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EXECUTIVE SUMMARY

The Department of the Navy (Navy), Engineering Field Activity West (EFA West) conducted a
remedial investigation (RI) at the Taylor Boulevard Bridge (TBB) disposal site of the Naval Weapons
Station Seal Beach Detachment Concord (NWSSB Detachment Concord), Concord, California.

The TBB Disposal Site when debris was discovered in late 1995 during an Rl that was conducted at
four nearby Tidal Area sites. The Navy collected sediment samples from borings in the TBB Disposal
Site and the surroundmg area in February 1996, March 1997, October 1997, February 1998, and June

1998 to assess the nature and extent of chemical contamination.

Based on preliminary evaluations of the spatial distribution of chemicals in sediments and soil and the
small size of the site, it was clear that a removal action could be warranted to reduce the potential risk
to human health and the environment. Preliminary evaluations indicated that concentrations of
inorganic chemicals (primarily lead) at the center of the site were higher than concentrations detected in
surrounding areas. The high concentrations of inorganic chemicals in soil in the center of the site were
considered to pose a potential risk to both human health and the environment based on screening level
assessments. Based on the results of these preliminary evaluations, the Navy proposed a removal
action to remove the debris to mitigate the risk to the environment. However, based on discussions
between the Navy and regulatory agencies, it was decided that an RI and feasibility study (FS) would
be conducted for the TBB Disposal Site to better delineate areas that pose a significant risk ad require

remediation.
OBJECTIVES

Specific objectives of the RI for the TBB Disposal Site at NWSSB Detachment Concord were as

follows:

¢ Characterize the nature and extent of soil and sediment contamination for the purpose of
developing and evaluating effective remedial alternatives.

e Characterize spatial extent of debris for the purpose of developing and evaluating effective
remedial alternatives.

e Identify potential contamination migration pathways and receptors potentially exposed to
contaminantsat the site.
ES-1
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e  Assess risk to human health using a screening-level HHRA approach and delineate a risk
footprint.

e Assess ecological risk using a baseline ERA approach and delineate a risk footprint.

e Collect data to support FS activities.

This RI report was prepared with these objectives in mind, in accordance with the revised National Gl
and Hazardous Substances Pollution Contingency Plan (NCP) and U.S. Environmental Protection
Agency’s (EPA) guidance for conducting RI/ESs under Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) (EPA 1988). Data gathered during the RI were used to
evaluate whether the site poses a risk to human health or the environment and followed risk assessment
guidance (EPA 1997a, 1997b).

METHODS

The TBB Disposal Site RI field investigation consisted of a series of five soil and sediment sampling
events beginning in February 1996. These investigations served to characterize the site’s soil and
sediment chemistry and determine the nature and extent of chemicals likely to originate from on-site
debris. Evaluation of these soil and sediment data indicated that concentrations of inorganic chemicals
(primarily lead) at the center of the site were significantly higher than concentrationsdetected in
surrounding areas. Based on screening level assessments, concentrations of inorganic chemicals in soil
in the center of the site were determined a potential threat to both human health and ecological
receptors. However, threats to ecological receptors were determined to be the primary risk drivers at
the site because of the presence of wetlands and potential presence of special status species, and limited
human access to the site. Additional sampling to address the data needs for a baseline ERA was
conducted during February and March 2000. The ERA-focused sampling included collection of
composite sediment samples for metals analysis and bioassays and collection of pickleweed and
amphipods for tissue residue analysis. Also during the ERA-focused sampling, 22 holes were dug

throughout the site in an effort to determine the depth and lateral extent of the site debris.
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Screening Level Human Health Risk Assessment

For the HHRA, potential cancer risks and noncancer health hazards associated with sediment and soil
were calculated using a screening-level approach. Specifically, soil and sediment chemical
concentrationswere compared with EPA Region IX preliminary remediation goals (PRG) (EPA 1999)
for a residential scenario. PRGs based on target cancer risks of 1= 10""and hazard quotients (HQ) of
1were used. Although it is highly unlikely that the site will ever be developed for residential housing,
residential PRGs were used as a very conservative benchmark to confirm that site conditions would be
protective of human health for all possible future uses. Because the exposure and estimated risk for all
other receptors are expected to be significantly less then those of a resident, the residential (or

unrestricted) scenario was the only scenar10 evaluated in this risk assessment. The HHRA approach is

consistent with the memorandum regarding the recommended outline for using EPA RegionIX PRGs
in screening risk assessments at military fcilities (California Environmental Protection Agency
[Cal/EPA] 1994). Chemicals of potential £oncern (COPC) were defined as all detected organic

constituents and inorganic constituents det¢cted in excess of ambient concentrations.

In view of the elevated concentrations ©f iorganic chemicals (primarily lead) detected in the center of
the site, the site was divided into two subalezs that were evaluated separately. All samples with
detected lead concentrationsgreater tha? 400 mg/kg (the residential PRG for lead) were grouped into
one area (hereafter referred to as Area A f , locations within the 400 mg/kg isopleth), and the
remainder of the samples were grouped into another area (Area B, or locations outside the 400 mg/kg

isopleth).
Baseline Ecological Risk Assessment

For the baseline ERA, five assessment endpoints, ranging from plants to higher-trophic-level receptors,
were identified for specific evaluation. Assessment endpoints include the following:

e Maintenance and protection of wetland and upland transitional plants

e Protection of populations of benthic invertebrates

e Protection of populations of waterfowl

e Protection of populations of shorebirds

ES-3
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e Protection of individual salt marsh harvest mice

Chemicals of potential ecological concern (COPEC) for the TBB Disposal Area were identified

separately for plants, invertebrates, and birds and mammals. For plants and benthic invertebrates,

COPECs were identified based on a comparison of the 95" upper confidence limit of the mean (UCL,,)

soil concentration compared to: 1) ambient values from site-specific sampling at the Tidal Area and

from regional San Francisco Bay studies and 2) toxicity-based benchmarks. For birds and mammals,

COPECs were identified based on a comparison of the TJCLy, to ambient values.

Risks to each type of receptor from chemicals identified as COPECs were then characterized using a

weight-of-evidence approach as described below to determine whether the site poses a significant risk

to ecological receptors that warrants additional evaluation or a response action.

e Lines of Evidence for Assessing Risk to Wetland and Upland Transitional Plants -
Within the context of the baseline ERA, maintenance and protection of wetland and upland
transitional plants is defined as sufficient rates of survival, growth, and germination to
sustain plant populations. The effect of chemicals on wetland and upland transitional plant
populations was evaluated using the following lines of evidence:

Comparison of chemical concentrations in soit/sediment with Oak Ridge National
Laboratory (ORNL) benchmarks for plants (Efroymson and others 1997).

Calculation of HQs (site concentration/ORNL benchmark) to evaluate the magnitude
and extent of contamination.

Qualitative evaluation of site-specificbioaccumulation factors BAFs based on
pickleweed tissue concentrations divided by collocated soil concentration.

Qualitative evaluation of toxicity based on a review of the primary literature.

e Lines of Evidence for Assessing Risk to Populations of Benthic Invertebrates - Within
the context of the baseline ERA, protection of populations of benthic invertebrates is
defined as sufficient rates of survival and growth to sustain populations of invertebrates at
the site. The following lines of evidence were used to evaluate the effect of inorganic
chemicals on populations of benthic invertebrates:

Comparison of chemical concentrations in sediment to effects-range low (ER-L) and
effects range-median (ER-M [Long and others 19957).

Calculation of mean ER-M quotients (mean ER-Mg} to evaluate the magnitude and
extent of contamination (Long and MacDonald 1998)

ES-4
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— Direct toxicity testing of sediment using the endpoints of survival and reburial of
Eohaustorius estuarius amphipods

— An evaluation of factors affecting bioavailability (simultaneously extractable metals/
acid volatile sulfides, sediment grain size, pH, and total organic carbon)

~ A qualitative evaluation of site-specificBAFs using amphipod tissue residues divided
by sediment concentration.

— A qualitative evaluation of toxicity based on a review of the primary literature

e Lines of Evidence for Assessing Risk to Pepulations of Aquatic Birds - Within the
context of the baseline ERA, protection of populations of aquatic birds is defined as
sufficient rates of survival, growth, and reproduction to sustain populations of shorebirds.
Risk to representative birds (Black-necked stilt and Mallard) considered to be ecological
surrogates for the group at the TBB Disposal Site were evaluated quantitatively based on an
HQ approach. In the HQ approach, site-specific daily doses estimated using a food-chain
modeling approach were cornpared to toxicity reference values (TRV}, where the HQ was
equal to ingested dose divided by the TRV.

o Lines of Evidence for Assessing Risk to Individual Salt Marsh Harvest Mice - Within
the context of the baseline ERA, protection of individual salt marsh harvest mice is defined
as sufficient rates of survival, growth, and reproduction to sustain individual salt marsh
harvest mice. Risk to the salt marsh harvest mouse at the TBB Disposal Site was evaluated
guantitatively based on an HQ approach using food chain modeling to evaluate exposure
through ingestion. Site-specific daily doses determined by food-chain modeling were
compared to TR Vs, where the HQ was equal to ingested dose divided by TRV.

CONCLUSIONS

The following subsections summarize the conclusions of the RI for the TBB Disposal Site. The nature
and extent of contamination was characterized, the debris delineated, and a risk footprint identified

based on the screening level HHRA and baseline ERA.
Human H=lth Risk Assessment

The screening-level HHRA conducted for the TBB Disposal Site indicated that COPCs are currently
present at levels that could result in adverse health effects for residents. COPCs are present at higher
concentrations at the center of the site within the 400-mg/kg lead isopleth (sample locations within the
400-mg/kg lead isopleth include 309SB035, 309SSCS, SB00I, SBOG3, SB004, SBO09, SB010, SBO12,
SB013, SBO14, SBO1S, SBO17, SBO18&, SB019, SB020, SB103, S8206). Soil and sediment within the

400-mg/kg lead isopleth also contains elevated levels of COPCs other than lead. If remediation was
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conducted to remove elevated concentrations of inorganics within the 400 mg/kg lead isopleth,
concentrations of COPCs in the remaining soil and sediment would be within EPA target levels
considered to be protective of human health. Potential exposuresto COPC concentrationsfound
outside the 400 mg/kg isopleth would not be expected to result in adverse health effects. Following
remediation of soil and sediment within the 400-mg/kg lead isopleth, the only COPCs remaining at

concentrations above EPA Region IX residential PRGs would be arsenicand iron.
The risk footprint for human health falls within the footprint for ecological risk.
Baseline Ecological Risk Assessment

Adequate information was available to evaluate the potential risk to receptors from chemicals at the
TBB Disposal Site. One of the primary objectives of the ERA was to establish a risk footprint to help

determine the boundary for remedial action.

The current level of inorganic chemical contamination at the site poses probable risk to plant,
invertebrate, and bird and mammal receptors. In addition, the risk to the salt march harvest mouse, a
threatened and endangered species, is significant. Areas with the highest levels of inorganic chemicals
contamination are located where the debris is most concentrated, which is along the shoreline and in the
center of the site. Removal of the debris would significantly reduce risk to both aquatic and wetland

receptors.
Contaminants of Ecological Concern

Concentrations of some inorganic COECs at the site are very high, based on comparisonwith
background and with available screening values. COECs that pose a risk to one or more of the
assessment endpoint receptors at the TBB Disposal Site include arsenic, cadmium, copper, lead,
mercury, selenium, and zinc. COECS to one or more receptors include arsenic, cadmium, copper,
lead, mercury, selenium, and zinc. Copper and zinc are COECs to all receptors, while mercury is only
a COEC to aquatic birds and the salt marsh harvest mouse. Lead is a COEC to all receptors except

plants. Cadmium is only a COEC to aquatic birds.
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Risk to Ecological Receptors

For plants, concentrations of arsenic, copper, selenium, and zinc may be available for uptake at
concentrations greater then required for healthy growth based on a comparisonto ORNL. Pickleweed
BAFs greater than one, provided another line of evidence for potential risk. A BAF greater than one

indicates potential for contaminant uptake.

Risk to plants was indicated at locations SB0O1, SB003, SBG04, SB00S, SBC1Q, SBO12, SBO13, SBO14,
SB015, SB017, SB018, SB0O19, SB0O20, and 309CSSS.

The risk to benthic invertebrates was evaluated based on the lines of evidence describe above in the
Methods section. The determination of which inorganic chemicals were the principal risk drivers was
based on a HQ approach. First, sampling locations where the mean ER-Mq Was greater than 1.5 were
determined. Then, across the nine sampling locations where mean ER-Mqs were greater then 1.5,
COPECs with HQs greater than 1.0 were then identified. Lastly, mean HQs (across the nine locations)
were calculated for each COPEC that had at least one HQ greater than 10. COECs identified using this
process were copper, lead, selenium, and zinc. Copper had six HQs exceeding 1.0, lead had nine HQs
exceeding 1.0, selenium had seven HQs exceeding 1.0, and zinc had nine HQs exceeding 1.0. Over all
sampling locations (n=29), copper, lead, selenium, and zinc exceeded their respective ER-Ms at 21,
41, 62, and 41 percent of the sampling locations, respectively. Amphipod survival ranged from 77 to
88 percent in the three TBB Disposal Site samples and indicated minimal toxicity.

For benthic invertebrates, potential risk from exposure to copper, lead, selenium, and zinc may exist at
locations 3G9CSPWSS, 309SSCS, SB013, SBO14, SBO15, SB018, SB019, SB020, and SB0205,

Risk to aquatic birds, as represented by the black-necked stilt and mallard, from exposure to arsenic,
cadmium, copper, lead, mercury, selenium, or zinc exists at sampling locations 309SSCS,
309CSPWSS, SB00O1, SB0O03, SB004, SB009, SBO10, SBO14, SBOLS, SBO17, SBOLS&, SBO19, SBG20,
SS205. and SB103.

Risk to the salt marsh harvest mouse from exposure to arsenic, copper, lead, mercury, selenium, or
zinc at sampling locations 309CSPWSS, SBOOI, SB0O03, SB004, SB003, SBO06, SBOO7, SBOOS,
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SB0OOY, SBO10, SBO11, SB0i2, SBO13, SB0O14, SB0O1S5, SBO16, SBO17, SBO18, SB019, SB020, and
S8206 was indicated.

A risk footprint showing the overlap of risk to each receptor by location was developed to determine

areas of highest risk to help determine the boundary for remedial action.
SUMMARY OF RECOMMENDATIONS

Inorganic concentrations in the area of debris at the TBB Disposal Site are sufficiently high that they
present a potential risk to human health and the environment. Given the small size of the site, the
Navy recommends that debris be removed from all areas where risk is indicated, based on the results of

the human and ecological risk assessments presented in Sections 7.0 and 8.0 of this RI report.

Risk management decisions must incorporate more than the technical basis for identifying risk from
chemical contamination. Trade-offs in costs and benefits to different taxa must also be evaluated before
decisions are made. Overall habitat quality at the site and the role of the site in the regional ecology of
special status species must also be considered. Removal of the debris from the TBB Disposal Site
would result in temporary ecological destruction of all of the wetland habitat; however, no salt marsh
harvest mice were reported during surveys conducted at the TBB Disposal Site. Furthermore,
compared to other areas in the Tidal Area that provide critical habitat to the salt marsh harvest mouse,

the habitat area provided at the TBB disposal area is minimal

Based on CERCLA guidance, risk management decisions are made jointly by all parties involved in the
risk assessment process at a site such as the TBB Disposal Site, including the Navy and its contractors,
EPA, DTSC, RWQCB, USFWS, National Oceanic and Atmospheric Administration, California
Department of Fish and Game, and the public. The Navy anticipates that the decisions made for this
site will be based on a technical review of this document by those parties and on a collaborative and
interactive process that includes meetings to identify goals and priorities. Thus, specific
recommendations made in this document should serve as points of discussion for the risk management

team.
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1.0 INTRODUCTION

The Department of the Navy (Navy), Engineering Field Activity West (EFA West) is conducting a
remedial investigation (RI) at the Taylor Boulevard Bridge (TBB) disposal site of the Naval Weapons
Station Seal Beach Detachment Concord (NWSSB Detachment Concord), Concord, California

(see Figure 1-1). EFA West has authorized Tetra Tech EM Inc. (TtEMI) to develop this RI report
under the Comprehensive Long-term Environmental Action Navy (CLEAN) Contract No. N62474-94-
D-7609 (CLEAN 11), Contract Task Order (CTO) No. 0309. Work on the TBB Disposal Site was
initiated under the CLEAN I contract, Contract No. N62474-88-D-5086, under CTO No. 0309.

The TBB Disposal Site (see Figure 1-2) was identified in late 1995 during an RI that was conducted at
four nearby Tidal Area sites. The Navy collected sediment samples from borings in the TBB Disposal
Site and the surrounding area in February 1996, March 1997, October 1997, February 1998, and June

1998 to assess the nature and extent of chemical contamination.

Based on preliminary evaluations of the spatial distribution of chemicals in sediments and soil, it was
clear that a removal action would be necessary to reduce the potential risk to human health and the
environment. Preliminary evaluations indicated that concentrationsof inorganic chemicals (primarily
lead) at the center of the site were higher than concentrations detected in surrounding areas. The high
concentrations of inorganic chemicals in soil in the center of the site were considered to pose a potential
risk to both human health and the environment. Based on the results of these preliminary evaluations,
the Navy proposed a removal action to remove the debris to mitigate the risk to the environment.
However, based on discussionsbetween the Navy and regulatory agencies, it was decided that an RI

and feasibility study (FS) would be conducted for the TBB Disposal Site.

In August 1999, a summary report and work plan {WP)/field sampling plan (ESP), presenting a
synopsis of available data and screening-level human health and ecological risk assessments (ERA),
was prepared (TtEMI 1999b). Although the site posed potential human health risks, the Navy’s
evaluation of the site to date suggested that the degree of exposure and therefore impact would be less
on humans than ecological receptors. The site remediation necessary to mitigate the risk to animal
receptors would also be expected to mitigate the risk to humans, even under the application of

extremely conservative assumptions regarding human contact with the site. Therefore, field activities
1-1
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in the summary report and WP/ESP were designed to complete the data requirements of a baseline
ERA.

In February 2000, the Navy collected additional samples to complete the data requirements of a
baseline ERA for the Rl. Based on the results of the screening-level human health risk assessment
(HHRA), additional data were not required to address risks to human health at the site. Although
remediation of lead contamination s likely to be the primary objective of any cleanup action at the site,
the purpose of the baseline ERA was to help define the liits of the excavation such that other site

chemicals that pose a potential threat to ecological receptors were addressed simultaneously.

It is the Navy’s intention to complete the RI phase and proceed through the FS and record of decision
phases as rapidly as possible, so that site remediation can be conducted to minimize threats to the
environment. Timely execution of all steps in this process is necessary to minimize the overall cost of
remediation. Applicable or relevant and appropriate requirements for the TBB disposal site are
discussed in Appendix J.

1 REMEDIAL INVESTIGATION OBJECTIVES
Specific objectives of the RI for the TBB Disposal Site at NWSSB Detachment Concord are as follows:

e Characterize the nature and extent of soil and sediment contamination for the purpose of
developing and evaluating effective remedial alternatives.

e Characterize spatial extent of debris for the purpose of developing and evaluating effective
remedial alternatives.

e ldentify potential contamination migration pathways and receptors potentially exposed to
contaminantsat the site.

e Assess risk to human health using a screening-level HHRA approach and delineate a risk
footprint.

e Assess ecological risk using a baseline ERA approach and delineate a risk footprint.

e Collect data to support initial FS activities.

1-2
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This RI report was prepared with these objectives in mind, in accordance with the revised National Oil
and Hazardous Substances Pollution Contingency Plan (NCP) and U.S. Environmental Protection
Agency’s (EPA) guidance for conducting R1/ESs under Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) (EPA 1988). Data gathered during the RI are used to
evaluate whether the site poses a risk to human health or the environment (EPA 1997a, 1997b). If a

risk exists, the RI data will be used in the FS process to evaluate remedial alternatives.
1.2 REPORT ORGANIZATION
This report is organized into the following sections:

e Section 1.0, Introduction, introduces the project and presents background information.

e Section 2.0, Site Description and Background, describes the site, the history of the site,
current operations occurring at the site, and previous investigationsconducted at the site.

e Section 3.0, Environmental Setting, explains the physiography, topography, and regional
geology; the regional hydrology and hydrogeology; the climate; and the ecological habitats
at the site.

e Section4.0, InvestigationRationale and Methods, describes investigation reconnaissance
activities, sediment investigations, field quality assurance (QA)/quality control (QC)
procedures, the analytical program, and the data validation process.

e Section 5.0, Nature and Extent of Site Chemicalsand Debris: describes the distribution of
debris at the site and the results of chemical analyses of sediment samples.

e Section 6.0, Contaminant Fate and Transport Evaluation, describes the physical and
chemical processes that determine the chemical fate and toxicology of each metal at the
site.

e Section 7.0, Human Health Risk Assessment, evaluatesthe risk to human health from
chemicals at the site.

e Section 8.0, Baseline Ecological Risk Assessment, describes the conceptual site model;
evaluates risk to plants, benthic invertebrates, and birds and mammals; weighs the various
lines of evidence and assessment endpoints to characterize overall risk at the site; and
considers how uncertainty influences the potential significance of the overall risk.

1-3
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e Section 9.0, Conclusions and Risk Management Recommendations, summarizes overall
risk to human health and ecological receptors, discusses the management implications of
the human health and ecological risk, and makes recommendations regarding the overall
risk from chemicals at the site.

e Section 10.0, References

1-4
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2.0 SITE DESCRIPTION AND BACKGROUND

The following sections describe the TBB Disposal Site at NWSSB Detachment Concord. Descriptions

of the site location, regional and site land use, history, and current operations are included.

2.1 SITE LOCATIONAND DESCRIPTION

NWSSB Detachment Concord is located in the north-central portion of Contra Costa County,
California, about 30 miles northeast of San Francisco. The facility encompasses about 13,000 acres
and is bounded by Suisun Bay to the north and the City of Concord to the south and west (See Figures
1-1and 1-2). Currently, the facility includes three principal areas: the Tidal Area, the Inland Area,
and a radiography facility in Pittsburg, California. The Tidal Area encompasses about 6,800 acres (see
Figure 1-2), the majority of which are wetlands. The TBB Disposal Site is located in the Tidal Area

beneath Taylor Boulevard Bridge. Taylor Boulevard is the main access road to the Tidal Area.

Access to the TBB Disposal Site is through a guarded gate off of Port Chicago Highway, west of the

main entrance to the Inland Area. Public access is restricted.

The TBB Disposal Site is a marsh adjacent to an upland transition area (see Figure 2-1). It has no
paved areas, no buildings are present, and no physical evidence exists of any previous construction at
the site. The nearest improvementsare the Taylor Boulevard Bridge and the Taylor Boulevard
Railroad Bridge, which span over the eastern side of the site. The elevation at the center of the site is 6
feet higher than the surrounding marsh. No portion of the site is higher than 12 feet above mean sea
level (msl). The Santa Fe Railroad tracks are immediately south of the site, and Waterfront Road and

the Southern Pacific Railroad tracks are immediately north of the site (See Figure 2-1).

The TBB Disposal Site is triangular in shape and is bordered by wetlands (referred to herein as Seal
Creek Marsh) to the south and west (see Figure 2-1). Seal Creek Marsh, adjacent to the site, is mostly

open water, although the water depth varies seasonally. Pickleweed borders most of the shoreline.

Debris consisting of broken glass, burned metal, and partially burned wooden railroad ties litter the
ground surface at much of the site. Glass and metal debris cover a triangular area extending about 180
by 180 feet and extend into the open water and onto a peninsula (see Figure 2-1). The lateral and
vertical distribution of the debris is detailed in Section 5.3. Surface vegetation covers the debris in

most areas.

2-1 DS.0309.15133



2.2 REGIONAL. LAND USE

Land use at NWSSB Detachment Concord is diverse, including industrial and residential areas,

rangeland, and open space. Railroad land holdings and utility easements cross through the Tidal Area.
The Los Medanos Hills (see Figure 1-2) separate the Tidal and Inland Areas of NWSSB Detachment

Concord. This land is privately owned and is leased to the Pacific Gas and Electric Company (PG&E)

and to ranchers for cattle grazing. Land north of State Route 4 (see Figure 1-1) and west of NWSSB

Detachment Concord is zoned for industrial development. Several industrial firms operate along Port

Chicago Highway near the main gate to NWSSB Detachment Concord. Tosco Avon Refinery

Company and Monsanto Chemical Company maintain facilities along Sotano Way near Waterfront

Road.

2.3 SITEHISTORY

The region encompassing NWSSB Detachment Concord was originally identified as Bay Point. The

Tidal Area was originally occupied by the Pacific Coast Shipbuildmg Company. The shipyard

occupied the coastal area north of the TBB Disposal Site. Johnson Road was the only major road into

the Tidal Area. In 1927, the Navy chose the site for naval ordnance operations because of its remote

location and the availability of three major rail limes. Two of these rail lines bound the TBB Disposal

Site to the north and south (see Figure 1-2). The rail limes were reportedly constructed before 1940.

Construction of the waterfront handling facilities began in Jammary 1942, and in April 1942, the facility

was commissioned as the Naval Magazine Port Chicago. Around this time, the name Bay Point was

changed to Rort Chicago. The Inland Area, located in the Diablo Creek Valley, was subsequently

acquired and linked to the Tidal Area by the Port Chicago and Clayton Railroads. In 1963, the base

was officially renamed Naval Weapons Station Concord. In April 1998, the base became the Weapons

Support Facility Seal Beach, Detachment Concord.

On July 7, 1944, two munitions ships, docked at a pier adjacent to the Tidal Area, exploded. The pier

and both ships were destroyed, and 320 people were killed. Nearby residents in Port Chicago were

injured. To protect the civilian population, the Navy acquired all land within a 2-mile radius of the

loading piers. To provide a safety zone, the towns of Port Chicago and Nichols were purchased and

demolished between 1968 and 1972. The former town sites are now i the Tidal Area.

Seven aerial photographs from 1952to 1996 and recent site visits suggest that the TBB Disposal Site

has not been graded for more than 45 years (Pacific Aerial Surveys [PAS] 1952, 1959, 1974 1984,
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PRC 1996). Slight changes in the site can be seen in each of the photographs, but there is no evidence
of grading. The Taylor Boulevard Bridge and the railroad bridge immediately east of the disposal site
were constructed sometime between 1939 and 1950. Changes in vegetation over time are apparent, but
these changes may stem from photographs being taken in different seasons. The most notable change
over time is the variation in the degree of inundation of Seal Creek Marsh. Although Seal Creek
Marsh is readily identified as a marsh in the aerial photographs, the degree of site inundation varies
significantly, probably with rainfall patterns. For example, marsh floodmg is not apparent in
photographs prior to August 6, 1996 (PAS 1952, 1959, 1974, 1984}, but Seal Creek Marsh is
inundated in the August 6, 1996, photographs (PRC 1996).

The dates of debris disposal and the source of the debris at the site are unknown. The debris includes
blue-colored glass bottles and ceramic fragments, suggesting that the waste is perhaps 40 to 50 years

old or older.
24 CURRENT OPERATIONS

NWSSB Detachment Concord is the major naval, explosive ordnance transshipment facility on the
West Coast. The facility provides storage, maintenance, and technical support for ordnance operations.
Although daily operation of the facility is being transferred to the U.S. Army, responsibility for
environmental cleanup will remain with the Navy into the near future. No plans currently exist for

base closure.

The TBB Disposal Site has no other use
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3.0 ENVIRONMENTAL SETTING

The following sections describe the environmental setting of NWSSB Detachment Concord, including
physiography, topography, geology, hydrology, and climate. Informationherein was summarized from
Section 2.5 of the “Draft Final, Remedial Investigation Report, Tidal Area Sites, Naval Weapons
Station Seal Beach, Detachment Concord” (TtEMI 1999b).

3.1 PHYSIOGRAPHY AND TOPOGRAPHY

Contra Costa County consists of four physiographic regions, the Coast Range highlands, the
intermountain valleys, the San Francsico Bay depression, and the Sacramento-San Joaquin Delta. The
Diablo Range intercoastal highlands include both smooth rolling hills and relatively rugged mountains,
ranging in elevation from 100 feet above ms! along the San Francisco Bay depressionto 3,849 feet
above msl at Mt. Diablo. The intermountain valleys and San Francisco Bay depression consist of
floodplains and low terraces, with gently rolling fans and old terrace remnants adjacent to the uplands.
NWSSB Detachment Concord lies about 10 miles west of the confluence of the Sacramento and San
Joaquin Rivers. This confluence forms the Delta region, which contains over 600 miles of
interconnected and meandering tidal waterways. Drainage from NWSSB Detachment Concord is

exclusively into Suisun Bay.

The Tidal Area originally consisted of three distinct land formations: (1) brackish marsh along the
shore of Suisun Bay, (2) the upland colluvial slope, and (3) the sandstone hills farthest from the water.
During construction of NWSSB Detachment Concord, much of the wetlands was filled. Most of the
Tidal Area facilities were built on these filled areas (International Technology Corporation [IT] 1992).
Between the Tidal Area and Los Medanos Hills, is a 0.5-mile-wide band of colluvial slope material.
Coliuvial slope materials form the eastern upland areas of the TBB Disposal Site, and Seal Creek

Marsh borders the western area of the site.

3.2 REGIONAL GEOLOGY

The information herein was summarized from the Tidal Area site investigation report (1T 1992},

geotechnical boring data obtained from the Navy, and published materials.

NWSSB Detachment Concord is located about 30 miles east of San Francisco Bay, within the
geologically complex and tectonically active California Coast Range. The Tidal Area lies within the
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southernpart of a structural trough that is partially occupied by Suisun Bay. The trough is partially
filled with unconsolidated and undifferentiated late Pleistocene and Holocene sediments. Glacial
advances and retreats during the Quaternary period caused sea level fluctuations that caused changes in
the depositional sedimentary environment. Glacial advances caused the sea level to drop 300 to 400
feet below its present level. This drop triggered the disappearance of estuarine depositional
environments, including Suisun Bay, and caused the incision of the SacramentoRiver Valley. During
glacial retreats, the sea level rose high enough to flood the Suisun Bay area, forming an estuary. As a
result, sediments beneath Suisun Bay consist of estuarine sediments deposited during high sea level
periods, alternating with alluvial and fluvial sediments that were deposited during periods of low sea

level. These quaternary sedimentsunderlie the Bay mud and younger alluvium.

The southern part of the Tidal Area includes the Los Medanos Hills. The Los Medanos Hills are
composed of folded and faulted tertiary bedrock. The early to mid-teriary rocks are primarily marine
in origin and consist of interbedded sandstones and mudstones. Marine formations include the Markley
and Neroly formations that lie in a northwesterly direction that dips 30 to 40 degrees northeast. The
Wolfskill formation (also called the Los Medanos formation) overlies the tertiary marine formations

and occurs along the northeastern edge of the Los Medanos Hills.

Several active major faults occur near NWSSB Detachment Concord. The Concord Fault is a
northwest-trending, right-lateral, strike-slip fault iocated about 1 mile southwest of the Inland Area.
The Clayton Fault lies within the Inland Area, near the southwesternbase of the Los Medanos Hills.
This fault strikes northwest, dips northeast, and has a significant dip-slip separation (Dibblee 1980,
1981; Sims and others 1973). No major earthquakes have occurred on the Clayton Fault; however,
this fault is believed to be the northwestern extension of the Greenville Fault. The Greenville Fault
displays geomorphic evidence of Holocene displacements and experienced an earthquake with surface
rupture in the eastern part of the Livermore Valley in January 1980 (Earth Science Associates 1982).
The Antioch Fault is northwest-trending, located about 10 miles east of NWSSB Detachment Concord.
No significant earthquakes have occurred on the fault; however, the 1889 Collinsville earthquake may

have produced surface rupture in the City of Antioch (Toppozada and others 1981).
3.3 REGIONAL HYDROLOGY AND HYDROGEOLOGY

Regional and local hydrologic and hydrogeologic environments of the Tidal Area at NWSSB

Detachment Concord are presented in this section. Hydrologic data stem from various surface and
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subsurface field investigations. Hydrogeologic data are based on geologic maps, data from subsurface

field investigations in the Suisun Bay and Carquinez Strait area, and published materials.
3.3.1 Hydrologic and Hydrogeologic Setting
Groundwater conditions at the Tidal Area are briefly summarized in this section (TtEMI 1998).

The Tidal Area is characterized by a highly irreguiar piezometric surface and very thin (or absent)
vadose zone. Surface water features in the Tidal Area act to recharge local groundwater zones or as a
point of groundwater discharge. Groundwater from the surrounding hills flows northward toward
Suisun Bay and discharges to surface waters in the Tidal Area. Surface water from the surrounding

hills flows northward, toward Suisun Bay, in creeks and artificial ditches, canals, and culverts.

Ground water at the Tidal Area occurs in a shallow, unconfined water-bearing zone that is composed of
silty clays. As NWSSB Detachment Concord grew, site drainage was modified by addition of drainage
channels and by filling both natural and manmade channels with sandy fill materials and silty clays.

The result is a complex subsurface characterized by silty clays and linear bodies of sandy fill material.

Tidally influenced sloughs in the lowlands near Suisun Bay route bay water to and from the Tidal Area.
Hastings Slough in the western portion of the Tidal Area extends from Suisun Bay to the Tosco Avon
Refinery in Martinez, California. Mount Diablo Creek (called Seal Creek by NWSSB Detachment
Concord) drains into Hastings Slough. Seal Creek and Hastings Slough are tidally influenced sloughs
that are adjacent to the TBB Disposal Site. Although Seal Creek and Hastings Slough are tidally
influenced, significanttidal fluctuation does not extend into Seal Creek Marsh. Based on repeated field

observations, water levels at the TBB Disposal Site fluctuate less than 6 inches during daily tidal cycles.

In the Tidal Area, groundwater is generally a few feet below ground surface throughout the year.
Groundwater elevations at the TBB Disposal Site are less than 1 foot below ground surface (bgs) at the

margin of Seal Creek Marsh.
3.3.2 Lithology and Distribution of Hydrogeologic Units

Four major hydrogeologic units were identified beneath the Tidal Area within 100 feet of the surface.
The four units were (1) bay sediments (clay with sand and peat stringers), (2) Yerba Buena mud (clay
with minor sand lenses), (3) recent alluvium (including sands, silts, and clays), and (4) fluvial or

estuarine sediments (predominantly micaceous sand). In addition, artificial fill is present in the upper
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surface at several locations in the Tidal Area, particularly at the TBB Disposal Site. At the TBB
Disposal Site, recent alluvium and bay sediments, consisting of silty clay, may be the only
hydrogeologic units present. A description of the sediment and artificial composition, the relative

thickness, and the distribution of each unit follows.
Bay Sediments

Bay sedimentsare currently being deposited within the San Francisco Bay estuary. These deposits
typically consist of Bay mud, Bay peat, and Bay sand. Bay mud and Bay peat are the predominant

lithologies at the Tidal Area; Bay sand occurs sparsely.

Silty clay is the predominant lithology of Bay mud. Bay mud silty clays contain organic matter and are
typically dark gray to black, soft to medium stiff. These silty clays typically have very low
permeabilities and retard groundwater migration.

Some facies of Bay mud contain appreciable amounts of peat, which is composed of partially decayed
plant material deposited in a marsh environment. Hydrogeologicproperties of the pea-rich portions of
the Bay mud vary with the amount of clay present in the peat. In areas where the peat contains little or

no clay, it has a relatively high permeability and acts as a preferred groundwater movement path.

Some portions of the Bay mud consist of fine- to coarse-grained sand lenses deposited in beach areas or
in the channels of streams or rivers. Sand bodies within the Bay mud typically have high permeabilities
and act as preferred pathways for groundwater movement. However, typically, the sand bodies are not

laterally extensive.
Yerba Buena Mud

Yerba Buena mud (commonly called older Bay mud) consists of a medium stiff to very stiff clay that is
gray, blue, or green in color, and contains significantorganic matter (Sloan 1992). The Yerba Buena
mud was deposited during the high sea level of the last interglacial period, about 120,000to0

125,000 years ago, in an estuary that predates the current San Francisco Bay.

Previous work in the Tidal Area found that Yerba Buena mud is not present at the western and southern
portions of the Tidal Area (in the vicinity of the TBB Disposal Site). In these areas, the Yerba Buena

mud is replaced by very stiff to medium stiff, predominantly brown and yellow-brown clays that are
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locally interbedded with thin sands. These brown and yellow-brown clays are alluvial in origin and

represent a localized facies change within the Yerba Buena mud. The depositional history is unknown.
Aluviam

Brown and yellow-brown clays and thin interbedded fine-grained alluvial sands, originating from the
surrounding hills, occur in the southern and western portions of the Tidal Arez. The alluvium contains
sparse organic matter and has a relatively low permeability. Sands therein are typically interbedded at

multiple horizons with clay or silt beds (TtEMI 1999a).
Fluvial or Estuarine Sediments

Borings in the northern Tidal Area indicate that at 50 to 70 feet below msl, a thick sand unit is'present
beneath both the Yerba Buena mud and the alluvium (TtEMI 1999a). This sand is typically brown or
gray-green in color, is fine-to medium-grained, and contains sparse gravels. A significant percentage
of mica is present in the sand, suggesting that the source is granitic rocks of the Sierra Nevada. If
correct, this sand would have been deposited by the Sacramento River rather tenby local streams.

The presence of estuarine sand has not been confirmed at the TBB Disposal Site.

Artificial Fill

Clay, sandy silt, very fme-grained sands, silty gravels, and clean gravels from off-site sources
characterize the artificial fill. Color varies from yellowish-brown to gray. The fine-grained silts and
clay exhibit relatively low plasticity. The gravelsare angular to subrounded and vary from poorly to
well sorted. Artificial fill was used throughout the Tidal Area to construct road and railroad beds,
channel levees, structural pads, and protective revetments. Sections of natural sloughs and artificial
sluices were also backfilled using artificial fill. The TBB Disposal Site also contains a layer of artificial
fill that consists of a combination of soil fill, old broken glass, metal scrap, and other debris. Beyond
the debris fill area (not including nearby rail and roadway alignments), no evidence exists of soil fill

near the Taylor Boulevard Bridge.
3.3.3 Surface Water Hydrology

The surface water bodies nearest to the TBB Disposal Site are Seal Creek Marsh, located immediately
west of the site, and Hastings Slough, located about 1,000 yards west of the site, on the western edge
of Seal Creek Marsh (see Figure 2-1). Suisun Bay is located about 1.25 miles north of the site (see
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Figure 1-2). Surface water runoff from the TBB Disposal Site dischargesto Seal Creek Marsh.
Although originally the area was subject to tidal inundation, tidal fluctuation at Seal Creek Marsh
adjacent to the TBB Disposal Site at this time is minimal. Based on observations (not direct
measurements) at the TBB Disposal Site, shoreline water levels varied less than 6 inches during daily
tidal cycles. However, during periods of heavy rainfall, the surface level of Seal Creek Marsh may

vary as much as 4 feet because of freshwater inflow from Seal Creek by way of Diablo Creek.

In July 1999, salinity measurements at Seal Creek Marsh near the TBB Disposal Site ranged from 11 to

14 parts per thousand (ppt). Salinity measurements taken in May 2000 ranged from 5 to 10ppt.

The drainage pattern of Seal Creek Marsh near the TBB Disposal Site has been altered through the
years by manmade features. Active railroad lines border the TBB Disposal Site to the north and south
(see Figure 2-1). In addition, drainage ditches dug by the Contra Costa County Mosquito Abatement
District are present in Seal Creek Marsh. Aerial photographs of the Tidal Area from 1952 and 1959
show an east-west trending drainage ditch about 800 feet northwest of the TBB Disposal Site (PAS
1952, 1959). A 1974 aerial photograph shows additional excavation of north-south trending ditches
west of the TBB Disposal Site (PAS 1974). These ditches are also evident in a 1984 aerial photograph
of the area (PAS 1984). In a 1996 aerial photograph, the Seal Creek Marsh portion of the TBB
Disposal Site is largely submerged, including much of the ditch region (TtEMI 1996¢). Seal Creek
Marsh was fully submerged during TBB Disposal Site visits in Spring 2000. Consequently, drainage

ditches and other submerged features were not observed.
34 CLIMATE

Contra Costa Country normally has dry, warm summersand cool, moderately wet winters. Mean
annual precipitation for NWSSB Detachment Concord is 14 inches (Ecology and Environment 1983).
About 84 percent of the rainfall occurs from November through March. Regional rainfall varies from
13 inches in the eastern portion of Contra Costa County to more then 30 inches on the upper slopes of
Mount Diablo.

The average local temperature varies from 45 °F in January to 75 °F in August. Record highs and

lows of 106 and 16 °F were recorded near NWSSB Detachment Concord.

Prevailing winds blow from the west through the wind gap formed by San Francisco Bay and

Carquinez Strait. As a result, the Pacific Ocean and Suisun Bay have a moderating effect on the
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microclimate of NWSSB Detachment Concord. These westerly winds are dominant during the summer
months and minimal from November through February. Wind directions and speed are monitored at a
PG&E power plant in Pittsburg, a few miles east of NWSSB Detachment Concord. Sixty-five percent

of the time, the wind blows from southwest to west-northwest at a mean speed of 12 miles per hour.

The geographic and urban setting of NWSSB Detachment Concord provides ideal conditions for urban
air pollution. In recent years, Contra Costa County has not met federal Clean Air Act guidelines for
carbon dioxide, particulates, and opacity (haze effect). Temperature inversion (an increase in ambient
temperature with altitude) is common. Temperature inversion prevents airborne pollutants from
dispersing vertically into the upper atmosphere, causing increased pollutant concentrations at ground

level. The most common pollutants are sulfur dioxide, carbon monoxide, and particulates.

3.5 HABITAT

The TBB Disposal Site can be subdivided into two habitats (see Figure 3-1). The first is an open water
aquatic habitat, and the second represents a wetland and upland transitional habitat that appears to be
strongly influenced by soil moisture levels. Three dominant vegetation types are present in the wetland
and upland transitional habitat; however, a true upland plant community is not present at the TBB

Disposal Site.

35.1 Aguatic Habitat

The aquatic habitat consists of shallow, open water of varying salinities, interspersed with “islands” of
vegetation; in the shallowest waters, dense pickleweed root systems and thick algal mats are abundant.
The dominance of algal mats varies with season, as does the algal species composition. In deeper
areas, cattail clumps occur. The bottom appears to be a rich organic matrix of decaying algae and
detritus. This habitat may contain amphipod species, clams, polychaete worms, and other species of

filter- and deposit-feeding benthic invertebrates.

3.5.2 Shoreline

The shoreline is the transition area between the aquatic and terrestrial habitats. The boundary of the
shoreline fluctuates over time because of seasonal variation in the water level of Seal Creek Marsh,

resulting from annual rainfall and tidal influence. For this reason, the shoreline is included as part of
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both the aquatic and wetland and upland transitional habitats. The shoreline is shown in stippled colors

on Figure 3-1.

The dominant plant along the shoreline is pickleweed, Salicornia virginica. The plant is a colonial
halophyte that reproduces both vegetatively and by sesd, resulting in dense stands. Pickleweed is
adapted to high saline habitats; it absorbs salt and water through its roots and stores salt in aboveground
tissues. The excess salt is transported to stem tips, which, when desiccated, fall off the plant, reducing
the salt concentration in plant tissues (Ornduff 1974). Pickleweed, with its elaborate root system, traps
detritus and sediment particles, which produce rich organic sediment; this sediment serves as a primary
food source for many benthic invertebrates, particularly depositand filter feeders. This moist, shaded

pickleweed niche is the home for numerous benthic invertebrates, including various amphipod species.
3.5.3 Wetland and Upland Transitional Habitat

The shoreline comprises the lowest region of the wetland and upland transitional habitat (see Figures 3-
1land 3-2). On the tip of the peninsulaand in the eastern portion of this lowest region (see Figure 3-2),

gumplant (Grindelia species) grows in dense clumps interspersed among the pickleweed.

In the mid-region of the wetland and upland transitional habitat (see Figure 3-2); grasses such as
saltgrass, Distichlis spicata, are abundant. Gumplant is also common. Gumplant often grows
interspersed among the grasses forming loosely-spaced aggregations. Australian salt bush, Azriplex
semibaccata, and spearscale, Atriplex friangularis, are also present, randomly growing among the
grasses. Curly dock, Rumex crispus, occurs in small numbers. Alkali heath, Frankenia saiina, also

occurs sporadically.

In the upper region of the wetland and upland transitional habitat (see Figure 3-2), grasses are less
abundant and shrubs dominate. Coyote brush (Baccharis pilularis), fennel (Foeniculum vulgare), and
artichoke thistle (Cynara caradunculus) occur throughout this region. Gumplant is also present, but
generally in smaller numbers, with the exception of a dense stand in the southwestern corner of the
habitat.

The factor that probably controls plant distribution within the wetland and upland transitional habitat is
soil moisture. As the site elevation increases from sea level to 10 feet and distance from the shoreline
increases, the moisture content of surface soil declines, and the abundance of obligate wetland species

decreases.
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4.0 INVESTIGATION RATIONALE AND METHODS

The TBB Disposal Site RI field investigation consisted of a series of five soil and sediment sampling
events beginning in February 1996. These investigationsserved to characterize the site’s soil and
sediment chemistry and determine the nature and extent of chemicals likely to originate from on-site
debris. Additional sampling to address the ERA data needs was conducted during February and

March 2000. The ERA-focused sampling included collection of composite sediment samples for metals
analysis and bioassays and collection of pickleweed and amphipods for tissue residue analysis. Also
during the ERA-focused sampling, 22 holes were dug throughout the site in an effort to determine the

depth and lateral extent of the site debris.

This section briefly describes the rationale and methods for the field investigationsat the TBB Disposal
Site. Detailed information regarding field sampling and the related analytical program for the first five
rounds of TBB Disposal Site soil and sediment sampling is contained in the FSP (PRC Environmental
Management, Inc. [PRC] and Montgomery Watson 1994) and quality assurance project plan (QAPP)
(PRC 1995) prepared for the NWSSB Detachment Concord Tichl Area RI. The field sampling and
related analytical program for the ERA are detailed in the following TBB Disposal Site documents:

(1) “Final Summary Report and Field Work Plan for Supplemental Sampling at Taylor Boulevard
Bridge Disposal Site, Tidal Area, NWSSB Detachment Concord” (TtEMI 1999b), (2) “Final Field
Sampling Plan for Supplemental Sampling at Taylor Boulevard Bridge Disposal site Tidal Area,
NWSSB Detachment Concord” (TtEMI 2000a), and (3) “Quality Assurance Project Plan for Taylor
Boulevard Bridge Disposal Site, Tidal Area, NWSSB Detachment Concord” (TtEMI 2000b).

4.1 SOIL AND SEDIMENT INVESTIGATIONS

No clear distinction can be made between soil and sediment in most areas of the TBB Disposal Site
because of the predominantly wetland nature of the site and the seasonal or periodic inundation of much
of the shoreline area by winter storms or high tides. Although the area of the site above the 6-foot-
above-msl contour likely contains upland soils that are rarely inundated, henceforth in this report,
samples from all TBB Disposal Site areas are described as sediment samples. Therefore, “sediment
samples” include those samples from the submerged Seal Creek Marsh portion of the site, as well as
samples from the wetland and upland transitional habitat. The nature and extent of chemicals detected
in sediment samples is described in Section 5.0. Appendii D contains analytical results for all TBB
Disposal Site samples.

4-1 DS.0309.15133



The initial sediment sampling investigation at the TBB Disposal Site was conducted in February 1996.
Sediment samples were collected from three borings (SBO1 through SB(3) located in the central region
of the site, in an area where scattered glass, metal, and wood debris were present. All sampling
locations are illustrated on Figure 3-1. These early samples were collected to generally delineate
chemical concentrationsin TBB Disposal Site sediment. Two sediment samples were collected from
each of the borings: one from 0.0 to 0.5 feet bgs, and one from 2.0 to 2.5 feet bgs. A total of six
sediment samples were collected and analyzed for semivelatite organic compounds (SVOC), metals,
total petroleum hydrocarbons (TPH)-purgeables (gasoline range compounds), and TPH-extractables
(diesel fuel and motor oil range compounds). Sampleswere not analyzed for pesticides and
polychlorinated biphenyls, because the large amount of glass debris at the site suggested a disposal area
for household waste rather than industrial waste. Sampleswere also not analyzed for volatile organic
compounds (VOC}, because these constituents are not likely to be present in exposed shallow surface

sediment.

Analytical results for the initial six samples from borings SBOI through SB03 indicated that TPH as
diesel (TPH-d) and TPH as motor oil (TPH-mo) Wes present at the surface at SBOI and SB03. TPH-d
and TPH-mo were not detected at SB02 or in any of the deeper samples from 2.0 to 2.5 feet bgs. The
highest concentrations of metals were detected in surface samples at SBOI and SBG3. Samples
collected from 2.0 to 2.5 feet bgs contained lower concentrations of metals and SVOCs. Metals

concentrations in the deeper samples appear to be within the estimated ambient limit range.

Based on the results of the initial sampling, a second round of sampling was conducted in March 1997.
Nine borings (SB04 through SBi2} were completed primarily to the east and south of borings SBOI
through SBO3 (see Figure 3-1) to evaluate the lateral extent of metals, TPH, and SVOC concentrations.
The analytical data was also to be used in estimating the approximate volume of material to be removed
as part of a future removal action. Samples were collected at each boring from the 0- to 0.5- and 1.0-
to 1.5-foot bgs intervals. SVOCsand TPH were detected in the surface samples, but the pattern of
detected organic chemicals did not suggesta significant spill, because deeper sediments were not

involved. Consequently, SVOCsand TPH were not evaluated in subsequent sampling rounds.

Following the second round of sampling, the vertical extent of site chemicals in sediment was
considered to be delineated; however, the lateral extent of elevated metals concentrations in TBB
Disposal Site sediment was not defined. Three additional rounds of sampling were conducted to

evaluate the lateral extent of metals concentrationsin surface sediment in the adjacent submerged
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region of Seal Creek Marsh. Surface sediment sampling events were conducted in October 1997
(including samples SB13 through $B20), March 1998 (including samples SB100 through SB106), and
June 1998 (including samples 5200 through $$214). Sampling in the final two rounds extended

laterally into areas where the concentrations of metals in sediment samples were lower.

4.2

DATA GAPS

Characterization of chemical concentrations in groundwater and surface water at the TBB Disposal Site

has not been conducted as part of this Ri. Although this is a data gap, no sampling of groundwater or

surface water was proposed for the following reasons:

Groundwater

@)

)

Surface Water

(1)

@)

3

The vertical extent of sediment contamination is well defined. Sediment samples below
1 foot bgs do not contain significant concentrations of chemicals. Although the
disposal site has been in place for decades, no evidence exists that chemicals have
migrated vertically by leaching, as evidenced by the lack of soil contaminationat
depths below 1 foot bgs.

Debris removal will eliminate the primary source of contaminationat the site. Even if
groundwater impacts were detected, remedial actions performed at the site to address
groundwater would likely begin and end with removal of the debris and contaminated
sediment source.

The size of the TBB Disposal Site, relative to the drainage area that discharges to the
portion of Seal Creek Marsh adjacent to the site, is So small that it is not significant.
As a result, potentially contaminated runoff from the site is unfikely to have a
significant effect on water quality of the area.

Because of the size of Seal Creek Marsh, the presence of nearby petroleum refineries
to the west, and the transitory nature of surface water in the area, elevated
concentrations of any surface water constituents cannot be assumed to have originated
from the TBB Disposal Site.

Even if it were possible to determine that surface water impacts within Seal Creek
Marsh were attributable to the TBB Disposal Site, all remedial activities would be
directed toward the removal of the debris and contaminated sources. Active
remediation of surface water itself is unlikely.
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(4) Establishing baseline conditions of surface water within Seal Creek Marsh is a complex
task that would require establishment of reference areas for sampling and collection of
multiple samples throughout the year. The cost, which could exceed one hundred
thousand dollars, would be difficult to justify, considering the presumably low risk of
significant impact to surface water from a source area of such small sue. Additionally,
the establishment of reference areas within Seal Creek Marsh was part of the work plan
as it was not included in the scope of work for the TBB Disposal Site R1.

(5) In December 2001, the RWQCB collected seven surface water samples in the Seal
Creek Marsh directly offshore from the TBB Disposal Site. The RWQCB samples
were analyzed for total and dissolved metals. For total metals, chromium was detected
at one location. For dissolved metals zinc was detected at several locations. However,
concentrations for both total and dissolved metals were well below the ambient water
quality control values calculated based on a hardness of 400 mg/L (hardness values in
samples collected ranged from 2,600 mg/L to 2,800 mg/L, however, 400 mg/L is the
upper value allowed by the California Toxics Rule). The RWQCB data support that the
TBB Disposal Site is not a source of contamination to the Seal Creek Marsh. The
RWQCB sample location map and sample results are provided in Appendix N

4.3 ECOLOGICAL RISK ASSESSMENT SAMPLING

Data provided from the sediment investigationswas not sufficient to conduct a baseline ERA. The
baseline ERA required data on the potential exposure to and effects of chemicals on representative
receptors at the site. Accordingly, the following types of data were collected for evaluation during the
months of February and March 2000: (1) concentrations of inorganic chemicals in tissues of
pickleweed and benthic invertebrates on the site and (2) toxicity of site sediments to invertebrates under
controlled laboratory conditions. Based on the findings of the screening-level ERA (TtEMI 1995b),
elevated concentrations of metals (particularly lead and selenium) represent a greater risk to ecological
receptors at the site than concentrations detected for a limited number of organic chemicals.
Consequently, tissue and additional sediment samples were analyzed for inorganic chemicals only,
because metals are the focus of the baseline ERA. The depth and extent of site debris was also

determined during the February and March 2000 investigation.

The plans for collection of ERA data were based on the seven-step data quality objective (DQO)
process, as presented in Section A1.2 of the TBB QAPP (TtEMI 2000b) and Section 9.2 of the WP
(TtEMI 1999b). The DQO table from the TBB QAPP is included in Appendix A of this document.
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431 Field Investigation Activities

The following field investigation activities were conducted at the TBB Disposal Site to evaluate the
extent of debris, the concentration of inorganic chemicals, the toxicity of sediments, and the
bioavailability of inorganic chemicals. These activitieswere conducted in accordance with the WP
(TtEMI 1999b) and FSP (TtEMI 2000a). The activities are briefly described in the following sections.

4311 Physical Delineation of Debris

A shovel was used to investigate the vertical and lateral extent of the debris. The offshore region of the
site was probed using a shovel and 5-foot length of plastic pipe to estimate the offshore extent of glass
debris. The debris cores and shovel waste was returned to the excavation hole from which it
originated. The depth of debris and a description of the excavated material was recorded on boring
logs (see Appendix B). The vertical and lateral extent of glass and metal debris present at the site was

mapped and is discussed in Section 5.3.
4.3.1.2 Sediment Collection

Sediment chemistry data from all TBB Disposal Site field investigations was pooled for use in this
report. Inorganic chemical concentrations in sediment were used in three ways in the baseline ERA.
Bulk sediment chemistry was used to: (1) delineate the nature and extent of contamination at the TBB
Disposal Site, (2) evaluate sediment toxicity to plants and benthic invertebrates, and (3) estimate doses
to mammalian and avian receptors that incidentally ingest sediment while feeding at the TBB Disposal
Site.

As part of the ERA sampling, sediment was collected in the northern (three locations), central (three
locations), and southern (three locations) portions of the marsh (see Figure 3-1), and the three samples
from each geographic area were combined and homogenized. These composite sediment samples
(309SSNS, 30988CS, and 309SSSS) were placed into precleaned, 4-liter (L) glassjars with teflon-lined

lids, stored in an ice chest, and transported to the laboratory. Sampleswere stored at 4 °C.,

Amphipod Bioassay Method

An amphipod sedimentbioassay, using amphipod survival and reburial as endpoints, was used to

determine the potential acute impact of whole sediment contaminants on benthic organisms through
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short-term exposure. The three composite sediment samples from nine locations (see Figure 3-1) in
Seal Creek Marsh were tested for toxicity to benthic invertebrates using the amphipod Eohaustorius
estuarius, following American Society for Testing and Materials (ASTM) 1999. A summary of the
method is provided below.

Based on a comparison of habitat, salinity tolerance, sediment tolerance, and sensitivity to contaminants
of five species of freshwater, estuarine, and marine amphipods (WP, Section 9.3.4 [TtEMI 1999b]),
Eohaustorius estuarius was chosen as the most appropriate organism for the sediment bioassay at the
TBB Disposal Site. Eohaustorius estuarius is a free-burrowing amphipod found on protected and
semiprotected beaches from the lower intertidal to shallow subtidal waters exclusively on the Pacific
coast, from British Columbia south to central California (Environment Canada 1992, as cited in EPA
1994b). It is tolerant of various sediment grain sizes, has a wide range of salinity tolerance, and is
highly sensitive to contaminants. Furthermore, other studies in San Francisco Bay using Eohaustorius
estuarius, including studies conducted at NWSSB Detachment Concord (Tidal and Litigation Areas),

are available for comparison.

Amphipods (Eohaustoriusestuarius) were collected from Lower Yaquina Bay, Oregon. This amphipod
species lives in and on the sediment, making it an ideal organism to assess sediment toxicity.
Furthermore, it is sensitive to metals and tolerates a wide range of sedimentparticle sizes (DeWitt and
others 1989). The ambient salinity at Yaquina Bay was 8.5 ppt, and the amphipods were adjusted to a
salinity of 11.5 ppt prior to shipment to California. Upon arrival at the laboratory, the salinity was

increased to 20 ppt over 2 days at the rate of less than or equal to 5 ppt per day.

The sediment was removed from the refrigerator, allowed to reach room temperature, and was
homogenized. An aliquot was centrifuged at 2,500 grams for 30 minutes to collect the supernatant.
The supernatant was used for pore water pH, salinity, total ammonia, and sulfide concentration
measurements. These parameters can affect the condition of the amphipods and may confound the
results of the bioassay if they fall outside of specified values. Sediment aliquots were randomly
allocated into five, 1-L glass beakers to produce a depth of about 2 centimeters (cm). Filtered

(0.45 micrometer [pm]) seawater (artificial sea water “GP-2” [EPA 19881) was diluted to 20 ppt
salinity using deionized water passed through a reverse-osmosis unit. About 800 milliliters (mlL) of the

diluted seawater was poured into each replicate beaker. Beakerswere placed into a temperature-
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controlled (15 + 3°C) water bath under continuous illumination. Each beaker was aerated. A negative

control using sediment from the field location where the amphipods were collected was also prepared.

Water quality parameters (pH, dissolved oxygen [DO], salinity, and temperature) were measured in
water overlying the sediment in each replicate beaker the day after test initiation. Aeration was
stopped, and 20 randomly selected Eohaustorius estuarius about 3 to 5 millimeters (mm) in length were
randomly placed into each replicate beaker. The organisms were allowed to acclimate for 60 minutes,

and the aeration was restarted.

The overlying water quality characteristics(pH, DO, salinity and temperature) were measured in one
replicate each of the composite sedimentand control treatments on each of the next 10days. On

days 2 and 8, a small aliquot of overlying water was collected from each replicate and pooled for
measurement of total ammonia concentrations. After 10days, final water quality parameters (pH, DO,
salinity, and temperature) were determined for the overlying water in each replicate beaker. The
sediment in each beaker was sieved, and all surviving amphipods were collected, enumerated, and
transferred into a small beaker containing clean sedimentand fresh 20-ppt seawater for assessment of

amphipod reburial.

To document that the amphipods in the definitive test were responding in a typical manner to toxic
stress, a concurrent referenee toxicant test (using cadmium) was performed (EPA 1994b). The 96-
hour, static test using Eohaustorius estuarius had five cadmium concentrations, 0.75, 1.5, 3, 6,and 9
milligrams per liter (mg/1.). The resulting effects concentration (EC,s) and effects concentration (ECs)
were 1.95 and 2.51 mg/L. The range of acceptable ECs, was 1.4 to 8.0 mg/L based upon the seven
most recent reference tests performed at the laboratory. Therefore, the amphipods were responding to

cadmium stress in a consistent and typical fashion.

4.3.2 Tissue Collection and Analysis

The following sections describe methods and procedures for collection of plant and invertebrate tissue
samples. Tissues of selected plant and animal tzxa were collected to provide site-specific prey
concentrations used in food-chain modeling of chemical doses potentially ingested by vertebrate
predators at the site (see Section 8-6). For invertebrates and pickleweed, tissue residues, coupled with
chemical concentration data from collocated sediment samples, also provided an estimate of

bioaccumulation of chemicals at the site (see Figure 3-1).
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Pickleweed Tissue Collection

Pickleweed provides food and habitat for the endangered salt marsh harvest mouse (Reithrodontormys
raviventris halicoetes) throughout the San Francisco Bay Area. At the TBB Disposal Site, patches of
pickleweed potentially large enough to support the salt marsh harvest mouse occur, although no salt

marsh harvest mice have been reported in the area.

Actively growing pickleweed tissue was collected from three locations in areas where pickleweed
provides potentially suitable habitat for the salt marsh harvest mouse. Tissue samples and collocated
sediment samples were analyzed for inorganic chemicals only. Tissue and collocated sediment sample

concentrations were used to calculate doses to the salt marsh harvest mouse.

Pickleweed tissue samples were systematically collected within an approximate 3-meter radius of
sampling location stakes. Samplers initially collected plant material within a 1-meter radius of the
sampling location stake and then worked outward in 1-meter increments to the 3-meter radius limit, or
until the desired plant mess for the residue analysis was collected, whichever was reached first.
Whenever possible, tissues were collected such that the entire 360" area around the sampling location

stake (and within the specified radius) is represented in the sample.
Invertebrate Tissue Collection

As part of the characterization of the TBB Disposal Site, to provide data on the potential
bioaccumulation and uptake of Chemicals and for food-chain modeling, amphipod tissues from the
shoreline region of the site were collected and analyzed for chemical residues. Amphipods are mostly
marine organismsand can be either benthic or pelagic, but there are some freshwater and terrestrial
species. Most amphipods are detritus feeders or scavengersand feed by filtering water or sediment
through their appendages. Amphipods were collected, because they were the most abundant
invertebrate taxa at the site and are a representative prey species for shorebird receptors. Amphipods
collected at the TBB Disposal Site ranged in size from about 2 to 5 mm ir: length. Invertebrates,
including amphipods, may accumulate chemicals in their tissues through contact with sediment and

water, as well as through ingestion of chemicals in or on food items.

Benthic invertebratesare of interest, both as direct receptors of chemicals and as sources of chemicals
to higher-trophic-level predators. Unfortunately, no action criteria are available against which to

evaluate the effect of measured tissue concentrations in these taxa; that is, a given level of a chemical in
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the tissues of an amphipod cannot be said to be safe or unsafe for the amphipod. However, tissue
concentrations can be evaluated as a source of chemicals to other animals through food-chain modeling.
The Navy used the amphipod tissue concentration in the dose estimation for the Black-necked stilt and

Mallard as representative receptors. Amphipod tissue samples were analyzed for inorganic chemicals.

Benthic invertebrate tissues were collected from three areas along the aquatic perimeter of the site

(see Figure 3-1) that represent the northern, central, and southern sections of the shoreline. Amphipod
collection was limited to those areas where the organisms were found during the time of field
collection. One composite tissue sample per section was collected, for a total of three samples.
Amphipod samples were collected using dip nets. Specimens were rinsed in the surface water to

remove external sedimentbefore being placed in the collection vessel.
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5.0 NATURE AND EXTENT OF SITE CHEMICALS AND DEBRIS

The following sections describe the organic and inorganic chemicals detected in sediment and used to
characterize the nature and extent of chemicals at the site. The vertical and lateral extent of debris was

also characterized.

The TBB Disposal Site consists of two habitats: aquatic and “wetland and upland transitional”
(see Figures 3-1 and 3-2). The shoreline region of the site is an area with seasonal variation in water
level; this zone was considered to be part of both the wetland and upland transitional and aquatic

habitats.

Figure 3-1 shows sampling locations for surface and subsurface sediment samples, composite sediment
samples, and collocated tissue samples. Tissue residue data is discussed in Section 8.0. Sediment
samples were collected from the interval O to 0.5 feet bgs, and subsurface sediment samples were
collected from depths between 1.0 and 2.5 feet bgs. Samples from locations SB001 through SB012
were collected from both the surface and subsurface (see Section 4.0) and analyzed for metals, SVOCs,
TPH-purgeable, and TPH-extractable. Only surface samples were collected at all other sediment
locations, and these samples were analyzed only for metals. The three composite sediment samples
were also used in an amphipod biocassay and analyzed for the following additional parameters:
simultaneously extractable metals/acid volatile sulfides (SEM/AVS), total organic carbon (TOC), grain
size, and pH. Pickleweed and amphipod tissue samples were analyzed for metals and percent moisture.

Table 5-1 lists the analyses conducted for each sampling location.

Sections 5.1 and 5.2 summarize analytical results for inorganic and organic constituents, respectively.

Appendix D includes complete tables that present the concentrations of chemicals in sediment samples.
5.1 INORGANIC CHEMICALS IN SEDIMENT SAMPLES

Metals were analyzed in 60 sediment samples, including 17 surface sediment samples collected in the
aquatic habitat, 20 surface and 12 subsurface sediment samples from the “wetland and upland
transitional habitat, and 11 surface sediment samples collected from the shoreline (which is included in

both aquatic and “wetland and upland transitional” habitats).

In the following subsections for each metal, the minimum and maximum detected sample

concenirations are given for the aquatic and wetland and upland transitional habitats. Sampling resuits
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are also summarized in Table 5-2. With the exception of aluminum and beryllium, the maximum

detected concentrations of inorganic chemicals were detected in surface sediment samples.

In addition, site concentrations were compared with Tidal Area and San Francisco Bay ambient values
(Appendix E and RWQCB 1998, respectively). These values provide a good indication of the range of
concentrations that can be expected in Tidal Area and SF Bay sediments. The Tidal Area ambient
values are based on the 99" percentile. The ambient values reported by the RWQCB are thresholds
based on an 85th percentile for sediments with 100 percent fines. Tidal Area and SF Bay ambient

values are shown on Table 5-2.
5.1.1 Aluminum

Aluminum was detected in all 60 sediment samples analyzed for metals. The distribution of aluminum
in site sediment samples is shown on Figures 5-1 and 5-22. Aluminum concentrations in the aquatic
habitat ranged from 1,890 (SS205) to 23,300 (S5200) milligrams per kilogram (mg/kg). Aluminum
concentrations in the wetland and upland transitionai habitat ranged from 3.0 (SB017) to 19,000
(SB001, subsurface) mg/kg. The Tidal Area ambient value for aluminum (27,300 mg/kg) was not

exceeded in either habitat.
5.1.2 Antimony

Antimony was detected in 26 of 45 sediment samples analyzed for the metal. Fifteen of the original
60 sediment samples were either not analyzed for antimony, or the analyses were rejected during the

- data validation process. The distribution of antimony in site sediment samples is shown on Figures 5-2
and 5-22. Antimony concentrations in the aguatic habitat ranged from 0.37 (309SB106) to
26.3 (SB015) mg/kg. Antimony concentrations in the wetland and upland transitional habitat ranged
from 0.37 (3095B106) to 84.2 (SB003, surface) mg/ke. The Tidal Area ambient value for antimony

(2.2 mg/kg) was exceeded in 19 samples. No SF Bay ambient was available for comparison.
5.1.3 Arsenic

Arsenic was detected in 58 of 60 sediment samples analyzed for metals. The distribution of arsenic in
site sediment samples is shown on Figures 5-3 and 5-23. The Tidal Area ambient value of 27 mg/kg
was exceeded in 11 samples. The SF Bay ambient value for arsenic (15.3 mg/ke) was exceeded in 18

samples. Arsenic concentrations in the aquatic habitat ranged from 3.2 (SS207) to 106 (SB018) mg/kg.
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Arsenic concentrations in the wetland and wpland transitional habitat ranged from 0.34 (SB017) to 142
(SB0O03, surface) mg/kg.

5.1.4 Barium

Barium was detected in all 60 sediment samples analyzed for metals. The distribution of barium in site
sediment samples is shown on Figures 54 and 5-22. Barium concentrations in the aquatic habitat
ranged from 56.8 (SB101) to 1,140 (SB014) mg/kg. Barium concentrations in the wetland and upland
transitional habitat ranged from 5.6 (SB017) to 4,660 (SB001, surface) mg/kg. The Tidal Area ambient
value for barium (530 mg/kg) was exceeded in 11 samples. No SF Bay ambient value was available

for comparison with site barfum concentrations.
5.1.5 Beryllium

Beryllium was detected in 37 of 60 sediment samples analyzed for metals. The distribution of
beryliium in site sediment samples is shown on Figures 5-5 and 5-22. Beryllium concentrations in the
aquatic habitat ranged from 0.010 (SS207) to 0.49 (SS200) mg/kg. Beryllium concentrations in the
wetland and upland transitional habitat ranged from 0.01 (S8212) to 0.60 ($B001, subsurface) mg/kg.
The Tidal Area ambient value for beryliium (0.18 mg/kg) was exceeded in 29 samples. No SF Bay

ambient value was available for comparison with site beryllium concentrations.

5.1.6 Cadmium

Cadmium was detected in 23 of 60 sediment samples analyzed for metals. The distribution of cadmium
in site sediment samples is shown on Figures 5-6 and 5-22. Cadmium concentrations in the aguatic
habitat ranged from 0.31 (309SB106) to 7.8 (309CSPWSS) mg/kg. Cadmium concentrations in the
wetland and upland transitional habitat ranged from 0.36 ($S212) to 13.4 (SB010, surface) mg/kg. The
Tidal Area ambient value for cadmium (1.9 mg/kg) was exceeded in eight samples. Twenty-nine

samples exceeded the SF Bay ambient value for cadmium, which is 0.33 mg/kg.

5.1.7 Chromium

Chromium was detected in all 60 sediment samples analyzed for metals. The distribution of chromium
in site sediment samples is shown on Figures 5-7 and 5-23. Chromium concentrations in the aguatic
habitat ranged from 0.89 (SB016) to 2,990 (SB015) mg/kg. Chromium concentrations in the wetland

and upland transitional habitat also ranged from 0.89 (SB016) to 2,990 (SB0135) mg/kg. Both locations
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SB016 and SBO15 are located in the shoreline region shared by both habitats. The Tidal Area ambient
value for chromium (82.1 mg/kg) was exceeded in eight samples. Six samples exceeded the SF Bay

ambient value for chromium, which is 112 mg/kg.
5.1.8 Cobalt

Cobalt was detected in 57 of 60 sediment samples analyzed for metals. The distribution of cobalt in
site sediment samples is shown on Figures 5-8. Cobalt concentrations in the aquatic habitat ranged
from 4.3 (SS207) to 27.8 (SB019) mg/kg. Cobalt concentrations in the wetland and upland transitional
habitat ranged from 5.4 (SS211) to 37.5 (SB004, surface) mg/kg. The Tidal Area ambient value for
cobalt (36 mg/kg) was exceeded in two samples. No SF Bay ambient value was available for

comparison with site cobalt concentrations.
5.1.9 Copper

Copper was detected in 55 of 60 sediment samples analyzed for metals. The distribution of copper in
site sediment samples is shown on Figures 5-9 and 5-23. Copper concenirations in the ‘aquatic habitat
ranged from 1.1 (SB016) to 1,980 (SB020) mg/kg. Copper concentrations in the wetland and upland
transitional habitat ranged from 1.1 (SB016) to 12,500 (SB010, surface) mg/kg. The Tidal Area
ambient value for copper (81 mg/kg) was exceeded in 20 samples. Twenty-three samples exceeded the
SF Bay ambient value for copper, which is 68.1 mg/kg.

5.1.10 Iron

Iron was detected in all 60 sediment samples analyzed for metals. The distribution of iron in site
sediment samples is shown on Figures 5-10. Iron concentrations in the aquatic habitat ranged from
63.2 (SB016) to 348,000 (SB019) mg/kg. Iron concentrations in the wetland and upland transitional
habitat ranged from 63.2 (SB016) to 378,000 (SB017) mg/ke.

5.1.11 Lead

Lead was detected in all 60 sediment samples analyzed for metals. The distribution of lead in site
sediment samples is shown on Figures 5-11 and 5-23. Lead concentrations in the aquatic habitat
ranged from 1.7 (SB016) to 3,280 (SB014) mg/kg. Lead concentrations in the wetland and upland
transitional habitat ranged from 1.7 (SB016) to 7,680 (SB003, surface) mg/kg. The Tidal Area ambient
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value for lead (95 mg/kg) was exceeded in 31 samples. Thirty-one samples exceeded the SF Bay

ambient value for lead, which is 43 mg/kg.
5.1.12 Manganese

Manganese was detected in all 60 sediment samples analyzed for metals. The distribution of
manganese in site sediment samples is shown on Figure 5-12. Manganese concentrations in the aquatic
habitat ranged from 0.69 (SB016) to 2,480 (SS209) mg/kg. Manganese concentrations in the wetland
and upland transitional habitat ranged from 0.69 (SB016) to 1,940 (309SB05) mg/kg. The Tidal Area
ambient value for manganese (1,500 mg/kg) was exceeded in seven samples. No SF Bay ambient

value was available for comparison with site manganese concentrations.

5.1.13 Mercury

Mercury was detected in 14 of 60 sediment samples analyzed for metals. The distribution of mercury
in site sediment samples is shown on Figure 5-13. Mercury concentrations in the aquatic habitat
ranged from 0.18 (309CSPWSS) to 1.5 (S5204) mg/kg. Mercury concentrations in the wetland and
upland transitional habitat ranged from 0.18 (309CSPWSS) to 26.4 (SB003, surface) mg/kg. The Tidal
Area ambient value for mercury (0.32 mg/kg) was exceeded in 14 samples. Eleven samples exceeded

the SF Bay ambient value for mercury, which is 0.43 mg/kg.
5.1.14 Molybdenum

Molybdenum was detected in 41 of 60 sediment samples analyzed for metals. The distribution of
molybdenum in site sediment samples is shown on Figure 5-14. Molybdenum concentrations in the
aquatic habitat ranged from 0.10 (S5208) to 301 (SB013) mg/kg. Molybdenum concentrations in the
wetland and upland transitional habitat ranged from 0.08 (S5212 and $S213) to 301 (SB013) mg/ke.
The Tidal Area ambient value for molybdenum (6.6 mg/kg) was exceeded in seven samples. No SF

Bay ambient value was available for comparison with site molybdenum concentrations.

5.1.15 Nickel

Nickel was detected in all 60 sediment samples analyzed for metals. The distribution of nickel in site
sediment samples is shown on Figure 5-15. Nickel concentrations in the aquatic habitat ranged from
0.89 (SB016) to 126 (SB020) mg/kg. Nickel concentrations in the wetland and upland transitional

habitat ranged from 0.89 (SB016) to 262 (SB003, surface) mg/kg. The Tidal Area ambient value for
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nickel (120 mg/kg) was exceeded in four samples. Four samples also exceeded the SF Bay ambient

value for nickel, which is 112 mg/kg.
5.1.16 Selenium

Selenium was detected in 31 of 60 sediment samples analyzed for metals. The distribution of selenium
in site sediment samples is shown on Figures 5-16 and 5-24. Selenium concentrations in the aquatic
habitat ranged from 0.10 (SS208) to 11.5 (SB019) mg/kg. Selenium concentrations in the wetland and
upland transitional habitat ranged from 0.10 (309SB106) to 12.0 (SB017) mg/kg. The Tidal Area
ambient value is equal to the detection limit for selenium; selenium was detected in 31 samples with
detection limits ranging from 0.17 to 8.5 mg/kg. Forty-six samples exceeded the SF Bay ambient value

for selenium, which is 0.64 mg/ke.
5.1.17 Silver

Silver was detected in 17 of 60 sediment samples analyzed for metals. The distribution of silver in site
sediment samples is shown on Figures 5-17 and 5-24. Silver concentrations in the aquatic habitat
ranged from 0.13 (309SB106) to 2.8 (SB015) mg/kg. Silver concentrations in the wetland and upland
transitional habitat ranged from 0.13 (309SB106) to 6.7 (S5206) mg/kg. The Tidal Area ambient value
is equal to the detection limit for silver; silver was detected in 17 samples with detection limits ranging
from 0.01 to 3.7 mg/kg. Thirty-nine samples exceeded the SF Bay ambient value for silver, which is
0.58 mg/kg.

5.1.18 Thallium

Thallium was detected in 22 of 60 sediment samples analyzed for metals. The distribution of thallium
in site sediment samples is shown on Figures 5-18 and 5-24. Thallium concentrations in the aquatic
habitat ranged from 0.11 (309SB106) to 3.5 (SS201) mg/kg. Thallium concentrations in the wetland
and upland transitional habitat ranged from 0.11 (309SB106) to 2.1 (SB105) mg/kg. The Tidal Area
ambient value for thallium (2.2 mg/kg) was exceeded in 15 samples. No SF Bay ambient value was

available for comparison with site thallium concentrations.
5.1.19 Vanadium

Vanadium was detected in all 60 sediment samples analyzed for metals. The distribution of vanadium

in site sediment samples is shown on Figures 5-19 and 5-24. Vanadium concentrations in the aquatic
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habitat ranged from 1.2 (SB016) to 80.5 (SS200) mg/kg. Vanadium concentrations in the wetland and
upland transitional habitat ranged from 1.2 (SBO16) to 62.2 (§SB105) mg/kg. The Tidal Area ambient
value for vanadium (96 mg/kg) was not exceeded. No SF Bay ambient value was available for

comparison with site vanadium concentrations.
5.1.20 Zinc

Zinc was detected in all 60 sediment samples analyzed for metals. The distribution of zinc in site
sediment samples is shown on Figures 5-20 and 5-23. Zinc concenirations in the aquatic habitat ranged
from 3.2 (SB016) to 4,980 (SS5205) mg/kg. Zinc concentrations in the wetland and upland transitional
habitat ranged from 3.2 (SB016) to 5,410 (SB009, surface) mg/kg. The Tidal Area ambient value for
zinc (264 mg/kg) was exceeded in 22 samples. Twenty-six samples exceeded the SF Bay ambient

value for chromium, which is 158 mg/kg.
5.2 ORGANIC CHEMICALS IN SEDIMENT SAMPLES

Twenty-four sediment samples were analyzed for organic chemicals, specifically petroleum
hydrocarbons (as TPH-extractable) and SVOCs. Six sediment samples (those from locations SBO0O1,
SB002, and SB003) were also analyzed for TPH-purgeable. All samples were collected from the
wetland and upland transitional habitat. Sediment samples from locations SB0O1 through SB003 were
collected from O to 0.5 and 2.0 to 2.5 feet bgs. Sediment samples from SB004 through SB012 were
collected from 0 to 0.5 and 1.0 to 1.5 feet bgs. The results of the sediment sample analyses for

petroleum hydrocarbons and SVOCs are described in the following subsections.

5.2.1 Petrolenm Hydrocarbons

The distribution of petroleum hydrocarbon concentration in surface and subsurface sediment samples is
illustrated on Figure 5-25. Petroleum hydrocarbons detected in sediment samples analyzed for
TPH-extractable were primarily from the motor oil range (TPH-mo). TPH-purgeable compounds were
not detected in any sample. TPH-mo was detected in 11 of 12 surface sediment samples at
concentrations ranging from 81 (SB0O07) to 2,900 (SB003) mg/kg. TPH-mo was detected in 9 of

12 subsurface sediment samples at concentrations ranging from 16 (SB007) to 45 (SB008) mg/kg.
Petroleum hydrocarbons from the diesel fuel range (TPH-d) were detected in only 2 of 12 surface

sediment samples and were not detected in any subsurface samples. TPH-d was detected in subsurface
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sediment samples from locations SB0O01 and SB0O03 at concentrations of 33 and 550 mg/kg,

respectively.

The distribution of TPH in the sediment samples suggests a limited release of petroleum hydrocarbons,
possibly caused by leakage of oil from construction vehicles and equipment dating from the

construction of the Taylor Boulevard automobile and railroad bridges.
5.2.2 Semivolatile Organic Compounds

Twenty-four sediment samples were analyzed for SVOCs. The distribution of SVOC concentration in
surface and subsurface sediment samples is illustrated on Figure 5-26. The highest concentration of
SVOCs was detected in the surface sediment sample from location SB003 (see Figure 5-26). This
sample contained 10 SVOC constituents, detected at concentrations ranging from 350 to

1,700 micrograms per kilogram (pg/kg). Nine of the SVOCs detected are polynuclear aromatic
hydrocarbons (PAH), which are associated with TPH-d and TPH-mo.

With the exception of phenol, SVOCs were not detected in subsurface sediment samples (see
Figure 5-26). Phenol was detected in three sediment samples collected from 2.0 to 2.5 feet bgs
at concentrations of 450 (SB002), 790 (SB003), and 810 ug/kg (SB0OO1).

5.3 EXTENT OF SITE DEBRIS

Holes were dug at 22 locations across the TBB Disposal Site to determine the vertical and lateral extent
of the debris present at the site. These debris test hole locations are identified by triangular symbols on
Figure 3-1 and are numbered DB0O1 through DB022. Figure 5-27 shows profiles of the debris test

holes, with soil type and vertical extent of debris illustrated.

The peninsula section of the site contains the greatest amount of debris. The subsurface debris along
the peninsula consisted primarily of glass fragments, intact glass bottles, and what appeared to be
highly rusted metal debris (rust flakes and fragments). The rusted material was essentially mixed with
the small amount of sediment that composed the debris matrix on the peninsula. No intact metal
containers, or pieces of metal resembling containers were recovered in the peninsula debris test holes.
Generally, in test holes where debris was found, the debris was contained in an approximately 50/50
matrix of soil and debris near the surface (0 to 0.5 foot bgs) and was graded to nearly 100 percent

debris with depth. The debris in the peninsula area extends o greater than 3.0 feet bgs. Debris test
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holes on the peninsula could not be dug deeper than about 3 to 3.5 feet bgs because of difficulty in

digging into debris at depth and extracting it through flooded holes.

Debris was not found in most of the debris test holes dug on the eastern side of the site, except in test
holes DB0O01, DBO11, DB012, and DB013 (see Figure 5-27). These locations are on the west-central
portion of the site. Locations DB011 and DB013 contained lesser amounts of debris compared to the
test holes dug on the peninsula, and debris was not found at these locations below 1.5 feet bgs. Greater

amounts of debris were found in test holes DB0OO1 and DB012.

Based on test hole findings, surface and subsurface debris in the wetland and upland transitional habitat
1s found throughout the peninsula area, north to DB013, and extending southeast to just west of DB00S.
This area is delineated on Figures 3-1 and 5-27. Subsurface debris was generally found in those areas
where debris was observed on the surface. However, subsurface debris was not found on the eastern
side of the site where some scattered glass fragments and burned wood were found on the surface.
Scattered wood debris on the eastern side of the site consisted mostly of a few railroad ties, a section of

a utility pole, and some smaller charred pieces of wood.

The extent of debris in the aquatic portion of the site was estimated by probing the submerged
sediments of the offshore area with a shovel and a 5-foot length of plastic pipe. Using this probing
method, debris (particularly glass fragments) could be “felt” to determine its offshore extent. Shallow
holes (approximately 0.5 foot below the sediment surface) were aiso dug in the submerged sediment,
and sediment was brought to the surface to visually identify debris. Based on these methods, debris
appears to extend about 10 to 20 feet offshore from the debris area identified on the “wetland and
upland transitional” portion of the site (see Figures 3-1 and 5-27). This debris appears to extend down
L to 2 feet below the sediment surface. In the area south of the peninsula, about 6 inches of sediment
covers the debris. The debris appears to be heaviest close to the shoreline and is mixed with sediment
in most areas. The stippled offshore area shown on Figure 3-1 delineates an area of scattered surface

debris, based on sediment probing conducted while traversing this area.
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6.0 CONTAMINANT FATE AND TRANSPORT EVALUATION

The following sections describe the (1) physical and chemical properties that determine the
environmental fate of chemicals, (2) chemical transport processes, and (3) properties of specific

inorganic chemicals.
6.1 CONTAMINANT FATE PROCESSES

Fate and transport of contaminants depend on the physical and chemical properties of the molecule; the
physical, chemical, and biological features of the site; and the nature of the chemical release. This
section summarizes physical and chemical processes that govern chemical fate and transport, reviews
factors affecting chemical persistence in sediment and surface water, and discusses processes affecting

site-specific chemical migration.
Physical and Chemical Processes

Most chemicals at the TBB Disposal Site are metals or metalloids that cannot be degraded. The
following sections describe the chemical reactions metals undergo in the environment. Because organic
chemicals are not present in significant concentrations at this site, chemical processes relating to

organic chemicals are not discussed.

Solubility and Dissolution

Water solubility is a function of temperature and chemical species. Metals dissolve in water as +2
ions. Weathering occurs when some elements leach out of a mineral, leaving others behind. Metals

released by leaching affect water quality (Stumm and Morgan 1981; Murarka and MacIntosh 1987).

The magnitude of weathering is estimated using solubility products (K.,). Theoretically, a mineral
dissolves in water to its solubility limit. However, minerals often dissolve so slowly that equilibrium

does not occur, and maximum solubility is not reached (Morgan 1967).

Precipitation

Precipitates form when the concentration of a chemical in solution exceeds the saturation concentration

(EPA 1989a). If the chemical concentration in solution falls below the solubility limit, the precipitate
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redissolves. Inorganics in solution may precipitaic when mixed with waters of differing mineral

cormposition, temperature, or alkalinity (Williams 1985; Palmer 1989).

Complexation

A complex results from the reaction of metal cation with an anion. Transition metals, such as copper,
nickel, and zinc, are typically involved in complexation reactions (Stumm and Morgan 1981). Alkaline
earth metals, such as barium, beryllium, and magnesium, form weak complexes, and alkali metals,

such as sodium and potassium, typically do not form complexes (Dempsey and O’Melia 1983).

Adsorption

Adsorption occurs when metals bind to specific sites on solid surfaces through coordination bonding.
Metal adsorption is affected by sorption of other ions at the same binding site, reduction-oxidation
(redox) potential, and metal speciation. Changes in metal concentration and pH affect adsorption

(EPA 19892).

Ion Exchange

Ion exchange occurs when two ions of differing binding affinities compete for the same binding site.
The ion with the greater affinity will bind (displacing the ion with lesser affinity) through electrostatic
forces to fixed charges on a solid matrix. Typically, alkali metals, alkaline earth metals, and some

anions bind to clays and condensed humic matter by ion exchange (Helfferich 1962).

Reduction-oxidation

Reactions that transfer electrons between dissolved, gaseous, or solid constituents are called redox
reactions. Oxidation refers to a loss of electrons, and reduction refers to a gain of electrons. If the
oxidation state and number of electrons changes, a substance displays different reactivity, solubility,
mobility, and toxicity characteristics (Fish 1993). For example, a dissolved substance that changes

oxidation state may precipitate.

Environmental systems are described as oxidizing or reducing, depending on the availability of oxygen.
Intertidal waters often are oxidized, because atmospheric oxygen is incorporated into the water through
mixing, whereas marsh waters and sediments vary from oxidizing to reducing, depending on oxygen
availability.
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6.1.2 Biological Processes

Chemicals can be modified in two ways, biologically and chemically. An example of a biological
process is the methylation of arsenic by diatoms. An example of a chemical process is adsorption of
arsenic to iron oxide. While biological processes ultimately employ chemical reactions, the unique

aspect of the biological process is that it is organism-mediated.
6.1.2.1 Biodegradation

Biological degradation is degradation of a molecule to its basic elemental composition, carbon dioxide
and water. Typically bacteria degrade molecules. Many animals and plants can partially degrade
chemicals through metabolic pathways normally used in food and energy metabolism. For example,
many organisms transform arsenites to arsenates. However, most plants and animals lack the metabolic

pathways to complete the degradation process.
6.1.2.2 Biocaccumulation

Bioconcentration is uptake of chemicals from water into the organism. Bioaccumulation is uptake of
chemicals from all sources (water, sediment, and diet) into the organism. Biomagnification is

bicaccumulation that increases in magnitude at higher trophic levels.

Metals dissoived in water as +2 ions enter aquatic organisms across the gills. Metals enter plants
through their roots. Uptake depends on numerous chemical and biological factors that currenily cannot
be predicted. Mercury, selenium, and sitver are examples of metals that are accumulated (Luoma and
others 1995). Mercury also biomagnifies. Uptake of mercury depends on its chemical form; only
methyl mercury is taken up and accumulated (Sadiq 1992f). How chemical form influences uptake of

mercury in plants is not known.
6.2 | CONTAMINANT TRANSPORT PROCESSES

The following sections explain the physical transport processes that distribute inorganics in the

environment.

6-3 DS.0309.15133



6.2.1 Advection

Advection is the transportation of chemical by bulk motion of flowing water. In systems dominated by
advection, the chemical front migrating from a contaminant source remains well defined, and the
chemical is transported as a slug. When dispersion or molecular diffusion occurs, the chemical front
spreads out. The velocity of nonreactive contaminants is the same as the water velocity; reactive

constituents migrate much more slowly (EPA 1989a).
6.2.2 Dispersion and Molecular Diffusion

Dispersion describes the tendency of a contaminant mass to spread through water. It is caused by
spatial variations in velocity and hydraulic conductivity of the water (Freeze and Cherry 1979).
Molecular diffusion occurs when chemicals move from areas of higher concentration to areas of lower
concentration. The effect of diffusion on chemical transport is a function of the concentration gradient

and the diffusion coefficient and is temperature-dependent (Huyakorn and others 1984).
6.2.3 Hydrodynamic Dispersion

Hydrodynamic dispersion is the combined effect of mechanical dispersion and molecular diffusion.
Hydrodynamic dispersion increases linearly as water velocity increases (EPA 1989a). Mechanical
dispersion is most significant in the direction of flow; transverse dispersion (perpendicular to the flow)

is much smaller (Sudicky 1986).
6.2.4 Particulate Transport

Adsorbed contaminants, such as cadmium and zinc, are transported by surface waters. Particulate
transport plays a key role in metal transport in marshes and intertidal areas, where the concentrations of
particulates and detritus are very high. Chemicals adsorbed to soil particulates are transported as
water-eroded sediments (for example, washload or bedload). Erosion is a function of (1) surface runoff
rate, (2) raindrop impact, and (3) land surface features such as vegetation, roughness, slope, soil type,
and infiltration capacity. Raindrop impact causes detachment of soil particles and varies with rain

intensity, duration, and frequency.
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0.2.5 Volatilization

Compounds with high vapor pressures and low solubilities change phases going from solutions to gases;
that is, they volatilize. Selenium is a metal that volatilizes. Plant leaves release volatile forms of
selenium into the atmosphere (U.S. Fish and Wildlife Service [USFWS] 1987). Bacteria in the
sediments release volatile forms of selenium into the water column (USFWS 1987). Temperature,
pressure, constituent concentration, area of the solution-air interface, and degree of sorption modify
volatilization rates. Gases released at the water surface enter the atmosphere; however, gases released
into the water column follow a complex path or may be recycled before reaching the water surface.

Volatility is described using the Henry’s Law constant.
6.3 PROPERTIES OF SPECIFIC INORGANIC CHEMICALS

The chemical behavior and ecological toxicity of each metal detected at the site is briefly described

below. A complete toxicity profile for each metal is found in Appendix C.

6.3.1 Aluminum

Aluminum occurs naturally and is ubiquitous. In soil, aluminum occurs principally as aluminosilicates
(Sparling and Lowe 1996). Because aluminum solubility increases at pHs below 5.0, acid rain
mobilizes aluminum in soils. In fresh water, aluminum occurs either as complexes or as AI**,
'depending on pH (Freda 1991). In seawater, insoluble (AlOH,) is the principal species, and aluminum
concentrations measured in seawater are therefore extremely low (about 1 microgram per liter [ug/L])

(Newman and Jagoe 1994).

Aluminum is very toxic to trees, although a few species are aluminum-tolerant. At low pH, aluminum
reduces root growth rates and decreases the uptake of ions by tree roots {Heridasan 1982, as cited in
Sparling and Lowe 1996). Many plants, such as pine trees, accumulate atuminum. The greatest

alvminum concentrations occur in plant roots.

Evaluating toxic effects of aluminum to aquatic organisms is difficult. Low pHs are toxic to aquatic
organisms; therefore, the effects of low pH and aluminum (which dissolves at low pHs) are
confounded. For example, bioaccumulation factors for Daphnia ranged from 0 at pH 4.5 (where the
daphnids died quickly) to 10,000 at pH 6.5 (Sparling and Lowe 1996). However, rather than being

accumulated, the aluminum may be adsorbed to the daphnid’s chitin exoskelton. For example,
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mayflies lost 70 percent of their accumulated aluminum when allowed to molt (Sparling and Lowe
1996). Other invertebrates without exoskeletons accumulate aluminum. Clams (Macoma) from San
Francisco and Chesapeake Bays contained a mean alominum concentration of 2,000 1o 3,000 mg/kg

(Sparling and Lowe 1996).
6.3.2 Antimony

Antimony enters plants through airborne deposition. Studies using potted grasses demonstrated that
antimony in soil is immobile and unavailable for uptake (Ainsworth and Cooke 1990). Studies using
grasses planted in control soil, placed at various distances from an antimony smelier, demonstrated that
antimony deposited on plant leaves is the primary entry route into plants (Ainsworth and Cooke 1990).
Animals accurnulate antimony when they eat plant leaves and stems containing antimony (Ainsworth
and Cooke 1991). However, bioaccumulation factors were low and toxicity was not observed in

laboratory animals.

Antimony dissolves in water, and methylated antimony occurs in natural waters (Ainsworth and
Cooke 1991). Antimony added to anaerobic, aquatic sediments is partially iost as unidentified volatile

compounds (Ammsworth and Cooke 1991}.
6.3.3 Arsenic

Arsenic speciation is influenced by redox-potential. In seawater, arsenic dissolves as an oxyanion.
Arsenite, As(IIl), and arsenate, As(V), are most abundant (Sadiq 1992a). Organic complexes represent
less than 2 percent of the total arsenic present in seawater. Marine sediments are the ultimate sink for
arsenic. Precipitation and adsorption are major entry routes into sediments. Arsenic(IIl) sulfide
formation and dissolution regulates arsenic concentrations in reduced interstitial, sediment waters

(Sadig 19922).

Marine organisms accumulate more arsenic than do freshwater organisms. Inorganic species are taken
up more readily than organic forms. The route of uptake affects the magnitude of accumulation.
Agquatic organisms can convert arsenate into arsenite. Organisms rapidly excrete arsenic, suggesting
that arsenic does not biomagnify. Marine plankton accumulates arsenates, transform them into organic
arsenicals, and release them as arsenite and methylated arsenic. Similarly, plankion degrades organic
arsenites and release arsenate into the seawater. In aquatic animals, 90 percent of the arsenic in the

tissues is in an organic form (Sadiq 1992a).
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Arsenite is more toxic than arsenate. Arsenates uncouple oxidative phosphorylation. Arsenites bind to
protein sulfbydryl groups, thereby inactivating enzymes. Soluble organo-arsenical forms are less toxic

than inorganic forms. Toxicity varies with species and life stage.
6.3.4 Barium

Bariurmn is found mainly in inorganic complexes and is stable in the +2 valence state. Environmental
conditions, such as pH, Eh, cation exchange capacity, and calcium carbonate levels in soil, will affect
the movement of barium in the environment (Agency for Toxic Substances and Disease Registry

[ATSDR] 1990a). In an aquatic environment, barium will most likely precipitate out of solution as a

BaS04 or BaCO3 insoluble sait, or the barium ion will absorb to particulate matter (ATSDR 1990a).

Barium accumulates in terrestrial and aquatic organisms (ATSDR 1990a). Marine plants accurnulate
barium at 1,000 times the concentration in water. Marine animals, plankton, and brown algae had
bicaccumulation factors of 100, 120, and 260, respectively (Schroeder 1970, as cited in ATSDR
1990a). Little is known about the toxicity of barium.

6.3.5 Beryllium

Plants accumulate beryllium, with hickory trees accumulating the highest concentrations (Newland
1982). Leaves contain more beryllium than twigs or fruits. Romney and Childress (1965), as cited in
Newland (1982), showed that beryllium inhibits growth of crop plants at concentrations above 2 mg/L.
In aquatic animals, beryllium interrupts physiological processes such as jon regulation and gas
exchange '(Jagoe and others 1993). At low concentrations, beryllium damages gills. Higher beryliium
concentrations cause chloride cell apical crypts, increased mucous production, epithelial hyperplasia,

and primary Imamellar fusions (Jagoe and others 1993).
6.3.6 Cadmium

Cadmium dissolves in seawater as a +2 ion. Because binding to organic complexes is insignificant,
inorganic cadmium is synonymous with total dissolved cadmium. Sedimnent is the ultimate sink for
cadmium. Thermodynamic calculations suggest that cadmium forms hydroxides, sulfates, or

carbonates in oxic sediments, with cadmium phosphate being the dominant form (Sadiq 1992b). Below -

pH 4, CdHS is the dominant form (Sadig 1992b).
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Cadmium is taken up as a +2 jon across the gilis. Biomagnification does not occur (Sadiq 1992b).
Rate and extent of bioaccumulation vary with season. Marine invertebrates attain the highest cadmium
body burdens, and these burdens are greatest in estuaries. When an organism is transferred into clean
water, depuration of cadmivm is rapid. Marine organisms accumulate less cadmium than freshwater
organisms {Saddiq 1992b). Similarly, marine organisms are less sensitive to cadmium (that is, it is less

toxic). Toxicity is species-specific and varies with life stage, with larvae being the most sensitive.
6.3.7 Chromium

Chromium in seawater occurs primarily in two valence states, chromite (Cr[III]); and chromate,
(Cr[VID. Poulton and others (1988), as cited in Sadiq (1992d), measured the chromium present in five
seawater fractions: (1) exchangeable, (2) carbonate-bound, (3) iron/manganese-bound, (4) organically
bound, and (3) residual fraction. One percent was bound to the iron/manganese component, 11 percent

was bound organically, and 88 percent occurred in the residual fraction.

Marine organisms accumulate chromium. Weerelt and others (1984), as cited in Sadig. (1992d),
showed that barnacle soft tissues accumulated more chromate than chromite. Bioaccumulation
decreases in a reducing environment. Toxicity in seawater decreases with increasing salinity and pH.
Chromium is less toxic in seawater than in fresh water, because chromite is readily precipitated or

oxidized to chrormnate, making it less available.

In fresh water, chromite (rather than chromate) is the available and toxic form. Uptake in rainbow
trout is a passive process, with the gills being the major entry route. Only chromate crosses biological
‘membranes. Trama and Beniot (1966), as cited in Sadiq (1992d), showed that HCrO, crosses

membranes more easily than CrQ,2".
6.3.8 Cobalt

Cobalt is an essential element. In fresh water, less than 2 percent of cobalt species occur in the
dissolved form; the remainder precipitate or adsorb to suspended solids and sediments. Under acidic
conditions and in the presence of excess chloride ions or chelating agents, some mobilization of cobalt

from sediments may occur (ATSDR 1992).

Microorganisms, higher plants, and animals accumnulate cobalt. Laboratory studies using the clam,

Macoma balthica, demonstrated that whole body uptake of cobalt-60 from different sediment types
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showed little variation when compared with cadmium and zinc uptake (Luoma and Jenne 1977).
Excessive cobalt uptake results in accumulation and toxicity (Considine 1976). Mollusks, crustaceans,
and other bottom feeders have been reported to accumulate large quantities of cobalt (Jenkins 1980).
However, a study of organisms in Ottawa River sediments showed no detectable bioaccumulation of
cobalt-60 (Evans and others 1988). Bioaccumulation factors for cobalt on a dry-weight basis were
100 to 4,000 for marine fish and 40 to 1,000 for freshwater fish (Smith and Carson 1981). The
concentration of cobalt in normal rat tissues has been shown to range from 0.001 to 0.006 part per
million (ppm) of dry matter (Considine 1976). Cobalt appears to not significantly bioaccumulate in

benthic bottom feeders in comparison to its concentration in sediment (ATSDR 1992).

6.3.9 Copper

Copper occurs in seawater as two species, Cu(I) and Cu(Il), depending on redox potential and pH.
Copper can be dissolved in or associated with sediment, absorbed by organisms, or adsorbed to
particulates. Unlike fresh water, where about 90 percent of the copper is complexed to humic
materials, in seawater ornly, about 10 percent of the copper is complexed to humic materials

(Sadiq 1992c). Sediment is the ultimate sink for copper.

Copper species in seawater or marine sediments are strongly influenced by redox potential. In
seawater of pH 3.7 to 13, Cu(f) compounds occur. CuCl* predominates, but CuCL?> and CuClI° are
probably also present (Sadiq 1992¢). Thermodynamics suggest that CuFe,O, regulates copper
concentrations in water above pH 6, whereas Cu,S controls copper concentrations in anoxic interstitial

waters (Sadig 1992¢).

Organisms can accumulate copper as a +2 jon from the water through their gills. Biomagnification

does not occur.
6.3.10 Iron

The oxidation/reduction of iron from its ferrous (+2) to ferric states (+3) is pivotal in many metal
reactions. Numerous metals bind or adsorb (on the surfaces) of iron complexes such as iron oxide.
Davis-Colley and others (1984), as cited in Newman and Jagoe (1994), found 80 percent of cadmium in
estuarine sediments associated with iron oxides. Often, these metal-iron oxide units regulate the

concentration of dissolved metals in water or sediments. For example, easily extracted iron or hydrous
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iron oxides decreased the bioavailability of sediment-associated silver, arsenic, cobalt, copper, lead,

and zinc (Newman and Jagoe 1994).

Two systems (sulfide precipitation capacity and free sulfide accumulation) determine whether
precipitation/dissolution or adsorption/desorption control dissolved metal concentrations in natural
waters (Davies-Colley and others 1985, as cited in Hong and others 1994). If reducible iron is present,
precipitation occurs. If SO,” is abundant, desorption occurs, producing dissolved metal. Therefore,

the redox state of iron plays a key role in determining whether metals are present in a dissolved form.

Oxygen and complexation influence the redox status of iron. Iron precipitates in the presence of
oxygen and dissolves in the absence of oxygen (that is, reducing environment) (Sundby 1994).
Complexing agents interact more strongly with Fe(IlI) than Fe(Il), shifting equilibrium in favor of the
reduced species (Meyer and others 1994). Iron sulfides present in sediments include amorphous FeS,
mackinawite (tetragonal FeS), greigite (cubic Fe;S,), and pyrite (cubic FeS;) (Newman and Jagoe
1994).

6.3.11 Lead

The major input of lead into seawater is from atmospheric deposition. Lead can be ionic, particulate,
or cdmplexed. Redox potential does not play a role in lead chemistry. Thermodynamics suggest that
in seawater (1) lead oxides will be highly soluble and therefore unlikely, (2) lead carbonates and lead
hydroxides will occur, (3) lead sulfates will not form, (4) Pb,CO,Cl, will form in shallow water, and
3) chlbrophyromorphite, Pbs(PO,),Cl, will form in deep water (Sadiq 1992e).

Sediments represent the ultimate lead sink. Most lead enters the sediments associated with particulates.
Methylation of lead occurs in sediments through a chemical reaction. Methylated lead is significant,
because it is more toxic than other lead forms. In reducing (typically anoxic) environments, dissolved
lead reacts with sulfides to form lead suifides (PbS or galena), which regulate dissolved lead

concentrations in interstitial water and waters directly overlying the sediment (Sadiq 1992¢).

Lead bioaccumulates. It can be ingested as particulates or across the gills as a +2 ion. Low salinities
decrease bioaccumulation. Alkyl lead is also water-soluble and available (Sadig 1992e). Lead,

however, is not biomagnified.
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6.3.12 Manganese

Manganese occurs in five valence states (+2, +3, +4, +6, and +7) in an aqueous environment.
Mn** and Mn** are most common. The concentration of M is limited by the solubility of
manganese carbonate; in water of low alkalinity and reducing conditions, solubility may be limited by
manganese sulfide. Although manganese chelation may occur, free manganese ion is the predominant
form. At pHs greater than 9, soluble Mn** is chemically oxidized to the insoluble Mn**; at pHs less
than 5.5, chemical reduction of Mn** will occur. Between these pHs, any transformation is

biologically mediated (EPA 1983).
Manganese can bioaccumulate; however, biomagnification does not occur.

6.3.13 Mercury

Mercury enters the ocean from atmospheric deposition and discharges. Mercury exists in two forms,
(1) mercuric (Hg[Il]) or (2) mercurous (Hg{I}), with redox potential playing a significant role in
determining which form of mercury is present. Because of the very low concentrations of mercury in
seawater, predictions of how mercury behaves in seawater are based on thermodynamic calculations.
In anoxic seawater or sediments, HgS,” and Hg(HS)* occur (Sadiq 1992f). Dissolved mercury is at its
lowest concentration at the suboxic/anoxic interface. Increases in dissolved mercury are caused by the
formation/dissolution of HgS complexes and varies with pH (Sadiq 1992f). Conversion to volatile Hg?
occurs chemically or biologically through microbial activity. The chemical process is extremely slow,
making the biological process more important. Methylation rate increases with decreases in pH;
however, methylation does not occur in anoxic sediments with a pH less than 5 (Sadiq 1992f). Methyl
mercury (formed and degraded by bacteria) represents between 0.3 and 6 percent of the total dissolved

mercury in seawater {(Sadiq 1992f).

Mercury is accumulated and biomagnified by marine organisms. Mercury availability depends upon
chemical form. Pentreath (1976a, 1976b), as cited in Sadig (1992f), found that (1) uptake of inorganic
mercury was proportional to its water concentration and (2) uptake of methyl mercury was more rapid
through food. Similarly, Fowler and others (1978), as cited by Sadiq (1992f), showed with shrimp that
methy] mercury is absorbed more efficiently than inorganic mercury, whereas elimination of methyl
mercury is much slower than the elimination of inorganic mercury. Therefore, methyl mercury

biomagnifies. Factors, such as age, size, and weight, influence mercury accumulation. Different body
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organs concentrate different forms of mercury. Mammals and fish cannot demethylate mercury

(Sadiq 1992f).
6.3.14 Molybdenum

Molybdenum is an essential element. Molybdenum occurs in seawater as the molybdate ion, MoO,>
(Abbott 1977, as cited in USFWS 1989). Increasing the ratio of sulfate to molybdenum inhibits
molybdate uptake by marine algae, slows nitrogen fixation rates, and slows the growth of organisms
that use nitrate as a nitrogen source (Howarth and Cole 1985, as cited in USFWS 1989). Toxicity to

. freshwater plants occurs at concentrations of 50 mg/L or higher; freshwater algae can accumulate up to
20 grams of molybdenum per kilogram dry weight without apparent effect. The hexavalent
molybdenum is converted by green algae to pentavalent molybdenum and stored intracellularly
(Sakaguchi and others 1981, as cited in USFWS 1989). Uptake is greater in fresh water than in

seawater.

Bioaccumulation factors in invertebrates are low: 16 in amphipods, 3 in clams, 18 in crayfish muscle,
and 32 in crayfish carapace (Short and others 1971, as cited in USFWS 1989). Whether
biomagnification occurs is uncertain. Agquatic animals are resistant to molybdenum (USFWS 1939).
Adverse effects on survival occurred at concentrations greater than 1,000 mg/L, and growth was
altered at greater than 60 mg/L. One exception is known; the 28-day LCs, (concentration lethal to fifty
percent of test organisms) for rainbow trout eggs was 0.79 mg/L (Birge and others 1980, as cited in

USFWS 1989),
6.3.15 Nickel

Nickel is an essential element that dissolves in water as a 42 ion. In streams, nickel (3 to 98 percent)
is particulate-bound (Moore and Ramamoorthy 1984). The nickel content of particulates relates
inversely to particle size. In the Amazon and Yukon Rivers, precipitated or coprecipitated coatings and
crystailine forms represent 80 percent of nickel transport followed by organic solids (15 percent) and
soluble and sorbed species (5 percent) (Moore and Ramamoorthy 1984). Association of nickel with

iron and manganese oxides is also an important mode of transport.

Nickel uptake is concentration-dependent. Exchange processes occur in most species; for example,
calcium is displaced by nickel (Moore and Ramamoorthy 1984). The exchange rate depends on pH.

Nickel is deposited in kidney, digestive organs, and in the exoskeleton of crustaceans. Nickel does not
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biomagnify. Nickel is less toxic to aquatic plants than mercury, copper, cadmium, silver, and thallium,
but more toxic than lead and zinc (Moore and Ramamoorthy 1984). For fish and invertebrates, nickel
is less toxic than copper, mercury, lead, zinc, cadmium, silver, chromium, and arsenic (Moore and
Ramamoorthy 1984). Nickel is less toxic in seawater because of competitive interactions with cations.

In fresh water, toxicity decreases with increasing water hardness.
6.3.16 Selenium

Selenium dissolved in water (1) absorbs to or is ingested by organisms, (2) binds or complexes with
particulate matter, or (3) remains free in solution. These processes result in selenium deposition in
sediments, the ultirnate selenfum sink. First, chemical and microbial action convert the selenate
(Se[VI]) to selenite (Se[IV]); second, selenium adsorbs onto clay and organic carbon associated with
particulates (binding and complexation); and third, selenium reacts with iron species, followed by
coprecipitation or settling (USFWS 1987). Ninety percent of the total selenium may be present in the
upper few centimeters of sediment (USFWS 1987).

Selenium availability is controlled by six processes (USFWS 1987): (1) selenium is converted by
microorganisms or in plant roots into either the reduced organic or elemental form or from selenite into
selenate; (2) biological mixing and associated oxidation of sediments occur when benthic organisms
burrow and fish and wildlife feed; (3) physical perturbation and chemical oxidation associated with
water circulation and mixing occurs; (4) sediments may be oxidized by plant photosynthesis; (5) rooted
plants accumulate selenium; and (6) uptake occurs in bottom-feeding fish and wildlife. The relative
contribution of each of the six processes varies from site to site. Aquatic habitats that accumulate the
most selenium typicaily have shallow, standing, or slow-moving water; show high biological

productivity; and flush slowly.

Selenium is both accumulated and biomagnified. Fish accumulate selenivm to several thousand times
the water concentration. Selenium concentrates in the eggs of birds and fish and is passed on to the
developing embryo, where it can cause death or developmental abnormalities. Selenium in the water at
2 ug/L can result in toxicity and reproductive failure in fish (USFWS 1987). Predaiors at the top of the

food chain accumulate selenium concentrations causing mortality or reproductive failure.
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6.3.17 Silver

In fresh water, silver occurs as a +1 ion. The solubility limit for silver is very low (10®7); therefore,
if chloride ions are present, silver will precipitate as silver chioride (AgCl). Ferrous iron reduces
silver to its metallic state. Silver sulfide has low solubility. Therefore, in fresh water, with chloride,
iron, and sulfur present, stable solid forms of silver occur over the entire redox potential-pH range
(Hem 1977). Thermodynamic models suggest that in seawater, silver will form chloro-complexes.
AgCr, AgCl*, AgCl* and AgCl,* are among the most abundant forms of silver (Cowan and others

1985, as cited in Luoma and others 1995).

Silver bioaccumulates. Cherry, and others (1983), as cited in Luoma and others (1995), concluded that
using enrichment factors (ratio of concentration in clam digestive gland to concentration in seawater),
sitver accumulation exceeded that of all other elements. For example, in the clam (Macoma balthica)
one unit of silver in water resulted in 56 units of silver in the organism (Luoma and others 1995).
Apparently, the chloro-silver complex is available for uptake. The low polarity of thé chloro-silver
complex facilitates passage across biological membranes. Therefore, both free silver ions and neutral
chloro-silver complexes accumulate. Silver bisulfide may also be accurnulated (Cowan and others
1993, as cited in Luoma and others 1995). Plankton bioaccumulate silver, so ingestion may also

contribute to silver accumulation by filter-feeding animals,

Silver is very toxic (1 to 14 pg/L). Early life stages of bivalve mollusks are the most sensitive to silver

(Bryan and Langston 1992, as cited in Luoma and others 1995).
6.3.18 Thallium

Thallium occurs in the +1 and +3 oxidation states. The +3 state is much less stable in water than is
the +1 state. Thallium +1 forms complexes with halogen, oxygen, and sulfur ligands (Cotton and
Wilkson 1972). The TI** ion present in oxidizing waters is a strong acid and hydrolyzes to form
Ti(POH);. In reducing environments, thallium precipitates as metal, or, in the presence of sulfur, as

sulfide (Lee 1971). In oxidizing environments, TI'* is highly soluble (EPA 1979).

TI'* forms insoluble sulfides and weak halide complexes (Lee 1971). At the redox potential and pH
concentrations normally present in natural waters, T1'" should be the predominant species in both fresh
water and seawater. Increases in pH decrease thallium-inorganic interactions, but cause increased

thalliurn-humic acid interactions. T1,0 and TIOH dissolve freely in water, and thallium salts (suifate,
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nitrate, acetate, and carbonate) are moderately soluble. In reducing environments, precipitation of TL,S
may be an important mechanism for removing thatlium from solution (Bodek and others 1988).
Biomethylation of TI'* occurs in anaerobic, mixed bacterial cultures. Biomethylation of thallium has

not been verified under natural conditions (Bodek and others 1988).

6.3.19 Vanadium

Vanadium occurs in 65 naturaily occurring minerals. Vanadium (as oxide) oceurs in four oxidation
states, VO, V;0;, VO,, and V,0;. In pature, vanadium occurs in its trivalent state; it dissolves in
watér in its pentavalent state (Newland 1982). Organisms accumulate vanadium. Accumulation is
greater in marine organisms than in freshwater or terrestrial organisms. In ascidians, vanadium (in the
trivalent state complexed to pyrrole rings) occurs in blood celis called vanadocytes or in plasma as
hemovanadium (Newland 1982). Vanadium enters organisms directly from seawater (for ascidians) or

by exposure to or ingestion of marine mud.

6.3.20 Zinc

Zinc occurs as a dissolved form, as a solid precipitate, or adsorbed to particle surfaces. Soluble zinc
exists as free (hydrated) ions, as inorganic complexes (the primary form in the sea), or as organic
complexes (Young and others 1980, as cited in USFWS 1993). At pH 8.1, the dominant soluble
species are zinc hydroxide (62 percent), free ion (17 percent), monochloride ion (6.4 percent), and zinc
carbonate (5.8 percent). When dissolved organic material is present, dissolved zinc occurs as organo-
zinc compiexes (EPA 1987, as cited in USFWS 1993). Zinc species composition varies with salinity.
At low salinities, ZnSO, and ZnCl* predominate; at higher salinities, the aquo ion predominates (Spear
1981, as cited in USFWS 1993). As salinity decreases, the free ion concentration increases, and the
concentration of zinc-chloro complexes decreases, resulting in increased bioavailability (Nugegoda and

Raimbow 1989, as cited in USFWS 1993).

Zinc is eventuélly partitioned into sediments, where it occurs as zinc hydroxide precipitates, ferric and
manganic oxyhydroxide precipitates, insoluble organic complexes, insoluble sulfides, and other forms
(EPA 1987, as cited in USFWS 1993). As reduced sediments become oxidized, zinc is mobilized and
released. However, the fransfer mechanisms are poorly understood, and the bioavailability of different
zine forms is unknown. Sediment sorption is complete at pHs greater than 7, but is negligible at pHs

less than 6 (EPA 1981, as cited in USFWS 1993). Sulfide precipitation in sediments controls zinc
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mobility in reducing environments; hydroxides, carbonates, or sulfates precipitate where zinc occurs in

high concentrations [EPA (1980} as cited in U.S. Fish and Wildlife Service (1993)].
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7.0  HUMAN HEALTH RISK ASSESSMENT

This section presents the HHRA for the TBB Disposal Site. The objective of this assessment was to
evaluate potential risks to humans associated with exposure to chemicals detected in soils and sediments
at the disposal site. The HHRA is based on the site characterization and soil and sediment sampling

data presented in Section 5.0 of this report.

‘The media evaluated in the HHRA were soil and sediment. Potential cancer ﬁsks and noncancer health
hazards associated with these media were calculated using a screening-level approach. Specifically,
soil and sediment chemical concentrations were compared with EPA Region IX preliminary
remediation goals (PRG) (EPA 1999) for a residential scenario. PRGs based on target cancer risks of
1 x 10" and hazard quotients (HQ) of 1 were used. Although it is highly unlikely that the site will ever
be developed for residential housing, residential PRGs were used as a benchmark to confirm that site
conditions would be protective of human health for all possible future uses. Because the exposure and
estimated risk for all other receptors are expected to be significantly less than those of a resident, the
residential (or unrestricted) scenario was the only scenario evaluated in this risk assessment. The
HHRA approach is consistent with the memorandum regarding the recommended outline for using EPA
Region IX PRGs in screening risk assessments at military facilities (California Environmental

Protection Agency [Cal/EPA] 1994).

A preliminary evaluation of the spatial distribution of chemicals detected in soil and sediment at the
disposal site indicated that inorganic chemical concentrations at the center of the site were significantly
higher than concentrations at the periphery of the site. In view of the elevated concentrations of
inorganic chemicals (primarily lead) detected in the center of the site, the site was divided into two
subareas. All samples with detected lead concentrations greater than 400 mg/kg (the residential PRG
for lead) were grouped into one area (hereafter referred to as Area A), and the remainder of the

samples were grouped into another area (Area B).

This section is organized to reflect the four basic steps of a risk assessment, as follows: Section 7.1,
Data Evaluation and Chemicals of Potential Concern; Section 7.2, Exposure Assessment; Section 7.3,
Toxicity Assessment; and Section 7.4, Risk Characterization. The summary and conclusions of the risk

assessment are presented in Section 7.5.
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7.1 DATA EVALUATION AND IDENTIFICATION OF CHEMICALS OF
POTENTIAL CONCERN

This section describes the identification and evaluation of analytical data for use in the risk assessment.
The data provide the basis for selecting chemicals of potential concern (COPC) for the TBB Disposal

Site and estimating exposure point concentrations (EPC) for the risk assessment.
7.1.1 Data Evaluation

The available analytical data for this risk assessment include the results of the 57 sediment samples |
collected at a depth of O to 2.5 feet bgs from the disposal site, as presented in Section 5.0 of this report.
Sediment samples were analyzed for inorganic chemicals (57 samples), SVOCs (24 samples), and

extractable TPH (24 samples). The analytical data are presented in Appendix D.

All sediment samples collected at the disposal site were used in the HHRA, with the exception of three
3-point composite sediment samples. These samples were collected in February 2000 as part of the
ERA mvestigation. These samples were not included in the data set for the HHRA because the
sampling locations of the composite samples were generally co-located near existing discrete samples,
so these locations are already characterized by existing discrete samples. Because chemical
concentrations at those locations are already included in the data set used in the HHRA, inclusion of the

composite samples would tend to overrepresent these areas,

As part of the data evaluation process, the analytical data were reviewed to verify that data quality was
adequate for use in the risk assessment. No site-specific data quality issues were identified for the
disposal site. Data validation of these samples followed EPA data validation guidelines, as described in
the QAPP for the Concord Tidal Area Sites (PRC 1995). All data without qualifiers and all data
qualified as estimated (J) were used in the risk assessment. Nondetected data (U) were also
incorporated into the risk assessment by using a proxy value of one-half the sample quantitation Hmit.
Only data qualified as rejected (R) were considered to be unusable for risk assessment purposes

(EPA 1989b, 19922).
7.1.2 Identification of Chemicals of Potential Concern

COPCs are those constifuents present at a site that are carried through the risk assessment process and
for which carcinogenic risks and noncarcinogenic hazards are estimated. COPCs at the disposal site

were identified following a three-step process. First, validated soil and sediment analytical data were
7-2 DS.0309.15133



assembled, and a preliminary list of all analytes detected in one or more soil or sediment samples was

developed. Validated soil and sediment data are presented in Appendix D.

Second, some inorganic chemicals were removed from the list of COPCs on the basis of a comparison
with ambient concentrations. Ambient metal concentrations were estimated, as described in Appendix
E. Inorganic chemicals were removed from the list of COPCs if the maximum detected concentration
was below the 99th percentile of the ambient metal distribution (see Table 7-1). For Area A, aluminum
and vanadium were removed from the COPC list based on the ambient screen. For Area B, aluminum,

cobalt, nickel, and vanadium were removed.

As the third step in the identification of COPCs, elements considered to be essential human nutrients
were removed from the list. EPA guidance states that these nutrients can be deleted because of their
low toxicity when detected at environmental concentrations (EPA 1989b). Inorganic chemicals
removed as COPCs using this step were calcium, magnesium, potassium, and sodium. Iron is also
considered to be an essential nutrient; however, a PRG has recently been established for iron. Iron was

therefore retained as a COPC.

All constituents remaining on the list after the above steps were completed were considered to be
COPCs. COPCs identified based on the three-step process are listed in Tables 7-2 and 7-3 for Areas A
and B, respectively. These tables also present COPC detection frequencies and the range of detected

concentrations.
7.2 EXPOSURE ASSESSMENT

The exposure assessment evaluates the nature and magnitude of potential exposures associated with the
disposal site. The assessment includes a description of the exposure setting and land use, identification

of potential receptors and exposure pathways, and estimation of EPCs.
7.2.1 Exposure Setting and Land Use

The physical setting of the disposal site, including geology, climate, and topography, is described in
Section 3.0 of this report. The disposal site is within a larger Tidal Area that includes diked wetlands,

natural wetlands, and filled areas.

NWSSB Detachment Concord is an open naval base and is not scheduled to close. The majority of

NWSSB Detachment Concord operations are in the Infand Area. Activities at the disposal area are
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restricted to occasional grounds maintenance by base personnel and environmental restoration

activities,

Infrequent and limited exposure may also occur if base personnel cross through the disposal site en
route to an adjacent area. Land use in the area around NWSSB Detachment Concord is diverse,

| consisting of a mixture of military, industrial, residential, agricultural, and open space zones. No
residential communities are Jocated within the immediate vicinity of the disposal site. The closest
residence is in the civilian community of Clyde, which is about 1 mile from the disposal site. The

closest military residence is located more than 1 mile from the disposal site.

Future use at the TBB disposal site is not expected to change from its current use. Future residential,
recreational, or private industrial or commercial use of the site is therefore not anticipated. Given the
current sensitivity for development in a wetland environment, it is highly unlikely that residential
development would be permitted at the disposal site, even if the Navy were to transfer the property to
other owners. However, the residential exposure scenario is conventionally used to evaluate an
unrestricted land-use exposure scenario, because the residential land-use scenario représents the
greatest potential for exposure to site chemicals. This unrestricted (residential) land-use scenario
generally characterizes a high potential for expoéure to site chemicals. Sites found to have acceptable
risk for this scenario will also have acceptable risk for other uses with lower exposure potential, such
| as industrial or recreational. Residential PRGs are used to evaluate this most conservative (health-

protective) land-use scenario.
7.2.2 Receptors and Exposure Pathways

The residential (or unrestricted) sqehario was the only scenario evaluated in this HHRA. Although it is
highly untikely that the site will ever be developed for residential housing, residential PRGs were used
as a benchmark to confirm that site conditions are protective of human health for all possible future

uses.

A recreational visitor is a more likely future receptor at the site. For example, a likely recreational
visitor is a birder observing shorebirds. A utility worker would also occasionally access the site to
conduct maintenance on the electrical pole at the site. Because the exposure and estimated risk for

these and other possible receptors are expected to be significantly less than those of a resident, the risks
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for a recreational visitor and utility worker were not evaluated separately. It is expected that conditions

considered to be protective of residents would also be protective of all other receptors.

Direct contact with groundwater was not evaluated in the HHRA. Groundwater from the Tidal Area is
not considered to be suitable for use as a drinking water source (IT 1992). Most private and city
municipal water in the region is supplied by treated surface water sources, although several wells are
located in the industrial complex area to the west of NWSSB Detachment Concord. The wells are used
primarily to supply process water and cooling water. Groundwater from a series of potable water wells
surrounding Mallard Reservoir, aléo located west of NWSSB Detachment Concord, is used to augment
aqueduct supplies of drinking water to the reservoir during drought periods; however, IT reports that
these wells have been used only three times since the mid-1960s. Based on regional topography, the
potable water welis are upgradient of the disposal site and therefore would not be affected by NWSSRB

Detachment Concord activities.
7.2.3 Exposure Points and Exposure Point Concentrations

| Exposure points are defined as areas of potential human contact with a contaminated medium. They
are typically defined on the basis of population activity patterns at a site and the relationship of those
activities to the distribution of COPCs in soil and sediment. As discussed in the introduction to this
section, based on an evaluation of the spatial distribution of chemicals in soil and sediment, two
subareas of the disposal site were defined for the risk assessment. These subareas, Areas A and B,
represent two separate exposure points. Review of the spatial distribution of COPC concentrations at
the disposal site indicated vertical stratification of chemicals, with inorganic chemical concentrations in
surface soils and sediments (O to 1 foot bgs) significantly higher than those in deeper samples (greater
than 1 foot bgs). Contaminants were also detected at higher concentrations at locations within Area A
than outside of Area A. As a result, two sets of soil concentration terms (also referred to as EPCs)

were developed for use in the HHRA, as described below.

The first set of soil concentration terms contains only the data from the 16 surface soil and sediment
samples collected from O to 1 foot bgs in the 400-mg/kg lead isopleth (Area A). These soil

concentration terms are presented in Table 7-2.

The second set of soil concentration terms contains data from all surface and subsurface soil and

sediment samples collected outside of the 400-mg/kg lead isopleth (that is, all samples except the

7-5 : DS.0309.15133



16 samples located within the 400-mg/kg lead isopleth) (Area B). This set also includes samples taken
from locations within the 400-mg/kg lead isopleth at depths greater than 1 foot. A total of 41 soil and
sediment samples were used in this set of soil concentration terms. This data set was used to evaluate
potential human health risks associated with the site, assuming that soil within the 400-mg/kg isopleth is

removed. These soil concentration terms are presented in Table 7-3.

The 95 percent upper confidence limit on the arithmetic mean (UCL,s) was generally used as the soil
concentration term for each COPC. In cases where the UCLys was greater than the maximum detected
concentration, the maximum detected concentration was used as the soil concentration term. Methods
used to calculate soil concentration terms are presented in Appendix J of the Tidal Areas RI

(PRC 1997). Calculation of soil concentration terms was based on the data set distribution type (that is,
normal, lognormal, or not tested). The distribation type was not tested if the data set contained three
or fewer detected values. If the data set for a COPC was neither normal nor lognormal, it was
assurned to have a lognormal distribution for purposes of calculating the UCL,,;. Tables 7-2 and 7-3
also present COPC detection frequencies, sample guantitation limits, and range of detected

concentrations.

Use of UCL,; concentrations is recommended by EPA (EPA 1992b) for evaluating reasonable
maximum exposure (RME) conditions at a site and is consistent with State of California Department of
Toxic Substances Control (DTSC) and EPA guidance for baseline HHRAs. RME is defined as the
highest exposure that is reasonably expected to occur at a site. Typically, DTSC indicates that the
maximum concentration of each chemical should be used as the EPC for comparisons against PRGs for
screening-level risk assessments (Cal/EPA 1994). This policy is based on the assumption that few
samples would be available for evaluation in a screening-level risk assessment. The 57 soil and
sediment samples taken at the disposal site are adequate to characterize the nature and extent of
chemical contamination. Consequently, UCLq concentrations, rather than maximum detected

concentrations, are used in this HHRA.
7.3 TOXICITY ASSESSMENT

A toxicity assessment typically includes two components: (1) brief descriptions of the major
toxicological effects associated with COPCs identified at a site (toxicity profiles) and (2) a list of
toxicity values (slope factors [SF] and reference doses [RfD]) used in the risk assessment for
characterization of cancer risk and noncancer hazards. RfDs and SFs developed by EPA are the
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principal toxicity values used to estimate PRGs. Toxicity values are derived using data from both
animal experiments and human epidemiological studies and can be used directly with EPA intake
algorithms. Sources of toxicity values include the Integrated Risk Information System (IRIS)
(EPA 2000), which is a database containing EPA-verified, current toxicity values; and the Health
Effects Assessment Summary Tables (EPA 1997a).

Toxicity values used in the calculation of chemical-specific PRGs are presented in the EPA Region IX
PRG memorandum (EPA 1999). Toxicity profiles are not presented in this HHRA, because the EPA
Region IX memorandum was used as the basis for assessing toxicity. Section 7.3.1 describes the
source of specific toxicity values used to calculate PRGs selected for use in this risk assessment, and
Section 7.3.2 identifies surrogate PRGs when a value is not available, becanse toxicity values have not

been developed by EPA.
7.3.1 Toxicity Values

PRGs are health-based concentrations in soil for individual chemicals that correspond to an excess
lifetime cancer risk of 1 x 10® or a noncarcinogenic HQ of 1. In most céses, when exposure to a
specific chemical has been associated with both carcinogenic and noncarcinogenic effects, only the
more stringent value (typically, the value corresponding to a cancer risk of 1 x 10%) is presented in the
printed PRG table. The electronic version of the EPA Region IX PRGs includes PRGs corresponding
to the noncarcinogenic effects of carcinogens. Both the carcinogenic and noncarcinogenic PRGs were

used, when available.

For chromium, the toxicity is dependent on the ionic form of the metal (that is, whether chromium is
present as the trivalent or the hexavalent form). Hexavalent chromium is a carcinogen by the
inhalation route of exposure, whereas trivalent chromium is not a carcinogen by any route of exposure.
Cal/EPA considers hexavalent chromium to be a carcinogen by both the ingestion and inhalation routes
of exposure. In general, chromium is present in soil as either elemental chromium or trivalent
chromium, unless industrial discharges of hexavalent chromium have occurred (Fetter 1993).

However, because soil samples collected from the disposal site were not speciated for hexavalent
chromium, it was conservatively assumed that chromium is present as both the hexavalent and the
trivalent forms. The EPA Region IX PRG used to evaluate the cancer risks associated with potential
exposure to chromium assumes a 1 to 6 ratio of hexavalent chromium to trivalent chromium. The PRG

for chromium assumes that hexavalent chromium is only a carcinogen by the inhalation route.
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7.3.2 Chemicals with No Toxicity Values

The EPA Region IX PRGs assume route-to-route extrapolation when no route-specific toxicity values
were available. Oral RfDs and SFs are used to derive PRGs when dermal or inhalation toxicity values
are not available (EPA 1999). In addition, inhalation toxicity factors are used to evaluate oral exposure

when no oral toxicity values are available.

The following chemicals were detected at the TBB Disposal Site but do not have toxicity values:
benzo(g,h,i)perylene and phenanthrene. The pyrene PRG was used as a surrogate for
benzo(g,h,i)perylene, and the anthracene PRG was used as a surrogate for phenanthrene, Chemicals
used as surrogates were chosen for their structural similarity to the chemicals without toxicity values

and PRGs.
7.4 RISK CHARACTERIZATION

In this section, potential impacts to human health from residential exposure to COPCs are characterized
for the disposal site. Section 7.4.1 presents the methods used to estimate carcinogenic risks and
noncarcinogenic hazards associated with exposure to COPCs in soil and sediment. Section 7.4.2

presents the risk assessment results for the disposal site.
7.4.1 Risk Characterization Methodology

For the disposal site, the carcinogenic risk and noncarcinogenic hazard index (HI) was calculated based

on the ratio of chemical concentrations to EPA Region IX residential PRGs for soil (1999).
7.4.1.1 Carcinogenic Risks

In its memorandum regarding the derivation of PRGs, EPA outlines an approach to estimate the cancer
risk associated with exposure to carcinogens (EPA 1999). For COPCs that are classified as
carcinogens, cancer risk associated with exposure to a single chemical is estimated by comparing the

EPC (UClLss) of the carcinogen to the cancer PRG, using the following equation:
Cancer Risk = (EPC/PRG) x 10° (7-1)

where:

EPC = Exposure point concentration (mg/kg)
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PRG = EPA Region IX residential PRG (mg/kg)

At a given site, individuals may be exposed to more than one substance. Carcinogenic risks associated
with exposure to multiple chemicals can be assessed using an approach outlined by EPA in its
memorandum regarding the PRGs derivation (EPA 1999). The total risk from exposure to multiple

contaminants is calculated using the following equation:

Total Risk = 10° x {EPC,/PRG, + EPC,/PRG, + . . . EPC,/PRG,} (72
where:
Total risk =  Total carcinogenic risk from exposure to all contaminants (unitless)
EPC, =  Exposure point concentration of contaminant n (mg/kg)
PRG, =  PRG for contaminant n {mg/kg)

To aid in the interpretation of risk assessment results, EPA guidance on the role of the risk assessment
mm supporting risk management decisions is considered. According to the EPA directive
“Memorandum Regarding the Role of the Baseline Risk Assessment in Superfund Remedy Selection

Decisions™ (EPA 1991),

Where cumulative carcinogenic site risk to an individual based on reasonable maximum
exposure for both current and future land use is less than 10, and the noncarcinogenic HQ is
less than 1, action generally is not warranted unless there are adverse environmental impacts.

When action is warranted at a site (that is, site risks exceed 10™), remedial action goals defined by EPA
are considered. In the NCP, EPA has defined general remedial goals for sites on the National
Priorities List (40 Code of Federal Regulations Part 300.430). These goals include a target risk range,
which is defined as “an excess upperbound lifetime cancer risk to an individual from exposure to site

contamination of between 1 x 10* and 1 x 10,” or between 1 in 10,000 and 1 in 1,000,000.

In general, the EPA directive is used in interpreting the need for remedial action af a site, and action is
not proposed when the risks associated with residential exposure at a site are below 10*. However,
action may be proposed at sites where the risk is below 10 because of site-specific conditions.
Consequently, carcinogenic risks within the target risk range of 10* and 10 are discussed in the risk
assessment results section (see Section 7.4.2) of this report. In addition, when the risk for a chemical

exceeds 1 x 10, that chemical is identified as a “chemical risk driver”. This information is reviewed

7-9 DS.0309.15133



to confirm that no site-specific conditions (that is, localized contamination or potentially unidentified

sources) warrant further investigation or remediation.
7.4.1.2 Noncarcinogenic Hazards

For COPC:s that are not classified as carcinogens and for those carcinogens known to cause adverse
health effects other than cancer, the potential for individuals to develop adverse health effects is
evaluated by comparing EPCs (UCLy;) to noncancer PRGs. When calculated for a single chemical,
this comparison estimates a IiQ and Is expressed in the following equation:

HQ = EPC/PRG (7-3)
where: |
PRG = EPA Region IX residential PRG (mg/kg)
EPC = Exposure point concentration (mg/kg)

To evaluate the potential for noncarcinogenic effects from exposure to multiple chemicals, the HQs for

all chemicals are summed, yielding an HI as follows:

HI = EPC/PRG, + EPC/PRG, + . . .+ EPC,/PRG, (7-4)
|
where: |
|
EPC, = Exposure}point concentration of contaminant n (mg/kg)
\
PRG, = PRG for ¢ontaminant i (mg/kg)

A total HI of less than 1 indiclptes no potential for adverse noncarcinogenic health effects, When the
total HI exceeds 1, further ev?luation in the form of a segregation of HI analysis is typically performed
to determine whether noncarcinogenic hazards are a concern at the site. This is because the
noncarcinogenic effects of chémicﬂs with different target organs are generally not additive. If any one
segregated HI exceeds 1, it mlay indicate that the potential exists for adverse noncarcinogenic health
effects to occur (EPA 1989b).} However, a segregation of HI analysis usually is not conducted if the

HQ of any one chemical exceéds 1.
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7.4.1.3 Lead Evaluation

The PRG for lead does not represent a soil concentration corresponding to an HQ of 1. Therefore,
exposure to lead cannot be quantitatively evaluated in the same manner as other chemicals. Instead, the
residential soil PRG for lead is derived by EPA using the EPA integrated Exposure Uptake Biokinetic
Model (EPA 1994a). Applying this model, the PRG was calculated as a concentration of lead in soil
that corresponds to an acceptable blood-lead concentration in a child. Blood-lead concentrations,
expressed in micrograms of lead per deciliter of whole blood (ug/dL), are an integrated measure of an
internal dose that reflects exposure from site-related and background sources. The EPA Region IX
PRG for lead (400 mg/kg) corresponds to a blood-lead concentration in children of less than 10 ng/dL,
the level of concern (EPA 1994a). For purposes of this assessment, lead is evaluated separately by

comparing site soil concentrations to the lead PRG.
7.4.2 Risk Assessment Results

The results of the HHRA for the TBB Disposal Site are presented in Tables 7-4 and 7-5. These tables

correspond to site conditions described in Seciion 7.2.3.
7.4.2.1 Area within the 400-Milligram per Kilogram Lead Isopleth (Area A)

Table 7-4 presents the carcinogenic risk and HI for a resident within the 400-mg/kg lead isopleth
(Area A). The EPCs derived under this scenario assume that a resident is exposed only to soil and
sediment within the 400-mg/kg lead isopleth. For a resident, the RME carcinogenic risk associated
with potential exposure to COPCs in soil and sediment (4 x 10} exceeds EPA’s target risk range.
Chemical risk drivers (that is, chemicals associated with a risk greater than 1 x 10"%) are arsenic

(4 x 10™), chromium (2 x 10°), benzo(a)pyrene (I x 10°), and benzo(b)fluoranthene (3 x 10°%).
Arsenic was detected in all 16 samples, at concentrations ranging from 0.34 to 142 mg/kg. The
maximum concentration (142 mg/kg) was used as the RME concentration. Benzo(a)pyrene was
detected in three of six samples. The RME concentration of benzo(a)pyrene (0.6 mg/kg) is within the
range of typical background concentrations in soils. Background concentrations of benzo(a)pyrene
have been measured at 0.165 to 0.22 mg/kg in urban soils and 0.002 to 1.3 mg/kg in rural soils
(ATSDR 1995). Benzo(b)fluoranthene was detected in five of six samples. The RME concentration of

benzo(b)fluoranthene (2 mg/kg) is within the range of typical background concentrations. Background
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concentrations of benzo(b)fluoranthene have been measured at 15 to 62 mg/kg in urban soils and

0.020 to 0.030 mg/kg in rural soils (ATSDR 1995).

The total HI for the resident is 22 and is attributable to arsenic (6), copper (2), and iron (10). Because
individual HQs of these chemicals exceeded 1, no segregation of HI based on toxicological endpoint

was performed.

The RME concentration for lead (3.470 mg/kg) exceeds the EPA Region IX residential PRG for lead
(400 mg/kg). Assuming that the disposal site is developed for residential use, concentrations of lead in
soil and sediment could result in a child blood-lead concentration greater than 10 ug/dL, the level of

concern.
7.4.2.2 Area Qutside of the 400-Milligram per Kilogram Lead Isopleth (Area B)

Table 7-5 presents the carcinogenic risk and HI for a resident exposed to the site outside of the
400-mg/kg lead concentration isopleth (Area B). This scenario assumes that remediation is conducted
at the site to remove surface soil and sediment within the 400-mg/kg lead isopleth. For a resident, the
RME carcinogenic risk associated with potential exposure to COPCs in soil and sediment (3 x 107) is
within EPA’s target risk range. The chemical risk driver is arsenic (2 x 10°). Arsenic was detected in
39 of 41 samples, with concentrations ranging from 2.0 to 26.8 mg/kg, which is consistent with
ambient values for afsenic in Tidal Area soils. The Tidal Area ambient value for arsenic (24 mg/kg)

was exceeded in samples at only two locations in Area B (SB106 and SS205).

The total HI for the resident is 4. The chemical risk driver is iron (2). The RME concentration for
iron (36,300 mg/kg), while above the EPA Region IX residential PRG, is within the range of
background concentrations measured in California soils. Background concentrations for iron have been
measured at 10,000 to 87,000 mg/kg in California soils (Bradford and Others 1996). Other than iron,
no individual HQ exceeded 1.

Because no other individual HQ of iron exceeded 1, a segregation of HI based on the toxicological
endpoint was performed for all COPCs other than iron. COPCs were grouped according to the target
organ that would be affected by levels of exposure corresponding to the lowest-adverse-effects levels
(LOAEL) (that is, the critical effects) identified by EPA (EPA 2000). The highest segregated HI is less
than 1.
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The RME concentration for lead (210 mg/kg) is below the EPA Region IX PRG for lead (400 mg/kg).
Assuming that the disposal site is developed for residential use, the concentrations of lead in soil and

sediment would not likely result in a child blood-lead level greater than 10 ug/dL.
7.4.3 Uncertainties

The risk estimates calculated in this HHRA are subject to varying degrees of uncertainty from a variety
of sources. The uncertainties associated with the data evaluation, exposure assessment, and toxicity

assessment will all directly affect the risk characterization.

7.4.3.1 Data Evaluation and Chemical of Potential Concern Selection Process

The primary uncertainty associated with the COPC selection process is the possibility that a chemical
may be inappropriately identified as a COPC for evaluation in the risk assessment (that is, a detected
chemical may be inappropriately excluded or included as a COPC). For the disposal site, the only
analytes that were excluded from designation as COPCs were inorganic chemicals detected at

concentrations below ambient levels and essential nutrients, with the exception of iron.

Site-specific ambient limits were not established for iron. The concentration of iron detected at the
disposal site ranges from 63.2 to 378,000 mg/kg, with a mean of 64,400 mg/kg and a UCL,; of
123,000 mg/kg. The range of background California soil iron concentrations is 10,000 to

87,000 mg/kg (Bradford and Others 1996), and throughout the United States iron ranges from 7,000 to
550,000 mg/kg (Lindsay 1979). Although iron was likely correctly identified as a COPC, it is likely
that background levels at the TBB Disposal Site exceed the residential PRG.

Consistent with EPA and DTSC guidance (EPA 1989b), ambient limits were not estimated for organic
constituents detected in soils at the disposal site. However, studies have shown that there are ambient
concentrations of PAHs in urban and rural soils (ATSDR 1995). PAHs are typically detected in soil
samples from urban and rural areas at concentrations that may exceed a cancer risk of 1 x 107,

Natural sources of PAHs include emissions from volcanoes and forest fires. The primary manmade
sources are wood-burning fires in homes, automobile and truck emissions, and other combustion
sources. Background concentrations for benzo(a)pyrene have been measured at (.165 to 0.22 mg/kg in
urban soils and 0.002 to 1.3 mg/kg in rural soils (ATSDR 1995). Background concentrations for
benzo(b)fluoranthene have been measured at 15 to 62 mg/kg in urban soils and 0.020 to 0.030 mg/kg in

rural soils (ATSDR 1995).
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7.4.3.2 Exposure Assessment

Uncertainties exist in two areas of the exposure assessment process: (1) identification of receptors and

(2) derivation of EPCs. Uncertainties in each of these areas are discussed in the following text.
Identification of Receptors

Receptors and exposure scenarios are identified based on observed and assurned land use and aciivity
patterns of current and future receptors. To the degree that land use and activity patterns are not
represented by those assumed, uncertainties are introduced. For example, future land use is assumed to
be residential; however, such an assumption is unlikely given the proximity of the site to designated
wetland areas and the tendency for significant portions of the site to be subject to flooding during the wet

Season.
Derivation of EPCs

As discussed in Section 7.2.3, the UCL; was used as the EPC for each COPC, given the assumption that
the large number of sarﬁples collected at the site adequately characterized the nature and exte nt of
chemical contamination. The use of UCLy; concentrations is recommended by EPA for evaluating RME
conditions. For small data sets, the UCL; often exceeded the maximum detected concentration at a site,
because the standard deviation associated with small data sets is high. Consequently, the maximum
detected concentration (or the concentration of a single detected value) was often used as the RME
concentration. The EPCs based on the maximum concentration are likely to overestimate concentrations

and associated risks at the site.
7.4.3.3 Toxicity Assessment

Primary uncertainties associated with the toxicity assessment are related to the derivation of toxicity values
for COPCs. Standard toxicity values (RfDs and SFs) were used by EPA Region IX to derive the PRGs
used in this risk assessment. Uncertainties associated with the unavailability of toxicity values for all

COPCs and the chemical-specific factors for chromium and iron are described in the following text.
Unavailability of Toxicity Values

The carcinogenic risks and noncarcinogenic hazards can be assessed only for those COPCs for which
relevant toxicity values are available. For fluorene and pyrene, for which an RfD was available for
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only one route of exposure, route-to-route extrapolations were made in the derivation of Region IX

PRGs. These extrapolations will introduce some uncertainty into risk and hazard estimates.
Chromium Speciation

Selection of the appropriate toxicity value for chromium depends on the chemical species of chromium
that is encountered; hexavalent chromium is a potent carcinogen by the inhalation route, whereas
trivalent chromium is not a carcinogen. Chromium occurs primarily in the trivalent form in nature.
Trivalent chromium has a more stable oxidation state than hexavalent chromium. Hexavalent
chromium is easily transformed to trivalent chromium in reducing envirenments, such as those found in
acidic soils or soils that contain iron or dissoived sulfides. Further, iron and dissolved sulfides in soil

will reduce hexavalent chromium to trivalent chromium (Fetter 1993).

Because soil and sediment samples collected at the disposal site were not analyzed for hexavalent
chromium, total chromium concentrations for each site were compared to the EPA Region IX
residential PRG for chromium (210 mg/kg). This PRG for total chromium assumes that 1/6 of the total
chromium is present in the form of hexavalent chrqinium. This assumption will likely introduce some

uncertainty into risk and hazard estimates.
Iron

EPA recently established a PRG for iron based on the provisional oral RfD established by the National
Center for Environmental Assessment (NCEA) (1999). The RfD represents a level that is both
sufficient to protect against iron deficiency and insufficient to cause the toxic effects of iron overload.
The RfD was derived using the upperbound value (0.27 milligram per kilogram per day [mg/kg-day])
in the range of average dietary intakes (0.15 to 0.27 mg/kg-day) from a National Heaith and Nutrition
Examination Survey database. In this survey, biochemical indices of iron status (that is, serum ferritin
levels) were used to confirm that blood-iron levels remained within a normal range when dietary
intakes of iron were within the range of 0.15 to 0.27 mg/kg-day. It should be noted that the “Risk
Assessment Issue Paper for Derivation of a Provisional RfD for Iron” (NCEA 1999) has not been through
the formal EPA review process.

The National Academy of Sciences (NAS) (1989) has determined that the Recommended Dietary
Allowance (RDA) for iron is 10 milligrams per day (mg/day) for children over the age of 1 and adult

males and 15 mg/day for females aged 11 to 50 years. These RDA values correspond to intakes of
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0.14 mg/kg-day for children over the age of 1 and adult males and 0.24 to 0.33 mg/kg-day for females.
These values do not represent a level that is associated with adverse health effects, but rather a level
required for proper nutrition. While chronic iron toxicity has been observed in people with metabolic
disorders resulting in excessive iron absorption, a LOAEL for normal individuals consuming western diets
has not been quantitatively determined. Therefore, it is likely that individuals may be exposed to iron at

levels significantly higher than the PRG without experiencing adverse health effects.
7.4.3.4 Lead Evaluation

Lead is evaluated separately by comparison of site soil concentrations to the lead PRG. Although human
evidence is inadequate, EPA considers lead to be a probable human carcinogen based on rat and mouse
bioassays which showed statistically significant increases in renal tumors with diétary and subcutaneous
exposure to sofuble lead salts (EPA 2000). Lead also contributes to noncancer health effects such as
changes in cognitive and behavioral functions in children and can p roduce premature deliveries and

spontaneous abortions in women.

While the degree of uncertainty regarding the health effects of lead is quite low, quantifying the cancer
risk or noncancer health hazards of lead involves many uncertainties, some of which may be unique to
lead. No toxicity criteria exist for lead, and the EPA Region IX residential and industrial PRGs do not
correspond to a cancer risk of 1X10-6 or a hazard quotient of 1. Consequently, cancer risk and
noncancer health hazard estimates presented in this human health risk assessment for the TBB Disposal
Site would be greater if the carcinogenic and noncarcinogenic potential for lead were numerically

quantified.
7.5 HUMAN HEALTH RISK ASSESSMENT SUMMARY AND CONCLUSIONS

This risk assessment has been prepared as part of an RI for the TBB Disposal Site at NWSSB
Detachment Concord. It is based on data collected from the disposal site and surrounding area in
February 1996, March and October 1997, February and June 1998, and February 2000. The data
were compared to EPA Region IX residential PRGs, which are equal to a cancer risk of 1 x 10 or an
HQ of 1. COPCs are defined as all detected organic constituents and inorganic constituents detected in

excess of ambient concentrations. .

Currently, the disposal site is only accessible to Navy authorized personnel. There are no current plans

for base closure, and the site use is not expected to change in the near future. For this HHRA,
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potential carcinogenic risks and noncarcinogenic hazards were calculated based on the ratio of detected
contaminant concentrations to residential PRGs. Although it is highly unlikely that the site will ever be
developed for residential housing, residential PRGs were used as a benchmark to confirm that
postremediation site conditions will be protective of human health for all possible future uses. As
previously discussed, it is anticipated that a removal action will occur at the site to protect ecological
receptors. For purposes of the risk assessment, the site was divided into two subareas: the area in the
center of the site where lead concenirations exceeded the residential PRG of 400 mg/kg and the area
outside of the 400-mg/kg lead isopleth. Figure 7-1 shows the location of each sediment sample where
the residential PRG for lead (400 mg/kg) is exceeded and there is risk. The portion of the site at risk

from lead exposure roughly coincides with the area where debris is distributed.

For the resident, the carcinogenic risk (4 x 10) from soil and sediment within the 400-mg/kg lead
isopleth at the disposal site (Area A) under current conditions exceeds EPA’s target risk range of
1x10%to 1 x 10*. Chemical risk drivers also include arsenic, chromium, benzo(a)pyrene, and
benzo(b)fluoranthene. The HI is 22, indicating the potential for adverse health effects from residential

use of the site. HQs for arsenic, copper, and iron are greater than 1.

The Area A RME concentration for lead (3,470 mg/kg) exceeds the EPA Region IX PRG for lead.
Assuming that the disposal site is developed for residential use and no remediation is conducted at the
site, the concentrations of lead in soil and sediment could result in a child blood-lead concentration
greater that 10 ug/dL., the level of concern. However, because it is anticipated that soil and sediment
within the 400-mg/kg lead isopleth will be removed to protect ecological receptors, it is highly unlikely

that residents will be exposed to COPCs at levels expected to result in adverse health effects.

The carcinogenic risk (3 x 10”) from soil and sediment outside of the 400-mg/kg lead isopleth (Area B)
is within the target risk range of 1 x 10%to 1 x 10®*, Arsenic is the only COPC with a cancer risk

(2 x 10”°) greater than 1 x 10®. The HI is 4, indicating the potential for adverse health effects from
residential use of the site. Iron is the only COPC with an individual HQ (2) greater than 1.

The Area B RME concentration for lead (210 mg/kg) is below the EPA Region IX PRG for lead.
Assuming soil and sediment within the 400-mg/kg lead isopleth is removed, the risks identified at the
disposal site would be within EPA target levels considered to be protective of human health, and

potential exposures to COPCs in soil would not be expected to result in adverse health effects.
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The screening-level HHRA conducted for the disposal site indicates that COPCs are currently present
at levels that could result in adverse health effects for residents. COPCs are present at higher
concentrations at the center of the site, and it is likely that soil and sediment within the 400—mg/kg lead
isopleth will be removed to protect ecological receptors. Soil and sediment within the 400-mg/kg lead
isopleth also contains elévated levels of COPCs other than lead. Concentrations of COPCs in soil and
sediment remnaining after remediation of the 400-mg/kg lead isopleth would be within EPA target levels
considered to be protective of human health. Potential exposures to remaining COPCs would not be
expected to result in adverse health effects. Following remediation of soil and sediment within the
400-mg/kg lead isopleth, the only COPCs remaining at concentrations above the EPA Region IX
residential PRGs would be arsenic and iron. The remaining levels of both benzo(a)pyrene and iron
would be within background ranges, and it is unlikely that further remediation would result in levels
below the PRGs.
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8.0  BASELINE ECOLOGICAL RISK ASSESSMENT

This section describes the methodology and results of the baseline ERA conducted as part of the RI for
the TBB Disposal Site. Ecological risk assessment within the Superfund Program is intended to fulfill

three basic functions:

1. Document whether actual or potential ecological risks exist at a site,
2. Identify which contaminants at a site pose an ecological risk.
3. Generate data to be used in evaluating cleanup options.

Guidance for the design and conduct of ERAs under CERCLA is provided in EPA (1997b, 1999).
While existing guidance provides a general framework for the conduct of ERAs, it recognizes that
approaches and methodologies must be tailored to assessment scenarios at individual sites. EPA
(1997b) characterizes ERA as a complex, nonlinear process that involves many parallel activities and
emphasizes that the ERA framework was designed to be flexible, thereby allowing scaling of studies in

a manner appropriate to the requirements of and conditions at each site.
EPA (1997b) separates the ERA process into eight steps:

Step 1: Screening-level problem formulation and evaluation of ecological effects
Step 2: Screening-level preliminary exposure estimate and risk calculation

Step 3: Baseline risk assessment problem formulation

Step 4: Study design and data guality objectives

Step 5: Field verification of sampling design

Step 6: Site investigation and analysis of exposure and effects

Step 7: Risk characterization

Step 8: Risk management

Steps 3 through 7 are required only for those sites for which the screening-level assessment (Steps 1
and 2) indicates a need for further evaluation of ecological risk. Steps 2, 3, 4, 5, 6 (only if changes to
the field sampling plan are necessary), and 8 have associated scientific management decision points
(SMDP). SMDPs are significant communication points that require meetings between the risk
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manager, risk assessment team, and other involved parties to evaluate and approve or redirect work up
to that point. All involved parties should agree to SMDPs before the risk assessment process is

continued.

A screening level ERA (Steps 1 and 2) was completed for the TBB Disposal Site in 1999 using
available sediment chemistry data (TtEMI 1999a). Preliminary evaluations of the data recommended
remediation of all soil containing more than 250 mg/kg lead from the site; therefore, the screening-
level ERA assumed remediation of lead-contaminated soil and evaluated .only residual site conditions in

the absence of lead contamination exceeding 250 mg/kg.
Screening Level ERA (Steps 1 and 2)

- In the screening-level ERA, data were screened against literature-derived toxicity values for benthic
receptors, using an HQ approach to identify chemicals of potential ecological concern (COPEC). Two
HQs were calculated for each chemical that exceeded the Concord tidal area ambient (see Appendix E)
and for which screening values were available. HQs were calculated using the 1992 Wetland Cover
Values (WCV) (California Regional Water Quality Control Board {RWQCB] 1992) and effects-range
median (ER-M) (Long and others 1995).

Regulatory guidance indicates that benthic receptors may be at risk if the HQ exceeds 1.0 (EPA
1989b). In the screening-level ERA, sediments were assumed to have the highest potential for toxic
effects where the HQg, ,, was above 1.0. The potential for toxic effects was assumed to be low where
the HQy,, was less than 1.0. The }Sotential for toxic effects was assumed to be moderate where HQycy
was greater than 1.0, but the HQg,,, was not. The screening-level ERA concluded (1) potential risk
based on WCVs for copper, lead, mercury, selenium, and zinc; and (2) high risk based on ER-Ms for
mercury, selenium, and zinc. Although none of the HQs were high enough to warrant immediate

action, these results indicated a potential for adverse ecological effects to benthic invertebrates.

The screeningQIevel ERA also identified receptors potentially at risk, fate and transport mechanisms,
exposure pathways, and endpoints to screen for ecological risk. Based on the resuits of the screening-

level ERA, it was determined that a baseline risk assessment would be required.
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8.1 PROBLEM FORMULATION FOR BASELINE ECOLOGICAL RISK
ASSESSMENT (STEP 3) '

Conclusions set forth in screening-level ERA (TtEMI 19992a) and the need to better define risk were the
basis for undertaking additional evaluation of ecological risk at the TBB Disposal Site. In Step 3, the
goais and focus of the baseline ERA (EPA 1997b) were established, and the screening-level ERA
problem formulation was further developed based on the results of the screening-level ERA and

stakeholder input. Problem formulation for the baseline ERA is presented in Table 8-1.

The baseline ERA (Steps 3 to 8) is a refinement of the screening-level ERA and includes a more
detailed conceptual site model (CSM). The CSM identifies natural resources potentially at risk, fate
and fransport processes, and complete exposure pathways for receptors. The CSM includes the .

following components:

e Stressors: identification of site stressors in an ecological context. Stressors can be defined
as any factor causing adverse ecological impacts on natural resources at the siie; in this
ERA, only inorganic chemical stressors are addressed directly. However, other types of
stressors will be mentioned when relevant.

e Exposure Pathways and Crifical Receptors: identification of complete ecological
exposure pathways, such as ingestion and dermai contact, and the critical receptors that
may be exposed. Critical receptors usually include representatives of important feeding
guilds and may include special status species.

e Fate and Transport: description of potential pathways of chemical transport and the
ultimate fate of site chemicals, including the potential for biogeochemical transformation of
the chemicals, potential for on- and off-site migration of chemicals, and biotic transfer.

¢ Assessment and Measurement Endpoints: identification of assessment and measurement
endpoints that will be used to characterize risk at the site. Assessment endpoints are
envirommental characteristics or values which, if found to be significantly affected, would
indicate a need for action by risk managers. Measurement endpoints more closely reflect
technical considerations in the risk assessment process; that is, measurement endpoints are
focused on more direct measures of ecological effects that allow for am evaluation of risk to
assessment endpoints.

The following sections review the first two components of the CSM. Fate and transport of chemicals
for all habitats are discussed in Section 8.1.3. A detailed discussion of assessment and measurement
endpoints used to evaluate risk at the TBB Disposal Site is presented in Section 8.1.4. An overall CSM
1s presented on Figure 8-1. Complete exposure pathways in the TBB Disposal Site aquatic and wetland

habitats are identified on Figure 8-2.
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§.1.1 Stressors

Inorganic chemicals are the primary stressors to both the aquatic and wetland and upland transitional
habitats at the TBB Disposal Site. Metal concentrations are highest in the wetland and upland
transitional habitat in areas of debris. Organic chemicals were evaluated in the screening-level ERA
(TtEMI 1999a) and were determined to pose negligible risk in comparison with inorganic chemicals.
Therefore, only inorganic chemicals were further evaluated in the baseline ERA. However, the natitre
and extent of all chemicals evaluated at the site was provided in Section 5.1 (inorganic chemicals) and
5.2 (organic compounds). Although not all inorganic chemicals are metals, the terms “inorganic

chemical” and “metal” are used interchangeably throughout the text of this document.

In addition to chemical stressors, other types of stressors in the wetland habitat include historical
changes in hydrologic dynamics resulting from construction activities at the site and the presence of
introduced and invasive plant species. Although these factors will not be addressed in the risk

assessment, they may be important in risk management decisions.
8.1.2 Exposure Pathways and Critical Receptors

Receptors residing in or migrating through the aquatic or wetland and upland transitional habitat at the
TBB Disposal Site may be exposed to site-related chemicals through surface waters, sediments and

soils, or plant and animal materiai.

Bioavailable chemicals accumulated in prey can be transferred to higher trophic levels through the food
chain and may biomagnify. A food web for the TBB Disposal Site is provided on Figure 8-1.
Mercury, selenium, and arsenic, detected at the TBB Disposal Site, have been shown to biomagnify in
some cases {(Eisier 1988; Saiki and Lowe 1987, as cited in Taylor and others 1992; Suedel and

others 1994),

Plants may take up chemicals directly from the soil or surface water and suffer direct or indirect effects
of exposure. The plants adapted to conditions of inundation also provide critical habitat for special
status animals such as the salt marsh harvest mouse. Protection of plant species such as pickieweed
(Salicornia virginica) is critical for the maintenance of salt marsh harvest mice populations.
Contaminants in plants may be transferred to herbivores, including insects, rodents, and granivorous
birds; if these chemicals bioaccumulate in tissues of herbivores, higher-level predators will also be

exposed.
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Many species ingest sediment or soil particles and detritus directly while feeding (oligochaetes, filter
feeders, demersal fish, and shorebirds) or indirectly while capturing sediment or soil-covered prey
(herons, egrets, waterfowl, and raptors). Predators may also ingest chemicals within the tissues of their
prey; this is especially important for chemicals that biomagnify. Mammals and birds may incidentally
ingest soil with preening or grooming (Beyer and others 1994). Many types of animals, such as
benthic invertebrates, fish, wading birds, amphibians, aquatic mammals, and burrowing mammals, are

subject to dermal exposure to chemicals in soil, sediment, or surface water.

Ingestion of site sediments and prey by receptors is considered to be the main exposure pathway. The
size of the site relative to the drainage area that discharges to Seal Creek Marsh is so small that it is
insignificant. As a result, contaminated runoff from the site is unlikely to have a significant effect on

water quality of the area,
8.1.3 Fate and Transport

Potential pathways for chemical mobilization and transport within the site and to Seal Creek Marsh

include:

i. Groundwater-surface water interactions, including discharge of chemicals dissolved in
groundwater to surface water in Seal Creek Marsh or direct subtidal discharge of
chemicals dissolved in groundwater into the Bay.

2. Surface transport, including advective transport of chemicals dissolved in surface water
or absorbed to suspended sediments and wind-driven transport of soil particles

3. Biotic transport such as movement of chemicals in tissues of plants or animals at the

site

These transport pathways and the potential for migration of site chemicals will be discussed in the
following sections. A schematic of exposure routes and potential receptors at the TBB Disposal Site is
provided on Figure 8-3. A detailed discussion of the fate of chemicals detected at the site was provided

in Section 6.0.
8.1.3.1 Groundwater-Surface Water Interactions

Groundwater surface water interactions at the site were not evaluated. However, field observations
indicated that boreholes created to characterize the nature and extent of debris filled with water at
sediment depths ranging from 0.5 to 3 feet, depending on elevation. These observations indicate a
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mixing of groundwater and surface water, particularly at the lower elevations of the wetland and upland

transitional habitat and in the aquatic habitat.
8.1.3.2 Surface Transport Pathways

The main mechanism of surface transport of chemicals is through surface water movement, including
movement of suspended sediments with adsorbed chemicals. Wind transport of contaminated soil is

potentially important in the drier upland habitats at the site during the dry season.

Tidal exchange and overfand flow of surface runoff are considered to be the main routes of potential
migration of site chemicals within the site and to Seal Creek Marsh. Contaminants in sediments may
be present as both dissolved fractions in the interstitial water and as solid-phasé adsorptions to surfaces
or organic material (Campbell 1988). Although daily tidal action is minimal, extreme precipitation
events could result in a net movement of dissolved chemicals and contaminated soils and sediments

across the site.

Chemicals adsorbed to soil particles can be borne by wind, which blows primarily from the west-
northwest through Carquinez Strait; as a result, airborne particies may be moved primarily to the east-
southeast. The potential movement of chemicals as airborne particles is not considered to be a
significant transport process in permanently wet habitats. However, wind may transport particulates in
the wetland and upland transitional habitat during annual dry periods (late summer and early fall) when

the surface soil is desiccated.
8.1.3.3 Biotic Transport

Chemicals méy also be transported in plant and animal tissues. Chemicals in the bodies of mobile
receptors such as fish, migrating birds, flying insects, and far-ranging predators, may be carried off site
and deposited in other locations in the form of feces or corpses. In addition, distribution and
partitioning of chemicals are affected by the activities of burrowing animals, such as amphipods, and

fish in wetland environments (Greene and Chandler 1994).
3.1.4 Assessment and Measurement Endpoints

Assessment and measurement endpoints identified for the TBB Disposal Site and rationale for their
selection are shown in Table 8-2. A flow diagram showing trophic linkages among assessment and

measurement endpoints can be found on Figure 8-3. Five assessment endpoints, ranging from plants to
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higher-trophic-level receptors, were identified for specific evaluation during the TBB Disposal Site

baseline ERA. Assessment endpoints include the following:

e Maintenance and protection of wetland and upland transitional plants
e Protection populations of benthic invertebrates

» Protection of populations of waterfowl

* Protection of populations of shorebirds

s Protection of individual salt marsh harvest mice

Further discussion regarding selection of assessment and measurement endpoints is provided in the

following sections (see also Tables 8-1 and 8-2).
8.1.4.1 Rationale for Selection of Endpoints

Taxa reported to use habitats at the TBB Disposal Site or observed during site visits were considered to
be possible assessment endpoints. Protection of the population was used as the endpoint for all species,
except those for which the individual is the unit of protection because of their federal or state
threatened or endangered status. By definition, assessment endpoints have ecological, toxicological,
and societal importance (EPA 1992b). Several site-specific factors influenced the selection of
endpoints, including the occurrence, ecological significance, conservation status, life and natural
history characteristics, and potential toxicological susceptibility of receptors; known and potential
chemicals present and their mechanisms of toxicity; and spatial and temporal patterns of potential

exposure.

Taxa selected as assessment endpoints were chosen to represent surrogates for ecologically important
groups of receptors. For example, the potential for risk to the Mallard can indicate potential risks for

other waterfowl having similar exposure routes and physiology.

Species that inhabit NWSSB Detachment Concord all or part of the year were selected over migratory
species within a feeding guild; it is reasonable to assume that if resident species are shown not to be at
risk, migrants are safe from chemicals at the site, as well. For example, migratory ducks and other
waterfowl are important ecologically and socially; the Mallard was chosen as a surrogate for this group

based on its occurrence in Seal Creek Marsh throughout the year.
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Native taxa representative of important ecological guilds were chosen as endpoinis for the protection of
major ecological niches in TBB Disposal Site habitats. For example, pickleweed, which is part of the
plant community found at the site, is not only an important primary producer and food source for the

salt marsh harvest mouse, but also functions as a structural element in wetland habitats.

Some taxa selected as assessment endpoints are valued by society, as evidenced by their conservation
status. The salt marsh harvest mouse is a federal and state endangered species. Waterfow! are
protected under the Migratory Bird Treaty Act and are harvested by humans. These taxa also have

recreational value for birdwatchers and naturalisis across the state and country.

Toxicological concerns also guided the selection of endpoints; the presence of metals and metalloids
requires that exposure to plants and lower-trophic-level receptors should be evaluated. Some
bioaccumulating chemicals, such as arsenic, mercury, and selenium, warrant concern about exposure
of higher-level receptors. Factors considered included the sensitivity of receptors to effects of specific
types of chemicals, the potential fate of chemicals in terms of biogeochemical processes and
bioaccumulation, and dominant exposure routes of ingestion of contaminated prey and media.
Endpoints were chosen to represent risk posed through all major exposure pathways considered to be

important at this site.
8.1.4.2 Natural History of Assessment Endpoint Species

Receptor-specific ﬁatural and life history characteristics influencing potential risk, such as diet, trophic
relationships, residency, foraging range, and possible exposure pathways, were evaluated during
selection of assessment endpoints. These features are presented for each receptor in Table 8-3.
Additional natural history information was gathered through literature reviews and will be discussed

where relevant to evaluation of exposure and effects.

8.2 RELATIONSHIP BETWEEN ASSESSMENT AND MEASUREMENT
ENDPOINTS AND RISK CHARACTERIZATION METHODS

Assessment and measurement endpoints were selected to function together in models for
characterization of risk at the TBB Disposal Site. Risk to some assessment endpoints (such as the
plants and benthic invertebrate communities) was measured directly. Por assessment endpoints that
could not be measured directly, measurement endpoints were selected based on dominant exposure

pathways for each assessment endpoint, as defined in the CSM. The relationships between assessment
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and measurement endpoints are shown in Table 84 and are discussed in more detail in the following

section.

Risk to assessment endpoint taxa was evalnated based on multiple lines of evidence. Lines of evidence
include measurement endpoints and other qualitative evaluations. Measurement endpoixts are
quantitative and include such things as comparison of site data to toxicity benchmarks, bioassays, and
food-chain modeling using site-collected data. Qualitative evaluations take into account such things as
literature evaluations and bioaccumulation factor (BAF) calculations. The lines of evidence used to
assess the risk to each assessment endpoint are detailed in the following sections and are summarized in

Table 8-5.

8.2.1 Lines of Evidence for Assessing Maintenance and Protection of Wetland and
Upland Transitional Plants

Within the context of the baseline ERA, maintenance and protection of wetland and upland transitional
plants is defined as sufficient rates of survival, growth, and germination to sustain plant populations.
The effect of chemicals on wetland and upland transitional plant populations was evaluated using the

following Iines of evidence:

¢ Comparison of chemical concentrations in sediment with Oak Ridge National Laboratory
(ORNL) benchmarks for plants (Efroymson and others 1997). ORNL benchmarks are a
measure for growth and yield for terrestrial plants. Growth and yield are ecologically
significant responses both in terms of plant populations and the ability of vegetation to
support higher trophic levels. One of the uncertainties associated with ORNL benchmarks
is that they were developed for terrestrial plants; however, data specific to wetland plants is
limited. The methodology by which ORNL benchmarks were developed has proven to be
extremely conservative in practice (Efroymson and others 1997); therefore, the estimate of
risk is also conservative.

e Calculation of HQs (site concentration/ORNL benchmark) to evaluate the magnitude and
extent of contaminants.

¢ Qualitative evaluation of site-specific BAFs based on pickleweed tissue concentrations.

e Qualitative evaluation of toxicity based on a review of the primary literature.
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8.2.2 Lines of Evidence for Assessing Protection of Populations of Benthic Invertebrates

Within the context of the baseline ERA, protection of populations of benthic invertebrates is defined as
sufficient rates of survival and growth to sustain populations. The following lines of evidence were

used to evaluate the effect of inorganic chemicals on populations of benthic invertebrates:

¢ Cormmparison of chemical concentrations in sediment to effects-range low (ER-L) and ER-M
(Long and others 1995). The ER-L is the concentration at which 10 percent of the sindies
showed effects; sediment concentrations below the ER-L are interpreted as being “rarely”
associated with adverse effects. The ER-M is the concentration at which 50 percent of the
studies showed effects. Concentrations above the ER-M are “frequently” associated with
adverse effects (Long and others 1995). ER-Ls and ER-Ms are guidelines developed to
identify concentrations of chemicals in sediment associated with biological effects in the
laboratory, field, or modeling studies (Long and others 1995).

* Calculation of mean ER-M HQs (inean ER-Mgq) to evaluate the magnifude and extent of
contaminants (Long and MacDonald 1998)

»  Direct toxicity testing of sediment using the endpoints of survival and reburial of
Eohaustorius estuarius amphipods

* Factors affecting bioavailability (SEM/AVS, sediment grain size, pH, and TOC)
* A qualitative evaluation of site-specific BAFs using amphipod tissue residues

e A qualitative evaluation of toxicity based on a review of the primary literature
8.2.3 Lines of Evidence for Assessing Protection of Populations of Aquatic Birds

Within the context of the baseline ERA, protection of populations of aquatic birds is defined as
sufficient rates of survival, growth, and reproduction to sustain 'populations of shorebirds such as the
Biack-necked stilt and aquatic ommnivores like the Mallard. Risk to representative birds (Black-necked
stilt and Mallard) at the TBB Disposal Site were evaluated quantitatively based on an HQ approach. In
the HQ approach, site-specific daily doses determined by food-chain modeling were compared to
toxicity reference values (TRV), where the HQ was equal to ingested dose divided by the TRV. The
derivation of avian TRVs and the use of food-chain analysis in the HQ approach were described in
detail in a technical memorandum (EFA West 1998). Food-chain analysis was conducted for each
avian COPEC and receptor pair for which a TRV was available. For COPECs that did not have a
TRV, a qualitative assessment of risk was performed based on available information in the scientiﬁc

literature,
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8.24 Lines of Evidence for Assessing Protection of Individual Salt Marsh Harvest Mice

Within the context of the baseline ERA, protection of individual salt marsh harvest mice is defined as
sufficient rates of survival, growth, and reproduction to sustain individual salt marsh harvest mice.
Risk to the salt marsh harvest mouse at the TBB Disposal Site was evaluated quantitatively based on an
HQ approach. Site-specific daily doses determined by food-chain modeling were compared to TRV,
where the HQ was equal to ingested dose divided by TRV. The derivation of TRVs for mammals and
the use of food-chain analysis in the HQ approach were described in detail in a technical memorandum
(EFA West 1998). Food-chain analysis was conducted for each small mammal COPEC for which a
TRV was available. For COPECs that did not have a TRV, a qualitative assessment of risk was

performed based on available information in the scientific literature.
8.3 DATA QUALITY ASSESSMENT

Once sampling data were collected and validated, a data quality assessment was conducted. The data

quality assessment process involved evaluation of the following information:

e Compliance with DQOs. Data were evaluated to determine whether the requirements of
DQOs and the assumptions under which DQOs were prepared were met. See Section 8.3.1
for a detailed description.

e Data quality. Data were evaluated to determine whether the total study error in the data
was small enough to allow decision-makers to use the data to support a decision
{see Section 8.3.2).

8.3.1 Compliance with Data Quality Objectives

DQOs are qualitative and quantitative statements developed through the seven-step DQO process
(EPA 1994c). “The DQO process is intended to facilitate the development of sampling plans by
targeting data needed to make decisions, including risk management decisions. The DQO process
specifically focuses on the importance of, and methods for, developing a sampling plan for collecting
data with a known level of statistical error to ensure that the data can be used as intended and that the
level of decision error is known. The EPA also recognizes that not every environmental sampling
initiative lends itself to the use of statistical techniques™ (EPA 1994c). The plans for collection of data
for the baseline ERA were based on the seven-step DQO process, as presented in Section Al.2 of the
TBB QAPP (TtEMI 2000a) and Section 9.2 the WP (TtEMI 1999b). The DQO table from the TBB
QAPP is included in Appendix A of this document.
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Except for Step 1 of the DQO process, the data meets DQO requirements and the assumptions under
which the DQOs were prepared. Step 1 of the DQO process invoived a description of the problem to
be studied and a review of prior stdies and existing information to gain sufficient understanding to
define the problem. The following problem statement was made in the TBB Disposal Site WP
(TtEMI 1999b) and QAPP (TtEMI 2000b):

Soils at the site contain levels of several inorganic chemicals that may pose risk to ecological
receptors under conservative exposure and effects scenarios. Site-specific factors affecting
actual exposure and effects have not been investigated. A baseline ERA must be performed in
order to make reasonable decisions about what remedial actions are protective of receptors at
the site. Lead concentrations at some locations are high enough ( >250 ppm) that remediation
is expected to be necessary to reduce risk to human health. New data from additional sampling
will be evaluated with the original data to determine if lead concentrations in the area outside of
the 250 mg/kg lead isopleth pose a risk to ecological receptors. Wetland and aquatic habitat
could be adversely affected by remedial actions.

The results of the screening-level human health risk assessment for the TBB Disposal Site
indicate that the risks associated with potential residential exposure to chemicals detected in soil
and sediment within the 250 mg/kg lead isopleth are greater than the EPA target risk range
considered protective of human health. Remediation of soil and sediment within the 250 mg/kg
lead isopleth is therefore proposed to bring the risks to within the EPA target risk range. After
remediation is completed to remove the surface soil and sediment from within the 250 mg/kg
lead isopleth, the remaining lead concentrations (137 mg/kg) would be below the residential
soil PRG, indicating that adverse noncarcinogenic health effects would not be expected.
Because human health concerns will be alleviated, the focus of the future evaluation will be
placed on the evaluation of risk to ecological receptors once the significantly contaminated
surface soils are removed. Thus, human health concerns are not considered further in the
DQO process evaluation.

Based on a reconsideration of the TBB Disposal Site data, the problem statement was amended prior to
the preparation of this report (May 17, 2000, NWSSB Detachment Concord Meeting Minutes). The
250-mg/kg lead isopleth was considered to be arbitrary with respect to estimating ecological risk and
considering site habitats. For this report, the site is not discussed in terms of areas inside and outside
of a 250-mg/kg lead isopleth. The TBB Disposal Site is viewed as a single area with respect to
evaluating risk to ecological receptors. For human health, all samples with detected lead
concentrations greater than 400 mg/kg (the residential PRG for lead) were grouped into one area
(bereafter referred to as Area A, or area within 400 mg/kg lead isopieth), and the remainder of the
samples were grouped into another area (Area B, or area outside 400 mg/kg lead isopleth). The results

of the baseline human health and ERAs will determine the area of the site to be remediated.
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8.3.2 Data Quality

Data used for this project were determined to be of sufficient quantity and known quality to be useable
in the assessment of human and ecological risk. A comparison of achieved detection limits was
conducted to ensure that they were less than screening values such as ambient, ER-L, and ORNL.

Achieved detection limits for inorganic chemicals for all samples were less than screening benchmarks.

8.4 ASSESSMENT OF RISK TO WETLAND AND UPLAND TRANSITIONAL
PLANTS

The evaluation of risk to plants at the TBB Disposal Site focused on the maintenance and protection of
wetland and upland transitional plants. The following paragraphs provide an overview to introduce the
process by which risk to wetland and upland transitional plants at the TBB Disposal Site was assessed.

COPEC:s are identified in Section 8.4.1, exposure and effects are assessed in Sections 8.4.2 and 8.4.3,
the risk to plants is characterized in Section 8.4.4, and a summary of risk drivers or chemicals of

ecological concern (COEC) and areas of the site posing risk to plants is provided in Section 8.4.5.

For exposure to take place, plants must be growing in a medium where chemicals are in a bicavailable
form. The wetland and upland transitional plant habitat supports a diversity of plants, as described in
Section 3.5. Because the distributions of metals and plants at the wetland and upland transitional plant

habitat overlap, exposure has likely occurred.

To identify which meials were COPECs to plants, the UCL,, of the mean for each metal in the wetland
and upland transitional habitat was compared against an ambient- and a toxicity-based benchmark. The
ambient benchmark was the lower of either the San Francisco Bay (RWQCB 1998) or the Concord
Tidal Area ambient metal concentrations (see Appendix E). Toxicity-based benchmarks were from
ORNL (Efroymson and others 1997). COPECs were identified based on ex-ceedance of the San

Francisco Bay or Tidal Area ambient concentrations and the ORNL plant toxicity benchmark.

Plant COPECs were then further evaluated to determine chemicals of ecological concern (COECs) and
to identify areas of the site that pose a risk to plants. The process included calculation and evaluation

of the following:
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¢  HQs: HQs (sediment concentration/ORNL) were used to assess how often metals at each
sampling location exceeded a benchmark concentration above which metal toxicity may
occur. As explained in EPA regulatory guidance (EPA 1989b), an HQ greater than 1.0 is
an indicator that receptors may be at risk. By tabulating the number of sampling locations
at which the HQ exceeded 1.0, the frequency of occurrence of locations with potential
toxicity was evaluated.

¢ Mean HQs: Mean HQs were calculated across sampling locations for each COPEC. By
determining the COPECs for which the mean HQ exceeded 1.0, the overall magnitude of
exceedance across the site was evaluated.

* BAFs: BAFs were calculated to see if pickleweed had been exposed to metals. If the BAF
- was greater than 1.0, it was concluded that metal uptake or accumulation (exposure) had
occurred.

¢ Literature Review: A review of the literature was made to identify routes of exposure and
potential toxicological effects of inorganic chemicals on plants was conducted.

8.4.1 Chemicals of Potential Ecological Concern Screening for Plants

Nineteen inorganic chernicals present at the TBB wetland and upland transitional plant habitat (n = 30;
includes shoreline samples) were evaluated as potential COPECs (see Table 8-6). Iron, magnesium,
potassium, and sodium were also present, but were not considered to be potentially toxic. Each occurs
naturally and is either an essential element or plays a key role in metabolism. Sediment samples across
the wetland and upland transitional habitat were combined to calculate a UCLg; of the mean (n=30).
The UCLys were then compared against an ambient- and a toxicity-based benchmark to identify
COPEC:s for wetland and upland transitional plants. Chemicals were considered to be COPECsS if the
UCLs;s of the mean exceeded both benchmarks. The overall screening process by which COPECs for

wetland and upland transitional plants were determined is shown on Figure 8-4.

The ambient benchmark consisted of the lower of the ambient, UCL,; metal concentrations for San
Francisco Bay sediments (RWQCB 1998) or the ambient, 99th percentile metal conéentrations for
Concord Tidal Area sediments (see Appendix E). If the TBB Disposal Site UCL,, concentration for a
metal exceeded either the San Francisco Bay or the Concord Tidal Area ambient concentrations

(whichever was lower), that metal was then screened against the second benchmark.

The second benchmark was the ORNL plant toxicity benchmarks (Efroymson and others 1997). If the
UCLg; concentration for a metal at the TBB wetland and upland transitional plant habitat exceeded the
ambient benchmark described above and the ORNL benchmark, that metal was considered to be a
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COPEC in plants (see Table 8-6). An ambient metal value and ORNL benchmarks existed for each
metal at the wetland and upland transitional plant habitat, all 19 inorganic chemicals underwent the

COPEC screening process.

Nine inorganic chemicals were identified as plant COPECs (see Table 8-6); antimony, arsenic, barium,

chromium, copper, lead, mercury, selenium, and zinc.

Table 8-7 summarizes the various benchmarks (San Francisco Bay ambient metal concentrations,
Concord Tidal Area ambient metal concentrations, and ORNLSs) used to evaluate COPECs. Also
included are the number of individual sampling locations with meta! concentrations exceeding (1) San
Francisco Bay ambient metal benchmarks, (2) Concord Tidal Area ambient metal benchmarks, and
(3) ORNL plant toxicity benchmarks.

Metals that were not selected as COPECs were reviewed to ensure that significant metal exposure or
tokicity had not been overlooked. This process involved evaluating the data to determine if high
concentrations existed that may pose a risk, even if the UCL,, of the mean was less than the
benchmark. Because the maximum concentration of cadmium (13.4 mg/kg) exceeded the UCLy by
two orders of magnitude, best professional judgment suggested that cadmium be reclassified as a

COPEC. Remaining inorganic chemicals were not evaluated further.

3.4.2 Exposure Assessment

A plant must be exposed to a chemical before uptake, accumulation, or toxicity can occur. Because
distributions of inorganic chemicals and plants at the wetland and upland transitional plant habitat
overlapped, exposure may have occurred. To evaluate if metal exposure had occurred, (1) complete
metal exposure pathways for plants were developed, (2) spatial variation in the EPC in the wetland and
upland transitional plant habitat was evaluated using HQs and mean HQs, and (3) BAFs were employed
to determine if pickleweed tissues contained metal concentrations greater than those in the sediment,

suggesting that uptake or accurnulation (exposure) bad occurred.
8.4.2.1 Complete Exposure Pathways
Plants are exposed to inorganic chemicals by: (1) root upiake of chemicals dissolved or bound in the

soil and (2) root absorption of chemicals deposited on foliage or stems.
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Plant roots take up available inorganic chemicals. Metals are either sequestered within the root or
translocated through the vascular system into other plant parts such as the foliage. Exposure to volatile
inorganic chemicals or deposition on foliage also occurs. Dissolved inorganic chemicals penetrate the
cuticle and enter the free spaces of the leaves or stems (Hughes 1981). Once inside the leaf or stem,
inorganic chemicals can be bound or cross sieve cell membranes and be translocated to other plant
parts (Hughes 1981). Fate and rate of transport of inorganic chemicals in the plant vary with age of the

vegetative part, chemical form of the metal, and the plant species unique biochemistry.

Saline, brackish, and freshwater marshes have unique features that influence exposure pathways.
Inundation, salinity gradients, and varying amounts of rain cause changes in the chemical form and
availability of inorganic chemicals for uptake. Detritus quantity and type influence metal availability.
When certain plant species are inundated, metals cross the cuticle present in leaves and enter the plant
tissues. However, uptake of chemicals from the water column is insignificant in partially submerged
plants such as cattails and salt marsh cord grass (Bretela and others 1981; Duskenko and others 1995).
Therefore, the most important pathway for metal uptake at the TBB wetland and upland transitional
plant habitat is through plant roots.

In the more upland areas, salt stress is reduced, and soils are more oxidized. Inundation is rare. Soil
organic maiter often differs in quantity and composition from that closer to the shoreline. Here, root
uptake is aiso the dominant route of metal entry into plants. Bicavailability of inorganic chemicals for

root uptake varies with soil oxidation state and organic compositior.
8.4.2.2 Spatial Variation in Exposure

To describe which sampling locations at the wetland and upland transitional plant habitat had inorganic
chemical concentrations above ORNL benchmarks (Efroymson and others 1997), an HQ approach was

used.
HQs

An HQ was calculated by dividing the metal concentration at each sampling location by the ORNL
benchmark (Efroymson and others 1997) for that metal. HQs for each COPEC and sampling location
appear in Table 8-8. If an HQ exceeds 1.0, toxicity may occur. By evaluating the number of sampling
locations where HQs exceeded 1.0 and the number of HQs exceeded for each location, the magnitude -

and frequency of exceedance was assessed.
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Mean HQs

The mean HQ was calculated by summing HQs for one COPEC across sampling locations and dividing
that sum by the number of sampling locations at which the COPEC was present (see Table 8-8).
Because a HQ greater than 1.0 indicates potential for toxicity at a sampling location, it was assumed
that a mean HQ greater than 1.0 demonstrated potential for toxicity across the site that may affect
populations of plants. Using this rationale, antimony, arsenic, chromium, copper, lead, selenium, and
zine occurred at the TBB wetland and upland transitional plant habitat at concentrations that may cause

ecological harm at the population level.
8.4.2.3 Bioaccumulation

Bioaccumulation describes the movement of chemicals from sediment into plant tissues.
Bioaccumulation and factors that influence the process are explained in detail in Appendix L. The BAF
is the ratio of the plant tissue concentration divided by the sediment chemical concentration. If the
BAF equals 1.0, it implies that the chemical concentration in the sediment equals that in the tissues of
the plant (rate of chemical accumulation equals rate of depuration). If the BAF exceeds 1.0, it implies
that the chemical concentration in the plant tissues exceeds that in the sediment (that is, chemical uptake

has occurred). The BAF does not imply either the presence or absence of toxicity.

To evaluate whether i)ickleweed at the wetland and upland transitional plant habitat was accufnulating

inorganic chemicals in its tissues, pickleweed BAFs were calculated for each COPEC.

Collocated pickleweed and soil samples were collected from three locations; northern, central, and
southern sections of the site. These three samples were considered to be representative of the wetland
and upland transitional plant habitat at the site (see Figure 3-1). BAFs (tissue [mg/kg of dry
weight]/soil [mg/kg of dry weight]) were calculated at each of these three locations. Pickleweed BAFs

are shown in Table 8-9.

The sediment sample collected in the central region of the site (309CSPW) yielded pickleweed BAFs
greater than 1.0 for selenium (3.7). The sediment sample collected in the southern region
(309SBOSPW) yielded no BAFs greater than 1.0. The sediment sample collected in the northern region
of the site (309SB106PW) vielded pickleweed BAFs greater than 1.0 for arsenic (4.6), cadmium (1.69),
copper (1.1), mercury (13.1), selenium (3.2}, and zinc (1.4).
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Six COPECs had maximum BAFs greater than 1.0 (see Table 8-9). They were antimony (4.6),
cadmium (1.69), copper (1.1), mercury (13.1), selenium (3.7), and zinc (1.4). These BAFs suggest
that pickleweed is taking up these six inorganic chemicals from wetland and upland transitional plant

habitat sediments.
8.4.2.4 Identification of Plant Chemicals of Ecological Concern

The procedure used to identify risk drivers or COECs from COPECs is illustrated on Figure 8-5. A

three-step process was used to identify risk drivers and locations of highest concern.

All COPECs with mean HQs greater than 1.0 were retained. COPECs with mean HQs greater than
1.0 represent inorganic chemicals that may cause adverse effects to plant populations across the site.
Antimony, arsenic, chromium, copper, lead, selenfum, and zinc had mean HQs that exceeded 1.0 and

were therefore retained (see Figure 8-5). Barium, cadmium, and mercury were excluded.

In the second step of the process, locations with numerous chemicals exceeding ORNL benchmarks
were identified. Locations where five or more HQs exceeded 1.0 were identified as locations of
concern. ORNL benchmarks provide a very conservative estimate of risk; therefore, locations at which
at least five HQs exceeded 1.0 wére considered to pose a significant risk to wetland and upland

transitional plants (see Figure 8-5 for a list of locations).

In the third step, BAFs were used to assess metal uptake; BAFs were only evaluated for COPECs
identified in Step 1 at locations determined in Step 2 above (see Figure 8-5). If a BAF was less than
1.0, metal uptake and accumulation had not occurred, suggesting that the metal was not available and
exposure had not occurred. Arsenic, copper, selenium, and zinc were retained (see Table 8-10).

Antimony, barium, chromium, and lead were excluded (see Table 8-10).

Using the process outlined above (see Figure 8-5), COECs to plants were arsenic, copper, selenium,
and zinc. These four chemicals were considered to be major risk drivers to plant populations in the
wetland and upland transitional habitat. Not retained as COECs were antimony, chromium, and lead,
because BAFs were less than 1.0 (see Table 8-9), and barium, cadmium, and mercury because mean

HQs were less than 1.0.

In summary, arsenic, copper, selenfum, and zinc were identified as plant COECs in the wetland and

upland transitional habitat.
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8.4.3 Effects Assessment

In the following sections, the likelihood that the four COECs, arsenic, copper, selenium, and copper,
could cause toxicity to plants is assessed. First, the published plant toxicity literature for arsenic,
cadmium, copper, selenium, and zinc was reviewed. Second, bioavailability of the four inorganic

chemicals in sediments at the TBB wetland and upland transitional plant habitat was evaluated.
8.4.3.1 Potential Effects of Chemicals of Ecological Concern

General information on adverse effects of COECs on plants is presented in toxicological profiles in
Appendix C. No specific information on most plants, plant assemblages, or soil conditions found at the
TBB Disposal Site is available that would allow an evaluation of the direct relevance of literature
studies. Maximum concentrations in sediment, summarized in Table 5-2, are not likely to be

bioavailable to plants, although some portion will be.

Arsenic: Arsenic was found at maximum concentration of 142 mg/kg; the UCLys was 37.6 mg/kg
(see Tables 5-2 and 8-6). For freshwater cattail, arsenic can cause decreases in root growth at a root
concentration of 1.0 ppm and can terminate root growth at 3.0 ppm; at sédiment concentrations of
300 ppm, arsenic caused reductions in vegetative growth (Peterson and others 1981; Duskenko and
others 1995; Tamaki and Frankenberger 1992). In general, arsenic stunts plant growth, but does not
bioaccumulate in higher-level receptors (Peterson and others 1981; Tamaki and Frankenberger 1992).

Copper and Zinc: Copper and zinc are essential trace metals for plants. The maximum concentration
of copper was 12,500 mg/kg in wetland sediment and 1,690 mg/kg for the UCL,,; comparable zinc
maxima and UCL,; were 5,410 and 1,660 mg/kg, respectively (see Tables 5-2 and 8-6). Reported
background levels are 81 for copper and 264 ppm for copper and zinc in the Tidal Area (see

Table 8-5). The exact amounts plants require of these two elements are not known, but are considered
to be relatively small. Minimum soil concentrations toxic to plants also are not known. High levels of
copper in soil have reduced root length and enzyme activity and produced chlorosis (Lepp 1981; Foy
and others 1978). Zinc in acidic soils was toxic to corn crops at concentrations of 450 to 1,400 ppm
available zinc; 180 to 700 ppm available zinc caused toxicity to cowpeas (Gall and Barnette 1940, as
cited in Adriano 1986). Zinc toxicity causes growth retardation, chlorosis, membrane "leakiness," and

reduced photosynthesis (Collins 1981). No increase in toxicity of zinc with increasing salinity was
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shown for salt marsh cord grass (Mrozek and Funicelli 1982). Levels of copper and zinc above

background levels may therefore pose a risk for plants at certain locations at the TBB Disposal Site.

Selenium: Selenium was found at a maximum concentration of 12 mg/kg; the UCLy; was 3.8 mg/kg
(see Tables 5-2 and 8-6). Selenium is not proven to be essential for plant growth. It is absorbed by
plants as sclenite, selenate, or in organic form, and the selenate may be the more toxic. It is believed
that selenate is taken up actively, while selenite uptake is largely passive (Peterson and others 1981).
Selenium is transiocated to all parts of the plant. Toxicity symptoms include chlorosis, stunting, and
yellowing of the leaves. Some plants concentrate selenium at concentrations in excess of 1,000 mg/kg,
even on soils with iess than I mg/kg selenium, while others do not accumulate appreciable amounts,
even on seleniferous land (Newland 1982)., Wan and others (1988) investigated the effects of selenium
on alfalfa grown in three soils. In the sandy loam soil (pH 6.7, 13 percent organic matter), shoot

weight was reduced 83, 33, and 56 percent by the addition of 1.5 Se(VI), while 0.5 ppm had no effect.
8.4.3.2 Bioavailability

For a metal to be taken up, accumulated, or be toxic to a plant, it must be available. The pHs of
sediments at the wetland and upland transitional plant habitat ranged from 7.56 to 8.22; TOC ranged
from 43,600 to 102,000 mg/kg. These data suggested that inorganic chemicals at the wetland and
upland transitional plant habitat might not be available to plants, because metals typically are soluble
and mobile only in sediments at pHs less than seven. Similarly, TOC concentrations are high enough
to provide sufficient binding sites for metals to make the inorganic chemicals at the habitat unavailable.
However, such conclusions must be considered speculative because of the very small sample size

(n=3} and the pickleweed BAFs discussed below.

No data specifically describing metal availability to TBB plants were collected, so potential metal
availability was evaluated using existing TBB Disposal Site data and information from published
literature on metal plant toxicity. A indirect measure of bioavailability is the BAF. If a BAF exceeds
1.0, then chemical uptake and accumulation has occurred. If chemical uptake and accumulation have
occurred, then those metals must be available to the plant. Arsenic, copper, selenium, and zinc all had
BAFs greater than 1.0 (see Table 8-9), indicating that they are available to pickleweed in the TBB

wetland and upland transitional plant habitat.

8-20 PS.0309.15133



8.4.4 Risk Characterization for Wetland and Upland Transitional Plants

The following sections discuss the significance of each of the lines of evidence associated with
protection and maintenance of wetland and upland transitional plants, describe which inorganic
chemicals at the TBB Disposal Site are the principal drivers of risk to plants, and describe the sampling
locations at the TBB Disposal Site where the potential risk of inorganic chemicals to plants is greatest.

Table 8-10 summarizes data inputs and COPEC screening, and COEC selection processes for plants.
8.4.4.1 Semmary of Lines of Evidence for Evaluating Risk to Plants

The effect of chemicals on wetland and upland transitional plant populations was evaluated using the

following lines of evidence:

» Comparison of chemical concentrations in sediment to ORNL toxicity-based benchmarks
for plants

e HOQs to evaluate the spatial distribution of chemicals.
e Qualitative evaluation of site-specific BAFs

e Qualitative evaluation of toxicity based on a review of the primary literature
8.4.4.2 Chemicals Driving Risk to Plants

Determining which inorganic chemicals were the principal drivers of potential risk to plants was based
on an evaluation of HQs, mean HQs, and BAFs. The plant COECs, arsenic, copper, selenium, and
zine, were identified based on the process described in Section 8.4.2.4. Across the wetland and upland
transitional plant habitat, arsenic had 12 HQs greater than 1.0, copper had 14 HQs greater than 1.0,
selenium had 12 HQs greater than 1.0, and zinc had 14 HQs greater than 1.0.

Over all sampling locations (n = 30), arsenic, copper, selenium, and zinc exceeded their respective

ORNLs at 50, 53, 43, and 90 percent of the sampling locations, respectively (see Table 8-7).

However, total sediment metal concentrations do not necessarily indicate potential toxicity. Only that
portion of the total metal concentration that is available to the plant can cause potential toxicity. The

BAF is a qualitative assessment of bioavailability; if the BAF is greater than 1.0, exposure has occurred
(that is, the metal is likely to be available). Arsenic, copper, selenium, and zinc had BAFs greater than

1.0 (see Table 8-9), indicating that pickleweed had been exposed to these inorganic chemicals. While
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antimony, chromium, and lead also had numerous sampling locations with HQs greater than 1.0,
pickleweed was not exposed to these inorganic chemicals (that is, their BAFs were less than 1.0)

(see Table 8-9).
The principal drivers of risk to plants were the four COECs, arsenic, copper, selenium, and zinc.
8.4.4.3 Areas Posing Risk to Plants

During the process of determining COECs, the number of sampling locations with five or more

HQs greater than 1.0 was tabulated to identify sampling locations with significant risk to plants (see
Figure 8-5). Because ORNL benchmarks provide a very conservative estimate of risk, locations where
at least five HQs exceeded 1.0 depict areas expected to pose the greatest risk to wetland and upland
transitional plants. These sampling locations were 309CSPWSS, SB001, SB003, SB004, SB009,
SB010, SB012, SB013, SB014, SB015, SB017, SB0O18, SB019, and SB020.

Figure 7-1 shows the location of each sediment sample with five or more HQs greater than 1.0. The
portion of the wetland and upland transitional plant habitat at risk from metal exposure roughly
coincides with the area where debris is distributed, plus sampling locations SB003, SB010, SB013, and
SB020.

8.4.5 Summary of Chemicals of Ecological Concern and Areas Posing Risk to Plants

Potential risk to wetland and upland transitional plants from exposure to arsenic, copper, selenium, and
zinc exists at the site (sampling locations 309CSPWSS, SB001, SB003, SB004, SB009, SB010, SB012,
S$BO13, SB014, SB015, SB017, SB018, SB019, and SB020).

8.5 ASSESSMENT OF RISK TO BENTHIC INVERTEBRATES

The evaluation of risk to benthic invertebrates at the TBB Disposal Site focused on the protection of
populations of benthic invertebrates. The following paragraphs provide an overview of the process by
which risk to benthic invertebrates was assessed at the TBB Disposal Site. COPECs are identified in
Section 8.5.1, exposure and effects are assessed in Sections 8.5.2 and 8.5.3, the risk to populations of
benthic invertebrates is characterized in Section 8.5.4, and a summary of COECs and areas of the site

posing risk to benthic invertebrates is provided in Section 8.5.5.
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Invertebrates are important prey items for fish, birds, and mammals and play an important role in
nutrient recycling in wetland and upland systems. Exposure occurs when benthic invertebrates are
exposed to norganic chemicals in sediment and dissolved in the water or exposed through ingestion of

contaminated sediment.

To identify which metals were COPECs to benthic invertebrates, the UCLy, of the mean for each metal
detected in the aquatic habitat was compared against an ambieni- and toxicity-based benchmark. The
ambient benchmark was the lower of either the San Francisco Bay (RWQCB 1998) or the Concord
Tidal Area ambient metal concentrations (see Appendix E). Toxicity-based benchmarks were ER-Ls
(Long and others 1995). COPECs were identified based on exceedance of the San Francisco Bay or
Tidal Area ambient concentrations and the ER-L.

COPECs were further evaluated to identify risk drivers or COECs at the TBB Disposal Site. COPECs
were identified based on the ER-L. The ER-L represents a concentration below which effects rarely
occur, and therefore estimates the low end of the effects range. In contrast, the ER-M represents
concentrations toward the middle of the effects range and above which effects would be likely to occur
(Long and others 1995). Because the probabilities of effects are much higher when concentrations
exceed the ER-Ms than when they exceed only the ER-L, the ER-M is more indicative of adverse
effects (Long and MacPonald 1998). Therefore, risk drivers were identified based on exceedances of

the ER-M.
A process for evaluating the data included calculation and evaluation of the following:

e HOQs: HQs (sediment concentration/ER-M) were calculated to assess how often inorganic
chemicals at each sampling location exceeded a benchmark concentration above which
metal toxicity would occur. By tabulating the mumber of sampling locations at which the
HQ exceeded 1.0, the frequency at which each metal causes potential toxicity was
determined.

e Mean ER-Mqs: By determining the number of sampling locations with mean mean
ER-Mgs exceeding 1.5, the proportion of sampling locations with metal concentrations that
could cause potential toxicity was determined. Long and MacDonald (1998) reported that
when the mean ER-Mq was greater than 1.5, more than 50 percent of ER-Ms were
exceeded, and more than 74 percent of samples showed high toxicity. By determining the
locations for which the mean ER-Mq exceeded 1.0, areas of highest risk were identified.

» Mean HQs: Mean HQs were calculated across sampling locations for each COPEC. By
determining the COPECs for which the mean HQ exceeded 1.0, the overall magnitude of
exceedance across the site was evaluated.
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¢ BAFs: BAFs were calculated to see whether benthic invertebrates had been exposed to
inorganic chemicals. If the BAF was greater than 1.0, it was concluded that metal uptake
or accurmulation (exposure) had occurred. BAFs were calculated using site-collected data
(amphipod tissue concentration/sediment conceniration).

¢ Bioavailability: Using equilibrium partitioning (Di Toro, and others 1991), one can
determine if a divalent metal ion is available. SEM/AVS concentrations in anoxic sediment
samples were measured. If the difference between SEM and AVS concentrations was zero
or less (that is, a negative number), divalent metals were assumed not to be available.

¢ Amphipod Bioassays: Ten-day, solid-phase bioassays (ASTM 1999} using the amphipod
Eohaustorius estuarius were conducted to assess sediment toxicity. Endpoints evaluated
were survival and reburiai.

e Literature Review: A review of the literature was made to identify routes of exposure and
potential toxicological effects.

8.5.1 Chemicals of Potential Ecological_Concem Screening for Benthic Invertebrates

Nineteen inorganic chemicals preseni at the TBB aquatic habitat were evaluated to determine COPECs
(see Table 8-11). Iron, magnesium, potassium, and sodium were also present, but were not considered
to be potentially toxic. Because each occurs naturally and is either an essential element or plays a key
role in metabolism, they were not evaluated further. Sediment samples across the aquatic habitat were
combined to calculate a UCL,; of the mean (n=29, includes shoreline samples). The UCL,.s were then
compared against an ambient- and toxicity-based benchmark to identify COPECs for benthic
invertebrates. Chemicals were considered to be COPECs if the UCL,, exceeded both benchmarks.

The overall screening process by which COPECs for benthic invertebrates were determined is shown

on Figure 8-6.

The ambient benchmark consisted of the lower of the ambient, UCL,; metal concentrations for San
Francisco Bay sediments (RWQCB 1998) or the 99 percentile ambient level metal concentrations for
the Concord Tidal Area sediments (see Appendix E). If the TBB Disposal Site UCL,s concentration for
a metal exceeded either the San Francisco Bay or the Concord Tidal Area ambient concentrations

(whichever was lower), that metal was then screened against the ER-L.

The toxicity benchmark was the ER-L (Long and others 1995), If the UCL,; concentration for a metal
at the TBB aquatic habitat exceeded the ambient benchmark described above and the ER-L, that metal

was considered to be a COPEC for benthic invertebrates (see Figure 8-6).
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No ER-L, or ambient San Francisco Bay, benchmarks exist for aluminum, barium, beryllium, cobalt,
manganese, molybdenum, thallium, and vanadium. These inorganic chemicals were therefore only
screened against the Concord Tidal Area ambient metal concentrations (see Appendix E). Aluminum,
barium, beryllium, cobalt, manganese, and vanadium had UCL,; concentrations that were less than the
Concord Tidal Area metal concentrations; these inorganic chemicals were therefore excluded from the
screening process. Because molybdenum and thallium exceeded the Concord Tidal Area ambient

concentrations, both molybdemum and thallium were identified as COPECs.

Eleven inorganic chemicals were identified as benthic invertebrate COPECs (see Table 8-11). They
were antimony, arsenic, cadmium, chromium, copper, lead, molybdenum, selenium, silver, thallium,

and zinc.

Inorganic chemicals not selected as COPECs were reviewed to ensure that high concentrations had not
been overlooked. Because mercury exceeded the ER-L by an order or magnitude at location SS203
and because of its potential to bioaccumulate, mercury was also considered to be a COPEC.

Remaining inorganic chemicals were not evaluated further.

Table 8-12 summarizes benchmarks used in the screening and evaluation process and the pumber of

individual sampling locations with metal concentrations exceeding benchmarks.
8.5.2 Exposure Assessment

An organism must be exposed o a chemical before uptake, accumulation, or toxicity can occur.
Because distributions of inorganic chemicals and benthic invertebrates at the aquatic habitat overlap,
exposure may have occurred. To evaluate if metal exposure had occurred: (1) complete metal
exposure pathways for benthic invertebrates were developed; (2) inorganic chemicals present at the
aquatic habitat were screened using two benchmarks to select COPECs; (3) spatial variation in metal
distributions at the aquatic habitat was evaluated using HQs, mean ER-Mgs, and mean HQs; and

(4) BAFs were employed to determine if amphipod tissues contained metal concentrations greater than

those in the sediment, suggesting uptake or accumulation (exposure) had occurred.
8.5.2.1 Complete Exposure Pathways

Receptors and chemicals must co-occur for exposure to take place. Benthic invertebrates are likely to

be exposed to chemicals in anoxic interstitial water (of deep burrows), oxic interstitial water, water at
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the sediment-water interface, and overlying surface water. Some kinds of benthic invertebrates, such
as deposit feeders and detritivores, can directly ingest sediment. For these organisms, digestive
processes may allow the uptake of some inorganic and organic chemicals bound to sediments
(Campbell and Tessier 1989; Luoma and others 1992). Many deposit—feeding' organisms selectively
ingest certain particle sizes; taxa that readily ingest small particles may be subject to higher exposure.
Aquatic invertebrates respire large volumes of water, which may allow for uptake of soluble chemicals

across gills and other specialized membranes or the integument of the organism (Hawker 1990).

Biological factors that affect exposure include feeding mode, selectivity in diet, position in the food
chain, foraging depth, organism size, assimilation efficiency, and detoxifying mechanisms (Connell
1990c; Fisher 1995). Variability in exposure results from the mobility of organisms; some
invertebrates are relatively immobile after a planktonic larval phase, while others remain highty mobile
throughout their lifespan. Complete exposure pathways for benthic invertebrates in or on wetland
sediments include dermal contact with sediment, surface water, pore water, and dietary exposure to
sediment, detritus, or prey (Hawker 1990; Luoma and Jenne 1977). Pathways evaluated in the baseline
ERA include dermal contact with sediment and dietary exposure to sediment or prey. In general, it is
common practice in ERAs to focus on ingestion of contaminated prey and sediment (Pascoe and others

1996), although ignoring other sources may slightly underestimate risk.

Exposure to benthic organisms typically occurs through a metal dissolved in water as a +2 ion that
enters the organism across its gill membranes. Understanding of how metals dissolved in the pore
water (= interstitial water) of sediments cause toxicity to benthic organisms is explained by equilibrium
partitioning (DiToro and others 1991). Metals associated with particles exist in equilibrium with metals
dissolved in the sediment pore water (the metal sorbs or desorbs from/to the particle in an equilibrium
process). Particle size, composition, and, in particular, the amount and type of organic carbon in the

particle, play important roles in regulating this equilibrium.

The other route through which benthic organisms accumulate metals is by ingestion of particles with
associated metals. This ingestion route has received very limited exploration to date and is currently
the focus of much research. While existing data show this route exists, it is not clear what percentage
of the total metal body burden is achieved through ingestion of metal-associated particulates (Nalepa
and Lundrum 1988; Mayer and others 1996). The rate at which accumulation occurs and the quantity
of metal in the tissues required to cause toxicity are interrelated. This relationship is poorly

understood; therefore, explaining precisely how this route causes toxicity is not yet possible.
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8.5.2.2 Spatial Variation in Exposure

A HQ approach was employed to assess sampling locations in the aquatic habitat that had metal

concentrations likely to cause adverse effects to benthic invertebrates.
HQs

A HQ was calculated based on the metal concentration at a sampling location divided by the ER-M for
that metal. HQs for each COPEC and sampling location appear in Table 8-13. If a HQ exceeds 1.0,
toxicity may occur if that chemical is bioavailable. By evaluating the number of sampling locations
where HQs exceeded 1.0 and the number of HQs that were exceeded for each COPEC, the magnitude

and frequency of exceedances was assessed.
Mean ER-Mqs

A mean ER-Mq was calculated for each sampling location. Long and MacDonald (1998) concluded
that when the mean ER-Mq exceeded 1.5, the ....probability....of toxicity in amphipod tests equals
74%.” To calculate the mean ER-Mq, HQs for all COPECs at each sampling location were summed
and divided by the mumber of HQs at that location. Nine sampling locations (309CSPWSS, 309SSCS,
SBO13, SBO14, SBO15, SB018&, SB019, SB020, and S5205) had mean ER-Mgqs greater than 1.5,

demonstrating potential for ecological harm ¢see Table 8-13).
Mean HQs

For all sampling locations in the aquatic habitat, a mean HQ was calculated for each COPEC (see
Table 8-13). HQs for each COPEC were summed across all sampling locations and divided by the
number of sampling locations. An ER-M for molybdenum and thallium does not exist; therefore, HQs

for molybdenum and thallium were not calculated.

Because an HQ greater than 1.0 demonstrates potential for toxicity, it was assumed that a mean HQ
greater than 1.0 also demonstrated potential for toxicity across the site that may affect invertebrate
populations. Using this rationale, copper, lead, selenium, and zinc occurred at the aquatic habitat at
concentrations that may cause ecological harm. Mean HQs were also calculated using only the
locations at which mean ER-Mgqs were greater than 1.5. These results were the same, with copper,

lead, selenium, and zinc all greater than 1.0 (see Figure 8-7).
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8.5.2.3 Bioaccumulation Factors

Bioaccumulation describes the movement of chemicals from water or sediment across the gills or skin
and ingestion of chemicals associated with sediment particles into the organism (termed “uptake”). If
uptake exceeds excretion, the chemical is stored in the tissues of the organism (termed
“accumulation”). Biloaccumulation and factors that influence the process are explained in detail in
Appendix L. The BAF is the ratio of the tissue chemical concentration divided by the sediment
chemical concentration. If the BAF equals 1.0, it implies that the chernical concentration in the
sediment equals that in the tissues of the organism (that is, no chemical uptake has occurred). If the
BAF exceeds 1.0, it implies that the chemical concentration in the tissues of the organism exceeds that
in the sediment (that is, chemical uptake has occurred). The BAF does not imply either the presence or

absence of toxicity.

To determine if amphipods at the aquatic habitat were accumulating metals in their tissues, amphipod
BAFs were calculated for each COPEC. Because of the mass of amphipod tissue required for analysis
(10 grams), amphipods were collected over a broad area (as opposed to a specific location) in each of
three regions at the TBB aquatic habitat (northern, central, and southern). The northern, central, and
southern region samples were considered to be representative of the available amphipod habitat (see
Figure 3-1). One composite sediment sample was also collected from each of the three regions (sample
numbers 309SSNS, 309SSCS, and 309SSSS). BAFs were calculated by pairing the appropriate
amphipod tissue and composited sediment sample (for example, the northern amphipod tissue sample

was paired with the northern composite sediment sample, and so on).

BAFs appear in Table 8-14. Sediment sample 309SSCS yielded amphipod BAFs greater than 1.0 for
arsenic, copper, mercury, molybdenum, seleniurn, silver, and zinc. Sedime;nt sample 309SSNS yielded
amphipod BAFs greater than 1.0 for antimony, arsenic, cadmium, copper, mercury, molybdenum,
selenium, silver, and zinc. Sediment sample 309SSSS yielded amphipod BAFs greater than 1.0 for
antimony, arsenic, cadmium, chromium, copper, lead, mercury, molybdenum, selenium, silver,

thallium, and zinc.

All 12 COPECs had maximum BAFs (see Table 8-14) greater than 1.0. They were antimony (8.9),
arsenic (14.4), cadmium (5.5), chromium (1.8), copper (10.0), lead (2.0), mercury (11.2),
molybdenum (3.4), selenium (12.0), silver (47), thallium (2.6), and zinc (32). These BAFs suggested
that amphipods are taking up these 12 inorganic chemicals from aquatic sediments.
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8.5.24 Identification of Benthic Invertebrate Chemicals of Ecological Concern

The procedure used to identify risk drivers or COECs from COPECs is illustrated on Figure 8-7. A

three-step process was used to identify risk drivers and locations of highest concern.

Sample locations with mean ER-Mqs greater than 1.5 were retained. Nine sampling locations or
composite samples had mean ER-Mgs greater than 1.5, 309CSPWSS, 309SSCS, SB013, SB014,
SBO15, SB018, SB019, SB020, and $S205. These are locations where significant risk is indicated from

one or more COPECs.

In the second step of the process, COPECs with HQs greater than 1.0 were identified to determine
metals most significant in causing the mean ER-Mgs to exceed 1.5 (see Figure 8-7). In this step, only
locations where the mean ER-Mq exceeded 1.5 were evaluated. COPECs with HQs greater than 1.0
included: antimony, arsenic, cadminm, chromium, copper, lead, mercury, selenium, silver, and zinc

{(see Figure 8-7).

Because molybdenum and thallium do not have ER-M benthic invertebrate toxicity benchmarks (Long

and others 1995), they were evaluated qualitatively.

Molybdenum is an essential element. While much literature describes the potential toxicity of
molybdenum to plants, few data describe the potential toxicity of molybdenum to animals. While it is
recognized that animals that consume plants or soil containing excess molybdenum may become
diseased, no data describe molybdenum toxicity for benthic invertebrates or other aquatic organisms.
Using best professional judgment, it was concluded that molybdenum did not significantly contribute to

potential ecological toxicity. Molybdenum was therefore not considered to be a COEC.

Thallium occurs in water in +1 and +3 oxidation states. The -+3 state is much less stable in water
than is the +1 state (Cotton and Wilkson 1972). No literature describes thallium uptake and
bioaccumulation, nor has the aquatic toxicity of thallium been described. Thallium is assumed to be
nontoxic, but data to support this conclusion were not located. Using best professional judgment, it
was concluded that thallium did not contribute significantly to poiential ecological toxicity. Thallium

was therefore not considered to be a COEC.

In Step 3, the mean HQ was calculated by summing HQs for one COPEC and dividing by the number

of sampling locations (see Figure 8-7). Because an HQ greater than 1.0 demonstrates potential for
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ecological toxicity, it was assumed that a mean HQ greater than 1.0 also demonstrated potential for
ecological toxicity. Using this rationale, copper, lead, selenium, and zinc occurred at the aquatic
habitat at concentrations that may cause adverse effects to populations of benthic invertebrates. Six
COPECs, antimony, arsenic, cadmium, chromium, mercury, and silver, had mean HQs less than 1.0
(see Figure 8-7), and therefore were not retained as COECs. In Step 3, only locations where the mean
ER-Mq exceeded 1.5 were included in the calculation of the mean HQ. This results in a more

conservative estimate, as shown by a comparison of mean HQs in Table 8-13 and Figure 8-7.
Final COEC Selection

In summary, using results from Steps 1 through 3 explained above and a review of the metal toxicity
literature for benthic invertebrates, copper, lead, selenium, and zinc were retained as COECs for

benthic invertebrates.
8.5.3 Effects Assessment

In the following sections, the likelihood that the four COECs at the TBB aquatic habitat could cause
toxicity to benthic invertebrates was assessed. First, the results of amphipod bioassays were reviewed
to determine if sediment samples collected at the TBB aquatic habitat caused significant amphipod
mortality. Second, the published aquatic toxicity literature for copper, lead, selenium, and zinc was
reviewed. Third, SEM and AVS concentrations in sediment samples were evaluated to assess whether

these four inorganic chemicals were available in sediment samples from the TBB aquatic habitat.
8.5.3.1 Amphipod Bioassays

Ten-day, solid-phase, sediment toxicity bioassays using the amphipod, Eohaustorius estuarius, were
conducted to see if sediment-associated metals were toxic to amphipods (ASTM 1999). Methods used

in the bioassays are described in Section 4.2.1.3

Amphipod survival was 98 percent in the control (see Table 8-15). Survival ranged from 77 to 88
percent in the three TBB Disposal Site samples (see Table 8-15). Successful reburial in the control was
97 percent (see Table 8-15). Amphipod reburial in TBB Disposal Site sediments ranged from 95 to
100 percent (see Table 8-15). Amphipod survival data was compared with the San Francisco Bay
Basin “reference envelope” of 68 percent, which represents the response that would be expected from

amphipods living in San Francisco Bay ambient sediments (RWQCB 1998). Data were also evaluated
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using the “detectable difference” approach (Thursby and others 1997; State of California Water
Resources Control Board [SWRCB] 1998). The detectable difference is the difference from the control
that a given protocol is capable of detecting as statistically significant in 90 percent of the samples
tested. 'The State of California Bay Protection and Toxic Cleanup program established a 90th percentile
minimum significant difference of 75 percent of the control for the Eohaustorius estuarius sediment
toxicity. Using these two benchmarks none of the TBB Disposal Site sediments caused a significant

reduction in amphipod survival.
8.5.3.2 Potential Toxic Effects of Chemicals of Ecological Concern

Toxicological profiles of COECs are presented in Appendix C. Most inorganic chemicals at the site
can cause direct effects on aquatic invertebrates at high levels. Screening benchmarks, such as ER-Ls
and ER-Ms, are based on toxicity tests using a variety of test organisms. Although these screening
values are not based on site-specific information, they represent the best regulatory tools available o
evaluate contamination concentrations. Studies supporting ER-Ls and ER-Ms include a variety of
endpoints such as mortality in toxicity tests, changes in community composition, and physiological
effects (Long and others 1995). These studies focused primarily on effects of specific contaminants on

moiluscs, amphipods, and other crustaceans.

Copper: The maximum sediment concentration of copper in the aquatic habitat was 1,980 mg/ke; the
UCL; of the mean was 418 mg/kg (see Tables 5-2 and 8-11). Copper is an essential ion. Many
marine crustaceans and mollusks accumulate copper in their blood, where it has a role in respiratory
pigments (Suedel and others 1994). Agquatic animals accumulate copper directly from the water
through their gills. Accumulation is independent of rank in the food chain, and biomagnification across
the food chain does not occur (Hawker 1990; Suedel and others 1994). In situ experiments with
experimentally enthanced levels of copper in sediments altered abundance of invertebrates (Morrisey

and others 1996).

Lead: The maximum concentration of lead in the aquatic habitat was 3,280 mg/kg; the UCLy; of the
mean was 747 mg/kg (see Tables 5-2 and 8-11). Lead can be ingested as particulates or can cross the
gills as a +2 ion. Either route leads to lead bioaccumulation. Lead is toxic to most aquatic organisms;
however, adverse effects are modified by environmental conditions, such as low salinities, which
decrease bioaccumulation (Sadig 1992e). Fish continuously exposed to toxic concentrations of

waterborne lead show various signs of lead poisoning, including spinal curvature; anemia; degeneration
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of the caudal fin; destruction of spinal neurons; reduced ability to swim against a current; destruction of
the respiratory epithelium; muscular atrophy; paralysis; renal pathology; growth inhibition; retardation
of sexual maturity; testicular and ovarian histopathology; decreased survival rate of fry; and death
(Eisler 1988). Potential for biological effects of sediment-sorbed lead is highest where sediment
concentrations exceed the ER-M (218 mg/kg). Long and others (1995) reported a percent incidence of
effects of 90.2 for concentrations above the ER-M.

Selenium: The maximum concentration of selenium in the aquatic habitat was 11.5 mg/kg; the UCL,;
of the mean was 3.7 mg/kg (see Tables 5-2 and 8-11). Selenium is both accumulated and
biomagnified. Where sediments contain 6 to 15 mg/kg selenium, invertebrates may have up to

50 mg/kg selenium, which is a concentration that would be directly toxic to adult fish and waterfowl
(USFWS 1991). Aquatic sediments containing more than 3 mg/kg selenium usually cause selenium
levels In benthic invertebrates to exceed safe concentrations; the toxic threshold for selenium
transferred to consumer species of fish and wildlife is 3 mg/kg (Lemly 1993). Toxic effects have been
documented in fish consuming diets containing 10 to 33 mg/kg selenium (Besser 1993). Predators at
the top of the food chain accumulate selenium through their diet; if concentrations are high enough,

mortality or reproductive failure occur,

Zinc: The maximurn concentration of zinc in the aquatic habitat was 4,980 mg/kg; the UCLy; of the
mean was 1,040 mg/kg (see Tables 5-2 and 8-11). Zinc is an essendial nutrient and invertebrates, such
as bivalves, accumulate zinc. Amphipods, however, do not accumulate significant zinc concentrations,
particularly when compared to mollusks (Rainbow 1996). Food chain uptake of zinc is more important
than aqueous uptake; no evidence suggests that zinc biomagnifies in aquatic food chains (Suedel and
others 1994). Potential for biological effects of sediment-sorbed zinc is highest where sediment
concentrations exceed the ER-M (410 mg/kg). Long and others (1995) reported a percent incidence of
effects of 69.8 for concentrations above the ER-M.

8.5.3.3 Bioavailability

For a metal to be accumulated or toxic to benthic invertebrate, it must be available. Onpe technique to
assess bioavailability of metals in the field is equilibrium partitioning (Hare and others 1994), through
which it can be demonstrated whether a metal is bound (unavailable) or unbound (available). Divalent
metals (copper, cadmium, lead, and zinc) bind to sulfides -present in anoxic sediments. One mole of
sulfide binds one mole of divalent metal. SEM and AVS concentrations in the sediment are measured,
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and the difference between the molar SEM and AVS concentrations is then calculated. This technique
works only for divalent metals and cannot be used with arsenic, selenium, and other metals that exist in
multiple valence states. Handling and storage of the sediment sample must be done correctly; if the

sediment becomes oxic, it cannot be used.

Initially, the ratio of SEM to AVS to assess bioavailability was calculated (Hare and others 1994;
Carlson and others 1991). If that ratio was 1 or less, it was concluded that the metal was compietely
bound by the sulfide and was not available (that is, the metal was not toxic). Recently, Berry and
others (1998) suggested that calculating the difference between the SEM and AVS is more appropriate
(SEM - AVS = X). If X is zero or less than zero (that is, a negative number), the metal is bound by
the sulfide and is not available (that is, the metal cannot be toxic). If X is greater than zero, some
metal remains unbound and is available for uptake or accumulation (that is, the metal is poteniially

toxic),

SEM/AVS concentrations were measured in the three composite sediment samples used to calculate
amphipod BAFs were measured (see Table 8-16). In sample 309SSCS, the SEM/AVS difference was
-1445. In sample 309SSNS, the SEM/AVS difference was —273. In sample 3098SSS, the SEM/AVS
difference was —411. In all three composite sediments and regardless of the calculation method,

divalent metals were bound by sulfide, thus not available or likely to be toxic to benthic invertebrates.

Diavalent metals may be largely unavailable in sediments and yet be accumulated in high

concentrations by amphipods and many other invertebrates as indicated by invertebrate BAFs (see
Table 8-16) greater than one for cadmium, copper, lead, and zinc. It is possible for amphipods to
concentrate large quantities of metals in their tissues following chronic exposure to very low, non-toxic
metal concentrations in sediments, water, and their diet. Amphipods have the ability to synthesize the
metal-bind protein metallothionein and also can sequester metals in inert calcium granules (Brown
1982). Both of these metal storage mechanisms can play two potential roles, (1) storage of scarce
metals in an inert, non-toxic manner for later mobilization when additional divalent metals are needed
in metabolism, and (2) sequestration in an inert manner of high concentrations of divalent metals which

otherwise would be potentially toxic.

Other factors, such as pH, salinity, TOC, and grain size, influence bioavailability. Metals may become

more bioavailable as pH decreases (Meyer and others 1994). At the TBB Disposal Site, pH ranges

from 7.5 to 7.9 (see Table 8-16). Because of the relatively neutral pH at the TBB Disposal Site, major
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changes in bicavailability from acidic or alkaline conditions are not likely, except as associated with

changing redox conditions.

Salinity varies seasbna.lly and annually at the TBB Disposal Site and is strongly tied to precipitation
patterns. In September 1999, salinity readings collected from the shoreline ranged from 10 to 14 ppt.
In May 2000, salinity readings ranged from 3 to 10 ppt. In general, marine and freshwater taxa have
similar sensitivities to most inorganic and organic contaminants, and bioavailability of chernicals may
be similar in both environments (Knesovich 1994). One exception is cadmium, which is generally
more toxic to freshwater organisms; this may be caused by differences in speciation of cadmium, which
exists in the ionic form in fresh water and as a complexed form (CdCL,) in seawater. Bivalves have

been shown to increase bioaccumulation of cadmium as salinity decreases (Hawker 1990).

The surface area of the particles within a unit mass of sediment increases as sediment particle size
decreases. As surface area increases, the number of charged binding sites increases, resulting in more
sites for adsorption. Grain size is therefore an important variable, because smaller particles carry
greater contaminant loads and organic carbon fractions. Sediment TOC consists primarily of humic
matter and fulvic acids resulting from the breakdown of plant and animal material. When natural
organic ligands form complexes and chelates with metals, the solubility of metals is increased (Hawker
1990). Although many metals form bonds and aggregations with an organic matrix, no sinjple
relationship between TOC and bioavailability can be predicted. In general, TOC is assumed to increase

with increasing proportion of fine particles.

Grain size and TOC were measured on the three composite sediment samples. Percent fine sediment
was calculated as the percent of the sample with grain size less than 75 um. Samples at the TBB
Disposal Site were not predominantly fines, with samples less than 75 pm ranging from 48 to

64 percent (see Table 8-16). TOC values at the TBB Disposal Site ranged from 104,000 to

123,000 mg/kg (see Table 8-16). Although data were insufficient to determine if a strong relationship
between grain size and TOC existed at the TBB Disposal Site, a positive relationship between these two
variables has been shown in other studies in San Francisco Bay (Thomson-Becker and Luoma 1985).
The small grain size in the Bay muds and upland soils indicates a high potential for particulate-bound

contaminant loads.
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8.5.4 Risk Characterization

The following sections discuss the significance of each of the lines of evidence associated with
protection of populations of benthic invertebrates, describe which inorganic chemicals at the TBB
aquatic habitat are the principal drivers of potential risk to benthic invertebrates, and describe sampling
locations at the TBB aquatic habitat where potential risk of inorganic chemicals to benthic invertebrates
is greatest. Table 8-17 summarizes data inputs and the COPEC screening process and COEC selection

processes for benthic invertebrates.

8.5.4.1 Summary of Lines of Evidence for Evaluating Risk to Populations of Benthic
Invertebrates

The effect of chemicals on populations of benthic invertebrates was evaluated using the following lines

of evidence:

e Comparison of chemical concentrations in sediment with ER-Ls and ER-Ms (Long and
others 1993)

¢ Mean ER-Mgs (Long and MacDonald 1998) to evaluate the potential curnulative effect of
inorganic chemicals at each location

e Mean HQs to evaluate the overall magnitude of exceedance of each COPEC across the site
¢ Direct toxicity testing (evaluation of survival and reburial [Echaustorius estuarius))

e Factors affecting bioavailability (SEM/AVS, sediment grain size, pH, and TOC)

¢ A qualitative evaluation of site-specific BAFs using amphipod tissue

e A qualitative evaluation of toxicity based on a review of the primary literature
8.5.4.2 Chemicals Driving Risk to Populations of Benthic Invertebrates

The determination of which inorganic chemicals were the principal risk drivers to benthic invertebrates
was based on the three-step process described in Section 8.5.1.5. First, sampling locations where the
mean FR-Mq was greatér than 1.5 were determined. Then, across the nine sampling locations where
mean ER-Mgs were greater than 1.5, COPECs with HQs greater than 1.0 were then identified. Lastly,
mean HQs (across the nine locations) were calcolated for each COPEC that had at least one HQ greater

than 1.0 (see Figure 8-7). COECs identified using this process were copper, lead, selenium, and zinc.
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Copper had six HQs exceeding 1.0, lead had nine HQs exceeding 1.0, selenium had seven HQs
exceeding 1.0, and zinc had nine HQs exceeding 1.0. Over all sampling locations (n=29), copper,
lead, selenium, and zinc exceeded their respective ER-Ms at 21, 41, 62, and 41 percent of the sampling

locations, respectively (see Table 8-12).

The principal drivers of risk to benthic invertebrates were the four COECs, copper, lead, selenium, and

zinc.
8.5.4.3 Areas Posing Risk to Populations of Benthic Invertebrates

During the process of determining COECs, the number of sampling locations with mean ER-Mgs
greater than 1.5 was tabulated to identify sampling locations with significant risk to benthic
invertebrates (see Figure 8-7). Because these locations of concern were identified using mean ER-Mgs
that were calculated (in part) by summing HQs across all the COPECs at each sampling location (see
Table 8-11), the locations of concern depict where the aquatic habitat risk to benthic invertebrates from
inorganic chemicals is greatest. These sampling locations were 309CSPWSS, 309SSCS, SB013,
SBO14, SBO15, SB0O18, SB019, SB020, and SS205.

Figure 7-1 shows the location of each sediment sample with mean ER-Mgs greater than 1.5. In
summary, the portion of the aquatic habitat at risk from metal exposure roughly coincides with the area

where debris is distributed, plus sampling locations SBO13 and SB020.

8.5.5 Summary of Chemicals of Ecological Concern and Areas Posing Risk to
Populations of Benthic Invertebrates

Potential risk to populations of benthic invertebrates from exposure to copper, lead, selenium, and zinc
exists at sampling locations 309CSPWSS, 309SSCS, SB013, SB014, SB015, SB018, SB019, SB020,
and 88205.

8.6 ASSESSMENT OF RISK TO BIRDS AND MAMMALS

The evaluation of risk to birds and mammals focused on selected assessment endpoints identified in
Section 8.1.4 and used an approach that evatuated exposure through the ingestion pathway. Risk to
representative birds and mammals at the TBB Disposal Site was evaluated quantitatively based on a HQ
approach. In the HQ approach, site-specific daily doses determined by food-chain modeling were
compared to TRVs, where the HQ was equal to ingested dose divided by TRV. TRVs are screening
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level benchimark values for higher-trophic-level receptors such as birds and mammals. A TRV is a
daily dose level with known biological effects on laboratory animals. TRVs derived from peer- .
reviewed literature studies were compared to site-specific estimated doses and used to evaluate risk due
to ingested contaminants. TRVs were derived for COPECs and receptors specific to Navy installations
by a work group through a collaborative effort involving the Navy and its contractors and the EPA
Region IX Biological Technical Advisory Group (BTAG). BTAG includes federal, state, and local
regulatory agencies and resource trustees. The derivation of TRVs and the use of food-chain analysis

in the HQ approach were described in detail in a technicél memorandum (EFA West 1998).

For the TBB Disposal Site baseline ERA, food-chain analysis was conducted for each COPEC and
receptor pair for which a TRV was available. For COPECs that did not have a TRV, a gualitative

assessment of risk was performed based on available information in the scientific literature.

Ingestion of contaminated material was considered to be the most important exposure pathway for
vertebrate receptors. Inhalation and dermal exposure routes were not addressed quantitatively, because
they are considered to be less important and limited data exists concerning exposure and absorption
rates. Uncertainty associated with not considering inhalation and dermal routes of exposure is

addressed in the uncertainty analysis in Section 8.8.

The evaluation of exposure through ingestion was limited to ingestion of chemical-affected
environmental media (sediment) and chemical-affected food sources (prey). Ingestion of surface water
was not considered, because the contribution of chemical concentrations in surface water would be
negligible to the total dose. In cases where TRVs were unavailable, information from the literature was

used to support the effects assessment and risk characterization.

Representative receptors selected for food-chain modeling were the Black-necked Stilt, the Mallard,
and the salt marsh harvest mouse. Seleciion of these species was based on assessment endpoints

identified in Tables 8-1 through 8-3, the food web summarized on Figure 8-2, and discussions with
regulatory and trustee agencies. The representative mammalian receptor was the salt marsh harvest

mouse. Representative avian receptors are the Mallard duck and Black-necked Stilt.

Section 8.6.1 summarizes COPECs that were evaluated for birds and mammals. Section 8.6.2
discusses the exposure assessment, including site-specific doses calculated using food-chain models.

Section 8.6.3 summarizes the TRVs used and potential effects of COPECs. Section 8.6.4 presents the
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risk characterization, including HQs calculated for each receptor. Section 8.6.4 also summarizes the
results of the evaluation of risk to birds and mammals, including COECs that were identified and the

spatial extent of areas posing a risk.
8.6.1 Chemicals of Potential Ecological Concern for Birds and Mammals

The following sections describe the screening process for identifying COPECs for birds and mammals.
Because the habitat and potential chemical concentrations to which receptors are exposed is different
based on life history and foraging behavior, COPECs were determined separately for birds and
mammals. For aquatic birds, the data set included data collected in both the aquatic and wetland ahd
upland transitional habitats. Because the salt marsh harvest mouse would not be exposed to chemicals
in the aquatic habitat, the data set included only data collected in the wetland and upland transitional

habitat (includes shoreline samples).
8.6.1.1 Screening Methodology for Birds and Mammals

The screening process for birds and mamumals placed site concentrations within the context of regional
ambient concentrations. For the salt marsh harvest mouse, sediment samples from the wetland and
upland transitional habitat were combined to calculate a UCLg of the mean (n=30). For the Mailard
and Black-necked Stilt, sediment samples from both the aquatic and wetland and upland transitional
habitat were used to calculate the UCLes of the mean (n=48). The UCLgs.s were then compared against
ambient values to identify COPECs for each receptor group. Chemicals were considered to be
COPEC: if the UCLgs exceeded ambient. The overall screening process by which COPECs for birds

and mammals were determined is shown on Figure 8-8,
8.6.1.2 Identification of Chemicals of Potential Ecological Concern

COPEC:s evaluated for birds and mammals were those for which the UCLgs exceeded ambient values
(see Tables 8-18 and 8-19). The list of COPECs for aquatic birds included antimony, arsenic,
beryllium, cadmium, chromium, copper, lead, mercury, molybdenum, selenium, silver, and zinc
(see Table 8-18). For the salt marsh harvest mouse, chemicals that exceeded ambient included
antimony, arsenic, barium, beryllium, cadmium, chromium, copper, lead, mercury, molybdenum,

selenium, silver, and zinc (see Table 8-19).
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8.6.2 Exposure: Food-chain Model

Food-chain modeling integrates ecological information, such as life history and feeding behavior of
receptors, and spatial variation in chemical concentrations in prey and soil into the risk assessment
process. Food-chain modeling is an accepted method for estimating site-specific doses of chemicals to
birds and mammals through trophic transfer (Linder and others 1993; Pascoe and others 1994). The
use of food-chain analysis and TRVs in the HQ approach was described in detail in a technical
memorandum prepared by EFA West (1998). The quantification of ecological risks was associated
with several uncertainties, including the limitations of closed-system modeling. Uncertainty is

discussed in Section 8.8.
8.6.2.1 Dose Model

Estimates of site-specific exposures for higher-trophic-level organisms were based on daily dose
estimates modeled from measurements of chemical concentrations in soil or sediment and food sources
(Pascoe and others 1994, 1996; Pastorok and others 1996). For the salt marsh harvest mouse, a special
status species, a food-chain model was used to calculate high and low daily dose estimates to provide a
range of site-specific doses for evaluation. For the Black-necked Stilt and Mallard duck, for which the
assessment endpoint was protection of the species of a population level, a “typical” dose using avérage

life history parameters was calculated.

Site-specific doses were calculated as the sum of the daily dietary exposure estimates for ingestion of

food items and incidentally ingested sediment. The following equation was adapted for each receptor:

A, xc,., ]+ Ry x Cpy))x SUF

Dose,,, = ——tt. P 8-1
total BW ( )
Where:
Dose,,, =  Estimated dose from ingestion (mg/kg body weight per day)
IR,y =  Ingestion rate of prey (kilograms per day [kg/day])
Corey = Concentration of chemical in prey (mg/kg)
IR =  Ingestion rate of soil (kg/day)
C.a =  Concentration of chemical in soil (mg/kg)
SUF = Site use factor (unitless), which is a ratio of site-specific area to receptor’s

foraging range (unitless)
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BW = Body weight (kg) of receptor

Every effort was made to tailor assumptions to conditions at the TBB Disposal Site to reduce
uncertainty. Nevertheless, sources of uncertainty may result from inappropriate assumptions
concerning bioavailability, diet proportions of receptors, food-chain transfer, and other biological and
physical factors and processes influencing exposure and toxicity at the site. Estimates of dose used
reasonably conservative values from appropriate literature based on habitat, taxa, exposure route, and

other relevant ecological factors.
The high dose estimate for the salt marsh harvest mouse incorporated these parameters:

* The lowesr adult body from salt marsh harvest mice trapping data from the Litigation Area
at NWSSB Detachment Concord (H.T. Harvey and Associates 1996)

¢ The highest ingestion rate or the highest adult body weight (H.T. Harvey and Associates
1996) to calculate the ingestion rate, using the appropriate equation from Nagy (1999)

s A site use factor (SUF) of 1.0
The low dose estimate for the salt marsh harvest mouse incorporated these parameters:

¢ The highesr aduit body weight from salt marsh harvest mice trapping data from the
Litigation Area at NWSSB Detachment Concord (H.T. Harvey and Associates 1996)

¢ The lowest ingestion rate or the lowest adult body weight found in the literature to calculate
the ingestion rate, using the appropriate equation from Nagy and others (1999)

e ASUFofl.0
Typical dose estimates for the Black-necked Stilt and Mallard duck incorporated these parameters;

¢ The average adult body weight found in the literature of calculated from the available high
and low body weights

» The average ingestion rate or the average adult body weight found in the literature to
calculate the ingestion rate, using the appropriate equation from Nagy (1987)

* An estimate of SUF based on literature evaluation
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8.6.2.2 Exposure Parameters in the Dose Model

Exposure models for birds and mammals are based on the assumption that exposure to chemicals is
primarily through ingestion of prey and through incidental ingestion of sediment and soil during
grooming, feeding, or burrowing activities (Beyer and others 1994). Other possible routes of
exposure, such as surface water ingestion, dermal contact, and inhalation, were not evaluated in these
models. Exposure models estimate the mass of a chemical ingested daily by a receptor per kilogram of
body weight (daily chernical dosage). Estimates of exposure are based generally on knowledge of the
spatial and temporal distribution of both chernicals and receptors and on specific natural and life history
characteristics that influence exposure to chemicals. Site-specific data on chemical concentrations in
soil and prey are used in conjunction with available literature values for other parameters to estimate
daily dose. Selection of chemical concentrations in soil and prey used in the models is discussed in the
following sections. The values and rationale for the selection of parameters in the dose model are also

presented in the following sections for each representative receptor.
Concentrations of Chemicals in Prey and Sediment

To evaluate the risk to aquatic birds, area doses were calculated to include use of both the aquatic and
wetland and upland transitional habitats (see Figure 3-1) by receptors. Estimated daily doses were
modeled using the UCLys for sediment (n=48) and the maximum tissue concentration for each
chemical. The maximum tissue concentration was determined based on three amphipod tissue residue

samples (see Table 8-14).

For the salt marsh harvest mouse, point doses were calculated for all COPECs (see Table 8-19) using
location-specific sediment and tissue data. Although pickleweed tissue samples were not collected at all
sediment locations, the maximum BAF for pickleweed for each chemical was used to estimate location
spectific tissue concentrations. The maximum pickleweed BAF was calculated using collocated
pickleweed and sediment data from the three sampling locations. A daily dose estimate was also
calculated on an areawide basis for the wetland and upland transitional habitat (n=30), using the UCL;

of the mean concentration of COPECs in sediment and the maximum tissue concentration.

Risk was evaluated for all inorganic COPECs for birds and mammals, even if concentrations in
sediment or prey were below detection limits. When concentrations were below the detection limit, a

value of one-half the detection limit was used in the model to calculate the daily dose estimate.
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Dose Parameters for the Mallard

The Mallard was selected 0 be representative of waterfow! that inhabit the area. Mallards are present
year-round in the Seal Creek Marsh (Downard 1999). Following is a sumrnary of the parameters used

in dose calculations for the Mallard.

* Body Weight: The body weight selected (1.16 kilograms) represents a mean body weight
of male and female mallards in North America (Heitmeyer 1988). Body weight for
Mallards of both sexes reported in the literature ranged from 0.98 kg (Heitmeyer 1988) to
1.8 kilograms (Nelson and Martin 1953).

¢ Ingestion Rate,,.,: The ingestion rate for prey was calculated using a body weight from
the literature (as described above) in an equation for dry weight daily food intake for all
birds (Nagy and others 1999). Using an average Mallard body weight yielded a prey
ingestion rate of 0.09 kg/day.

» Prey Composition: The Mallard diet is composed of seeds and shoots of sedge, grass, and
aquatic vegetation; grain; acorns; insects; and aquatic invertebrates (Ehrlich and others
1988). Animal foods are especially important for females during breeding season and for
ducklings. For this assessment, amphipods were assumed to be the only food source to the
Mallard, based on occurrence of prey and availabitity of tissue data from the site. The
maximum amphipod concentration for each COPEC was used in the model.

* JIogestion Rate, ., The Mallard ingestion rate for sediment was estimated to be
3.3 percent by Beyer and others (1994), based on acid-insoluble ash of scat samples and
assumed digestibility of the diet.

e SUF: The SUF accounts for the size of the area of concern (contaminated area) in
comparison to the home range of the receptor. If the investigation area is greater than the
feeding range of the species, it is likely that the animal spends 100 percent of its feeding
time in the site and would be assigned a SUF of 1.0. According to Ziener and others
(1990) the foraging distance from the nest during the breeding season ranges from 3 to
8 square kilometers (km?), or 700 to 1,970 acres. The area of the TBB Disposal Site is
about 0.004 km®. A SUF of 0.01 was assumed.

Dose Estimates for the Black-necked Stilt

The Black-necked Stilt is a yearlong resident of the saline ernergent wetlands and has been observed
year-round in the ponded wetlands of the Seal Creek Marsh. Stilts forage on insects, crustaceans,
motllusks, other aquatic invertebrates, and some small fish (Zeiner and others 1990). Exposure to food
and incidentally ingested soil are likely to be the major routes of exposure to chemicals for the Black-

necked Stilt. The following parameters were used in the model:
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e Body Weight: Black-necked Stilts are sexually dimorphic; male stilts weigh approximately
1.1 times more than females. Males weigh about 177 grams, and females weigh about
160.31 grams; an average body weight of 166 grams was used in the model (Hamilton
1975).

* Ingestion Rate,.,: The ingestion rate for prey was calculated using a body weight from
the literature (as described above) in an equation for dry weight daily food intake for all
birds (Nagy and others 1999). Using an average body weight of 166 grams yielded a prey
ingestion rate of 0.0257 kg/day.

¢ Prey Composition: Black-necked stilts eat primarily brine shrimp and brine flies
(Hamilton 1975). For this assessment, amphipods were assumed to be the only food source
to the Black-necked Stilt, based on occurrence of prey and availability of tissue data from
the site. The maximum amphipod tissue concentration for each COPEC was used in the
model.

e Ingestion Rate, g,.;: Black-necked stilts forage by pecking for invertebrates in the
sediment or snatching flying insects in mid-flight. Sediment is ingested incidentally as a
part of the peck method. A sediment ingestion rate of 7.3 percent of the prey ingestion rate
was based on data of the Stilt Sandpiper (Micropalama himantopus) from Beyer and others
(1994) because they have similar feeding habits and data were not available specifically for
the Black-necked stilt. The typical sediment ingestion rate was 0.0019 kg/day.

e SUF: Little information is available in the literature regarding the home range of the
Black-necked Stilt. Hamilton (1975) estimated a foraging area based on feeding areas
located less than 1 km® (247 acres) from the nest. Because Black-necked stilts have been
observed foraging in Seal Creek Marsh adjacent to the site, a SUF of 0.5 was assumed.

Dose Parameters for the Salt Marsh Harvest Mouse

The salt marsh harvest mouse is an endangered species that has been recorded in both the Tidal and
Litigation Areas of NWSSB Detachment Concord (TtEMI 1999a). Although no salt marsh harvest
mice were trapped during small-mammal surveys conducted at the TBB Disposal Site in 1998 (TtEMI
1999a), the abundance of pickleweed at the site provides suitable habitat and a food source for the
mouse. Exposure to food and incidentally ingested soil are likely to be the major routes of exposure to
chemicals for the salt marsh harvest mouse. Because the salt marsh harvest mouse is an endangered
species, high and low doses were calculated for specific point locations to bracket the range of
exposure, The following parameters were used in estimating site-specific doses for the salt marsh

harvest mouse:
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¢ Body Weight: Realistic high and low body weights of 0.016 and 0.009 kilogram were
obtained from salt marsh harvest mice trapping data from the Litigation Area at NWSSB
Detachment Concord (H.T. Harvey and Associates 1996); these values are actual weights
of small and large adult salt marsh harvest mice.

» Ingestion Rate,..: High and low prey ingestion rates of 0.0035 and 0.0026 kg/day were
calculated using high and low body weights from salt marsh harvest mice caught at NWSSB
Detachment Concord (H.T. Harvey and Associates 1996) in an equation for dry weight
food intake for herbivorous mammals (Nagy and others 1999).

* Prey Composition: According to Zeiner and others (1990), salt marsh harvest mice eat
100 percent vegetation, including seeds and plants. The diet composition for the salt marsh
harvest mouse was assumed to be 100 percent pickleweed, and site-collected pickleweed
tissue residue concentrations were used in the model. The maximum concentration of
pickieweed concentration for each COPEC was used.

» Ingestion Rate,;,.,: The salt marsh harvest mouse ingestion rate for sediment was
assumed to be similar to that of a meadow vole. The estimated sediment ingestion rate for
meadow voles studied by Beyer and others (1994) was 2.4 percent of the total prey
ingestion rate. In the same study, the sediment ingestion rate for white-footed mice was
estimated at 2 percent. The higher rate of 2.4 percent of the prey ingestion rate was used
to calculate sediment ingestion rates for the salt marsh harvest mouse; the low and high
sediment ingestion rates were, therefore, 0.000062 and 0.000084 kg/day, respectively.

e SUF: The SUF accounts for the size of the area of concern (contaminated area) in
comparison to the home range of the receptor. If the investigation area is greater than the
feeding range of the species, it is likely that the animal spends 100 percent of its feeding
time in the site and would be assigned a SUF of 1.0. According to Golley and others
(1975), the home range of harvest mice ranges from 0.16 to 0.26 hectares. The high and
low dose estimates were based on a2 SUF of 1.0 for the mouse.

8.6.3 Effects: Toxicity Reference Values and Hazard Quotient Interpretation

Site-specific daily dose estimates were compared to high and low TRVs to estimate the potential
adverse biological effects on each receptor. Based on this comparison, the risk to representative
receptors was characterized; this comparison was performed in a manner consistent with EPA’s HQ
methodology (EPA 1986), as follows:

Dose _ (mg /g — day)
TRV {mg/kg — day)

HQ = (8-2)

Where:

HQ = Hazard quotient (unitless)
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Dose = Chemical-, receptor-, and site-specific daily dose estimate (mg/kg-day)

TRV = Chemical- and receptor-specific toxicity reference value (mg/kg-day)
8.6.3.1 Toxicity Reference Values

With the exception of antimony, barium, chromium, and molybdenum, TRVs used in the baseline ERA
were derived from the Navy-BTAG working group (EFA West 1998). Each TRV represents a critical
exposure level from a toxicological study and is supported by a data set of toxicological exposures and
effects. A low TRV is a conservative valve consistent with a chronic no effect level. A high TRV
represents a mid-range of LOAEL for a given chemical, where the endpoint of toxicity was
ecologically relevant. TRVs were derived separately for birds and mammals using available

toxicological literature.

TRV for antimony, barium, chromium, and molybdenum were based on toxicological benchmarks for
wildlife developed for the ORNL (Sample and others 1996). The no-observed-adverse-effects level
(NOAEL) based benchmarks represent values believed to be nonhazardous for wildlife species;
LOAEI-based benchmarks represent threshold levels at which adverse effects are likely to become
evident. These benchmarks consider chemical exposure through oral ingestion of contaminated media;
exposure through inhalation or dermal exposure was not considered. Toxicological benchmarks were
derived separately for birds and mammals. A summary of the studies used by the ORNL to develop
these toxicological benchmarks is provided in Appendix F. The NOAEL- and LLOAEL-based ORNL
benchmarks are used as equivalent to high and low Navy/BTAG TRVs.

General TRVs derived for mammals and birds must be converted to each site-specific receptor of
concern. This extrapolation of data based on body scaling is éalled allometric conversion. The
undertying assumption of allometric conversions is that physiological functions, such as metabolic
rates, are a function of body size (Opresko and others 1993). Allometric conversions assume that
smaller animals have higher metabolic rates and are typicaily able to detoxify or eliminate ingested
chemicals more quickly than larger animals (Opresko and others 1993; Sample and others 1996). The
allometric conversion equations by Sample and others (1998) were used to extrapolate doses according
to methods described by Opresko and others (1993) and Sample and others (1996). The following

allometric conversion equations were used for this food-chain analysis:

Birds Tereoepmr = TRVzest orgamism (BOdy Weight:est organism / BOdy “/Teightrrst:eptor)1 i
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Mammals TRVTEC&PIDT = TRVtest organism (BOdY Welghtm organism / BOdy Weightrecepmr)l -0.54

TRV for each chemical, allometrically converted for each of the representative receptors, are in a

TRYV technical memorandum (EFA West 1998).
8.6.3.2 Hazard Quotient Approach

Risk to the salt marsh harvest mouse was characterized by calculating 2 HQ using a high and low point
dose for each location in the wetland and upland transitional habitat and a literarure-derived TRV (HQ
is equal to dose divided by TRV). A low dose. estimate was divided by a high TRV, and a high dose
estimate was divided by a low TRV, resulting in two HQs for each chemical-receptor pair that span the
range of possible risks identified by this method (EFA West 1998). As explained in EPA regulatory
guidance (EPA 1989b), the HQ approach indicates that receptors may be at risk if the HQ exceeds 1.0.
Because of differences in the degree of conservatism in selection of TRVSs for various chemicals and
receptors, resulting HQ values should not be compared between chemicals or receptors; instead they

should be considered individually.
Salt Marsh Harvest Mouse

For the salt marsh harvest mouse, the assessment endpoint was protection to the individuat level.
Therefore, low and high doses were used to calculate HQs to ensure that the assessment of risk
accounted for the influence of ecological variability. Age,-sex, and seasonal fluctuations in
morphology and behavior are sources of variability addressed in food-chain modeling by using a range
of exposure factor parameters to estimate doses. This approach yields HQs that bracket a range of risk
based on conservative assumptions and acknowledges the ecological variability reported in the

literature.

The worst-case scenario is represented by the case in which the HQy, dose/migh TRy 18 greater than 1.0. In
the worst-case scenario, the receptor is at significant and immediate risk from that chemical, if all
assumptions of the model are correct. The high TRV represents the low to mid-range of doses that

caused observable effects in laboratory animals.

The best-case scenario, represented by the situation in which the HQ is calculated using the high dose
and the low TRV (HQ iz oserow Tr))» 19 €88 than or equal to 1.0. A HQ high dose/low TRy 1688 than 1.0,

indicates no risk from exposure of that receptor to that chemical. High doses were conservatively
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estimated (assuming small adult size, high ingestion rates, and exposure to maximum contamination
levels) and are likely to overestimate the risk, especially for individual animals that range throughout
the site. Low TRVSs represent a concentration at which no adverse effects were observed in laboratory

animals.

A HQ gigh soseriow TRY)» greater than 1.0, does not necessarily indicate risk, because the dose is only above
a NOAEL. Therefore, the risk analysis was further refined by comparing the high dose to the high
TRV, defined as HQpn qosermion TR+ AN HQ ign aocemien Ty, greater than 1.0 indicates that the conservative
dose estimate exceeds the low to mid-range of doses that caused observable effects in laboratory

animals. This indicates probabie risk to the receptor.
Mallard and Black-necked Stilt

Because the assessment endpoint for aquatic birds is for protection of the population and not the
individual, typical doses were calculated for receptors using average values for exposure parameters
such as body weight and ingestion rate. As such, an HQypicu dosemien 1rv) 20 HQ g picat dose/iow TRy TIOTE
definitively assess risk to the typical individual within the population. A HQ ypicu gosesmizn rv) greater than
1.0 indicates significant risk, while a HQ, e sosenow Trv) greater than 1.0 is a more conservative estimate

of risk.
The interpretation of each HQ is summarized in the following table below.

SUMMARY OF HQ INTERPRETATION

HQ =
Dose/TRV Low TRV High TRV
Low Dose Not applicable HQqow dosemign Trvy = 1 indicates
significant risk

High Dose HQ igh dosenow Trvy < 1 indicates little HQgsigh dosemion TRy > 1 indicates
or no risk probable risk

Typical Dose | HQpica gosertow TRvy < 1 indicates little HOQ rypicas dosemign vy > 1 indicates
or no risk to typical receptor significant risk to typical receptor

8.6.3.3 Chemicals Evaluated Qualitatively

HQs could not be calculated if there was no TRV. In cases in which TRVs were unavailable, a dose

was calculated for each chemical, and the dose was compared to literature-reported doses associated
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with effect or no effect levels for any endpoints that were tested. The salt marsh harvest mouse is an
endangered species, and most toxicological information was based on rodents. The salt marsh harvest
mouse was selected for evaluating those chemicals about which limited information was available. The
primary literature source was from ATSDR profiles of each chemical. Best professional judgment was
used in interpreting the literature data when information on a chemical was limited. Uncertainty
associated with this approach is discussed in Section 8.8. Chemicals evaluated qualitatively included

bervllium and silver.
8.6.4 Risk Characterization for Birds and Mammals

Food chain analysis and literature reviews were used to evaluate the potential effects of chemicals on
aquatic birds and mamumals. Using site-specific prey tissue concentrations (as described in

Section 8.6.2.2), this type of food-chain analysis provides a relatively good estimate of dose for those
receptors and COPECs for which data are available. Most of the COPECs (with the exception of
barium and silver) were evaluated this way. The results of the food-chain modeling and HQ approach
to evaluating risk to birds and mammals at the TBB Disposal Site are presented in this section, along
with a qualitative interpretation of exposure to the chemicals for which TRVs were not available. The
complete dose calculations are provided in Appendices G through I. Summaries of the results are

presented as embedded tables throughout this section.
8.6.4.1 Risk to Aquatic Birds

Based on life history and foraging habits, daily dose estimates incorporated use of both the aquatic and
wetland and upland transitional habitats by aquatic birds. Area doses were calculated for the Mallard
and Black-necked Stilt COPECs using the UCLqs of chemicals in sediment and maximum tissue
concentrations from prey collected at the site. The UCL,, was calculated using sediment data from
aquatic and wetland and upland transitional habitats (n=48). Amphipod tissue was assumed as prey for
both the Mallard and Black-necked Stilt. Daily dose estimates for the typical receptor for each
chemical were then compared to low and high TRVs to calculate an HQ; these calculations are
presented in their entirety in Appendices G and H. COPECs for which HQs were calculated included
antimony, arsenic, cadmium, chromium, copper, lead, mercury, molybdenum, selenium, and zinc.

BHQs greater than 1.0, for which some degree of risk was indicated, are presented below.

Chemical Receptor Typical Dose | Low TRV | High TRV | HQ (Typical | HQ (Typical
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(mg/kg-day) | (mg/kg-day) | (ng/kg-day){ Dose/High Dose/Low
TRY) TRYV)
Lead Mallard 0.34 0.0023 9.0 .0035 14.1
Arsenic | Black-necked stilt 11.07 372 14.89 0.74 2.98
Cadmijum | Black-necked stilt 0.40 0.06 11.95 0.03 6.91
Copper | Black-necked stilt 95.00 1.76 43.64 2.18 54.08
Lead Black-necked stilt 36.20 0.016 6.39 5.67 2,256
Mercury | Black-necked stilt 0.19 0.03 0.13 1.53 7.05
Selenium | Black-necked stilt 1.68 0.16 0.64 2.64 10.67
Zinc Biack-necked stilt 228.37 12.12 121.12 1.88 18.84

For the Mallard, all HQSypica dose/nien vy indicated no immediate or significant risk to the typical
receptor from chemical exposure at the site (HQSqypica gosemion vy < 1.0). However, the HQ(ypicu gosetow

try; for lead exceeded 1.0, indicating a potential for risk.

For the Black-necked Stilt, HQS e aosemizh Try) 0T cOpper, lead, mercury, selenium, and zinc slightly
exceeded 1.0, indicating the potential for significant risk to the typical receptor from chemical exposure
at the site (HQSuyic gosemion Ry > 1-0). I addition, HQS i gosenow tayy 2150 exceeded 1.0 for arsenic

and cadmium, indicating a potential for risk from exposure to these chemicals.

Based on either HQSpica assemign vy = 1.0 0 HQS et doseiow vy = 1.0, arsenic, cadmium, copper,
lead, mercury, selenium and zinc were identified as COECs for aquatic birds. A discussion of the risk
to the Mallard and Black-necked Stilt from arsenic, cadmium, copper, lead, mercury, selenium, and

zinc is provided in the following paragraphs.
Arsenic

A potential risk (HQ(typical dose/low TRV) = 3.0) was indicated for the Black-necked Stilt from arsenic,
based on the assumptions of the food-chain model. Arsenic was not a risk to the mallard. Arsenic
concentration in soil normally ranges from 1 to 50 mg/kg, though it does not generally exceed 10 mg/kg
(Brown and others 1983, as cited in USDOI 1998). Terrestrial flora and fauna, birds, and freshwater
biota usually contain less than 1 mg/kg (wet weight) of arsenic (USDOI 1598). At the TBB Disposal
Site, UCLg5 for sediment was 28.7 mg/kg and the maximum concentration of arsenic in invertebrate

tissue was 8.3 mg/kg (wet weight).
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Adult mallards and ducklings fed diets supplemented with sodium arsenate (at 25, 100, or 400 ug/g)
showed that arsenic accumulated in adult liver and eggs, reduced adult weight gain and liver weight,
delayed the onset of egg laying, decreased whole egg weight, and caused eggshell thinning (Staniey and
others 1994). Arsenic did not affect hatching success and was not teratogenic. In ducklings, arsenic
accumulated in the liver and reduced body weight, growth, and liver weight. At those levels of exposure,

arsenic did not increase duckling mortality, but it did decrease overall duckling production by adults.

Most of the modeled dose to the Black-necked Stilt was from ingestion of prey, with the conservative
assumption of 100 percent bioavailability. Arsenic was detected in amphipod tissue at 141 mg/kg (dry
weight) compared to the UCLg5 of 28.7 mg/kg in sediment. Arsenic concentrations in sediment were
highest in wetland and upland transitional habitat along the shoreline and in the south-central portion of

the site. At locations SB003 and SB018, arsenic concentrations exceeded 100 mg/kg.

Arsenic was considered to pose the highest risk to the Black-necked Stilt in the wetland and upland
transitional habitat, where sediment concentrations exceeded the UCLo5 (28.7 mg/kg); locations SB001,
SB003, 8B004, SB010, SB014, SB015, SB018, SB019, 309SSCS, and 309CSPWSS. Locations for

which risk was indicated for aquatic birds (from all chemicals) are shown on Figure 7-1.
Cadmium

A potential risk (HQ(typical dose/low TRV) = 6.9) was indicated for the Black-necked Stilt from
cadmium, based on the assumptions of the food-chain model. Cadmium was not a risk to the mallard.
Cadmium levels will range from 0.05- to 1.0 mg/kg in uncontaminated soils. In rare instances such as
soils derived from the Monterey Shale along the California coast, concentrations will reach levels as high

as 30 mg/kg (Page and others 1981. At the TBB Disposal Site, the UCLg5 for sediment was 1.7 mg/kg.

Birds appear to be relatively resistant to the toxic effects of cadmium. Sublethal effects in birds include
growth retardation, nephrotoxicity, anemia, damage to the testicles, absorptive epithelium of the

duodenum, reduced egg production, and effects on calcium absorption (Scheuhammer 1987).

Most of the modeled dose to the Black-necked Stilt was from ingestion of prey, with the conservative
assumption of 100 percent bioavailability. Cadmium was detected in amphipod tissue at 5.1 mg/kg (dry
weight) compared to the UCLgs of 1.7 mg/kg in sediment. Cadmium concentrations in sediment were
highest in wetland and upland transitional habitat along the shoreline and in the south-central poriton of

the site. At location SB010 the cadmium concentration exceeds 10 mg/kg.
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Cadmium was considered to pose the highest risk to the Black-necked Stilt in both the aquatic and
wetland and upland transitional habitat, where sediment concentrations exceeded the UCLgs (1.7 mg/kg);
locations SB003, SB004, SB009, SB010, $8204, $5205, 309SSCS, and 309CSPWSS. Locations for

which risk was indicated for aquatic birds (from all chemicals) are shown on Figure 7-1.

Copper

A significant risk (HQ(typical dose/high TRV) = 2.2) was indicated for the Black-necked Stilt from
copper, based on the assumptions of the food-chain model. The HQ indicating potential risk (HQ(typical
dose/low TRV) ) was equal to 54.1. Copper was not a risk to the mallard. Diets containing elevated
copper levels can slow the growth rate, diminish egg production, and canse developmental
abnormalities in different avian species (Owen 1981). Most of the modeled dose to the Black-necked
Stilt was from ingestion of prey, with the conservative assumption of 100 percent bicavailability.
Copper was detected in amphipod tissue at 1,100 mg/kg (dry weight) compared to the UCLq; of

1,094 mg/kg in sediment. Copper concentrations in sediment were highest in wetland and upland
transitional habitat along the shoreline and in the south-central portion of the site. At locations SB003

and SBO10, copper concentrations exceeded 6,000 mg/kg.

Copper was considered to pose the highest risk to the Black-necked Stilt in the wetland and upland
transitional habitat, where sediment concentrations exceeded the UCL,,; locations SB003, SB010,
SB018, and SB020. Locations for which risk was indicated for aquatic birds are shown on Figure 7-1.

Lead

A significant risk (HQ(typical dose/high TRV) = 5.67) was indicated for the Black-necked Stilt from
lead, based on the assumptions of the food-chain model. Potential risk (HQ pica dose/tow TRVI)WES
indicated for both the Black-necked Stilt and Mallard (HQ ypicat aoseniow vy = 2,256 and 14.1,
respectively). Both incidental sediment and prey ingestion were responsible for the elevated dose; lead

was detected in amphipod tissue at 385 mg/kg (dry weight), compared to 1,126 mg/kg in the sediment
(UCLs5).

The TRYV for lead was based on a study using lead acetate, a highly bioavailable form of lead. Lead in
contaminated soil and dust has been estimated at being 10 to 20 percent as bioavailable as lead acetate
(O’Flaherty 1998); therefore, model assumptions are conservative. However, doses calculated using

20 percent of the UCL,;, for sediment still yielded HOQS gy pica dosernow vy greater than 1.0
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Absorbed lead produces a variety of effects in avian species, including damage to the nervous system,
muscular paralysis, inhibition of heme synthesis, damage to kidneys, damage to the liver, and death
(Mudge 1983, as cited in Eisler 1988). Sublethal lead exposure may also have adverse effects in
reproduction in some avian species by decreasing plasma calcium, inhibition of growth, and reduced

hatchability of chicks.

Sampling locations for which the lead concentration was above the UCL,s were considered to pose
potential risk to the Mallard and Black-necked Stilt, including locations 309SSCS, SB001, SB003,
SB004, SB009, and SB010, SBO14, and SB017, SB018, SB019, and SB020, all of which are in the
wetland and upland transitional habitat. Locations for which risk was indicated to aquatic birds are

shown on Figure 7-1.
Mercury

A significant risk (HQ(typical dose/high TRV) = 1.5) was indicated for the Black-necked Stilt from
mercury, based on the assumptions of the food-chain model. The HQ indicating potential risk

(HQ(typical dose/low TRV)) was equal to 7.5. Mercury was not a risk to the mallard.

Sublethal effects of mercury on birds, administered by a variety of routes, include adverse effects on
growth, development, immune system, reproduction, blood and tissue chemistry, metabolism, and
behavior (Peterle 1991; Spalding and others 1991; Zillioux and others 1993; Spalding and others 1994).
These effects manifest themselves as alopecia (abnormal feather loss), increased instances of disease,
reduced food intake leading to weight loss, progressive weakness in wings and legs, difficulty flying,
reduction in liver size, inability to coordinate muscle movements, and reduced nesting and hatching
success (Peterle 1991; Spalding and others 1991; Becker and others 1994; Bowerman and others 1994;
Monteiro and Furness 1995; Monteiro and others 1995). Reproductive effects are noted at low doses of
mercury long before overt signs of toxicity are apparent in adults (Scheuhammer 1987; Hoffiman and
Heinz 1998). Significant reproductive effects of chronic dietary inorganic mercury exposure in birds
include delayed testicular development, altered mating behavior, reduced fertility, reduced survivability

and growth in young, and gonadal atresia.

Most of the modeled dose to the Black-necked Stilt was from ingestion of prey, with the conservative
assumption of 100 percent bioavailability. Mercury was detected in amphipod tissue at 2.4 mg/kg (dry
weight) compared to the UCLg5 of 1.7 mg/kg in sediment. Mercury concentrations in sediment were
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highest in wetland and upland transitional habitat in the center of the site. At location SB0003 the

mercury concentration was measured at 26.4 mg/kg.

Mercury was considered to pose the highest risk to the Black-necked Stilt in the wetland and upland
transitional habitat, where sediment concentrations exceeded the UCLgs (1.7 mg/kg); locations SB003,
SB004, and SBO0S. Locations for which risk was indicated for aquatic birds (from all chemicals) are

shown on Figure 7-1.

Selenium

A significant risk (HQ,pia cowmisa TRy, = 2-6) was indicated for the Black-necked Stilt from selenium,
based on the assumptions of the food-chain model. The HQ indicating potential risk

(HQ ypica dosernow 1rv)) Was equal to 10.7. Selenium was not a risk to the mallard.

Selenium exposure in the diet or drinking water of avian species is associated with reproductive
abnormalities, congenital malformations, selective bioaccumulation, and growth retardation (Eisler
1985). Selenium has been observed to cause reduced hatching of eggs; decreased egg weight;
decreased egg production; anemia; alopecia (abnormal loss of feathers); and embryo deformation
including deformed eyes, beaks, wings, and feet (Ort and Latshaw 1978, Harr 1979 as cited in Eisler
2000; Heinz 1996; Skorupa 1998). Alopecia is a “classic” symptom of selenium poisoning (Saiki and
Ogle 1995). In general, birds have substantially lower thresholds for reproductive toxicity than
placental vertebrates such as mammals (USDOI 1998), and eggs are the most reliable tissues for
risk/impact imterpretive purposes in avian species (Ohlendorf and others 1993; Heinz 1996; Skorupa
1998).

Most of the modeled dose to the Black-necked Stilt was from ingestion of prey, with the conservative
assumption of 100 percent bioavailability. Selenium was detected in amphipod tissue at 21.5 mg/kg (dry
weight) compared to the UCLg5 of 3.2 mg/kg in sediment. Selenium concentrations in sediment were
high in both the aquatic and wetland and upland transitional habitat. The maximum concentrations of

selenium detected at the site were at locations SB017 and SB019 (12 mg/kg).

Selenium was considered to pose the highest risk to the Black-necked Stilt in both the aquatic and
wetland and upland transitional habitat, where sediment concentrations exceeded the UCLg5 (3.2 mg/kg);
locations SB103, SB014, SB015, SB018, SB019, SB020, SB004, SB009, SB010, and SB017. Locations
for which risk was indicated for aquatic birds (from 21l chemicals) are shown on Figure 7-1. Although
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risk from exposure to selenium was indicated at locations SB100 and SB102, they were not included in
the risk footprint shown Figure 7-1 for the following reasons: at location SB100, selenium was not
detected but was evaluated as such because the detection limit was too high (one-haif the detection limit
greater than was greater than the UCL,y;). Location SB102 was not included, because risk was
indicated only to the Black-necked stilt only from exposure to selenium. In addition, both locations are

outside of the debris area.
Zinc

A significant risk (HQ(typical dose/high TRV) = 1.9) was indicated for the Black-necked Stiit from zinc,
based on the assumptions of the food-chain model. The HQ indicating potential risk HQtypicat
dose/low TRV) ) was equal to 18.8. Zinc was not a risk to the mallard. Most of the modeled dose to
the black-necked stilt was from ingestion of prey, with the conservative assumption of 100 percent
bioavailability. Zinc was detected in amphipod tissue at 2,855 mg/kg (dry weight), compared to

1,309 mg/kg in sediment (UCL,,).

Different species of birds have varying sensitivities to zinc exposure. Acute effects of zinc in ducks
caused mortality and pancreatic degradation (Eisler 1993). Reduced growth and death were observed
in poultry chicks fed diets contajniﬁg elevated zinc levels. Younger stages of life appear to be more
sensitive to zinc exposure. The pancreas and bone are primary target organs of zinc in birds (Eisler
1993). Decreased weight gain was observed in Japanese quail, chickens, and turkeys fed diets

containing zinc (NAS 1980).

Sampling locations for which the zinc concentration was above the UCL,; were considered to pose

potential risk to the Black-necked Stilt, including locations 309SSCS, SB001, SB003, SB004, SB009,
SB0O10, SB014, SB017, and SS205. With the exception of S8205, all locations are within the wetland
and upland transitional habitat. Locations for which risk was indicated to aquatic birds are shown on

Figure 7-1.
8.6.4.2 Risk to the Salt Marsh Harvest Mouse

High and low daily dose estimates for the salt marsh harvest mouse were calculated using data collected
in the wetland and upland transitional habitat. Point doses were calculated for all mammatian COPECs
(see Table 8-14) using location-specific sediment and tissue data. The maximum pickleweed BAF,

which was calculated using collocated pickleweed and sediment data from the site, was used to estimate
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location-specific tissue concentrations. A daily dose estimate was also calculated for the UCL,s of the
wetland and upland transitional habitat (n=30). High and low daily dose estimates for each chemical
were then compared to low and high TRVs to calculate a range of HQs; these calculations are
presented in their entirety in Appendix I. COPECs for which HQs were calculated included antimony,
arsenic, cadmium, chromium, copper, lead, mercury, molybdenmum, selenium, and zinc. The summary

table below shows ranges of HQs for the salt marsh harvest mouse point doses followed by area dose

HQs, which were calculated using the UCL,, of the mean for sediment.

Point Dose Hazard Quotients for the Salt Marsh Harvest Mouse
Chemical  |Location of Maximum| Range of HQs,,,, | Range of HQs,,, | Range of HQsy,,
HQ(IOW dose/high TRY) dose/high TRV) dose/low TRV) dose/liigh TRV)
Antimony SBO03 0.01-58 0.26 - 135 0.02 - 13.5
Arsenic SBOO3 0.02 - 20.1 0.66 — 640 0.04 - 46.6
Barium SB0OO1 0.008 - 6.8 0.07 - 60.3 0.0018 - 15.7
Cadmium SBO1O 0.0009 - 1.4 0.09 - 138 0.001 - 3.138
Chromium SBO15 0.002 - 6.9 0.02 - 63.8 0.004 - 15.9
Copper 88214 0.0003 ~3.4 0.16 - 1819 0.00007 - 7.8
Lead SBOO3 5E-05 - 0.22 16.1 - 72,563 0.0001 - 0.52
Mercury SBOG3 0.001 - 11.5 0.04 - 448 0.003 - 26.7
Molybdenum SBO13 0.06 - 233 1.34 - 5,396 0.134 - 539
Selenium SBO17 0.01-5.8 0.55 - 329 0.02 13.6
Zinc SB009 0.001 - 2.6 0.17 - 289 0.004 - 6.0
Area Dose Hazard Quotients for the Salt Marsh Harvest Mouse
Chemical HOQS G5 dosemigh TRY, HQS([_q'gh doseriow TRY) | HOSion dosernigh TRY)
Antimony 0.11 25 0.25
Arsenic 1.1 354 2.6
Barium 0.39 3.4 0.9
Cadmium 0.19 16.8 -0.45
Chromium 0.15 1.38 0.34
Copper 0.02 11.6 0.05
Lead 0.03 9,522 0.07
Mercury 0.005 0.2 0.01
Molybdenum 0.5 11.9 1.19
Selenium 0.60 33.3 1.4
Zinc 0.18 20.3 0.42

Evaluation of HQgg,, gosemien Trv) indicated that risk to the salt marsh harvest mouse was most significant

in discrete areas of the site. Locations for which multiple HQy, dosemigh TRy €XCeeded 1.0 are shown on

Figure 7-1. As indicated on Figure 7-1, risk to the salt marsh harvest mouse was greatest in the

wetland and upland transitional habitat along the shoreline and the south-central portion of the site.
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Locations SB003, SB004, SB010, and SBO135 have the greatest number of chemicai-specific HQu.
dosemign TRY) ST€ATET than 1.0; eight, seven, six, and seven, respectively (see Table 8-20). HQy,, dose/high
Trvy fOr arsenic, molybdenum, and seleninm most frequently exceeded 1.0 (see Table 8-20). Lead was
the only COPEC for which the HQ gy dosemizn Trv) did 10t exceed 1.0 at any location. Locations at which
multiple HQS ., gosemien Trv; Were greater than 1.0 included SB00T, SB003, SB004, SB00Y, SB010,
SBO13, SB0O14, SB015, SBO16, SB017, SB018, SB019, and SB020.

With a few exceptions, high dose/low TRV HQs exceeded 1.0 for most COPECs at most locations (see
Table 8-20); however, when the HQ i goseriow Trvy Was greater than 1.0, risk was not necessarily
indicated, because the dose was only above a NOAEL. For HQSgu, gosenow Trv)» the greatest magnitude
of exceedance was for lead, copper, and molybdenum. Lead HOS g, sosenow vy F20ged from 16 to

72,564 at location SBOO3.

Risk analysis for the salt marsh harvest mouse was further refined by a comparison of the high dose to
the high TRV (HQygh dosemizn 1rvy) - A HQpign sosemign vy greater than 1.0 indicated that the conservative
dose estimate exceeded the low to mid-range of doses that caused observable effects in laboratory
animals, indicating a probable risk to the receptor. This evaluation of HQSgiz gosermign tayy 2dded nine
additional locations to the risk footprint, 309CSPWSS, SB0035, SB006, SB007, SB00S, SBO11, SB012,
SBO16, and S5206 (see Figure 7-1). These are locations where HQS oy ose/mizn 1evy did not exceed 1.0
for multiple metals, but where HQSpgn sosemign trvy did (see Table 8-20). HQSpign dosermgn ry; [0 arsenic,

molybdenum, and selenium most frequently exceeded 1.0 (see Table §8-20).

The most significant risk drivers to the salt marsh harvest mouse from exposure to chemicals at the
TBB Disposal Site are considered to be those inorganic chemicals for which the HQgo, aose/mign Thv; TIOSE
frequently exceeded 1.0; these are arsenic, molybdenum, and selenium. In addition, copper and lead
were also considered to be significant risk drivers because of the magnitude of exceedance of HQSg,
dosefiow TRy~ 1OT lead, the maximum HQSgigh apsenow trv, Was 72,564; for copper it was 1,819. Therefore,
COECs to the salt marsh harvest mouse are arsenic, copper, lead, molybdenum, and selenium. The
risk to the salt marsh harvest mouse from exposure to these COECs is discussed in the following

paragraphs.
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Arsenic

Arsenic posed a significant risk (HQ g, aosemign v, 2reater than 1.0) to the salt marsh harvest mouse in
20 out of 30 sampling locations at the TBB Disposal Site. The HQy,, dose/high TRY) fOT arsemic, based on
the maximum sediment concentration (142 mg/kg), was 20; however, the HQ(,, sosign Trv; 10T the
UCLy; was only 1.1. Most of the modeled dose to the salt marsh harvest mouse was from prey

ingestion; arsenic was detected in pickleweed and may be readily bioavailable.

Adverse effects produced by arsenic are highty dose-dependent. At low levels, arsenic may be an
essential nutrient and substitute for phosphorous in biochemical reactions (ATSDR 1989). However, at
high levels, arsenic is a recognized as an effective poison. Water-soluble arsenic is efficiently absorbed
from the gastrointestinal tract and circulated throughout the body. The body burden of arsenic can
reach considerable levels, because it can be sequestered in nails, hair, bones, teeth, skin, liver,
kidneys, and lungs (ATSDR 1989). ' In mammalian species, arsenic is a teratogen, which can pass the
placental barrier and produce fetal death and malformations consisting of exencephaly, eye defects, and
renal and gonadal agenesis (Eisler 1988; ATSDR 1993; Domingo 1694).

The HQqqw dosernian TRy fOT arsenic exceeded 1.0 at the following locations: 309SB106, SB0O01, SB003,
SB004, SB005, SBO08, SB009, SB010, SBO11, SB013, SB014, SB015, SB018, SB019, SB020, $5206,
and SS214 (see Table 8-20). The overall determination of risk was based on multiple HQs,, dose/high TRV)
exceeding 1.0 at a given location. Locations where risk was indicated to the salt marsh harvest mouse
are shown on Figure 7-1 (risk at a specific location was determined based on two or more HQ,, dose/nigh

rv) greater than 1.0 or two or more HQpiwm aosemign tryvy greater than 1.0).

Copper

Copper was considered to pose a potential risk (HQ g dosetow vy > 1) 10 the salt marsh harvest mouse
because of the magnitede by which HQS pign aoseriow vy €Xceeded 1.0. At locations SB003, SB010,
SB013, SBO15, SB018, and SB020, HQS g doseriow Trv; WETE two to three orders of magnitude greater
than 1.0. At location SB003 and SB010 the HQuo,, gosemign rv; S0 exceeded 1.0. The HQ g dosesiow TRY)
for the UCL,; was 11.6. Most of the modeled dose to the salt marsh harvest mouse was from prey
ingestion; however, pickleweed tissue concentration was estimated based on the maximum pickleweed
BAF and location-specific sediment concentrations. Sediment concentrations at the locations in

question all exceed 1,000 mg/kg (see Figure 3-1).
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The toxic effects of copper have been studied on many animals, including: cats, dogs, cattle, sheep,
rats, mice, horses, guinea pigs, pigs, and monkeys. Different species of animals display varying levels
of sensitivity to copper. However, the principle organ affected by exposure to copper is the liver,
where copper primarily accumulates in subcellular organelles, causing liver cirrhosis. In addition to
liver cirrhosis, copper exposure can cause necrotic kidney tubules and brain damage (Owen 1981).

The acute toxic effects of copper given orally produce gastrointestinal irritation, vomiting (including
blood), low blood pressure, jaundice from liver necrosis, and coma. Chronic exposure to copper can
cause accumulation of copper in the body, leading to lesions in the liver, brain, and eye, plus hemolytic

anemia.

Copper was considered to be a risk to the salt marsh harvest mouse, based on exposure to sediments at
locations at SB003, SBO10, SB013, SB015, SB018, and SB020. Locations where risk was indicated to
the salt marsh harvest mouse are shown Figure 7-1(risk at a specific location was determined based on

two or more HQ ew sosemion Trvy reater than 1.0 or two or more HQ s dosemicn Tryy £Teater than 1.0).

Lead

Lead was considered to pose a potential risk (HQgyg dosenow TRv) = 1) t0 the salt marsh harvest mouse
because of the magnitude by which HQSpuu amenow Tavy €Xceeded 1.0. At locations 309CSPWSS, SB001,
SB0O3, SB004, SB0O09, SBO10, SBO14, SB017, SB018, SB019, and SB020, HQS iz doseiiow TRy, WETE
four orders of magnitude greater than 1.0. Most of the modeled dose to the salt marsh harvest mouse
was from incidental ingestion of sediment; lead residue in pickleweed was relatively low (maxinmm
concentration 3.8 mg/kg dry weight). Sediment concentrations at the locations in question ail exceeded

1,000 mg/kg.

Lead can have multiple effects in mammalian species. Lead may cause damage to the nervous system,
hematological effects, kidney dysfunction, sterility, abortion, neonatal mortality, growth retardation,
delays in maturation, and reduced body weight (Amdur and others 1991; Eisler 1988). Younger
mammals may have greater sensitivity to lead toxicity because of their developing blood brain barrier.
Developing capillaries in the brain allow lead levels in the blood to be transported to newly formed

components of the brain (Amdur and others 1991).

Lead was considered to pose a risk to the salt marsh harvest mouse at sampling locations 309CSPWSS,
SB0O1, SB003, SB004, SB0009, SB010, SB014, and SB0O17, SBO18, SBO19, SB020. Locations where
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risk was indicated to the salt marsh harvest mouse are shown on Figure 7-1 (risk at a specific location
was determined based on two or more HQgq,, sosemien vy gr€ater than 1.0 or two or more HOQ igh dosermigh

Trvy greater than 1.0).
Molybdenum

HQS (0 dosermign TRv) Tor molybdenum exceeded 1.0 at 12 locations; however, studies indicate that a 5:1
ratio of copper to molybdenum is sufficient to mitigate the toxic effects of molybdenum (Osweiler and
Others 1976). Another study found that 20 to 100 mg/kg in pasture soil can produce a disease called
“teart” in cattle and sheep, but this disease was mitigated by the presence of copper or sulfate in the
diet (Goyer 1986). The average copper to molybdenum ratio at the TBB Disposal Site is 59:1;
thefefore, copper may mitigate the risk to the small mammal population associated with molybdenum at

the TBB Disposal Site.
Selenium

Selenium posed a significant risk (HQS o, aose/mien Trv; Sreater than 1.0) to the salt marsh harvest mouse in
11 of 30 sampling locations at the TBB Disposal Site. The HQjqy aosemignry) fOT selenium, based on the
maximum sediment concentration (12 mg/kg), was 5.9 at location SB017. The HQ(ow gosemignryy fOT the

UCLys was less than 1.0.

Chronic effects of selenium on mammals include reproductive abnormalities such as congenital
malformations; reduced numbers of young in litters; high mortality of young; infertility among
surviving young in rats, mice, swine, and cattle; and intestinal lesions (Harr 1978 and NRC 1983, as

cited in Eisler 1985).

Chronic exposure of selenium, known as “alkali disease”, has been observed in cattle, hogs, and
horses, which graze on feed containing elevated levels of selenium. Adverse effects include: deformed
hooves, hair loss, lassitude, articular cartilage erosion, reduced conception, increased reabsorption of

fetuses, and heart, kidney, and liver degeneration (Eisler 1985).

The HQqow qosemizn Tovy  fOr selenium exceeded 1.0 at the following locations: 309CSPWSS, SB004,
SB009, SB010, SBO14, SB015, SB017, SB018, SB019, and SB020. Locations where risk was

indicated to the salt marsh harvest mouse are shown on Figure 7-1 (risk at a specific location was
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determined based on two or more HQy, gose/tign Try) greater than 1.0, or two or more HOQ pigh gosernioh TRVY

greater than 1.0},
Barium and Silver

No TRVs were available for barium and silver; therefore, these chemicals were evaluated qualitatively.
The maximum concentration of barium was 4,660 mg/kg at location SB0O1. Locations for which the
concentration of barium exceeded the UCLqys (508 mg/kg) were 309CSSS, SB0013, SB0014, SB001,
SB003, and SB004.

Published data concerning developmental, reproductive, or carcinogenic effects of barium on
mammalian species is very limited (ATSDR 1990a). Rats exposed to barium concenirations in their
diet showed toxic responses. In both acute and chronic oral exposure scenarios, increased blood
pressure was observed in exposed rat populations (ATSDR 1990a). In other acute exposure studies,
gastrointestinal effects and respiratory weakness were observed in the exposed populations (ATSDR
1990a). Ovary weight and ovary-brain weight ratios both decreased as a result from acute oral

exposure to barium in rat populations (Borzelleca and others 1988, as cited in ATSDR 1990a).

The maximum concentration of silver was 6.7 mg/kg at location SS206. Locations for which the
concentration of silver exceeded the UCLgs (1.3 mg/kg) were SB001, SB00G3, SBOQ13, SB0O014,
SB0OG15, SB0100, SB0102, and SBO103.

Ingestion studies on silver have shown that silver can be absorbed in the gastrointestinal tract (Amdur
and others 1991). Once in the body, silver can accumulate in the liver, while only a small amount is
excreted (Amdur and others 1991). A decrease in weight gain was observed in rats exposed to silver in
drinking water (Matuk and others 1989, as cited in ATSDR 1990b). Intravenous doses of silver to
experimental animals caused pulmonary edema, congestion, and eventually death (Amdur and others

1991).

Potential risk exists to the salt marsh harvest mouse from exposure to barium or silver at locations
309CSSS, SB0O01, SB003, SB004, SB0013, SB0014, and SB0015; however, at all of these locations,

there is overlap with other chemicals that are more likely to drive the risk.
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8.6.5 Summary of Chemicals of Ecological Concern and Areas Posing Risk for Birds
and Mammals

For the Mallard, all HQSica1 sosemien Trvy indicated no immediate or significant risk to the typical
receptor from chemical exposure at the site (HQSqypicar docemign rvy < 1.0). However, the HOQ ypicat dosefiow

mryy for lead exceeded 1.0, indicating a potential for risk.

For the Black-necked Stilt, HQS i aosemzn TRy) fOT cOpper, lead, mercury, selenium, and zinc slightly
exceeded 1.0, indicating the potential for significant risk to the typical receptor from chemical exposure
at the site (HQS¢yca dosemigntrvy > 1.0).  In addition, HQS i dosenow Tav, 280 exceeded 1.0 for arsenic

and cadmium, indicating a potential for risk from exposure to these chemicals.

Based on both HQSypicu aosemign Trvy > 1.0 0F HQSpicar dosenow trv; > 1.0, arsenic, cadmium, copper, lead,

mercury, selenium and zinc were identified as COECs for aquatic birds.

To determine areas where the potential for risk was most significant, sampling locations where
sediment concentrations exceeded the UCLs, for arsenic, cadmium, copper, lead, mercury, selenfum,
and zinc were identified. Based on an exceedance of the UCL,,, potential risk to aquatic birds from
one or more of these chemicals was indicated at locations 309SSCS, 309CSPWSS, SB001, SB003,
SB004, SB009, SB010, SB014, SBO15, SB017, SB018, SB019, SB020, $S205, SB100, SB102, and
SB103 (see Figure 7-1). ' -

For the salt marsh harvest mouse, food chain model results indicated significant risk based on the low
dose/high TRV exposure scenario; HQSgo, aosemisa trvy > 1.0. Significant risk drivers to the salt marsh
harvest mouse were identified as inorganic chemicals for which the HQ g, cosemien try, MOt frequently
exceeded 1.0. These drivers were arsenic, molybdenum, and selenium. Molybdenum was excluded
based on the results of a qualitative literature evaluation, which indicated that toxic effects are likely
mitigated by copper. Copper and lead were also considered to be significant risk drivers because of the

magnitude of exceedance of HQS pinaosenow trv)-

Risk to the salt marsh harvest mouse at specific locations was based whether two or more HQs (HQsyow
dosermizh TRY) OF HQShign aosemisn TrY) } €XCeeded 1.0. Risk to the salt marsh harvest mouse was indicated at

sampling locations 309CSPWSS, SB001, SB003, SB004, SB005, SB006, SBO07, SB0O0S, SB009,
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SBO10, SBO11, SB012, SB013, SB014, SB015, SB016, SBO17, SB018, SB019, SB020, and SS206 (see
Figure 7-1).

8.7 RISK CHARACTERIZATION SUMMARY

The risk characterization process integrates information from the exposure and effects assessments to
evaluate relationships among chemicals and adverse effects on organisms. This integration relies
primarily on strength and weight of evidence arguments developed on the basis of existing information
on the site and available scientific literature. Based on the results of the risk characterization,

recommendations for future site activities can be developed. This integration involves:

e Evaluation of current and potential adverse biological effects

¢ Identification of the uncertainties associated with the risk analysis
8.7.1 Weight-of-Evidence Approach

A weight-of-evidence approach was used to identify receptors at risk from site chemicals. Table 8-6
summarizes the lines of evidence supporting the risk assessment conclusions. The main objectives of
the risk characterization process were to identify (1) receptors at immediate or potential risk and

(2) spatial areas where EPCs may present the greatest risk.
8.7.2 Evaluation of Risk to Assessment Endpoint Receptors

The risk characterization process relies on numerous lines of evidence to identify receptors at risk;
different types of evidence were used to evaluate risk to different groups of receptors (see Table 8-6).

Risk to plants, invertebrates, birds, and mammals are summarized in the following sections.
8.7.2.1 Risk to Wetland and Upland Transitional Plants

HQs, mean HQs, and BAFs were used as lines of evidence in the assessment of risk to plants. Because
no regulatory screening values or criteria existed for plants, ORNL toxicity-based benchmarks were

used to evaluate safe levels of chemicals for plants.

Based on HQs, mean HQs, BAFs, and a qualitative literature review, the ERA concluded that arsenic,
copper, selenium, and zinc may be available for plant uptake at concentrations greater than required for

healthy growth. Risk to plants was indicated at locations SB001, SB003, SB004, SB009, SB010,
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SB012, SB013, SB014, SB015, SBO17, SB018, SB019, SB020, and 309CSSS. Visual observations of
the site indicated no apparent visible impact in the form of large areas of dead or dying vegetation,
even in areas with the highest inorganic concentrations. Locations where tisk to plants was indicated

are shown on Figure 7-1.
8.7.2.2 Risk to Populations of Benthic Invertebrates

Amphipod bioassays, HQs, mean HQs, mean ER-Mgs, and BAFs were used as lines of evidence in the
assessment of risk to populations of benthic invertebrates. Because no regulatory screening values or
criteria exist for benthic invertebrates, ER-Ls and ER-Ms, which are toxicity-based numbers, were

used to evaluate safe levels of chemicals for invertebrates.

In general, the number of and the magnitude of exceedances were used as an approximation of risk.
Risk drivers or COECs were based on mean ER-Mgs and mean HQs. Mean ER-Mgs were used to
determine locations of most significant risk, and mean HQs were used to identify risk drivers. A mean
ER-Mq greater than 1.5 was considered to indicate a location where a high potential existed for adverse
effects (Long and MacDonald 1998). Mean ER-Mgs exceeded 1.5 at nine locations, most of which are
along the shoreline, where aquatic and wetland and upland transitional habitats overlap. The mean
HQ, which is the sum of HQs for one COPEC across sampling locations, exceeded 1.0 for copper,

fead, selenium, and zinc.

Inorganic chemicals were measured in amphipod tissue sampled at the site (see Table 8-14). Most of
the inorganic chemicals yielded BAFs (tissue concentrations compared to collocated sediment
concentrations) greater than 1.0. Therefore, based on the presence of chemicals in tissues of
invertebrates, uptake can be assumed likely; however, the effects of these tissue residue levels is not

known.

Adverse effects on some aquatic invertebrates are likely to result from maximum contamination levels
at the site. Specific areas of the site in which these effects may be greatest, based on HQs, are shown
on Figure 7-1. Locations with highest magnitude of exceedance of ER-Ms are along the shoreline in
the habitat overlap area. Chemical levels are much lower in the offshore habitat, indicating little risk to
invertebrates in the offshore habitat. The relationship between exceedance of screening values and
toxicity is not straightforward. ER-Ls and ER-Ms were not developed for risk assessments and should

be interpreted with caution (Long 1997). Bulk chemistry results may also overestimate risk, because
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inorganic chemicals, particularly adsorbed to sediments in reducing environments, are not likely to be

completely bioavailable.

Based on the lines of evidence evaluated, potential risk to populations of benthic invertebrates from
exposure to copper, lead, selenium, and zinc may exist at locations 309CSPWSS, 309SSCS, SB(13,
SB014, SB015, SB018, SB019, SB020, and SB0205. Figure 7-1 shows the locations where risk was

indicated for all assessment endpoint receptors.
8.7.2.3 Risk to Populations of Aquatic Birds

Food chain analysis, using site-specific prey tissue concentration and a comparison of ingested doses of
chemicals with TRVs, was the primary line of evidence for evaluating risk to avian receptors at the
site. This evaluation focused on aquatic birds, including the Mallard and Black-necked Stilt,
representing waterfowl and shorebird feeding guilds. The model and assumptions are discussed in

Section 8.6.2.

For the Mallard, all HQS e dosemier TRvy indicated no immediate or significant risk to the typical
receptor from chemical exposure at the site (HQSyica sosemien oy < 1.0). However, the HQypicat dosenow

ry) for lead exceeded 1.0, indicating a potential for risk.

For the Black-necked Stilt, HQSypicu aosemign vy TOT copper, lead, mercury, selenium, and zinc slightly
exceeded 1.0, indicating the potential for significant risk to the typical receptor from chemical exposure
at the site (HQSypica: aosemign oy > 1.0).  In addition, HQS i dosenow Trvy 180 exceeded 1.0 for arsenic

and cadmium, indicating a potential for risk from exposure to these chemicals.

Based on either HQSqpica qosemign rv) = 1.0 08 HOQS (5 dosenow TRv) > 1.0, arsenic, cadmium, copper,

lead, mercury, selenium and zinc were identified as COECs for aquatic birds.

To determine areas where the potential for risk was most significant, sampling locations where
sediment concentrations exceeded the UCL, for arsenic, cadmium, copper, lead, mercury, and zinc
were identified. Based on exceedance of the UCLy; , potential risk to aguatic birds from one or more
of these chemicals was indicated at locations 3098SCS, 309CSPWSS, SB001, SB003, SB004, SB009,
SB010, SBO14, SB0O15, SB017, SB018, SB0O19, SB020, $S205, SB100, SB102, and SB103 (see Figure
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7-1). Although risk from exposure to selenium was indicated at locations SB100 and SB102, they were
not included in the risk footprint shown Figure 7-1 for the following reasons: at location SB100,
selenium was not detected but was evaluated as such because the detection limit was too high (one-half
the detection limit greater than was greater than the UCL,,). Location SB102 was not included,
because risk was indicated only to the Black-necked stilt only from exposure to selenium. In addition,

both locations are outside of the debris area.
8.7.2.4 Risk to Individual Salt Marsh Harvest Mice

Food chain analysis, using site-specific prey tissue concentration and a comparison of ingested doses of
chemicals with TRVs, was the primary line of evidence for evaluating risk to the salt marsh harvest

mouse at the site. This type of food-chain analysis, using site data, provides a relatively good estimate
of dose for those COPECs for which TRVs are available. The model and assumptions are discussed in

Section 8.6.2.

Low dose/high TRV HQs greater than 1.0 indicated significant risk to the salt marsh harvest mouse.
Locations for which multiple HQS oy, dosemign rvy €Xceeded 1.0 are shown on Figure 7-1. As indicated on

Figure 7-1, the highest risk was along the shoreline and the south-central portion of the site.

For the salt marsh harvest mouse, food chain model results indicated significant risk based on the low
dose/high TRV exposure scenario; HQSqoy assemgntrvy > 1.0. Significant risk drivers to the salt marsh
harvest mouse were identified as inorganic chemicals for which the HOQ 0w dosermisn rrvy MOst frequently
exceeded 1.0. These drivers were arsenic, molybdenum, and selenium. Molybdenum was excluded
based on the results of a qualitative literature evaluation, which indicated that toxic effects are likely
mitigated by copper. Copper and lead were also considered to be significant risk drivers because of the

magnitude of exceedance of HQSpsguiosetow TRY)-

Risk to the salt marsh harvest mouse at specific locations was determined based on Iocations for which
multiple chemical specific HQs (HQS ou ose/mign trv; OF HOQS 0 dosemion TrY) ) €Xceeded 1.0. Based on this
methodology, risk to the salt marsh harvest mouse was indicated at sampling locations 309CSPWSS,
SBO01, SB003, SB004, SB0OS, SBO06, SBO0O7, SB00S, SB009, SBO10, SB0O11, SB012, SB0O13, SB014,
SBO15, SBO16, SB017, SB018, SB019, SB020, and $S206 (see Figure 7-1). Locations SB003, SB004,
SBO10, and SBO1S5 have the greatest number of chemical specific HQS 0w dose/nign TRYy ZTEatEr than 1.0;

eight, seven, six, and seven, respectively (see Table 8-20).
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8.7.3 Chemicals and Areas of Highest Concern

For risk management purposes, it is important to identify COECs that should be considered risk drivers
at the site and areas at which significant adverse effects may warrant action. This information was
discussed in detail for each of the assessment endpoint receptors in Sections 8.4, 8.5, and 8.6. This
section summarizes chemicals and areas of concern that should be addressed by risk management

decisions.

For plants, arsenic, copper, selenium, and zinc may be available for uptake at concentrations greater
than required for healthy growth. BAFs measured for pickleweed provided supporting evidence. Risk
to plants was indicated at locations SB001, SB003, SB004, SB0O09, SB010, SBO11, SB012, SBO13,
SBO14, SBO15, SB017, SB018, SB019, SB020, and 309CSSS. |

For benthic invertebrates, potential risk from exposure to copper, lead, selenium, and zinc may exist at
locations 309CSPWSS, 309SSCS, SB013, SB014, SB015, SB018, SB019, SB020, and SB020.,

Risk to typical aquatic birds from exposure to arsenic, cadmium, copper, lead, mercury, sclenium, and
zinc exists at sampling locations 309SSCS, 309CSPWSS, SB001, SB003, SB004, SB009, SBO10,
SB014, SBO15, SBO17, SB018, SB019, SB020, $S203, and SB103. Although risk from exposure to
selenium was indicated at locations SB100 and SB102, they were not included in the risk footprint
shown Figure 7-1 for the following reasons: at location SB100, seleninm was not detected but was
evaluated as such because the detection limit was too high (one-half the detection limit greater thap was
greater than the UCL,;). Location SB102 was not included, because risk was indicated only to the
Black-necked stilt only from exposure to selenium. In addition, both locations are outside of the debris

area.

Risk to the salt marsh harvest mouse from exposure to arsenic, copper, lead, mercury, selenium, or
zinc at sampling locations 309CSPWSS, SB001, SB003, SB004, SB00S, SB006, SBOO7, SBO0S,
SB009, SB010, SBO11, SBO12, SB013, SB014, SB015, SB016, SB017, SB018, SB019, SB020, and
S8206 was indicated (see Figure 7-1).

Figure 7-1 shows the overlap of locations for each assessment endpoint receptor. COECS to one or
more receptors included arsenic, copper, lead, mercury, selenium, and zinc. Copper and zinc are
COEC:s to all receptors, while mercury is only a COEC to aquatic birds and the salt marsh harvest

mouse. Lead is a COEC to all receptors except plants. ,
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8.8 UNCERTAINTY ANALYSIS

Uncertainty plays an important role in risk-based decision-making and is therefore incorporated
explicitly into risk characterization. Identifying known sources of uncertainty is more useful than using
conservative default assumptions, because potential error is made more explicit in the risk management

process (Suter 1993).
Three sources of uncertainty in ERAs are described in Suter (1993):

1. Mistakes in execution of assessment activities (errors such as incorrect measurements,
data recording errors, and computational errors)

2. Imperfect knowledge of factors that could be known (ignorance about some aspect of
the ecosystem that may be relevant, such as assumptions used in dose models, practical
constraints on the ability to measure everything, and lack of knowledge on
toxicological effects of all chemicals on all species)

3. Inherent randomness of the world (stochasticity in physical or biological processes that
may affect assumptions or actual risk such as variation in population parameters or
rainfall patterns)

The complexity of ecological systems tends to increase the level of uncertainty involved in ERAs as
compared to HHRAs. Using realistic assumptions and multiple lines of evidence is the best approach
to reducing the uncertainty associated with ERA conclusions. The following sections briefly review

some sources of uncertainty identified for the ERA at the TBB Disposal Site.
8.8.1 Sampling and Data Analysis

Sample data collected from the site must be used to evaluate conditions of the whole site; all measured
parameters are therefore only estimates with associated error. The sample size was more than adequate
for characterization of soil and sediment concentrations. In addition, most priority pollutants were
included in the analytical output at many sampling stations. Therefore, the nature and extent of
contamination at the TBB Disposal Site is considered to be very well characterized, leaving little

uncertainty in this regard.

Data were validated and determined to be of high usability; data computations and summary tables
were double-checked. Data quality, as identified and defined in the QAPP, is not considered to be an

important source of uncertainty.

8-67 DS.0309.15133



The conclusion of the screening level assessment (TtEMI 1999) was to focus the baseline assessment on
the inorganic risk drivers; organic chemicals were not considered significant risk drivers, and were
therefore not evaluated further in the baseline assessment. Organic chemicals were however, evaluated

for human health.
8.8.2 Screening Values

Screening values, such as ER-Ls, ER-Ms, and ORNL, used to identify COPECs and determine the
level of risk to benthic or plant receptors, include multiple sources of uncertainty. Although these
values were based on numerous studies, they inciude taxa not relevant to site receptors and only
represent an estimate of real effects. Effects on receptors at the site may be under- or overestimated
based on this approach; however, currently, this is the best method available for preliminary screening
of chemical levels. These types of screening values were not available for afl chemicals detected at the
TBB Disposal Site. Most of the screening values employed are based on single contaminant scenarios;
the effect of multiple chemical stressors operating synergistically or antagonistically is not incorporated

into this level of screening.

Screening values are based on total concentrations and do not address uncertainty associated with

chemical speciation (some forms are more toxic than others) or level of bioavailability of contaminants.

The lack of screening values for some aluminum, barium, beryllium, cobalt, manganese, molybdenum,

thalifurn, and vanadivm is a source of uncertainty in the assessment of risk to invertebrates.
8.8.3 Toxicity Tests

Toxicity tests were conducted on one type of invertebrates in one environmental media for a limited
number of samples, and results were extrapolated to evaluate potential risk to all aquatic invertebrates
at the site. Toxicity tests are a standard methodology in risk assessment; however, laboratory bioassays

do not exactly duplicate exposure and toxicity in the field.
8.8.4 Tissue Residue Data

A limited number of plant and invertebrate tissue samples were collected. These samples were
collected in the northern, central, and southern sections of the site and are probably good indicators of

the potential for bioaccumulation for each arca. Tissue samples were collected in both contaminated
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and less contaminated areas. Uncertainty associated with tissue analysis includes the assumption that

limited samples collected at one time adequately reflect exposure.
8.8.5 Estimated Doses

Assumptions used in estimating ingested doses were identified in Section 8.6.2. These assumptions and
model parameters are mostly based on scientific literature and may not accurately represent species or
conditions at the site. Sources of uncertainty in dose estimates include inaccuracy in model parameters
based on poor literature data, population and individual variation in life history, and variation in dietary
patterns of animals at the site. In addition, the use of dose models as estimates of exposure assumes
that exposure to the animal through other routes, such as dermal exposure or drinking of surface water,
is minimal. In general, it is common practice in BRAs to focus on ingestion of contaminated prey and

soil (Pascoe and others 1996), although ignoring other sources may slightly underestimate risk.,

8.8.6 Toxicity Reference Values

Uncertainty associated with the derivation and use of TRVs is described in the TRV Technical
Memorandum (EFA West 1998). Allometric conversion was incorporated into derivation of TRVs for
site-specific receptors; use of this type of body scaling to extrapolate between taxa is a source of
uncertainty, because the underlying assumption that a given effect on a small bird is the same as on a
larger bird per unit body weight may not be true. This uncertainty was minimized by extrapolating

between closely related species, whenever possible.
8.8.7 Hazard Quotients and Hazard Indices

The HQ approach used in comparing site chernicals to screening values and the comparison of ingested
doses to TRV is commonly employed in ERAs (EPA 1992; Tiebout and Brugger 1995). An HQ
greater than 1.0 is generaily considered to indicate a potential for risk; however, the HQ cannot be
used to gauge either the probability or magnitude of effects. The HQ approach has been criticized

(Tiebout and Brugger 1995), and caution should be exercised in the interpretation of HQs.
8.8.8 Interspecies Extrapolation

The use of allometric conversions in interspecies extrapolations has already been discussed (see
Section 8.8.6). The use of assessment endpoint species as surrogates for other related or ecologically

similar taxa is supported by current guidance (EPA 1992a, 1992c); however, differences armong taxa
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are not accounted for in this type of analysis, and uncertainty exists with regard to assessments of risk

to whole communities, based on detailed analysis of relatively few taxa.
8.8.9 Individual and Population Variation

Individuals within a population vary in a number of life history and behavioral traits. Dose models
incorporated some of this variability by estimating both high and low values for most model
parameters. Most of these models, however, are focused on adult individuals and may not accurately
represent ingestion of chemicals by small juvenile stages that may feed in a different manner. Bven
among adults of the same population, considerable individual variation in factors may exist that affect

exposure.
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9.0 CONCLUSIONS AND RISK MANAGEMENT RECOMMENDATIONS

This RI evaluated whether chemicals left in place at the site present a significant risk to human health
or the environment and whether any further action is recommended. Overall benefit to environmental
quality must be weighed carefully, and any remedial action would need to be evaluated in the context
of the physical disturbance or other impacts associated with cleanup activities. Conclusions of the risk
assessment are presented below, followed by a discussion of risk management issues and

recommendations.
9.1 HUMAN HEALTH RISK ASSESSMENT CONCLUSIONS

The. screening-level HHRA conducted for the TBB Disposal Site indicates that COPCs are currently
present at levels that could result in adverse health effects for residents. COPCs are present at higher
concentrations at the center of the site, and it is likely that soil and sediment within the 400-mg/kg lead
isopleth will be removed to protect ecological receptors. Soil and sediment within the 400-mg/kg lead
isopleth also contains elevated levels of COPCs other than lead. Concentrations of COPCs in soil and
sediment remaining after remediation of the 400-mg/kg lead isopleth would be within EPA target levels
considered to be protective of human health. Potential exposures to remaining COPCs would not be
expected to result in adverse health effects. Following remediation of soil and sediment within the
400-mg/kg lead isopleth, the only COPCs remaining at concentrations above EPA Region IX
residential PRGs would be arsenic and iron. Remaining levels of both benzo(a)pyrene and iron would
be within background ranges, and it is unlikely that further remediation would result in levels below

PRGs.
9.2 ECOLOGICAL RISK ASSESSMENT CONCLUSIONS

Despite the sources of uncertainty described in Section 8.8, adequate information was available to
evaluate the potential risk to receptors from chemicals at the TBB Disposal Site. One of the primary
objectives of the ERA was to establish a risk footprint to help determine the boundary for remedial

action.

The current level of inorganic chemical contamination at the site poses probable risk to plant,
invertebrate, and bird receptors. The risk to the salt march harvest mouse, a threatened and
endangered species, is significant. Areas with the highest levels of inorganic chemicals contamination

are located where the debris is most concentrated, which is along the shoreline and in the center of the
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site (see Figure 7-1). Removal of the debris would significantly reduce risk to both aquatic and

wetland receptors.
9.2.1 Contaminants of Ecological Concern

Concentrations of some inorganic COECs at the site are very high, based on comparison with
background and with available screening values. COECs that are a risk to one or more of the
assessment endpoint receptors at the TBB Disposal Site include arsenic, copper, lead, mercury,

selenium, and zinc.
9.2.2 Risk to Ecological Receptors

Risk to ecological receptors from site contamination was evaluated using a variety of approaches such
as comparison of site concentrations with available screening values, bioassays, measures of

bicaccumuliation, food chain analysis, and literature reviews.

For plants, concentrations of arsenic, copper, selenium, and zinc may be available for uptake at
concentrations greater than required for healthy growth. BAFs measured for pickleweed provided
supporting evidence. Risk to plants was indicated at locations SB001, SB003, SB004, SB009, SB010,
SB012, SBO13, SB014, SB015, SB017, SB018, SB019, SB020, and 309CSSS.

For benthic invertebrates, potential risk from exposure to copper, lead, selenium, and zinc 1oay exist at
locations 309CSPWSS, 309SSCS, SB013, SB014, SB015, SB018, SB019, SB020, and SB0205.

Risk to typical aquatic birds from exposure to arsenic, cadmium, copper, lead, mercury, selenium, or
zinc exists at sampling locations 309SSCS, 309CSPWSS, SB001, SB003, SB004, SB009, SB010,
SB014, SBO15, SB017, SB018, SB019, SB020, $52035, and SB103.

Risk to the salt marsh harvest mouse from exposure to arsenic, copper, lead, mercury, selenium, or
zinc at sampling locations 309CSPWSS, SB001, SB003, SB004, SB005, SB006, SB007, SBO0S,
SB0O09, SBO10, SBO11, SB012, SB013, SB014, SB015, SBO16, SB017, SB018, SB019, SB020, and
S8206 was indicated (see Figure 7-1).

Figure 7-1 shows the overlap of locations for each assessment endpoint receptor. COECS to one or

more receptors include arsenic, copper, lead, mercury, selenium, and zinc. Copper and zinc are
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COEC:s to all receptors, while mercury is ohly a COEC to aquatic birds and the salt marsh harvest

mouse. Lead is a COEC to all receptors except plants.
9.3 RISK MANAGEMENT AND RECOMMENDATIONS

Risk management decisions must incorporate more than the technical basis for identifying risk from
chemical contamination. Decisions must be based on a careful evaluation of risk assessment
conclusions, uncertainty associated with those conclusions, and the ecological costs associated with

attempting to remedy the situation.

Removal of the debris from the TBB Disposal Site woulid result in ecological destruction of all critical
habitat; however, no salt marsh harvest mice were reported during surveys conducted at the TBB
Disposal Site. Furthermore, compared to other areas in the Tidal Area that provide critical habitat to
the salt marsh harvest mouse, the habitat provided at the TBB disposal area is minimal. However,
overall habitat quality at the site and the role of the site in the regional ecology of special status species
must be considered. Trade-offs in costs and benefits to different taxa must aiso be evaluated before
decisions are made. Decisions regarding remedial actions in critical habitat must also evaluate the loss

of habitat and incidental take for the salt marsh harvest mouse during and after the remediation.

Based on CERCLA guidance, risk management decisions are made jointly by all parties involved in the
risk assessment process at a site such as the TBB Disposal Site, including the Navy and its contractors,
EPA, DTSC, RWQCB, USFWS, National Qceanic and Atmospheric Administration, California
Department of Fish and Game, and the public. The Navy anticipates that the decisions made for this
site will be based on a technical review of this documnent by those parties and on a collaborative and
interactive process that includes meetings to identify goals and priorities. Specific recommendations

made in this document should serve as points of discussion for the risk management team.

Inorganic concentrations in the area of debris at the TBB Disposal Site are sufficiently high that they
present a potential risk to plants, benthic invertebrates, and aquatic birds and a significant risk to the
salt marsh harvest mouse. These taxa would be temporarily at risk from habitat destruction associated

with a removal action.

Given the small size of the site, the Navy recommends that debris be removed from all areas where risk
is indicated, based on the resuits of the human and ecological risk assessments presented in Sections 7.0

and 8.0 of this RI report (Figure 7-1).
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