

0.05 B 

OW22-SD2-93A 

/ 
0.85/l 

0.29jt 

7141 

5.5’ 

44.211 

1.5/f 

0.05jf 

2.3jt 

228’1 

0.45: t 

0.48ii 

244/t 

0.57jt 

1.2jE 

4.3lE 
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Tablk- A$-4 
Raw Data 

SWMU 22 - Surface Soil 
NA5 Oceana, Virginia Beach, Virginia 

1 ,l ,P-Trichloroethane 

1 ,l-Dichloroethane 

1 ,t -D$hloroethene 

!,23-$loroethane _- . .._.. - 
1 ,P-Dichloroethene (total) 

1 ,BDichloropropane 

2-Butanone 

2-Hexanone 

4-Methyl-2-pentanone r.-.- -....--.-.. 
Acetone 

Benzene 

Bromoform ---. _~ _^ _- .-~..----.--. . -. 
Bromomethane 

Carbon disulfide ‘- 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 

Chloromethane 
._.. 

Dibromochloromethane _ ~. - 
Ethylbenzene 

Methylene chloride 

11.86 u 

-11.86 u _. 
11.86 u 

11.86 u 

.l 1.86 u 

35 

11.67’ U 

-I 11.67,U 

11.671 U 

!1.671U 

11.67jU 

..- 34/J ..- + 

~. 11.86/v 

11.86iU 

Ids_!,2-Pichloroethene 

[k?-v;~r~!e -----~~ ~~~--- --~~eYI~_Ir 

NS - Not sampled R - Unreliable result 
B - Analyte not detected above associated blank U - Analyte not detected 
J - Reported value is estimated 
K - Reported value may be biased high 

UL 

L - Reported value may be biased low 

OW22-5503-00 

, 
12.92iU 

12.92il.J 

12.92jU 

12.92/U 

12.92/u 

12.923 U 

12.92ju 

12.92jU 

12.92111 

12.92 u 

12.92,u 

16/B 

12.92/U 

501 

12.92; u 

12.92jU 

12.92 u 

12.92 U 

12.92 U 

--i-2.92 U 
1 

12.92jU 

12.92:u 

12.92+ 

12.92ju 

12.92it-f 

45iJ 

12.92 ti 

12.92,t.t 

12.92/u 

12.92;U 

12.92 U 
t 12.92; u 

12.92/U -. 
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Table A-6-4 
Raw Data 

SWMU 22 - Surface Soil 
NAS Oceana, Virginia Beach, Virginia 

Sample Date 
Chemical Name 

Vans-1,3-Dichloropropene .~ 

Semi-volatile brganic Compounds !l+i/KG)~ 
1,2,4-Trichlorobenzene 

3w22-SSOl-00 ow22-$0200 

n/l 
- ..i 

400/u I 39+ 

---- I 
400 u 39oiu 

400/u 3QOlU 

4ooiu 390jU 

2’-Oxybis(J-chloropropane) - ~.~~-~-. ~.- ..- - 

390 U 

3QOjU 

3’-Dichlorobenzidine ~-~ 

6-Dinitro-2-methylphenol 

4ooju 390iU 

4ooju 39obJ 

9901u 9801 u 

99oju 98O:U 

400/u.. 390’ u 

400 u 3901 u 

400 u 

400 u 

400 u 

990 U 

39olu 

99op 

9~01lJ 

980 U 

40iK 20 u 

NS - Not sampled 
B - Analyte not detected above associated blank 
J - Repot’ ‘\ue is estimated 
K - Repo, iue may be biased high 
L - Report& value may be biased low 

R Unreliable result 
U - Analyte not detected 

ii _ - ‘“, 
\ 

OW22-SSO3-00 

12.921u 

420: U 

4201 u 

4201u 

420/U 

2l)R 

42O;U 

1,000/u 

42OjU 

420;U 

420jU 

1.000~ u 

42OiU 

420,U 

4201 U 

420 U 

I 420 U 

42O’l.t 

1,000 u 

420 U 

42O;U 

1,ooo~u 

1.ooo~u 

4201U 

42OjU 

420jU 

42OjU 

4qJ 
1 ,OOO~U 

1,ooo~u 

420jU 

42OjU 

42OiU 

2.2jL 

1.8/L 
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Raw Data 
SWMU 22 - Surface Soil 

NAS Oceana, Virginia Beach, Virginia 

.._ __..-... .- 
Sample Date 

Chemical Name 

_~___ --- -- .~ 
Benzo(b)fluoranthene 

8enzo(g,h,i)perylene 

Benzo(k)fluoranthene 
.-- .- -~~ 

Butylbenzylphthalate 

Carbazole 

Chrysene _- 
Di-n-butylphthalate 

Di-n-octylphthalate 

Dibenz(a,h)anthracene 

Dibenzofuran 

Diethylphthalate - - - ..- . -.-..- ~~~~~._~~ ~. 
Dimethyl phthalate 

Fluoranthene 

Fluorene 

Rexachlorobenzene 

Hexachlorobutadiene 

Hexachlorocyclopentadiene 

Hexachloroethane 

Indeno(l,2+)pyrene 

lsophorone 
.- 

.~.. 
Naphthalene 

Nitrobenzene 

Pentachlorophenol 

Phenanthrene 

Phenol. 
_~ .~ 

Pyrene 

bis(2Chloroethoxy)methane 

bis(2-Chloroethyl)ether 

bis(2-Ethylhexyf)phthalate 

n-Nitroso-di-n-propylamine 

n-Nitrosodiphenylamine . ..- _ . 

IW22-SSOl -00.. 

681K ..- 
78lK 

31/K. 

4ooju 

4qoj u 

681K 

400/u 

400/u 

40jK 

‘400/u 

990/U 

511K . . 
4001U 

99jK 

4001 u -.- ____...- - 

4oop 
I 

NS - Not sampled 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
K - Reported value may be biased high 
L - Reported value may be biased low 

R - Unreliable result 
U - Analyte not detected 

UL 

ow22-sso2-00 OW22-SSO3-06 

..- .I 
2.21J 

3.91 U 

21 

390ju 
3901U 

-31 

3Qoju 

-990/U 

390 u 

111 

3.9iU -1 

39olu 
- -21 

390 u 

I -20,u 

390jU 

98OjU 

390&f 

390 u _ .~ _ 

2.4iL 
1.7jL 

420/U 

42oiU 

42OiU 

4201U 

420 U 

420jU 

420 U 

420 U 

4201t-f 

420/U 

420/U 

4.7iL 

420/U 

420 U 

420 U 

420/U 

3.2iL 

42OjU 

420jU 

420/U 

1,ooo~u 

2.4:L 

420/U 

420 U 

420 i 

420/L 

420/L 

42ojL 

426/L 

I 

4.12,L 
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Sample Date 

Chemical Name 

I Aroclor-1016 

Aroclor-1221 

I Aroclor-1232 _. - 
Aroclor-I 242 

I Endrin 

Endrin aldehyde 

Endrin ketone 

Heptachlor 

Heptachlor epoxide 

Methoxychlor 

Toxaphene 

alph&BHC 

alpha-Chlordane 

beta:BHC 
.____ --.-.-.-...-- 

delta-BHC 

gamma-BHC (Lindane) 

gamma-Chlordane 

Total Metals (MGIKG) ~-~~ ~- .- 
Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Table A-6-4 
Raw Data 

SWMU 22 - Surface Soil 
NAS Oceana, Virginia Beach, Virginia 

ow22-SSOl -00 

3924i” 

79.661 U 

39.?4] u 

39.24; u 

%?4/ u 

3.93p. 

3.93/u 

202.38 U 

2.02 u 

2.92 u 

2.02 u 

2.02 u 

2.02 u 

2.02i U 

----I- 
2.02 u 

2.021 u 

t 

-11,900/_~ 

0.421 UL 

2.3l 

46.9 

0.28 L 

2.02iu 

2.02;u 

15,400/ 

0.42/L~ 

0.14jJ 

14.21 

1.7cJ 

- ~.---E~- -- 
0.021 UL 

NS - Not sampled 
B - Analyte not detected above associated blank 
J - Repor 1 ue is estimated 

i K - Repa lue may be biased high 
L _ Report& value may be biased low 

R - Unreliable result 
U Analyte not detected 

rP _ ‘Lv 
\ 

OW22-SSO3-OC 

41.22 u 

83.69 U 

41.22 u 

41.22 u 

41.22!U 

41.22/U 

41.221 u 

151 

2.12/u 

4.12rU 

4.12 U 

4.12jU 

2.12/u 

2.12iu 

21.24j U 

2.12jU 

2.12/u 

2.4’ 

-0.32 L 

0.21 I J 

42g1L 

17.11 

1.81J 

8.6 

0112/L 
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Tabh .A-4 
Raw Data 

SWMU 22 - Surface Soil 
NAS Oceana, Virginia Beach, Virginia 

.~ 
_- 

Sample Date 

Chemical Name , 

Iron 

Lead 

Magnesium 

Manganese 

Mar& 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

-.-- _. . 

NS - Not sampled 
6 - Analyte not detected above associated blank 
J - Reported value is estimated 
K - Reported value may be biased high 
L - Reported value may be biased low 

ow22-SSOl -Of 

- 
1 

-.-. 
5,310 

;5 

----- I 7)l ,J 

371 

0.06lf 

7.81 

48OjJ 

0.57[1 

::;I: 

0.51 iE 

_ 16.1/ 

28.6 I 

R - Unreliable result 
U Analyte not detected 

UL 

6,2701 

20.5, 

7951J 

F/J 
0.62’ UC 

- I 
1.6lJ 

6014 L 

0.59 B 

OW22-SSO3-00 

/ 

5,190l 

17.41 

608]J 

28.9’ 

0.09 B 

8iJ 

603iJ 

0.661 UL 

l.ljJ 

45.2/L 

0.64jB 

18.81 

20.81 S 
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Tablt -<-i-l 
Raw Data 

SWMU 26 - Surface Soil 
NAS Oceana, Virginia Beach, Virginia 

NS - Not sampled 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
K - Reported value may be biased high 
L - Reported value may be biased low 

Sample Date 

Chemical Name ~_ _~_---_-.--. 
- . . _ .~--~~~- 

i%tile Organic Compounds (UGIKG) - _ ~. 
l?l-,1-Trichloroethane 

1 ,I ,2,2iTetrach/oroethane _---_-.._ -. _ -- 
1 ,I ,2-Trichloroethane 

1 ,I -Dichloroethane 

1 ,I--Dichloroethene _.- ~_... .-. ._ -. ,. 
1,2-Dichloroethane 

1 $Dichloroethene (total) _..-.-- -- -. 
1,2-Dichloropropane 

2-Butanone 

2-Hexanone 

4-Methyl-2-pentanone 
-.---. -- --- - 

Acetone 

Benzene 

Bromochloromethane 

Bromodichloromethane --- 

Bromoform 

Bromomethane 
---- -.--~ -.. .~~ 

Carbon disulfide 

Carbon tetrachloride 

Chlorobenzene 

&hloroethane 

Chloroform 

Chloromethane 

Dibromochloromethane 

Ethylbenzene 
~~-..-~. 

-. ~~~~ 
Methylene chloride 

Styrene _ 
Tetrachloroethene- 

Toluene 

Trichloroethene 

Vinyl chloride 

Xyler&total .~ ._~.~ ~. ~~_~. 
cis-1,2-Dichloroethene 

cis-1,3-Dichloropropene 

OW26-SSOI -00 

-.--~ I-. 
.A ~- 13.94 UL 

13.94 UL 

-.:I~ :I 

13.94 UL _. -. 
13.94 u 

- 
13.94 UL 

i1 3 13.94 u 

13.941u -. --_- 
13.94lUL 

13.941 Ul 13.96lU 

U - Analyte not detected 
UJ 
UL 

OW26-SSO2-00 ._ . . . - --... 

I 

13.96/U 

-‘13:96 iJ _ ._ 
13.96 U 

13.96 U 

13.96 U 

Ii.96 U 

13.96/U 

13.96 U _ i 

31B 
13.96’U 

.30:B 

13.96 U 

13.96’u 

50 

13.96 U 

13.961U f 

13.96 UJ 

13.96 U 

13.96111 

13.9&u 

13:96jU 

gW26-S,SO3-00 ..- 

13.441 u 

13.44/u 

13.441 U 

13.441 u 

13.441 u 

13.44~ u 

13.44iu 

13.44/u 

3jB 

13.44lu 

13.44 u 

1318 

13.4411) 

5oi 

13.441 u 

13.44iu 

13.44jt-f 

i3.441 u 

!3.44/ rL! 

13.44/U 
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WDC003670364.ZIP 



Table A-7-l 
Raw Data 

SWMU 26 - Surface Soil 
NAS Oceana, Virginia Beach, Virginia 

Sample Date 
Chemical Name 

emi-volatik~Or@mic Compounds (UG/KG) ._-~ --. -. ~~ 
,2,4-Trichlorobenzene 

-! 
44olu 

-Methylnaphthalene 

,4,5-Trichlorophenol 

,4,6-Trichlorophenol 

4-Dimethylphenol 

Xhloronaphthalene 

6,000 U 1,100/u 

2,400 U 44o’u 

,T-Dichlorobenzidine 

-Bromophenyl-phenylether 

NS - Not sampled 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
K - Reported value may be biased high 
L - Repot ,\ue may be biased low 

U - Analyte not detected 
UJ 
UL 

*g =-% 
” 

/ 

OW26-SSO3-00 

1 
13.44/u 

13.44iu 

13.44iU 
/ 
/ 

47oiu 

470 u 

470 u 

470iU 

21ju 

470 u 

1,200 u 
t 470/u 

47oiu 

47o;u 

1,zoo~u 

470, u 

47!! lj 

470 u 

:- ------! 

470 u 

21 u 

47OIU 

1,2001u 

4701 u 

470&J 

1,200l u 

1,200j u 

4701 u 

470/u _- ~.._. 
4701; 

-47oju 

47o:lJ 

t 1,200,u 

1,200;u 

211u 
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Tabii: d-1 
Raw Data 

SWMU 26 - Surface Soil 
NAS Oceana, Wrginia Beach, Virginia 

Sample Date 

Chemical Name 

Acenaphthyleie 

Anthracene 

Be&o(a)anthracene -. 
Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(g,h,i)p&ylene 

Benzo(k)fluoranthene 

Butylbenzylphthalate 

Carbazole 
_-. 

Chrysene 

Di-n-butylphthalate 

Di-n-octylphthalate 

Dibenz(a,h)anthracene 

Dibenzofuran .~ .~~ 
Diethylphthalate 

Dimethyl phthalate 

Fluoranthene -- 

Fluorene 

Hexachlorobenzene 

Hexachlorobuiidiene 

Hexachlorocyclopentadiene _^ ---. - .-. - . 
Hcxachioroethane I 
Indeno(l,2,3-cd)pyrene 

lsophorone 

Naphthalene 

Nitrobenzene 
I 

NS - Not sampled 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
K - Reported value may be biased high 
L - Reported value may be biased low 

Pentachlorophenol ~~ -~-~.-~ 
Phenanthrene __-----.. 
Phenol . --.-.---. 
Pvrene 

bis(2-Chioroethoxy)methane 

bis(2Chloroethyl)ether 

bis(2-Ethylhexyl)phthalate 

n-Nitroso-di-n-propylamine - - .~._ 
n-Nitrosodiphenylamine 

OW26-SSOI-00 _-_------. 

4.8 U 

2u 

2,400 U 

2,400/U 

2h 

;,4oo$f 

2,400 U 

241 U 

U - Analyte not detected 
UJ 
UL 

OW26-SSO2-C 

161 

141 

44011 

?!;I 

IO II 
7 
J 

J 

J 

J 

3 

i 

J 

J 

J 

J 

j 

J- 

J- 

J 

J- 

2 

tl 

LJ 

u 

u.- 

J 

J- 

i 

J 

J I 

OW26-SSOS-00 

470/u 

421U 

181K 

78’K 

90 K 

480 / 

120jK 

79jK 

64/J 

61jJ 

110/K 

120.B 

4701 u 

4.21 U 

4701u 

470ju 

47oiu 

660 ! 

4.2/U 

4701u 

4701 u 

470/u 

470 u I 
89jK 

47OIU 

21iu 

4701 u 

1,200 u ~, 

831K 
470 u 

5601 

f701 u’ 

470 u 

360 J d 
47oju 
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Table A-7-l 
Raw Data 

SWMU 26 - Surface Soil 
NAS Oceana, Virginia Beach, Virginia 

OW26-SSOl -00 

4.77 u 

-- . ..I 2.46 U 

2.46 U 

5.8 

24.56 U 

&5.56&J 

NS - Not sampled 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
K - Reported value may be biased high 
L - Repor’ ;i/ue may be biased low 

U - Analyte not detected 
UJ 
UL 

(F *=*_ 

\ 

OW26-SSO2-00 

-44:3iU 

44.3111 

4.431 u 

4.43 u 

4.43 u _ -- -..- 
2.28 U 

4.1’ 

-22.82, U 

228.21 u 

2.281U 

4.2[ 

2.26 U 

2.28 u 

2.28 U 

5/J 

I 

20,600: 

0.53/J 

2 

OW26-SSO3-O( 

4.721 U 

4.72jU 

4.721 U 

2.43111 

47.21 U 

95.82; U 

47.2’ U 

47.2 U 

t 47.2 U 

47.2 U 

47.21 U 

4.72! U 

2.43 U 

4.721 U 

4.72! U 

4172 U 

4.72 U 

4.72’U 

2.43 U 

8.8, 

24.311 U 

243.14’U 

2.431 u 

7.11 

2.43 U 

2-.43 u 

T43’U 

.&ljJ 

21,100( 

0.53: u 

2.4!L 
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Tabib .~A-1 

NS - Not sampled 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
K - Reported value may be biased high 
L - Reported value may be biased low 

I -- 

Raw Data 
SWMU 26 - Surface Soil 

NAS Oceana, Virginia Beach, Virginia 

Sample Date 

Chemical Name 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

_. ----_.-_.-- 

IMagnesium 

Manganese 

Mercury 

Nickel 

Potassrum 

Selenium 

Silver - 

OW26-SSOl-00 

..-. _.. 
72.2 _. 

t 0.79 J 

0.03 UL .~ ^ - 
6,050 L 

ii J 

606 J 

14.81 

OW26-SSO2-00 

722 J 

20.2 

0.09! J 

759/J 

0.651 UL - . 

OW26-SSO3-00 

-----J- 

74.5: 

0.691 L 

0.86/J 

1,060lJ 

23.5’ 

3.1 !J 

15.71 

0.03 UL 

6,0401 L 

44.5 

1,070 J 

33.9 

0.09 J 

11.3/ 

1,OlOjJ 

0.73 I UL 

0.95/u 

07.5 0 

0.58 U 

26.8 

66.1 i 

U - Analyte not detected 
UJ 
UL 
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APPENDIX B - RECEPTOR PROFILES 

Short-tailed Shrew (Marina brevicauda) 

Shrews are small insectivorous mamrnals that have a high metabolic rate and can eat 
approximately their body weight in food each day. Short-tailed shrews eat insects, worms, 
snails, and other invertebrates and also may eat mice, voles, frogs, and other vertebrates 
(Robinson and Brodie 1982). For the purposes of this risk assessment, it was assumed that 
soil invertebrates comprised the majority of the shrew’s diet. Short-tailed shrews can 
measure 8 to 10 cm in length and weigh from 0.015 to 0.022 kg (Schlesinger and Potter 1974; 
George et al. 1986). The minimum and average body weights are 0.0155 kg and 0.01687 kg, 
respectively (USEPA 1993). A maximum food ingestion rate of 0.00192 kg/day (dry ,weight 
basis) and an average food ingestion rate of 0.00149 kg/day was used (USEPA 1993). A 
maximum water ingestion rate of 0.00479 L/day and an average water ingestion rate of 
0.0.00376 L/day was used (USEPA 1993). The shrew’s home range varies from 0.1 to 0.39 
hectares and is smaller during the winter (Buckner 1996). 

References 

Buckner, C.H. 1996. Populations and ecological relationships of shrews in tamarack bogs of 
southeastern Manitoba. J. MammaZ. 47: 181-194. 

George, S.B., J.R. Choate, and H.H. Genoways. 1986. BEurina brevicaudu. American Society of 
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Volume 1 ofll. EPA/600/R-93/187a. 
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APPENDIX B - RECEPTOR PROFILES 

Raccoon (Procyon lotot) 

Raccoons are found across most of the United States primarily in forested areas. They feed 
in all types of wetlands from swamps to salt marshes. Adult raccoons weigh between 4.2 
and 8.3 kg (Sanderson 1984). The minimum (4.2 kg) and average (5394 kg) body weight for 
the raccoon were used in this risk assessment. Raccoons are omnivorous and will feed on 
fruits, nuts, grains, crayfish, frogs, clams, insects, birds, eggs, and small rabbits (White 1989). 
For this risk assessment, it was assumed that invertebrates comprised 43.6 percent, plants 
comprised 36 percent, small mammals comprised 4 percent, and fish comprised 7 percent of 
the raccoon’s diet. Beyer et al. (1994) estimated that sediment makes up 9.4 percent (0.03196 
kg/day) of the raccoon’s diet. Their home range varies from 39 to 65 hectares (Lotze 1979). A 
maximum and average food ingestion rate of 0.14557 kg/day and 0.10003 kg/day (dry 
weight basis) were used in this risk assessment (Conover 1989). A maximum and average 
water ingestion rate of 0.6806 L/day and 0.49209 L/day were used in the risk assessment 
(USEPA 1993). 

References 

Beyer, W.N., E.E. Connor, and S. Gerould. 1994. Estimates of soil ingestion by wildlife. 
1. Wildl. Manage. 58(2):375-382. 

Conover, M.R. 1989. Potential compounds for establishing conditioned food aversions in 
raccoons. WiZdZife Society Bulletin. 17:430-435. 

Lotze, J.H. 1979. The raccoon (pracyotz Zoctor) on St. Catherine’s Island, Georgia. 4. 
Comparisons of home ranges determined by livetrapping and radiotracking. New 
York, NY: American Museum of Natural History; Rep. No. 2664. 

Sanderson, G.C. 1984. Cooperative raccoon collections. Ill. Nat. Hist. Survey Div. Pittman- 
Robertson Proj. W-49-R-31. 

U.S. Environmental Protection Agency (USEPA). 1993. WiZdZife exposurefactors handbook. 
Volume I of1I. EPA/60O/R-93/187a. 

White, C.P. 1989. Chesapeake Bay: Nature of the Estuary. Centreville, MD: Tidewater 
Publishers. 
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APPENDIX B - RECEPTOR PROFILES 

Mink (Mustela visor?) 

Mink are distributed throughout most of the continental United States and Canada except in 
the extreme northern portion of Canada and in the arid areas of the southwestern United 
States (USEPA 1993, Linscombe et al. 1982). The composition of mink diets varies 
considerably according to season, prey availability, and habitat type. Mink are 
opportunistic feeders, with prey species generally taken in relation to their availability 
(relative abundance and accessibility) (Allen 1986). In general, small mammals and fish are 
the two principal components of the diet in most areas, seasons, and habitats (Wren 1991). 
Small mammals (mice, voles, muskrats, and rabbits) typically compose about 50 percent of 
the annual diet and become increasingly important in fall and winter, especially in northern 
areas where water bodies freeze solid for portions of the year. Fish are important prey 
items, especially in fall and winter, but their contribution to the diet is variable (4 to 85 
percent). For the purposes of this risk assessment, fish comprised 89 percent of the mink’s 
diet, small mammals comprised 6 percent, aquatic plants comprised 1 percent and aquatic 
invertebrates comprised 4 percent of their diet. A minimum body weight of 0.564 kg, an 
average body weight of 0.777 kg, a maximum food ingestion rate of 0.03934 kg/day, an 
average food ingestion rate of 0.02587 kg/day, a maximum water ingestion rate of 0.10879 
L/day, and an average water ingestion rate of 0.02176 L/day were used in this risk 
assessment (USEPA 1993). 

References 
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APPENDIX B - RECEPTOR PROFILES 

Red Fox (Vulpes vulpes) 

Red foxes are the most widely distributed carnivore in the world. They utilize many 
different types of habitats including salt marshes, cropland, rolling farmland, brush, 
pastures, hardwood stands, and coniferous forests. Their diet consists primarily of small 
mammals including meadow voles, mice, and rabbits. In the salt marsh, they forage upon 
resident animals including voles, muskrats, small marsh birds, and invertebrates. They also 
consume plant material mainly in the sununer and fall when fruits, berries, and nuts 
become available (USEPA 1993). For the purposes of this risk assessment, in a terrestrial 
habitat it was assumed that small mammals comprised the majority of the fox’s diet; soil 
ingestion accounts for about 2.8 percent of the diet (Beyer et al. 1994). An adult red fox body 
weight ranges from 3.2 to 5.25 kg (Merritt 1987; Storm et al. 1976). The minimum (3.17 kg) 
and average (4.06 kg) body weights for the red fox were used in this risk assessment. The 
maximum and minimum food ingestion rates (0.14763 kg/day and 0.12308 kg/day on a dry 
weight basis) (Sample and Suter 1994) and maximum and minimum water ingestion rates of 
0.41395 L/day and 0.34939 (USEPA 1993) were used in the risk assessment. Their year- 
round home range is 717 hectares (Ables 1969). 
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Meadow Vole (Microtus pennsylvanicus) 

Meadow voles inhabit grassy fields, marshes, bogs, and other wet habitats. They are 
primarily terrestrial but they are strong swimmers. Their diet is composed mostly of plants 
but voles are also known to eat insects and animal matter. For the purposes of this risk 
assessment, it was assumed that plants comprised 95.6 percent and soil invertebrates 
comprised 2.0 percent of the vole’s diet. Soil ingestion comprises 2.4 percent of their diet 
(Beyer et al. 1994). The meadow vole’s home range varies from 0.0002 to 0.014 hectares 
depending on the sex of the vole and the season (Douglass 1976). Meadow voles weigh a 
minimum of approximately 0.03 kg an an average of 0.0428 kg (Silva and Downing 1995). A 
maximum food ingestion rate of 0.00334 kg/day (dry weight basis) and an average food 
ingestion rate of 0.00209 kg/day (dry weight basis) were reported in the literature (USEPA 
1993). A maximum water ingestion rate of 0.01334 L/day an average water ingestion rate of 
0.00899 L/day were reported in the literature (USEPA 1993). 
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The deer mouse inhabits nearly all types of dry-land habitats within their range. They are 
opportunistic feeders and eat seeds, arthropods, some green vegetation, roots, and fruit. For 
the purposes of this risk assessment, it was assumed that soil invertebrates comprised 44 
percent of their diet, while plants comprised 54 percent of their diet. Soil ingestion 
comprised 2 percent of their diet (Beyer et al. 1994). The deer mouse has a maximum food 
ingestion rate of 0.00067 kg/day and an average food ingestion rate of 0.00051 kg/day (dry 
weight basis; USEPA 1993). Their maximum and average water ingestion rates are 0.0042 
and 0.00302 L/day, respectively (USEPA 1993). Minimum body weights are approximately 
0.0122 kg and average body weights are 0.0168 kg (Silva and Downing 1995). Breeding 
adults in a mixed/deciduous forest in Virginia have a home range of 0.058 ha for males and 
0.061 ha for females (Wolff 1985). 

Beyer, W.N., E.E. Connor, and S. Gerould. 1994. Estimates of soil ingestion by wildlife. 
Journal of Wildlife Management. 58:375-382. 

Silva, M. and J.A. Downing. 1995. CRC handbook ofmammalian body masses. CRC Press, Boca 
Raton, FL. 359 pp. 

U.S. Environmental Protection Agency (USEPA). 1993. WiZdZfe exposure factors handbook. 
Volume Iofll. EPA/6OO/R-93/187a. 

Wolff, J.O. 1985. The effects of density, food, and interspecific interference on home range 
size in Peromyscus Eeucopus and Peromyscus maniculatus. Can. J. Zoo]. 63: 2657-2662. 

B-6 



APPENDIX B - RECEPTOR PROFILES 

Great Blue Heron (Ardea herodias) 

The great blue heron occupies a variety of freshwater and marine areas, including brackish 
marshes, coastal wetlands, lakes, and rivers where small fish are abundant in shallow areas. 
Fish are preferred prey, but they also feed on amphibians, reptiles, insects, crustaceans, 
birds, and mammals (Alexander 1977; Peifer 1979). For purposes of this risk assessment, it 
was assumed that fish comprised 100 percent of the heron’s diet. Heronries may range up 
to 7 to 8 km from foraging areas, although travel of up to 20 km is known. A home range of 
8.4 hectares has been reported (Bayer 1978). The minimum and average body weights of 2.1 
and 2.23 kg were used in the risk calculations (Butler 1992). Their maximum food and water 
ingestion rates are 0.11025 kg/day (dry weight basis) and 0.1125 L/day, respectively 
(USEPA 1993). Their average food and water ingestion rates are 0.39306 kg/day (dry weight 
basis) and 0.10098 L/day, respectively (USEPA 1993). 
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Marsh Wren (Cistofhorus pa/u&k) 

The marsh wren is common near freshwater marshes and coastal wetlands. Body weight 
varies seasonally. The minimum body weight for an adult is 0.009 kg (USEPA 1993). The 
average body weight is 0.01125 kg (Dunning 1993). The marsh wren feeds primarily on 
aquatic invertebrates and other insects, which they glean from the surface of vegetation. 
Organisms that are aquatic for all or part of their lives are an important component of the 
marsh wren’s diet. For purposes of this risk assessment, it was assumed that aquatic 
invertebrates comprised 95 percent of the wren’s diet. A sediment ingestion rate of 5 
percent was assumed. A maximum and average food ingestion rate of 0.002764 kg/day and 
0.00249 kg/day (dry weight basis) and maximum and average water ingestion rates of 
0.00365 were used in this risk assessment (USEPA 1993). The home range for the adult male 
wren is 0.17 hectares (Verner 1965). 
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American kestrel (Falco sparverius) 

The American kestrel is one of the most common falcons in North America. They are found 
in open to semi-open areas and near the edges of groves. American kestrels eat small 
mammals, birds, and invertebrates. This risk assessment assumed a diet of 40 percent 
invertebrates and 60 percent small mammals. American kestrels generally weigh just over 
one tenth of a kilogram. For the purpose of this risk assessment, a minimum body weight of 
0.103 kg and an average body weight of 0.114 kg were used (USEPA 1993). Kestrels have a 
maximum and average food ingestion rate of 0.01068 kg/day and O.O0882(dry weight basis), 
respectively (USEPA 1993). Kestrels have a maximum and average water ingestion rate of 
0.01587 L/day and 0.01377 L/day, respectively (USEPA 1993). Kestrels have a home range 
of 323.57 acres (Craighead and Craighead 1956). 
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American Robin (Turdus migratorius) 

Robins live in a variety of habitats, including woodlands, swamps, suburbs, and parks. 
Robins forage on the ground in open areas, along edge habitats, or along the edges of 
streams. They forage along the ground for ground-dwelling invertebrates and search for 
fruit and foliage-dwelling insects in low tree branches (Malmborg and Willson 1988). For 
the purposes of this risk assessment, it was assumed that soil invertebrates comprise 58 
percent, plants comprise 33.6 percent and soil comprises 8.4 percent of the robin’s diet 
(USEPA 1993; Beyer et al. 1994). The size of their home range varies from 0.11 to 0.42 
hectares (Pitts 1984; Howell 1942). A minimum body weight of 0.0635 kg and an average 
body weight of 0.0773 kg (USEPA 1993) was used in the risk calculations. Their maximum 
food ingestion rate is 0.008615 kg/day and their average food ingestion rate is 0.00552 
kg/day (dry weight basis) (Levey and Karasov 1989). Their maximum and average water 
ingestion rates are 0.01442 and 0.01062 L/day, repectively (USEPA 1993). 
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Mallard (Anas platyrbynchos) 

The mallard is the most widespread and abundant duck in North America (USEPA 1993). 
This species occurs most frequently in shallow wetland habitats, preferring freshwater to 
saltwater or brackish water bodies, and also commonly occurs in agricultural and suburban 
areas. The mallard reaches its highest breeding densities in the prairie pothole region of 
northern North and South Dakota and southern Saskatchewan, Alberta, and Manitoba 
(Bellrose 1980; Palmer 1976). 

A food ingestion rate of 0.08297 and 0.06471 kg/day (dry weight basis) was used in this risk 
assessment (USEPA 1993 - allomekic equation based on maximum and mean body weights, 
respectively). USEPA (1993) has estimated mallard water ingestion rates at 5.5 to 5.8 percent 
of body weight per day. Maximum and average water ingestion rates of 0.09827 and 0.06581 
L/day were used. A minimum body weight of 0.612 kg was used in Step 2 of this risk 
assessment (Bellrose 1980). An average body weight of 1.177 kg was used in Step 3 of the 
ERA. 

The habitats used and the foods consumed by mallards vary by season, location, and the sex 
of the bird. On an annual basis, mallards normally consume about 90 percent plant material 
and 10 percent animal matter. Of the animal matter consumed, most is aquatic invertebrates 
but small quantities of fish (typically 5 percent or less of the total diet) may also be 
consumed (Newell et al. 1987; Palmer 1976). Invertebrates consumed include aquatic 
insects, mollusks (mostly snails and small bivalves), and crustaceans. Mallards may also 
consume earthworms, spiders, tadpoles, frogs, small fish, and fish eggs in small quantities 
(Palmer 1976). Mallards also consume small amounts of grit to aid in the digestion of foods 
and also ingest soil or sediment incidental to feeding. In fall, the crop contents of mallards 
were found to include approximately 0.1 percent grit (Junta et al. 1962). Beyer et al. (1994) 
estimate that about 3.3 percent of the total diet consists of soil or sediment ingested 
incidentally while feeding. 

On the breeding grounds, the home range of males (240 to 620 ha) is generally larger than 
for females (135 to 540 ha). The home range of mallards in winter consists of the distance 
they will fly between roosting and feeding locations. This distance is typically less than 8 
km (Allen 1987), although maximum distances are 15 to 20 km (rarely 50 to 60 km). 
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Killdeer (Charadrius vociferus) 

The killdeer is a medium-sized plover of open habitats and is one of the most widely 
distributed North American shorebirds. The killdeer uses a wide variety of structurally 
open habitats and is quite tolerant of human activity. During the breeding season, this 
species favors open dry uplands, such as meadows, pastures, cultivated fields, and 
disturbed or heavily grazed areas, where the vegetation is short, sparse, or absent. This 
species nests in the open on bare dirt or gravel substrates, sometimes nesting on gravel 
rooftops, gravel roads, railroad beds, and gravel parking lots. (AOU 1998; Palmer 1967; 
Johnsgard 1981; Rappole and Blacklock 1985; 1994; Verner and Boss 1980). 

For the purposes of this risk assessment, a maximum body weight of 0.0858 kg and average 
body weight of 0.0966 were used(Dunnin g 1993). Killdeers have a maximum water 
ingestion rate and maximum food ingestion rate of 0.01385 L/day and 0.01424 kg/day 
respectively (USEPA 1993). Killdeers have an average water ingestion rate and average food 
ingestion rate of 0.0966 L/day and 0.01232 kg/day respectively (USEPA 1993). An 
incidental ingestion rate of soil of five percent was assumed based on diet. Their diet 
consists of 93 percent soil invertebrates, five percent soil ingestion, and two percent 
terrestrial plants (Robbins and Blom 1996). 
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lnorganics 

Aluminum 
Aluminum occurs naturally and makes up about 8 percent of the earth’s crust. In the 
environment, aluminum binds to air particles; dissolves in lakes, streams, and rivers depending 
on water quality; and can be taken up into plants from soil. The direct toxic potential of 
aluminum is low compared to that of many other metals (Scheuhammer 1987). The toxicity of 
aluminum has been shown to vary widely with water hardness and pH (Ingersoll et al. 1990; 
Woodard et al. 1989). The chronic toxicity of orally ingested aluminum in birds and mammals 
is probably more a function of its disruptive effects on calcium and phosphorus homeostasis 
than direct cytotoxicity of aluminum itself (Scheuhammer 1987). High levels of aluminum in 
the diet may cause decreased growth rates, bone abnormalities, and muscle weakness 
concurrent with marked disturbances of calcium and phosphorus metabolism. Studies using 
high levels in mice and rabbits show that aluminum may cause delays in skeletal and 
neurological development in young animals (ATSDR 1992). Studies of the possible aetiologic 
role of aluminum in breeding impairment of wild passerines reported severe eggshell defects, 
reduced clutch sizes, and high incidence of mortality in pied flycatchers and other species of 
small passerines nesting by the shore of an acid-stressed Swedish lake (Nyholm and Myhrberg 
1977; Nyholm 1981). The source of the dietary ingestion of aluminum was thought to be the 
emergent insect biomass utilized as a food source by the shore-nesting flycatchers. 

A literature search was conducted on the toxicological effects of aluminum ingestion to 
mammals. A 390-day reproductive study conducted on mice indicated a chronic oral toxicity 
dose of 193 mg/kg/day of aluminum (Ondreicka et al. 1966). The dose was considered to be a 
chronic LOAEL because there were no effects on the number of litters or number of offspring 
per litter, but the growth of generations 2 and 3 was significantly reduced. A chronic NOAEL 
of 19.3 mg/kg/day was estimated by multiplying the chronic LOAEL by an uncertainty factor 
of 0.1 (ATSDR 1990). A 6-month reproductive study with dogs (ATSDR 1990) indicated a 
chronic LOAEL of 600 mg/kg/day. A chronic NOAEL of 60 mg/kg/day was estimated by 
multiplying the chronic LOAEL by an uncertainty factor of 0.1. 

A literature search was conducted on the toxicological effects of aluminurn to birds. A 4-month 
reproductive study conducted with ringed doves indicated no chronic oral toxicity at a dose of 
1000 ppm (Carriere et al. 1986). This dose was considered to be a chronic NOAEL because no 
significant differences were observed at the 1000 ppm dose level and the study considered 
exposure over 4 months including a critical life stage (reproduction). The dose was converted 
to a final NOAEL of 109.7 mg/kg/day (Sample et al. 1996). A chronic LOAEL of 1097 
mg/kg/day was estimated by multiplying the chronic NOAEL by an uncertainty factor of 10. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1990. Toxicological profilefor 
aluminum. U.S. Public Health Service, U.S. Department of Health and Human Services, 
Atlanta, GA. 

Carriere, D., K. Fischer, D. Peakall, and P. Angehm. 1986. Effects of dietary aluminum in 
combination with reduced calcium and phosphorus on the ring dove (Streptopelia 
risoria). Water, Air, and Soil Poll. 30: 757-764. 
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Antimony 
Antimony is a silvery-white metal that is found in the earth’s crust. Antimony ores are mined 
and then mixed with other metals to form antimony alloys or combined with oxygen to form 
antimony oxide. Antimony is released to the environment from natural sources and from 
industry. Most antimony ends up in soil, where it attaches strongly to particles that contain 
iron, manganese, or aluminum. Antimony is found at low levels in some rivers, lakes, and 
streams. 

In short-term studies, animals that inhaled high levels of antimony had lung, heart, liver, and 
kidney damage and some died. In long-term studies, animals that inhaled low levels of 
antimony suffered eye irritation, hair loss, lung damage, and heart problems. Reproductive 
problems in rats have been caused by inhalation of high levels of antimony for a 3-month 
period. Long-term animal studies have reported liver damage and blood changes when 
animals ingested antimony (ATSDR 1992). 

A literature search was conducted on the toxicological effects of antimony ingestion to 
mammals. A l-year study conducted on the effects of antimony on the growth, survival, and 
tissue levels in mice indicated a chronic oral toxicity dose of 5 ppm (Schroeder et al. 1968). This 
dose was converted to 1.25 mg/kg/day and considered a chronic LQAEL because median life 
span was reduced among female mice exposed to the 5 ppm dose level (Sample et al. 1996). A 
chronic NOAEL of 0.125 mg/kg/day was estimated by multiplying the chronic LOAEL by an 
uncertainty factor of 0.1. 

A 6-week study with northern bobwhites, conducted during a critical life stage (reproduction), 
showed chronic oral toxicity at a dose of 47400 mg/kg/day (Opresko et al. 1993). This dose was 
considered a chronic LOAEL. A chronic NOAEL of 4740 mg/kg/day was estimated by 
multiplying the chronic LOAEL by an uncertainty factor of 0.1. 
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Arsenic 
Arsenic tends to be widespread in the environment (Woolson 1975) and is constantly being 
oxidized, reduced, or mobilized (Eisler 1988). Arsenic is readily adsorbed onto sediments with 
high organic matter. Adsorption depends on the arsenic concentration, sediment characteristics, 
pH, and the ionic concentration of other compounds (Eisler 1988). Arsenate (pentavalent, As+5) 
is the predominant arsenic form in oxygenated water and arsenite (trivalent, As+3) is the 
predominant arsenic form under anaerobic conditions (USEPA 1981). 

Arsenic is not significantly concentrated in aquatic invertebrates. Arsenic may be 
bioaccumulated by lower trophic level organisms; however, data does not indicate that 
significant biomagnification occurs (USEPA 1985). 

A literature search was conducted on the toxicological effects of arsenic ingestion to mammals. 
A 3-generation study on the reproductive effects of arsenite in mice determined a LOAEL of 
1.26 mg/kg/day (Schroeder and Mitchner 1971). At this dose, mice displayed declining litter 
sizes. A chronic NOAEL of 0.126 mg/kg/day was estimated by multiplying the chronic 
LOAEL by an uncertainty factor of 0.1. 

A literature search was conducted on the toxicological effects of arsenic ingestion to birds. In a 
7-month study conducted by USFWS (1969) on male brown-headed cowbirds, four dietary dose 
levels were used. Doses of 675 and 225 ppm caused 100 percent mortality and doses of 75 
(33.26 mg/kg) and 25 (11.09 mg/kg) pp m caused 20 percent and 0 percent mortality, 
respectively. The 75 and 25 ppm doses were considered the chronic LOAEL and NOAEL, 
respectively. A chronic NOAEL of 2.46 mg/kg/day and a LOAEL of 7.38 mg/kg/day were 
calculated from these data (Sample et al. 1996). Mallards exposed to arsenic in the diet for 
128 days showed effects to survival at doses of 12.84 mg/kg/day (the estimated chronic 
LOAEL) with the NOAEL estimated at 5.14 mg/kg/day (Sample et al. 1996). 

Eisler, R. 1988. Arsenic hazards tofisk, wildlife, and invertebrates: a synoptic review. U.S. Fish and 
Wildlife Service Biological Report 85(1.12), Contaminant Hazard Reviews Report No. 12. 
92 PP. 
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Barium 
Barium occurs in nature combined with other chemicals such as sulfur, or carbon and oxygen. 
Some barium compounds dissolve easily in water and are found in lakes, rivers, and streams. 
Barium is found in most soils and foods at low levels. Fish and aquatic organisms accumulate 
barium in their tissues (ATSDR 1992). Studies on animals have shown that ingesting low levels 
of barium over the long term causes increased blood pressure and heart changes (ATSDR 1992). 

A X-month study conducted with barium administered orally in water to rats was used to 
derive a chronic NOAEL (endpoints were growth and hypertension) of 5.1 mg/kg/day, while a 
second study with rats (endpoint was mortality) was used to derive a chronic LOAEL of 
19.8 mg/kg/day (Sample et al. 1996). 

In a study conducted by Johnson (1960) over a Cweek period, chicks were exposed to eight 
barium dose levels in their diet. Exposures of up to 2000 ppm produced no mortality. Chicks in 
the 4000 to 32000 ppm groups experienced 5 to 100 percent mortality, respectively. The 2000 
and 4000 ppm doses were considered the chronic NOAEL and LOAEL, respectively. These 
dietary concentrations were converted to a chronic NOAEL of 208 mg/kg/day and a chronic 
LOAEL of 417 mg/kg/day (Sample et al. 1996). 

Agency for Toxic Substances and Disease Registry (ATSDR). 1992. Toxicological Profilefor 
Barium. U.S. Public Health Service, U.S. Department of Health and Human Services, 
Atlanta, GA. 

Johnson, D., Jr., A.L. Mehring, Jr., and H.W. Titus. 1960. Tolerance of chickens for barium. Proc. 
Sot. Exp. Biol. Med. 104: 436-438. 

Sample, B.E., D.M. Opresko, and G.W. Suter II. 1996. Toxicological benchmarks fur wildlife: 2996 
revision. Risk Assessment Program, Health Sciences Research Division. Oak Ridge, 
Tennessee. 
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Beryllium 
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In nature, beryllium can be found, in compounds with other elements, in mineral rocks, coal, 
soil, and volcanic dust. It can enter water from rocks, soil, and industrial waste. Most 
beryllium compounds do not dissolve in water and settle to the bottom as particles. Fish are not 
known to accumulate beryllium in their bodies from the surrounding water to any great extent 
(ATSDR 1993). Based on animal studies, beryllium compounds may be considered carcinogens 
(ATSDR 1993). 

A literature search was conducted on the toxicological effects of beryllium ingestion to 
mammals. A study conducted on the effect to longevity and weight loss from beryllium given 
orally in water to rats (lifetime exposures) indicated a chronic no effect level of 5 ppm, the only 
dose tested (Schroeder and Mitchner 1975). Exposure to 5 ppm beryllium in water did not 
reduce longevity, but weight loss by male rats was observed in the second and sixth month. 
Because weight loss was not considered an adverse effect, the 5 ppm dose level was considered 
to be a chronic NOAEL. The 5 ppm dietary concentration was converted to a daily dose of 
0.66 mg/kg/day (Sample et al. 1996), which was considered the chronic NOAEL. A chronic 
LOAEL of 6.6 mg/kg/day was estimated by multiplying the NOAEL by an uncertainty factor 
of 10. 

No dietary information was found on the toxicological effects of beryllium to birds. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1993. Toxicological profilefor 
beryllium. U.S. Public Health Service, U.S. Department of Health and Human Services, 
Atlanta, GA. 

Sample, B.E., D.M. Opresko, and G.W. Suter II. 1996. To~icoZogicaZ benchmarks for wildlife: 2996 
revision. Risk Assessment Program, Health Sciences Research Division. Oak Ridge, 
Tennessee. 

Schroeder, H.A. and M. Mitchener. 1975. Life-term studies in rats: effects of aluminum, barium, 
beryllium, and tungsten. J. Nutr. 105: 421-427. 

Cadmium 
Freshwater aquatic species are most sensitive to the toxic effects of cadmium, followed by 
marine organisms, birds, and mammals. Cadmium is a reproductive toxin in fish and other 
aquatic life. Adverse effects include carcinogenicity and teratogenicity. Other adverse effects in 
aquatic organisms include decreased oxygen utilization, bone marrow, heart, kidney, and 
vascular pressure. Diatoms and aquatic plants also show impaired growth and development at 
low concentrations of cadmium. Cadmium can concentrate in tissues and thus can accumulate 
in food chains. Vertebrates tend to accumulate cadmium in the kidney and liver (Eisler 1985). 

A literature search was conducted on the toxicological effects of cadmium ingestion to 
mammals. A 6-week study conducted with rats indicated that oral doses of 1 mg/kg/day 
caused no reproductive impairment (Sample et al. 1996). This dose was considered a chronic 
NOAEL. Adverse reproductive (fetal) effects occurred at a dose of 10 mg/kg/day. This dose 
was considered a chronic LOAEL. 

A similar study, conducted with dogs over a period of 3 months, indicated a NOAEL of 
0.75 mg/kg/day because no adverse reproductive effects were observed (Loser and Lorke 
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1977). A chronic LOAEL was estimated by multiplying the chronic NOAEL by an uncertainty 
factor of 10. 

, 

A 90-day study on the effects of cadmium administered orally in the diet on the reproduction of 
mallards indicated a chronic LOAEL of 20.03 mg/kg/day (White and Finley 1978). Ducks fed 
cadmium at this level were observed to produce significantly fewer eggs than those in lower 
dose groups. No adverse reproductive effects were observed at a dose of 1.45 mg/kg/day. This 
dose was considered to be a chronic NOAEL. 

Eisler, R. 1985. Cadmium hazards fofish, wildlife, and invertebrates: a synoptic review. U.S. Fish and 
Wildlife Service Biological Report 85(1.2), Contaminant Hazard Reviews. Report No. 2. 

46 PP. 

Loser, E. and D. Lorke. 1977. Semichronic oral toxicity of cadmium. II. Studies on dogs. 
Toxicology. 71225-232. 

Sample, B.E., D.M. Opresko, and G.W. Suter II. 1996. Toxicological benchmarksfor wildlife: 2996 
revision. Risk Assessment Program, Health Sciences Research Division. Oak Ridge, 
Tennessee. 

White, D.H. and M.T. Finley. 1978. Uptake and retention of dietary cadmium in mallard ducks. 
Environ. Res. 17:53-59. 

Chromium 
Chromium is a naturally occurring element. Chromium compoun s are used in the chemical 
industry for metal finishing, manufacture of pigments, leather tanning, and water treatment. 
Chromium has been widely studied and its effects are well known. 

A 3-month study on the effects of chromium on survival in rats indicated adverse effects at a 
dose of 131.4 mg/kg/day. This dose was considered to be a chronic LOAEL (Sample et al. 
1996). A chronic NOAEL of 13.14 mg/kg/day was estimated by multiplying the chronic 
NOAEL by an uncertainty factor of 0.1. 

A literature search was conducted on the toxicological effects of chromium ingestion to birds. A 
study conducted with American black ducks indicated that dietary levels of 5.0 mg/kg/day of 
chromium caused reduced duckling survival. This dose was considered a chronic LOAEL 
(Sample et al. 1996). A dose of 1.0 mg/kg/day was considered a chronic NOAEL because no 
adverse reproductive effects were observed at this level. 

Sample, B.E., D.M. Opresko, and G.W. Suter II. 1996. Toxicological benchmarksfor wildlife: 1996 
revision. Risk Assessment Program, Health Sciences Research Division, Oak Ridge, 
Tennessee. 

Cobalt 
Rats exposed to cobalt in the diet for 69 days showed impaired reproduction at 50 mg/kg/day; 
this dose is considered a chronic LOAEL. A chronic NOAEL of 5 mg/kg/day was estimated by 
multiplying the chronic LOAEL by an uncertainty factor of 0.1 (ATSDR 1992). Chickens 
exposed to cobalt in the diet for 14 days showed impaired growth at 14.7 mg/kg/day; this dose 
is considered a chronic LOAEL (Diaz et al. 1994). A chronic NOAEL of 1.47 mg/kg/day was 
estimated by multiplying the chronic LOAEL by an uncertainty factor of 0.1. 
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Agency for Toxic Substances and Disease Registry (ATSDR). 1992. Tuxicologicul profilefor cobalt. 

July. 
Diaz, G.J., R.J. Julian, and E.J. Squires. 1994. Lesions in broiler chickens following experimental 

intoxication with cobalt. Avian Diseases. 38:308-316. 

Copper 
Excess ingestion of copper leads to accumulation in tissues, mainly in the liver. When 
concentrations in the liver exceed a certain level, the metal is released into the blood causing 
hemolysis and jaundice. High levels of copper also inhibit essential metabolic enzymes 
(Demayo et al. 1982). Toxic symptoms appear when the liver accumulates 3 to 15 times the 
normal level of copper (Demayo et al. 1982). 

Ruminants are the most sensitive mammalian species to the toxic effects of copper. Young 
animals retain more dietary copper than older animals and are more sensitive to copper toxicity 
(Venugopal and Luckey 1978). Copper is known to have adverse effects on aquatic organisms, 
but is dependent upon pH and hardness. Copper tends not to accumulate in most organisms or 
to biomagnify in food chains. 

A 357-day study on the effects of copper on the reproduction of mink indicated increased 
mortality of mink kits at oral doses of 50,100, and 200 ppm (Aulerich et al. 1982). The 50 ppm 
dose was converted to a chronic LOAEL of 15.14 mg/kg/day. A chronic NOAEL of 
11.7 mg/kg/day was determined from the 25 ppm dietary concentration at which no adverse 
reproductive effects were observed. 

A lo-week study on the effects of copper on the growth and mortality of day old chicks 
indicated reduced growth and increased mortality at a dietary concentration of 749 ppm 
(Mehring et al. 1960). This concentration, considered to be a chronic LOAEL, was converted to 
a daily dose of 61.7 mg/kg/day (Sample et al. 1996). No adverse effects were observed at a 
dietary concentration of 570 ppm. This concentration, considered to be a chronic NOAEL, was 
converted to a daily dose of 47 mg/kg/day. 

Aulerich, R.J., R.K. Ringer, M.R. Bleavins et al. 1982. Effects of supplemental dietary copper on 
growth, reproduction performance and kit survival of standard dark mink and the acute 
toxicity of copper to mink. J. Animal Sci. 55:337-343. 

DeMayo, A., M.C. Tyalor and K.W. Taylor. 1982. Effects of copper on humans, laboratory and 
farm animals, terrestrial plants and aquatic life. CRC Critical Reviews in Envivunmental 
Control. 12(3):183-255. 

Mehring, A.L. Jr., J.H. Brumbaugh, A.J. Sutherland, and H.W. Titus. 1960. The tolerance of 
growing chickens for dietary copper. Poult. Sci. 39:713-719. 

Sample, B.E., D.M. Opresko, and G.W. Suter II. 1996. TaxicoZo@caZ benchmarks@ wildlife: 1996 
revision. Risk Assessment Program, Health Sciences Research Division. Oak Ridge, 
Tennessee. 

Venugopal, B. and T.D. Luckey. 1978. Metal toxicity in mammals, Volume 2. Plenum Press, New 
York, N.Y. 
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Cyanide 
Cyanide has a greater impact upon fish, in general, than upon invertebrates. Plants demonstrate 
a wide range of susceptibility. In general terms, plants will be protected at the same range 
considered safe for animals. Cyanide, which is readily metabolized by most organisms, does 
not bioaccumulate in food chains (Eisler 1991). 

Eisler, R. 1991. Cyanide hazards tofish, wildlife, and invertebrates: a synoptic review. U.S. Fish and 
Wildlife Service Biological Report 85(1.23), Contaminant Hazard Reviews Report No. 23. 

55 PP- 

Iron 
Iron can have effects on plants. Chlorosis, the yellowing or dropping of leaves, can occur when 
iron, within alkaline soils, becomes insoluble and unavailable for uptake. At extremely high 
concentrations, iron has been reported to be toxic to livestock. 

A literature search was conducted on the toxicological effects of iron ingestion to mammals and 
birds. The maximum tolerable level of iron for sheep and rabbits is 500 mg/kg/day (NAS 
1980). The maximum tolerable level of iron for poultry is 1,000 mg/kg/day (NAS 1980). In the 
literature, “maximum tolerable level” is defined as that dietary level that, when fed for a limited 
period, will not impair animal performance (NAS 1980). Therefore, 500 mg/kg/day and 
1,000 mg/kg/day were used as chronic LOAELs for mammals and birds, respectively. A 
chronic NOAEL was estimated by multiplying each LOAEL by an uncertainty factor of 0.1. 

NAS (National Academy of Sciences). 1980. Mineral tolerance @domestic animals. National 
Research Council, Committee on Animal Nutrition, Board on Agriculture and 
Renewable Resources, Commission on Natural Resources. Washington, DC. 

Lead 
Organic forms of lead are more bioavailable than inorganic forms, but microorganisms in 
streams are capable of transforming inorganic lead into organic forms. Soluble lead is toxic to 
all aquatic plant phyla. In plants, lead inhibits growth by reducing photosynthetic activity, 
mitosis, and water absorption. In the terrestrial environment, lead has been demonstrated to be 
toxic to birds, mammals, reptiles, and amphibians. Lead poisoning in birds is particularly well 
documented, but most lead poisoning in wild birds results from ingestion of lead pellets. In 
contrast, lead poisoning of birds, such as raptors, from biologically incorporated lead is 
considered unlikely. Lead is known to be toxic to mammalian species, but information on the 
effects on wild species is very limited. Toxic effects include mortality, reduced growth and 
reproduction, alterations of blood chemistry, lesions, and behavioral changes. Terrestrial 
vegetation also may be affected by elevated lead concentrations. Demonstrated effects include 
reduced photosynthesis, mitosis, and water absorption. Lead, however, appears to bind tightly 
to moist soil, and substantial amounts of lead typically need to accumulate before effects on 
plants are observed. Lead does not biomagnify to a great extent in food chains, although 
bioaccumulation in plants and animals has been extensively documented (Wixson and Davis 
1993, Eisler 1988). 

A study on three generations of rats fed lead acetate indicated a chronic NOAEL of 
8 mg/kg/day (Azar et al. 1973). Rats fed this dose level were not observed to exhibit any 
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adverse reproductive effects. Rats fed 80 mg/kg/day were observed to have reduced offspring 
weights and kidney damage in the young. This dose was considered to be a chronic LOAEL. 

A 7-month study on the toxicological effects of lead ingestion in American kestrels found that 
an oral dose of 3.85 mg/kg/day did not cause any adverse reproductive effects (Sample et al. 
1996); this dose was considered a chronic NOAEL. A chronic LOAEL of 38.5 mg/kg/day was 
estimated by multiplying the chronic NOAEL by an uncertainty factor of 10. A 12-week study 
with Japanese quail found that oral exposures to lead acetate in the diet did not have any 
adverse reproductive effects at doses of 1.13 mg/kg/day (chronic NOAEL) although adverse 
effects were observed at a dose of 11.3 mg/kg/day (chronic LOAEL; Sample et al. 1996). 

Azar, A., H.J. Trochimowicz, and M.E. Maxwell. 1973. Review of lead studies in animals 
carried out at Haskell Laboratory: two-year feeding study and response to hemorrhage 
study. Pages 199-210 IN Barth, D et al. (eds). EnvironmentaI health aspects oflead: 
proceedings, international symposium. Commission of European Communities. 

Eisler, R. 1988. Lead hazards tofish, wildlife, and invertebrates: a synoptic review. U.S. Fish and 
Wildlife Service Biological Report 85(1.14), Contaminant Hazard Reviews Report No. 14. 
134 pp. 

Sample, B.E., D.M. Opresko, and G.W. Suter II. 1996. Toxicological benchmarksfor wildlife: 1996 
revision. Risk Assessment Program, Health Sciences Research Division. Oak Ridge, 
Tennessee. 

Wixson, B.G. and B.E. Davis. 1993. Lead in soil. Lead in Soil Task Force, Science Reviews. 
Northwood. 132 pp. 

Manganese 
Manganese is a vital micronutrient in plants and animals. Plant leaves will turn yellow when 
manganese is not present is sufficient quantities. Manganese can be toxic to plants if irrigated 
with water and pH values are less than 6.0. Because it is an essential nutrient, plants likely have 
a wide range of tolerance to manganese. 

A literature search was conducted on the toxicological effects of manganese ingestion to 
mammals. A study was conducted on the reproductive effects of manganese on rats (Laskey et 
al. 1982). The rats were fed three dose levels of manganese: 400,1100, and 3550 ppm. A dose of 
3550 ppm caused reduced pregnancy and fertility and was therefore considered a chronic 
LOAEL. The chronic LOAEL was converted to a daily dose of LOAEL of 284 mg/kg/day 
(Sample et al. 1996). No effects were observed at lower exposure levels. A chronic NOAEL of 
1100 ppm was converted to a daily dose of 88 mg/kg/day (Sample et al. 1996). 

A literature search was conducted on the toxicological effects of manganese ingestion to birds. 
A 75-day study conducted on growth and behavioral effects of manganese on Japanese quail 
indicated a chronic NOAEL of 977 mg/kg/day (Laskey and Edens 1985) because no reduction 
in growth was observed but aggressive behavior declined. A chronic LOAEL of 9770 
mg/kg/day was estimated by multiplying the chronic NOAEL by an uncertainty factor of 10. 

Laskey, J.W. and F.W. Edens. 1985. Effects of chronic high-level manganese exposure on male 
behavior in the Japanese quail (Cotirnix coturnix juponica). Poult. Sci. 64:579-584. 
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Laskey, J.W., G.L. Rehnberg, J.F. Hein, and S.D. Carter. 1982. Effects of chronic manganese 
(MnsO~) exposure on selected reproductive parameters in rats. J. Toxicol. Environ. Health. 
91677-687. 

Sample, B.E., D.M. Opresko, and G.W. Suter II. 1996. Toxicolugicnl benchmarksfor wildlife: 2996 
rem’sion. Risk Assessment Program, Health Sciences Research Division. Oak Ridge, 
Tennessee. 

Mercury 
Mercury is persistent in the environment and may cause significant effects on ecological 
receptors. A variety of adverse biological effects have been attributed to mercury. Mercury is a 
known teratogen, mutagen, and carcinogen. Mercury has been documented to adversely effect 
reproduction, growth and development, behavior, blood and serum chemistry, motor 
coordination, vision, hearing, histology, and metabolism at relatively low concentrations in 
birds and mammals. The reproduction, growth, metabolism, blood chemistry, and oxygen 
exchange of marine and freshwater organisms also is adversely affected by relatively low 
concentrations of mercury. The form of mercury most readily assimilated by biota is 
methylmercury. Once incorporated in tissues, methylmercury is very slow to depurate. The 
rate of bioaccumulation of methylmercury is species- and site-specific. 

A three-generation study on the effects of mercury (administered orally as methyl mercury 
chloride) on the reproduction of rats indicated a LOAEL of 0.16 mg/kg/day because reduced 
pup viability was observed (Verschuuren et al. 1976). A chronic NOAEL of 0.032 mg/kg/day 
was determined because no adverse reproductive effects were observed at this level. 

A 93-day study conducted on mink indicated that a dose of 1.8 ppm (administered orally as 
methyl mercury chloride) caused mortality, weight loss, and behavioral abnormalities (Wobeser 
et al. 1976). No adverse effects were observed at 1.1 ppm so this dose was considered a chronic 
NOAEL. These values were converted to a daily dose of 0.25 mg/kg/day (chronic LOAEL) and 
0.15 mg/kg/day (chronic NOAEL). 

A literature search was conducted on the toxicological effects of mercury ingestion to birds. A 
one-year study conducted on Japanese quail indicated that an oral dose of 0.9 mg/kg/day (as 
mercuric chloride) caused reduced fertility and egg hatchability (Sample et al. 1996). This dose 
was considered a chronic LOAEL. No adverse reproductive effects were observed at a dose of 
0.45 mg/kg/day. This dose was considered a chronic NOAEL. 

Mallards fed methyl mercury during a 3-generation study showed significant reproductive 
effects (reduced egg and duckling production) at a daily dose 0.064 mg/kg/day (Sample et al. 
1996). This dose was considered a chronic LOAEL. A chronic NOAEL of 0.0064 mg/kg/day 
was estimated by multiplying the chronic LOAEL by an uncertainty factor of 0.1. 

Sample, B.E., D.M. Opresko, and G.W. Suter II. 1996. Toxicological benchmarksfor wildlife: 2996 
revision. Risk Assessment Program, Health Sciences Research Division. Oak Ridge, 
Tennessee. 

Verschuuren, R.G., R. Kroes, E.M. Den Tonkelaar, J.M. Berkvens, P.W. Helleman, A.G. Rauws, 
P.L. Schuller, and G.J. Van Esch. 1976. Toxicity of methyl mercury chloride in rats. II. 
Reproduction study. Toxicol. 6:97-106. 
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Wobeser, G., N.O. Nielson, and B. Schiefei?l976: Mercury and mink. II. Experimental methyl 
mercury intoxication. Can. J. Camp. Med. 34-45. 

Nickel 
Nickel is a metal that is usually used in the formation of alloys such as stainless steel. It is 
found in the environment as oxides or sulfides. Nickel may be released to the environment 
through mining, oil- and coal- burning power plants, and incinerators. Nickel will attach to soil 
or sediment particles, especially those containing iron or manganese. Under acidic conditions, 
nickel can become more mobile and infiltrate groundwater. Nickel is present in water mostly as 
insoluble hydroxides at pH levels higher than 6.7. At pH levels below 6.5, most nickel 
compounds are soluble. Water-insoluble inorganic nickel is usually unavailable in water and 
soils. However, low pH can enable nickel to be mobilized and therefore more bioavailable for 
uptake by plants and animals. Therefore, the speciation and physiochemical state of nickel is 
important in evaluating its behavior in the environment and its availability to biota. Low nickel 
concentrations can cause acute toxicity to freshwater and marine organisms. 

A 3-generation study on the effects of nickel on the reproduction of rats indicated a chronic 
LOAEL of 80 mg/kg/day due to reduced body weights in offspring (Ambrose et al. 1976). A 
dose of 40 mg/kg/day was considered a chronic NOAEL because it caused no adverse effects. 

A literature search was conducted on the effects of nickel ingestion to birds. A study conducted 
on mallard ducklings indicated that a dose of 107 mg/kg/day of nickel over a 90-day period 
caused reduced growth and resulted in 70 percent mortality (Cain and Pafford 1981). This dose 
was considered to be the chronic LOAEL. A dose of 77.4 mg/kg/day did not increase mortality 
or reduce growth and was therefore considered a chronic NOAEL. 

Ambrose, A.M., P.S. Larson, and J.F. Borzelleca. 1976. Long-term toxicological assessment of 
nickel in rats and dogs. J. Food. Sci. Technol. 13:181-187. 

Cain, B.W. and E.A. Pafford. 1981. Effects of dietary nickel on survival and growth of mallard 
ducklings. Arch. Environm. Contam. Toxicol. 10:737-745. 

Selenium 
Selenium is a metal commonly found in rocks and soil. In the environment, selenium is not 
often found in the pure form. Much of the selenium in rocks is combined with sulfide minerals 
or with silver, copper, lead, and nickel minerals. Selenium and oxygen combine to form several 
compounds. Small selenium particles in the air settle to the ground or are taken out of the air in 
rain. Soluble selenium compounds in agricultural fields can be transported from the field in 
irrigation drainage water. Selenium can accumulate in animals that live in water containing 
high levels of selenium. Very high amounts of selenium can result in reproductive effects in 
rats and monkeys. Exposure to high levels of selenium compounds caused malformations in 
birds, but selenium has not been shown to cause birth defects in other mammals (ATSDR 1996). 
Chronic exposure of mice and rats to selenium adversely affected fertility and reduced the 
viability of the offspring of the pairs of mice that were able to breed (Schroeder and Mitchener 
1971). 

A one-year study on the effects of potassium selenate on the reproduction of rats indicated a 
chronic oral toxic dose of 1.5 mg/L (Rosenfeld and Beath 1954). This dose was considered to be 
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a chronic NOAEL because no adverse effects were observed. This dose was converted to a daily 
dose of 0.20 mg/kg/day. A chronic LOAEL of 2.5 mg/L was indicated due to a reduction in 
the number of second-generation young. This dose was converted to a daily dose of 
0.33 mg/kg/day. 

A loo-day study conducted on the effects of selanomethionine on reproduction in mallard 
ducks indicated a chronic NOAEL of 4 ppm in food because it produced no adverse effects on 
reproduction. This dose was converted to a daily dose of 0.4 mg/kg/day (Sample et al. 1996). 
A dose of 8 ppm was determined to be the chronic LOAEL because it resulted in reduced 
duckling survival and was converted to a daily dose of 0.8 mg/kg/day. 

Reproduction in screech owls fed selanomethionine for 13.7 weeks was not adversely affected at 
a daily dose of 0.44 mg/kg/day (chronic NOAEL), although a daily dose of 1.5 mg/kg/day 
(chronic LOAEL) resulted in decreased egg production, egg hatchability, and nestling survival 
(Sample et al. 1996). 

Agency for Toxic Substances and Disease Registry (ATSDR). 1996. Toxicobgical profilefor 
seZenium. U.S. Public Health Service, U.S. Department of Health and Human Services, 
Atlanta, GA. 

Rosenfeld, I. and O.A. Beath. 1954. Effect of selenium on reproduction in rats. Proc. Sot. Exp. 
Biol. Med. 87~295-297. 

Sample, B.E., D.M. Opresko, and G.W. Suter II. 1996. Toxicological benchmarksfir wildlife: 1996 
revision. Risk Assessment Program, Health Sciences Research Division. Oak Ridge, 
Tennessee. 

Schroeder, H.A. and M. Mitchener. 1971. Toxic effects of trace elements on the reproduction of 
mice and rats. Arch. Environ. Health. 23:102-106. 

Silver 
Silver adheres strongly to clay particles found suspended in water and in sediments. The 
impact of silver is most likely to occur in the soil/water interface. It is acutely toxic to scuds at 
~6 pg/L and midges at ~5 ug/L. Aquatic plants are less sensitive to silver exposure. 

A literature search was conducted on the toxicological effects of silver ingestion to mammals 
and birds. Ingestion-based studies were not available for birds. A study conducted on rats 
indicated that a dose of 18.1 mg/kg/day did not result in increased mortality. This dose was 
considered a chronic NOAEL (ASTDR 1990). A chronic LOAEL was estimated by multiplying 
the chronic NOAEL by an uncertainty factor of 10. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1990. Toxicological profilefor silver. 
TO-90/24. 

Thallium 
Thallium enters the environment primarily from coal-burning and smelting, in which it is a 
trace contaminant of the raw materials. Thallium is absorbed by plants and enters the food 
chain. It builds up in fish and shellfish. Studies in rats exposed to high levels of thallium, 
showed adverse developmental effects (A,TSDR 1992). Rats ingesting thallium for several 
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weeks had some adverse reproductive effects (ATSDR 1992). Data also suggest that the male 
animal reproductive system may be susceptible to damage by low levels of thallium. 

A literature search was conducted on the toxicological effects of thallium ingestion to mammals 
and birds. Ingestion-based studies were not available for birds. A study conducted on the 
reproductive (male testicular function) effects of thallium in rats indicated that a dose of 
0.74 mg/kg/day caused reduced sperm motility (Formigli et al. 1986). This dose was 
considered to be a chronic LOAEL. A chronic NOAEL was estimated by multiplying the 
chronic LOAEL by an uncertainty factor of 0.1 to obtain a daily dose 0.074 mg/kg/day. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1992. Toxicological prufikfor 
thalZitlm. U.S. Public Health Service, U.S. Department of Health and Human Services, 
Atlanta, GA. 

Formigli, L.,R. Scelsi, P. Poggi, C. Gregotti, A. DiNucci, E. Sabbioni, L. Gottardi, and L. Manzo. 
1986. Thallium-induced testicular toxicity in the rat. Environ. Res. 40:531-539. 

Vanadium 
Vanadium enters the environment primarily from natural sources and from the burning of fuel 
oils. It is an essential element in certain animals, but may induce toxic effects in sufficient 
quantities. Young rats fed 92 and 194 ppm vanadium lost body weight and exhibited gross 
pathological symptoms, and 56 percent of those fed 368 ppm vanadium died (Daniel and Lillie 
1938). In a study with mallard ducks, vanadium accumulated in the bone, kidney, and liver. 
Hens fed 100 ppm accumulated vanadium in the bone to about five times the levels in drakes 
(White and Dieter 1978). Several studies have shown contradictory effects of vanadium on lipid 
metabolism in birds and mammals. Responses were dependent on species, age, and diet 
composition. The alterations in lipid metabolism caused by vanadium were considered 
biologically significant because they were demonstrable in ducks that had absorbed and 
accumulated only minute tissue concentrations of the metal (White and Dieter 1978). 

A literature search was conducted on the toxicological effects of vanadium ingestion to 
mammals. A 60-day study was conducted on the reproductive effects of vanadium to rats. The 
rats were fed three dose levels of sodium metavanadate: 5,10, and 20 mg/kg/day. Significant 
differences in reproductive parameters (e.g., number of dead young, litter size) were observed 
at all dose levels. Therefore, the lowest dose was considered to be a chronic LOAEL. The 
LOAEL of 5 mg/kg/day was converted to an elemental vanadium dosage of 2.1 mg/kg/day 
(Sample et al. 1996). A chronic NOAEL (0.21 mg/kg/day) was estimated by multiplying the 
chronic LOAEL by an uncertainty factor of 0.1. 

A literature search was conducted on the toxicological effects of vanadium ingestion to birds. A 
study conducted on mortality, body weight, and blood chemistry effects of vanadium to 
mallards indicated a chronic NOAEL of 11.4 mg/kg/day (White and Dieter 1978). The 
mallards were fed three dose levels of vanadium in food over a 12-week period and no effects 
were observed at any dose level. The maximum dose was considered the chronic NOAEL. A 
chronic LOAEL (114 mg/kg/day) was estimated by multiplying the chronic NOAEL by an 
uncertainty factor of 10. 

Daniel, E.P. and R.D. Lillie. 1938. Experimental vanadium poisoning in the white rat. U.S. 
Public Health Rep. 531765-777. 
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Sample, B.E., D.M. Opresko, and G.W. Suter II. 1996. Toxicological benchmarks@ wildlife: 1996 
revisiom Risk Assessment Program, Health Sciences Research Division. Oak Ridge, 
Tennessee. 

White, D.H. and M.P. Dieter. 1978. Effects of dietary vanadium in mallard ducks. J. Toxicol. 
Environ. Health. 4:43-50. 

Zinc 
Zinc, like many other metals, is essential in cell growth and enzymatic formation. Cer~uodaphnia, 
a genus of aquatic invertebrates, are the most sensitive of 35 genera tested, but some aquatic 
plants are three times as sensitive to zinc. Zinc toxicity can result in destruction of gill 
epithelium and tissue hypoxia in fish. In terrestrial species, chronic exposure to zinc can result 
in softening of bone, anemia, enteropathy, and kidney damage. Zinc is not known to magnify 
in food chains because the body regulates it and excess zinc is eliminated. 

A study conducted with rats indicated that a dose of 320 mg/kg/day of zinc caused adverse 
reproductive effects in pregnant rats (Sample et al. 1996). This dose was considered a chronic 
LOAEL. A chronic NOAEL of 160 mg/kg/day was determined since no adverse effects were 
observed at this dose. Mink exposed to zinc in the diet for 25 weeks did not exhibit any adverse 
reproductive effects at a daily dose of 20.8 mg/kg/day (ATSDR 1992). 

Reproduction in chickens exposed to zinc in the diet for 44 weeks was not adversely affected at 
a daily dose of 14.5 mg/kg/day but was adversely affected at 131 mg/kg/day. These doses are 
considered chronic NOAEL and LOAEL values, respectively (Sample et al. 1996). 

Agency for Toxic Substances and Disease Registry (ATSDR). 1992. Toxicological profilefar zinc. 
Draft. 

Sample, B.E., D.M. Opresko, and G.W. Suter II. 1996. ToxicologicaZ benchmrlcsfor wzldlife: 1996 
revision. Risk Assessment Program, Health Sciences Research Division. Oak Ridge, 
Tennessee. 
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Polychlorinated Biphenyls (PCBs) 

Aroclor1016,1221,1232,1242,1248,1254,and1260 
PCBs are a group of manufactured organic chemicals that were banned in the United States in 
1977 because of their proven adverse environmental effects. PCBs occur in a variety of different 
formulations consisting of mixtures of individual compounds such as Aroclor 1016,1248,1254, 
and Aroclor 1260. The Aroclor formulations vary in the percent chlorine, and generally, the 
higher the chlorine content the greater the toxicity. PCBs elicit a variety of biologic and toxic 
effects including death, birth defects, reproductive failure, liver damage, tumors, and a wasting 
syndrome (Eisler 1986). Skin exposure to PCBs in animals resulted in liver, kidney, and skin 
damage (ATSDR 1996). They are known to bioaccumulate and to biomagnify within the food 
chain. PCBs in water accumulate in fish and marine mammals and can reach levels thousands 
of times higher than the levels in water (ATSDR 1996). Toxicity data for white-footed mice, 
oldfield mice, and mink show that their reproductive systems and developing embryos were 
adversely affected by both acute and chronic exposures (McCoy et al. 1995). 

An l&month study conducted on the effects of Aroclor 1016 on the reproduction of mink 
indicated that 25 ppm in the diet reduced kit growth (Aulerich and Ringer 1980). This dose was 
considered a chronic LOAEL and was converted to a daily dose of 3.43 mg/kg/day. The 
10 ppm dose was considered to be a chronic NOAEL because no adverse effects were observed 
at this dosage. The chronic NOAEL was converted to a daily dose of 1.37 mg/kg/day. 

A 7-month study on the effects of Aroclor 1242 on the reproduction of mink indicated that doses 
of 5,10,20, and 40 ppm caused complete reproductive failure (Bleavins et al. 1980). The 5 ppm 
dose (chronic LOAEL) was converted to a daily dose of 0.69 mg/kg/day. A chronic NOAEL of 
6.9 mg/kg/day was estimated by multiplying the chronic LOAEL by an uncertainty factor of 
0.1. 

A study conducted on the effects of Aroclor 1242 on the reproduction on two generations of 
screech owls indicated that a 3 ppm dose had no observed effects (McLane and Hughes 1980). 
This dose (chronic NOAEL) was converted to a daily dose of 0.41 mg/kg/day. A chronic 
LOAEL of 4.1 mg/kg/day was estimated by multiplying the chronic NOAEL by an uncertainty 
factor of 10. 

A 5-week study on the effects of Aroclor 1248 on immune function in mice indicated a dose of 
13 mg/kg/day to be a chronic LOAEL (ATSDR 1996). A chronic NOAEL of 1.3 mg/kg/day 
was estimated by multiplying the chronic LOAEL by an uncertainty factor of 0.1. 

A year-long study conducted on oldfield mice indicated that 5 ppm of Aroclor 1254 in the diet 
reduced the number of litters, offspring weights, and offspring survival (McCoy et al. 1995). 
This dose was considered a chronic LOAEL and converted to a daily dose of 0.68 mg/kg/‘day 
(Sample et al. 1996). A chronic NOAEL of 0.068 mg/kg/day was estimated by multiplying the 
chronic LOAEL by an uncertainty factor of 0.1. 

A study conducted by Aulerich and Ringer (1977) exposed mink to 3 dose levels of Aroclor 1254 
for a 4.5-month period. Exposure to 5 and 15 ppm in the diet reduced the number of offspring 
born alive. A dose of 1 ppm caused no adverse effects. The 5 ppm dose was considered to be a 
chronic LOAEL and was converted to a daily dose of 0.69 mg/kg/day (Sample et al. 1996). The 
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1 ppm dose was considered to be a chronic NOAEL and was converted to a daily dose of 
0.14 mg/kg/day. 

A study conducted on ring-necked pheasants indicated that a dose of 1.8 mg/kg/day in the diet 
for 17 weeks caused significantly reduced egg hatchability (Dahlgren et al. 1972). This dose was 
considered a chronic LOAEL. A chronic NOAEL of 0.18 mg/kg/day was estimated by 
multiplying the chronic LOAEL by an uncertainty factor of 0.1. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1996. Toxicological profilefor 
polychlorinafed bz’pherzyIs (update). U.S. Public Health Service, U.S. Department of Health 
and Human Services, Atlanta, GA. 

Aulerich, R.J. and R.K. Ringer. 1977. Current status of PCB toxicity, including reproduction in 
mink. Arch. Environ. Contam. Toxicol. 6~279-292. 

Aulerich, R.J. and R.K. Ringer. 1980. Toxicity of the polychlorinated bipkenyl ArocIor 2016 to mink. 
Environmental Research Laboratory, Office of Research and Development. 

Bleavins, M.R., R.J. Aulerich, and R.K. Ringer. 1980. Polychlorinated biphenyls (Aroclors 1014 
and 1242): Effects on survival and reproduction in mink and ferrets. Arch. Environ. 
Contam. Toxicol. 9:627-635. 

Dahlgren, R.B., R.L. Linder, and C.W. Carlson. 1972. Polychlorinated biphenyls: their effects on 
penned pheasants. Environ. Health Perspect. 1:89-101. 

Eisler, R. 1986. Polychlorinated biphenyl hazards to fish, wildlife, and invertebrates: a synoptic review. 
U.S. Fish and Wildlife Service, Contaminant Hazard Reviews, Report No. 7. 

McCoy, G., M.F. Finlay, A. Rhone, K. James, and G.P. Cobb. 1995. Chronic polychlorinated 
biphenyls exposure on three generations of oldfield mice (Permyscus polionotus): effects 
on reproduction, growth, and body residues. Arch. Environ. Contam. Toxicol. 281431-435. 

McLane, M.A.R. and D.L. Hughes. 1980. Reproductive success of screech owls fed Aroclor 
1248. Archives of Environmental Contamination and Toxicology. 9:461-665. 

Sample, B.E., D.M. Opresko, and G.W. Suter II. 1996. Toxicological benchmarks for wildlife: 1996 
revision. Risk Assessment Program, Health Sciences Research Division. Oak Ridge, 
Tennessee. 
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Pesticides 

4,4’-DDD, 4, 4’-DDE, and 4, 4’-DDT 
DDT is a synthetic organochlorine compound which has been used extensively for insect 
control. DDD and DDE are metabolites of DDT. Both of these two breakdown products and 
DDT are often found together in the environment and are referred to collectively as total DDT. 
DDT was banned in the United States in 1972, primarily due to its environmental effects, but is 
very persistent in the environment and is still detected in many biochemical and geochemical 
surveys. 

The USEPA’s Aquatic Information Retrieval Toxicity database (AQUIRE) for DDT contains 
more than 40 acute toxicity values for various aquatic organisms. These range from 0.36 ug/L 
for Daphniu pulex to 1230 ug/L for the planarian Polycellis felina (USEPA 1984). 

Historical studies of terrestrial invertebrates have found that earthworms are much more 
tolerant of organochlorine pesticides than arthropods (Davis 1971). The storage of total DDT in 
earthworms can lead to harmful effects in higher trophic-level organisms including birds and 
mammals. 

The toxicity and accumulation of DDT in fish are correlated with age, fat content, and body 
length. Signs of toxicity are similar to those exhibited by insects (Ellgaard et al. 1977). Exposure 
to lethal concentrations of DDT results in increasing levels of irritability or excitability followed 
by muscular spasms, complete loss of equilibrium, convulsions, and eventually death. Toxic 
effects on amphibians and reptiles include uncoordinated behavior, loss of equilibrium, 
restricted development, weight loss, and death (Russell et al. 1995). 

The toxicity and accumulation of DDT and its metabolites are of primary concern in birds. 
These chemicals can accumulate in fat after even brief, low-level exposures. In general, birds 
that feed on fish or other birds have greater tissue residues than those that feed on vegetation or 
seeds, and DDE is more common than either DDT or DDD in bird tissues (Stickell973). 
Adverse effects resulting from DDT poisoning in birds include reproductive impairment, 
reduced fledging success, and eggshell thinning. DDE produced significant eggshell thinning 
in three major groups of birds: the orders Strigiformes (owls}, Falconiformes (all other raptors), 
and Anseriformes (most common waterfowl). 

Studies of DDT toxicity to mammals have been generally limited to laboratory mammals. Liver, 
neurological, developmental, reproductive, and carcinogenic effects after exposure to DDT have 
also been noted for mice, rats, shrews, hamsters, monkeys, dogs, and bats. Laboratory studies 
with wild mammals have indicated that big brown bats are much more sensitive to DDT than 
other mammals (Stickell973). 

A literature search was conducted on the effects of 4,4’-DDD, 4,4-DDE, 4,4’-DDT ingestion to 
mammals and birds. A study conducted on the reproductive effects of DDT on rats indicated a 
chronic NOAEL of 0.8 mg/kg/day and a chronic LOAEL of 4 mg/kg/day (Fitzhugh 1948). The 
rats ingested three dose levels over a 2-year period. Consumption of 4 mg/kg/day caused a 
reduction in the number of young produced. No adverse effects were observed at the 
0.8 mg/kg/day dose level. 
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Dogs fed DDT for two generations showed reproductive effects at an oral dose of 5 mg/kg/day 
but not at 1 mg/kg/day. These values are considered the chronic LOAEL and chronic NOAEL, 
respectively (ATSDR 1994). 

A 2-year reproductive study with American kestrels resulted in estimated chronic NOAEL and 
LOAEL values of 0.05 and 0.5 mg/kg/day, respectively, for DDE. Chronic oral exposures of 
mallards with DDT and DDD resulted in chronic NOAEL and LOAEL values (reproductive 
endpoints) of 0.104 and 1.04 mg/kg/day, respectively, for DDT, and 0.52 and 5.2 mg/kg/day, 
respectively for DDD (Stickell973). Brown pelicans exposed to DDE showed no chronic 
reproductive effects at 0.131 mg/kg/day (Beyer et al. 1996). 

Agency for Toxic Substances and Disease Registry (ATSDR). 1994. Toxicological profile fuy 
4,4’-DDT, 4,4’-DDE, and 4,4’-DDD. May. 

Beyer, W.N., G.H. Heinz, and A.W. Redmon-Norwood. 1996. Environmental contaminants in 
wildlife: interpreting tissue concentrations. Lewis Publishers, Boca Raton, FL. 494 pp. 

Davis, B.N.K. 1971. Laboratory studies on the uptake of dieldrin and DDT by earthworms. Soil 
Biol. Biochem. 3:221-233. 

Ellgaard, E.G., J.C. Ochsner, and J.K. Cox. 1977. Locomotor hyperactivity induced in the 
bluegill sunfish, Lepomis macrochirus, by sublethal concentrations of DDT. Can. J. Zool. 
55:1077-1081. 

Fitzhugh, O.G. 1948. Use of DDT insecticides on food products. Ind. Erzg. Chem. 403704705. 

McLane, M.A.R. and L.C. Hall. 1972. DDE thins screech owl eggshells. Bulletin of 

Environmental Contamination and Toxicology. 8:65-68. 

Russell, R.W., S.J. Hecnar, and G.D. Haffner. 1995. Organochlorine pesticide residues in 
southern Ontario spring peepers. Environ. Contam. Toxicol. 14:815-817. 

Stickel, L.F. 1973. Pesticide residues in birds and mammals. Pages 254312 IN C.A. Edwards 
(ed). Environmental pollution by pesticides. Plenum Press, New York. 

United States Environmental Protection Agency (USEPA). 1984. AQUIRE: Aquatic information 
retrievul toxicity database. EPA/600/8-84-021. 

Al&in and Dieldrin 
Aldrin and dieldrin are insecticides that do not occur naturally in the environment. From 1950 
to 1970, aldrin and dieldrin were popular pesticides for crops like corn and cotton. Because of 
concerns about damage to the environment and the potential harm to human health, USEPA 
banned all uses of aldrin and dieldrin in 1974 except to control termites. In 1987, USEPA 
banned all uses (ATSDR 1993). 

Aldrin is easily converted to dieldrin in the environment, and after being ingested and absorbed 
in animals. Aldrin is found in the blood only after very high doses. Dieldrin binds tightly to 
soil and slowly evaporates to the air. Dieldrin breaks down very slowly in the environment. 
Plants uptake and store dieldrin from the soil. In animals, dieldrin accumulates in fatty tissues 
and leaves the body very slowly. The major acute toxic effects are on the central nervous ,- 
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system. Studies in animals also indicate that dieldrin may reduce the body’s ability to resist 
infection. Mice given high amounts of dieldrin developed liver cancers (ATSDR 1993). 

A three-generation study on the effects of dieldrin on rat reproduction indicated that a chronic 
dose of 2.5 mg/kg (Treon and Cleveland 1955) caused a reduction in the number of 
pregnancies. This dose was considered a chronic LOAEL and converted to a daily dose of 
0.2 mg/kg/day. A chronic NOAEL of 0.02 mg/kg/day was determined by multiplying the 
chronic LOAEL by an uncertainty factor of 0.1. 

A 2-year study of the effects of dieldrin on the reproduction of barn owls indicated a chronic 
NOAEL of 0.077 mg/kg/day (Mender&all et al. 1983). A slight reduction in the eggshell 
thickness was observed, but no effects on the number of eggs laid per pair, number of eggs 
hatched per pair, percent of eggs broken, or embryo and nestling mortality were observed. A 
LOAEL of 0.77 mg/kg/day was estimated by multiplying the NOAEL by an uncertainty factor 
of 10. 

Rats exposed to aldrin for three generations showed adverse reproductive effects at a daily dose 
of 1 mg/kg/day, but not at a dose of 0.2 mg/kg/day. These doses are considered the chronic 
LOAEL and NOAEL, respectively (Sample et al. 1996). Chronic NOAELs and LOAELs for 
mallards exposed to aldrin in the diet have been estimated at 0.5 and 5 mg/kg/day based on 
data from Tucker and Crabtree (1970). 

Agency for Toxic Substances and Disease Registry (ATSDR). 1993. Toxicologica profiefor 
die&in. U.S. Public Health Service, U.S. Department of Health and Human Services, 
Atlanta, GA. 

Mendenhall, V.M., E.E. Klaas, and M.A.R. McLane. 1983. Breeding success of barn owls (Tyto 
alba) fed low levels of DDE and dieldrin. Arch. Environ. Cantam. 7’oxicoZ. 12:235-240. 

Sample, B.E., D.M. Opresko, and G.W. Suter II. 1996. To~icoZogz’caZ benchmarks for wildlife: 1996 
revision. Environmental Restoration Division, ORNL Environmental Restoration 
Program. ES/ER/TM-86/R3. 

Treon, J.F. and F.P. Cleveland. 1955. Toxicity of certain chlorinated hydrocarbon insecticides 
for laboratory animals, with special reference to aldrin and dieldrin. Ag. Food Chem. 
3:402-408. 

Tucker, R.K. and D.G. Crabtree. 1970. Handbook oftoxicity ofpesticides to wildlife. U.S. Fish and 
Wildlife Service Research Publication 84. 131 pp. 

Alpha-, Beta-, and Delta-BHC 
A literature search was conducted on the toxicological effects alpha-, beta-, and delta-BHC 
ingestion to animals. A 4-generation rat study with mixed BHC isomers indicated adverse 
reproductive effects at 3.2 mg/kg/day (chronic LOAEL) but not at 1.6 mg/kg/day (chronic 
NOAEL; Sample et al. 1996). Rats exposed to beta-BHC for 13 weeks exhibited growth and 
systemic effects at 20 mg/kg/day (chronic LOAEL) but not 4 mg/kg/day (chronic NOAEL; 
Sample et al. 1996). Japanese quail exposed to mixed BHC isomers BHC for 90 days exhibited 
reproductive effects at 2.25 mg/kg/day (chronic LOAEL) but not 0.56 mg/kg/day (chronic 
NOAEL; Sample et al. 1996). 
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Sample, B.E., D.M. Opresko, and G.W. Suter II. 1996. Toxicological benchmarks for wildlqe: 1996 
revision. Environmental Restoration Division, ORNL Environmental Restoration 
Program. ES/ER/TM-86/R3. 

Chlordane 
Chlordane is a manufactured chemical that was used as a pesticide in the United States from 
1948 to 1988. Chlordane is not a single chemical, but is actually a mixture of pure chlordane 
mixed with many related chemicals. It does not occur naturally in the environment. Chlordane 
adsorbs to soil particles and can remain in the soil for over 20 years. Most chlordane leaves soil 
by evaporation to the air. It breaks down very slowly and does not dissolve easily in water. It 
bioaccumulates in the tissues of fish, birds, and mammals (ATSDR 1994). 

Chlordane affects the nervous system, the digestive system, and the liver in animals. Acute 
ingestion-based exposure of high levels of chlordane can cause mortality and convulsions in 
animals. Chronic exposure caused harmful effects in the liver of test animals. Animals exposed 
before birth or while nursing developed behavioral effects (ATSDR 1994). 

A study on the effects of chlordane on the reproductive systems of six generations of mice 
indicated a chronic NOAEL of 4.58 mg/kg/day (WHO 1984) because no adverse effects were 
observed. The study indicated a chronic LOAEL of 9.16 mg/kg/day because of observations of 
decreased viability and reduced abundance of offspring in the test mice. 

A lo-week study on the effects of chlordane on the mortality rates in red-winged blackbirds 
indicated a chronic NOAEL of 2.14 mg/kg/day because no adverse effects were observed at 
this dose level (Stickel et al. 1983). A chronic LOAEL of 10.7 mg/kg/day was determined based 
on a 26 percent mortality rate at this dose. 

These chronic NOAEL and LOAEL values were used for both alpha- and gamma-chlordane. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1994. Toxicological profile for 
chlordane. U.S. Public Health Service, U.S. Department of Health and Human Services, 
Atlanta, GA. 

Stickel, L.F., W.H. Stickel, R. A. Dyrland, and D. L. Hughes. 1983. Oxychlordane, HCS-3260, 
and nanchlor in birds; lethal residues and loss rates. 1. Toxicol. Environ. Health. 12:611- 
622. 

World Health Organization (WHO). 1984. Chlordane. Environ. Health Criteria 34.82 pp. 

Endosulfan I5 Endosulfan II, and Endosulfan Sulfate 
Endosulfan occurs in two isomeric forms, endosulfan I and endosulfan II. The ratio of these 
two forms varies depending on the environmental media from which the samples are collected. 
Air tends to have the highest ratio of endosulfan I to endosulfan II. Air/water partitioning 
experiments were conducted with the technical mix of endosulfan and with the individual 
isomers. The partitioning in these experiments resulted in a ratio of endosulfan I to endosulfan 
II similar to what was observed in the environment. The results of this experiment suggest that 
endosulfan I1 is being converted to endosulfan I as it transfers across the air/water interface. 
This has important implications to modeling the fate of these materials in the environment 
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(ATSDR 1993). Endosulfan sulfate results from the oxidation of endosulfan in nature (Coleman 
and Dolinger 1982). 

A literature search was conducted on the toxicological effects of endosulfan ingestion to 
mammals and birds. Form-specific information was not available therefore toxicity studies on 
total endosulfan were used for endosulfan I, endosulfan II, and endosulfan sulfate. A 30-day 
study conducted on male and female rats indicated that 1.5 mg/kg/day of endosulfan in the 
diet did not cause adverse reproductive effects (Dikshith et al. 1984). This dose was considered 
a chronic NOAEL. A chronic LOAEL of 15 mg/kg/d was estimated by multiplying the chronic 
NOAEL by an uncertainty factor of 10. 

A literature search was conducted on the toxicological effects of endosulfan ingestion to birds. 
A study conducted by Abiola (1992) on gray partridges indicated that 5,25, and 125 ppm of 
endosulfan in the diet did not cause adverse reproductive effects. The maximum dose of 
125 ppm (10 mg/kg/d) was considered a chronic NOAEL because exposure occurred during 
reproduction (Sample et al. 1996). A LOAEL of 100 mg/kg/d was estimated by multiplying the 
NOAEL by an uncertainty factor of 10. 

Abiola, F.A. 1992. Ecotoxicity of organochloride insecticides: effects of endosulfan on birds’ 
reproduction and evaluation of its induction effects in partridge, Perdix perdix L. 
Rev. Vet. Med. 143443-450. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1993. Toxicological profilefor 
I,4-endosu&z. U.S. Public Health Service, U.S. Department of Health and Human 
Services, Atlanta, GA. 

Coleman, P.F. and P.M. Dolinger. 1982. Endosulfan monograph numberfour: environmental health 
evaEuatiuns of California restricted pesticides. Prepared by Peter M. Dolinger Associates, 
Menlo Park, CA. Sacramento, CA: State of California Department of Food and 
Agriculture. 

Dikshith, T.S.S., R.B. Raizada, M.K. Srivastava, and B.S. Kaphalia. 1984. Response of rats to 
repeated oral administration of endosulfan. lnd. Health. 22:295-304. 

Sample, B.E., D.M. Opresko, and G.W. Suter II. 1996. Toxicologica benchmarks for wiZdZfe: 1996 
revision. Risk Assessment Program, Health Sciences Research Division. Oak Ridge, 
Tennessee. 

Endrin, Endrin Aldehyde, and Endrin Ketone 
Endrin was used in the United States as a pesticide and rodenticide but the use of endrin was 
banned in 1984. Endrin does not easily dissolve in water and is more likely to be found in 
sediments. Endrin breaks down slowly in the environment (ATSDR 1989). Endrin can 
bioaccumulate in aquatic anirnals from 1450 to 10000 times the concentration in water (USEPA 
1980). 

Little information is known about the properties of endrin aldehyde. It is not commercially 
used but is found as an impurity and breakdown product of endrin. It is not known what 
happens to this substance once it is released to the environment (ATSDR 1989). Endrin ketone 
might be found in the environment as a breakdown product of endrin. Little information is 
known about the properties of endrin ketone (ATSDR 1996). 
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A dietary dose of 0.92 mg/kg/day of endrin over 120 days caused significant reproductive 
effects in mice including reduced parental survival, litter size, and number of young (Good and 
Ware 1969). This dose was considered a chronic LOAEL. A chronic NOAEL of 0.092 
mg/kg/day was estimated by multiplying the chronic LOAEL by an uncertainty factor of 0.1. 

A study conducted by Fleming et al. (1982) exposed screech owls to a dietary dose of 0.75 ppm 
(0.1 mg/kg/day) of endrin over 10 weeks to assess reproductive effects. Egg production and 
hatching success was reduced. This dose was considered a chronic LOAEL. A chronic NOAEL 
of 0.01 mg/kg/day was estimated by multiplying the chronic LOAEL by an uncertainty factor 
of 0.1. Mallards exposed to endrin in the diet for 200e days showed no adverse reproductive 
effects at 0.3 mg/kg/day (the highest dose tested). This dose is considered a chronic NOAEL 
(Sample et al. 1996). A chronic LOAEL was estimated by multiplying the chronic NOAEL by 
and uncertainty factor of 10. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1996. En&in ketone. U.S. Public 
Health Service, U.S. Department of Health and Human Services, Atlanta, GA. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1989. Toxicological profilefor 
endrin/endrin aldehyde. U.S. Public Health Service, U.S. Department of Health and 
Human Services, Atlanta, GA. 

Fleming, W.J., M.A. Ross McLane, and E. Cromartie. 1982. Endrin decreases screech owl 
productivity. J. Wildl. Manage. 46:462-468. 

Good, E.E. and G.W. Ware. 1969. Effects of insecticides on reproduction in the laboratory 
mouse. IV. Endrin and dieldrin. T’oxicol. Appl. Phnmacol. 14:201-203. 

Sample, B.E., D.M. Vpresko, and G.W. Suter II. 1996. Toxicological benchmarksfor wildlife: 1996 
revision. Risk Assessment Program, Health Sciences Research Division. Oak Ridge, 
Tennessee. 

United States Environmental Protection Agency (USEPA). 1980. Ambient water quality criteria 
for end&. Washington, D.C. Office of Water Regulations and Standards. EPA-440/5-80- 
047. NTIS No. PBSl-117582. 

Gamma-BHC (Lindane) 
A literature search was conducted on the toxicological effects of gamma-BHC ingestion to 
mammals. A 3-generation study on the effects of gamma-BHC to reproduction in rats 
determined a chronic NOAEL of 8 mg/kg/day (Palmer et al. 1978). At this dose, rats did not 
display any adverse reproductive effects. A chronic LOAEL of 80 mg/kg/day was estimated 
by multiplying the chronic NOAEL by an uncertainty factor of 10. 

A literature search was conducted on the toxicological effects of gamma-BHC ingestion to birds. 
An 8-week study on the effects of gamma-BHC to reproduction in mallards determined a 
chronic LOAEL of 20 mg/kg/day (Chakravarty and Lahiri 1986). At this dose, ducks displayed 
reduced eggshell thickness, laid fewer eggs, and had longer time intervals between eggs. A 
chronic NOAEL of 2 mg/kg/day was estimated by multiplying the chronic NOAEL by an 
uncertainty factor of 0.1. 
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Chakravarty, S. and I?. Lahiri. 1986. Effect of lindane on eggshell characteristics and calcium 
level in the domestic duck. Toxixology. 42:245-258. 

Palmer, A.K., D.D. Cozens, E.J.F. Spicer, and A.N. Worden. 1978. Effects of lindane upon 
reproductive functions in a 3-generation study in rats. Toxicology. 10:45-54. 

Heptachlor and Heptachlor Epoxide 
Heptachlor is a manufactured chemical that does not occur naturally. Heptachlor does not 
dissolve easily in water, adheres strongly to soil particles, and evaporates slowly to air. Plants 
and animals can change heptachlor (C10H5C17 ) to heptachlor epoxide (C1oH5C170) by means of 
oxidation. Heptachlor epoxide can remain in the soil and water for many years. Plants can 
uptake heptachlor from the soil. Heptachlor and heptachlor epoxide have been shown to 
bioaccumulate in the tissues of fish, bivalves, and cattle (ATSDR 1993). 

Most of what we know about the health effects of these pesticides comes from studies on mice 
and rats fed heptachlor and heptachlor epoxide. Acute studies using high levels of heptachlor 
damaged the livers of rats and the livers and adrenal glands of mice. Mice also had trouble 
walking and rats developed tremors. Animals that ingested heptachlor or heptachlor epoxide 
before and/or during pregnancy had smaller litters or were unable to reproduce. Some of the 
offspring had cataracts and others died shortly after birth (ATSDR 1993). 

A literature search was conducted on the toxicological effects of heptachlor ingestion to 
mammals and birds. An 181-day study on the effects of heptachlor on the reproduction of mink 
indicated a chronic LOAEL of 6.25 ppm (Crum et al. 1993) which was converted to a daily dose 
of 1.0 mg/kg/day. Minks given this dose were observed to have reduced kit weights at 3 and 
6 weeks as compared to controls. A chronic NOAEL of 0.1 mg/kg/day was estimated by 
multiplying the chronic LOAEL by an uncertainty factor of 0.1. Studies with quail (Hill et al. 
1975) result in estimated chronic NOAELs and LOAELs of 0.405 and 4.05 mg/kg/day, 
respectively. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1993. ToxicoZogicaZ profilefor 
heptachlor. .S. Public Health Service, U.S. Department of Health and Human Services, 
Atlanta, GA. 

Crum, J.A., S.J. Bursian, R.J. Aulerich, P.Polin, and W.E. Braselton. 1993. The reproductive 
effects of dietary heptachlor in mink (Mustela vison). Arch. Environ. Contum. Toxicol. 
24:156-164. 

Hill, E.F., R.G. Heath, J.W. Spann, and J.D. Williams. 1975. Lethal dietu y toxicities ofenviron- 
mental pollutants to birds. U.S. Fish and Wildlife Service Special Scientific Report - 
Wildlife No. 191, Washington D.C. 

Methoxychlor 
Methoxychlor is a man made insecticide used to kill flies, cockroaches and mosquitoes. 
Methoxychlor is released to the environment from chemical plants that produce it and from 
hazardous waste sites. Methoxychlor remains in the atmosphere for under a month. 
Methoxychlor does not dissolve in water but instead binds to sediments where it is degraded. It 
bioaccumulates in some aquatic species but not in mammalian species due to high metabolism 
and elimination. 
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Methoxychlor is a structural analogue of the pesticide DDT. Renal nephrosis was observed in 
rats administered methoxychlor in their diets. In pigs fed methoxychlor, cytic tubular 
nephropathy and elevated blood urea nitrogen was observed (ATSDR 1992). 

In an ll-month study on the effects of methoxychlor on the reproduction of rats, no significant 
effects were observed at doses of 50 ppm (Gray et al. 1988). This exposure level was considered to 
be a chronic NOAEL and was converted to a daily dose of 4 mg/kg/day. A dose of 100 ppm 
caused significant reduction in the fertility and litter size of the rats. This dose (8 mg/kg/day) 
was considered a chronic LOAEL. Mortality studies with quail indicate estimated chronic 
LOAEL and NOAEL values of 4050 and 405 mg/kg/day, respectively (Hill and Camardese 1986). 

Agency for Toxic Substances and Disease Registry (ATSDR). 1992. Toxicologicnl profilefor 
methoxychlor. U.S. Public Health Service, U.S. Department of Health and Human 
Services, Atlanta, GA. 

Gray L.E., J.S. Ostby, and J.M. Ferrell. 1988. Methoxychlor induces estrogen-like alterations of 
behavior and the reproductive tract in the female rat and hamster: Effects on sex behavior, 
running wheel activity, and uterine morphology. Toxicol. Appl. Pkmnacol. 96:525-540. 

Hill, E.F. and M.B. Camardese. 1986. Letkal dietary toxicities ofenvironmental contaminants and 
pesticides to C&mix. U.S. Fish and Wildlife Service Technical Report 2. 

Toxaphene 
Toxaphene is a pesticide used to control insects on crops such as cotton, on livestock, and to 
control unwanted fish species in lakes. Most uses of toxaphene were banned in 1982 due to its 
effects on the health of both humans and animals. Toxaphene is a mixture of over 160 
chemicals. In soil, toxaphene will vaporize or will adhere to soil particles. In surface water, it 
vaporizes or settles to the sediment, but does not dissolve easily in the water. Toxaphene can be 
transported in the air without change for long distances from the site of release due to its 
resistance to abiotic transformation (ATSDR 1990). 

Toxaphene bioaccumulates in aquatic animals at levels of 104 and biomagnifies in aquatic food 
chains. Under anaerobic conditions, toxaphene has a half-life of approximately weeks or 
months, but in aerobic conditions, it has a half-life of years (ATSDR 1990). 

A study over three generations of rats on the effects of toxaphene on reproduction reported no 
adverse effects at dose levels of 25 and 100 ppm of toxaphene (Kennedy et al. 1973). The 
100 ppm dose was considered a chronic NOAEL (8 mg/kg/day). A chronic LOAEL of 
80 mg/kg/day was estimated by multiplying the chronic NOAEL by an uncertainty factor of 
10. Mortality studies with mallards indicate estimated chronic LOAEL and NOAEL values of 
3.07 and 0.307 “g/kg/day, respectively (Hill and Camardese 1986). 

Agency for Toxic Substances and Disease Registry (ATSDR). 1990. Toxicohgical profilefor 
toxapkene. U.S. Public Health Service, U.S. Department of Health and Human Services, 
Atlanta, GA. 

Hill, E.F. and M.B. Camardese. 1986. Lethal dietary toxicities ofenvironmental contamingnts and 
pesticides to Coturnix. U.S. Fish and Wildlife Service Technical Report 2. 

Kennedy, G.G. Jr., M.P. Frawley, and J.C. Calandra. 1973. Multigeneration reproductive effects 
of three pesticides in rats. Toxicol. Appl. Pkarmacol. 25:589-596. 

, 
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Semi-Volatile Organics 

1,2=Dichlorobenzene and 1,3-Dichlorobenzene 
Chronic rat studies with 1,2-dichlorobenzene indicate adverse effects on the liver and kidney at 
oral doses of 857 mg/kg/day (Coulston and Kolbye 1994). This dose is considered a chronic 
LOAEL. A chronic NOAEL of 85.7 mg/kg/day was estimated by multiplying the chronic 
LOAEL by an uncertainty factor of 0.1. Avian data for 1,4-dichlorobenzene is applied to these 
two chemicals. 

Coulston, F. and A.C. Kolbye, Jr. (eds). 1994. Interpretive review of the potential adverse 
effects of chlorinated organic chemicals on human health and the environment. 
Regulatory Toxicology and Pharmacology. 2O:Sl-S1056. 

1,2,4=Trichlorobenzene 
Three-generation rat studies with 1,2,4-trichlorobenzene indicate adverse effects on 
reproduction at oral doses of 106 mg/kg/day (Coulston and Kolbye 1994). This dose is 
considered a chronic LOAEL. No adverse reproductive effects were found at a dose of 53 
mg/kg/day. This dose is considered the chronic NOAEL. No avian toxicological data were 
found for this chemical. 

Coulston, F. and A.C. Kolbye, Jr. (eds). 1994. Interpretive review of the potential adverse 
effects of chlorinated organic chemicals on human health and the environment. 
Regulate y Toxicology and Pharmacology. 2O:Sl-S1056. 

1,4=Dichlorobenzene 
1,4-dichlorobenzene is used mainly as a fumigant for the control of moths, molds, and mildews 
and as a space deodorant for toilets and refuse containers (ATSDR 1993). Tests involving acute 
exposure of animals, such as the LDSO test in rats and mice, have shown that 1,4- 
dichlorobenzene has moderate toxicity from oral exposure (RTECS 1993). Studies have 
reported effects on the blood, liver, and kidneys from acute, oral exposure. Chronic inhalation 
exposures can cause adverse effects on the respiratory system, liver, and kidneys. A study on 
pregnant rats reported adverse developmental effects in fetuses when administering the 
chemical by gavage (HSDB 1993). 

An oral study on the effects of 1,4dichlorobenzene on pregnant rats determined a NOAEL of 
250 mg/kg/day (Co&ton and Kolbye 1994). At this level, no adverse effects were seen for 
maternal and developmental toxicity. Effects were observed at 500 mg/kg/day (the chronic 
LOAEL). 

Fourteen-day studies with northern bobwhites showed adverse effect on growth and survival 
from oral exposures of 2500 mg/kg/day (G rimes and Jaber 1989). A chronic NOAEL was 
estimated by multiplying the chronic LOAEL by an uncertainty factor of 0.1. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1993. Toxicologica profilefor 
1,4-dichlorobenzene. U.S. Public Health Service, U.S. Department of Health and Human 
Services, Atlanta, GA. 
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Coulston, F. and A.C. Kolbye, Jr. (eds). 1994. Interpretive review of the potential adverse 
effects of chlorinated organic chemicals on human health and the environment. 
Regulatory Toxicology and PharmacoIogy. 2O:Sl-S1056. 

Grimes, J. and M. Jaber. 1989. Para-dichlorobenzene: An acute oral toxicity study with the bobwhite, 
Final Report. Prepared by Wildlife International Ltd. - Easton, MD under project No. 
264-101 and submitted to Chemical Manufacturers Association, Washington, DC, report 
dated July 19,1989. 

Hazardous Substances Databank (HSDB). 1987. Record for 1,4-Dichlorobenzene. Computer 
Printout. National Library of Medicine. 

Registry of Toxic Effects of Chemical Substances (RTECS). 1993. Online database. U.S. 
Department of Health and Human Services. National Toxicology Information Program, 
National Library of Medicine. Bethesda, MD. 

2Ghloronaphthalene 
Information regarding 2-chloronaphthalene was not available in the literature. 

2-Chlorophenol 
Information regarding 2-chlorophenol was not available in the literature. 

2-Methylnaphthalene 
Mice exposed to 2-methylnaphthalene in the diet for 81 weeks showed systemic effects at a dose 
of 1437 mg/kg/day (the chronic LOAEL; ATSDR 1995). A chronic NOAEL was estimated by 
multiplying the chronic LOAEL by an uncertainty factor of 0.1. Information on the toxicity of 
2-methylnaphthalene on birds was not available in the Literature. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1995. Toxicological profilefor 
polycyclic aromatic hydrocarbons (PAi%). August. 

2-Methylphenol and 4-Methylphenol 
2-methylphenol and 4-methylphenol are also known as cresols. Cresols are manufactured and 
also occur naturally. These forms occur separately or as a mixture. 2-methylphenol is used to 
dissolve other chemicals, as a disinfectant and deodorizer, and to produce pesticides. It is 
found in many foods and in wood and tobacco smoke, crude oil, coal tar, and in brown 
mixtures such as creosote and cresylic acids, which are wood preservatives. Microorganisms in 
soil and water produce cresols when they break down materials in the environment (ATSDR 
1992). 

2-methylphenol occurs widely in the environment at low levels, because it quickly breaks 
down. It does not evaporate quickly from water, but can be removed by bacteria. Ln soils, half 
the total amount of 2-methylphenol will break down in about a week. It does not appear to 
accumulate in fish or animal tissue (ATSDR 1992). 

Agency for Toxic Substances and Disease Registry (ATSDR). 1992. Toxicological profilefor 
cresols. U.S. Public Health Service, U.S. Department of Health and Human Services, 
Atlanta, GA. 
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Information regarding 2nitroaniline was not available in the literature. 

2-Nitrophenol 
Information regarding 2nitrophenol was not available in the literature. 

2,2’-Oxybis(1 -Chloropropane) 
Inforrnation regarding 2,2’-oxybis(l-chloropropane) was not available in the literature. 

2,4-Dichlorophenol 
2,4-Dichlorophenol is a white solid with a medicinal smell that is used to kill germs and to make 
other chemicals that are used to kill weeds and other plants. In air, 2,4dichlorophenol degrades 
to other chemicals within a few days or weeks. 2,4Dichlorophenol is not expected to 
bioconcentrate in plants or animals or to biomagnify in food chains (ATSDR 1991). 

In a 103-week study on the effects of 2,4-dichlorophenol on reproduction in rats, no adverse 
effects were observed at concentrations of 440 mg/kg/day in the diet (NTP 1989). This doss 
was considered to be a chronic NOAEL. A chronic LOAEL of 4400 mg/kg/day was estimated 
by multiplying the chronic NOAEL by an uncertainty factor of 10. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1991. Toxicological pro$Eefor 
2,4-dichlorophenol. U.S. Public Health Service, U.S. Department of Health and Human 
Services, Atlanta, GA. 

NTP (National Toxicology Program ). 1989. Toxicology and carcinogenesis studies of2,4- 
dichlorophenol in F344/N rats and B6C3FZ mice (feed studies). Technical Report Series No. 
353. Research Triangle Park, NC: U.S. Department of Health and Human Services, 
Public Health Service, National Institutes of Health. 

2,4=Dimethylphenol 
2,4dimethylphenol may enter the environment from industrial and municipal discharges or 
spills. Acute toxic effects may include the death of animals, birds, or fish, and death or low 
growth rate in plants. 2,4dimethylphenol has moderate acute toxicity to aquatic life. 
Insufficient data are available to evaluate or predict the short-term effects of 2,4dimethylphenol 
to plants, birds, or land animals. Chronic toxic effects may include shortened life span, 
reproductive problems, lower fertility, and changes in appearance or behavior. 2,4 
dimethylphenol has moderate chronic toxicity to aquatic life (ATDSR 1993). 

Agency for Toxic Substances and Disease Registry (ATSDR). 1993. Toxicological profilefor 
2,4-dimethyZphenoZ. U.S. Public Health Service, U.S. Department of Health and Human 
Services, Atlanta, GA. 

2,4-Dinitrophenol 
Dinitrophenols are a class of manmade chemicals of which 2,4dinitrophenol is the most 
commercially important. 2,4-dinitrophenol is used for making dyes, wood preservatives, and 
other organic chemicals. 2,4-dinitrophenol is a yellow solid that dissolves slightly in water. It 
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does not evaporate easily into air but instead settles to the ground in rain and snow. When it 
enters water it adheres to particles and accumulates in the sediment. It does not bioaccumulate 
in fish. 

’ 

2,4-Dinitrotoluene and 2,6-Dinitrotoluene 
2,4-dinitrotoluene and 2,6-dinitrotoluene are two of the six forms of dinitrotoluene. They are 
usually formed by mixing toluene with nitric acid. Dinitrotoluene is used in the production of 
foams for use in furniture, and in the productions of dyes and munitions. Dinitrotoluene is 
decomposed by sunlight and by bacteria and therefore does not persist in the environment. It 
can be transported by surface and groundwater due to its moderate water solubility. 
Bioaccumulation of 2,4-dinitrotoluene and 2,6-dinitrotoluene in animal tissues is not expected. 
Plants have been shown to readily uptake 2,4-dinitrotoluene and 2,6-dinitrotoluene. 

2,4,5=Trichlorophenol and 2,4,6=TrichlorophenoI 
Rats exposed to 2,4,5-trichlorophenol for 98 days in the diet demonstrated adverse effects to the 
hepatic and renal systems at doses of 800 mg/kg/day (McCollister et al. 1961). This dose is 
considered a chronic LOAEL. A chronic NOAEL was estimated by multiplying the chronic 
LOAEL by an uncertainty factor of 0.1. Information regarding toxicological effects on avian 
species from exposure to 2,4,5-trichlorophenol and 2,4,6-trichlorophenol was not available in 
the literature. 

McCollister, D.D., P.T. Lockwood, and V.K. Rowe. 1961. Toxicologic information on 
2,4,5-trichlorophenol. ToxicoIqy and Applied Pharmacology. 3:63-70. 

3-Nitroaniline 
Information regarding 3nitroaniline was not available in the literature. 

3,3’-Dichlorobenzidine 
3,3’-dichlorobenzidine breaks down rapidly in water exposed to natural sunlight and in air, but 
is retained in soil for months. In air, it is estimated that half of the 3,3’-dichlorobenzidine can 
breakdown within 2 hours. In water exposed to natural sunlight, 3,3’-dichlorobenzidine is 
expected to break down rapidly with half being removed in approximately 90 seconds. 

Death has occurred in experimental animals that have ingested high concentrations of 
3,3’-dichlorobenzidine. In studies conducted on pregnant mice, exposure to 
3,3’-dichlorobenzidine caused the kidneys of their offspring to develop improperly. Chronic 
dietary exposure of experimental animals to moderate levels of 3,3’-dichlorobenzidine caused 
mild injury to the liver (ATSDR 1989). 

Agency for Toxic Substances and Disease Registry (ATSDR). 1989. Toxicological profile for 3,3’- 
dichIorobenzidine. U.S. Public Health Service, U.S. Department of Health and Human 
Services, Atlanta, GA. 

4-Bromophenyl-phenylether 
Information regarding 4-bromophenyl-phenylether was not available in the literature. 
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4-Chloro-3-methylphenol 
fnforrnation regarding 4chloro-3-methylphenol was not available in the literature. 

4Chloroaniline 
Information regarding 4chloroaniline was not available in the literature. 

4-Chlorophenyl-phenylether 
Information regarding 4chlorophenyl-phenylether was not available in the literature. 

4-Nitroaniline 
Information regarding 4nitroaniline was not available in the literature. 

4-Nitrophenol 
Information regarding 4nitrophenol was not available in the literature. 

4,6=Dinitro=2=methylphenol 
Information regarding 4,6-dinitro-2-methylphenol was not available in the literature. 

Bis(2-chloroethyl)ether 
Bis(2-chloroethyl)ether is a manmade colorless non-flammable liquid used in the production of 
pesticides and other chemicals. Bis(2-chloroethyl)ether is broken down in the air by chemical 
reactions and in soil and water by bacteria, so it does not persist for long. Studies in animals 
show that bis(2-chloroethyl)ether can cause severe damage to lungs and can cause death. 
Studies in mice that ingested bis(2-chloroethyl)ether showed evidence of liver tumors. 

Bis(2-chloroethoxy)methane 
Information regarding bis(2-chloroethoxy)methane was not available in the literature. 

Bis(2-ethylhexyI)phthalate 
Bis(2-ethylhexyl)phthalate (DEHP) is used in the production of polyvinyl chloride, where it is 
added to plastics to make them flexible. Acute animal tests, such as the LD 50 test in rats, have 
shown DEHP to have low acute toxicity from oral exposure (RTECS 1993). Oral exposure 
animal studies indicate that DEHP has adverse effects on the liver, kidney, weight gain and 
food consumption, and can cause liver tumors in rats and mice. Tests on rats and mice 
demonstrated that DEHP can cause developmental and reproductive toxicity, such as birth 
defects, decrease in testicular weights, and tubular atrophy (ATSDR 1993). Animal chronic, 
inhalation exposure studies have reported increased lung weights and liver weights (ATSDR 
1993). 

A literature search was conducted on the effects of bis(2-ethylhexyl)phthalate ingestion to 
mammals and birds. A 105-day study conducted on mice indicated that 1000 mg/kg of 
bis(2-ethylhexyl)phthalate in the diet caused significant reproductive effects (Lamb et al. 1987). 
The 1000 mg/kg dose was considered the chronic LOAEL. No adverse effects were observed 
among the 100 mg/kg dose group; this value was considered the chronic NOAEL. These 
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dietary concentrations were converted to a daily doses of 183.3 mg/kg/day (LOAEL) and 
18.3 mg/kg/day (NOAEL; Sample et al. 1996). 

A 4-week study conducted on the reproductive effects of bis(2-ethylhexyl)phthalate to ringed 
doves indicated a chronic NOAEL of 10 ppm (Peakall 1974). No significant reproductive effects 
were observed among doves on diets containing 10 ppm of bis(2-ethylhexyl)phthalate. This 
dietary concentration was converted to daily dose (NOAEL) of 1.1 mg/kg/day (Sample et al. 
1996). A chronic LOAEL was estimated by multiplying the chronic NOAEL by an uncertainty 
factor of 10. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1993. Toxicological profilefor 
bis(2-ethylhexyl)phthaZate. U.S. Public Health Service, U.S. Department of Health and 
Human Services, Atlanta, GA. 

Lamb, J.C., IV, R.E. Chapin, J. Teaque, A.D. Lawton, and J.R. Real. 1987. Reproductive effects 
of four phthalic acid esters in a mouse. Toxicol. Appl. Pharmacol. 88:255-269. 

Peakall, D.B. 1974. Effects of di-n-butylphthalate and di-2-ethylhexylphthalate on the eggs of 
ring doves. Bull. Environ. Contam. Toxicol. 12:698-702. 

Registry of Toxic Effects of Chemical Substances (RTECS). 1993. Online database. U.S. 
Department of Health and Human Services. National Toxicology Information Program, 
National Library of Medicine. Bethesda, MD. 

Sample, B.E., D.M. Opresko, and G.W. Suter II. 1996. Toxicological benchmarks for wildlife: 1996 
revision. Risk Assessment Program, Health Sciences Research Division. Oak Ridge, 
Tennessee. 

Butylbenzylphthalate 
Butylbenzylphthalate is used as a plasticizer. When it is released into the environment, 
butylbenzylphthalate tends to bind to soil and sediment. It does not persist in the environment 
when oxygen is present, with half-lives in air, water, and soil of only a few days. It is more 
persistent at low temperatures, and in an anaerobic environment. 

A 2-year study with rats indicated hepatic effects when this chemical was administered orally at 
a dose of 2400 mg/kg/day (NTP 1997). This value is considered the chronic LOAEL. A chronic 
NOAEL was estimated by multiplying the chronic LOAEL by an uncertainty factor of 0.1. No 
toxicological data were found for birds. 

NTP (National Toxicology Program). 1997. Efict ofdietary restriction on toxicology and 
carcinogenesis studies of butyl benzyl phthalate (CAS No. 85-68-7) in F344/N rats and B6C3F1 
mice (feed studies). Technical Report Series No. 458, NTI? TR458. Prepared by U.S. 
Department of Health and Human Services. 

Di-n-butylphthalate 
Di-n-butylphthalate is a man-made chemical that is used to make soft plastics, carpet backing, 
paints, glue, insect repellents, hairspray, nail polish, and rocket fuel. Di-n-butylphthalate does 
not evaporate easily, but small amounts do enter into the air as a gas and by attaching to dust 
particles. In the air, di-n-butylphthalate usually breaks down within a few days. Di-n- 
butylphthalate does not dissolve easily in water, but can be transported to water by adhering to 
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soil/sediment particles. Bacteria break down di-n-butylphthalate in water and soil within a day 
or up to a month. The length of time it takes to break down di-n-butylphthalate in soil or water 
depends on the kind of bacteria present and the soil/water temperature (ATSDR 1990). Di-n- 
butylphthalate appears to have relatively low toxicity. The levels of di-n-butylphthalate which 
cause toxic effects in animals are about 10,000 times higher than the typical levels of di-n- 
butylphthalate found in air, food, or water (ATSDR 1990). 

In animals, ingestion of high levels of di-n-butylphthalate can affect their ability to reproduce, 
cause death of unborn animals, and decrease sperm production. Sperm production seems to 
return to near normal levels when exposure to di-n-butylphthalate ceases. 

A literature search was conducted on the toxicological effects of di-n-butylphthalate ingestion to 
mammals and birds. In a 105-day study on the effects of di-n-butylphthalate on reproduction of 
mice, reduced litters per pair and reduced live pups per pair were observed among mice who 
were fed a diet containing 1 percent di-n-butyl-phthalate (Lamb et al. 1987). This equates to a 
daily dose of 1833 mg/kg/day (chronic LOAEL). No adverse effects were observed among 
mice fed diets containing 0.03 or 0.3 percent d-n-butylphthalate. The 0.3 percent dose 
(550 mg/kg/day) was considered the chronic NOAEL. 

A study on the effects of di-n-butylphthalate on the reproduction of ringed doves was 
conducted over a 4-week period (Peakall 1974). Doves fed diets containing 10 ppm di-n- 
butylphthalate ( 1.1 mg/kg/day) were observed to have reduced eggshell thickness and water 
permeability of the shell. This dose was considered a chronic LOAEL. A chronic NOAEL was 
estimated by multiplying the chronic LOAEL by an uncertainty factor of 0.1. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1990. Toxicological profilefor di-n- 
butylphthalate. U.S. Public Health Service, U.S. Department of Health and Human 
Services, Atlanta, GA. 

Lamb, J.C., IV, R.E. Chapin, J. Teaque, A.D. Lawton, and J-R. Real. 1987. Reproductive effects 
of four phthalic acid esters in a mouse. Toxicol. A@. Pharmacol. 88:255-269. 

Peakall, D.B. 1974. Effects of di-n-butylphthalate and di-2-ethylhexylphthalate on the eggs of 
ring doves. Bull. Environ. Contam. Toxicol. 12: 698-702. 

Di-n-octylphthalate 
Small amounts of di-n-octylphthalate can accumulate in animals that live in water, such as fish 
and oysters. Some rats and mice that were given very high doses of di-n-octylphthalate orally 
died. Mildly harmful effects have been seen in the livers of some rats and mice given very high 
doses of di-n-octylphthalate orally for short (14 days or less) or intermediate periods (15 to 
365 days) of time, but lower doses given for short periods of time generally caused no harmful 
effects. 

Acute toxic effects may include the death of animals, birds, or fish, and death or low growth 
rate in plants. Acute effects are seen 2 to 4 days after animals or plants come in contact with the 
chemical. Di-n-octylphthalate has moderate acute toxicity to aquatic life. Insufficient data are 
available to evaluate or predict the short- term effects of di-n-octylphthalate to plants, birds, or 
land animals. Chronic toxic effects may include shortened life span, reproductive problems, 
lower fertility, and changes in appearance or behavior. Chronic effects can be seen long after 
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first exposure(s). Di-n-octylhthalate has moderate chronic toxicity to aquatic life. Insufficient 
data are available to evaluate or predict the long- term effects of di-n-octylphthalate to plants, 
birds, or land animals. 

, 

Estimated chronic LOAELs and NOAELs for mice exposed to di-n-hexylphthalate orally for 
105 days were 550 and 55 mg/kg/day, respectively (Sample et al. 1996). These values are 
directly extrapolated to di-n-octylphthalate. Estimated chronic LOAELs and NOAELs for ring- 
necked pheasant are 500 and 50 mg/kg/day, respectively (TERRETOX 1998). 

Sample, B.E., D.M. Opresko, and G.W. Suter II. 1996. Toxicological benchmarksfor wildl$fk 2996 
revision. Environmental Restoration Division, ORNL Environmental Restoration 
Program. ES/ER/TM-86/R3. 

Terrestrial Toxicity Database (TERRETOX). 1998. Environmental Research Laboratory, U.S. 
Environmental Protection Agency, Duluth, MN. 

Dibenzofuran 
Dibenzofuran is a polynuclear aromatic compound that may be found in coke dust, grate ash, 
fly ash, and flame soot. It has been listed as a pollutant of concern to USEPA’s Great Waters 
Program due to its persistence in the environment, potential to bioaccumulate, and toxicity to 
the environment. 

A literature search was conducted on the toxicological effects of dibenzofuran ingestion to 
mammals and birds. Studies measuring the toxicological effects of dietary dibenzofuran were 
not available. 

Diethylphthalate 
Diethylphthalate is a synthetic substance that is commonly used to make plastics more flexible. 
Products in which it is found include toothbrushes, automobile parts, tools, toys, and food 
packaging. Diethylphthalate can be released fairly easily from these products because it is not 
part of the chain of chemicals (polymers) that makes up the plastic. Diethylphthalate is also 
used in cosmetics, insecticides, and aspirin. Diethylphthalate has a moderate acute and chronic 
toxicity to aquatic organisms and can be mildly irritating when applied to the skin or eyes of 
anin-tals. 

A literature search was conducted on the toxicological effects of diethylphthalate ingestion to 
mammals and birds. Information was not available for birds. A l05-day study was conducted 
on the effects of diethylphthalate on reproduction of mice. Mice fed diets containing 2500, 
12,500, and 25,000 mg/kg diethylphthalate did not exhibit any negative reproductive effects 
(Lamb et al. 1987). The dose of 25,000 mg/kg (chronic NOAEL) was converted to a daily dose 
of 4,583 mg/kg/day. A chronic LOAEL of 45,830 mg/kg/day was estimated by multiplying 
the chronic NOAEL by an uncertainty factor of 10. 

Lamb, J.C., IV, R.E. Chapin, J. Teaque, A.D. Lawton, and J.R. Real. 1987. Reproductive effects 
of four phthalic acid esters in a mouse. Toxicol. Appl. Pharmacol. 88:255-269. 
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Dimethylphthalate 
Dimethylphthalate is a colorless oily liquid with a slightly sweet odor that is used in solid 
rocket propellants, lacquers, plastics, safety glasses, rubber coating agents, molding powders, 
insect repellants, and pesticides. In animal studies, acute exposure to dimethylphthalate via 
inhalation results in irritation of the eyes, nose, and throat. The LD50 test in rats has shown 
dimethylphthalate to have moderate acute toxicity from oral and dermal exposures. Animal 
studies have reported slight effects on growth and on the kidney from chronic oral exposure to 
dimethylphthalate. 

Hexachlorobenzene 
Rats exposed orally to hexachlorobenzene for 2 years demonstrated adverse effects to their 
reproduction at a dose of 16 mg/kg/day (ATSDR 1989). This dose was considered a chronic 
LOAEL. A chronic NOAEL (1.6 “g/kg/day) was estimated by multiplying the chronic LOAEL 
by an uncertainty factor of 0.1. Reproductive effects in birds from oral exposures occurred at a 
dose of 0.8 mg/kg/day (Coulston and Kolbye 1994). This dose was considered a chronic 
LOAEL. A chronic NOAEL (0.08 mg/kg/day) was estimated by multiplying the chronic 
LOAEL by an uncertainty factor of 0.1. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1989. Toxicological profilefor 
hexachlorobenzene. Draft. 

Coulston, F. and A.C. Kolbye, Jr. (eds). 1994. Interpretive review of the potential adverse 
effects of chlorinated organic chemicals on human health and the environment. 
Regulatory Toxicology and Pharmacology. 2O:Sl-S1056. 

Hexachloro-1,3-butadiene 
Hexachloro-1,3-butadiene is a colorless, manmade liquid that is used in the production of 
rubber compounds, and lubricants. Hexachloro-1,3-butadiene in the water can be released to 
soil and air. It is expected to remain there for a long time because it attaches to organic matter 
in the soil. Hexachloro-l+butadiene can accumulate in fish and shellfish that live in 
contaminated waters, but it is not known if hexachloro-1,3-butadiene accumulates in plants. 
Under aerobic conditions in water, hexachloro-1,3-butadiene undergoes degradation. 
Degradation does not occur under anaerobic conditions. 

Rats exposed orally to hexachlorobenzene for 90 days demonstrated adverse effects to their 
reproduction at a dose of 20 mg/kg/day (IPCS 1994). This dose was considered a chronic 
LOAEL. A chronic NOAEL (2 mg/kg/day) was estimated by multiplying the chronic LOAEL 
by an uncertainty factor of 0.1. Reproductive effects in Japanese quail from oral exposures 
occurred at a dose of 8 mg/kg/day (Coulston and Kolbye 1994). This dose was considered a 
chronic LOAEL. The chronic NOAEL from this study was 2.5 mg/kg/day. 

Co&ton, F. and A.C. Kolbye, Jr. (eds). 1994. Interpretive review of the potential adverse 
effects of chlorinated organic chemicals on human health and the environment. 
Regulatory Toxicology and Pharmacology. 2O:Sl-S1056. 

International Programme on Chemical Safety (PCS). 1994. Environmental health criteria 156 - 
hexachlorobutadiene. World Health Organization, Geneva. 
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Hexachlorocyclopentadiene 
Rats exposed to hexachlorocyclopentadiene during pregnancy demonstrated adverse effects at a 
dose of 30 mg/kg/day but no adverse effects at 10 mg/kg/day (USEPA 1984). These doses 
were considered the chronic LOAEL and NOAEL, respectively. Information regarding the 
toxicological effects on avian species from exposure to hexachlorocyclopentadiene was not 
available in the literature. 

U.S. Environmental Protection Agency (USEPA). 1984. Health lrssessment documentfor 
hexachIorocycZopen~adiene. EPA/600/8-84/001F. 

Hexachloroethane 
Information regarding hexachloroethane was not available in the literature. 

lsophorone 
Isophorone is a man-made chemical for use commercially, but it has been found to occur 
naturally in cranberries. It is a clear liquid with a peppermint-like odor. It is used as a solvent 
in some printing inks, paints, lacquers, and adhesives. It evaporates faster than water and it 
does not mix completely with water. Isophorone does not remain in the air very long, but can 
remain in water for possibly more than 20 days. The length of time that isophorone will remain 
in soil is not known, but it is most likely the same as the length of time it remains in water 
(ATSDR 1989). 

Acute exposure of animals to high vapor amounts and chronic exposure of animals to high 
doses through ingestion caused death, a shortened life span, inactivity, and coma. Inconclusive 
studies suggest that isophorone may have caused birth defects and growth retardation in the 
offspring of rats and mice that breathed vapors during pregnancy. Some harmful health effects 
were observed in adult female animals in these studies. In a long-term study in which rats and 
mice were given high doses of isophorone orally, the male rats developed kidney disease and 
kidney tumors. Male rats also developed tumors in a reproductive gland. Some male mice 
developed tumors in the liver, in connective tissue, and in lymph glands (tissues of the body 
that help fight disease), but the evidence was not conclusive (ATSDR 1989). 

Evidence of carcinogenicity is limited to one sex of one animal species as shown by an increased 
incidence of preputial gland tumors in male rats; an apparent increase in hepatocellular and 
integumentary tumors in male mice was complicated by high mortality. No increases were 
seen in females of either species (USEPA 1988). 

Agency for Toxic Substances and Disease Registry (ATSDR). 1989. TuxicoZogicaZ profile@ 
isophurune. U.S. Public Health Service, U.S. Department of Health and Human Services, 
Atlanta, GA. 

United States Environmental Protection Agency (USEPA). 1988. Integrated Risk Information 
System (IRIS). Reference Dose (RfD) for oral exposure of isophorone. Online. (Revised; 
verification date 5/15/86). Office of Health and Environmental Assessment. 
Environmental Criteria and Assessment Office, Cincinnati, OH. 
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N-Nitrosodiphenylamine 
.“‘: ; 

N-nitrosodiphenylamine is an industrial compound that has been produced since 1945 in the 
manufacture of rubber products and other chemicals. Manufacturers have since replaced it 
with more efficient chemicals. It is not known whether it exists naturally in the environment; 
there is some evidence that microorganisms may produce it. Aquatic organisms can 
accumulate low levels of n-nitrosodiphenylamine in their bodies (ATSDR 1993). It is not known 
whether terrestrial animals and plants accumulate n-nitrosodiphenylamine. Animals exposed 
to n-nitrosodiphenylamine through long-term dietary intake developed swelling, cancer of the 
bladder, and changes in body weight (ATSDR 1993). Higher levels have caused death. 

Systemic effects in rats fed n-nitrosodiphenylamine for 8 to 11 weeks were observed at a dose of 
1500 mg/kg/day (ATSDR 1993). This dose was considered a chronic LOAEL. A chronic 
NOAEL of 150 mg/kg/day was estimated by multiplying the chronic LOAEL by an uncertainty 
factor of 0.1. No avian toxicological data were found. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1993. To~icologica2 profiZefor n- 
nitrosodiphenylamine. 

N-Nitrosodi-n-propylamine 
N-Nitrosodi-n-propylamine is a manmade, yellow liquid produced in small quantities for 
research. Some n-nitrosodi-n-propylamine is produced as an impurity of some weed killers and 
during the production of some rubbers. In sunlight (in air or water), n-nitrosodi-n-propylamine 
degrades within a day by photolysis. In the absence of sunlight, n-nitrosodi-n-propylamine has 
a half-life of 14 to 80 days in soil (ATSDR 1989). N-Nitrosodi-n-propylamine has been shown to 
cause cancer of the liver, esophagus, and nasal cavities in mice. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1989. Toxicological profilefor 
n-nitrosodi-n-prqyZamine. U.S. Public Health Service, U.S. Department of Health and 
Human Services, Atlanta, GA. 

Nitrobenzene 
Nitrobenzene is an oily yellow liquid with an almond-like odor that is produced in large 
quantities for industrial use. In studies conducted on rats, a single dose of nitrobenzene fed to 
males resulted in damage to the testicles and decreased levels of sperm. Increased levels of 
blood methemoglobin have been reported in rats exposed to nitrobenzene at levels as low as 
10 ppm per week (Medinsky and Irons 1985) or 5 ppm for 90 days (Hamm et al. 1984). Other 
studies on rats have reported liver lesions and the degeneration or death of liver cells in male 
rats exposed to nitrobenzene at 35 ppm for 2 weeks (Medinsky and Irons 1985). Male mice 
exposed to nitrobenzene at 16 ppm for 90 days suffered increased liver weight, hepatocyte 
hyperplasi, and multinucleated hepatcytes (Hamm et al. 1984). 

There is very little information available about the effects of long-term exposure of animals to 
nitrobenzene, and it is not known whether exposure to nitrobenzene can cause cancer (ATSDR 
1990). 

Agency for Toxic Substances and Disease Registry (ATSDR). 1990. TuxicoZugicaZ profilefor 
nitrobenzene. U.S. Public Health Service, U.S. Department of Health and Human 
Services, Atlanta, GA. 
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Hamm, T.E. Jr., M. Phelps, and T.H. Raynor. 1984. A go-day inhalation study of nitrobenzene 
in F-344 rats, CD rats and B6C3Fl mice [Abstract]. ToxicoZ@st. 4:181. 

Medinsky, M.A. and R.D. Irons. 1985. Sex, strain, and species differences in the response of 
rodents to nitrobenzene vapors. Pages 35-51 IN Rickert D.E. (ed). Chemical Industry 
Institute of Toxicology Series. Toxicity ofnitroaromatic compounds. New York, NY: 
Hemisphere Publishing Corporation. 

Pentachlorophenol 
Pentachlorophenol is a manufactured chemical not found naturally in the environment. 
Pentachlorophenol has been used as a biocide and wood preservative. It was one of the most 
heavily used pesticides in the United States. Now, only certified applicators can purchase and 
use pentachlorophenol (ATSDR 1992). 

Pentachlorophenol adsorbs to soil particles, but is more likely to occur under acidic conditions 
than neutral or basic conditions. Microorganisms break it down into other compounds in soil 
and surface waters (ATSDR 1992). 

Reproductive effects of pentachlorophenol on rats exposed to pentachlorphenol in the diet for 
up to 24 months occurred at a dose of 30 mg/kg/day while a dose of 3 mg/kg/day caused no 
adverse reproductive effects (Coulston and Kolbye 1994). These doses were considered chronic 
LOAELs and NOAELs, respectively. Chickens fed pentachlorophenol for 8 weeks showed 
adverse effects on growth at a dose of 200 mg/kg/day but not at 100 mg/kg/day (Eisler 1989). 
These doses are considered chronic LOAELs and NOAELs, respectively. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1992. Toxicological profilefir 
pentacklorophenol. U.S. Public Health Service, US. Department of Health and Human 
Services, Atlanta, GA. 

Coulston, F. and A.C. Kolbye, Jr. (eds). 1994. Interpretive review of the potential adverse 
effects of chlorinated organic chemicals on human health and the environment. 
Regulatory Toxicology and Pharmacology. 2O:Sl-SlQ56. 

Eisler, R. 1989. PentachZorophenoZ kanzards tofish, wildlife, and invertebrates: a synoptic review. U.S. 
Fish and Wildlife Service Biological Report 85(1.17), Contaminant Hazard Reviews 
Report No. 17. 72 pp. 

Phenol 
Phenol is mainly a man-made chemical, although it is found in animal wastes and organic 
material. Phenol is a colorless or white solid when it is pure but it is usually sold and used as a 
liquid. The largest single use of phenol is production of plastics. It evaporates more slowly 
than water and dissolves fairly well in water. Phenol is also ignitable (ASTDR 1989). 

Pregnant animals that drank water containing high levels of phenol gave birth to offspring that 
had low birth weights and birth defects. Dermal exposure to small amounts of phenol for short 
durations can cause blisters and burns on the exposed area. Spilling weak phenol solutions on 
large parts of the body (more than 25 percent of the body surface) can result in death (ATSDR 
1989). The toxicity of dermal exposure to phenol is influenced by the size of the skin area exposed. 
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Agency for Toxic Substances and Disease Registry (AFlkDR). 1989. ToxicologkaI profilefor 
phenol. U.S. Public Health Service, U.S. Department of Health and Human Services, 
Atlanta, GA. 
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Polynuclear Aromatic Hydrocarbons (PAHs 
PAHs are virtually ubiquitous in nature, primarily as a result of natural processes such as forest 
fires, microbial synthesis, and volcanic activity. They have been detected in animal and plant 
tissues, sediments, soils, air, surface water, drinking water, and groundwater. Anthropogenic 
sources of PAHs in the environment include high temperature combustion of organic materials 
typical of processes used in the steel industry, heating and power generation, and petroleum 
refining. 

Environmental concern has focused on PAHs, which range in molecular size from two-ring 
structures to seven-ring structures. The number of rings on the molecule strongly affects its 
biochemical interactions in the environment. Consequently, the fate, transport, and toxicity of 
PAHs correlate strongly with the size of the specific PAH molecule. 

Relatively little information is known on the fate and transport of specific PAH compounds. 
Information on PAHs as a group is largely inferred from information on benzo(a)pyrene and 
mixtures of PAHs. 

PAHs are moderately persistent in the environment and therefore may potentially cause 
significant effects to vegetation, wildlife and fish. The carcinogenicity of individual PAHs 
differs. Some lower weight compounds such as naphthalene, fluorene, phenanthrene, and 
anthracene exhibit acute toxicity and other adverse effects to some organisms, but are non- 
carcinogenic. In contrast, the higher molecular weight compounds are significantly less acutely 
toxic, but many are demonstrably carcinogenic, mutagenic, or teratogenic to a wide variety of 
organisms, including fish and other aquatic life, amphibians, birds, and mammals. 

PAHs can be taken into the mammalian body by inhalation, ingestion or dermal contact. Acute 
and chronic exposure to carcinogenic PAHs have been shown to cause tumors in the stomach, 
lung, and skin. PAHs also have been associated with the destruction of hematopoietci and 
lyrnphoid tissues, ovatoxicity, adrenal necrosis, changes in intestinal and respiratory epithelia 
and immunosuppression. 

The environmental effects of most non-carcinogenic PAHs are poorly understood. Available 
information suggests that these PAHs are not very potent teratogens or reproductive toxins. 
Effects include damage to the liver and kidney, and external effects of sebaceous gland 
ulceration. 

Studies on PAH toxicity in birds indicated no mortality or visible signs of toxicity when fed 
4,000 mg total PAH per kilogram of body weight for 7 months. In another study, toxic and sub- 
lethal effects were noted at concentrations of between 0.036 and 0.18 pg PAH per egg following 
application of various PAHs (e.g., chrysene and benzo(a)pyrene) to the surface of mallard eggs. 
Another study reported acute oral effect levels for the red-winged blackbird and house sparrow 
and acenaphthene, phenanthrene and anthracene LDsovalues exceeded 100 m&/kg of body 
weight for these species. 

Few ingestion-based studies have been conducted on mammals using PAHs. Neal and Rigdon 
(1967) conducted a study on mice for the development of forestomach tumors. Mice were fed 
between 0.13 mg/kg/day and 32.5 mg/kg/day of PAH for 110 days. The highest dose 
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produced tumors in 90 percent of the mice. The NOAEL was calculated at 1.3 mg/kg/day and 
the LOAEL was 2.6 mg/kg/day (4 percent occurrence of tumors) (Charters et al. 1996). 

A study conducted on nestling European starlings indicated that a dose of 100 mg/kg/day of 
7,12-dimethylbenz(a)anthracene caused an 11 percent reduction in mean body weight, a 
16 percent reduction in mean hemoglobin concentrations, and a 90 percent reduction in 
lymphocyte proliferation (Trust et al. 1993). A dose of 10 mg/kg/day caused no adverse effects 
to nestling birds. Adult starlings dosed as high as 300 mg/kg/day showed no adverse effects. 

Charters, D.W., N.J. Finley, and M. Huston. 1996. Draft report, preIiminnry ecological risk 
assessment, Avtex Fibers Site, Front Royal, Virginia. U.S. Environmental Protection 
Agency, Environmental Response Team Center, Office of Emergency and Remedial 
Response. 

Neal, J. and R.H. Rigdon. 1967. Gastric tumors in mice fed benzo(a)pyrene: a quantitative 
study. Tex. Rep. Biol. Med. 25~553-557. 

Trust, K.A., A. Fairbrother, and M.J. Hooper. 1993. Effects of 7,12-dimethylbenz(a)anthracene 
on immune function and mixed-function oxygenase activity in the European starling. 
Environ. Toxicol. and Chemist y. 13:821-830. 

Acenaphthene 
Mice fed acenaphthene orally for 13 weeks showed adverse reproductive effects at a dose of 
3500 mg/kg/day (ATSDR 1995). This dose was considered a chronic LOAEL. A chronic 
NOAEL of 350 mg/kg/day was estimated by multiplying the chronic LOAEL by an uncertainty 
factor of 0.1. For birds, data for benzo(a)pyrene was applied to this chemical. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1995. Toxicological profilefor 
polycyclic aromatic hydrocarbons (PANS). August. 

Acenaphthylene 
Information regarding acenaphthylene was not available in the literature. For mammals, data 
for acenaphthene was applied to this chemical. For birds, data for benzo(a)pyrene was applied 
to this chemical. 

Anthracene 
Mice fed anthracene orally for 13 weeks showed adverse reproductive effects at a dose of 
10,000 mg/kg/day (ATSDR 1995). This dose was considered a chronic LOAEL. A chronic 
NOAEL of 1,000 mg/kg/day was estimated by multiplying the chronic LOAEL by an 
uncertainty factor of 0.1. 

Mallards fed anthracene orally for 7 months showed adverse effects to the hepatic system at a 
dose of 228 mg/kg/day (Patton and Dieter 1980). This dose was considered a chronic LOAEL. 
A chronic NOAEL of 22.8 mg/kg/day was estimated by multiplying the chronic LOAEL by an 
uncertainty factor of 0.1. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1995. Toxico2ugicaJ prufirefir 
polycyclic aromatic hydrocarbons (PA&). August. 
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Patton, J.F. and M.P. Dieter. 1980. Effects of petroleum hydrocarbons on hepatic function in the 
duck. Comp. Biochem. Physiol. 65C:33-36. 

Benzo(a)anthracene 
Information regarding benzo(a)anthracene was not available in the literature. Data for 
benzo(a)pyrene was applied to this chemical for both birds and mammals. 

Benzo(a)pyrene 
Female mice were fed benzo(a)pyrene during pregnancy. Adverse reproductive effects were 
found at a dose of 10 mg/kg/day (Sample et al. 1996). This dose was considered a chronic 
LOAEL. A chronic NOAEL of 1 mg/kg/day was estimated by multiplying the chronic LOAEL 
by an uncertainty factor of 0.1. 

Mice fed benzo(a)pyrene orally for 19 to 29 days showed adverse reproductive effects at a dose 
of 1330 mg/kg/day (ATSDR 1995). This dose was considered a chronic LOAEL. A chronic 
NOAEL of 133 mg/kg/day was estimated by multiplying the chronic LOAEL by an uncertainty 
factor of 0.1. 

Chickens were fed benzo(a)pyrene for 34 days. Adverse reproductive effects were found at a 
dose of 395 mg/kg/day (Rigdon and Neal 1963). This dose was considered a chronic LOAEL. 
A chronic NOAEL of 39.5 mg/kg/day was estimated by multiplying the chronic LOAEL by an 
uncertainty factor of 0.1. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1995. Toxicological profilefor 
poEycyclic aromatic hydrocarbons (PAHs). August. 

Rigdon, R.H. and J. Neal. 1963. Ffuorescence of chickens and eggsfollowing thefeeding ofbenzpyrene 
crystals. Texas Reports on Biology and Medicine 21(4):558-566. 

Sample, B.E., D.M. Opresko, and G.W. Suter II. 1996. Toxicological benchmarksfor wildlife: 1996 
revision. Environmental Restoration Division, QRNL Environmental Restoration 
Program. ES/ER/TM-86/R3. 

Benzo(b)fluoranthene 
Information regarding benzo(b)fluoranthene was not available in the literature. Data for 
benzo(a)pyrene was applied to this chemical for both birds and mammals. 

Benzo(g,h,i)perylene 
Information regarding benzo(g,h,i)perylene was not available in the literature. Data for 
benzo(a)pyrene was applied to this chemical for both birds and mammals. 

Benzo(k)fluoranthene 
Information regarding benzo(k)fluoranthene was not available in the literature. Data for 
benzo(a)pyrene was applied to this chemical for both birds and mammals. 

Carbazole 
Information regarding carbazole was not available in the literature. 
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Chrysene 
Inforrnation regarding chrysene was not available in the literature. Data for benzo(a)pyrene 
was applied to this chemical for both birds and mammals. 

Dibenz(a,h)anthracene 
Information regarding dibenz(a,h)anthracene was not available in the literature. Data for 
benzo(a)pyrene was applied to this chemical for both birds and mammals. 

Fluoranthene 
Mice fed fluoranthene orally for 13 weeks showed adverse effects to the hepatic system at a 
dose of 1250 mg/kg/day (ATSDR 1995). This dose was considered a chronic LOAEL. A 
chronic NOAEL of 125 mg/kg/day was estimated by multiplying the chronic LOAEL by an 
uncertainty factor of 0.1. For birds, data for benzo(a)pyrene was applied to this chemical. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1995. Toxicological profilef’l 
polycyclic aromatic hydrocarbons (PAHs). August. 

Fluorene 
Mice fed fluorene orally for 13 weeks showed adverse hematological effects at a dose of 
1250 mg/kg/day (ATSDR 1995). This dose was considered a chronic LOAEL. A chronic 
NOAEL of 125 mg/kg/day was estimated by multiplying the chronic LOAEL by an uncertainty 
factor of 0.1. For birds, data for benzo(a)pyrene was applied to this chemical. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1995. ToxicoZogicaZ profilefir 
poZycyclic aromatic hydrocarbons (PAHs). August. 

Indeno(l,2,3-cd)pyrene 
Information regarding indeno(l,2,3-cd)pyrene was not available in the literature. Data for 
benzo(a)pyrene was applied to this chemical for both birds and mammals. 

Naphthalene 
Mice fed naphthalene orally for 13 weeks showed adverse reproductive effects at a dose of 
1400 mg/kg/day (ATSDR 1995). This dose was considered a chronic LOAEL. A chronic 
NOAEL of 140 mg/kg/day was estimated by multiplying the chronic LOAEL by an uncertainty 
factor of 0.1. 

Mallards fed naphthalene orally for 7 months showed adverse effects to the hepatic system at a 
dose of 228 mg/kg/day (Patton and Dieter 1980). This dose was considered a chronic LOAEL. 
A chronic NOAEL of 22.8 mg/kg/day was estimated by multiplying the chronic LOAEL by an 
uncertainty factor of 0.1. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1995. Toxicological profilefor 
polycycIic aromatic hydrocarbons (PA&Is). August. 

Patton, J.F. and M.P. Dieter. 1980. Effects of petroleum hydrocarbons on hepatic function in the 
duck. Comp. Biockem. Pkysiol. 65C:33-36. 
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Phenanthrene 
Information regarding phenanthrene was not available in the literature. Data for 
benzo(a)pyrene was applied to this chemical for both birds and mammals. 

Pyrene 
Information regarding pyrene was not available in the literature. Data for benzo(a)pyrene was 
applied to this chemical for both birds and mammals. 
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Volatile Organics ’ 

1 ,I-Dichloroethane 
l,l-dichloroethane is a manmade liquid that is a vapor when released to the environment. It is 
used to make other chemicals, and to dissolve paints, varnishes, and grease. l,l-dichloroethane 
does not dissolve easily in water but can evaporate easily to the air. l,l-dichloroethane found in 
soils can evaporate to the air or can move to groundwater (ATSDR 1989). Brief exposures to 
high levels of l,l-dichloroethane have caused death in animals. Longer exposures to l,l- 
dichloroethane in the air have caused kidney disease in animals (ATSDR 1989). 

Agency for Toxic Substances and Disease Registry (ATSDR). 1989. Tuxicobgical profilefor 
2,1-dickloroetkane. U.S. Public Health Service, U.S. Department of Health and Human 
Services, Atlanta, GA. 

1 ,I-Dichloroethene 
l,l-dichloroethene is a clear, colorless, manmade liquid with a sweet odor that is used to make 
other chemicals such as polyvinylidene chloride. l,l-dichloroethene evaporates from water into 
the air where it is broken down quickly by compounds formed by sunlight. In water, l,l- 
dichloroethene breaks down slowly and is not readily transferred to fish or animals. In soils, 
l,l-dichloroethene either evaporates to the air or moves to the groundwater where it may be 
broken down slowly by organisms (ATSDR 1989). 

Agency for Toxic Substances and Disease Registry (ATSDR). 1989. Toxicological profilefur 
Z,l-dickloroetkene. U.S. Public Health Service, U.S. Department of Health and Human 
Services, Atlanta, GA. 

1,1,2=Trichloroethane 
1,1,2-trichloroethane is a manmade colorless liquid that is used as a solvent. Most of 1,1,2- 
trichloroethane that is released moves to the atmosphere or groundwater where reaction is 
slow. In air, 1,1,2-trichloroethane has a half-life of 49 days and persists for years in the 
groundwater and soil. Short-term exposure to high concentrations in air or relatively high 
concentrations given orally or applied to the skin have caused death in animals. Long-term 
exposure at high concentrations by mouth cause shortened life span in animals (ATSDR 1989). 

Agency for Toxic Substances and Disease Registry (ATSDR). 1989. Toxicological prufilefor 2,1,2- 
trickloroetkane. U.S. Public Health Service, U.S. Department of Health and Human 
Services, Atlanta, GA. 

1 ,I ,2,2=Tetrachloroethane 
Information regarding 1,1,2,2-tetrachloroethane was not available in the literature. 

1,2-Dibromo-3-chloropropane 
1,2-dibromo-3-chloropropane is a colorless manmade liquid used in the past as a pesticide. It 
has not been used in the continental United States since 1979 and in Hawaii since 1985. It is 
used today for research. 1,2-dibromo3-chloropropane dissolves in water and evaporates 
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within a few days to a week to the air where it breaks down slowly. IvIost disappears in a few 
months. 1,2-dibromo-3-chloropropane does not adhere to sediments in streams, lakes and 
rivers. When in soil, it can leach to the groundwater where it remains for long periods of time. 
1,2-dibromo-3-chloropropane present in surface soils can evaporate to the air. 1,2-dibromo-3- 
chloropropane may break down to simpler chemicals in soils and water (ATSDR 1991). 

Agency for Toxic Substances and Disease Registry (ATSDR). 1991. Toxicological profilefor 
2,2-dibromo-3-ckloropropane. U.S. Public Health Service, U.S. Department of Health and 
Human Services, Atlanta, GA. 

1,2=Dibromoethane 
1,2-dibromoethane is a colorless liquid that is used as a pesticide and a gasoline additive to 
improve fuel efficiency. 1,2-dibromoethane is mostly manmade, but small amounts may occur 
naturally in the water. The USEPA banned most uses in 1984. 1,2-Dibromoethane evaporates 
into the air where it breaks down quickly. It dissolves in water and remains in the groundwater 
and soils for long periods of time (ATSDR 1991). 

Agency for Toxic Substances and Disease Registry (ATSDR). 1990. Toxicological profilefor 
I,2-dibromoetkane. U.S. Public Health Service, U.S. Department of Health and Human 
Services, Atlanta, GA. 

1,2=Dichloroethane 
1,2-dichloroethane is a clear, manmade liquid used to make vinyl chloride and other substances 
that dissolve grease, glue, and dirt. It is also added to leaded gasoline to remove lead. Small 
amounts of 1,2-dichloroethane evaporate from the water and soil into the air where it is quickly 
broken down by the sun. 1,2-dichloroethane in the soil will travel into the groundwater where 
it can stay for up to 40 days. Animals that ingest or inhale large amounts of l,2-dichloroethane 
exhibit nervous system disorders and kidney disease (ATSDR 1993). 

Agency for Toxic Substances and Disease Registry (ATSDR). 1993. TuxicoZugicaZ prufiZefor 
2,2-dickloroetkane. U.S. Public Health Service, U.S. Department of Health and Human 
Services, Atlanta, GA. 

1,2=Dichloroethene 
1,2-dichloroethene is a manmade colorless liquid used in the production of solvents. 1,2- 
dichloroethene dissolves rapidly and almost all of it that is in surface soil or water will 
evaporate to the air. Once in the air, 1,2-dichloroethene has a half-life of 4 to 8 days. When 
present in deeper soils, 1,2-dichloroethene will move downward and possibly contaminate 
groundwater where it has a half-life of 13 to 48 weeks. Animals that breathed high levels of 
1,2-dichloroethene exhibited lung and heart damage. Liver and lung damage and death are 
caused by ingestion of high levels of 1,2-dichloroethene by animals (ATDSR 1990). 

Agency for Toxic Substances and Disease Registry (ATSDR). 1990. Toxicological profilefor 
I,2-dickzoroetkene. U.S. Public Health Service, U.S. Department of Health and Human 
Services, Atlanta, GA. 

C-44 



APPENDIX C -CHEMICAL PROFILES 

1,2=Dichloropropane 
1,2-dichloropropane is a colorless, manmade liquid that is used currently in research and 
industry. 1,2-dichloropropane was used prior to the early 1980s as a soil fumigant and was 
found in some paint thinners, strippers, and finish removers. 1,2-dichloropropane degrades 
slowly in the atmosphere and soil. In groundwater, 1,2-dichloropropane has a half-life of 
6 months to 2 years. Animals given 1,2-dichloropropane orally were seen to exhibit liver and 
kidney damage. Those given higher doses died (ATSDR 1988). 

Agency for Toxic Substances and Disease Registry (ATSDR). 1988. ToxicoZogicaZ prufZefur 
2,2-dichloropropane. U.S. Public Health Service, U.S. Department of Health and Human 
Services, Atlanta, GA. 

Cis- and Trans-1,3-Dichloropropene 
1,3-dichloropropene is a colorless liquid that exists in two forms, cis-1,3-dichloropropene and 
trans-1,3-dichloropropene. Mixtures of these are used to kill nematodes that eat the roots of 
crops. Once in the soil, 1,3-dichloropropene is likely to be broken down into smaller molecules 
by biotic and abiotic processes. The resulting chemicals may also be harmful. In air and water, 

’ 1,3-dichloropropene is also broken down into smaller chemicals. Rats and mice fed large 
amounts of 1,3-dichloropropene got cancer and rats that breathed 1,3-dichloropropene had 
fewer pups per litter (ATSDR 1990). 

Agency for Toxic Substances and Disease Registry (ATSDR). 1990. ToxicoZogicaZ profilefor cis- 
and truns-2,3-dichloropropene. U.S. Public Health Service, U.S. .Department of Health and 
Human Services, Atlanta, GA. 

2-Butanone 
2-butanone is a manufactured chemical but it is also present in the environment from natural 
sources. It is used in paints, glues, and as a cleaning agent. 2-butanone is also produced 
naturally by some trees and is found in some fruits and vegetables in small amounts (ATSDR 
1992). It is also known as methyl ethyl ketone (MEK). 

2-butanone enters the air during production, use and transport, and from hazardous waste 
sites. It dissolves in water and is broken down to a simpler chemical form in about 2 weeks. It 
does not adsorb to soil, therefore it is highly mobile and can infiltrate to the groundwater. It is 
not known to bioaccumulate in fish or animal tissues and does not biomagnify in the food chain 
(ATSDR 1992). 

Agency for Toxic Substances and Disease Registry (ATSDR). 1990. ToxicoZogicaZ profile@ 
2-butanone. U.S. Public Health Service, U.S. Department of Health and Human Services, 
Atlanta, GA. 

24hloroethyl Vinyl Ether 
Inforrnation regarding 2-chloroethyl vinyl ether was not available in the literature. 

29Hexanone 
2-hexanone is a clear, colorless liquid that is formed as a waste product of wood pulping. The 
liquid form evaporates quickly into air and dissolves easily in water. 2-hexanone is probably 
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broken down into smaller products within a few days. Rats given 4700 ppm of 2-hexanone for 
over 14 days became paralyzed (ATSDR 1990). 

Agency for Toxic Substances and Disease Registry (ATSDR). 1990. ToxicoZogicaZ profiZefor 
2-hexanone. U.S. Public Health Service, U.S. Department of Health and Human Services, 
Atlanta, GA. 

4-Methyl-2-Pentanone 
Information regarding 4-methyl-2-pentanone was not available in the literature. 

Acetone 
Acetone is a manufactured chemical that is also found naturally in the environment. Acetone is 
used to make plastic, fibers, drugs, and other chemicals. It is also used to dissolve other 
substances. It occurs naturally in plants, trees, volcanic gases, forest fires, and as a product of 
the breakdown of body fat. Industrial processes contribute more acetone to the environment 
than natural processes (ATSDR 1994). 

Acetone is transported from the atmosphere into surface water and soil by rain and snow. It 
also moves quickly from soil and water back to air. Acetone does not bind to soil or 
bioaccumulate in animals and is broken down by microorganisms in soil and water (ATSDR 
1994). 

Agency for Toxic Substances and Disease Registry (ATSDR). 1994. TaxicoZag&rZ profilefor 
acetone. U.S. Public Health Service, U.S. Department of Health and Human Services, 
Atlanta, GA. 

Benzene 
Benzene is a naturally occurring chemical produced by volcanoes and forest fires but is also a 
major industrial chemical made from coal and oil. Benzene is present naturally in many plants 
and animals. As a pure chemical, benzene is a clear, colorless liquid. In industry, benzene is 
used to make intermediate chemicals, to make some types of plastics, detergents, and pesticides, 
and as a component of gasoline (ATSDR 1987). 

Benzene is released to the environment from both natural and man-made sources. Chemical 
degradation reactions limit the atmospheric residence time of benzene to only a few days. 
Biodegradation, principally aerobic, is the most important fate mechanism for benzene in water 
and soil (ATSDR 1987). Much of the benzene released to water will volatilize to the air. 
Transport to sediment is not likely to be a significant fate process. Benzene released to soil will 
either volatilize to the air or leach to groundwater (ATSDR 1987). 

Benzene can be absorbed into the body following ingestion, inhalation, and dermal contact. 
Benzene must undergo metabolic transformation to exert its toxic effects. The toxic effects of 
benzene include hematotoxicity, immunotoxicity, ad neurotoxicity. Benzene is not teratogenic 
but does cause some reproductive effects such as reduced fetal weight. Benzene is genotoxic 
and is a known carcinogen (ATSDR 1987). 
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Agency for Toxic Substances and Disease Registry (ATSDR). 1987. ToxicoZogicaZ profilefor 
benzene. Dr$Z. U.S. Public Health Service, US. Department of Health and Human 
Services, Atlanta, GA. 

Bromodichloromethane 
Bromodichloromethane is a colorless, heavy liquid that is formed as a by-product when 
chlorine is added to drinking water. Bromodichloromethane is also used in the production of 
other chemicals. Bromodichloromethane evaporates quickly and most that is released 
evaporates into the air where it is slowly broken down. Animals that have been fed quantities 
of bromodichloromethane have developed cancer of the liver, kidney, and intestines (ATSDR 
1989). 

Agency for Toxic Substances and Disease Registry (ATSDR). 1989. ToxicoZugicaZ profilefor 
bromodichlaromethane. U.S. Public Health Service, U.S. Department of Health and 
Hun-ran Services, Atlanta, GA. 

Bromoform 
Bromoform is a colorless, heavy, nonburnable liquid used to dissolve dirt and grease and to 
make other chemicals. Bromoform is also produced when chlorine is added to drinking water. 
Bromoform is stable in the air but breaks down slowly into other chemicals. Bromoform 
present in soil or water is slowly broken down by bacteria. Long-term intake of bromoform can 
cause cancer in animals (ATSDR 1990). 

Agency for Toxic Substances and Disease Registry (ATSDR). 1990. ToxicoZogicaI prcfdefor 
bromufurm. U.S. Public Health Service, U.S. Department of Health and Human Services, 
Atlanta, GA. 

Bromomethane 
Bromomethane is a manufactured chemical that also occurs naturally in small amounts in the 
ocean where it is probably formed by algae and kelp. Commercially, it is used to kill a variety 
of pests including rats, insects, and fungi. It is also used to make other chemicals or as a solvent 
to get oil out of nuts, seeds, and wool (ATSDR 1992). Bromomethane is not known to 
bioaccumulate in plants or animals. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1992. TuxicoIogicaZ prufizefir 
bromomethne. U.S. Public Health Service, U.S. Department of Health and Human 
Services, Atlanta, GA. 

Carbon Disulfide 
The chief uses of carbon disulfide are for the manufacture of rayon and for regenerated 
cellulose film. Acute and chronic exposure to carbon disulfide affects the central nervous 
system. 

Carbon Tetrachloride 
Carbon tetrachloride is a clear liquid that was produced in large quantities to make 
refridgeration fluid and propellant for aerosol cans. Production of this chemical is being phased 
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out due its harmful effects on the ozone layer. Carbon tetrachloride evaporates very easily and 
can remain in the air for several years. Carbon tetrachloride does not adhere to soil or sediment 
particles but instead will move to the groundwater where it will be broken down into other 
chemicals. 

A 2-year study on the effects of carbon tetrachloride on reproduction in rats indicated a chronic 
NOAEL of 16 mg/kg/day (Alumot et al. 1976). This was the highest dose administered and no 
adverse effects were observed. A chronic LOAEL of 160 mg/kg/day was estimated by 
multiplying the chronic NOAEL by an uncertainty factor of 10. No data were found on the 
toxicological effects to birds from ingestion exposures. 

Alumot, E., E. Nachtomi, E. Mandel et al. 1976. Tolerance and acceptable daily intake of 
chlorinated fumigants in the rat diet. Food Cosmet. Toxicol. 14:105-110. 

Chlorobenzene 
Chlorobenzene is a colorless liquid with an almond-like odor. This chemical does not widely 
occur naturally but is manufactured for use as a solvent and to produce other chemicals. 
Chlorobenzene can persist in soil for several months but will persist in air and water for only 
hours or a few days (ATSDR 1990). 

A chronic study on the effects of chlorobenzene on dogs showed adverse effects to the liver at a 
dose of 273 mg/kg/day (IRIS 1998). %s dose is considered a chronic LOAEL. A chronic 
NOAEL of 27.3 mg/kg/day was estimated by multiplying the chronic LOAEL by an 
uncertainty factor of 0.1. No data were found on the toxicological effects to birds from ingestion 
exposures. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1990. ToxicoZogicaZ profizefor 
chlorobenzene. Draft. U.S. Public Health Service, U.S. Department of Health and Human 
Services, Atlanta, GA. 

Integrated Risk Information System (IRIS). 1998. U.S. Environmental Protection Agency, 
Washington DC. 

Chloroethane 
Chloroethane is a man-made colorless gas with a sharp odor that is used mainly in the 
production of tetraethyl lead, a gasoline additive. Due to stricter government control on the 
amount of lead in gasoline, production of chloroethane has dropped in recent years. 
Chloroethane is also used in the production of dyes, cellulose, medicinal drugs, and as a 
solvent, refrigerant, and skin numbing agent. Most of the chloroethane released to the 
environment ends up in the atmosphere where it quickly breaks up by reactions with other 
substances. Smaller amounts are released into groundwater where it is believed to break down 
into simpler forms through reactions with water. Little is known about this reaction or how 
long it stays in the groundwater (ATSDR 1989). 

Agency for Toxic Substances and Disease Registry (ATSDR). 1989. Toxicological profilefor 
chloroethane. U.S. Public Health Service, U.S. Department of Health and Human 
Services, Atlanta, GA. 
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Chloroform 
Chloroform is a colorless or water-white liquid. Most of what is produced in the United States 
is used to make fluorocarbon 22, which is a cooling fluid for air conditioners. A lesser amount 
is used in the production of pesticides and solvents. Most of the chloroform that is released to 
the environment is transported to the air (ATSDR 1988). 

A literature search was conducted on the toxicological effects of chloroform ingestion to 
mammals and birds. Ingestion-based studies were not available for birds. 

A 13-week study of the effects of chloroform on livers, kidneys, and gonad condition in rats 
indicated a chronic LOAEL of 410 mg/kg/day (Palmer et al. 1979). At this dosage, both female 
and male rats developed gonadal atrophy. A dose of 150 mg/kg/day was determined to be the 
chronic NOAEL because no adverse effects were observed at this dosage. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1988. ToxicoZogicaZ profilefir 
chloroform. U.S. Public Health Service, U.S. Department of Health and Human Services, 
Atlanta, GA. 

Palmer, A.K., A.E. Street, F.J.C. Roe, A.N. Worden, and N.J. Van Abbe. 1979. Safety evaluation 
of toothpaste containing chloroform. II. Long term studies in rats. J. Environ. Patkol. 
Toxicol. 21821-833. 

Chloromethane 
Chloromethane is a clear colorless gas that is produced naturally in the oceans and by microbial 
fermentation, and by industry to create other chemicals. Chloromethane evaporates into the air 
where it can remain for up to 2 years. If present in a landfill, it can leach through the soil and 
infiltrate groundwater. 

Dibromochloromethane 
Information regarding dibromochloromethane was not available in the literature. 

Ethyl benzene 
Ethylbenzene occurs naturally in coal tar and petroleum and is also found in many man-made 
products including paints, inks, and insecticides. Gasoline contains about 2 percent (by weight) 
ethylbenzene. Ethylbenzene is a colorless liquid that smells like gasoline. It evaporates at room 
temperature and burns easily. Ethylbenzene is most commonly found as a vapor because it 
evaporates easily into the air from water and soil. Once in the air, other chemicals help break 
down ethylbenzene into chemicals found in smog. This breakdown happens in about 3 days 
with the aid of sunlight. In surface water such as rivers and harbors, ethylbenzene breaks down 
by reacting with other compounds naturally present in water. In soil, bacteria break down 
ethylbenzene. It can also infiltrate groundwater since it does not readily bind to soil. Several 
studies indicate that ethylbenzene causes systemic effects in animals following inhalation 
exposure. The principal target organs appear to be the lungs, liver, and kidney, with transient 
toxic effects on the hematological system (ATSDR 1990). 

A chronic study on the effects of ethylbenzene on rats showed adverse effects to the liver and 
kidney at a dose of 971 mg/kg/day (Wolf et al. 1956). This dose is considered a chronic 
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LOAEL. A chronic NOAEL of 97.1 mg/kg/day was estimated by multiplying the chronic 
LOAEL by an uncertainty factor of 0.1. No data were found on the toxicological effects to birds 
from ingestion exposures. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1990. Toxicological profilefor 
ethylbenzene. U.S. Fublic Health Service, U.S. Department of Health and Human 
Services, Atlanta, GA. 

Wolf, M.A., V.K. Rowe, D.D. McCollister, R.L. Hollinsworth, and F. Oyen. 1956. Toxicological 
studies of certain alkylated benzenes and benzene. Arch. Ind. HeaZtk. 14:387-398. 

Methylene Chloride 
Methylene chloride is an organic solvent with a sweet smell that is used as an industrial solvent, 
a paint stripper, and in the manufacture of photographic film. Animals given large amounts of 
methylene chloride have developed cancer (ATSDR 1989). 

Agency for Toxic Substances and Disease Registry (ATSDR). 1989. Toxicologicnl ,~~ofZefor 
mefkylene chloride. U.S. Public Health Service, U.S. Department of Health and Human 
Services, Atlanta, GA. 

Styrene 
Styrene is a colorless liquid used to make rubber and plastics. Billions of pounds of styrene are 
produced each year in the United States. It does not occur naturally in the environment. 
Styrene is quickly broken down in the air when ozone is present, but remains in the soil and 
water for several months (ATSDR 1991). 

A 90-day study on the effects of ingestion of styrene on reproduction in rats indicated a chronic 
NOAEL of 35 mg/kg/day (Beliles et al. 1985). A chronic LOAEL of 350 mg/kg/day was 
estimated by multiplying the chronic NOAEL by an uncertainty factor of 10. 

/- 
, 

In a 560-day study on the effects of styrene on the hepatic system of dogs indicated a chronic 
LOAEL of 400 mg/kg/day (Quast et al. 1979). Dogs given this dosage by gavage exhibited 
increased numbers of Heinz bodies, decreased packed cell values, and sporadic decreases in 
hemoglobin and erythrocyte counts. No adverse effects were observed a dose of 
200 mg/kg/day. This was determined to be a chronic NOAEL. 

No data on the toxicological effects of styrene on birds were found in the literature. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1990. Toxicologica profile for 
styrene. U.S. Public Health Service, U.S. Department of Health and Human Services, 
Atlanta, GA. 

Beliles, R.P., J.H. Butala, C.R. Stack et al. 1985. Chronic toxicity and three-generation 
reproduction study of styrene monomer in the drinking water of rats. Fundam. App2. 
Toxicol. 5:855-868. 

Quasf J.F., C.G. Hurt&ton, and R.V. Kalnins. 1979. Results of a toxicity study of monomeric 
styrene administered to beagle dogs by oral intubation for 19 months. Report to 
manufacturing Chemists Association, Washington, D.C., by Health and Environmental 
Sciences, Dow Chemical USA, Midland, MI. 
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Tetrachloroethene 
Tetrachloroethene (PCE) is a nonflammable liquid solvent widely used in the dry cleaning 
industry. Most of the PCE used is released to the atmosphere via evaporation. PCE has a 
relatively long (about 96 days) half-life in the atmosphere. PCE in water and surface soil will 
most likely volatilize to the air. PCE in subsurface soils may persist there or be leached to 
groundwater (ATSDR 1987). 

PCE causes toxic effect in the liver, kidneys, and central nervous system. Hepatic, fetotoxic, 
reproductive, and genotoxic effects are also known. PCE is a know carcinogen (ATSDR 1987). 

A 6-week study on the effects of tetrachloroethene on mice showed adverse effects to the 
hepatic system at a dose of 70 mg/kg/day (Sample et al. 1996). This dose is considered a 
chronic LOAEL. A chronic NOAEL of 14 mg/kg/day was determined in this study since no 
adverse effects were found at this dose. No data were found on the toxicological effects to birds 
from ingestion exposures. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1987. Toxicological profiefor 
tetrackloroetkylene. Draft. U.S. Public Health Service, U.S. Department of Health and 
Human Services, Atlanta, GA. 

Sample, B.E., D.M. Opresko, and G.W. Suter II. 1996. Toxicological benchmarksfor wildlife: 1996 
revision. Environmental Restoration Division, ORNL Environmental Restoration 
Program. ES/ER/TM-86/R3. 

Toiuene 
Toluene is produced as a by-product in the processing of gasoline and coke, and in the 
manufacture of styrene. Toluene readily degrades once it is released to the environment. It is 
readily broken down by microorganisms in the soil and evaporates quickly from the soil and 
surface water. Toluene can accumulate in aquatic organisms such as fish, shellfish, plants, and 
aquatic mammals. It is not known to biomagnify in food chains. 

Studies on animals have shown that toluene can effect the central nervous system, liver, kidney 
and lungs. Studies using moderate to high concentrations of toluene indicate that toluene is a 
developmental toxicant, but not a reproductive toxicant (ATSDR 1994). 

A literature search was conducted on the toxicological effects of toluene ingestion to mammals 
and birds. Ingestion-based studies were not available for birds. 

A study on the effects of toluene on the reproduction of rats indicated a chronic LOAEL of 0.3 
ml/kg/day (Nawrot and Staples 1979). Exposure to this dose via oral gavage during gestation 
significantly reduced fetal weights and significantly reduced embryo mortality. The chronic 
LOAEL was converted to a daily dose of 260 mg/kg/day (Sample et al. 1996). A chronic 
NOAEL of 26 mg/kg/day was estimated by multiplying the chronic LOAEL by an uncertainty 
factor of 0.1. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1994. ToxicoIogicaI profilefor 
toluene. U.S. Public Health Service, U.S. Department of Health and Human Services, 
Atlanta, GA. 
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Nawrot, P.S. and R.E. Staples. 1979. Embryofetal toxicity and teragenicity of benzene and 
toluene in the mouse. Teratology. 19: 41A. : ., 

Sample, B.E., D.M. Opresko, and G.W. Suter II. 1996. Toxicological benchmarksfor wildlife: 1996 
revision. Environmental Restoration Division, ORNL Environmental Restoration 
Program. ES/ER/TM-86/R3. 
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Trichloroethene 
A study on the effects of trichloroethene on rats showed adverse reproductive effects at a dose 
of IO,000 mg/kg/day (Coulston and Kolbye 1994). This dose is considered a chronic LOAEL. 
A chronic NOAEL of 1,000 mg/kg/day was calculated by multiplying the chronic LOAEL by 
an uncertainty factor of 0.1. No data were found on the toxicological effects to birds from 
ingestion exposures. 

Coulston, F. and A.C. Kolbye, Jr. (eds). 1994. Interpretive review of the potential adverse 
effects of chlorinated organic chemicals on human health and the environment. 
Regulato y Toxicology and Pharmacology. ZO:Sl-S1056. 

Viriyl‘ Acetate 
Vinyl acetate is a clear, colorless liquid witha distinctive odor. It does not occur naturally inthe 
environment. Vinyl acetate is used to make other chemicals for the manufacture of glues, 
paints, textiles, and paper. 

Vinyl acetate evaporates readily and is soluble in water. The half-life in air and water is about 
6 hours and 7 days, respectively: Vinyl acetate partitions to the atmosphere and to surface 
water and groundwater. The compound is transformed by photochemical oxidation in air, and 
by hydrolysis and biodegradation in surface water, groundwater, and soil. Due to its high 
vapor pressure and water solubility, vinyl acetate is not expected to bioconcentrate in terrestrial 
or aquatic organisms or biomagnify in food chains (A,TSDR 1991). 

Agency for Toxic Substances and Disease Registry (ATSDR). 1991. ToxicoIogical profileforvinyl 
acetate. Druft. U.S. Public Health Service, US; Department of Health and Human 
Services, Atlanta, GA. 

Vinyl Chloride 
Vinyl chloride is a colorless gas that is used mainly to produce polyvinyl chloride for the 
plastics $nd vinyl industries. Most releases to the environment are from atmospheric emissions 
and wastewater discharges. Whenreleased to the air, vinyl chloride has a relatively short half- 
life of 1 to 2 days. When released to water, volatilization is the primary fate process with half- 
lives of 1 to i’days. Vinyl chloride released,,to soils will either volatilize to the atmosphere or 
leach to groundwater (ATSDR i988). 

The principal route of exposure to vinyl chloride is inhalation or ingestion of water containing 
the chemical. Adverse effects include hepatotoxicity, developmental toxicity, genotoxicity, and 
reproductive effects. Vinyl chloride is a known carcinogen (ATSDR 1988). 
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Agency for Toxic Substances and Disease Registry (ATSDR). 1988. Toxicological profilefor vinyl 
chloride. Draft. U.S. Public Health Service, U.S. Department of Health and Human 
Services, Atlanta, GA. 

Xylenes 
Xylene is primarily a man-made chemical that is produced from petroleum and coal. Xylene 
also occurs naturally in petroleum and coal tar, and is formed during forest fires. There are 
three forms or isomers of xylene including meta-xylene, o&ho-xylene, and para-xylene. 

Xylene evaporates and burns easily. Xylene does not mix well with water, however, it does mix 
with alcohol and with many other chemicals. Xylene is a liquid and it can leach into soil, 
surface water (creeks, streams, and rivers), and groundwater where it can remain for 6 months 
or longer before it is broken down into other chemicals. Because it evaporates readily, most 
xylene is transported to the air, where it lasts for several days and is broken down by sunlight 
into other kinds of chemicals. 

Results of studies with animals indicate that large amounts of xylene can cause changes in the 
liver and adverse effects on the kidney, lung, heart, and nervous system. Short-term exposure 
to high concentrations of xylene causes death in some animals, as well as muscular spasms, 
incoordination, hearing loss, changes in behavior, changes in organ weights, and changes in 
enzyme activity. Long-term exposure to low concentrations of xylene has not been well studied 
in animals (ATSDR 1990). 

A study on the effects of xylene on the reproduction in mice indicated a chronic~LOAEL od 
2.6 mg/kg/day (Marks et al. 1982). A dose of 2.6 mg/kg/day showed significantly reduced 
fetal weights and increased the incidence of fetal malformations. While the xylene exposure 
studies were of a short duration, they occurred during a critical lifestage. The highest dose that 
produced no adverse effects (2.1 mg/kg/day) was considered to be a chronic NOAEL. 

Quail exposed to xylene in the diet showed chronic effects at an estimated dose of 
405 mg/kg/day (Hill and Camardese 1986). A chronic NOAEL of 40.5 mg/kg/day was 
estimated by multiplying this chronic LOAEL by an uncertainty factor of 0.1. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1990. Toxicological profilefir 
xylene. U.S. Public Health Service, U.S. Department of Health and Human Services, 
Atlanta, GA. 

Hill, E.F. and MB. Camardese. 1986. Lethal dieta y toxicities ofenvironmenta2 contgminants and 
pesticides to Coturnix. U.S. Fish and Wildlife Service Technical Report 2. 

Marks, T.A., T.A. Ledoux, and J. A. Moore. 1982. Teratogenicity of a commercial xylene 
mixture in the mouse. f. Toxicbl. Environ. HeaIth.. 9:97-105. ,. 

c-53 


	Contents
	List of Appendices
	List of Tables
	Table 2-1
	Table 2-2
	Table 2-3
	Table 2-4
	Table 2-5
	Table 2-6
	Table 2-7
	Table 2-8
	Table 3-1
	Table 3-2
	Table 3-3
	Table 3-4
	Table 3-5
	Table 3-6
	Table 3-7
	Table 3-8
	Table 3-9
	Table 3-10 
	Table 3-11
	Table 3-12
	Table 3-13
	Table 3-14
	Table 4-1
	Table 4-2
	Table 4-3
	Table 4-4
	Table 4-5
	Table 4-6
	Table 4-7
	Table 4-8
	Table 4-9
	Table 4-10
	Table 4-11
	Table 4-12
	Table 4-13
	Table 4-14
	Table 4-15
	Table 4-16
	Table 4-17
	Table 4-18
	Table 4-19
	Table 4-20
	Table 5-1
	Table 5-2
	Table 5-3
	Table 5-4
	Table 5-5
	Table 5-6
	Table 5-7
	Table 5-8
	Table 5-9
	Table 5-10
	Table 5-11
	Table 5-12
	Table 5-13
	Table 5-14
	Table 5-15
	Table 6-1
	Table 6-2
	Table 6-3
	Table 6-4
	Table 6-5
	Table 6-6
	Table 6-7
	Table 6-8
	Table 6-9
	Table 6-10
	Table 6-11
	Table 7-1
	Table 7-2
	Table 7-3
	Table 7-4
	Table 7-5
	Table 7-6
	Table 7-7
	Table 7-8
	Table 7-9
	Table 7-10
	Table 7-11
	Table 8-1
	Table 8-2
	Table 8-3
	Table 8-4
	Table 8-5
	Table 8-6
	Table 8-7
	Table 8-8
	Table 9-1
	Table 9-2
	Table 9-3
	Table 9-4
	Table 9-5
	Table 9-6
	Table 9-7
	Table 9-8
	Table 9-9
	Table 9-10
	Table 9-11
	Table 9-12
	Table 9-13
	Table 9-14
	Table 9-15
	Table 9-16
	Table 9-17
	Table 9-18
	Table 9-19
	Table 10-1
	Table 10-2
	Table 10-3
	Table 10-4
	Table 10-5
	Table 10-6
	Table 10-7
	Table 10-8
	Table 10-9
	Table 10-10
	Table 10-11

	List of Figures
	Figure 1-1
	Figure 3-1
	Figure 4-1
	Figure 4-2
	Figure 5-1
	Figure 5-2
	Figure 6-1
	Figure 6-2
	Figure 7-1
	Figure 7-2
	Figure 8-1
	Figure 8-2
	Figure 9-1
	Figure 9-2
	Figure 10-1
	Figure 10-2

	List of Acronyms and Abbreviations

	Executive Summary
	Introduction
	Facility Background
	General Approach and Methodology
	SWMU 2B - Line Shack Disposal Area
	SWMU 11- Fire-Fighting Training Area
	SWMU 16 - Pesticide Storage Area
	SWMU 16GC - Golf Course Pesticide Storage Area
	SWMU 21 - Transformer Storage Area
	SWMU 22 - Construction Debris Landfill
	SWMU 26 - Fire Extinguisher Training Area, Building 220
	Uncertainties
	Conclusions
	References
	Tables
	Figures
	Appendices
	Appendix A Analytical Data
	Appendix B Receptor Profiles
	Appendix C Chemical Profiles


