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EXECUTIVE SUMMARY

This document is the baseline ecological risk assessment (BERA) report for Operable
Unit (OU) 1 of the Linden Chemical and Plastics (LCP) Superfund Site (Site), located in
Brunswick, Georgia. Site owner Honeywell International, Inc. (Honeywell), formerly
Allied Signal, Inc., submitted numerous versions of the BERA to the Environmental
Protection Agency (EPA) for approval, starting in June 1997. EPA, the State of Georgia
(the State) and the National Oceanic and Atmospheric Administration (NOAA) reviewed
each draft and provided successive sets of comments and instructions to Honeywell.
After a thorough review of the most recent submission in July 2009 by EPA, the State
and NOAA, EPA disapproved the draft BERA for the reasons outlined in EPA’s letter to
Honeywell dated July 2, 2010.

This BERA report presents the results of the “Site Investigation/Analysis” Phase and
“Risk Characterization” Phase (Steps 6 and 7) of the BERA conducted for the estuary at
the LCP Site, located in Brunswick, Georgia. This document addresses the extensive
amount of environmental information generated for the estuary at the LCP Site from
2000 through 2007 and includes a comprehensive evaluation of major potential sources

of uncertainty pertaining to ecological conditions in the estuary at LCP Site.

General Issues

Major chemicals of potential concern (COPCs) addressed in the BERA are mercury
(including methylmercury), Aroclor 1268, lead, and total polynuclear aromatic
hydrocarbons (PAHs). These are the chemicals identified as COPCs in the initial
documents developed for this BERA. However, other chemicals considered to be COPCs

are also addressed in the risk assessment.

Ecological conditions in the LCP estuary were monitored by Honeywell on an annual
basis from 2000 through 2007 (except for 2001). Data derived from each of these years
are evaluated in the BERA using mean COPCs concentrations and the 95t upper
confidence limit of the mean (95UCL) concentrations for major areas of the estuary and
grand mean values for the whole estuary, as suggested by scientists from NOAA during
an initial review of the BERA (Dillon, 2008). In addition, uncertainty in the results of the
BERA is addressed partly through a discussion of results from other scientific studies
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pertinent to the LCP estuary including investigations conducted prior to 1998-1999,

when sediment remediation (removal) occurred in selected parts of the estuary.

Temporal Trends of Chemicals of Potential Concern in Surface Sediment
during 2000 - 2007

There were no discernable trends in the concentrations of COPCs in surface sediment at
continuously monitored sentinel stations in major creeks of the LCP estuary, with the
possible exception of total mercury at the mouth of the Main Canal. In the case of
sentinel marsh stations, the only possible COPC to exhibit attenuation was total

mercury, in the Marsh Grid of Domain 1.

Surface Water Chemistry

The highest concentration of total mercury in surface water of major creeks in the LCP
estuary was 188 nanograms per liter (ng/L) (in the Eastern Creek during 2000), which
was less than the EPA chronic ambient water quality criterion of 940 ng/L.
Methylmercury concentrations in surface water at the Site ranged from 0.15 to 10 ng/L
and were usually greater than levels at reference locations (0.008 — 0.22 ng/L). Mean
and maximum ratios of methylmercury/total mercury were, respectively, 3.05 and 10.1
percent. Aroclor 1268 was infrequently detected in creeks or at reference locations.
Dissolved lead concentrations at the Site never exceeded criteria developed for that

form of the metal.

Surface Sediment Chemistry

Concentrations of total mercury and Aroclor 1268 in surface sediment of the LCP
estuary exceeded their site-specific sediment effect concentrations (SECs) (e.g.,
probable effect levels [PELs]) for aquatic invertebrates in most portions of the Eastern
Creek, Main Canal, and Domain 1. Lead exceeded PEL concentrations in portions of
Eastern Creek, and Domains 2 and 3, and Feasibility Study (FS) locations. The PELs for
PAHs were exceeded in the Eastern Creek, Domain 3 and in portions of other areas.
Mean and maximum ratios of methylmercury to total mercury in sediment were 0.08

and 11 percent, respectively.
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Total mercury and Aroclor 1268 appeared to exhibit similar distribution patterns of
elevated sediment concentrations throughout the Site (and possibly origin). A similar

pattern was suggested for lead and total PAHs.

Of 21 additional metals that were also evaluated, screening-level ecological effects
values (EEVs) for sediment were available for eight of the metals — antimony, arsenic,
cadmium, chromium, copper, nickel, silver, and zinc. Of these eight metals, arsenic
occurred at similar concentrations at both Site and reference locations. Of the
remaining seven metals, chromium and nickel occasionally exceeded their respective
EEVs at the Site.

All of the 21 metals were evaluated for aquatic hazard by all available and appropriate
protocols. The metals were first screened for toxicity as discussed above. Following this
screening, “whole” sediment toxicity tests were conducted that reflected the toxicity of
the sediment mixtures. In addition, an estimate was made of the relative contribution to
sediment toxicity of the COPCs and other factors that may have influenced the toxicity

test results.

Body Burdens of Biota

Body burdens of COPCs in biota key to the functioning of the estuarine system at the
LCP Site — cordgrass (Spartina alterniflora), Eastern oysters (Crassostrea virginica), grass
shrimp (Palaemonetes pugio), fiddler crabs (Uca spp.), blue crabs (Callinectes sapidus),
mummichogs (Fundulus heteroclitus), and various large finfish — were typically higher in

the LCP estuary as compared to biota at reference locations.

Percentage of total mercury occurring as methylmercury in body burdens of biota was —
cordgrass: ~10%, Eastern oysters: 70%, fiddler crabs: 68%, blue crabs: 100%,
mummichogs: 92%, silver perch (Bairdiella chrysoura): 100%, red drum (Sciaenops
ocellatus): 89%, black drum (Pogonias cromis): 91%, spotted seatrout (Cynoscion
nebulosus): 100%, and striped mullet (Mugil cephalus): 37%.

Chronic Toxicity of Surface Water
Surface water from the LCP estuary was nontoxic to mysids (Mysidopsis bahia) and
sheepshead minnows (Cyprinodon variegatus) as measured by survival and growth of

both species.
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Chronic Toxicity of Surface Sediment

Amphipods (Leptocheirus plumulosus) and grass shrimp (Palaemonetes pugio) were
evaluated for chronic toxicity of surface sediment from the LCP estuary. The two types
of tests generated similar results in terms of the number of tests of sediment from the
LCP estuary that were characterized by toxicity significantly greater (from a statistical
perspective) than toxicity for reference locations — 51% of 90 tests for amphipods and
46% of 71 tests for grass shrimp.

Using all valid toxicity test data, sediment effect concentrations were calculated
separately for each of the assessment endpoints for amphipods and grass shrimp. The
SECs included apparent effects thresholds (AETs), threshold effect levels (TELs), PELs,
effects range low (ER-L), and effects range medium (ER-M). These SECs provided a
range of values to assess potential toxicity. Measures of accuracy and reliability of the

SECs were also performed for each endpoint and species.

For amphipods, survival was the most sensitive endpoint, followed by reproductive
response. The amphipod TELs (based on all toxicity tests since 2000) for total mercury,
Aroclor 1268, lead, and total PAHs in sediment were 4.9, 6.5, 45, and 0.8 milligrams per
kilograms (mg/kg) dry weight (dw), respectively.

For grass shrimp, the most sensitive endpoint was embryo development. Calculated
sediment TELs for this endpoint for total mercury, Aroclor 1268, lead, and total PAHs in
sediment were 1.4, 3.2, 139, and 1.6 mg/kg (dw), respectively.

Probable causes of sediment toxicity were evaluated in 2006 by a comprehensive set of
amphipod studies that included a site-specific toxicity identification evaluation (TIE),
equilibrium partitioning study for metals, and an AET study. However, based on these
evaluations, there was no discernable COPC exposure-response relationship of high
predictive value. Detailed analysis of the toxicity test results indicate that other factors
such as the COPC mixtures, total organic carbon, sulfide content, and sediment grain

size confounded predictions of sediment toxicity to amphipods and grass shrimp.

Health of Indigenous Grass Shrimp
Health of indigenous grass shrimp (Palaemonetes pugio) in major areas of the LCP

estuary was evaluated for hatching success of embryos of adult female shrimp and
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deoxyribonucleic acid (DNA) strand damage of the embryos. Throughout the 2002-2007
monitoring period for grass shrimp, these measurement endpoints deviated statistically
(and negatively) from control conditions in the Main Canal, the bank of the Main Canal,
and the Eastern Creek. Relationships (logarithmic r’ values) were defined in 2006
between body burdens of COPCs in adult shrimp and biological responses of embryonic

shrimp.

Characteristics of Benthic Macroinvertebrate Community

A study of the benthic invertebrate community was based on sampling of macrobenthos
in surface sediment at four stations in the LCP estuary and at two reference locations in
2000. The potentially negative major differences in vital statistics of the macrobenthos
community between site and reference areas were a lesser number of taxa, individuals,
and density of individuals at two of the four Site stations. Dominance by polychaetes
was characteristic of all reference locations and site stations. In addition, there were no
problematic “shifts” in feeding habits between Site vs. reference benthos. However,
because benthic community data were not collected as part of the long-term
contaminant monitoring program after 2000, any potential contaminant-related effects

are unknown.

A preliminary study of the abundance of fiddler crabs (U. spp.) observed to inhabit the
AB seep location (at a single sampling location), and characterized by high mean body
burdens (in dry weight) of total mercury (1.00 mg/kg), Aroclor 1268 (2.54 mg/kg), and
lead (8.78 mg/kg) observed in biota indigenous to the LCP estuary, found that they were
present in numbers (200 young and adult crabs per square meter) that might be
expected to occur in a relative pristine marsh. However, co-located surface water and
sediment chemistry samples to assess potential exposures were not collected. In
addition, because fiddler crab abundance data were not collected during the long-term
monitoring program (2000 - 2007), any potential contaminant related effects to their

abundance are unknown.

Development of Hazard Quotients for Finfish and Wildlife

Hazard quotients (HQs) were developed for higher trophic level fish based on food-web
exposure models and from field-collected data. HQs were developed for red drum
(Sciaenops ocellatus), silver perch (Bairdiella chrysoura), black drum (Pogonias cromis),

spotted seatrout (Cynoscion ocellatus), and striped mullet (Mugil cephalus) based on
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actual field-collected tissue data. Major results of these modeling and field studies are
presented in the following section of this summary that pertains to risk characterization

for finfishs (Assessment Endpoint 8).

HQs were also developed by modeling for wildlife representing various assessment
endpoints — diamondback terrapin (Malaclemys terrapin) representing omnivorous
reptiles, red-winged blackbird (Agelaius phoeniceus) and clapper rail (Rallus longirostris)
for omnivorous birds, green heron (Butorides striatus) for piscivorous birds, marsh
rabbit (Sylvilagus palustris) for herbivorous mammals, raccoon (Procyon lotor) for
omnivorous mammals, and river otter (Lutra canadensis) representing piscivorous
mammals. The HQs sometimes referenced in food-web exposure modeling are based on
toxicity reference value (TRVs) predicated on lowest-observed-adverse-effect-levels
(LOAELs) and no-observed-adverse-effect-levels (NOAELs) of COPCs for finfish and
wildlife.

Major results of these modeling studies are presented in the following sections of this

summary that pertain to Assessment Endpoints 2 through 7.

Risk Characterization for Assessment Endpoints
The BERA was primarily designed to address potential risk pertaining to the following
eight fundamental assessment endpoints according to a “strength-of-evidence”

approach.

Benthic Estuarine Community (Assessment Endpoint 1)

Three basic measurement endpoints were employed to evaluate the viability of the
structure and function of the benthic estuarine community in the LCP estuary. These
endpoints were: 1) comparisons of concentrations of COPCs in surface sediment with
site-specific effects levels; 2) results of toxicity tests conducted with sensitive life stages
of benthic biota exposed to surface sediment; and 3) evaluation of the indigenous
benthic community. For this BERA, there is a wealth of sediment chemistry and
sediment toxicity data available for many locations in the LCP marsh developed during
eight years of field investigations. In contrast, the benthic community information is
limited to a single study conducted in 2000 at four tidal creek stations in the LCP marsh.
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Concentrations of total mercury and Aroclor 1268 in creek and marsh surface sediment
exceeded their site-specific SECs in most segments of the Eastern Creek, the Main Canal,
and Domain 1. Levels of lead in surface sediment exceeded the site-specific effects
range low (ER-L) of 60 mg/kg (Table 4-20) in portions of Domain 2 and in Domain 3,
including some FS Areas. Total PAHs occurred in excess of their site-specific survival ER-

L of 1.5 mg/kg in the Eastern Creek, and in portions of Domains 2 and 3.

In a comprehensive chronic (28-day) toxicological study detailed in this document,
survival, growth, and/or reproduction of amphipods (Leptocheirus plumulosus) exposed
to surface sediment obtained throughout the LCP estuary were often significantly
reduced relative to controls and some reference areas. This toxicity appeared to be
caused by COPCs, and to a limited extent, from other metals. Toxic expression also
appears to be substantially influenced by other factors including total organic carbon
(TOC), sulfide, and grain size. This conclusion supports the findings of others (EPA, 2001;
Dillon, 2006a) who have noted the toxicological importance of COPCs and other

stressors in the LCP estuary.

Toxicity test results with lab-cultured grass shrimp (Palaemonetes pugio) evaluated with
collocated COPCs sediment concentrations suggest that grass shrimp may be more
sensitive than amphipods. For example, reproductive TELs for embryo development
and hatching success from exposure to mercury in sediments ranged from 1.4 to 3.9

mg/kg, while the reproductive TEL for amphipods exposed to mercury was 4.9 mg/kg.

Hatching success and DNA strand damage of embryos produced from indigenous grass
shrimp throughout their 2002-2007 study period deviated statistically (and adversely)
from control conditions in the Main Canal, the bank of the Main Canal, and the Eastern
Creek. Furthermore, in a preliminary unreplicated study of fiddler crabs characterized
by relatively high body burdens of COPCs, abundance of crabs was similar to that
reported over 30 years ago in the Duplin Estuary Marsh, Georgia (Wolf et al., 1975).

However, exposure to COPCs was not quantified in this study.

An evaluation of the indigenous benthic community in the LCP estuary suggested a
hazard less than that predicted by laboratory-based studies. In a single field evaluation
conducted in 2000, the potentially negative major differences in vital statistics of the

macrobenthos community between Site and reference areas were a lesser number of
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taxa, individuals, and density of individuals at two of the four Site stations. Dominance
by polychaetes was characteristic of all Site and reference stations. Benthic community

structure was not evaluated in subsequent field investigations.

These above-discussed lines of evidence (LOE) for collectively evaluating the viability of
the structure and function of the benthic estuarine community in the LCP estuary
indicate that the potential for risk associated with COPCs and non-COPCs is evident,
especially in the southeastern part of the estuary (in particular, the Main Canal and

Eastern Creek).

Omnivorous Reptiles (Assessment Endpoint 2)
The single LOE available for evaluating the viability of omnivorous reptilian species
utilizing the LCP marsh consisted of HQs derived from food-web exposure models for

diamondback terrapins (Malaclemys terrapin).

In the modeling study, all HQs derived for diamondback terrapins indigenous to the LCP
estuary were substantially less than unity (1). Consequently, there is no potential risk to

the viability of omnivorous reptiles utilizing the LCP estuary.

Omnivorous Birds (Assessment Endpoint 3)

There were two LOE generated to evaluate the viability of omnivorous avian species
utilizing the LCP estuary. These LOE were: 1) HQs derived from food-web exposure
models for red-winged blackbirds (Agelaius phoeniciceus); and 2) HQs derived from

food-web exposure models for clapper rails (Rallus longirostris).

Red-winged blackbirds and clapper rails exposed to COPCs at the Site exhibited a basic
similarity in that none generated HQs for inorganic mercury, Aroclor 1268, or lead that
indicated a potential for risk. For methylmercury, there was a NOAEL HQ of 1.0 in
Domain 1 for red-winged blackbirds. All of the LOAEL HQs were less than 1.0, suggesting

no risk to red-winged blackbirds.

For clapper rails modeled for exposure to methylmercury, all Site LOAEL HQs were less
than 1.0: however, NOAEL HQs were slightly greater than 1.0 (1.7 — 3.0) in Domain 1,
Eastern Creek, and the Main Canal. The overall potential for risk to omnivorous birds in

the LCP estuary is judged to be minimal.
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Piscivorous Birds (Assessment Endpoint 4)
Only one LOE was available to evaluate the viability of piscivorous avian species utilizing
the LCP estuary: HQs derived from food-web exposure models for green herons

(Butorides striatus).

Green herons modeled for exposure to inorganic mercury, Aroclor 1268, and lead at the
Site presented no potential for risk. However, all Site NOAEL HQs generated by the
green heron modeled for exposure to methylmercury were in excess of unity (1), with
NOAEL HQs (1.4 — 10.6) being most clearly distinguishable from reference HQ (0.6).
LOAEL HQs for green herons modeled for methylmercury exposure at the Site were
greater than 1.0 in Domain 1 (2.8), Eastern Creek (3.5), and the Main Canal (1.5). This
suggests that potential risk to the viability of piscivorous avian species in the LCP estuary

is moderate.

Herbivorous Mammals (Assessment Endpoint 5)
The single LOE available for evaluating the viability of herbivorous mammalian species
utilizing the LCP marsh consisted of HQs derived from food-web exposure models for

marsh rabbits (Sylvilagus palustris).

The modeling study for marsh rabbits generated a site-related NOAEL HQ for Aroclor
1268) of 3.0 in Domain 1. No LOAEL-based HQ for Aroclor 1268 was greater than unity

(1). In addition, no risk potential was associated with mercury or lead.

Consequently, the potential for risk to the viability of herbivorous mammals utilizing the
LCP estuary is judged to be minimal.

Omnivorous Mammals (Assessment Endpoint 6)
The only LOE generated for assessing the viability of omnivorous mammals utilizing the
LCP estuary consisted of HQs derived from food-web exposure models for raccoons

(Procyon lotor).
In the modeling study, all HQs for inorganic mercury, methylmercury, and lead derived

for raccoons indigenous to the LCP estuary were less than unity (1). The NOAEL HQ for

Aroclor 1268 of 2.6 was estimated for Domain 1 and an HQ of 1.1 for Domain 2. None of
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the LOAEL HQs exceeded unity. Consequently, the potential for risk to the viability of

omnivorous mammals utilizing the LCP estuary is judged to be minimal.

Piscivorous Mammals (Assessment Endpoint 7)
The sole LOE for evaluating the viability of piscivorous mammals utilizing the LCP estuary
consisted of HQs derived from food-web exposure models for river otters (Lontra

canadensis).

The modeling study for river otters generated site-related NOAEL HQ for Aroclor 1268
(based on a TRV for Aroclor 1254) that ranged from 0.1 to 3.9. No LOAEL-based HQ for
Aroclor 1268 was greater than unity (1). In addition, no potential for risk was associated

with mercury or lead.

The potential risk to the viability of piscivorous mammalian species utilizing the LCP
estuary is judged to be minimal.

Finfish (Assessment Endpoint 8)

There were five basic measurement endpoints available for evaluating the viability of
finfish utilizing the LCP estuary. These endpoints, most of which are characterized by
similar strength of evidence, were: 1) comparisons of concentrations of COPCs in surface
water to general literature-based effects levels; 2) results of toxicity tests conducted
with early (and sensitive) life stages of aquatic biota exposed to COPCs in surface water;
3) HQs derived from food-web exposure models for upper trophic-level fish; 4) HQs
derived from measured residues in field-collected finfish; and 5) evaluation of the

benthic macroinvertebrate community (as a food source for juvenile and adult fishes).

The highest concentration of total mercury measured in surface water of the LCP
estuary was 188 ng/L in the Eastern Creek during 2000, as compared to the EPA chronic
ambient water quality criterion of 940 ng/L. The highest concentration of dissolved lead
in water was 2.5 micrograms per liter (ug/L) in the Main Canal during 2000, as
contrasted to the EPA chronic criterion of 8.1 pg/L. (No criteria have been developed
specifically for Aroclor 1268.)

Laboratory toxicity tests designed to evaluate chronic toxicity of “whole” surface water

from the LCP estuary to mysids (Mysidopsis bahia) and sheepshead minnows (Coleonyx
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variegatus) generated similar results. Mean survival of mysids exposed to surface water
from the Site and two reference locations ranged from 92.4 to 100%, which was greater
than the minimum acceptable survival for control organisms (80%). Mean growth
(weight) of mysids exposed to Site and reference waters was from 0.50 to 0.84 mg (dw),
which exceeded the weight of control organisms (0.48 mg). Survival of sheepshead
minnows exposed to the same surface water ranged from 80 to 100%, which was at
least equal to the minimum acceptable survival for control organisms (80%). Mean
growth (weight) of fish exposed to Site water was statistically similar to weight observed

for at least one reference location.

Finfish bioaccumulation modeling generated a mean LOAEL-based HQ of 2.9 for
methylmercury, which is considered to be over-predictive relative to field-collected
finfish from the LCP estuary. However, LOAEL HQs exceeded 1 in silver perch (HQ=1.3)
and spotted seatrout (HQ=1.9) collected from the field.

Based on three bioaccumulation model approaches to finfish for effects attributable to
Aroclor 1268 in the LCP estuary, generated mean LOAEL-based HQs ranged from 0.5 to
1.4 (Table 4-28). The mean LOAEL HQ for field collected finfish was 1.1 for silver perch
and black drum, 0.95 for and spotted seatrout, suggesting relatively comparable results
with the modeled HQs. The mean HQ for striped mullet was 2.5. The HQs are all higher
when the upper-bound tissue residue concentrations are used. Because the fish TRVs
were largely based on reproductive and growth endpoints to assess potential chronic
problems and or long-term decline in viability of fish populations, the LOAEL HQs
suggest chronic risk. The absence of gross abnormalities in finfish collected from Purvis
Creek during the empirical study and the absence of reported fish kills during years of
intensive interest and monitoring at the LCP Site suggest that there are no acute toxicity

concerns to finfish.

Evaluation of the benthic macroinvertebrate community in the LCP estuary did not
identify a limitation of this source of food to fishes (refer to information presented for
Assessment Endpoint 1), although toxicity to benthic organisms may limit food for fish in
portions of the Main Canal, Eastern Creek, and Western Creek Complex.

The overall conclusion derived from the five above-discussed measurement endpoints is

that there is no risk to finfish in the LCP estuary from direct exposure to COPCs in the
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water column. The modeling and field data for finfish suggest that chronic risk to

viability of finfish indigenous to the LCP estuary is of concern.

Ecologically Protective Media Concentrations
Ecological risks from hazardous substances released to the LCP estuary create a need to
evaluate measures that would reduce the incidence of adverse growth and reproductive

effects to benthic organismes, fish, and wildlife. The receptors at risk include:

e omnivorous and piscivorous birds from methylmercury;
e herbivorous, omnivorous, and piscivorous mammals from Aroclor 1268;
e fish from methylmercury and Aroclor 1268;

e benthic invertebrates from methylmercury, Aroclor 1268, lead, and PAHs.

The development of protective sediment concentrations is dependent on sediment to
biota bioaccumulation factors (BAFs) which are measurements of COPCs in biota tissue
divided by the sediment COPCs concentrations. The methodologies used for each
receptor are described in detail in Section 7 of the report. The overall approach to
derive BAFs for organisms in the LCP estuary focused on addressing the variability in
sediment concentrations while maximizing the biota tissue data relative to habitat use
areas for each of the receptors. The estimated BAFs were then used in the wildlife
exposure models to back-calculate protective NOAEL and LOAEL sediment
concentrations when the hazard quotients are set to 1.0.

Protective Sediment Concentrations for Wildlife Receptors

The most sensitive modeled receptors from exposure to mercury are piscivorous birds
as represented by the green heron, with protective sediment concentrations ranging
from about 0.5 to 2.8 mg/kg dw. The least sensitive receptors to mercury are
omnivorous birds (clapper rail). Although the piscivorous river otter was not considered
to be at risk from any specific exposure area (all HQs were less than 1), overall exposure
to the entire Site (approximately 790 acres) results in protective sediment mercury

concentrations between 1.7 and 4.2 mg/kg dw.

The most sensitive modeled receptor from exposure to Aroclor 1268 is the river otter
with protective sediment concentrations ranging from 0.27 to 4.6 mg/kg dw. The least
sensitive receptors to Aroclor 1268 are herbivorous mammals (e.g., marsh rabbit).
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Protective Sediment Concentrations for Finfish

The protective mercury sediment concentrations for finfish generally ranged from about
1 to 3 mg/kg, with the exception of the striped mullet. Protective concentrations based
on field-collected striped mullet tend to fall outside these general ranges because
mercury residues were lower and Aroclor 1268 residues higher compared to the other
four species of fish. The reason why mullet residues vary from the other species is
currently unknown but may be related to different feeding strategies, feeding behaviors
and in situ exposure scenarios. The other finfish have protective sediment

concentrations for Aroclor 1268 ranging from about 1 to 8 mg/kg.

Protective Sediment Concentrations for Benthic Invertebrates

Due to the lack of any significant COPCs exposure-response relationships based on the
results of over 200 sediment toxicity tests, the establishment of “safe” levels for benthic
invertebrates is highly uncertain. It appears that the interactions between COPCs,
organic carbon, sulfides, grain size, and other factors such as oxidization/reduction
changes in sediment chemistry, collectively confounded the toxicity test results. Based
on the amphipod and grass shrimp toxicity studies, the following COPCs concentration

ranges protective of benthic invertebrates were determined in mg/kg (dw):

Mercury 14-3.2
Aroclor 1268 3.2-12.8
Total PAHs 0.8-1.5
Lead 41 -60

Protective Surface Water Concentrations

Mercury and Aroclor 1268 in surface water of the LCP estuary occasionally exceed their
respective State water quality standards and may pose a risk to aquatic life (Section
4.2.1). The risk to wildlife from the surface water pathway is minimal relative to prey
and sediment ingestion. Although there may be seeps or contaminated groundwater
upwelling into estuary component, there is no indication that State of Georgia water
quality standards would not be protective of aquatic life.
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1.0 INTRODUCTION

Honeywell, formerly AlliedSignal, Inc. is currently conducting a Remedial
Investigation/Feasibility Study (RI/FS) for the LCP Superfund Site (Site) in Brunswick,
Glynn County, Georgia (Figure 1-1). The RI/FS is being conducted pursuant to an
Administrative Order by Consent, EPA Docket Number 95-17-C, dated July 6, 1995.
Because the Site presented a variety of geographical features and contaminated media,
the Site has been divided into three OUs: the estuary is designated OU1; the
groundwater is designated OU2; and the uplands portion of the Site is OU3.

One integral part of the RI/FS, especially for OU1, is the BERA. Honeywell first submitted
a draft BERA report for OU1" to the EPA in June 1997. EPA and the State of Georgia
(State) reviewed the BERA, disapproved it in October 1997, and provided comments for
Honeywell to address. After several successive iterations, Honeywell submitted its last
revised BERA report to EPA on July 6, 2009. This revised report, which was also
reviewed by EPA, the State and the NOAA, was also disapproved on July 2, 2010. At this
time, EPA provided Honeywell with all final comments and included an EPA-revised
BERA report, along with explanations of the modifications. Following an August 10,
2010 meeting with Honeywell and review of its August 18 and September 10, 2010
letters, EPA modified the BERA, where necessary and appropriate, to address

Honeywell’s concerns.

This BERA Report is EPA contractor Black & Veatch’s finalized revision of the
Honeywell’s July 6, 2009 report. Completed in accordance with all EPA guidance, this
BERA report has been reviewed and approved by EPA and the State. It incorporates
very significant amounts of information provided by Honeywell. While the accuracy of
the information provided by Honeywell is accepted for purposes of this BERA report, it
has not been independently verified by either Black & Veatch or EPA. EPA therefore
reserves the right to correct or amend any information provided by Honeywell if
warranted by the discovery of new or different information.

The major COPCs addressed in the BERA are mercury (including methylmercury), Aroclor
1268, lead, and total PAHs. These are the chemicals identified as COPCs in the initial
documents developed for the BERA. However, other chemicals that were later

considered to be COPCs are also addressed in the risk assessment.
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Two key and related elements of the BERA merit emphasis. First, ecological conditions in
the LCP estuary were monitored by Honeywell on an annual basis from 2000 through
2007 (except for 2001). Data derived from each of these years are evaluated in the
BERA.

Second, an historical perspective of ecological conditions in the LCP estuary is presented
by a review of the results of numerous investigations conducted by independent (non-
Honeywell) scientists, many of which were peer-reviewed and presented in the scientific
literature. This review is presented in the “Uncertainty Section” of this document since
some of these investigations were conducted prior to 1998-1999, when sediment
remediation (removal) occurred in selected parts of the estuary, and are believed to

reflect a “worst-case” baseline for the estuary.

The BERA consists of a main text, as well as associated figures and tables. A series of
appendices are also presented that support the main body of the BERA. All
environmental data pertaining to the estuary at the LCP Site are maintained in an
electronic data base (Environmental Planning Specialists, 2007a). This data base
contains data generated as early as 1970, as well as data generated during more recent

environmental monitoring investigations.

This BERA supersedes an earlier BERA conducted in 2000 (CDR Environmental Specialists and GeoSyntec
Consultants, 2001) for the estuary at the LCP Site. This new BERA addresses the extensive amount of
environmental information generated for the estuary at the LCP Site since that time.

Initial components of the risk assessment process — in particular, “Problem Formulation” (Step 3;

Honeywell International, 2001a) and “Study Design and Data Quality Objectives” (Step 4; Honeywell
International, 2001b) — are referenced, but not presented in their entirety, in this document.
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2.0 INDUSTRIAL HISTORY

Industrial activities began at the LCP Site in 1836, when a segment of the Brunswick-
Altamaha Canal was constructed. This canal segment (approximately 1,220 meters or
4,000 feet) ran in a north-south direction along the interface between the upland and
estuarine parts of the Site. The canal eventually extended about 19 kilometers (km) (12
miles) from Academy Creek (Brunswick Harbor) north to the Altamaha River. The canal
opened in 1854, but operated only until 1855. Waste-disposal and soil-filling activities
appear to have occurred along parts of the canal that traversed the Site (i.e., in the

north and south disposal areas).

The Atlantic Refining Company, a predecessor of Atlantic Richfield Company (ARCO),
used the Site as a petroleum refinery from 1919 through 1929. The refinery processed
Gulf Coast and Mexican crude oil into finished products that included light asphalt, fuel
oil, lubricating oil, gas oil, kerosene, and gasoline. The boiler at the refinery was fueled
by coal until 1922, after which oil was employed.

Georgia Power purchased part of the Site from ARCO and operated an oil-fired power-
generating facility from 1937 through 1950 that reached a generating capacity of 5,500
kilowatts (kW) in 1941 (GeoSyntec Consultants, 1996). The Dixie Paint and Varnish
Company (which eventually became the Dixie O’Brien Corporation and, subsequently, a
subsidiary of the O’Brien Corporation) purchased another part of the Site from ARCO in
1941, where it operated a paint and varnish manufacturing facility until 1955
(GeoSyntec Consultants, 1996).

Allied Chemical and Dye Company (the predecessor to AlliedSignal, which has now
merged with Honeywell) purchased the Site in 1955, with the exception of a 1.2-
hectares (ha) (2.9-acres) parcel still owned by Georgia Power (GeoSyntec Consultants,
1996). AlliedSignal constructed and operated a chlor-alkali facility at the Site, utilizing
the Solvay (mercury-cell) process. Primary products of the chlor-alkali operation were

chlorine gas, hydrogen gas, and sodium-hydroxide solution.

LCP Chemical-Georgia (which became a division of the now defunct Hanlin Group, Inc.)
purchased all of AlliedSignal’s part of the Site in 1979 and continued to operate the

chlor-alkali facility until 1994, when operations were discontinued (GeoSyntec
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Consultants, 1996). In May 1998, Allied Signal (Honeywell) purchased the LCP property

from the estate in bankruptcy.



3.0 PROBLEM FORMULATION

Problem Formulation establishes the goals, extent, and focus of the BERA. An initial
Problem Formulation document was developed in 2001 (Honeywell International,
2001a). This section describes the environmental setting, ecosystem characteristics, the
ecosystem potentially at risk, identifies chemicals of potential ecological concern, and
develops assessment and measurement endpoints that will be used to assess potential

risks to ecological receptors.

3.1 Environmental Setting

The LCP Site is located immediately northwest of the City of Brunswick, in Glynn County,
Georgia (Figure 1-1). The Site, which has an area of about 222 ha (550 acres), consists of
approximately 28 ha (70 acres) of largely developed (industrialized) upland and 194 ha
(480) acres of estuary. The Site was later expanded to include the area west of Purvis
Creek to the Turtle River for a total of 320 ha (790 acres) in Operable Unit 1, the estuary
at the LCP Site.

The estuary, situated west of the industrialized area, drains into Purvis Creek, which, in
turn, discharges to the Turtle River. A ditch, termed the LCP Ditch or Main Canal, runs
from the industrialized upland part of the Site to Purvis Creek. A secondary road
parallels the ditch along its northern bank and, at one time, connected with a boardwalk
(now in ruins) that crossed Purvis Creek and the most western marsh to the Turtle River.
The Turtle River/Purvis Creek estuarine system is tidally influenced, with tidal range
being about 2 to 3 m (7 to 10 foot [ft]) in the vicinity of the LCP Site.

The LCP Site is bordered by a County landfill and police firing range on the north, Ross
Road on the east, and Brunswick Celluose, Inc., on the south side. The Brunswick
Cellulose pulp operation discharges effluent to the Turtle River, as does the City of
Brunswick Academy Creek Wastewater Treatment Plant (via Academy Creek), which is

located south of the pulp company.

The surface geology at the LCP Site consists of sandy beach and dune deposits in the

upland area and organic-rich silty clays in the tidal marsh (GeoSyntec Consultants,

1996). These surface sediments are about 15 meters (m) thick. Underlying the surface

sediments is a layer of coarse sand, silty clay, and sandstone (deposited during the late
5



Miocene Epoch), which extends to a depth of approximately 55 m. These late Miocene
sediments are underlain by a sequence of silt, clay, phosphatic sand, and limestone of
the Hawthorn Group (an early Miocene formation) that extends to a depth of about 150

m.

Storm water runoff from the industrial part of the LCP Site, which historically discharged
to the estuary, is now contained by storm water diversion structures. Potentiometric
surface measurements indicate that shallow-aquifer groundwater (0-15 m in depth)
discharges to the estuary (GeoSyntec Consultants, 1996).

OU1, the marsh at LCP, was divided into four domains for the purpose of
characterization (Figure 3-1). Domain 1 is bounded by the uplands to the east, the Main
Canal to the north, and Eastern creek to the west. The removal of contaminated
sediments took place in the eastern portion of Domain 1 in 1998-1999. Domain 1 is salt
marsh. Marsh grass has filled in the removal area. Domain 2 is bounded on the east by
Domain 1, the south by uplands not part of the LCP property, and the west and north by
Purvis Creek and the Main Canal. Domain 2 is salt marsh with tidal creeks. It contains
the Western Creek Complex. Domain 3 is bounded to the south by the Main Canal, the
east by the LCP uplands, and the west and north by Purvis Creek. It is a salt marsh with
abundant small tidal creeks. Domain 4 is the area west of Purvis Creek to the Turtle
River. Domain 4 is divided into an eastern and western portion by the flow divide

between creek and river.

Purvis Creek is a saltwater, tidal water body that flows adjacent to the Site and into the
Turtle River. Purvis Creek has a maximum width of 500 feet, a maximum depth of 11
feet, and is approximately two miles long. Large areas of salt marsh associated with
Purvis Creek and tributaries to Purvis Creek are present in the western portion of the
Site as well as throughout the immediate area. Tributaries of Purvis Creek wind
throughout these marshes and form a complex and extensive hydrologic system. The
salt marsh west of the Site is bisected by a narrow earthen causeway that extends from
the Site to Purvis Creek. The causeway separates the northern marsh from the southern
marsh and surface hydrologic communication occurs only indirectly through the tidal

cycling of Purvis Creek.



The Main Canal carried effluent from the LCP outfall to a tributary of Purvis Creek. The
Canal is situated along the southern margin of the causeway and ranges from 10 to 20
feet wide. Purvis Creek discharges to the Turtle River, which is located approximately
one mile downstream of the Site. The Turtle River is tidally influenced and is considered
salt water in the vicinity of the Site. It is a relatively large water body, approximately
2,000 feet wide at the Purvis Creek confluence with an average depth of approximately
10 feet. A 30-foot deep channel has been dredged in the Turtle River, up to a pulp and
paper facility.

The habitat present appears to follow a fairly abrupt topographic contour along the
western portion of the facility area of the Site. Although the elevation difference
between "higher" and "lower" ground is only one and a half to two feet, it is perceptible
in the hydrology and plant species composition. The salt marsh present in the western
portion of the Site is vegetated primarily with marsh grass (Spartina alterniflora), with
occasional patches of black needle rush (Juncus roemerianus), and is entirely flooded
during high tide. The upland present in the eastern portion of the Site is subject to
infrequent inundation and has a higher proportion of plant species that are adapted for
less saturated conditions than those which dominate the wetland. The Site area serves

as a commercial and recreational fisheries resource.

3.2 Ecosystem Characteristics

The Brunswick River estuary, like most estuaries in the southeastern United States, is a
highly productive ecosystem that consists of both salt marsh and associated tidal creeks.
High productivity is believed to be at least partially caused by the mixing of fresh water
flowing in the upper part of the water column towards the sea and denser salt water
flowing in the lower part of the water column towards the land (Odum, 1961). These
counter-moving currents produce a "nutrient trap," which retains and recirculates
nutrients within the estuary. Although salinity and other environmental variables are
intermediate between the conditions occurring in fresh water and salt water, almost all

aquatic life inhabiting the estuary is of marine origin.

The salt marsh in the Brunswick River estuary has five basic ecological zones (UGA,
1996): 1) a border zone; 2) high marsh; 3) low marsh; 4) marsh levees (or creek banks);
and 5) tidal creeks. The border zone is covered by tidal water only during spring and

storm tides. Consequently, the soil is relatively low in salt content, thereby permitting
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the growth of a variety of plants. The border zone is also the habitat for the red-jointed
fiddler crab (Uca minax), which is the largest of the fiddler crabs and is often found

living well above the high-tide line at the edge of the transition zone.

The high marsh is covered by tidal water for only about an hour or less each day.
However, sediment in the high marsh is high enough in salt content to support only salt-
tolerant plants such as smooth cordgrass, which possess special glands on their leaves
that excrete excess salt. However, because of the salty sediment, the cordgrass grows to
only about 8 to 30 centimeters (cm) in height. The dominant fiddler crab in the high
marsh is the sand fiddler (Uca pugilator), which, as its common name implies, tends to

be found more in sandy sediment than in muddy substrates.

The low marsh is inundated by tides for several hours each day. The substrate of the low
marsh is typically dark, anaerobic mud. Smooth cordgrass dominates plant life in this
zone and provides substrate and nutritional support for a number of animals. The
dominant fiddler crab in the low marsh is the mud fiddler (Uca pugnax), which feeds
upon plant detritus and algae that cover the surface of the mud flats. The marsh
periwinkle (Littorina irrorata) lives on the cordgrass stalks, moving up and down the
stalks in response to changing tidal conditions and feeding on detritus and algae. The
ribbed mussel (Geukensia demissus) anchors itself by threads to the base of the
cordgrass, where it filters particulate matter from passing water. The mud snail
(Mlynassa obsolete) and colonies of the Eastern oyster (Crassostrea virginica) also inhabit

the low marsh.

Marsh levees are characterized by the continuous movement of water across their
surfaces during high tides. The movement of water in this narrow zone of the salt marsh
precludes sediment from being anaerobic or having a high salt content. Marsh levees
form when sediment particles carried by the tides are filtered out by marsh grasses
adjacent to the tidal creeks. Steady supplies of nutrients are delivered to the marsh
levees by tides. The constant supply of nutrients results in the formation of a narrow
zone of high productivity known as “marsh edge” (Kneib 2003, Minello and Rozas,
2002). Consequently, smooth cordgrass, the only plant found on the levees, grows at a
maximum rate to its greatest height (about 3 m) adjacent to tidal creeks. In the fall,
cordgrass leaves turn from the color of green to a yellow-brown or golden color, giving

Georgia's coastal islands the nickname "The Golden Isles." The leaves then die, break
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into small pieces, and commence the decomposition process that results in detritus,
which, in turn, forms an attachment Site for microscopic organisms such as bacteria,

fungi, and algae.

Tidal creeks experience the full amplitude (about 3 m) of the semidiurnal tides that
occur in the Brunswick River estuary. These creeks support a variety of water-column
and benthic organisms. Water-column organisms include phytoplankton (which is less
important than detritus as a basic food source in the estuary; Pomeroy and Wiegert,
1981), zooplankton (both holoplankton and meroplankton), and fishes characteristic of

estuaries in the southeastern United States.

An endangered fish species - the shortnose sturgeon (Acipenser brevirostrum) - may
pass through the estuary, but is not known to frequent the Turtle River or Purvis Creek.
Benthic plants commonly found in the estuary include emergent smooth cordgrass
(Spartina alterniflora)) and black needlerush (Juncus roemerianus), which, after death,
are major sources of detritus. Some of the more common benthic animals are
polychaete worms, periwinkles, Eastern oysters, amphipods, barnacles, mysids
(Mysidopsis bahia), penaeid shrimp, grass shrimp (Palaemonetes pugio), fiddler crabs,

and blue crabs (Callinectes sapidus).

Two fish indigenous to the estuary are the mummichog (Fundulus heteroclitus) and red
drum or channel bass (Sciaenops ocellatus). The mummichog is one of the most
stationary of all fish. Fish over 6 cm in length typically maintain a summer home range of
36-38 m along one bank of a tidal creek, although some fish may move as much as 375
m (Lotrich, 1975). Mummichogs forage for food primarily during daylight near the upper
limit of the high-tide zone (Weisberg and Lotrich, 1980). The fish are omnivores, feeding
on a variety of detritus, algae, zooplankton, and benthos (including fiddler crabs). The
population density of larger (>4 cm in length) mummichogs during the summer may
range as high as 6 individuals/m? (Kelso, 1979). The number of fish in the largest size
class (>7 cm in length) peaks in August and declines dramatically by October due to

movement to the mouths of tidal channels and mortality (Meredith and Lotrich, 1979).

Red drum normally do not move far from the estuary to which they recruited (Sea-Stats,
2000a). Indeed, a tagging study on Florida's west coast indicated that 50-85% of fish
were captured within 11 kilometers km (6 nautical miles) of their original release Site.
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Red drum, which can have a life span of 40 years, spawn in the fall near ocean passes
and inlets. The newly spawned young then begin their journey into estuarine nursery
areas, where they may remain for up to four years and reach a weight of about 6
kilograms (13 |bs). Red drum feed primarily in the early morning and late afternoon on
benthic organisms. Diet of late juvenile and adult red drum includes crabs, shrimp, and

other fishes.

Other fish in the Turtle/Brunswick River estuary are black drum (Pogonias cromis),
sheepshead (Archosargus probatocephalus), silver perch (Bairdiella chrysoura), spotted
seatrout (Cynoscion nebulosus), striped mullet (Mugil cephalus), Atlantic croaker
(Micropogonias undulatus), Southern kingfish (Menticirrhus americanus), and spot

(Leiostomus xanthurus).

Benthic aquatic life inhabiting the tidal creeks include the previously referenced fiddler
crabs and Eastern oyster and, in addition, various polychaete worms, amphipods,
barnacles, mysids, penaeid shrimp, grass shrimp (Palaemonetes pugio), and blue crabs
(Callinectes sapidus). Grass shrimp and mummichogs (Fundulus) constitute the most
important food supply for secondary consumers in the estuary. Grass shrimp are
normally found at low tide near the water's edge and move within the tidal estuary.
Penaeid shrimp - the pink shrimp (Penaeus duorarum), white shrimp (Penaeus setiferus),
and brown shrimp (Peromyscu aztecus) - spawn in offshore waters, but young postlarval
shrimp move during early spring and summer into the estuary. Shrimp reside in the
estuary for two to three months before becoming young adults and migrating back to
offshore waters. Of the three penaeid shrimp species, the brown shrimp normally
migrates furthest offshore to spawn and, consequently, is the least reliable indicator of

environmental conditions in the estuary.

Blue crabs inhabit the upper (landward) part of the estuary from the megalopal stage to
adulthood. Mating of crabs then typically occurs during all but the coldest months of the
year. After mating, male crabs usually remain in the upper estuary, while females
migrate to higher salinity water in the lower estuary or ocean to ensure egg
development. After eggs hatch, the crabs pass through a number of larval stages before
reaching the megalopal stage, which then begins their shoreward movement to the
estuarine nursery grounds. Blue crabs feed on a variety of plant and animal materials,

both alive and dead. Blue crabs may live for as many as three years, but most die within
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a year (Sea Science, 2000). Tagging studies have documented that female crabs can
migrate 800 km (500 miles) in 100 days (Sea-Stats, 2000b).

Wildlife inhabiting the general vicinity of the LCP Site includes a variety of reptiles, birds,
and mammals. The most common reptile in Atlantic coast salt marshes is the
diamondback terrapin (Malaclemys terrapin). In addition, several species of threatened
or endangered Atlantic sea turtles, the green turtle (Chelonia mydas), Kemp's ridley
turtle (Lepidochelys kempi), hawksbill turtle (Eretmochelys imbricata), loggerhead turtle

(Caretta caretta), and leatherback turtle (Dermochelys coriacea), may visit the Site.

Birds indigenous to the estuary include a variety of grebes, cormorants, herons and
bitterns, ibises, geese, marsh ducks, mergansers, vultures, hawks, ospreys, falcons, rails
(including the clapper rail [Rallus longirostris]), stilts, plovers, sandpipers, gulls and
terns, pelicans, skimmers, kingfishers, and passeriform birds. The wood stork (Mycteria
americana), an endangered species, has been observed foraging in tidal creeks of the
salt marsh and breeding at several colonies in the vicinity of Brunswick. The upland bird
fauna is likely to consist mostly of species adapted to abandoned industrial sites, but
may also include various species of hawks foraging in the grassy areas of the upland
(USDOI, 1995).

Mammals found in the estuary include various shrews, bats, raccoons (Procyon lotor),
mink (Mustela vison), river otters (Lutra canadensis), marsh rice rats (Oryzomys
palustris), and marsh rabbits (Sylvilagus palustris). The West Indian manatee (Trichechus
manatus), an endangered species, and the Atlantic bottle-nosed dolphin (Tursiops
truncatus), both of which are protected under the Marine Mammal Protection Act,
occur in the Brunswick estuary and have been observed in Purvis Creek. West Indian
manatees have been observed feeding on smooth cordgrass on the banks of the Turtle
River, and a manatee has been seen near the LCP Site. Upland mammals are likely to
include raccoons, various shrews and rodents, Eastern cottontails (Sylvilagus floridanus),
opossums (Didelphis marsupialis), and nine-banded armadillos (Dasypus novemcinctus)
(usbol, 1995).

3.3 Ecosystem Potentially at Risk
Previous risk assessments conducted at the Site concluded that there were risks to

ecological receptors inhabiting the estuary. A Conceptual Site Model (Figure 3-2)
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provided a basis for evaluating contaminant migration pathways to ecological receptors.
Elevated concentrations of mercury and polychlorinated biphenyls (PCBs) were detected
in fish tissue samples from Turtle River, Gibson Creek, and Purvis Creek by the Georgia
Department of Natural Resources (GADNR, 1995). An EPA Emergency Response Team
(ERT) field study found mercury and PCB contamination in most abiotic and biotic
samples (Sprenger, 1997). Mercury and PCBs were found in fiddler crabs, blue crabs,
killifish, marsh periwinkles, marsh grass, diamondback terrapins, clapper rails, brown
shrimp, grasshoppers, spot, and rats. The highest concentration of mercury (330 mg/kg)
was found in a terrapin liver sample. The highest concentration of Aroclor 1268 (3,500
mg/kg) was found in a terrapin liver sample. Elevated levels of persistent organic
pollutants were detected in bottlenose dolphins in the Turtle River/Brunswick Estuary
(Pulster et al., 2009).

Early indications from sediment toxicity testing by ERT were that the contaminants at
the Site were not acutely toxic to benthic invertebrates in 10-day tests conducted with
brown shrimp (Penaeus vannamei), amphipods (Leptocheirus plumulosus), and Japanese
medaka (Oryzias latipes) embryos (Sprenger, 1997). However, hydrophobic organic
compounds like PCBs require time to accumulate in test organisms before they reach
toxic levels. It is more likely that toxicity tests would show effects on growth or
reproduction in longer-term tests than mortality in a 10- or 14-day test. For instance,
hatching of medaka embryos was delayed in all test sediments relative to reference
sediments (Sprenger 1997). Hence, the ecological risk assessment had its initial focus on
risks to fish and wildlife through bioaccumulation into tissues of organisms or their
potential to become exposed through ingestion of contaminated prey. The ecological
risk assessment has focused on the prevalent and bioavailable chemicals among those
chemicals identified as of potential concern at the Site. The most prevalent and
bioavailable chemicals (mercury, Aroclor 1268, lead, and PAHs) were extensively
monitored in abiotic media and biota. Multiple rounds of sediment toxicity testing have
identified other chemical factors (e.g., organic carbon and sulfides) that affect

bioavailability of these chemicals in sediment.

3.4 Chemicals of Ecological Concern
Since the preparation of the initial 2001 Problem Formulation document (Honeywell
International, 2001a), Environmental Planning Specialists (2007b) and CDR

Environmental Specialists and Environmental Planning Specialists (2009) identified

12



mercury, PCBs - specifically Aroclor 1268, PAHs, lead, and several other metals of
concern at the LCP Site. This section updates the screening-level process to identify
other COPCs that may contribute to ecological risks based on all data collected between
2000 and 2007. The surface water screening benchmarks were obtained from Region 4
and from State surface water standards. Sediment screening benchmarks were obtained
from Region 4 and consensus sediment benchmarks (MacDonald et al. 2000). If the
maximum concentration of chemicals exceeded its EEV, then the chemical was retained
as a COPC to be evaluated further.

A description of the screening process and results are presented in Appendix B and are

summarized below.

3.4.1 Chemicals of Potential Concern in Sediment

Based on the ecological screening for COPCs presented in Appendix B (Table B-1),
mercury, Aroclor 1268, lead, and PAHs were identified as the primary COPCs and will be
evaluated quantitatively in this assessment. Inorganic chemicals were analyzed from at
least 242 sediment samples; however, only a few occasionally exceeded their screening
EEVs. These, along with their maximum HQs, included: arsenic (HQ=3), chromium
(HQ=3), copper (HQ=2), nickel (HQ=2), and zinc (HQ=1). These COPCs are not expected
to be of significant concern since their maximum HQs are low and their frequencies
above the screening EEVs were not widespread. Therefore, these metal COPCs will not
be quantified in this risk assessment as bioaccumulators in the food web, but are

evaluated for potential contribution to benthic organism risks.

Metals that exceeded reference concentrations by three- to five-fold, yet lacked EEVs
(beryllium, cobalt, manganese, thallium, and vanadium) could also contribute to benthic
organism risk. Therefore, COPCs qualitatively evaluated for potential risks to benthic
organisms include arsenic, beryllium, cobalt, chromium, copper, lead, mercury,

manganese, nickel, thallium, vanadium, and zinc.

A few pesticides were detected with dichlorodiphenyltrichloroethane (4,4'DDT) being
most prevalent but only detected in four of 42 samples with a maximum HQ of 9
(Appendix B). Therefore, pesticides are not expected to substantially contribute to risk
and are not quantified. Bis(2-ethylhexyl)phthalate was detected in 22 of 25 samples but
infrequently above the EEV with a maximum HQ of 4. 3,4-methylphenol,
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butylbenzylphthalate, and hexachlorobenzene were each detected once in 25 samples.
These chemicals will not be quantified further, but will be discussed qualitatively in the

uncertainty section.

Dioxins/furans were collected from three sediment samples in October 2000 at C-6, C-8,
and C-15 in the LCP estuary. Two additional samples were collected from the Troup
Creek and Crescent River reference stations. Using the mammalian toxicity equivalency
factors for each of the dioxin/furan congeners (U.S. EPA, 2008a), the toxicity
equivalence concentrations (TECs) at the LCP estuary stations ranged from 54 ng/kg to
1,878 ng/kg. At the two reference stations the dioxin TEC concentrations were less than
10 ng/kg. The EPA Region 4 sediment screening-level for dioxins is 2.5 ng/kg which are
based on the most toxic form of dioxin (2,3,7,8-tetrachlorodibenzo-p-dioxin [TCDD]).
The maximum concentration of TCDD in the reference samples was 1.7 ng/kg while the
highest concentration of TCDD from the three estuary samples was 53.7 ng/kg at C-6.
Therefore, dioxins/furans are of concern. However, no further sediment or biota
samples were analyzed for dioxins/furans during the monitoring program. Therefore,
potential risk cannot be adequately evaluated in this assessment based on the three
sediment samples collected in 2000, but will be discussed further in the uncertainty

section.

3.4.2 Chemicals of Potential Concern in Surface Water

The ecological screening for surface water (Appendix B) (Table 2) identified mercury as
the COPC with the highest HQ of 20. Out of 11 unfiltered water samples, aluminum,
copper, and iron were identified as COPCs with maximum HQs of 1, 2, and 4,
respectively. Dissolved copper and iron had maximum HQs of 1 and 2, respectively. It
appears unlikely that aluminum, copper, and iron will substantially contribute to
ecological risks, and are therefore not quantified in this assessment. Mercury in the
water column may pose a risk to aquatic organisms and is consequently retained for
further evaluation. Aroclor 1268 was detected in 23 out of 75 water samples and is also
retained as a COPC. Aroclor-1268 was detected at concentrations above the State
standard for protection of marine life (0.03 pg/L) at almost all Site locations where
Aroclor-1268 was detected in surface water. Aroclor-1268 was less frequently detected
in 2000 — 2004 due to elevated detection limits in those years (ranging between 0.5 and
1.2 pg/L), thereby introducing considerable uncertainty regarding actual concentrations

during that time period.
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A few other chemicals were infrequently detected (e.g., methylnaphthalene and bis[2-
ethylhexyl]phthalate) and are not considered to pose a substantial threat to aquatic

receptors and are not evaluated further in this assessment.

3.4.3 COPC Summary

The primary COPCs in estuary sediments and in aquatic organism tissues to be evaluated
guantitatively include mercury, methylmercury, Aroclor 1268, lead, and total PAHs.
Primary surface water COPCs are mercury and Aroclor 1268. The principle routes of
exposure are direct contact, ingestion of sediment, and food-web transfer through

contaminated prey.

3.5 Constituent Fate and Transport

The fate and transport of chemicals in sediment and surface water will affect both the
short- and long-term potential for ecological receptors to be exposed to constituents at
the Site. Most of the chemicals detected at the Site are relatively insoluble and tend to
be associated with suspended sediments in surface water or with bed sediments. COPCs
such as mercury and Aroclor 1268 are highly persistent in the environment. Divalent
metals bind strongly with sulfides in bed sediments. Organic compounds bind with
organic carbon in sediments. The fate and transport of most of the constituents

identified in Site samples is related most strongly to sediment transport.

3.5.1 Fate and Transport in Surface Water and Sediment

Chemicals in upland soils may have been transported to the estuary by surface runoff
(including eroded soil). Another pathway for chemicals to be transported to the estuary
was via the facility outfall ("LCP Ditch"), which received chemicals from the plant's
wastewater treatment system and discharged them into Purvis Creek under a National
Pollutant Discharge Elimination System (NPDES) permit (note that untreated
wastewater was discharged directly through the outfall during the manufacturing
operations preceding NPDES regulatory authority). At times, NPDES permit limits for
COPCs were exceeded during the period of LCP Chemicals operations. Constituents
dissolved in surface water or bound to suspended sediments can be transported by tidal
cycles within the estuary and through the tidal creeks. Sediments in the tidal creeks can

be transported back and forth within the creeks with the tides. Sediments in the creeks
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can also be deposited in the marsh. Fate and transport processes can lead to

widespread dispersal of contaminants within the estuary.

3.5.2 Fate and Transport in Groundwater

Groundwater in the upland area of the Site is shallow (1.5 to 3.3 m below ground surface
[or 5 to 10.7 ft]). Chemicals associated with the various operations at the LCP Facility
were in the past disposed of and/or released in both the subsurface and in surface spills on
upland soils. The releases of chemicals in the upland area have impacted groundwater
quality. Groundwater discharges to surface water have occurred in Purvis Creek and
associated tidal channels and, to a lesser extent in surface sediment at near-shore
locations in the estuary. Groundwater, originating in part from contaminated uplands of
the LCP Site continues to discharge to the estuary. The points of greatest discharge are
seeps which discharge to tidal creeks. An aerial infrared thermography survey conducted
in 2009 identified a number of potential seeps. In the summer of 2010, sediment
porewater (shallow groundwater) samples were collected from eight seeps in the LCP
estuary. One seep sample (located near the M-AB station) contained substantially
elevated concentrations of COPCs and appears to serve as an ongoing source of
contamination to the estuary. Seepsi can serve as an ongoing source of contamination to
the estuary in cases where groundwater originating from the seeps is contaminated by the
Site. Contaminants at the Site are relatively immobile and are not readily transported in
groundwater. However, the mercury associated with the caustic brine pool might be more
mobile than mercury in other settings due to changes in the chemistry associated with
waste materials that tend to enhance solubility. PCBs can become mobilized in
groundwater through colloidal transport or through co-solvency with other waste organic
compounds. Once contamination is deposited and is present within the sediments in the
marsh, groundwater flows through the subsurface sediment thus transporting
contamination as the groundwater migrates up into tidal creeks.

3.6 Ecotoxicity of Chemicals of Potential Concern
This section provides a brief description of the potential ecotoxicity of the major COPCs

groups.

3.6.1 Lead and other Metals
Elevated levels of lead and other metals in contaminated sediments have been
associated with impacts to benthic communities. Consensus based sediment screening

benchmarks for evaluating sediment quality were published by MacDonald et al. (2000).
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Region 4 uses several sources of sediment benchmarks for evaluating the potential risk
to benthic communities of contaminant levels in sediments. The dominant source is
MacDonald (1996). The sediment benchmarks are based on observed changes to
benthic communities or toxicity observed in natural sediments that contained a mixture
of constituents. The benchmarks represent probabilities that sediments with the same
levels of contamination will be toxic. The magnitude of actual toxicity of sediments will
depend on site-specific factors affecting the bioavailability of contaminants. Site-
specific metals speciation is affected by water quality parameters such as pH and
hardness. Metals in surface water or sediment pore water can exist as free ions,
inorganic complexes, or can precipitate as insoluble salts. Most metals do not
bioaccumulate to a great degree. Predicting the bioconcentration of metals in an
estuary is complex and depends on the organisms involved. Some organisms such as
algae can bioaccumulate certain metals while fish generally do not because they can
regulate trace metal levels in their bodies. Toxicity of metals in sediments to infaunal
organisms is generally related to the toxicity of the metal dissolved in pore water.
However, metals suspended in the water column can be a source of exposure to filter-

feeding benthic organisms and epibenthic organisms.

Mercury

Ecologically relevant physical characteristics of elemental mercury are a density of
13.534 g/cm3 and a solubility in water of 0.056 mg Hg/L, while a methylated form of
mercury (methylmercury chloride) is characterized by a density of 4.063 g/cm3 and
water solubility of -1,016 mg Hg/L (Eisler, 1987a). Mercury is primarily a neurological
poison, with methylmercury being the most hazardous mercury species because of its
high stability, positive ionic properties that permit ready penetration of biological
membranes, and high lipid solubility. Methylmercury is produced primarily by bacteria-
mediated methylation of inorganic mercury under aerobic and anaerobic conditions,
although anaerobic conditions are favored (Eisler, 1987a). Methylmercury is relatively
insoluble in water, but tends to form water soluble compounds with thiol-containing
proteins and amino acids. The mercury body burdens of all organisms near the apex of
the ecological food web are in the form of methylmercury, which usually is acquired by
biomagnification of methylmercury present in prey.

Ecotoxicity of mercury is characterized by at least three basic points (Eisler, 1987a).

First, mercury is a mutagen, teratogen, and carcinogen that causes cytochemical,
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histopathological, and embryocidal effects in biological organisms. Second, forms of
mercury with relatively low toxicity (e. g., inorganic mercury) can be transformed by
biological and other processes into forms with exceptionally high toxicity (e. g.,
methylmercury). Last, biomagnification of methylmercury through the ecological food
web can lead to extremely high concentrations of the metal in apex predators.

In general, methylmercury is more toxic than inorganic mercury. Plants are typically
resistant to the toxic effects of mercury. Young animals (including larvae of aquatic life)
are more sensitive to mercury than older animals. Mercury commonly affects the
reproductive capacity of birds and mammals. Bioaccumulation of methylmercury is
rapid and depuration is slow (297 - 1,200 days for marine organisms to reduce their
mercury body burden by one-half). Among the numerous symptoms of mercury

poisoning in fishes is the inability to capture prey or avoid predators.

3.6.2 Polychlorinated Biphenyls (PCBs)

The dominant PCB at the LCP Site is Aroclor 1268, which has been less investigated than
some of the other Aroclors (in particular, Aroclor 1254). However, Aroclor 1268 is
characterized by various general properties that are common to all PCBs. All PCBs are
extremely hydrophobic. Volatilization and sedimentation are the major processes that
determine the fate of PCBs in aquatic systems (Eisler, 1986). Both processes remove
PCBs from the water, but the amount of transferred chemicals is dependent on
dissolved-particulate phase partitioning, which determines the relative sizes of the
soluble pool available for volatilization and the particulate pool available for

sedimentation.

All PCBs remaining in the aquatic environment are extremely stable compounds that are
slow to degrade. All PCBs are more toxic (direct toxicity) to embryonic and juvenile
organisms than to adult organisms. All PCBs are highly lipophilic and, as a consequence,
have the potential to biomagnify in the ecological food web. Aroclor 1268 is one of only
two Aroclors (the other being Aroclor 1270) to exist in its unaltered form as a solid, as
contrasted to a viscous liquid (Aroclor 1254), mobile oil (Aroclors 1221, 1232, 1242, and
1248), or sticky resin (Aroclors 1260 and 1262). Aroclor 1268 is less soluble in water and,
hence, less mobile than other Aroclors, because of the inverse relationship that exists

between degree of chlorination of PCBs (68% for Aroclor 1268) and water solubility.
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Toxicity of Aroclor 1268 to several types of aquatic life has been evaluated. A unicellular
freshwater alga (Chlorella pyrenoidosa) exposed to 1 mg/L of Aroclor 1268 for 191 hr
was characterized by a population growth that was 94% of control growth, as
contrasted to 61% for Aroclor 1242 and 100% for Aroclor 1254 (Hawes et al., 1976). A
freshwater copepod (Daphnia magna) exposed to Aroclor 1268 under static test
conditions (Nebeker and Puglisi, 1974) exhibited a three-week Lethal Concentration (LC)
50 of 253 pg/L and 50% reproductive impairment at 206 pg/L. This was the least toxicity
observed for eight evaluated Aroclors. (For example, Aroclor 1254 was characterized by
an LC50 of 31 pg/L and 50% reproductive impairment at 28 pg/L.)

Toxicity of Aroclor 1268 to several species of domestic and wild birds has been assessed.
Chickens exposed to 2 mg/kg Aroclor 1268 in the diet produced normal embryos,
whereas chickens exposed to several other Aroclors (Aroclors 1232, 1242, 1248, and
1254) produced fewer, and often abnormal, embryos (Cecil et al., 1974). White leghorn
hens exposed to 20 mg/kg Aroclor 1268 in the diet for nine weeks displayed no adverse
effects on survival, body weight, food consumption, fertility, egg production,
hatchability of eggs, egg weight, or thickness of egg shell (Lillie et al., 1974). However,
many of these vital processes were deleteriously affected by other evaluated Aroclors,
including Aroclor 1254. Lastly, several species of birds - Japanese quail, mallards,
pheasants, and bobwhite quail (which ultimately proved to be the most sensitive
species) - exposed to various Aroclors in food were least sensitive to Aroclor 1268 and
most sensitive to the less chlorinated Aroclors (Heath et al., 1972).

Mammals evaluated for sensitivity to Aroclor 1268 are primarily rodents and rabbits.
Rats orally exposed to a single dose of Aroclor 1268 were characterized by Lethal Dose
(LD) 50 of 2.5 - 11.3 grams per kilogram (g/kg) (NAS, 1979), whereas Aroclor 1254
(Hudson et al., 1984) was substantially more toxic (LD50: 0.5-1.4 g/kg). In vitro
fertilization of mice eggs was impaired at Aroclor 1268 concentrations as low as one
ug/mL, while impairment by Aroclor 1254 occurred as low as 0.1 pug/mL (Kholkute et al.,
1994). Both Aroclors caused an increased incidence of degenerative ova and abnormal
embryonic development at concentrations as low as 1 pg/mL. Finally, rabbits dermally
exposed to a single dose of Aroclor 1268 were characterized by a LD50 of 10.9 grams
per kilogram (g/kg) (EPA, 1980).
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3.6.3 Polycyclic Aromatic Hydrocarbons (PAHs)

PAHs are ubiquitous in the environment. In general, PAHs exhibit high lipid solubility,
although degree of solubility is, as in most other characteristics of PAHs, compound-
specific. Unsubstituted, low-molecular-weight PAHs exhibit substantial acute toxicity,
but are noncarcinogenic (Eisler, 1987b). Low-molecular-weight PAHs contain two to
three benzene rings (e. g., 2-methylnaphthalene, acenaphthene, acenaphthylene,
anthracene, fluorene, naphthalene, and phenanthrene). Alternatively, high-molecular-
weight PAHs containing four-to-seven benzene rings are significantly less toxic, but
many (e. g., benzo[a]anthracene, benzo[a]pyrene, and chrysene) are carcinogenic,
mutagenic, or teratogenic to a wide variety of organisms, including fishes and other
aquatic life, birds, and mammals. In addition to the ones already mentioned, high-
molecular weight PAHs include benzo(b)fluoranthene, benzo(k)fluoranthene,
benzo(ghi)perylene, dibenzo(a,h)anthracene, fluoranthene, indeno(1,2,3-cd)pyrene, and
pyrene. PAHs, despite their generally high lipid solubility, show little potential to
biomagnify in the ecological food web, probably because most PAHs are rapidly
metabolized by vertebrates and some invertebrates. (For example, the biological half
life of benzo[a]pyrene in blood and livers of rats is initially on the order of 5 to 10

minutes.)

Most PAHs present in natural waters are associated with particulate matter, with only
about one-third present in dissolved form (Eisler, 1987b). The most important
degradation processes for PAHs in these waters are photooxidation, chemical oxidation,
and biological transformation by bacteria and animals. PAHs may also become
incorporated into bottom sediments, where their ultimate fate is believed to be
biotransformation and biodegradation by benthic organisms. However, degradation of
PAHSs in sediments may occur very slowly in the absence of penetrating radiation and
oxygen and may never occur in anoxic sediments. Photoactivation of PAHs in shallow

waters can increase their toxicity to aquatic organisms.

Acute toxicity has been reported for aquatic life exposed to approximately a dozen PAHs
(Eisler, 1987b). The 96-hr LC50s reported for marine organisms exposed to PAHs that
are COPCs ranged from 320 pg/L of naphthalene presented to grass shrimp vs. > 1,000
ug/L of benzo[a]pyrene and, also, chrysene presented to sandworms. Sublethal toxicity

of PAHs to aquatic organisms includes inhibition of photosynthesis in algae and
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macrophytes exposed to various concentrations of anthracene, fluorene, naphthalene,

phenanthrene, and pyrene.

Elevated levels of PAHs in sediments tend to be of most concern for the potential to
affect benthic communities. PAHs tend not to accumulate to high levels in upper-trophic
level aquatic organisms due to the ability of these to break down and eliminate these
compounds. Among fish, only those such as flounder, which bury themselves within the
sediments, have been found to accumulate detectable levels of PAHs. PAHs can
accumulate in polychaetes and mussels. However, PAHs do not biomagnify up the food
chain. Sediment screening levels have been reported for PAHs in sediments. PAHs bind
to organic carbon in sediments, a mechanism that reduces their bioavailability and
reduces the exposure to benthic organisms. The low-molecular-weight PAH compounds
have a greater water solubility and tend to be more toxic to benthic communities than

the high-molecular-weight PAH compounds.

3.7 Complete and Potentially Complete Exposure Pathways and

Receptors
The primary origin of the COPCs - mostly mercury, PCBs (particularly Aroclor 1268), lead,
and PAHs is from the industrialized part of the LCP Site. In the pre-regulatory period,
wastewater was discharged directly to the estuary and, during both the pre-regulatory
and regulatory periods, process wastes were disposed of in the upland part of the Site
(GeoSyntec Consultants, 1996). These upland sources of COPCs served as a secondary
source of COPCs to both groundwater and, via erosion and surface-water runoff, to
surface water in the estuary. However, removal actions in the upland source areas are

now complete and risk assessments for the Site’s uplands are being conducted.

In the estuary, COPCs can be transferred between abiotic media by adsorption and
sedimentation (surface water to sediment) and dissolved flux (sediment pore water to
surface water). COPCs in water can be transferred to both water-column and benthic
organisms (e.g., plankton, benthic invertebrates, and fishes) via direct contact and,
secondarily, by direct or ancillary ingestion. Aquatic organisms can be directly exposed
to contaminants dissolved in surface water and to contaminants bound to sediment

particles suspended in the water column (Bosch et al. 2009).
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COPCs in sediment can be transferred by the same routes to benthic organisms. In
addition, all COPCs can be transferred among water-column organisms and benthic
organisms by ingestion of prey. Most importantly, some COPCs (e. g., mercury and PCBs)
have the potential, through food-chain transfer, to accumulate - i.e., biomagnify — at
substantially higher concentrations in tissues of high-trophic-level aquatic organisms.
Finally, indigenous estuarine wildlife may be exposed to COPCs. Wildlife exposure may
involve all of the environmental pathways described above. Routes of wildlife exposure
for all COPCs include direct contact with surface water and surface sediment, ingestion
of water and sediment, and uptake from food. However, for mercury and PCBs, dietary
intake as a result of biomagnification in the food web is the dominant wildlife exposure
route. Wildlife exposed at the Site consists of dietary guilds such as herbivores,
insectivores, piscivores, carnivores, and omnivores. Exposure to piscivores and
carnivores is expected to be significant in OU1 because PCBs and mercury accumulate to

high levels in the tissues of fish, especially in the larger finfish.

3.8 Assessment and Measurement Endpoints

Assessment endpoints are the ecological resources or receptors whose protection from
adverse effects is the goal of risk management actions. Measurement endpoints are
environmental parameters that can be measured through field and laboratory analysis,

and provide a good indication of the condition of an assessment endpoint.

The initial Problem Formulation (Honeywell International, 2001a) and “Study Design and
Data Quality Objectives” Phase (Honeywell International, 2001b) of the BERA provided

the basis for developing the endpoints which are summarized below.

Assessment Endpoint 1 — Viability of the benthic estuarine community is evaluated by
three measurement endpoints: 1) comparisons of concentrations of COPCs in surface
sediment to site-specific effects levels; 2) results of toxicity tests conducted with
sensitive life stages of benthic biota exposed to surface sediment; and 3) evaluation of

the indigenous benthic community.
Assessment Endpoint 2 — Viability of omnivorous reptiles utilizing the estuary, as

evaluated by hazard quotients (HQs) derived from food-web exposure models for

diamondback terrapins (Malaclemys terrapin).
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Assessment Endpoint 3 — Viability of omnivorous avian species utilizing the estuary, as
evaluated by two basic measurement endpoints: 1) HQs derived from food-web
exposure models for red-winged blackbirds (Agelaius phoeniceus); and 2) HQs derived

from food-web exposure models for clapper rails (Rallus longirostris).

Assessment Endpoint 4 — Viability of piscivorous avian species utilizing the estuary, as
evaluated by HQs derived from food-web exposure models for green herons (Butorides
striatus).

Assessment Endpoint 5 — Viability of herbivorous mammalian species utilizing the
marsh, as estimated by HQs derived from food-web exposure models for marsh rabbits
(Sylvilagus palustris).

Assessment Endpoint 6 — Viability of omnivorous mammalian species utilizing the
estuary, as estimated by HQs derived from food-web exposure models for raccoons

(Procyon lotor).

Assessment Endpoint 7 — Viability of piscivorous mammalian species utilizing the
estuary, as estimated by HQs derived from food-web exposure models for river otters

(Lutra canadensis).

Assessment Endpoint 8 — Viability of finfish utilizing the estuarine system, as evaluated
by five measurement endpoints: 1) comparisons of concentrations of COPCs in surface
water to general literature-based effects levels; 2) results of toxicity tests conducted
with early (and sensitive) life stages of aquatic biota exposed to COPCs in surface water;
3) tissue residue HQs derived from finfish bioaccumulation models; 4) tissue residue
HQs derived from field-collected finfish; and 5) evaluation of the benthic community as

a food source for juvenile and adult fish.

The above-identified assessment and measurement endpoints were evaluated by a
sampling framework that distinguished between creek and marsh habitats of the
estuary. The creek habitat consists of four major creeks — the Main Canal (or LCP Ditch),
Eastern Creek (or North-South Tributary), Western Creek Complex, and Purvis Creek
(Figure 3-1). The marsh habitat consists of four domains separated from each other by

major hydrological features.
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The basic experimental design for the BERA is reviewed in Table 3-1. Years during which
various studies (measurements) were conducted are documented in the table, as well as
in the figures and tables contained in this document. Surface sediment was considered
to be sediment between 0 and 15 cm in depth. Body burdens of COPCs in biota were

determined for “whole bodies” of organisms.

Locations of sampling stations in the LCP estuary for surface water and associated biota
of the four major creeks are illustrated in Figure 3-3, with details of sampling efforts
presented in Table 3-2. Similar information for surface sediment and biota in the four
creeks is contained in Figure 3-4 and Table 3-3. Information for marsh in the four
domains is presented in Figure 3-5 and Table 3-4. This figure and table also present
information for Blythe Island, a marsh area that was evaluated to allow environmental
information generated at the LCP Site to be interpreted in a broader geographic context.
Reference locations for the investigation were primarily the Crescent River (located west

of Sapelo Island) and Troup Creek (on the eastern side of the Brunswick Peninsula).
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4.0 ECOLOGICAL EXPOSURE AND EFFECTS EVALUATION

This section of the document addresses temporal trends of COPCs in surface sediment
of the estuary at the LCP Site during 2000 — 2007; the presence of chemicals in various
environmental media of the LCP estuary; laboratory- and field-based chronic toxicity of
environmental media; characteristics of the benthic macroinvertebrate community; and

development of HQs for finfish and wildlife.

Environmental conditions are frequently presented for Blythe Island and areas near
point-source discharges from non-LCP sources, which are not part of the LCP Site. These
data are often included because they increase the sample size employed to generate
various relationships between selected environmental variables and, together with
reference data, provide a context for evaluating environmental conditions in the LCP

estuary.

4.1 Temporal Trends in Concentrations of Chemicals of Potential

Concern in Surface Sediment during 2000 — 2007
A temporal evaluation of COPCs concentrations during the period of 2000 — 2007 (after
remediation of selected parts of the LCP estuary in 1998 and 1999) is of primary
importance from the general perspective of evaluating ecological risk. This primary
objective, in turn, is predicated on selection of the most contemporary ecological
baseline generated during this eight-year time period consistent with maximizing the

number of samples (or years) that constitute the baseline.

Attenuation of selected COPCs (all COPCs except total PAHs, which exhibited
concentrations of extreme variability) in surface sediment at continuously monitored
sentinel stations in major creeks of the LCP estuary did not appear to occur (Figure 4-1).
In the case of sentinel marsh stations (Figure 4-2), the only possible COPCs to exhibit
attenuation was total mercury, in the Marsh Grid of Domain 1. Aroclor 1268 did not
show any trends in the Marsh Grid, as there were much higher levels in 2002 and 2005
than other years (Figure 4-2).
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At the AB Seep Station, concentrations of all COPCs, except for occasional high “spikes”
of lead and, to a lesser degree, total mercury, were relatively low. A high “spike” of lead

also characterized the station near the old oil-processing Site in Domain 3.

Since attenuation of COPCs in sediment, water, or biota is not readily apparent over the
last several years, this baseline risk assessment incorporates data generated throughout
the entire 2000 — 2007 time period.

4.2 Presence of Chemicals in Environmental Media

Creek surface water, creek and marsh surface sediment, and associated biota in the
estuary at the LCP Site are sequentially evaluated to provide estimates of COPCs
concentrations in each media and each exposure area by using standard statistics for
the major COPCs based on all data from 2000 through 2007, i.e., minimum, maximum,
average, 95UCL. In addition, data are also presented as yearly average concentrations in
each medium and exposure area. Non-detects were treated as half the detection limit.
Tables in the “a” series provide summary statistics of individual data by exposure area
for use in the risk assessment. “Grand means” that were identified in a-series tables
were calculated by assigning weights to individual exposure area means based on the
size of the exposure area. Tables in the “b” series show COPCs concentrations based on
annual means (averages). PAHs were not included in a-series tables for biota because
they were for the most part not detected in biota and therefore were not evaluated for

exposure to wildlife via bioaccumulation.

4.2.1 Creek Surface Water

General water quality characteristics for Purvis Creek were relatively consistent for the
duration of the field study (fall of all years) and were similar to characteristics observed
at the reference locations (Table 4-1). Some notable differences include low salinities in
2004 and especially in 2007. Hypoxic conditions (2.3 — 3.0 mg O,/L) occurred in Purvis
Creek in 2004, and elevated creek temperatures (>30 degree Celsius [2C]) in 2002.

The highest concentration of total mercury in surface water of major creeks at the Site
(Table 4-2a) was 188 ng/L (in the Eastern Creek during 2000), which was less than the
EPA recommended chronic water quality criterion of 940 ng/L. Concentrations of total
mercury in all evaluated creeks at the Site often exceeded the State of Georgia water

quality criterion 25 ng/L, but that ecological screening value (ESV) pertains to
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marketability of fish as contrasted to health of marine biota. Table 4-2b shows yearly

average concentrations at the major creek stations.

Methylmercury concentrations in water at the Site ranged from 0.15 to 2.2 ng/L and
were usually greater than levels at reference locations (0.008 — 0.22 ng/L). The
logarithmic relationship between total mercury and methylmercury concentrations in
creek surface water was defined by a coefficient of determination (r’) of 0.23 (Figure 4-
3). (Values of r> indicate the amount of variation in one variable [in this case
methylmercury] that can be explained in terms of variation in the other variable [i.e.,
total mercury]. Determination of statistical significance of non-linear r* values are
problematic, especially for small sample sizes, and not addressed in this document.)
Mean and maximum ratios of methylmercury/total mercury were, respectively, 3.05

and 10.1 percent.

Aroclor 1268 was detected in 47 percent of the creek samples and in 23 percent of the
reference samples (Table 4-2a). The highest mean concentration (0.83 pg/L) occurred in
the Main Canal in 2005 (Table 4-2b). The State water quality criterion for total PCBs in
coastal and marine estuarine waters is 0.03 pg/L. Dissolved lead concentrations in creek

samples never exceeded the State water quality standard of 8.1 pg/L.

In summary, mercury and total PCBs (mostly Aroclor 1268) in surface water of the LCP

estuary generally exceeded their respective State criteria for protection of aquatic life.

4.2.2 Creek and Marsh Surface Sediment

Table 4-3a provides summary statistics on the concentrations of mercury, Aroclor 1268
and lead in all sediment samples (2000 — 2007) collected in each exposure area. (Area A
includes the Main Canal, Eastern Creek, and Domain 1). The lowest mean concentration
of total mercury in surface sediment at the Site (0.63 mg/kg [dw], in Domain 4) was
higher than the highest mean concentration at the Troup Creek reference location (0.08
mg/kg). The highest mean total mercury concentrations in surface sediment at the Site
were found in Eastern Creek (20.28 mg/kg) and the Main Canal (7.40 mg/kg). Mean
concentration of total mercury in creek sediment generally exceeded those found in
marsh sediment. Similar relative concentrations are observed for Aroclor 1268 (Table 4-
3a). The highest yearly mean total PAHs generally occurred in Domain 2 and in Eastern

Creek (range of 0.35 to 14 mg/kg); whereas, the total PAHs in Troup Creek were usually
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< 0.12 mg/kg (Table 4-3b). For lead, the highest mean lead concentration (90.7 mg/kg)
was observed in Domain 3 (North Marsh). The next highest levels were observed in
Domain 2 (40.9 mg/kg) and the adjacent Eastern Creek (35.7 mg/kg). Mean
concentrations of lead in the remaining areas of the Site ranged between 17.4 mg/kg
(Purvis Creek) and 29.0 mg/kg (Western Creek Complex). Mean lead concentration at

the Troup Creek reference location was 17.6 mg/kg.

The overall Site mean for silt/clay content was 77.6 percent, compared to the Troup
Creek/Crescent River mean of 58.2 (Table 4-3b). Total organic carbon in Site sediment
(that included creek and marsh sediment) ranged from 0.1% to 14.9 % with a mean of
4.6%; whereas the range TOC of Troup Creek and Crescent River sediment ranged from
0.2% to 6.0% with a mean of 2.9%. Sediment TOC is important in the context of highly
organic sediments often complexing with chemicals causing them to have limited

bioavailability.

Based on 31 paired creek sediment samples and 27 paired marsh sediment samples,
statistically significant linear r? values characterized the relationship between silt/clay
content and TOC content of surface sediment of major creeks (r2 = 0.43) and marsh (r2 =
0.41) at the Site (Table 4-4). Total mercury and Aroclor 1268 appeared to exhibit similar
patterns of distribution throughout the Site (and possibly origin) as evidenced by
statistically significant r’ values for both creeks (r* = 0.13) and marsh (r? = 0.27). A
similar pattern was suggested for lead and total PAHs, with an r® value of 0.42 for both

creek and marsh habitats.

The relationship between total mercury and methylmercury concentrations in surface
sediment was defined by an r? value of 0.12 (Figure 4-4) where the data are highly
skewed toward the origin. Mean and maximum ratios of methylmercury/total mercury

were, respectively, 0.08 and 11 percent.

The coloration scheme in Table 4-3b provides an comparison of the yearly averages of
concentrations of COPCs in surface sediment with initial site-specific effects benchmarks
based solely on amphipod and grass shrimp toxicity test results (Tables 4-20 and 4-22).
The TEL below which harmful effects are considered unlikely; and the probable effect
level (PEL) above which harmful effects are considered likely. The significance of these

initial effect levels will be evaluated in more detail in Section 4.6. At all areas in the Site,
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mean concentrations of total mercury and Aroclor 1268 were greater than their
respective conservative literature-based TELs of 0.13 mg/kg and 0.022 mg/kg,
respectively. However, mercury and Aroclor 1268 did not exceed their site-specific TELs
in Domains 3 and 4 or in Purvis Creek and Blythe Island. Lead exceeded benchmarks in
the Eastern Creek, Domains 1, 2, and 3 (and the FS locations). In the case of total PAHs,
its PEL was exceeded in Eastern Creek, Domain 2, Domain 3, and the FS locations. Both
reference locations exhibited mean levels that were less than their TEL for all COPCs
except Aroclor 1268 in surface sediment.

Table 4-5 provides summary data of other metals associated with selected sediment
samples collected from 2004 through 2006. As discussed in Section 3.4.1, arsenic,
chromium, copper, nickel, and zinc slightly exceeded their screening-level EEVs and may
contribute some risk: however, quantifying such risks would likely be masked by the
primary COPCs. Chromium and nickel were elevated at or above their conservative EEVs
in approximately 50 percent and 30 percent of the samples listed in Table 4-5,
respectively. Many of the arsenic samples were within background levels. Copper was

elevated in about 10 percent of the samples and zinc in one percent of the samples.

4.2.3 Biota

Body burdens (residue) of COPCs in key biota of the estuarine ecosystem at the Site are
addressed. Special attention is directed toward those biota that are later employed in
food-web exposure models for upper-trophic level fish and wildlife (Section 4.6 of this
document). In these cases, body burdens of selected COPCs that have the potential to
biomagnify in the ecological food web (mercury, Aroclor 1268, and to a lesser degree,
lead) are presented. Exposure (body burden) statistics are provided and the a-series
tables for each Site area where data were available and then prorated according to size
of the areas to identify estuary-wide (OU-1) Site means. Additional body burden
information based on year-specific averages, are presented in the b-series tables.

4.2.3.1 Cordgrass

Cordgrass (Spartina alterniflora) was characterized by concentrations of total mercury
that ranged from a mean of 0.02 mg/kg (dw) in the Purvis Creek area to a mean of 0.147
mg/kg (dw) in the Main Canal area vs. 0.005 mg/kg in the Troup Creek reference

location (Table 4-6a). Methylmercury frequently could not be detected in cordgrass
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and, when detected, averaged just 9.93 percent of concentration of total mercury
(Appendix F).

Aroclor 1268 concentrations in cordgrass from the Site ranged from a mean of 0.096 to
0.261 mg/kg, in comparison to 0.0134 mg/kg at the reference location. The maximum

concentration of 0.614 mg/kg occurred in Domain 1 at the AB Seep Location.

Lead concentrations in cordgrass from the Site ranged from a mean of 1.98 to 3.51
mg/kg (in Domain 3) vs. a mean of 1.6 mg/kg in the Troup Creek reference location.

Lead often was not detected in cordgrass (Tables 4-6a and 4-6b).

4.2.3.2 Eastern Oysters

Eastern oysters (Crassostrea virginica) collected from the Site in 2006 contained mean
body burdens of total mercury that ranged from 0.187 to 2.367 mg/kg (dw) vs. 0.089 to
0.097 mg/kg in oysters at the Troup Creek reference location (Table 4-7). About 70
percent of total mercury in oysters was reported to be in the form of methylmercury
(NOAA, 1998). Mean body burdens of Aroclor 1268 in Site oysters ranged from 0.048 to
0.853 vs. 0.00783 to 0.00807 mg/kg at Troup Creek. For lead, Site oysters contained
mean body burdens that varied from 0.357 to 1.167 mg/kg vs. 0.333 to 0.523 mg/kg at
Troup Creek.

There were no statistically significant differences in concentrations of mercury or
Aroclor 1268 in young-of-year (Year 0) vs. older (Year | — Il) oysters, as determined by
parametric paired “t” tests of differences in mean values for all sampling stations.
However, lead concentrations were significantly greater in young oysters. This
difference in lead concentrations may be the result of “dilution” of lead levels in young
oysters by an increase in body mass as they grow (Kennedy et al., 1996). Consequently,

the mass of lead in both age groups of oysters could well be similar.

In addition to the 2006 data discussed above, oyster data were collected in 1997 and
2007. The Table below compares the 2006 and 2007 data. The concentrations of
mercury were greater in 2007 than 2006 which may be reflective of relatively higher
mercury sediment concentrations at these stations in 2007. Aroclor 1268 levels were
also higher in 2007 at the NOAA-3 and NOAA-5 stations. The long-term trend in oyster
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COPCs levels and the effects of these elevated concentrations to the reproductive

health of oysters are unknown.

Comparison of 2006 and 2007 Oyster data in LCP estuary

Age Mercury Aroclor 1268 Lead
Station Location Class | 2006 | 2007 | 2006 2007 2006 2007
Main Ditch @ E. Creek Yoy | 0.773 0.230 0.767
NOAA 4/25  Main Ditch @E. Cree Vear 1.433 0.223 0.603
junction
Il 1.013 0.167 0.580
YOY 0.390 0.223 0.647
NOAA 5 Main Ditch (near mouth) Year I- 1.067 0.213 0.600
Il 0.520 0.183 0.450
YOY 2.367 0.853 1.167
NOAA 3 E. Creek - mid reach Year I- 2.433 1.400 1.167
Il 1.733 0.630 0.743
NOAA YOY 0.187 0.048 0.633
10/28 Purvis Creek - near mouth Year I- 0.350 0.254 0.523
Il 0.187 0.063 0.357
Troup YOY 0.089 0.008 0.523
Creek Reference area Year I- 0.127 <0.193 0.637
Il 0.097 0.008 0.333

YOY — Young of Year

4.2.3.3 Fiddler Crabs

Fiddler crabs (Uca spp.) from the Site were characterized by concentrations of total
mercury that ranged from a mean 0.13 mg/kg dw in Purvis Creek to 0.95 in Domain 1
relative to 0.04 mg/kg at the reference location (Table 4-8a). Methylmercury averaged

about 68 percent of concentration of total mercury (Appendix F).

Aroclor 1268 concentrations in fiddler crabs from the Site ranged from a mean of 0.61
mg/kg dw in Domain 4 to 2.86 mg/kg in the Main Canal vs. 0.22 mg/kg at the Troup
Creek reference location. The highest concentration of 17 mg/kg was collected in 2004
at Station 5-NOAAG.

Lead concentrations in fiddler crabs from the Site ranged from a mean of 0.5 to 7.93
mg/kg (in Domain 1) compared to 0.71 mg/kg at the reference location. However, lead
often was not detected in fiddler crabs. There was no discernable trend in COPCs body

burdens in fiddler crabs over time in any area (Table 4-8b).
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4.2.3.4 Blue Crabs

Blue crabs (Callinectes sapidus) from both north and south Purvis Creek were
characterized by concentrations of total mercury with a mean of 1.59 mg/kg (dw) vs.
0.15 mg/kg at Troup Creek (Table 4-9a). Methylmercury constituted about 100 percent
of concentration of total mercury (Appendix F). Table 4-9b shows that the total mercury
concentrations from blue crabs in North Purvis Creek was virtually the same as crabs

collected from South Purvis Creek.

Aroclor 1268 concentrations in blue crabs from Purvis Creek had a mean of 1.61 mg/kg

compared to 0.13 mg/kg at the reference location.

Lead concentrations in blue crabs from Purvis Creek had a mean of 0.82 mg/kg vs. 0.73

mg/kg at the reference location. Lead often was not detected in blue crabs.

4.2.3.5 Mummichogs

Mummichogs (Fundulidae heteroclitus) from the Site were characterized by
concentrations of total mercury that ranged from a mean 0.2 (Domain 4) to 0.87 mg/kg
(dw) (Area A) vs. 0.09 mg/kg at the reference location (Table 4-10a). The maximum
individual-sample mummichog concentration of 9.1 mg/kg occurred in Eastern Creek
which contributed to the mean value of 0.87 mg/kg in Area A (Table 4-10a).
Methylmercury constituted about 92 percent of concentration of total mercury
(Appendix F).

Aroclor 1268 concentrations in mummichogs from the Site ranged from a mean of 1.01
to 6.06 mg/kg vs. 0.15 mg/kg at the reference location. The highest mean concentration
of 6.06 mg/kg occurred for the Eastern Creek. A mean value of 4.28 mg/kg occurred in
the Main Canal (Table 4-10a).

Lead concentrations in mummichogs from the Site ranged from a mean of 0.43 in
Domain 4 to 2.41 mg/kg in Domain 3 vs. 0.87 mg/kg at the Troup Creek reference
location (Table 4-10a). There were no discernable body burden differences between
years for the three COPCs (Table 4-10b).
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4.2.3.6 Large Finfish

Silver perch (Bairdiella chrysoura), red drum (Sciaenops ocellatus), black drum (Pogonias
cromis), spotted seatrout (Cynoscion nebulosus), and striped mullet (Mugil cephalus)
captured in Purvis Creek displayed mean whole body burdens of total mercury that
were elevated in comparison to levels in Troup Creek reference fishes (Table 4-11a).
Comparative mean values of total mercury (mg/kg dw) in fishes from Purvis Creek vs.
reference fishes from Troup Creek and the Crescent River are provided below, along
with the percentage of total mercury that occurred in the form of methylmercury:

Site Mean %
(mg/kg dw) Reference Areas Methylmercury
Silver perch 1.6 0.16-0.29 100
Red drum 1.14 0.18-0.30 89
Black drum 0.84 0.05-0.11 91
Spotted seatrout 2.27 0.11-0.34 100
Striped mullet 0.23 0.02-0.05 37

See Appendix F for the calculation of percent methylmercury content.
The same basic differences described above for mercury in finfish from Purvis Creek
compared to reference fishes occurred for Aroclor 1268. Comparative mean values of

Aroclor 1268 in fishes from Purvis Creek vs. reference fishes were:

Site Mean (mg/kg dw) Reference Areas

Silver perch 5.67 0.02-0.19
Red drum 1.43 0.02-0.10
Black drum 5.51 0.02-0.10
Spotted seatrout 4.92 0.02-0.16
Striped mullet 13.2 0.02-0.18

There were no clearly discernable patterns in lead body burdens of finfish from Purvis
Creek relative to reference fishes. Lead frequently was not detected in the fishes and

therefore no meaningful statistics for lead are presented in Table 4-11a.
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A review of yearly averages presented in Table 4-11b suggest no discernable increase or
decrease in finfish COPCs body burdens.

4.3 Surface Water Toxicity Studies

Mysids and sheepshead minnows were evaluated for chronic toxicity of surface water.

4.3.1 Mysids

Mean survival of mysids (Mysidopsis bahia) exposed in the laboratory for seven days to
surface water collected from four sampling stations at the Site and two reference
locations (Table 4-12) ranged from 92.4 to 100 percent, which was greater than the
minimum acceptable survival for control organisms (80%). Mean growth (weight) of
mysids exposed to Site and reference waters was from 0.41 to 0.84 mg (dw), which was
greater than weight of control organisms (0.48 mg).

4.3.2 Sheepshead Minnows

Mean survival of sheepshead minnows (Cyprinodon variegatus) exposed for seven days
to surface water obtained from the same four above-described sampling stations at the
Site and two reference locations (Table 4-13) ranged from 80 to 100 percent, which was
greater than the minimum acceptable survival for control organisms (80%). Mean
growth (weight) of fish exposed to Site water near the old oil-processing Site (Station C-
33) was statistically different from the control and the Crescent River reference station.
Although mean survival at this same station was 80%, two of the four replicates
exhibited survival less than 80%.

4.4 Annual Sediment Toxicity Tests with Amphipods
This section provides an overview of the laboratory-based evaluation of sediment
toxicity conducted with amphipods followed by a detailed description of the annual

toxicity test results, relationships to sediment chemistry, and probable causes.

Amphipod toxicity tests with Leptocheirus plumulosus were conducted each year during

2000 — 2006, with the exception of 2001. Measurement endpoints were survival, growth

(weight), and reproductive response (calculated as one-half of the number of juveniles

produced in a replicate divided by the number of surviving adult females). These annual

tests followed method EPA/600/R-01/020. In general, sediment was collected from

several of the same stations each monitoring year and analyzed for COPCs, other
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metals, and occasionally for other parameters such as TOC. The toxicity test reports are
presented in Appendix C.

Table 4-14 summarizes the results of the annual sediment toxicity tests with
Leptocheirus plumulosus. In 2000, the average control survival was only 71 percent
which did not meet the test acceptability requirement of = 80 percent. In 2002,
reproductive response was statistically different than controls at all stations, including
the reference areas. Five of the eight tests for the survival endpoint were also

considered toxic.

The 2003 reproductive endpoint control did not meet the test acceptability requirement
where there was no response in one of the control replicates. Survival and growth were
statistically different than controls at all eight test stations. Survival at the Troup Creek

reference area was also significantly different from the control (Table 4-14).

The amphipod toxicity test results from 2004 indicated that survival was the most
sensitive endpoint and growth, the least sensitive. It is unclear why survival at the two
reference stations were approximately 40 percent, their associated reproduction and

growth did not suggest toxicity.

In 2005, the amphipod toxicity tests were expanded to 25 locations, plus the two
reference stations (Table 4-14). The three test endpoints at both reference stations
were significantly less than controls. Again, it is unclear what factors may contribute to
the observed effect in these two areas. All test stations were toxic to the reproductive
endpoint relative to the control (Table 4-14).

The 2006 annual toxicity test results indicate that the percent survival was better in this
year than in the previous tears. This 2006 study is evaluated in more detail below than
previous years because of its importance in the special set of studies to assess probable
causes of sediment toxicity in the 2006 samples, and to detail the statistical protocols
employed to interpret results of amphipod tests. An evaluation of potential exposure-
response relationships from all years are quantified in Section 4.6.
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4.4.1 Evaluation of 2006 Amphipod Toxicity Tests
This subsection evaluates the results of the survival, growth, and reproduction

endpoints, and provides some overall conclusions from the 2006 tests.

Survival

Survival of amphipods (Leptocheirus plumulosus) exposed in 2006 to control sediment
for the 28-day testing period (Table 4-15; Part A) averaged 95% (19 individuals / 20
individuals at start of test), which was greater than the 80% criterion for acceptability of
test results. Survival of amphipods exposed to reference sediment collected from
Crescent River and Troup Creek averaged, respectively, 88% and 72%. The Troup Creek

sediment was statistically different from the control and the Crescent River.

Survival of amphipods exposed to surface sediment collected from 22 sampling stations
at (or in the vicinity of) the Site was lowest at FS Areas 1 and 2. Survival at 15 of the 22
Site stations was statistically similar to survival at the Crescent River reference location.
These 15 stations included four FS areas (Areas 3, 4, 5, and 6), the AB seep location, the
station in the mouth of the Main Canal (C-5), one of two stations in the Eastern Creek
(C-7; the mid-stretch station), the station in the mouth of the Western Creek Complex
(C-15), all three stations in Purvis Creek (C-16, C-29, and C-36), station D in the
northwest inlet of the Turtle River, and the three Blythe Island stations (C-103, C-104,
and C-105).

Growth

Growth (mean weight) of amphipods employed in the test (at Day 0) was 0.140 mg (dw).
Mean weight of control organisms at the end of the 28-day exposure period was 0.740
mg. The 60% lower confidence interval for the controls was 0.687 mg, and growth had
occurred in all control replicates (Table 4-15; Part B) except in Area 2. Growth in the two
reference stations was significantly different from the control. Those stations similar to
the control that have both high survival and high average mass are Mouth of Main Canal
(C-5), Eastern Creek Mid-stretch (C-7), Mouth of Western Creek complex (C-15), Blythe
Island Northern Boundary (C-103), and FS Area 4. Amphipods from other stations that
had growth greater than the reference stations could be explained by the relatively low
survival at these stations, which may have resulted in greater resources for surviving

organisms. Other areas that are similar to FS Area 2 (in terms of having both low survival
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and low growth) are stations FS Area 1, Domain 4 Southeastern boundary (C-45), and
marsh grid H7.

Reproduction

Reproductive response (mean response) of control amphipods at the end of the tests
was 0.562 (Table 4-15; Part C; refer to Footnote “e” for definition of this unit of
measurement); and the 60% lower confidence interval was 0.453. Four of the five
replicates in the Troup Creek reference location did not show any reproductive

response, which prevents reliable comparisons to Troup Creek data.

Cochran’s Test (C) for homogeneity of variances of amphipod reproduction data
indicated heteroscedasticity, and the nonparametric test subsequently performed on
the data (Kruskal-Wallis Test) identified statistically significant differences among data.
However, this test (and many other nonparametric tests) is incapable of identifying the
specific sources (causes) of such “overall” differences. Consequently, the Site stations
judged to have deleteriously impacted amphipod reproduction were those stations at
which reproduction was substantially less than reproduction at the Crescent River

reference location.

Use of the above-described criterion to determine reproductive success of amphipods
identified deleterious impacts at the upstream station in the Eastern Creek (C-6), the
mid-stretch station in Purvis Creek (C-29), the three stations in Domain 1 (the AB seep
location and the two stations in the Marsh Grid; K7 and H7), the station at the
southeastern boundary of Domain 4 (C-45), one of three stations at Blythe Island (C-
103), and four FS areas (Areas 1, 2, 4, and 6). Conversely, five other stations were
characterized by mean amphipod reproduction that was greater than reproduction

observed at the Crescent River reference location.

2006 Amphipod Toxicity Test Conclusions

Based on a collective evaluation of three above-identified measurement endpoints, and
largely governed by the reproduction endpoint, 12 of the 22 evaluated Site sediments
affected amphipod reproduction in a harmful manner as being statistically different
than the Crescent River reference. Ten (10) of these stations were located in areas
where impacts from COPCs might be anticipated: upstream Eastern Creek (C-6), mid-
stretch in Purvis Creek (C-29), the AB seep location, Stations K7 and H7 in the Marsh
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Grid, the southeastern boundary of Domain 4 (C-45), and FS Areas 1, 2, 4, and 6.
Alternatively, two of the 13 stations were located in an area where COPCs reproductive-
related impacts might not be expected at Blythe Island (C-103 and C-104).

From the opposite perspective, seven of the 22 Site sediments that did not harm
amphipods were from stations located in areas where COPCs reproductive-related
impacts might be expected: the mouth of the Main Canal (C-5), mid-stretch of Eastern
Creek (C-7), upstream and mouth of Purvis Creek (C-36 and C-16), an area near the old
oil-processing Site in Domain 1 (C-33), and FS Areas 3 and 5.

4.4.2 Probable Causes of 2006 Amphipod Toxicity

Probable causes of toxicity of sediment to amphipods were evaluated by a detailed
assessment of the above-presented survival data (as contrasted to statistical
comparisons of Site sediments to reference sediments), a TIE conducted with a different
cohort of amphipods exposed to subsamples of two (2) of the 22 samples of Site
sediment employed in the above-discussed amphipod tests, and an equilibrium
partitioning study of selected metals present in sediment samples employed in the

above-discussed amphipod tests.

4.4.2.1 General Statistical Relationships between Amphipod Survival and

Chemical Data
The role of COPCs in affecting survival of amphipods exposed to the above-identified 22
samples of sediment was evaluated with and without consideration of other metals or
other factors present in sediment because of statistical reasons pertaining to variance

inflation factors (VIFs).

Evaluation of Chemicals of Potential Concern and other Metals

Linear r? values for COPCs and various metals (also, silt/clay content) in surface
sediment were compared to survival of amphipods (Table 4-16; Part A.3). The attempt
to define a relationship between a chemical variable in sediment and the toxicological
response of an organism by linear techniques can be problematic, in great part, because
of differences in bioavailability of the chemical in sediment (e. g., Dillon, 2006a).
Consequently, linear r? values may have more usefulness in suggesting the general
“direction” of chemical-toxicological relationships (i.e., a positive or negative correlation

between chemical concentration in sediment and toxicological response of organism) in
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underlying "r" value. For cadmium, copper, and lead (Table 4-16), a negative statistical
significant linear relationship is shown to exist. Cadmium is not considered a COPC
(Section 3.4.1) and the elevated levels of copper and lead at FS-Areas 2 and 3 (relative to

the other 20 samples) contributed to the statistical outcome (see Table 4-17).

Survival of amphipods (Table 4-16; Part A.4) could not be explained as a function of all
22 independent chemical variables considered collectively when evaluated by a
parametric analysis of variance (ANOVA). Consequently, the associated squared multiple
correlation coefficient (R?) is not statistically significant, despite its seemingly high value
(Table 4-16; Part A.5)

Kruskal’s test for index of importance (Table 4-16; Part A.6) evaluates the effect of each
independent variable with the other variables held constant and does not address
statistical significance. Although Kruskal’s test also identified cadmium, copper, and lead
as potential contributors to reduced amphipod survival, the concentrations of these
chemicals were all lower than their respective threshold benchmarks except in FS Areas
2 and 3 (see Table 4-17).

Evaluation of Chemicals of Potential Concern Independent of Other Metals

This evaluation was performed, in addition to the above-presented evaluation, because
results of multiple regression involving numerous independent variables can be
substantially biased because of intercorrelations among the independent variables. This
potential for bias is generally of concern if VIFs — which would bias unexplained (or
error) variance on the high side, thereby decreasing the probability of detecting real
effects on the dependent variable — are in excess of 100 (Snee, 1973). The largest VIF in
the preceding assessment was an extremely high 14,330 (which occurred for cadmium

and total PAHs), while all VIFs in the following evaluation were less than about 10.

In this evaluation, linear r* values for COPCs (i.e., total mercury, Aroclor 1268, lead, and
total PAHSs) in surface sediment vs. survival of amphipods are naturally the same as r’
values presented in the preceding assessment, with only lead generating a statistically
significant value (Table 4-16; Part B.3), which is due to the high lead concentrations in FS
Areas 2 and 3.
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Survival of amphipods is also tested as a function of concentrations of COPCs in the 22
sediment samples when evaluated by a parametric ANOVA (Table 4-16; Part B.4).
However, only lead contributed to this statistical significance. The associated R?, which
pertains to “overall” explained variation, was also statistically significant (Table 4-16;
Part B.5).

Kruskal’s test for index of importance (Table 4-16; Part B.6) also identified lead as an
important contributor to reduced amphipod survival in this 2006 study. Again, due to
the high concentrations of lead in only two of the 24 samples (Table 4-17).

Table 4-17 shows the concentrations of the more important constituents that may
contribute to the observed effect on survival and reproductive response of the
amphipods. It appears that high sulfide content and TOC ameliorate the toxic effects at
C-5, FS-Area 3, and at FS-Area 5. Low sulfide content, particularly at C-6, FS-Area 1, and
FS-Area 6, appears to have contributed to the toxic responses. It is well known that
sulfides tend to bind metals and can play a significant role in the bioavailability of metals
(e.g., U.S. EPA, 2005). Higher levels of TOC are also well known to bind PAHs in
sediments and limit their bioavailability (U.S. EPA, 2003).

Unfortunately, sulfide was not analyzed in most of the other sediment toxicity tests,
including the AET tests described in Section 4.5, nor was sulfide included in the Kruskal’s
test for importance. Other factors potentially affecting the toxicity test results may
include TOC, sediment pH, ammonia, grain size, bacteriological contamination, and algal

toxins.

4.4.2.2 Toxicity Identification Evaluation and Pore Water Analysis

The TIE study was conducted with subsamples of two samples of surface sediment
(sediment from Stations C-6 and C-7 in the Eastern Creek) that were characterized by
relatively high concentrations of COPCs and, in one case (C-6), relatively high toxicity
when chronically tested with amphipods (Table 4-15). However, when the two
subsamples of sediment were tested for toxicity in acute (10-day tests) with amphipods
(Leptocheirus plumulosus), they were essentially nontoxic (mean survival of organisms =
88.0 — 93.0% and mean reburial responses = 86.0-92.0%). Under these conditions

(absence of toxicity of bulk sediment), TIEs are normally terminated.
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However, in this TIE, pore water from the sediments was also analyzed for chemical
characteristics. These analytical results were then compared to State of Georgia chronic
water quality criteria (refer to following embedded table). The detected metals in pore
water suggest a potential route of exposure to biota. Many other metals were not
detected in pore water, suggesting that, except possibly at concentrations below their

detection limits, they are bound to sediment and are biologically unavailable via pore

water.
Concentration of chemicals in pore water of sediment
as compared to State of Georgia water quality criteria
Pore Water C-6 Pore Water C-7
Bulk sediment Bulk sediment
characteristics characteristics (mg/kg
(mg/kg dw) — total dw) — total mercury:
mercury: 9.9; Aroclor | 3.0; Aroclor 1268: 13; Georgia Water
1268: 26; lead: 35; lead: 27; total PAHs: Quality Criterion
Chemical total PAHs: 0.44; 0.49; sulfide: 367 (ng/L)
(ng/L) sulfide: 380
0.025 ( for food-web)
Total mercury <0.20 <0.20 0.94 * (excludes food-
web uptake)
Aroclor 1268 1.0 0.65 0.03 (total PCBs)
Lead <1.0 <1.0 8.1
0.175 ( total for 7
Total PAHs detected PAHs) and <0.022 (foreachof24 | = -
<0.011 (for each of 17 PAHs)
nondetected PAHs)
Aluminum <250 <250 |
Antimony <2.5 28 e
Arsenic (total) 19 14 36 (total As)
Barium 31 <10 | e
Beryllium <1.0 <10 | e
Cadmium <1.0 <1.0 8.8
Calcium 330,000 340,000 | e
Chromium <1.0 <1.0 50 (cr'®)
Cobalt <1.0 <t0 | e
Copper 4.2 4.0 3.1
Iron <100 <100 | -
Magnesium 1,000,000 1,000,000 | -
Manganese 9,000 12,000 | —meeee-
Nickel <2.0 <2.0 8.2
Potassium 270,000 300,000 | -
Selenium <0.56 <0.56 71 (excludes food-web
uptake)
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Concentration of chemicals in pore water of sediment
as compared to State of Georgia water quality criteria
Pore Water C-6 Pore Water C-7
Bulk sediment Bulk sediment
characteristics characteristics (mg/kg
(mg/kg dw) — total dw) - total mercury:
mercury: 9.9; Aroclor | 3.0; Aroclor 1268: 13; Georgia Water
1268: 26; lead: 35; lead: 27; total PAHs: Quality Criterion
Chemical total PAHSs: 0.44; 0.49; sulfide: 367 (ng/L)
(ng/L) sulfide: 380
Silver <0.50 <050 | -
Sodium 8,200,000 8,300,000 | -
Thallium <0.50 <050 | -
Vanadium <020 <20 | e
Zinc <20 90 81
Note: Concentrations of most metals and associated water quality criteria pertain to dissolved
metals.
* - EPA National recommended criterion.

These TIE results suggest that Aroclor 1268, copper, and zinc in pore water emanating
from the two sediment samples may represent a potential hazard to benthic biota.
Although this analysis suggests that pore water may contribute to chronic amphipod
toxicity, data from these two samples (C-6 and C-7) is statistically insufficient to apply to
the estuary. In addition, the actual magnitude or extent of pore water toxicity is

unknown because no pore water toxicity tests were conducted.

4.4.2.3 Equilibrium Partitioning of Selected Metals
Protocols employed in the equilibrium partitioning study are presented, followed by
results of the study and a discussion of the reliability of results.

Protocols

The equilibrium partitioning study addressed the collective relationships of six metals
(cadmium, copper, lead, nickel, silver, and zinc) simultaneously extracted with weak
hydrochloric acid from surface sediment (> SEM) and the acid volatile sulfide (AVS)
content of the sediment. The study was performed with all samples of sediment tested
for chronic toxicity to amphipods (Table 4-17), with the objective of providing an
additional LOE, to be interpreted in the context of other studies, regarding potential

contributors to sediment toxicity.
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One criterion for evaluating if the six metals collectively contributed to direct toxicity of
amphipods (or any benthic biota) is based on the ratio of > SEM) / AVS. If this ratio < 1,
it can generally be assumed that toxicity from these metals is unlikely to occur.
However, if the ratio >1, the opposite conclusion can only tentatively be drawn since
factors other than sulfide (e. g., organic materials, carbonates) can also bind these

metals to sediment, causing them to be biologically unavailable.

Another criterion for assessing the toxicological potential of the six metals relates to the
difference between Y SEM and AVS. If ) SEM is < 5 umol/g of AVS, the absence of direct
toxicity is supported (Science Applications International Corp. (SAIC), 2003). A difference
of > 5 umol/g allows only a tentative conclusion of toxicity for the reason stated above
(SAIC, 2003). The rationale for use of this “difference” criterion is that the “ratio”
method tends to misrepresent available concentrations of > SEM at low AVS levels
(SAIC, 2003).

Results

Use of the “ratio” method (Table 4-18) suggests that the combination of the six metals
in sediment from five stations — C-6, C-16, K7, H7, and FS Area 6 — were influenced by
low sulfide content and were likely sufficiently bioavailable to contribute to the toxic
responses to amphipods. Indeed, sediment from four of these five stations (all but C-16)
was judged to be toxic in the chronic amphipod toxicity tests. (Table 4-15; Part C). At FS-
Area 4, the concentration of Aroclor 1268 of 5.8 mg/kg was toxic in the presence of low
TOC and low concentrations of mercury and lead (Table 4-17). Higher concentrations in
Table 4-17 of Aroclor 1268 that were non-toxic (C-5 and FS-Area 5) appear to be
associated by high sulfide content and TOC. Hence, a value of between 3 and 6 mg/kg is
an initial professional judgment assumption for an effects range in Table 4-17. Similarly,
for samples where mercury appears to be the source of toxicity, the range of mercury in
toxic samples is 1.82 mg/kg at H-7, 2.03 mg/kg at FS Area 6, and 2.36 mg/kg at Station K-
7. Stations having mercury above about 2 mg/kg that were non-toxic can be explained
by the presence of high levels of sulfides, such as at stations FS Area 3 and FS Area 4, or
C-7. Therefore, in absence of ameliorating factors, such as high TOC or sulfides, an initial
effects range for mercury based only on this study would be about 2-5 mg/kg.
Furthermore, the data in Table 4-18 is consistent with Table 4-17 in that toxicity should
be interpreted in terms of sulfides, especially with the fact that lead was likely a cause
for toxicity at FS-Area 2 but not at FS-Area 3.
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Reliability of SSEM/AVS Approach
The following bullets list several factors that confound interpretation of the YSEM/AVS

approach for identifying causes of sediment toxicity:

4.5

The approach collectively addresses just the six above-identified metals, as
recommended by the U. S. EPA (2005). However, other studies (e. g., Patton and
Crecelius, 2001) have additionally included mercury in the evaluation and
numerous references are made in the scientific literature to “divalent metals.” If
additional metals can justifiability be included as YSEMs, there is an increased
probability of identifying toxicity.

The approach considers only AVS as an agent capable of binding metals to
sediment, thereby increasing the probability of identifying overall toxicity.

The SSEM/AVS approach does not account for antagonistic, additive, or
synergistic effects of other sediment contaminants acting in combination with
the metal mixtures.

The approach is based on a theory that toxicity of metals to benthos is controlled
primarily by concentrations of metals in pore water of sediment, as contrasted
to an empirical approach in which benthos are exposed to contaminants in
whole sediment, thereby accounting for all direct routes of contaminant
exposure.

The SSEM/AVS approach is “calibrated” on results of acute toxicity tests with
benthos. Consequently, there is an uncertain relationship regarding the chronic
amphipod toxicity tests conducted during this investigation, which often

identified sediment toxicity.

2006 Amphipod Apparent Effects Threshold Study

Protocols employed in the site-specific AET study are presented, followed by results of

the study, a discussion of the reliability of the results, and an assessment of the relative

contribution of evaluated chemicals to sediment toxicity.

4.5.1 Protocols
This specific study conducted in 2006 was based on chronic (28-day) toxicity tests

derived for amphipods (Leptocheirus plumulosus) exposed to a total of 150 samples of

surface sediment collected from three areas of the LCP Site — the Main Canal, Eastern
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Creek, and Western Creek Complex. These 150 sediment samples were analyzed for
concentrations of COPCs and, as recommended by Region 4 of the EPA (Thoms, 2006b),
the YSEM/AVS metals (cadmium, copper, lead, nickel, and zinc). This separate
amphipod toxicity study followed the same EPA method mentioned in Section 4.4 above
except that only one replicate (one set of 20 organisms) was used instead of five

replicates as used in the other annual studies.

The AET protocol provides one measurement endpoint that identifies the sediment
concentration above which a particular adverse biological effect (e.g., survival rate,
embryo development rate) is always toxic relative to appropriate reference conditions
(Cubbage, et. al, 1997). To determine if toxicological responses of amphipods were
statistically significant, the responses of amphipods exposed to Site sediment were
compared to responses of control organisms. Control organisms, which were evaluated
with 10 replicates of 20 organisms each, generated the following statistics: (1) mean
survival = 97.5% with a lower limit of the 60% confidence interval (Cl) at 96.4%; (2)
mean growth (i.e. weight) = 0.444 mg (dw) with a lower 60% Cl of 0.418 mg; and (3)
mean reproductive response (i.e., one half the number of observed juveniles + number
of females) = 1.836 with a lower 60% Cl of 1.55.

Values for growth and reproduction of amphipods exposed to each sample of Site
sediment were compared to the lower limit of the 60% ClI for the mean values for
control sediment, after correction for the random component associated with single
values (Steel and Torrie, 1980), to determine if statistically significant toxicity
characterized Site sediment. A 60% Cl was selected for use because it encompassed the
majority (~2/3 or 1 standard error) of control data and was a more conservative
approach for determining AETs than would be the case if, for example, a 95 or 99% ClI
were employed (i.e., a fewer number of toxic sediment samples would have been
identified with use of the wider Cls). The lower limit of the 60% ClI for survival of
amphipods exposed to control sediment was unusually high (93.6%). Consequently,

survival of organisms exposed to Site sediment was considered poor if it was <85%.

4.5.2 Results

The 2006 site-specific AETs derived for COPCs in sediment are 19 mg/kg (dw) for total
mercury, 28 mg/kg for Aroclor 1268, 37 mg/kg for lead, and 2.534 mg/kg for total PAHs
(Table 4-19a).
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Sediment AETs derived for the other analyzed metals are (concentrations in sediment):
0.295 mg/kg (dw) for cadmium, 18.4 mg/kg for copper, 22.1 mg/kg for nickel, 0.272
mg/kg for silver, and 90.5 mg/kg for zinc (Table 4-19b).

4.5.3 Reliability of Results

The AET approach for specifying concentrations of chemicals in sediment at which
toxicological effects on benthos are identified is an empirically based approach in that it
accounts for all direct routes of contaminant exposure by benthos. Additional

advantages of the AET approach are (Jones et al., 1997):

e all types of chemicals and biological effects can be evaluated;

e combined effects of all chemicals are considered;

e non-contradictory evidence of biological effects is generated because toxic
effects always occur above the AET; and

e the potential for toxicological hazard is evaluated on a site-specific basis.

Disadvantages to the AET approach are (Jones et al., 1997):

e likely to be under-protective when biological effects occur at chemical
concentrations below the AET.

e theinability to isolate single chemical effects from combined chemical effects;

e the need for a large data base (sample size); and

e the site-specific characteristics.

This study was predicated upon a relatively large data base (150 samples of sediment)
and intended to be site-specific in character. Accordingly, isolation of effects associated

with a single chemical, acting in the absence of other chemicals, was not an objective.

A review of Table 4-19a indicates that for each COPCs, over 80 percent of the samples
less than their respective AETs for reproduction and survival were toxic. This suggests
that other chemical and physical factors in the sediment such as other chemicals, sulfide
content, TOC, grain size, sediment pH, and sediment oxidization-reduction potential,
may be affecting bioavailability and contributing to toxic expression. The 150 AET

samples were not analyzed for sulfides, TOC, or grain size.
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The AET results do not provide a reliable means to assess the numerous toxic responses
below the AET levels. Given the high number of toxicity tests performed, it would be
expected that an exposure-response relationship (sediment concentration related to the
measured toxic effect) could be obtained for at least one of the COPCs. This is explored

in the next section.

4.6 Sediment Effect Concentrations for Amphipods

In this section, all available amphipod (Leptocheirus plumulosus) toxicity test results are
evaluated relative to the concentrations of COPCs in the sediment, in an effort to obtain
exposure-response relationships and to derive SECs, in addition to the 2006 AET study

described in the previous section.

The test results were used to develop several SECs for prediction of toxicity to the

amphipod. These SECs consist of the following:

e Effects Range-Low (ER-L): 10th percentile of the sediment concentration
distribution for the effects data (Long and Morgan, 1990).

e Effects Range-Median (ER-M): Median of the sediment concentration
distribution for the effects data (Long and Morgan, 1990).

e Threshold Effect Level (TEL): The geometric mean of the 15t percentile of the
concentration distribution for the no-effects data (MacDonald et al., 1996).

e Probable Effects Level (PEL): Geometric mean of the ER-M and the 85t
percentile of the concentration distribution for the no-effects data (MacDonald
et al., 1996).

e Apparent Effects Threshold (AET): The sediment concentration above which a
particular adverse biological effect (e.g., survival rate, embryo development rate)
is always toxic relative to appropriate reference conditions (Cubbage, et. al,
1997).

The effects data set for each COPC is defined as those stations at which the biological
effect is observed (statistically different from controls) and the associated COPCs
concentration is greater than or equal to twice the mean concentration of the no-effect
stations. It is desirable for both the effects and no-effects distributions to include at
least 20 data entries (MacDonald et al., 1996).
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A major distinction between the various SECs is the manner in which effects and no-
effects data are used. As shown by the definitions above, the ER-L and ER-M values are
based only on the effects data set; whereas, the TEL and PEL values are based on both
the effects and no-effects data. The AETs are based only on the no-effects data.

The ER-L and TEL represent a lower level below which adverse effects are not expected.
The ER-M and PEL represent levels above which effects are likely to occur, and the AET

represents the threshold where adverse effects would always be expected.

All of the amphipod toxicity test endpoint results (i.e., survival, reproductive response,
and growth weight) were paired with the COPCs concentrations in the test sediment
samples. Table 4-14 shows the results of the amphipod toxicity tests and they indicate
that 85 percent of the sediment samples were toxic to the reproductive endpoint and
that amphipod growth was least sensitive with 55 percent of the samples considered
toxic. Next, the data were sorted by those samples that were considered toxic
(significantly different from the controls at p=0.05). Then, the effects data sets were
then generated and the SECs calculated per their definitions above. Appendix D

provides the calculation of SECs for each COPCs for each effect endpoint.

In order to assess the accuracy with which the various sets of SECs predict the presence
or absence of toxic effects to amphipods, the following performance criteria were also

calculated:

e False Positives (Type | Error): The percentage of stations predicted to have
effects (based on exceedance of a SEC) that actually had no observed effects.

e False Negatives (Type Il Error): The percentage of stations predicted to have no
effects (based on exceedance of a SEC) that actually had observed effects.

e Overall Accuracy: The percentage of all samples that were correctly predicted to

have effects or not to have effects based on the SEC.

The SEC calculations in Appendix D also provide the associated error types and

accuracies.
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The SECs for each endpoint are summarized in Table 4-20 and Appendix D provides the
detail. A reliability rank was calculated to adjust for the accuracy based on a few
samples in the effects data set relative to numerous samples in the effects data set. The
higher the rank, the more reliable the results are. Based on the SEC concentrations and
reliability rank, the data in Table 4-20 indicate that the survival endpoint is more

sensitive than the reproductive response endpoint.

Organic carbon normalized SECs for Aroclor 1268 and PAHs demonstrated low reliability
relative to total Aroclor 1268 and total PAHs, in large part due to the lower number of
samples in the effects data set. The reliability of the lead SECs is also low due to the low

number of samples in the effects data set (< 10 samples out of 240).

It can be concluded that no one of the SEC methodologies accurately describes or
predicts threshold concentrations of toxicity in the sediments. The data further
confirms that various factors may be influencing the tests such as multiple contaminant
effects, redox conditions, sulfides, TOC, sediment pH, grain size, pathogens in the test

chambers, lack of replicates in some samples, or other chemical and physical factors.

Figures 4-5 and 4-6 show the exposure-response relationship for reproductive responses
of amphipod exposure to total mercury and Aroclor 1268, respectively. The figures also
show their respective TELs for the reproductive endpoint (4.9 mg/kg for total mercury
and 6.5 mg/kg for Aroclor 1268). The TELs were selected for comparative purposes
based on their relatively greater accuracies. Due to the highly variable toxic responses,
the approximate sediment concentration where 20 percent of the samples are toxic
(excluding toxic reference samples) is also shown. For example, the concentration of
mercury that results in 20 percent of the samples being toxic is approximately 1.5

mg/kg, which is substantially lower than the TEL.

Based on the exposure-response relationships and the relatively poor SEC accuracies,
the ability to predict sediment concentrations that result in adverse effects to
Leptocheirus plumulosus is highly limited. It appears that the levels of mercury and
Aroclor 1268 are likely major contributors to amphipod toxicity (refer to Table 4-3b),
particularly in Domain 1, Eastern Creek, and the Main Canal. Lead and total PAHSs also
contribute to toxicity; however, their predictability is much less than mercury and
Aroclor 1268.
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4.7 Grass Shrimp Toxicity

4.7.1 Toxicity to Laboratory Cultured Grass Shrimp

The two month chronic test to the grass shrimp (Palaemonetes pugio) was based on the
protocols outlined in Lee et al., (2000) using three replicates for each sediment station.
Measurement endpoints included embryo development rate, embryo hatching rate,
ovary maturation rate, survival, and DNA strand damage in embryos. In general,
sediment was collected from several of the same stations each monitoring year (2000,
2002, 2003, 2004, 2005). Toxicity test reports from all the years are presented in
Appendix C.

Table 4-21 shows the results of the tests. The data indicate that toxic effects to
reproductive and survival endpoints ranged from 26 to 69 percent of all tests. Embryo
hatching was least sensitive with 26 percent of the samples considered toxic. The

embryo development rate endpoint was most sensitive.

Based on the SEC concentrations and reliability rank, the data in Table 4-22 indicate that
the embryo development endpoint is more sensitive and reliable than the other

endpoints.

Organic carbon normalized SECs for Aroclor 1268 and PAHs demonstrated comparable
reliability relative to total Aroclor 1268 and total PAHs. The reliability of the lead SECs is
very low due to only one sample in the effects data set (out of 77 samples).

The data indicate that overall reliability of the tests is low. Similar to the amphipod
tests, this also suggests a variety of factors may be influencing the grass shrimp tests
such as multiple contaminant effects, other stressors such as pathogens in the test
chambers, redox conditions, sulfides, TOC, grain size, or other chemical and physical

factors.
The mercury and Aroclor 1268 SECs for grass shrimp are slightly lower than for

amphipods, suggesting that grass shrimp are more sensitive to these COPCs levels in the

sediment.
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To visualize the potential exposure-response relationship for grass shrimp, the
reproductive endpoint results for embryo development rates are compared to the
concentrations of mercury and Aroclor 1268 in the sediment and presented in Figures 4-
7 and 4-8, respectively. These figures also show their respective TELs for embryo
development rate: 1.4 mg/kg for total mercury and 3.2 mg/kg for Aroclor 1268, and the
approximate sediment concentration where 20 percent of the samples are toxic
(excluding toxic reference samples). No discernable exposure-response relationships for
these two COPCs were obtained. Exposure-response relationships for the other COPCs
(total PAHs and lead) have similar distributions with even less reliability. Therefore, the
power to predict sediment concentrations that result in adverse effects to grass shrimp

is highly limited.

Table 4-23 compares the concentrations of the primary COPCs to the embryo
development endpoint. The data indicate that mercury and Aroclor 1268 likely
contribute to most of the effects, although there were several stations that displayed
toxic effects but did not have elevated concentrations of COPCs. For example, embryo
development toxicity was observed in reference tests: at Troup Creek in 2000 and 2005;
and at the Crescent River station in 2003. This again suggests other stress factors or

variables associated with the tests contributed to the observed effects.

4.7.2 Toxicity to Field-Collected Indigenous Grass Shrimp

The same chronic toxicity tests were conducted on grass shrimp (Palaemonetes pugio)
indigenous to the LCP estuary and Blythe Island during 2002 — 2007 (Table 4-24), except
using only two measurement endpoints — hatching success of embryos of adult female
shrimp, and DNA strand damage of the embryos. Throughout this 2002-2007 time
period, the only cases in which these measurement endpoints deviated statistically (and
adversely) from reference conditions (Skidaway River sediment) were in the Main Canal,
the bank of the Main Canal, and the Eastern Creek.

In 2006, concentrations of COPCs in surface sediment and adult shrimp were measured
(Table 4-24), thereby permitting identification of BAFs and, also, relationships between
body burdens of COPCs in shrimp and associated biological responses. For total
mercury, a logarithmic r* of 0.5955 for sediment and shrimp levels was associated with
a mean BAF of x0.11.
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In the case of Aroclor 1268, an r® of 0.3584 for sediment and shrimp levels was related

to a mean BAF of x0.050. Lead generated an r® of 0.346 for sediment and shrimp levels
and a mean BAF of x0.0075.

4.8 Comparison of SECs to Literature-Based Effect Levels

The embedded table below compares the site-specific SECs for reproductive responses
to literature-based effect levels. Except for mercury and Aroclor 1268, the SECs appear
reasonable when compared to the other toxicological benchmarks. However, the
mercury and Aroclor 1268 TEL/PEL range is comparable to the Dillon (2006a)
benchmarks which were threshold concentrations identified from “scatterplots”
developed for the amphipod and grass shrimp bioassays conducted between 2000 and
2004. Thus, the values are more analogous to TELs than to PELs. The mercury and
Aroclor EEVs and screening quick reference table (“SQuiRT”) benchmarks include
potential food chain effects to consumers of benthic organisms. Although the
literature-based Aroclor benchmarks are primarily based on studies with Aroclor 1254,
invertebrates generally do not possess the Ah receptor that would otherwise tend to
influence greater toxicity of Aroclor 1254 relative to Aroclor 1268 as observed in many
vertebrates.

Toxicological benchmarks derived for benthos exposed to
chemicals of potential concern (COPCs in Sediment

(mg/kg, dw)
Generic Benchmarks Site-Specific Benchmarks
. NOAA “squiRT” | _ catterplot Amphipod Grass Shrimp
EEVs (Region TEL / PEL Marine Interpretation SECs ® SEC b
4, EPA) (Dillon, 2006a; S S
Values _ TEL / PEL TEL / PEL
n=22)
COPCs
Total 0.13 0.13/0.696 ~1-5 4.2/15.4 14-438
mercury
0.022
A;‘;g:r (based on (f%rostzh{e ?ﬁlé;:s) ~5.10 6.2/20.3 32— 12.8
other PCBs)
Lead 30.2 30.2 /112 ~40-50 41/88 139-189
Total
PAHS 1.684 1.684 /16.77 1-2 0.8/2.1 1.6-4.8

Note: TEL = Threshold Effect Level; PEL = Probable Effect Level; EEV = Ecological Effects Value; SECs = sediment
Effect Concentrations

? _ based on most sensitive endpoint (survival) b based on most sensitive endpoint (embryo development)
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For total PAHSs, the TEL/PEL SECs are not substantially different from the other generic
and the Dillon benchmarks. The amphipod SEC for lead is comparable to the literature
effect benchmarks. The grass shrimp SEC for lead had poor reliability due to the very
low number of effects data used to calculate the lead SEC.

It is noteworthy that SECs could not be calculated for any of the five YSEM/AVS metals
(cadmium, copper, nickel, silver, and zinc) due to the lack of a defined effects data set.
This suggests that these particular metals do not significantly affect overall sediment

toxicity in the estuary, but may occasionally contribute to localized effects.

Another alternative look to see if other metals may have substantially contributed to
amphipod toxicity in the 2006 tests is presented in Appendix |, Table 1, where various
sediment metal concentrations are presented along with their respective effect
concentrations. In this analysis, cadmium, silver, and zinc are not considered to
contribute any risk; whereas, lead, nickel, and copper appear to contribute some risks
but none of their concentrations were above their respective literature-based PELs.
Most of the risk appears to be driven by mercury and Aroclor 1268 (Appendix |, Table
1). Therefore, the site-specific SEC approach indicates that the major COPCs are likely
the cause of sediment toxicity; whereas,, the other metals, appear to play a limited role

in causing direct toxicity to benthos.

4.9 Characteristics of Benthic Macroinvertebrate Community

Community characteristics of macrobenthos are described, followed by a preliminary
evaluation of abundance of fiddler crabs in the LCP estuary. The above-presented
evaluation of grass shrimp is also a measurement of the impact of COPCs on the benthic

macroinvertebrate community.

4.9.1 Community Characteristics

This study of the benthic invertebrate community was based on a one-time sampling of
macrobenthos in surface sediment (0 - ~15 cm in depth) at four stations at the Site and
at two reference locations (Crescent River and Troup Creek) in 2000. Three replicate
samples were collected at each station. Table 4-25 summarizes the data. There was
wide variation in the substrate type (from <10% to 90% silt and clay) and for TOC
content (from 0.33% to 6.5%) across the six stations. This alone likely affects the

taxonomic composition between stations. There also was considerable variation in the
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density of organisms in the replicate samples as evidenced by the large mean standard

deviation for diversity.

Potentially negative major differences in the macrobenthos community between Site
and reference areas (Table 4-25) were a lesser number of taxa, individuals, and density
of individuals at two of the four Site stations (C-5 and C-33). Polychaetes were the
dominant group at all sites; however, oligochaetes were substantially less in the
reference samples compared to Site samples. Given the relatively high variability of
substrate type, TOC, and density among replicates, it cannot be ascertained if any
“shifts” in the benthic community between stations have actually occurred from this

one study.

Since benthic community data were not collected during the long-term monitoring

program (2002 — 2007), any potential contaminant-related effects are unknown.

Other studies that assessed potential impacts to the LCP estuary included Wall et al.,
(2001) that evaluated the health of cordgrass microbes (fungal biomass) and grass
shrimp; and the Newell et al., (2000) study that assessed the relationship between
fungal biomass and contaminants in the LCP estuary. These are briefly described in

Appendix J

4.9.2 Fiddler Crab Abundance
This section provides some background of the crab abundance preliminary study,

protocols used, and the results.

Background

The objective of this study was to determine if the numerous fiddler crabs (U. spp.)
observed to inhabit the M-AB seep location (Figure 3-5) were present in numbers that
might be expected to occur in a relative pristine marsh despite being characterized by
the highest mean body burdens of total mercury (1.00 mg/kg dw), Aroclor 1268 (2.54
mg/kg), and lead (8.78 mg/kg) observed in biota indigenous to the LCP Site (Table 4-8b).

The pristine marsh constituting the baseline for this study was the Duplin Estuary
Marsh, located on Sapelo Island, Georgia. Populations of fiddler crabs (mud fiddlers, Uca

pugnax) in that marsh were estimated for several types of habitats (Wolf et al., 1975).
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2
The greatest mean number of crabs, 196 individuals / m~ of substrate, was reported in a
habitat characterized by medium-sized Spartina (0.5 -1.49 m in height), while 176 and
2
94 individuals / m~ were observed, respectively, in short Spartina (<0.5 m tall) and on

essentially barren substrate (absence of vegetation). The habitat at the M-AB seep

location was a combination of short Spartina and barren substrate.

Protocols

At the M-AB seep location, fiddler crabs were collected and counted as described below.
2 . . . . .
A 1-m sampling frame with high sides constructed of metal was inserted several

centimeters into the marsh to prevent crabs from escaping during and between
sampling efforts. It was initially intended to excavate sediment within the sampling
frame down to 1 m in depth, as was done in the Sapelo Island investigation. However,
this plan was modified when a tough webbed plastic membrane (installed during
removal activities at the Site) was encountered about 40 cm below the marsh surface
and when it became apparent that numerous crabs could be collected by excavating just
part of the upper 30 cm of sediment or by capturing them as they emerged at the

surface of the marsh.

Results

Two hundred (200) fiddler crabs, ranging in size from about 2 to 20 millimeters (mm) in
carapace width, were ultimately collected from the sampling frame, at which time the
study was terminated. This number of crabs is marginally greater than the maximum
number of crabs (196 individuals) encountered during the Sapelo Island investigation,
and many more crabs are likely to have been collected if a complete 1 m2 of marsh
sediment had been sampled. This large number of fiddler crabs, which consisted of
about 75% small (young) crabs, indicates that the AB seep location may be characterized
by a normal standing crop of crabs. However, the webbed plastic membrane
encountered at the sampling station may have affected fiddler crab exposure to

contaminated sediment and/or surface water. Uncertainties of this preliminary study

were:

e the study did not address the ability of these particular crabs to reproduce;
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e the use of only a single sampling location (although it was situated in the center
of the area where fiddler crabs generally displayed the highest body burdens of
COPCs);

e the comparison of standing crops of several species of fiddler crabs in this study
(mostly sand fiddlers, Uca pugilator) to the single species (mud fiddlers, Uca
pugnax) in a study of the Duplin Estuary Marsh, Georgia by Wolf et al. (1975);
and,

e the lack of co-located surface water and sediment chemistry to assess potential

exposures.

4.10 Development of Hazard Quotients for Finfish
Hazard quotients (HQs) for upper trophic-level finfish based on modeling studies are

initially presented, followed by HQs for field-collected finfish.

4.10.1 Modeling Studies

Methylmercury Model

To model higher trophic level finfish exposure to methylmercury, the bioaccumulation
model developed by Evans and Engel (1994) for the red drum was modified for use in
this BERA. Details of this model and input parameters are provided in Appendix H -
Finfish Worksheet. The results of the model are provided in Table 4-28. The mean
LOAEL-based HQ was 2.9, indicating a potential for aquatic hazard (Table 4-28). The
estimated environmental exposure (EEE) generating this HQ was 0.87 mg/kg ww of
methylmercury (3.48 mg/kg dw) in whole bodies of red drum. Service loss for red drum
and other finfish associated with this level of mercury residue has been estimated to be
20% (Dillon, 2006b).

The mean LOAEL-based methylmercury HQ for red drum from the Troup Creek
reference location was 0.4. Since this value was< than unity (1), both the suitability of
Troup Creek for reference purposes and ability to discriminate between reference and

“treatment” conditions was documented.

Aroclor 1268 Model
To model higher trophic level finfish exposure to Aroclor 1268, the bioaccumulation
model developed by Gobas (1993) for Great Lake salmonids was modified for use in this

BERA. Details of the model and the input parameters are described in Appendix H —
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Finfish Worksheet. Three variations of the model are provided to account for different
assumptions in the estimation of certain input parameters. Results of the three
variations of the Aroclor 1268 bioaccumulation model are provided in Table 4-28.
Approaches 1 and 2 generated similar mean NOAEL-based HQs of 2.3 and 2.1,
respectively for finfish exposed to Aroclor 1268 in the LCP estuary, (both of which have
been related to a service loss of 10% (Dillon, 2006b). Approach 3 resulted in HQs about
twice as high (NOAEL HQs approximately 5) as the other two approaches (Table 4-28).
The associated mean EEE for Approach 3 was 1.767 mg/kg ww (7.07 mg/kg dw).

4.10.2 Field-Collected Finfish

Finfish captured in Purvis Creek and analyzed for body burdens of mercury and Aroclor
1268 (Tables 4-11a,b) were assessed for potential hazards (Table 4-29). In this
assessment, mean and 95UCL LOAEL-based HQs for exposure to methylmercury in the
LCP estuary exceeded unity (1) in the case of the silver perch (Bairdiella chrysoura) and
spotted seatrout (Cynoscion nebulosus). These HQs ranged from 1.33 to 2.21 (Table 4-
29).

For Aroclor 1268 in field-collected finfish, 95UCL LOAEL-based HQs greater than unity
occurred for the silver perch (1.36); black drum, Pogonias cromis (1.24); spotted
seatrout (1.14); and striped mullet, Mugil cephalus (4.04). Mean HQs for these finfish
were slightly lower.

None of the above-indicated cases of potential hazard were confounded by hazard also
being identified at reference locations. The use of a NOAEL TRV derived for other
Aroclors to represent the toxicity of Aroclor 1268 is a source of uncertainty that may
over-predict the hazard. The TRVs for finfish were derived from a conservative growth

endpoint for Aroclor 1268.

4.10.3 Comparison of Modeled Finfish with Field-Collected Finfish

The relationships between mean EEEs generated by the bioaccumulation models
relative to the field-collected tissue residues are presented in the following embedded
table, and the following points emerge from the information presented in the data
table:
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bioaccumulation models for higher trophic level fish compared to residues
observed in 5 species of fish collected in the LCP estuary and Troup Creek

Modeled Estimated Environmental Exposure (EEE) generated by the

reference location

Mean Mean Residues in Field-Collected Finfish
. (mg/kg dw) (Table 4-29)
coPC Locat a

> ocation MOdE|Ed :EE Spotted Silver Red Black | Striped
me/kg dw Seatrout | Perch Drum Drum Mullet

Methylmercury | Troup Creek 0.44 0.34 0.20 0.10 0.10 0.02

LCP estuary 3.48 2.27 1.60 1.01 0.76 0.09

A 1268 Troup Creek 0.31-0.34 0.16 0.19 0.10 0.10 0.18

LCP estuary 2.86 -7.07 4.92 5.67 1.43 5.51 13.2

a - From Table 4-28 originally modeled in wet weight and converted to dry weight assuming 75% fish
moisture content.

Predicted or modeled tissue concentrations are not too different from residues
observed in most field-collected finfish with the mercury model over-predicting
by a modest amount.

Both the mercury and the PCB models over-predict residues in fish from the
reference area. This is probably driven by the preponderance of analytical results
frequently below detection limits from that location.

Both the mercury and the PCB models appear better at predicting
concentrations in seatrout.

The mercury and PCB models grossly over- and under-predict, respectively,
residues in field-collected striped mullet. It appears these models, which were
designed for higher trophic level fish, are not appropriate for estimating mullet
bioaccumulation.

About twice as high Aroclor 1268 tissue concentration is predicted when
Approach 3 is used relative to Approaches 1 or 2. This appears to be the related

to estimates of aqueous dissolved PCB concentrations.

The finfish collected from Purvis Creek during the field study did not exhibit gross

abnormalities, and fish kills have not been reported in the LCP estuary during many

years of intensive interest and monitoring at the LCP Site. However, based on the HQs,

reproductive impairment appears to be occurring in the LCP estuary, but the actual

extent of such impairment is unknown.
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4.11 Development of Hazard Quotients for Wildlife

HQs based on food-web exposure models were developed for seven representative
species of wildlife — diamondback terrapin (Malaclemys terrapin), red-winged blackbird
(Agelaius phoeniceus), clapper rail (Rallus longirostris), green heron (Butorides striatus),
marsh rabbit (Sylvilagus palustris), raccoon (Procyon lotor), and river otter (Lontra
canadensis) — that might frequent the LCP Site.

The basic equation used to calculate HQs (employed most directly for wildlife) was:

HQ = {[(CF1xP1)+(...x...) + (CF4 x P4)] [FIR] + [CS] [SIR] + [CW] [WIRT} {AUF} {TUF} / BW
TRV

with CF1, ..., CF4 = concentrations of COPCs in various food items of wildlife (mg/kg,
dw); P1, ..., P4 = percentage of each food item in diet of wildlife (total for all food items
=100%); FIR = food ingestion rate (kg dw/day); CS = concentration of COPCs in sediment
(mg/kg, dw); SIR = sediment ingestion rate (kg dw/day); CW = concentration of COPCs in
water (mg/L); WIR = water ingestion rate (L/day); AUF = area-use factor; TUF = time-use
factor; BW = body weight of wildlife (kg ww); and TRV = toxicity reference value (mg/kg
BW/day).

Exposure assumptions on which food-web models are based are presented in Table 4-
26, and TRVs are presented in Table 4-27. Life histories of selected species employed as
food items in modeling studies are reviewed in Appendix E, and life histories of red
drum and wildlife are contained in Appendix G. Work sheets employed in the modeling
efforts are presented in Appendix H. COPCs exposure concentrations for each area were
based on the mean and 95UCL concentrations presented in the a-series tables described

in Section 4.2.

All HQs for diamondback terrapins exposed to three COPCs (methylmercury, Aroclor
1268, and lead) at various parts of the LCP Site were substantially less than unity in all
cases, denoting the absence of potential risk (Table 4-30). Although the terrapins had
some of the highest levels in COPCs in liver tissue samples, this did not translate to any
apparent reproductive effects.
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Birds (red-winged blackbirds, clapper rails, and green herons) exposed to COPCs at the
Site exhibited a basic similarity, in that none generated HQs for inorganic mercury,
Aroclor 1268, or lead that indicated a potential for risk. For methylmercury, red-winged
blackbirds were characterized by one Site NOAEL and LOAEL HQs of 1.0 and 0.33,
respectively in the Domain 1 exposure area. For clapper rails modeled for exposure to
methylmercury, Site NOAEL HQs (1.74 — 2.96) could be discriminated from the
associated reference HQ (0.16). LOAEL HQs for the clapper rail were all less than 1. All
Site NOAEL HQs generated by the green heron modeled for exposure to methylmercury
were in excess of 1 (1.39 — 10.6) being most clearly distinguishable from reference HQ
(0.61). Comparative LOAEL HQs for green herons modeled for methylmercury exposure
at the Site and reference area ranged from 0.46 at Blythe Island to 3.53 in the Eastern
Creek area (Table 4-30).

In the case of mammals, potential risk occurred for marsh rabbits exposed to Aroclor
1268 in Area A (inclusive of Domain 1, Main Canal, and Eastern Creek) with a NOAEL HQ
of 3.31. All of the LOAEL HQs for the marsh rabbit were less than 1. Similarly, LOAEL
HQs for raccoons were less than 1 and the NOAEL HQ in Area A was 3.53. For the river
otters, none of the COPCs exceeded a HQ of 1, suggesting no risk in specific areas. This is
primarily due to the large area use factor for the otters of 729 acres as a feeding range.
The highest NOAEL HQ for Aroclor 1268 was 3.94 in Domain 4. These HQs were also
based on Aroclor 1254, which is considered more toxic to mammals than Aroclor 1268
(Section 6.2.1 of this document).

The wildlife species most sensitive to Aroclor 1268 was the river otter (Lontra
canadensis). The species judged to be most sensitive to mercury was the green heron
(Butorides striatus). The green heron was also considered the most sensitive to lead,

particularly in Domain 3; however the maximum lead HQ was 0.95.

Food-web modeling and associated HQs for wildlife can vary dramatically as a function
of:
e Assumptions used to estimate environmental exposure to chemicals (e. g., Table
4-26);
e Aggregation of data to represent exposure concentrations of chemicals in
environmental media (i.e., food items, sediment, and water); and
e Selection of TRVs (e. g., Table 4-27).
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Probably the greatest level of uncertainty in the modeling study for mammals is the TRV
that is based on Aroclor 1254. This Aroclor is generally accepted to be more toxic to
mammals through the Ah receptor pathway than Aroclor 1268 (Section 6.2.1).
However, it is unknown what the level of non-Ah toxic effects from Aroclor 1268 may
be.
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5.0 RISK CHARACTERIZATION

This risk estimation for the LCP estuary addresses each of the eight previously identified
assessment endpoints by a “strength-of-evidence” approach, in which different
measurement endpoints or lines of evidence may be accorded different levels of
ecological significance depending on the types and quality of the data. The importance
of different measurement endpoints is judged to be least in the case of generic,
laboratory-based and/or theoretical studies and greatest for site-specific, empirical
studies.

This risk characterization is based solely on studies conducted for the LCP estuary by
Honeywell during 2000 - 2007 and reported in Section 4 of this document. Studies of the
LCP estuary conducted by other investigators are reviewed in Appendix J of this
document since they contribute substantially to a full and reliable understanding of
potential risk in the estuary. The uncertainty of the results of both sets of studies is
addressed in Section 6 of this document.

5.1 Benthic Estuarine Community (Assessment Endpoint 1)

Three basic measurement endpoints were employed to evaluate the viability of the
structure and function of the benthic estuarine community in the LCP estuary. These
endpoints were: 1) comparisons of concentrations of COPCs in surface sediment with
site-specific effects levels; 2) results of toxicity tests conducted with sensitive life stages
of benthic biota exposed to surface sediment; and 3) evaluation of the indigenous
benthic community. For this BERA, there is a plethora of sediment chemistry and
sediment toxicity data available for many locations in the LCP marsh during eight years
of field investigations. In contrast, the benthic community information is limited to a

single study conducted in 2000 at four tidal creek stations in the LCP marsh.

Concentrations of total mercury and Aroclor 1268 in creek and marsh surface sediment
exceeded their site-specific SECs in most segments of the Eastern Creek, the Main Canal,
and Domain 1. Levels of lead in surface sediment exceeded the overall site-specific
survival ER-L of 60 mg/kg (Table 4-20) in portions of Domain 2 and in Domain 3,
including some FS Areas. Total PAHs occurred in excess of their site-specific survival ER-
L of 1.5 mg/kg in the Eastern Creek, and in portions of Domains 2 and 3.
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In a comprehensive chronic (28-day) toxicological study detailed in this document,
survival, growth, and/or reproduction of amphipods (Leptocheirus plumulosus) exposed
to surface sediment obtained throughout the LCP estuary were often significantly
reduced relative to controls and some reference areas (e.g., Table 4-14). This toxicity
appeared to be caused by COPCs, and to a limited extent, other metals. Toxic expression
also appears to be substantially influenced by other factors including TOC, sulfide, grain
size, and other factors. This conclusion supports the findings of others (EPA, 2001;
Dillon, 2006a) who have noted the toxicological importance of COPCs and other

stressors in the LCP estuary.

Toxicity test results with lab-cultured grass shrimp (Palaemonetes pugio) evaluated with
collocated COPCs sediment concentrations suggest that grass shrimp may be more
sensitive than amphipods. For example, reproductive TELs for embryo development
and hatching success from exposure to mercury in sediments ranged from 1.4 to 3.9
mg/kg; whereas, the reproductive TEL for amphipods exposed to mercury was 4.9
mg/kg (Tables 4-20 and 4-22).

Hatching success and DNA strand damage of embryos produced from indigenous grass
shrimp throughout the 2002-2007 time period deviated statistically (and adversely)
from control conditions in the Main Canal, the bank of the Main Canal, and the Eastern
Creek (Table 4-24). Finally, in a preliminary unreplicated study of fiddler crabs
characterized by relatively high body burdens of COPCs abundance of crabs was similar
to that reported over 30 years ago in the Duplin Estuary Marsh, Georgia (Wolf et al.,
1975).

A single field evaluation of the indigenous benthic community in the LCP estuary was
conducted in 2000 (Table 4-25). Potential differences of the macrobenthos community
between Site and reference areas were a lesser number of taxa, individuals, and density
of individuals at two of the four Site stations. However, substantial variability was
observed between substrate types, TOC, and number of organisms per replicate
(Section 4.9.1). Since benthic community data were not collected during the long-term
monitoring program (2002 — 2007), potential contaminant-related effects associated

with benthic community structure are unknown.
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Based on the primary LOE (sediment chemistry and toxicity tests) the viability of the
structure and function of the benthic estuarine community in the LCP estuary is at risk
from COPCs, especially in the southeastern part of the estuary (in particular, the Main

Canal and Eastern Creek).

5.2 Omnivorous Reptiles (Assessment Endpoint 2)

The single measurement endpoint available for evaluating the viability of omnivorous
reptilian species utilizing the LCP marsh consisted of HQs derived from food-web
exposure models for diamondback terrapins (Malaclemys terrapin).

In the modeling study (Table 4-30), all HQs derived for diamondback terrapins
indigenous to the LCP estuary were substantially less than unity (1). Consequently, there
is no potential risk to the viability of omnivorous reptiles utilizing the LCP estuary.

5.3 Omnivorous Birds (Assessment Endpoint 3)

There were two measurement endpoints generated to evaluate the viability of
omnivorous avian species utilizing the LCP estuary. These LOE were: 1) HQs derived
from food-web exposure models for red-winged blackbirds (Agelaius phoeniciceus); and

2) HQs derived from food-web exposure models for clapper rails (Rallus longirostris).

Red-winged blackbirds and clapper rails exposed to COPCs at the Site exhibited a basic
similarity in that none generated HQs for inorganic mercury, Aroclor 1268, or lead that
indicated a potential for risk (Table 4-30). For methylmercury, red-winged blackbirds
were characterized by a NOAEL HQ of 1.00 in Domain 1. All of the LOAEL HQs were less
than 1.0, suggesting no risk to red-winged blackbirds.

For clapper rails modeled for exposure to methylmercury, all Site LOAEL HQs were less
than 1.0; however, NOAEL HQs were slightly greater than 1.0 (1.74 — 2.96) in Domain 1,
Eastern Creek, and the Main Canal. The overall potential for adverse risk to omnivorous

birds in the LCP estuary is judged to be minimal.
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5.4 Piscivorous Birds (Assessment Endpoint 4)
Only one measurement endpoint was available to evaluate the viability of piscivorous
avian species utilizing the LCP estuary: HQs derived from food-web exposure models for

green herons (Butorides striatus).

Green herons modeled for exposure to inorganic mercury, Aroclor 1268, and lead at the
Site presented no potential for risk (Table 4-30). However, all Site NOAEL HQs generated
by the green heron modeled for exposure to methylmercury were in excess of unity (1),
with NOAEL HQs (1.39 — 10.6) being distinguishable from the reference HQ (0.61).
LOAEL HQs for green herons modeled for methylmercury exposure at the Site were
greater than 1.0 in Domain 1 (2.77), Eastern Creek (3.53), and the Main Canal (1.48).

The above-referenced methylmercury HQs suggest that potential adverse risk to the

viability of piscivorous avian species in the LCP estuary is moderate.

5.5 Herbivorous Mammals (Assessment Endpoint 5)
The single measurement endpoint available for evaluating the viability of herbivorous
mammalian species utilizing the LCP marsh consisted of HQs derived from food-web

exposure models for marsh rabbits (Sylvilagus palustris).

The modeling study for marsh rabbits generated a site-related NOAEL HQ for Aroclor
1268 of 3.01 in Domain 1 (Table 4-30). No LOAEL-based HQ for Aroclor 1268 was greater
than unity (1). In addition, no risk potential was associated with mercury or lead.

Consequently, risk to the viability of herbivorous mammals utilizing the LCP estuary is

judged to be minimal.

5.6 Omnivorous Mammals (Assessment Endpoint 6)
The only measurement endpoint generated for assessing the viability of omnivorous
mammals utilizing the LCP estuary consisted of HQs derived from food-web exposure

models for raccoons (Procyon lotor).

In the modeling study (Table 4-30), all HQs for inorganic mercury, methylmercury, and

lead derived for raccoons indigenous to the LCP estuary were less than unity (1). NOAEL
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HQs for Aroclor 1268 of 2.61 and 1.11 were estimated for Domain 1 and Domain 2,
respectively. None of the LOAEL HQs exceeded unity. Consequently, risk to the viability

of omnivorous mammals utilizing the LCP estuary is judged to be minimal.

5.7 Piscivorous Mammals (Assessment Endpoint 7)
The sole measurement endpoint for evaluating the viability of piscivorous mammals
utilizing the LCP estuary consisted of HQs derived from food-web exposure models for

river otters (Lontra canadensis).

The modeling study for river otters generated site-related NOAEL HQs for Aroclor 1268
(based on a TRV for Aroclor 1254) that ranged from 0.01 to 3.94 (Table 4-30). No
LOAEL-based HQ for Aroclor 1268 was greater than unity (1). In addition, no potential

for risk was associated with mercury or lead.

The potential for adverse risk to the viability of piscivorous mammalian species utilizing
the LCP estuary is judged to be minimal.

5.8 Finfish (Assessment Endpoint 8)
There were five basic measurement endpoints available for evaluating the viability of

finfish utilizing the LCP estuary. These endpoints were:

e comparisons of concentrations of COPCs in surface water to general literature-
based effects levels;

e results of toxicity tests conducted with early (and sensitive) life stages of aquatic
biota exposed to surface water;

e HQs derived from food-web exposure models for upper trophic-level fish;

e HQs derived from measured residues in field-collected finfish; and

e evaluation of the benthic macroinvertebrate community (as a food source for

juvenile and adult fishes).

The highest concentration of total mercury measured in surface water of the LCP
estuary was 188 ng/L in the Eastern Creek during 2000 (Table 4-2b), as compared to the
EPA chronic ambient water quality criterion of 940 ng/L. The highest detected

concentration of dissolved lead in water was 1.9 pg/L at the mouth of Purvis Creek
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during 2000, as contrasted to the EPA chronic criterion of 8.1 pg/L. (No criteria have
been developed specifically for Aroclor 1268.)

Laboratory toxicity tests designed to evaluate chronic toxicity of “whole” surface water
from the LCP estuary to mysids (Mysidopsis bahia) and sheepshead minnows (Coleonyx
variegatus) generated similar results (Tables 4-12 and 4-13). Mean survival of mysids
exposed to surface water from the Site and two reference locations ranged from 92.4 to
100%, which was greater than the minimum acceptable survival for control organisms
(80%). Mean growth (weight) of mysids exposed to Site and reference water was from
0.50 to 0.84 mg (dw), which exceeded the weight of control organisms (0.48 mg).
Survival of sheepshead minnows exposed to the same surface water ranged from 80 to
100%, which was at least equal to the minimum acceptable survival for control
organisms (80%). Mean growth (weight) of fish exposed to Site water was statistically

similar to weight observed for at least one reference location.

Finfish methylmercury bioaccumulation modeling generated a mean LOAEL-based HQ of
2.9 for methylmercury (Table 4-28) which is over-predictive relative to field collected
finfish from the LCP estuary (Table 4-29). However, LOAEL HQs exceeded 1 in silver
perch (HQ=1.3) and spotted seatrout (HQ=1.9) collected from the field.

Based on three modeled approaches to finfish for effects attributable to Aroclor 1268 in
the LCP estuary, generated mean LOAEL-based HQs ranged from 0.5 to 1.4 (Table 4-28).
The mean LOAEL HQ for field collected finfish was 1.1 for silver perch and black drum,
and 0.95 for spotted seatrout, suggesting relatively comparable results with the
modeled HQs. The mean HQ for striped mullet was 2.5. The HQs are all higher when

the 95UCL exposure concentration is used.

Since the fish TRVs were largely based on reproductive and growth endpoints to assess
potential chronic problems and/or long-term decline in viability of fish populations, the
LOAEL HQs suggest chronic risk. The absence of gross abnormalities in finfish collected
from Purvis Creek during the empirical study and the absence of reported fish kills
during many years of intensive interest and monitoring at the LCP Site suggest that

there are no acute toxicity concerns to finfish.
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Evaluation of the benthic macroinvertebrate community in the LCP estuary did not
identify a limitation of this source of food to finfish (refer to information presented for
Assessment Endpoint 1), although toxicity to benthic organisms may limit food for fish in

portions of the Main Canal, Eastern Creek, and Western Creek.

The overall conclusion derived from the five above-discussed measurement endpoints is
that there is no potential for risk to finfish in the LCP estuary from direct exposure to
COPCs in water. The modeling and field data for finfish suggest that chronic risk to

viability of finfish indigenous to the LCP estuary is of concern.
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6.0 UNCERTAINTY ANALYSIS

A discussion of the major potential sources of uncertainty in the BERA provides a means
to further evaluate ecological conditions and risks in the LCP estuary. This includes the
extent to which results of the BERA may be consistent with results of other independent
investigations of the estuary. These issues are addressed in the following subsections,
followed by overall conclusions pertaining to uncertainty associated with both sources

of information related to ecological conditions in the estuary.

6.1 Uncertainties in the Baseline Ecological Risk Assessment
Uncertainty associated with the formal BERA pertains to the conceptual model for the
assessment, as well as the experimental design and interpretation of the assessment,

including the modeling studies.

6.1.1 Conceptual Model

The conceptual model for the BERA is not likely to contribute any substantial
uncertainty that would tend to over-estimate or under-estimate exposure pathways and
risks. The LCP estuary has been the subject of numerous investigations. COPCs are well
known, as are exposure pathways, and biota at potential risk. The eight assessment
endpoints comprehensively addressed the various taxonomic and trophic categories of
biota that are indigenous to the estuary. Measurement endpoints LOE employed to
evaluate the assessment endpoints included, whenever possible, a combination of field,

laboratory, and modeling studies.

The conceptual model for the BERA, which is the product of numerous detailed
discussions among many private and government scientists, is based on environmental
data collected over the 2000 — 2007 time period. The approach employed to present
these data in a coherent format included the development of area-specific values for
environmental variables during this period, followed by grand mean values for the

whole estuary (Dillon, 2008).

6.1.2 Experimental Design and Interpretation

Implementation of the experimental design of the BERA introduced a number of mostly

unavoidable uncertainties. The most basic uncertainty is the extent to which sampling

data, which were generated by authoritative (not random) sampling over the 2000 —
69



2007 time period, are representative of (not biased indicators of) environmental

conditions in the LCP estuary.

Integration of environmental data over the 2000 — 2007 time period introduces some
temporal uncertainty as to whether the combined data are always representative of the
most contemporary environmental baseline. Similarly, the selection of only one year of
data vs. several monitoring years may not adequately define the contemporary
baseline.

The number of environmental samples collected during the BERA is a source of
uncertainty as it affects the statistical precision of resulting data. Other sources of
uncertainty, as discussed in detail in Section 4 of this document, include interpretation
of the equilibrium-partitioning, AETs, SEC calculations, benthic macroinvertebrate, and

fiddler-crab abundance studies.

6.1.3 Modeling Studies

The preponderance of uncertainty in this BERA is associated with results of food-web
modeling studies, as best evidenced by the different approaches taken in the wildlife
modeling detailed in this document and that employed by Thoms (2006a). Within each
approach, important uncertainties pertain to selection of various exposure-related
statistics (in particular, composition of the diet of fish and wildlife, as well as AUFs) and,
additionally, selection of LOAEL and NOAEL TRVs.

Three TRV-related uncertainties are of particular importance. First, TRVs used for avian
exposure to methylmercury were based on values for growth effects to captive great
egrets (LOAEL and NOAEL TRVs of, respectively, 0.06 and 0.02 mg/kg BW/day; Spalding
et al., 2000) and are relatively comparable to the Heinz (1979) paper (LOAEL of 0.051
mg/kgBW/day) which was based on a three-generation reproductive study of mallard
ducks; and also comparable to the LOAEL and NOAEL TRVs of, respectively, 0.078 and
0.013 mg/kg BW/day based on U.S. EPA (1995). Slightly different risks would occur
depending on the selected TRV. For example, using the methylmercury LOAEL TRV of
0.06 mg/kgBW/day results in a HQ of 2.77 in Domain 1 for piscivorous birds (Table 4-
30); whereas, with a TRV of 0.078 mg/kgBW/day, the HQ would be 2.13.
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Second, TRVs utilized for exposure of reptiles and mammals to Aroclor 1268 are
surrogate values that actually pertain to Aroclor 1254, which is generally more toxic
than Aroclor 1268 (refer to Appendix J, Section J.2.1).

A “hidden” uncertainty in wildlife food-web exposure models was the need to
sometimes employ prey species collected at nearby but different areas when prey did
not occur in the targeted area. Also, the diet of a wildlife species in a particular area was
sometimes altered from its hypothetical diet if one (or more) of its food items could not
be obtained in the targeted area. Furthermore, AUFs less than unity (1) were employed
for just the raccoon (based on its primarily upland habitat preference) and river otter

(based in its large territory in comparison to all areas in the Site).

Some of the major uncertainties associated with the upper trophic level finfish

bioaccumulation modeling studies included:

e sensitivities in the numerous model input parameters;

e use of different estimates of aqueous dissolved PCB (Aroclor 1268)
concentrations;

e a tendency to over-predict tissue concentrations, particularly from reference
areas, which is somewhat attributable to non-detected data (especially in the
water column);

e assumptions of dry weight to wet weight conversions, that assume fixed
percentages of tissue solids in each prey item and in the finfish;

e the application of single model outputs to several different species of finfish; and

e the difficulty of chronic effects interpretation to finfish (reproduction and
growth) relative to actual impacts on the long-term viability of fish communities

and populations in the LCP estuary.

6.1.4 Other COPCs Not Quantified

As mentioned in Section 3.4, and Section 4.4, a few metals slightly and infrequently
exceeded screening-level EEVs (e.g., chromium, copper, and nickel). When elevated
above their EEVs, these metals may contribute additional risks to benthic organisms,
especially in sediment with low sulfide content. In addition, it appears that other

parameters have substantially affected the sediment toxicity test results and may
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include pathogens, TOC, substrate type, sediment pH, and redox condition. Several of

these parameters were either measured occasionally or not measured at all.

Other chemicals that are generally associated with chlor-alkali facilities include
pesticides such as hexachlorobenzene, 4,4’ Dichlorodiphenyltrichloroethane (DDTs), and
chlordanes and on occasion laboratories erroneously identify PCBs as other chlorinated
compounds (e.g., Bosch et al, 2009). Although these chemicals were infrequently
detected in the estuary sediments, they were not quantified because they were
indirectly assessed through the risk assessment of polychlorinated biphenyls, namely
Aroclor 1268.

Dioxins and furans were identified as COPCs in sediment based on 3 samples from the
LCP estuary collected in 2000. All 3 samples exceeded the screening-level EEV. However,
no further data were collected. The Toxicological Profile for PCBs (Table 4-6, pg. 465,
and Section 5.1, pg. 467) states that “During production, Aroclor mixtures were
contaminated by small amounts of polychlorinated dibenzofurans (PCDFs) as
impurities,” (ATSDR, 2000). In addition, Aleiandro et al., (2006) states that some of the
Clapper Rail effects observed may be attributable to “organochlorides other than PCBs
(e.g. dioxins).” Kannan et al., (1998a,b) also associate dioxin-like compounds to the Site.
These papers suggest dioxins/furans may be associated with the Aroclors at LCP. The
magnitude of the TEC-dioxin concentrations particularly in Eastern Creek suggests co-
located contamination with Aroclor 1268. In the absence of TEC-dioxin data in sediment
elsewhere in the estuary or in biota samples, the potential contribution of TEC dioxins to

existing risk is unknown.

6.2 Independent (Other) Investigations

The other investigations of the estuary (Appendix J) addressed the relative toxicity of
Aroclor 1268 and five of the eight assessment endpoints that constituted the basis of
this BERA. Although differences between this BERA and other independent
investigations do not necessarily imply uncertainty, they may provide additional lines of
evidence that relate to the assessment endpoints. Each of the independent studies has
its own unique uncertainties and direct comparisons may either add support to, or
conflict with the BERA data.
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6.2.1 Relative Toxicity of Aroclor 1268
The following embedded table (2008b) reviews dioxin-like toxicity of Aroclor 1268 as
compared to Aroclor 1254, an Aroclor on which PCB TRVs presented in this document

for fishes and mammals are based:

Relative Potency (REP) of Aroclor 1268 vs. Aroclor 1254
for fish, birds, and mammals based on dioxin-like total toxic equivalents (TEQs) (U. S.
Environmental Protection Agency — Region 4, 2008; from Burkhard and Lukasewycz,

2008)
Relative Potency (REP) of
Aroclor 1254 Aroclor 1268 Aroclor 1268 vs. Aroclor 1254
Fishes Birds Mammals Fishes Birds Mammals Fishes Birds Mammals
4.18E-07 2.00E-05 7.87E-06 3.14E-07 2.5E-06 4.89E-07 0.75 0.125 0.06

The relative potency (REP) factors referenced above indicate that Aroclor 1268 is
substantially less toxic to biota than Aroclor 1254. However, dioxin-like toxicity is only a
measure of the extent to which dioxin-like congeners (non-ortho and mono-ortho
coplanar PCBs) bind with and disrupt the aryl hydrocarbon (Ah) receptor in cells of
that

immunotoxicity, carcinogenicity, and adverse effects on endocrine, development, and

organisms, resulting in toxicological responses include dermal toxicity,

reproduction functions.

Modes of toxicity other than that affecting the Ah receptor include effects on calcium,
ion (Ca?*) homeostasis and subsequent neurotoxic effects caused by congeners such as
di-ortho non-coplanar PCBs, which have the potential to be evaluated by a Neurotoxic
Equivalent (NEQ) scheme being developed by Simon et al. (2007). These authors noted
that the congeners present in Aroclor 1268, in addition to possessing a low Ah receptor
binding affinity, have a limited ability to interfere with Ca**- dependent intracellular
signaling pathways. The authors also stated that reduced PCB toxicity to fishes, birds,
and mammals has been observed at the extremes of mean mixtures of chlorination (i.e.,
lowly and highly chlorinated Aroclors). They specifically concluded that Aroclor 1268 is

approximately 22 times less toxic than Aroclor 1254 in terms of NEQs.

Several uncertainties characterize the degree to which Aroclor 1268 is less toxic than
Aroclor 1254 to biota. Chlorinated naphthalenes have been identified in PCBs (Ruzo et
al., 1976) and can affect the Ah receptor. However, the World Health Organization
(WHO) has not established TEQ factors for these chemicals. Also, the relative potency of
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the two Aroclors after weathering in the environment is uncertain. In particular, the
octa-, nona- and deca-PCB congeners in Aroclor 1268 are especially resistant to
weathering. Some of these congeners, in particular di-ortho congeners, have relatively
little affinity for the Ah receptor, but may have non-dioxin-like toxicity (Sajwan et al.
2008).

6.2.2 Assessment Endpoints

The investigations reviewed in Appendix J are of particular importance in evaluating the
uncertainty inherent in assessment endpoints based on limited (often single) and
theoretical LOE; in particular, food-web exposure models for wildlife. In some cases,
these investigations evaluated ecological conditions in the LCP estuary prior to the 1998
- 1999 remediation of parts of the estuary and, consequently, are likely to represent

“worst-case” conditions with regard to the present environmental baseline.

6.2.2.1 Benthic Estuarine Community (Assessment Endpoint 1)

Acute toxicity tests (Sprenger et al., 1997) were conducted before the 1998-1999
remediation of the LCP estuary with brown shrimp (Penaeus vannameij) and amphipods
(Leptocheirus plumulosus) acutely exposed (for 10 days) to sediment from the most
contaminated part of the Site. These tests did not identify statistically significant
harmful effects on either organism. In another set of acute toxicity tests conducted
before the estuarine remediation (Horne et al., 1999), amphipods (Leptocheirus
plumulosus) exposed for 14 days to sediment from the same part of the Site exhibited
no statistically significant adverse effects. In the final pre-remediation acute toxicity
study, Winger et al. (1993) reported that another species of amphipod (Hyalella azteca)
exposed for 10 days to sediment from various locations throughout the Site exhibited
no statistically significant mortality, but displayed reduced feeding rates. In the same
study, amphipods exposed to pore water from the sediment displayed statistically
significant mortality, as well as reduced feeding rates; and low median effective
concentration (EC50) values appeared to characterize bacteria (Photobacterium

phosphoreum) exposed to pore water from the sediment.

The indigenous benthic community in the LCP estuary has been studied in several
investigations, with results often suggesting a hazard less than that predicted by
laboratory-based studies. In studies conducted before the 1998-1999 estuarine

remediation, Wall et al. (2001) concluded that, despite high levels of contamination,
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there were few effects on microbes (primarily fungal standing crop), cordgrass (Spartina
alterniflora), or grass shrimp (Palaemonetes pugio). Newell et al. (2000) also noted the
resistance of fungi and cordgrass to potentially toxic pollutants. Horne et al. (1999)
reported that the density of individual macrobenthos species showed no consistent
patterns in response to pollutants, but noted contamination-related shifts of
macrobenthos at higher taxonomic levels and a shift in feeding habits of the benthos.
(However, these two shifts were not observed in a similar study detailed in Section 4.5.1
of this document).

6.2.2.2 Omnivorous Reptiles (Assessment Endpoint 2)

In a study conducted in 1995 (Sprenger et al., 1997), eggs taken from three female
diamondback terrapins obtained in the LCP estuary were characterized by apparently
elevated mean concentrations of mercury and Aroclor 1268. Although eggs from one of
the females did not hatch; eggs from the other females, which contained higher
concentrations of mercury (in one case) and Aroclor 1268 (in both cases), did hatch.
Consequently, elevated concentrations of mercury and Aroclor 1268 in terrapin eggs
(even levels that existed in 1995) cannot be implicated as causing failed reproduction in
terrapins. Also, histopathological examinations of terrapins did not indicate any

degeneration or abnormality known to be associated with COPCs.

In a study not referenced in Appendix J (Cobb and Wood, 1997), the eggs of loggerhead
sea turtles (Caratta caratta) from South Carolina were evaluated for body burdens of
several higher-chlorinated homolog groups characteristic of Aroclor 1268 (octa- and
deca- homologues). The presence of these homolog groups was significantly correlated
(P < 0.05) with length of resulting embryos. However, the authors reported the

relationships to be highly uncertain.

The results of these independent investigations support the results of the BERA that
there is no potential risk to the viability of omnivorous reptiles

6.2.2.3 Omnivorous Birds (Assessment Endpoint 3)

Livers of clapper rails collected in 1995 from the southern part of the LCP estuary
(Sprenger et al., 1997) contained a mean mercury concentration of 3.84 mg/kg (ww), as
compared to the following liver-based concentrations that have been reported to cause

mortality in omnivorous birds: 126.5 mg/kg for red-winged blackbirds, and 54.5 mg/kg
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for grackles. In addition, histopathological examinations did not indicate specific toxicity
or specific uniform degeneration of tissues of clapper rails. In particular, myelin sheath
and axonal degeneration, characteristic of mercury toxicity, were not observed except in
one case, which was reported to be a possible artifact. Also, liver necrosis and fatty
change, typical of PCB toxicity, were not noted.

The above-referenced mean mercury concentration of 3.84 mg/kg in livers of clapper
rails can also be compared to the mercury values (3 to 13.7 mg/kg) reported by Barr

(1986) to decrease hatchability of eggs of the common loon (Gavia immer).

Finally, in a study of the mineral chemistry of bones of clapper rails (Aleiandro et al.,
2006), exposure to contaminants in the LCP marsh did not affect the length or weight of
leg bones of clapper rails evaluated in 2000. However, bone maturation was accelerated
as evidenced by a high calcium/phosphorous ratio and lower carbonate and acid-
phosphate content of the bones. The authors noted the difficulty in determining the
specific toxicant(s) that caused these effects although they specifically referenced
Aroclor 1268, organochlorides other than PCBs (e. g., dioxins), and heavy metals

including mercury.

The results of these independent investigations do not contradict the judgment reached

in the BERA that potential risk to omnivorous avian species is minimal.

6.2.2.4 Piscivorous Birds (Assessment Endpoint 4)

The independent studies are of particular importance in addressing this assessment
endpoint since only a single LOE — food-web exposure models for the green heron
(Butorides striatus) — was employed in the BERA to evaluate the potential risk to
piscivorous birds. It is important to note that a food-web exposure model for the green
heron, which is a wading bird, was initially employed (EPA, 2001) to establish a
preliminary remedial sediment goal for mercury in the LCP estuary of 4 mg/kg. This
sediment goal was then lowered to 1 mg/kg to provide protection for the federally-

endangered wood stork (Mycteria americana).

However, a survey of wading birds (PTI and CDR Environmental Specialists, 1998), which
was conducted in 1996, indicated that most wading birds that utilized the LCP estuary

were found at the extreme northern boundary of the estuary (including tributaries of
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the Turtle River), far distant from the center of the LCP estuary. In a survey of wood
storks (Mazama americana) inhabiting inland and coastal areas of Georgia during 1997
— 1999, Gariboldi et al. (2001) reported that the highest observed reproductive success
(mean number of wood stork fledglings per nest) occurred in the St. Simons colony and
that storks typically forage for food within 10 to 15 km of their colony. (The St. Simons
colony is located at least 20 km from the LCP Site.)

The results of these independent investigations support the conclusion reached in the

BERA of a moderate ecological risk to piscivorous avian species in the LCP estuary.

6.2.2.5 Piscivorous Mammals (Assessment Endpoint #7)

Preliminary data from NOAA have indicated that PCBs have been detected in bottlenose
dolphins (Tursiops truncatus) from the Turtle/Brunswick River Estuary at high
concentrations (geometric mean of 401 pg/g lipid) relative to dolphins sampled from
Beaufort, North Carolina (31.7 pg/g lipid) or from Charleston, South Carolina (42.1 pg/g
lipid)(Sanger et al. 2008). In addition, the same research suggested that the PCB
congener profiles from the Turtle/Brunswick Estuary were indicative of an Aroclor 1268
signature, with a high prevalence of octa- and nonachlorobiphenyls. Further research is
being conducted by NOAA to determine how the elevated levels of these PCBs may
affect dolphin health (Schwacke, 2010). An important source of uncertainty associated
with this assessment endpoint is how well the river otter exposure model that
represents a top-level piscivorous mammal could be extrapolated to dolphins and
whether the TRV (based on Aroclor 1254 effects to mink) could reasonably be applied to
dolphins. Based on PCB toxicity equivalency, the octa- and nonachlorobiphenyls are
generally less toxic; however, specific effects to marine mammals are largely unknown.

Consequently, risks to piscivorous marine mammals cannot be estimated at this time.

6.2.2.6 Finfish (Assessment Endpoint 8)

An acute laboratory toxicity study was conducted (Sprenger et al., 1997) in which
embryos of Japanese medaka (Oryzias latipes) were exposed to sediment obtained from
the most contaminated areas of the LCP estuary during 1995 (before the 1998-1999
remediation). These embryos were reported to have developed lesions known to be

associated with dioxins, furans, PCBs, and, possibly, mercury.
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In a laboratory study that addressed the effects of contaminated food on fish (Matta et
al., 2001), three generations of mummichogs (Fundulidae heteroclitus) evaluated for 13
possible effects attributable to Aroclor 1268 exhibited, from a statistical perspective,
only an increase in growth by the second (F;) generation. In the case of fish assessed for
13 possible effects associated with mercury-contaminated food, the only statistically
significant effects were increased mortality of Fq fish (just males), increased weight of F;
fish, altered sex ratios of F; fish, and reduced fertilization success of F; fish. No
statistically significant effects occurred in the F, generation. Of the 26 possible effects
evaluated in the three generations of fish, only three (3) effects, all associated with
mercury-contaminated food (mortality of male Fq fish, as well as altered sex ratios and
reduced fertilization success of F; fish), appear to have possible ecological significance.
These effects (and all mercury-related effects) were associated with a “worst-case”
(lowest) MATC in bodies of Fy fish of 1.2 mg/kg (dw) mercury. The highest mean and
95UCL body burdens of total mercury measured in mummichogs from the LCP estuary
over the 2000-2007 time period was 0.71 and 2.03 mg/kg, respectively (in the Eastern
Creek - Table 4-10a).

The results of these independent investigations are basically consistent with the
judgment reached in the BERA that potential risk to the viability of finfish indigenous to
the LCP estuary is of concern. Although the study by Matta et al. (2001) provides
information that directly addresses the impact of contaminated food on lower-trophic-
level fish (i.e., mummichogs), the biomagnification of mercury and Aroclor-1268 in
upper-trophic-level finfish from the LCP estuary and potential associated effects has not
been studied to confirm the model predictions. Field fish may respond differently if
burdened with both Aroclors and mercury (and other COPCs) over the long term. Such
long-term exposure may result in sufficient stress to induce negative effects on

reproductive fitness.

6.3 Uncertainty Conclusions

The convergence of risk estimates generated by the BERA and the independent
investigations provides a basis for concluding that the evaluation of ecological
conditions in the LCP estuary is not characterized by gross uncertainty and is basically
reliable. This is to be expected since the ecology of the estuary has been investigated
over a period of at least 15 years by numerous organizations and scientists. The

importance of the independent investigations is especially noteworthy in those cases
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where evaluation of an assessment endpoint would otherwise have been based on a

single LOE involving food-web exposure modeling.

The ultimate judgments of the risk posed by COPCs to the vitality of the benthic
estuarine community, wildlife, and finfish are broad and qualitative — ranging from no
risk to moderate risk for modeled receptors, and from zero percent to 100 percent
survival of benthic organisms. Since there is a broad range of risk to various ecological
receptors, this necessitates an evaluation of sediment and surface water concentrations
that should be protective of benthic invertebrates, fish, and wildlife that inhabit the LCP

estuary.
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7.0 DEVELOPMENT OF ECOLOGICALLY PROTECTIVE
MEDIA CONCENTRATIONS

This section provides a link between risk assessment and risk management and includes
the development of a range of COPCs concentrations that are protective of ecological
receptors. The ecological risks from hazardous substances released to the LCP estuary,
as assessed in the previous sections, create a need to evaluate measures that would
reduce the incidence of adverse growth and reproductive effects to benthic organisms,
fish, and wildlife.

In this section, the food chain bioaccumulation models and the TRVs were used to
“back-calculate” the COPCs sediment concentrations considered protective for each
receptor of concern (i.e., those receptors where a hazard quotient exceeded 1 [from
Tables 4-29 and 4-30]). This back calculation necessitates the need to establish the
relationship between field-collected biota and sediment (i.e., BAFs), which is described
in detail below. The NOAEL and LOAEL HQs are also used in the back calculation to
provide a range of concentrations protective of each receptor. Finally, a “rule of 5”
approach is discussed that enables one to look across the results for all receptors of

concern to identify sediment remedial goal options (RGOs).

7.1 Sediment to Biota Bioaccumulation Factors

The development of protective sediment concentrations and RGOs is relatively complex
and usually requires the use of sediment to BAFs. This section presents the
methodology for deriving BAFs and their eventual use in developing RGOs for those
receptors considered at risk (i.e., those receptors that had HQs > 1, refer to Sections
4.10.2 and 4.11):

e fish from methylmercury and Aroclor 1268;
e omnivorous and piscivorous birds from methylmercury;
e herbivorous, omnivorous, and piscivorous mammals from Aroclor 1268;

e benthic invertebrates from methylmercury, Aroclor 1268, lead, and PAHs;

Since lead did not contribute to risk in wildlife or fish, calculation of lead BAFs is

unnecessary.
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A bioaccumulation factor is an operationally defined relationship between the
concentration in the biota and the concentration in the sediment. It is assumed that the

concentration in biota can be expressed as a function of the sediment concentration.

Concentration in biota Cpjotq = Function of the sediment concentration f (Cseq)

A linear function results in a simple ratio:

BAF = Cbiota/csed

This ratio is commonly used where average biota concentrations are divided by the
average sediment concentrations. Non-linear BAFs can also be developed based on site-

specific relationships between the biota and sediment data.

For organic chemicals that strongly partition to organic carbon (OC) and tissue lipids
such as PCBs, a biota sediment accumulation factor (BSAF) may provide a better
measure of chemical bioaccumulation to sediment-dwelling organisms depending on

Site conditions and data quality.

The BSAF is only used to assess Aroclor-1268 and is provided by the following ratio:

BSAF = Cpjptq + %Lipid / Cseq + % OC

Plots of the concentration in biota versus the concentration measured in sediments are
typically used to assess bioaccumulation. These plots require measurements of biota
over a gradient of contamination in sediments. Methods of treating the data and
estimating a BAF are discussed by Burkhard (2006).

Graphing data in this manner and fitting a standard curve assumes perfect knowledge of
the sediment concentrations to which biota were exposed. Unfortunately, this is seldom
possible. Biota are often collected in the field over transects or within an area to obtain
sufficient mass. Biota can be mobile and move in and out of sample transects. Also,

sediment concentrations can vary substantially over the sampling transect or within the
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area to which biota are exposed and complicated by factors affecting bioavailability
(e.g., TOC and sulfides).

Long-term monitoring at the LCP estuary has revealed a high degree of variability in
sediment concentrations measured at the same locations over multiple years, with no
discernable temporal trends. The variability can confound estimates of the
bioaccumulation factor by causing scatter in the bioaccumulation plots. Scatter arises
when a single sediment sample is taken to represent the concentration in sediment to
which a biota sample was exposed. Biota collected at a hotspot might not have been
exposed entirely to the hot spot, if the hot spot is small relative to the foraging area of
the organism. Hot spots can also cause scatter in the bioaccumulation plots.
Furthermore, the scatter in bioaccumulation plots can be caused by mobile biota;
however, the high degree of variability in the sediment concentrations may mask this

effect.

The approach to derive bioaccumulation factors of organisms in the LCP estuary focuses
on addressing the variability in sediment concentrations while attempting to maximize
the biota tissue data relative to habitat use areas for each of the receptors. This was
done by averaging sufficient sediment chemistry data for stations near biota sampling
stations. Spatial polygons were selected throughout the estuary based on professional
judgment to maximize relevant exposure data in various habitat areas of the estuary. At
least 10 polygons were needed to provide adequate statistical data to develop BAFs and
to ensure reasonable coverage of the estuary. For mummichogs there were some years
where intensive sampling of creeks resulted in sufficient sediment data for yearly
estimates. Sediment near most fiddler crab stations were sampled less densely and
therefore it was necessary to average sediment concentration over all years in order to
obtain enough data to estimate the sediment concentrations that the fiddler crabs
would be exposed to. Because most of the sampling stations were non-random and
biased toward pre-selected areas, these exposure areas or “polygons” with higher data
density tend to skew overall exposure concentrations. To account for spatial and
temporal influences on exposure within a polygon, all individuals at a sample station
were averaged to "normalize" the spatial and temporal effects between stations within
a polygon. This spatial and temporal averaging provides a more useful evaluation of

exposure within a polygon relative to combining all data irrespective of these factors.
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The BAF curve fits were selected based on the highest reasonable r® value. Most of the
best BAF curve fits were based on the power distribution, more so than the linear or

logarithmic distribution.

7.1.1 Fiddler Crab Bioaccumulation Factors

The data for mercury and Aroclor-1268 bioaccumulation in fiddler crabs were evaluated
in several ways to maximize exposure relevance and reduce the scatter in the
bioaccumulation plots. Fiddler crabs were collected annually in all sampling years.
There was insufficient sediment data in the vicinity of fiddler crab collection stations in
most years to obtain an estimate of the exposure concentration by averaging stations
within a fixed radius, averaging data within customized polygons taking into account
spatial features in data, or by separately evaluating marsh and creek stations. Therefore,
data for fiddler crabs and sediments from all years were grouped together and averaged
within polygons that represented sample collection areas. Sometimes the polygons
included multiple fiddler crab sampling stations. Multiple biota sampling stations within
a polygon were averaged. Larger polygons containing multiple biological sampling
stations were used when spatial variation in biota and sediment concentrations was
minimal, as was observed as distance from secondary sources increased. Creek

sediment and marsh sediments were also combined to more fully assess exposure.

Ten polygons were used to average fiddler crab data and are shown in Figure 7-1. In
areas where clusters of sampling stations were spatially separated from other sampling
locations, e.g., Blythe Island and reference stations, the size and shape of the polygons
was irrelevant as long as all samples in the cluster were included in the polygon. Some
sample points were used in more than one average when polygons overlapped. The
fiddler crab and sediment sampling stations within each polygon are listed in Table 7-1.
Although data were collected at the M-AB seep area, this station was not included in the
analysis because of extremely variable sediment mercury concentrations (e.g., in 2003
sediment mercury was 0.03 mg/kg and 29 mg/kg in 2005) relative to other years and
other stations within the polygon. In addition, exposure to the water pathway appears
to dominate at this seep relative to sediments and the polygon only represents a very

small area adjacent to the upland.
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All concentration data were obtained from the baseline Ecological Risk Assessment
Database dated October 5, 2009 obtained from Honeywell. Appendix K includes a data
CD with a file entitled “Fiddler Crab BAFs” and provides all of the relevant database
information for calculating the BAFs. Table 7-2 provides the arithmetic mean
concentrations for total mercury and Aroclor 1268 in wholebody fiddler crab tissue and
sediment (in mg/kg dry weight) for each polygon. In addition, percent tissue lipids in
biota and percent TOC in sediments are provided to evaluate the BSAF results relative to
the BAF results.

Figures 7-2 through 7-4 show the fiddler crab BAFs for mercury and Aroclor 1268 and
the BSAF curve for Aroclor 1268. The graphs show that the BSAF approach (with an r?
value of 0.326) does not appear to be a good predictor of Aroclor 1268 bioaccumulation
relative to the BAF (r? = 0.917). This is primarily due to the lack of lipid data from some
of the monitoring events, which precluded the use of BSAFs for data from those events.
Therefore, the BSAF approach is not adopted; whereas, the fiddler crab BAF correlations

are considered usable for estimating sediment/tissue relationships.

7.1.2 Mummichog Bioaccumulation Factors

The development of polygons for mummichogs was very similar to the methods
described above for fiddler crabs. Thirteen exposure polygons were selected to
maximize exposure relevance with respect to available mummichog tissue and co-
located or nearby sediment data. The relative home ranges were considered and the
Creek and marsh sediment stations were combined in some areas to more fully assess
exposure. Figure 7-5 shows the locations and data points used for each polygon and
Table 7-3 lists the sediment and mummichog sampling stations within each polygon.
These data were spatially and temporally averaged to assess BAFs to the mummichog.
All of the relevant data used to calculate BAFs for these polygons are provided in the file
“Mummichog BAFs” on the attached CD in Appendix K.

Figures 7-6 and 7-7 show the BAF curve plots for Aroclor 1268 and mercury,
respectively. Two of the more Aroclor 1268-contaminated polygons (C-6 and C-9) tend
to bend the curves downward to the right; however, this is somewhat counter-balanced
by some of the less contaminated polygons and contributes to overall r* of 0.812 for

Aroclor 1268 and 0.884 for mercury, respectively.
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Although the BSAF approach was also applied to the mummichogs, the curves and
correlation coefficients were poor relative to the BAFs and consequently not shown. In
summary, the mummichog BAFs are considered usable for estimating sediment/tissue

relationships for these fish.

7.1.3 Blue Crab Bioaccumulation Factors

The development of polygons for the blue crab is much more problematic than with
fiddler crabs or mummichogs in that there were only a few stations from which to plot
data. Therefore, two approaches were evaluated. The first “yearly average approach”
plots the yearly sediment and blue crab tissue averages from all of stations (including
reference stations) resulting in 16 data pairs for Aroclor 1268 and 20 data pairs for
mercury. The second “grand mean approach” calculates grand mean sediment
concentrations for mercury and Aroclor 1268 from all Purvis Creek stations sampled
between 2000-2007 (71 samples — see Table 4-3a). Grand mean blue crab tissue
concentrations for mercury and Aroclor 1268 in all Purvis Creek samples are also
calculated (91 samples — see Table 4-9a). A single BAF is calculated for mercury and
Aroclor 1268 based on these grand means. Below is a summary of the results of the

grand mean approach.

Media n Grand Mean Hg Grand Mean A- Aroclor 1268
Hg (mg/kg dw) BAF 1268 (mg/kg dw) BAF
Blue crab tissue | 91 1.59 1.61
1.30 0.43
Sediment 71 1.22 3.78

Figures 7-8 and 7-9 show the BAF plots for the “yearly average approach” which
generated r’ values of 0.674 and 0.606 for Aroclor 1268 and mercury, respectively.
Included in these figures is a linear line representing the grand mean BAFs extending
throughout the range of concentrations used to calculate the yearly average BAFs.
Although both approaches produce similar curves, the grand mean BAFs were selected
to be more representative of blue crab exposure in Purvis Creek, relative to the yearly
average approach that included more reference area data. All of the sediment and blue

crab tissue data are provided in Appendix K.
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7.1.4 Finfish Bioaccumulation Factors
Two approaches were considered for the development of field-collected finfish BAFs.

The first “area-weighted approach” was based on the following assumptions:

e that the fish are highly mobile and that they may visit various portions of the
affected estuary (creek tributaries),

e that fish do not feed in the marsh interior during high tides,

e that the source of all Aroclor 1268 and mercury in finfish is from Site sediment
(regardless of exposure route),

e assume that exposure is based on an area-weighted average for each major

creek in the LCP estuary.

The sediment concentrations in the affected area were developed by averaging the
concentrations in each of the major creeks and multiplying by the percent of the total
creek area. For example, Purvis Creek represents 87 percent of the exposure habitat.
Table 7-4 shows the area-weighted sediment concentrations of the LCP estuary that is
assumed to be the source of contaminants acquired in finfish that were collected in the

LCP estuary (from Purvis Creek).

The finfish BAFs are calculated by dividing the measured tissue concentrations in each
fish species by the area-weighted sediment concentration and are also presented in
Table 7-4.

The second “yearly average approach” calculated mean sediment and tissue
concentrations from Purvis Creek, Troup Creek, and the Crescent River, resulting in 8 to
11 data pairs for Aroclor 1268 and mercury, depending on fish species. Table 7-5
summarizes the data used to develop the BAF curve plots. Supporting finfish tissue data
are provided on the data CD in Appendix K with a file entitled “Finfish Tissue Data”.
Figures 7-10 through 7-19 show the resulting curves and r? values for each fish. The r?
values are relatively good, ranging between 0.721 and 0.913.

Both of these approaches have their inherent uncertainties. The area-weighted

approach results in lower BAFs because approximately 60 percent of the sediment

concentration comes from only 13 percent of the total exposure area. In addition, the
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average sediment concentrations particularly in the Main Canal and Eastern Creek are
driven by a few highly contaminated samples. The BAF curves derived from the yearly
average approach result in higher BAFs because one-third to one-half of the finfish data
pairs are from the reference area, rather than from the affected areas of the LCP
estuary where exposure is most relevant. Because of these uncertainties, both
approaches will be used to provide a range of protective sediment concentrations to
finfish.

7.1.5 Cordgrass Bioaccumulation Factors

Sediment to cordgrass BAFs are used to estimate Aroclor 1268 exposures to herbivorous
mammals as represented by the marsh rabbit. Mercury BAFs are not developed as
mercury did not result in any risk to the rabbit. Figure 7-20 shows the Aroclor 1268 BAF
and the data are provided in Appendix K. The best r? value that could be obtained was
0.085 which was deemed unusable. Instead, a mean BAF derived from 35 data pairs
was calculated to be 0.022 (Figure 7-20).

7.2 Protective Sediment Concentrations for Receptors at Risk
This section presents estimates of the concentrations in sediment that are considered
protective of ecological receptors of concern (Section 7.1) that use the LCP estuary and

are based on the NOAEL and LOAEL toxicological reference values.

7.2.1 Wildlife
For the food-web assessment endpoints, the protective sediment concentrations or

RGOs are calculated as follows:

RGO ={[IR * ( Cseq * BAF *ffood) + (IRseq * sed)]/BW} = TRV

Where: RGO = remedial goal option
TRV = toxicity reference value
BW = body weight of receptor
IR = Ingestion rate of COPCs
ffood = dietary food fraction of each prey item

BAF = bioaccumulation factor(s) of each prey item
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IRseq = Ingestion rate of COPCs from sediment

Cseq = concentration in sediment

Table 7-6 summarizes the bioaccumulation factors as derived above. The second set of
fish BAFs in this table are based on the area-weighted method. Table 7-7 provides the
food chain model intake parameters and Table 7-8 lists the TRVs. Table 7-9 is the
percent of methylmercury in each receptor and originates from Appendix F.

Tables 7-10 through 7-15 show the calculated sediment concentrations that would
result in various hazard quotients for the modeled wildlife receptors. When a hazard
guotient of 1 is obtained, the table row is highlighted in yellow and the resulting

sediment concentration is considered protective.

Table 7-16 provides an overall summary of the protective sediment concentrations for
each receptor. The most sensitive modeled wildlife from exposure to mercury are
piscivorous birds as represented by the green heron, with protective sediment
concentrations ranging from about 0.44 to 2.7 mg/kg dw. The least sensitive receptors
to mercury are omnivorous birds (clapper rail). Although the piscivorous river otter was
not considered to be at risk from any specific exposure area (all HQs were less than 1),
overall exposure to the entire Site (approximately 790 acres) results in protective

sediment mercury concentrations between 1.7 and 4.2 mg/kg dw.

With respect to wildlife exposure to Aroclor 1268, the river otter was most sensitive
with protective sediment concentrations ranging from 0.27 to 4.6 mg/kg dw. The least
sensitive wildlife receptors to Aroclor 1268 are herbivorous mammals (e.g., marsh
rabbit).

7.2.2 Finfish

Table 7-16 provides a summary of finfish HQs based on modeled EEEs and on residues
observed in field-collected fish. Tables 7-17 (mercury) and 7-18 (Aroclor 1268) provide
detailed calculation results and identify the protective sediment concentrations based
on the models. Based on the mercury model, protective sediment concentrations are
lower than those of field-collected finfish, which is consistent with the general over-
prediction of mercury residues as discussed in Section 4.10.3. The finfish model for

88



Aroclor 1268 predicted protective sediment concentrations ranging from 1.5 to 10

mg/kg and is relatively comparable to the field-collected finfish results.

Tables 7-19 through 7-28 provide detailed calculation results for HQs based on mercury
and Aroclor 1268 residues in field-collected fish. Protective mercury and Aroclor 1268
sediment concentrations based on field-collected fish generally ranged from about 1 to
3 mg/kg and from about 1 to 8 mg/kg, respectively. Protective concentrations based on
field-collected striped mullet tend to fall outside these general ranges because mercury
residues were lower and Aroclor 1268 residues higher compared to the other four
species of fish. The reason why mullet residues vary from the other species is currently
unknown but may be related to different feeding strategies, feeding behaviors and in

situ exposure scenarios.

7.2.3 Benthic Invertebrates

Due to the lack of significant COPCs exposure-response relationships based on the
results of over 200 sediment toxicity tests (Figures 4-5 through 4-8), the establishment
of “safe” levels for benthic organisms is highly uncertain. It appears that the interactions
between COPCs, organic carbon, sulfides, grain size, and other factors such as
oxidization/ reduction changes in sediment chemistry, collectively confound the toxicity
test results. Based on the amphipod and grass shrimp SECs (Tables 4-20 and 4-22,
respectively), and in consideration of their low accuracy and predictability of adverse
effects, conservatism is used to develop a range of COPCs sediment concentrations
protective of invertebrates. These protective levels are weighted to the most sensitive
endpoint TELs even though up to approximately 30 percent of the Site samples below
the TEL still demonstrated toxicity (see Figures 4-5 through 4-8). The most sensitive
endpoint for grass shrimp was embryo development rate; whereas the most sensitive
endpoint for amphipods was survival. The protective sediment COPCs ranges are
presented in Table 7-29. The higher end of the range is based either on the PEL or the

ER-L, whichever was lowest.

Given the chemical mixtures in sediment and the confounding factors mentioned above,
it is concluded that concentrations between 1.4 and 3.2 mg/kg of mercury; 3.2 to 12.8
mg/kg of Aroclor 1268; 0.8 to 1.5 mg/kg of total PAHs; and 41 to 60 mg/kg lead should

be protective of benthic invertebrates.
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7.3 Remedial Goal Options for Wildlife and Aquatic Receptors

7.3.1 RGOs for Wildlife

To help facilitate the selection of sediment RGOs that would be protective of the
assessment endpoints, a “rule of 5” approach is used (Charters and Greenburg, 2004).
This approach is based on dividing the broad range between the NOAEL and LOAEL
concentrations (as presented in Table 7-16) into five intervals based on a logarithmic

progression as follows:

x1 = NOAEL * a

x2 = NOAEL * a°

x3 = NOAEL * a® = geometric mean between NOAEL and LOAEL
x4 = NOAEL * a*

x5 = NOAEL * a°

Where: a =exp[(In LOAEL — In NOAEL) / 6]

Table 7-30 and also imbedded with the text below, provides the results of the “rule of
five” approach for sediment. Ideally, the mid-point between the NOAEL and LOAEL
concentrations would be a starting point as a potential cleanup value. However, a higher
or lower concentration is usually selected depending on the weight of evidence and
uncertainties associated with the receptor groups exposed to each medium and a
variety of risk management factors such as criteria used to evaluate remedial
alternatives and the potential for remedial actions themselves to cause adverse
ecological impacts. For this risk assessment, the selected RGOs to protect wildlife are
recommended for application to each of the specific exposure areas or domains. The
selected RGOs for finfish are recommended as area-wide averages as defined in Table 7-
4 (i.e., the Main Canal, Eastern Creek, the Western Creek complex and Purvis Creek

combined).

For wildlife exposed to mercury, piscivorous birds and mammals are the most affected
receptors. Sediment mercury concentrations from the midpoint within the “rule of 5”
for piscivorous birds (e.g., herons and wood storks) are considered protective. For

exposure to Aroclor 1268, piscivorous mammals are considered most sensitive. The RGO
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range was identified at the LOAEL and above because of the uncertainty of the less toxic
effects of Aroclor 1268 relative to Aroclor 1254 from which the TRV was based (refer to
Section 6.2.1 and Appendix J.2.1). Although Aroclor 1268 alone is less toxic than Aroclor
1254, it is unknown what the combined toxic effect of Aroclor 1268 with mercury and

other chemical stressors would be to piscivorous mammals.

The two approaches used to estimate protective sediment concentrations in field-
collected finfish (i.e., using the BAF curves and the area-weighted BAFs) resulted in a
reasonable range of protective sediment concentrations between the NOAEL and LOAEL
for mercury (RGO between 1 and 3 mg/kg). For Aroclor 1268, the RGO was selected
near the LOAEL due to the uncertainty associated with the growth endpoint TRV relative
to reproductive endpoints. Striped mullet appears to be sensitive to Aroclor 1268 and

the selected RGO may not be fully protective of this species.

Sediment Remedial Goal Options
for Protection of Wildlife and Finfish
LCP Chemical, Brunswick, GA

COPCs Selected
Receptor Group NOAEL Rule of 5 Range LOAEL RGO Range
Mercury mg/kg

Omnivorous Birds 2.2 3.2 4.7 7 10 15 22
Piscivorous Birds 0.44 0.6 0.8 1.1 1.5 2.0 2.7 1-3
Piscivorous Mammals 1.7 2.0 24 2.8 3.3 3.9 4.2
Aroclor 1268 mg/kg
Herbivorous Mammals 8 12 17 25 37 55 80
Omnivorous Mammals 43 6 10 14 21 32 47 5-10
Piscivorous Mammals 0.27 0.4 0.7 1.1 1.8 2.9 4.6
Mercury mg/kg
Red Drum 0.73 1.0 13 | 1.7 | 2.2 3.0 3.95
Black Drum 0.85 1.1 15 | 20 | 2.6 3.5 4.65
Silver Perch 0.43 0.6 0.8 1 1.4 1.9 2.55 1-3
Spotted Seatrout 0.42 0.5 0.7 0.9 1.1 1.4 1.85
Striped Mullet 11 14 17 21 26 32 39
Aroclor 1268 mg/kg
Red Drum 2.5 3.7 56 | 83 124 | 184 27.6
Black Drum 0.55 0.8 1.3 2 3 4.6 7.1
Silver Perch 0.58 0.9 13 2 3.1 4.6 7 3-6
Spotted Seatrout 0.67 1 15 | 23 | 35 5.3 8
Striped Mullet 0.39 0.5 0.8 1.1 1.5 2.1 3

Finfish RGOs are based on residues in field-collected finfish.
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7.3.2 RGOs for Benthic Invertebrates
Benthic invertebrates in the LCP estuary provide important ecological structure and

function. Based on the discussion in Section 7.2.3, the recommended RGOs (in mg/kg

dw) are:
e Mercury 1.4-3.2 (2.1)
e Aroclor 1268 3.2-12.8 (6.4)
e Total PAHs 0.8-1.5 (1.2)
e lead 41 -60 (50)

The values in parentheses represent the geometric mean on the range.

As mentioned previously, the development of protective levels and RGOs for benthic
invertebrates is highly uncertain with poor accuracies. Consequently only conservative

assumptions were used to estimate protective levels.

Final implementation or modification of the wildlife and/or finfish RGOs to reduce

ecological risks will be dependent on the feasibility study of remedial alternatives.

Of primary concern to the LCP estuary is the reduction of long-term chronic risks to fish
populations and consumers of fish. Because mercury and Aroclor 1268 tend to
biomagnify up the food chain, predictions of protective sediment concentrations
necessitate conservatism. The TRVs applied to methylmercury and Aroclor 1268 (which
is largely based on other more toxic forms of aroclors) are conservative. These TRVs,
along with other conservative assumptions used in this risk assessment, are expected to
minimize the high uncertainties of biotransformation (in the case of methylmercury)
and biomagnification to the highest sensitive trophic levels that may utilize the LCP

estuary.

Continued long-term monitoring of fish tissues should provide trends related to risk-
reduction activities. Sediment toxicity tests may continue every few years as they could
demonstrate trends in toxic effects; however, such tests should be accompanied by a
full suite of sediment chemistry that includes other chemical/physical parameters (e.g.,
sulfides, TOC, paste pH, oxidation/reduction potential, grain size) to assist in better
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interpretative value. Although benthic community monitoring has not been performed
on a regular basis, it could, if properly designed and well executed, provide another line

of evidence for community recovery.

7.4 Protective Surface Water Concentrations

Mercury and Aroclor 1268 in surface water of the LCP estuary occasionally exceed their
respective State water quality standards and may pose a risk to aquatic life (Section
4.2.1). The risk to wildlife from the surface water pathway is minimal relative to prey
and sediment ingestion (Section 4.11). Although there may be seeps or contaminated
groundwater upwelling into the estuary, there is no indication that State of Georgia
water quality standards would not be protective of aquatic life. Therefore, it is
unnecessary to establish an RGO for surface water that would be more protective than
the State standards.
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Figure 3-3. Locations of sampling stations for surface water of major
creeks and associated biota in estuary at LCP Site.
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Figure 3-4. Locations of sampling stations for surface sediment water of
major creeks and associated biota in estuary at LCP Site.
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Figure 3-5_Locations of sampling stations for surface sediment of
marsh creeks and associated biota in estuary at LCP Site.
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Figure 4-1_Concentrations of total organic carbon (TOC) and chemicals of
potential concern (COPCs) in surface sediment at continuously monitored
sentinel stations in major creeks of estuary at LCP Site (2000 - 2007 data)
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Figure 4-2_Concentrations of total organic carbon (TOC) and chemicals of
potential concern (COPCs) in surface sediment at continuously monitored
sentinel stations in marsh of estuary at LCP Site (2000 - 2007 data)
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Y -- Methylmercury (ng/L)

Figure 4-3_ Relationship between concentrations of total mercury and methylmercury in
surface water of major creeks of estuary at LCP Site (2000 - 2005 data)

X --Total mercury (ng/L)




Y -- Methylmercury (ug/kg, dw)

Figure 4-4_ Relationship between concentrations of total mercury and methylmercury in
creek and marsh surface sediment of estuary at LCP Site (2000, 2005 and 2007 data)

X -- Total mercury (mg/kg, dw)
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Figure 4-5
Amphipod reproductive response - mercury exposure
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Figure 4-6

Amphipod reproductive response - Aroclor 1268
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Figure 4-7
Grass shrimp embryo development rate - mercury exposure
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Figure 4-8

Grass shrimp embryo development rate - Aroclor 1268 exposure
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Figure 7-6
Mummichog Aroclor 1268 BAF
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Figure 7-10
Red drum Aroclor 1268 BAF
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Figure 7-12

Black drum Aroclor 1268 BAF
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Figure 7-14
Silver perch Aroclor 1268 BAF
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Figure 7-16
Spotted seatrout Aroclor 1268 BAF
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Figure 7-18
Striped mullet Aroclor 1268 BAF
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Table 3-1_Basic experimental design for data generation and analysis in baseline ecological risk

assessment (BERA) of estuary at LCP Site (2000 - 2007)

Typical
Study Year(s) Analytica detection
a
(measurement) of study method limit Other details (for each sampling station)
Surface Water Chemistry
General water quality 2000 - 2007 Hydrolab - Temperature, salinity, specific conductance, turbidity,
characteristics pH, and dissolved oxygen evaluated
Total mercury 2000 - 2007 1631E 0.07 ng/L Evaluated by "clean-hands" technique
Methylmercury 2000 - 2005 Bloom, 1989 0.02 ng/L Evaluated by "clean-hands" technique
Aroclor 1268 2000 - 2007 8082 0.00tugL e
Lead 2000 - 2007 200.8 0.002ugL e
Surface Water Toxicity
Mysids 2000 1007 e 7-day test designed to evaluate chronic effects; 8 replicates pel
sampling station; evaluation of survival and growth of mysids
exposed to water in laboratory
Sheepshead minnows 2000 1004 0 e 7-day test designed to evaluate chronic effects; 4 replicates pel
sampling station; evaluation of survival and growth of fist
exposed to water in laboratory
. ., b
Surface Sediment Chemistry
Grain-size distribution 2000-2007 ASTM D-422 1% passing sievee e
Total organic carbon 2000-2007 ASTM D4129-82M 0.02% (drywty e
Total mercury 2000-2007 1631E 0.001 mg/kg (drywt) e
Methylmercury 2000, 2005, and 2007  Bloom, 1989 0.008 pg/kg (drywt) e
Aroclor 1268 2000-2007 8082 0.003 mg/kg (drywt) e
Lead 2000-2007 6020 0.02 mg/kg (drywt) e
Total PAHs 2000-2007 8270C 0.001 mg/kg (dry wt) 18 different PAHs evaluated
Secondary metals 2004 - 2006 6010B/6020 <1 mg/kg (dry wt) 21 different metals evaluated
Simultaneously ex- 2006 6010B-SEM 1 mg/kg (dry wt) 6 different metals (Cd, Cu, Pb, Ni, Ag, and Zn) evaluated
tracted metals (SEM)
Acid-volatile sulfide 2006 EPA (1991) 0.5mg/kg (drywt) e
(AVS)
. .. b
Surface Sediment Toxicity
Amphipods 2000 - 2006 EPA/600/R-01/020 - Main Amphipod Study: 28-day chronic test; 5 replicates per
sampling station; evaluation of survival, growth, and
reproduction of amphipods exposed to sediment in laboratory
2006 EPA/600/R-01/020 - Apparent Effects Threshold (AET) Study: As above
except only 1 replication per sampling station
2006 Equilibrium Partitioning Study: evaluation of SEM/AVS ratio
in the context of 2006 amphipod toxicity
Metals: usually - - . . .
2006 6020A: Arolors: Various Toxicity Identification Evaluation (TIE) Analytical methods pertain to
8082: Total pore-water analyses
Grass shrimp 2000 - 2005 Special Lee - Evaluation of survival, reproduction (three different measurements
laboratory test and DNA strand damage (Comet test) of shrimp exposed for
2 months in the laboratory to estuarine sediment
2002 - 2007 Special Lee - Direct evaluation of reproduction and DNA strand damage
field test (Comet test) of embryos of gravid female shrimp collected in field




Table 3-1_Continued

Typical
Study Year Analytical detection
a
(measurement) of study method limit Other details (for each sampling station)

b
Benthic Community -- Surface Sediment

Benthic macro- 2000 Relative numerical - Evaluation of number of taxa, taxonomic groups, and individuals;
invertebrates abundance density of individuals; diversity and equitability indices

Biota Collected for Evaluation of Chemical Body Burdens (Residue)

Insects 2000 e 1 replicate (11 g) of combined grasshoppers, butterflies, and moths
(from southwestern corner of Domain 3)

Cordgrass 2006 s 1 replicate (>100 g) per sampling station collected above 15 cm
from ground

Eastern oysters 2006 0 s 3 replicates of about 100 composited young-of-year (Year 0)
oysters and 20 composited older (Years | and Il) oysters

Fiddler crabs 2000-2007 - e 2 - 7 replicates of about 8 - 50 composited crabs (mostly males)
replicate weight = about 7 - 63 g

Grass shrimp 2000-2007 - e 3 replicates of individual gravid female shrimp plus about 50
composited male and female shrimp shrimp for body burden
analysis (performed only in 2006)

Blue crabs 2000-2007 - e 6 - 7 replicates of individual male crabs; crab length (point-to-point
on carapace) = about 70 - 240 mm (32 - 375 g)

Mummichogs 2000-2007 - e 1 to 4 replicates of 1 - 40 composited fish (about 35 - 110 mm
in length); replicate weight=5- 100 g

Silver perch 2000-2007 - e 8 replicates of individual silver perch; fish length (total length)
=113 -207 mm (15 - 122 g)

Red drum 2000-2007 - e 1 - 8 replicates of individual red drum; fish length (total length) =
320 - 475 mm (431 - 1,083 g)

Black drum 2000-2007 - e 8 replicates of individual black drum; fish length (total length) =

155 - 320 mm (52 - 541 g)

Spotted seatrout 2000-2007 - e 8 replicates of individual spotted seatrout; fish length (total length) =
210 - 450 mm (100 - 852 g)

Striped mullet 2004 -2007 e 2 - 8 replicates of individual striped mullet; fish length (total length) =
200 - 340 mm (106 - 568 g)

Chemical (Residue) Analyses Performed on Biota
(Whole Bodies Typically Analyzed)

Total mercury 2000 - 2007 1631E 0.0001 mg/kg (wetwt) e
Methylmercury 2000, 2005, and 2007 1630 (mod) 0.0004 mg/kg (wetwt) e
Aroclor 1268 2000 - 2007 8082 0.0006 mg/kg (wetwt) e
Lead 2000 - 2007 6020 0.001 mg/kg (wetwt) e
Lipids 2000 - 2007 NOAA NOS ORCA 71 0.05% (wet wt) Evaluated in just blue crabs and large finfishes (not reported).

aAnaIyticaI methods are U. S. EPA methods unless otherwise indicated.

bSurface sediment is defined as between 0 and 15 cm in depth.



Table 3-2_Sampling stations and associated environmental media for surface water
of major creeks of estuary at LCP Site during 2000 - 2007a

Environmental

media 2000 2002 2003 2004 2005 2006 2007
Main Canal
Surface water (for chemistry
and/or toxicity testing in 2000) C-1t0C-5 C-1t0C-5 C-5 c-5
Mummichogs (for body burden C-5 C5 C-5 C-5 C5 C5

analysis)

Eastern Creek

Surface water (for chemistry
and/or toxicity testing in 2000)

C-6to C-9 C-6to C-9 C-9 C-9

Mummichogs (for body burden ¢ 5 c9  c6,co0 ©609 C6C9 C6C9 C6C9  C6 CI

analysis)
Western Creek Complex

Surface water (for chemistry) C-10 to C-15 C-10 to C-15 C-15 C-15
Mummichogs (for.body burden c-13 c-13 c-13 C-13 C-13

analysis)

Purvis Creek

Surface water (for chemistry Cc-16, C-29, C-16,C-29, C-16,C-29, C-16,C-29, C-16,C-29, C-16,C-29, C-16, C-29,
and/or toxicity testing in 2000) C-36 C-36 C-36 C-36 C-36 C-36 C-36

Blue crabs (for body burden
analysis)

North and South Purvis Creek

Large finfishes (for body burden Purvis Creek

analysis)

a
These creek locations are illustrated in Figure 3-3. Coordinates of the locations are presented
in Appendix A.



Table 3-3_ Sampling stations and associated environmental media for surface sediment

, b
of major creeks of estuary at LCP Site during 2000 - 2007a

Environmental
media 2000 2002 2003 2004 2005

2006

2007

Main Canal

Surface sediment (for

chemistry and/or toxicity C-1toC-5 C-1toC-5 C-1toC-5 C-1toC-5 C-5
testing)
Benthic

macroinvertebrates (for C5 e

community study)
Grass shrimp (for toxicity
testing and/or body burden ~ -—-—mm- C-5 C-5 C-5

analysis)

C-5

Eastern Creek

Surface sediment (for

chemistry and/or toxicity C-6to C-9 C-6to C-9 C-6to C-9 C-6to C-9 C-6, C-7,C-9
testing)
Benthic

macroinvertebrates (for C-7 -

community study)
Grass shrimp (for toxicity
testing and/or body burden ~ -emee- e

analysis)

Western Creek Complex

Surface sediment (for C-10 C-12 to
chemistry and/or toxicity C-10to C-15 C-13, C-15 C-13, C-15 C-13, C-15 (’:_15

testing)

Grass shrimp (for toxicity
testing and/or body burden ~ —eeeee e
analysis)

c
Purvis Creek

Surface sediment (for C-16, C-29, c-16 C-16 c-16 C-16, C-29,
chemistry and/or toxicity C-36, M-44, M-28/NOAAT0 M-28/NOAAT0 M-28/NOAA10 C-36, M-44,

testing) M-28/NOAA10 M-28/NOAA10

Benthic
macroinvertebrates (for C-16 e
community study)

Cordgrass (for body
burden analysis) M-28/NOAA10 e e

Eastern oysters (for body
burden analysis)

Fiadler crabs (for body M-28/NOAA10 M-28/NOAATD M-28/NOAATD M-28/NOAATD  —comeeemee
burden analysis)

C-5

C-5

C-5

C-6,C-7,C-9

C-5

C-6,C-9

C-15

C-16, C-29,
C-36,
28/NOAA10

C-156

M M-28/NOAA10

M-28/NOAA1

'+ J—

M-28/NOAA10 M-28/NOAA10

a
These creek locations are illustrated in Figure 3-4. Coordinates of the locations are presented in Appendix A.

b
In addition to these sampling stations for surface sediment in major creeks, 50 sediment samples were collected
in 2006 from the Main Canal, Eastern Creek, and Western Creek Complex (a total of 150 samples; refer to Appendix G)

to derive apparent effects thresholds (AETs) for chemicals of potential concern (COPC).

c
Locations identified as marsh stations (M-44 and M-28/NOAA10) reflect conditions in Purvis Creek.



Table 3-4_Sampling stations and associated environmental media for surface sediment
, b
of marsh in estuary at LCP Site during 2000 - 2007a

Environmental

media 2000 2002 2003 2004 2005 2006 2007
Domain 1
C-18, C-B7,
C-D9, C-H7
’ ' C-B7,C-D9, C-B7,C-D9, C-B7,C-D9,
Surface sediment (for 5T N2 CHICKT,  CHTCKT, CHT,CKT, o aoned 2O oAnd
ChemlStrtye:tri]r?k;rtoxmy ME19MAB, D2 ane MoONOARY, MoaNOARG, MHTMKT.  NHHT, MK, M-AB
9 M-B7,M-D9, "o ' MAB " MAB '’ M-N2, M-AB M-N2, M-AB
M-H7, M-K7,
M-N2
Cordgrass (for body M-25/NOAA4, M-25/NOAA4, M-
burden analysis) M-19 AB
Eastern oysters (fqr bodgy M-25/NOAAG e
burden analysis)
Grass shrimp (for toxicity
testing and/or body = M-25/NOAA4 M-25/NOAA4 M-25/NOAA4  M-25/NOAA4  M-25/INOAA4  M-25/NOAA4
burden analysis)
;‘Jdrgf; g;aa?ss(ifs";:;’%yr M-25/NOAA4, M-25/NOAA4, M-25/NOAA4, M-25/NOAA4, M-25/NOAA4, M-25/NOAA4, M-25/NOAA,
nalysis M-AB M-AB M-AB M-AB M-AB M-AB M-AB
population estimate)
Domain 2
M-21, M-23,  M-20, M-22,
M-27, M-24, M-NOAA3, M-NOAA3,
Surface sediment (for M-NOAA3, M-NOAA3, M-NOAAS, M-NOAAS,
chemistry and/or foxicit M-20 to M-24, M-21,M-23, M-21,M-23,  M-NOAAS, M-NOAAS, M-NOAAS, M-NOAAS,
rtyest.n y M-27 M-27 M-27 M-NOAAS, M-NOAAS, M-NOAA?, M-NOAA?,
ing) M-NOAA?, M-NOAA?, M-NOAAS, M-NOAAS,
M-NOAAS, M-NOAAS, M-NOAA9 M-NOAA9
M-NOAA9 M-NOAAQ
M-NOAA3,
M-NOAAS,
Cordgrass (for body } o7 M-NOAAS,
burden analysis) M-22, M- 27 M-NOAA?7,
M-NOAAS,
M-NOAA9
M-NOAA3,
M-NOAAS,
Easf;’; d‘;ff;;“;’irs;”dy ------------------------------ M-NOAAB, -wemees
y M-NOAA?,
M-NOAA9
M-NOAA3, M-NOAA3,
M-NOAAS, M-NOAAS,
Fiddler crabs (for body M-NOAAS, M-NOAAS, M-NOAAS, M-NOAAS,
N M-NOAAS, M-NOAAS,
burden analysis) M-NOAA7, M-NOAA?7,
M-NOAAS M-NOAAS M-NOAAS M-NOAAS
M-NOAA9 M-NOAA9




Table 3-4_Continued

Environmental

media 2000 2002 2003 2004 2005 2006 2007
Domain 3
C-30,
C-32t0 C-35, (C-30,C-33,
Surface sediment (for C-30 to C-35, C-33,C-100, C-39,C-100,  C-34, C-39, C.33. C-34
chemistry and/or toxicity M-26, C-33 C-33 C-101, M-100, C-204, M-37,  C-100, M-37, C-39, M-377
testing) M-37 to M-43 M-101, M-102 M- 38, M-41, M-41, M-100, '
M-100, M-101, M-204
M-102, M-204
Benthic
macroinvertebrates (for C-338 e e s s e
community study)
Cordgrass (for body M-26, M-40, M-37, M-100,
burden analysis) M42 T T T M-101, M-102, e e
u Y M-204
Grass shrimp (for toxicity
testing and/or body = - s e C-100 c-100 -
burden analysis)
Fiddler crabs (for body M-100, M-101, M-37: M-100, ) 22 M100,
burden analysisy T T M-102 M-101, M-102, M-204 M-37
u Y M-204
Mummichogs (for body C-33, C-39, C-33, C-34, C-33, C-34,
burden analysis) c-33 C-33 c-33 C-33, C-100 C-100, C-204  C-39,C-100  C-39,
c
Domain 4
C-45, C-A,
C-45, C-A, C-45, C-A, C-B, C-C, C-45 C-C
Surface sediment (for C-B, C-C, C-B, C-C, C-D, C-102, c-D ’C-10’2 C-45, C-C,
chemistry and/or toxicity C-45, M-46 C-D, M-46, C-D, M-46, M-46, M-A, M-163 M-1’04 C-D, C-102, = -
testing) M-A, M-B, M-A, M-B, M-B, M-C, M-105’ * M-103, M-104
M-C, M-D M-C, M-D M-D, M-103,
M-104, M-105
Cordgrass (for bOdy M_46 ______________________________ M_1 03’ M_104 ____________________
burden analysis)
Grass shrimp (for toxicity
testing and/or body = e e s e C-D cCbh
burden analysis)
Fiddler crabs (for body M-103, M-104,
burden analysisy T 77 M-105 M-103, M-104  M-103, M-104  —--rooeme
Mummichogs (for body C-45,C-C, C-45,C-C,C-D,
burden analysis) =~ C-45,C-C  C45.CC C-102 C-102 ¢c.ceb e




Table 3-4_Continued

Environmental

media 2000 2002 2003 2004 2005 2006 2007
Blythe Island
Surface sediment (for C-103, C-104, C-103,C-104, C-103, C-104,
chemistry and/or toxicity =~ - emeemeeeee e C-105, M-106, C-105, M-106, C-105, M-106,  --—--—---—-
testing) M-107, M-108 M-107, M-108 M-107, M-108
Cordgrass (forbody m-106, M-107,
burden analysis) M-108
Gr?sst_snhrln:‘%/(fc;rbtoglmty C-103, C-104, C-103, C-104,
esting anajorbody -z e e C-105 c-105 T
burden analysis)
Fiddler crabs (forbody M-106, M-107, M-106, M-107, M-106, M-107,
burden analysis) M-108 M-108 M-108
Mummichogs (forbody : ) C-103, C-104, C-103,C-104,
C-103, C-104 C-105 C-105

burden analysis)

Surface sediment (for
chemistry and/or toxicity
testing)

Surface sediment (for
chemistry and/or toxicity
testing)

Cordgrass (for body
burden analysis)

Grass shrimp (for toxicity
testing and/or body
burden analysis)
Fiddler crabs (for body
burden analysis)
Mummichogs (for body
burden analysis)

Feasibility Study (FS) Locations

Areas C-1to C-
5, Area M-6

C-200 to C-203,

M-200 to M-203

M-200 to M-203

M-200 to M-203

C-200 to C-203

Areas C-1 to C- Areas C-1to C-
5, Area M-6 5, Area M-6

Areas C-2 to C-
5, Area M-6

®These marsh locations, with the exception of those for other local sources (Glynn County Landfill, Brunswick
Cellulose, Georgia Power Company, and Academy Creek Wastewater Treatment Plant) and the
FS locations, are illustrated in Figure 3-5. Coordinates of the locations are presented in Appendix A.

®Marsh locations identified by the "C" prefix, unlike those identified by the "M" prefix, exhibited drainage

from creek water at time of sampling.

°An additional 50 sediment samples were collected from Domain 4 to determine differences in concentrations of
chemicals of potential concern (COPC) between eastern and western parts of the domain (refer to Appendix 1).



Table 4-1_ General water quality characteristics of Purvis Creek in estuary at

LCP Site (2000 - 2007 data)®- yearly averages

Specific Dissolved
Temperature Salinity conductance Turbidity pH oxygen
Year ‘c) (ppt) (mS/cm) (NTU) (pH units) (mglL)
Upper Purvis Creek (Station C-36)

2000 221 29.3 424 e 5.8
2002 31.2 29.8 46.4 e 6.9 4.2
2003 24.6 21.0 333 e 7.1 6.1
2004 24.2 11.5 194 e 6.6 2.4
2005 20.1 24.7 27.3 3.2 7.4 6.9
2006 22.8 31.6 48.4 14.1 7.3 4.4
2007 25.8 1.2 19.3 >10 7.4 4.6

Mean: 24.40 21.30 33.79 >9.10 = - 4,91

Mid-stretch of Purvis Creek (Station C-29)

2000 22.4 29.3 455 e e 6.4
2002 31.0 30.0 472 e 7.0 45
2003 24.8 21.0 337 e 7.0 6.9
2004 24.3 11.6 196 0 e 7.0 2.8
2005 19.9 25.7 28.0 7.8 7.4 6.6
2006 23.0 31.6 48.0 255 7.6 4.2
2007 25.7 1.2 19.3 10 7.3 5.0

Mean: 24.44 21.49 34.47 >14.43 e 5.20

Mouth of Purvis Creek (Station C-16)

2000 22.4 25 333 e 7.2
2002 30.8 30.3 476 e 7.0 4.1
2003 25.2 22.0 342 e 7.2 7.4
2004 24.2 11.9 201 - 7.1 3.0
2005 20.1 27.6 30.4 8.6 7.5 6.8
2006 22.8 31.6 48.4 21.3 7.6 4.2
2007 25.7 1.2 19.4 >10 7.4 35

Mean: 24.46 21.37 33.34 >13.30 @ e 5.17

Troup Creek (Reference)

2000 19.1 16.8 274 e 7.5 6.7
2002 30.2 25.0 396 0 e 7.0 4.6
2003 22.9 10.0 184 - 6.6 6.5
2004 23.4 2.8 51 e 7.4 4.1
2005 194 155 17.3 24.1 7.1 6.6
2006 22.7 25.3 39.6 83.0 7.8 4.2
2007 23.35 0.91 15.6 >10 7.2 3.6

Mean: 23.01 13.76 23.29 >39.03 - 5.19

Crescent River (Reference)

2000 18.5 34.3 520 e 7.5 5.5
2002 30.0 30.6 481 0 - 7.1 3.2
2003 23.0 25.0 395 e 6.9 6.2
2004 23.9 17.0 277 e 7.0 4.2
2005 19.3 24.1 27.0 64.4 7.0 6.8
2006 19.8 32.6 49.8 16.6 7.7 6.0

Mean: 22.42 27.27 40.68 4050 e 5.32

a
Creek surface water was typically collected during ebb tide.



Table 4-2a_Concentrations of chemicals of potential concern (COPCs) in surface water

in OU-1 LCP estuary (2000 - 2007 data) for exposure estimates

Ou-1 Stations

Total Mercury (ng/L) Dissolved Mercury (ng/L) Methyl Mercury (ng/L) Total Lead (ug/L)

Dissolved Lead (ug/L)

Aroclor-1268 (ug/L)

Count 33 15 20 30 15 30

Min 8.08 0.1 0.15 0.22 0.01 0.01

Max 188 5 2.23 2.50 2.50 1.0

Mean 43.68 3.15 0.70 1.33 0.49 0.30 (0.26) ¢

Std Dev 43.88 1.68 0.55 0.95 0.95 0.28

Coeff Var. 1.00 0.54 0.79 0.72 1.95 0.92

95 UCL 57.24 3.8 0.96 1.60 0.87 0.38
Approx. Gamma 95% Bootstrap Approx. Gamma 95% Bootstrap 95% Bootstrap 95% Bootstrap

Non-Detects 0 3 0 14 0 16

. b
Reference Stations
Total Mercury (ng/L) Dissolved Mercury (ng/L) Methyl Mercury (ng/L) Total Lead (ug/L)

Aroclor-1268 (ug/L)

Dissolved Lead (ug/L)
5

Count 13 5 10 11 13

Min 0.7 0.01 0.01 0.21 0.01 0.0005

Max 78 25 0.22 25.0 2.50 1.45

Mean 7.9 1.01 0.05 5.66 1.01 0.422 (0.0018) ©

Std Dev 21.1 1.36 0.06 9.61 1.36 0.38

Coeff Var. 27 1.35 1.16 1.7 1.35 0.90

95 UCL 17.43 1.13 0.10 10.08 1.8 0.6
Standard Bootstrap Students Approx Gamma 95% Bootstrap 95% Bootstrap 95% Bootstrap

Non-Detects 0 2 3 8 2 10

a - Includes stations C-5 mouth of Main Canal
C-9 mouth of Eastern Creek
C-15 mouth of Western Creek Complex
C-16 mouth of Purvis Creek
C-29 mid Purvis Creek
C-36 upper Purvis Creek

b - Includes Troup Creek and Cresent River

¢ - mean of detected values used in exposure calculations.



Table 4-2b_Chemicals of potential concern (COPCs) in surface water of major creeks in estuary

at LCP Site (2000 - 2007 data)® b yearly averages

Aroclor
Mercury (ng/L) Methylmercury 1268 Lead (pg/L)
c % of total Totag o "
Year Total Dissolved (ng/L) mercury (Mg/lL) ™ Total Dissolved
Mouth of Main Canal (C-5)
2000 59 01 e e .50 25 25
2002 e e e e e e e
{0 [0 I T R T
2004 e e e e e e e
2005 771 - 0.59 0.83 083 e e
2006 37 4.4 e e 0.082 0.393 0.046
2007 120 42 e e 0.79 1.0 0.026
Mouth of Eastern Creek (C-9)
2000 188 0 - 0.94 0.49 0.19 25 e
2002 e e e e e e e
{0 [0 T R T
2004 e e e e e e e
2005 13 e 0.22 1.7 e e e
2006 160 50 e e 0.18 0.449 0.027
2007 43 3.4 e e 0.44 0.079
Mouth of Western Creek Complex (C-15)
2000 12 e 0.22 1.8 .50 25 e
2002 e e e e e e e
2003 e e e e e e e
2004 e e e e e e e
2005 36 - 0.89 25 e e e
2006 15 3.8 e e 0.026 0.441 0.025
2007 49 29 e e 0.22 1.1 0.021
Upper Purvis Creek (Station C-36)
2000 99 0.1 10 10 0.50 25 50
2002 1 - 0.28 2.6 .50 25 e
2003 48 e 1.2 2.5 .25 25 e
2004 49 e 2.2 4.5 .60 060 -
2005 84 e 0.35 4.2 0.010 058 0 -
2006 12 46 e e 0.021 0.363 0.014
2007 23 3.2 e e 0.024 0.41 0.018
Mid-stretch of Purvis Creek (Station C-29)

2000 24 e 0.38 1.6 0.50 25 e
2002 81 - 0.15 1.9 .50 25 -
2003 4 e 1.0 2.3 .25 25 e
2004 446 e 1.6 3.5 .60 060 -
2005 9.8 e 0.36 3.7 0.010 022 -
2006 17 3.7 e e 0.044 0.575 0.019

2007 29 47 e e 0.031 0.50 0.029




Table 4-2b_Continued

Aroclor
Mercury (ng/L) Methylmercury 1268 Lead (pg/L)
c % of total Totag o "
Year Total Dissolved (ng/L) mercury (Mg/lL) ™ Total Dissolved
Mouth of Purvis Creek (Station C-16)
2000 16 0.1 0.20 1.2 0.50 1.8 1.9
2002 1 - 0.18 1.6 .50 25 e
2003 3 - 0.61 1.8 1.0 25 -
2004 21 - 1.6 7.6 0.60 060 e
2005 96 0 - 0.25 2.6 0.010 056 0 -
2006 25 34 e e 0.029 0.561 0.022
2007 50 36 e e 0.037 1.2 0.15
Troup Creek (Reference)
2000 3.3 0.1 0.036 1.1 0.50 2.5 2.5
2002 S 0.050 4.5 .50 25 e
2003 2 R 0.012 - .25 25 e
2004 46 0 - 0.22 4.8 .60 060 -
2005 4.7 - 0.088 1.9 050 e e
2006 1.8 1.0 e e 0.0012 0.213 0.010
2007 78 1.3 e e 0.0024 0.43 0.025
Crescent River (Reference)

2000 1.7 0.1 0.012 - 0.33 2.5 2.5
2002 1.2 e 0.043 3.6 0.50 25 e
2003 1.2 e 0.012 - 0.25 L
2004 1.6 0 - 0.047 2.9 0.60 0.60 -
2005 1.2 - 0.008 - 14 e e
2006 0.70 0.60 - e 0.0005 0.371 0.010

aCreek surface water was typically collected during ebb tide.

Concentrations of COPC identified by underlining were non-detected values that were assigned a value
of 1/2 of detection limit.

The U. S. EPA chronic ambient water quality criterion for mercury (total mercury) is 940 ng/L. (This value
does not account for food-web uptake by biota.) The State of Georgia chronic ecological screening value
(ESV) is 25 ng/L (based on marketability of fishes).

The State of Georgia water quality standard for total PCBs in coastal and marine estuarine waters
is 0.03 pg/L.

e
There are no U. S. EPA or Region 4 toxicological benchmarks for Aroclor 1268.

f
The State of Georgia water quality standard for lead (dissolved lead) is 8.1 pg/L.



Table 4-3a_Concentrations of COPCs in sediment for major areas in estuary at LCP Site (2000 - 2006 data) for exposure estimation
All concentrations in mg/kg dw

Domain 1 Main Canal Blythe Island
Mercury Aroclor-1268 Lead Mercury Aroclor-1268 Lead Mercury Aroclor-1268 Lead
Count 63 63 37 111 111 86 48 48 48
Min 0.01 0.053 2.1 0.196 0.25 3.9 0.01 0.028 2.6
Max 62 300 210 55 570 69.9 1.99 0.67 38
Mean 4.85 11.45 31 7.40 27.64 26.1 0.30 0.20 16.5
Std Dev 10.69 39.83 325 8.951 70.67 11.18 0.37 0.166 7.27
CoVariation 2.205 3.478 1.046 1.21 2.556 0.429 1.232 0.829 0.441
95 UCL 11.51 23.43 40.7 8.72 41.71 28.1 0.39 0.25 18.3
UCL Statistic H-UCL H-UCL 95% Bootstrap Approx gamma H-UCL Students-t 95% Bootstrap Approx gamma  Students-t
Non-Detects 1 1 0 0 0 0 2 14 0
Domain 2 Eastern Creek Troup Creek Reference
Mercury Aroclor-1268 Lead Mercury Aroclor-1268 Lead Mercury Aroclor-1268 Lead
Count 71 71 71 116 114 90 14 14 14
Min 0.18 0.0465 11 0.0437 0.0074 5.74 0.026 0.015 8
Max 62.9 65 765 145 460 238 0.197 0.165 27.1
Mean 3.85 3.75 40.9 20.28 49,57 35.7 0.08 0.05 17.6
Std Dev 9.247 8.784 108.8 29.43 98.8 30.95 0.0438 0.0416 5.838
CoVariation 2.4 2.324 2.663 1.451 1.993 0.867 0.533 0.819 0.331
95 UCL 5.84 5.05 63.0 25.04 65.28 41.5 0.10 0.08 20.4
UCL Statistic 95% Bootstrap H-UCL 95% Bootstrap 95% Bootstrap 95% Bootstrap 95% Bootstrap Students-t H-UCL Students-t
Non-Detects 0 2 0 0 1 0 0 9 0
Domain 3 Western Creek Complex Area A
Mercury Aroclor-1268 Lead Mercury Aroclor-1268 Lead Mercury Aroclor-1268 Lead
Count 90 90 90 101 101 101 290 288 213
Min 0.044 0.013 8.9 0.043 0.0079 13 0.01 0.0074 2.1
Max 8.37 9 1590 16.3 25 51.8 145 570 238
Mean 1.88 1.67 90.7 2.75 3.18 29.0 12 32.78 31
Std Dev 1.747 1.949 234.9 3.288 4.02 6.802 21.13 79.51 255
CoVariation 0.928 1.17 2.589 1.194 1.266 0.235 1.761 2.426 0.823
95 UCL 2.23 2.04 133 3.31 3.84 30.1 14.05 40.14 34.1
UCL Statistic Approx gamma Approx gamma 95% Bootstrap 95% Bootstrap Approx gamma  Students-t 95% Bootstrap 95% Bootstrap 95% Bootstrap
Non-Detects 0 1 0 0 2 0 1 2 0
Domain 4 Purvis Creek Estuary Area Weighted Grand Mean and UCL
Mercury Aroclor-1268 Lead Mercury Aroclor-1268 Lead Mercury Aroclor-1268 Lead
Count 99 99 99 71 71 71 Mean 1.70 2.49 38.6
Min 0.03 0.0445 8.8 0.00711 0.007 2.03 95UCL 2.56 3.42 52.0
Max 4.62 8.8 52.7 6.83 28 34.6
Mean 0.63 1.14 21.7 1.22 3.78 17.4
Std Dev 0.756 1.323 7.338 1.283 5.479 10.96
CoVariation 0.856 1.161 0.339 1.056 1.451 0.629
95 UCL 1.07 1.36 22.9 1.53 5.07 23.1
UCL Statistic H-UCL 95% Bootstrap Students-t Approx gamma Approx gamma 95 Chebyshev
Non-Detects 0 11 0 0 5 0

CoVariation - Coefficient of Variation
Area A = Main Canal, Eastern Creek, and Domain 1

Concentrations of COPC greater than site-specific most sensitive threshold effects levels (TELSs) but less than probable effects levels (PELS).

(Table 4-3b and Sections 4.6, 4.7) are indicated by yellow background; and concentrations greater than PELs are identified

by red background.



Table 4-3b_General sediment quality characteristics and initial chemicals of potential concern (COPCs in surface sediment for

a, b, c - yearly averages

major areas and years in estuary at LCP Site (2000 - 2007 data)

Size of areas in

LCP Estuary Silt and clay Total organic carbon Total mercury Aroclor 1268 Lead Total PAHs
(total area Conc. Sample Conc. Sample Conc. Sample Conc. Sample Conc. Sample Conc. Sample
(mglkg, (mg/kg, (mg/kg, (mg/kg,

Major area  of 789.26 acres)  Year % (dw)  size (n) % (dw)  size (n) dw) size (n) dw) size (n) dw) size (n) dw) size (n)
Domain 1 20.28 acres 2000 76.1 14 5.1 14 11 14 3.4 13 35 14 1.3 13
(marsh) (2.6%) 2002 61.5 7 3.3 7 20 7 32 7 21 7 0.40 7

2003 74.4 7 35 7 7.2 7 55 7 26 7 17 7
2004 62.5 7 34 7 3.3 7 10 7 27 7 2.2 7
2005 71.9 7 5.8 7 12 7 66 7 38 7 0.89 7
2006 60.0 7 44 7 1.8 7 3.9 7 24 7 0.29 7
2007 20.1 2 1.6 2 0.44 2 0.58 2 12 2 0.49 2
Main Canal 1.54 acres 2000 60.0 5 3.4 5 4.5 5 5.8 5 23 5 0.95 5
(creek) (0.2%) 2002 50.4 5 24 5 4.8 5 14 5 17 5 0.84 5
2003 65.6 5 2.6 5 6.7 5 10 5 23 5 0.82 5
2004 60.3 5 41 5 3.9 5 12 5 23 5 25 5
2005 87.7 1 37 1 1.1 1 4.2 1 26 1 11 1
2006 70.8 1 4.7 1 7.0 (9.2%) 1 (50) 31 (51%) 1 (50) 41* (28) 1 (50) 2.2* (.98 1 (50)
2007 85.7 1 4.9 1 2.7 1 10 1 20 1 0.60 1
Eastern Creek 4.42 acres 2000 96.0 4 5.7 4 37 4 6.4 4 47 4 3.0 4
(0.6%) 2002 731 4 35 4 20 4 230 4 23 4 15 4
2003 83.3 4 3.7 4 34 4 14 4 43 4 3.5 4
2004 80.0 4 4.3 4 10 4 22 4 27 4 4.8 4
2005 75.6 3 4.3 3 57 3 52 3 38 3 2.7 3
2006 67.9 3 5.8 3 5.0 (21%) 3 (50) 18 (54%) 3 (50) 31 (34%) 3 (50) 0.84 (1.6%) 3 (50)
2007 79.9 2 5.0 2 4.8 2 10 2 110 2 4.4 2
Western 2.15 acres 2000 97.7 6 5.5 6 5.5 6 0.70 6 26 6 0.23 6
Creek (0.3%) 2002 97.5 2 4.6 2 1.4 2 24 2 32 2 0.098 2
Complex 2003 89.9 2 3.6 2 1.6 2 1.0 2 26 2 2.0 2
2004 92.6 2 44 2 1.4 2 2.6 2 27 2 0.23 2
2005 87.4 5 4.0 5 1.6 5 45 5 28 5 1.0 5
2006 92.1 1 4.2 1 0.46 (3.5) 1(50) 1.0(3.9*) 1(50) 26 (33%) 1 (50) 0.43 (0.91%) 1 (50)
2007 91.2 1 4.8 1 1.8 1 25 1 22 1 0.32 1
Domain 2 130.12 acres 2000 91.0 6 4.0 6 22 6 25 6 32 6 0.35 6
(marsh) (16.5%) 2002 95.4 3 5.1 3 9.0 3 27 3 25 3 0.50 3
2003 95.0 3 4.2 3 13 3 10 3 31 3 14 3
2004 81.7 9 5.3 9 1.4 9 25 9 27 9 0.41 9
2005 773 9 6.1 9 2.3 9 6.2 9 87 9 9.6 9
2006 67.0 6 5.8 6 11 6 3.7 6 29 6 0.21 6
2007 73.2 6 6.7 6 0.88 6 1.2 6 140 6 14 6




Table 4-3b Continued

Size of areas in

LCP Site Silt and clay Total organic carbon Total mercury Aroclor 1268 Lead Total PAHs
(total area Conc. Sample Conc. Sample Conc. Sample Conc. Sample Conc. Sample Conc Sample
(mglkg, (mg/kg, (mg/kg, (mglkg,

Major area  of 789.26 acres)  Year % (dw)  size (n) % (dw)  size (n) dw) size (n) dw) size (n) dw) size (n) dw) size (n)
Domain 3 156.21 acres 2000 76.6 14 5.2 14 1.5 14 0.53 14 110 14 2.6 14
(marsh) (19.8%) 2002 12.3 1 0.91 1 0.10 1 0.14 1 16 1 0.12 1

2003 9.0 1 0.94 1 0.34 1 0.32 1 50 1 0.67 1
2004 75.8 6 4.6 6 0.97 6 15 6 17 6 0.37 6
2005 74.4 11 5.2 15 2.8 15 3.3 15 74 15 2.2 15
2006 58.7 9 54 9 25 9 24 9 75 9 0.49 9
2007 68.5 4 7.9 4 3.9 4 24 4 490 4 9.50 4
Domain 4 417.24 acres 2000 97.5 2 4.6 2 0.42 2 0.12 2 19 2 0.16 2
(marsh) (52.9%) 2002 81.1 10 4.7 10 0.80 10 1.8 10 15 10 0.29 10
2003 89.6 10 3.6 10 1.3 10 0.72 10 22 10 0.66 10
2004 95.0 14 5.1 14 0.63 14 15 14 19 14 0.95 14
2005 81.7 7 6.3 7 0.99 (1.3%*) 7(25) 16 (1.7%) 7(25) 28* (28%) 7 (25) 2.2* (0.67 7 (25)
2006 74.4 6 5.8 6 0.77 6 0.64 6 26 6 2.0 6
North Purvis 31.27 acres 2000 66.7 3 4.6 3 1.4 3 0.75 3 22 3 0.41 3
Creek (4.0%) 2002 - e 0
2003 - e 0
2004 - e 0
2005 86.5 3 4.6 3 1.4 (2.0%) 3(25) 2.6 (4.9 3(25) 27*(21)  3(25) 0.95* (0.72) 3 (25)
2006 82.6 2 5.0 2 0.89 2 12 2 28 2 0.54 2
South Purvis 26.03 acres 2000 54.5 2 3.0 2 0.40 2 0.46 2 13 2 0.13 2
Creek (3.3%) 2002 51.4 2 24 2 0.62 2 3.0 2 16 2 0.30 2
2003 63.4 2 37 2 0.44 2 0.60 2 18 2 0.20 2
2004 57.4 2 34 2 1.8 2 9.4 2 16 2 0.12 2
2005 48.7 2 2.7 2 0.76* (0.71) 2 (25) 2.8(3.9% 2(25 16* (12) 2(25) 0.61 (0.93* 2 (25)
2006 49.4 2 35 2 0.35 2 1.0 2 18 2 14 2
2007 82.2 1 5.8 1 0.59 1 11 1 20 1 0.20 1




Table 4-3b_Continued

Size of areas in

LCP Site Silt and clay Total organic carbon Total mercury Aroclor 1268 Lead Total PAHs
(total area Conc. Sample Conc. Sample Conc. Sample Conc. Sample Conc. Sample Conc. Sample
(mg/kg, (mg/kg, (mg/kg, (mg/kg,

Major area  of 789.26 acres)  Year % (dw) size (n) % (dw) size (n) dw) size (n) dw) size (n) dw) size (n) dw) size (n)
Blythe e 2004 66.3 6 5.0 6 0.28 6 0.36 6 17 6 0.089 6
Island 2005 83.7 6 5.5 6 0.84 6 0.38 6 24 6 0.80 6

2006 67.0 6 5.2 6 0.38 6 0.23 6 21 6 0.18 6
Feasibilty =~ ---meeee- 2005 49.4 5 4.5 6 2.8 6 4.8 6 280 6 11 6
Study (FS) 2006 52.0 6 5.1 6 2.3 6 3.9 6 96 6 1.0 6
Locations 2007 43.5 5 4.8 6 2.3 6 3.0 6 59 6 0
Point Source  ---meeeee 2005 62.70 3 6.6 8 11 8 1.6 8 48 8 1.28 8
Discharges from
Non-LCP Sources
Troup Creek ~ —=m-emeee 2000 715 2 3.4 2 0.26 2 0.038 2 18 2 0.84 2
(reference) 2002 81.0 2 3.4 2 0.066 2 0.048 2 19 2 0.060 2
2003 66.8 2 2.8 2 0.060 2 0.13 2 15 2 0.080 2
2004 69.8 2 2.9 2 0.037 2 0.034 2 10 2 0.060 2
2005 76.2 2 4.4 2 0.15 2 0.045 2 20 2 0.12 2
2006 51.6 2 4.0 2 0.082 2 0.028 2 22 2 0.040 2
2007 82.3 2 4.2 2 0.10 2 0.047 2 19 2 0.039 2
Crescent ~ —emeeeeee 2000 21.1 2 0.30 2 0.0054 2 0.022 2 4.0 2 0.31 2
River 2002 87.6 2 3.6 2 0.028 2 0.11 2 14 2 0.060 2
(reference) 2003 47.3 2 1.4 2 0.024 2 0.11 2 9.8 2 0.079 2
2004 3.9 1 0.2 1 0.010 1 0.060 1 2.2 1 0.060 1
2005 0 2.7 2 0.062 2 0.00050 2 12 2 0.128 2
2006 46.2 2 14 2 0.031 2 0.0018 2 12 2 0.032 2




Table 4-3b_Continued

a

Minor creeks (creeks other than Main Canal, Eastern Creek, Western Creek Complex, North Purvis Creek, and South Purvis Creek) are
considered part of the marsh in Domains 1, 2, 3, and 4 of LCP estuary. For North Purvis Creek and South Purvis Creek, creek and
associated "marsh" stations are combined.

b
Non-detected concentrations of COPC (primarily PAHS) identified by underlining consisted of at least one non-detected value that was
assigned a value of 1/2 of detection limit.

c
Concentrations of COPC greater than or equal to the most sensitive site specific threshold effect level (TEL) but less than the

site-specific probable effect levels (PELS) or effects range low (ER-L) based on toxicity test results are indicated by yellow background;
and concentrations greater than site-specific PELs or ER-Ls are identified by red background.

. . Site-specific PEL
Literature TEL Literature PEL Site-specific TEL or ER-L (ma/kq
(malkg, dw) * (malkg, dw) 2 (ma/kg, dw) dw)
eTotal mercury: 0.13 0.7 143 393
. 0.022 (derived for 3 3b
o Aroclor 1268: other PCBs) 0.189 (Total PCBSs) 3.2 12.8
4 4a
e Lead: 30.24 112 41 60
o Total PAHSs: 1.684 6.68 08* 15%

TEL - Threshold Effect Level
1 EPA Region 4 Sediment Screening Levels
2 McDonald et al., 1996

3 Most sensitive endpoint - embryo development of grass shrimp (See Table 4-22) a - based on ER-L; b - based on PEL
4 Most sensitive endpoint - survival of amphipods (See Table 4-20) a - based on ER-L




Table 4-4_Linear coefficients of determination (rz) for basic physical/chemical characteristics
and initial chemicals of potential concern (COPCs) in surface sediment of major creeks and

marsh in estuary at LCP Site (2000 - 2007 data)a’b

Major Creeks (from Table 4-3b; n = 31, Special Study data excluded)

Total
organic

Silt/clay carbon Total Aroclor Total

content” ToC mercury 1268 Lead PAHS
Silt/clay content: +0.43 ** +0.026 ns  +0.00015ns  +0.099 ns +0.014 ns
Total organic carbon (TOC): +0.016 ns - 0.0097 ns +0.15* +0.018 ns
Total mercury: +0.13 * +0.081 ns +0.28 **
Aroclor 1268: +0.00015 ns +0.029 ns
Lead: +0.42 **
Total PAHSs:

Marsh (from Table 4-3b; n = 27, Special Study data excluded)
Total
organic

Silt/clay carbon Total Aroclor Total

content” TOC mercury 1268 Lead PAHS
Silt/clay content: +0.41 ** +0.069 ns +0.0088 ns  -0.000066 ns +0.0062 ns
Total organic carbon (TOC): -0.0000017 ns  +0.0090 ns +0.26 ** +0.28 **
Total mercury: +0.27 ** -0.0026 ns +0.0036 ns
Aroclor 1268: -0.0088 ns -0.013 ns
Lead: +0.42 **
Total PAHSs:

aSurface sediment is from 0 - 15 cm in depth.

b 2
Linear coefficients of determination (r') are statistically nonsigificant (based on "t" tests) when associated with the

symbol "ns."Statistical significance at P criterion = 0.05 and 0.01 is indicated, respectively, by the symbols*" and "

2
The r values are preceded by a positive or negative sign to indicate the "direction" of the underlying "r" values.

CSiIt/cIay was considered to be particles less than 75y in size.



Table 4-5_Other metals (including some COPCs) in surface sediment for major areas and years in estuary at LCP Site
(2004 - 2006 data)

a,b
Metals (mg/kg, dw)
2
& 3 & Q & N & RN & &
S S X9 . S & S < 2 & N\ R <& 4
& o S o ) S ) & o > 2 <& o
. . S & & i\°& N ,bb@\ ,80‘\\ «°& 60'2} RN S & K P & 2 S o'z’b &
Sampling station ® N SR AR 2 ¢ d @ S ¢ ¢ X 3 5 T F S K& Qg8
Domain 1 (Marsh)
K7 in Marsh Grid 2004 33,000 2.7 12 33 16 025 2300 50 71 13 28,000 6,200 320 14 3,700 05 05 11,000 25 65 65
2005 45,000 0.5 11 45 1.8 05 3,100 92 7.1 17 24,000 7,700 190 19 4400 05 0.5 14,000 0.5 95 80
2006 25,000 007 11 28 16 014 3700 62 6.3 12 23,000 8,000 330 12 4,000 0.82 013 22,000 0.23 73 72
Mean: 34,000 1.1 11 35 1.7 030 3,000 68 6.8 14 25000 7,300 280 15 4,000 061 038 16,000 1.1 78 72
H7 in Marsh Grid
2004 36,000 1.0 14 36 19 025 2400 57 76 12 33,000 7,600 300 16 4,800 05 05 15000 1.2 77 63
2005 46,000 0.5 12 47 1.8 05 9,800 76 9.6 17 29,000 9,200 280 20 4600 05 05 15000 0.5 89 89
2006 22,000 0.06 9.9 24 14 0 3600 56 5.2 11 21,000 7,800 260 11 3,600 070 012 24000 020 66 64
Mean: 35000 052 12 36 1.7 029 5300 63 75 13 28,000 8,200 280 16 4,300 057 037 18,000 0.63 77 72
AB Seep 2004 8000 1.0 49 17 054 25 770 14 2.6 35 7,600 1,700 45 48 960 05 05 3600 0.5 22 22
2005 e e e e e e e e e e e e e e e e e
2006 940 011 084 63 007 01 460 1.9 024 0470 1,000 1,300 11 0.59 400 .16 0.0035 8,700 0.01 2.8 27
Mean: 4500 056 2.9 12 031 013 620 80 14 20 4300 1,500 28 27 680 033 025 6,200 0.26 12 12
Main Canal (Creek)
Mouth (C-5) 2004 30,000 2.5 13 35 16 025 6,100 68 75 12 28,000 7,700 510 16 4,100 05 0.5 16,000 2.0 75 84
2005 49,000 0.5 14 51 1.9 0.5 15000 82 10 16 36,000 9,800 640 22 4300 05 0.5 12,000 5.3 92 86
2006 23,000 0.02 10 28 13 023 8600 57 6.6 11 25000 8,600 450 13 4,000 0.39 013 28,000 0.26 53 70
Mean: 34,000 1.0 12 38 16 033 9900 69 8.0 13 30,000 8,700 530 17 4100 046 0.38 19,000 25 733 80
Eastern Creek
Upstream (C-6) 2004 19,000 1.0 7.5 34 1.1 0.25 8,400 50 6.1 11 19,000 3,700 260 11 2100 05 05 9400 34 44 59
2005 42,000 0.5 13 41 1.7 05 2,800 120 10 27 32,000 7,200 380 21 3700 05 073 12,000 4.6 86 89
2006 16,000 0.06 12 23 13 022 5700 50 6.2 13 22,000 8200 330 11 3,800 059 014 29,000 0.22 56 72
Mean: 26,000 052 11 33 14 032 5600 73 7.4 17 24,000 6,400 320 14 3200 053 046 17,000 27 62 73
Mid-stretch (C-7) 2004 34000 25 93 34 16 025 3,100 100 8.0 18 28,000 7,900 410 16 4,400 05 0.5 20,000 25 79 86
2005 49,000 0.5 16 47 18 069 3600 63 9.2 20 37,000 7,300 360 21 4000 05 083 12000 3.8 85 72
2006 21,000 006 11 26 14 019 7200 50 6.4 12 23,000 8,600 400 12 4000 062 012 25000 0.26 58 73
Mean: 35000 1.0 12 36 16 038 4600 71 7.9 17 29,000 7,900 390 16 4,100 054 048 19,000 2.2 74 77
Western Creek Complex (in Domain 2)
Mouth (C-15) 2004 36,000 2.5 14 40 18 025 7,300 94 8.8 15 33,000 9,200 780 18 5000 1.0 0.5 20,000 87 96
2005 44,000 0.5 14 44 1.8 05 6,800 110 88 15 35000 8,700 840 20 4500 05 086 20000 0.5 86 80
2006 24,000 0.03 11 31 15 021 12,000 55 76 12 25,000 10,000 730 14 4600 018 012 35000 0.28 57 76
Mean: 35000 1.0 13 38 1.7 032 8700 86 8.4 14 31,000 9,300 780 17 4700 056 049 25000 1.5 77 84




Table 4-5_Continued

Metals (mg/kg, dwf' b

& o

& Q& & N & & Q <

N & 4 S NN > « & & & > » S & S
. . \§°\ ¢ %& aq‘o (\06\ 6\\\ 6&\ \0\0 &L ‘O'b\ QQ S ,DQQ & . 6‘9 \.’b;" \é\\ A\Aé 6\0 Q}\\o beb N

Sampling station SR SR> AR ¢ N« LAY AR & WY AN SN AN GRS S S = A > S > L NN C A 1

Domain 3 (Marsh)

Near old oil-processing site (C-33) 2004 970 1.0 0.5 30 020 025 360 2.1 050 1.0 330 200 55 2.0 50 0.5 0.5 950 0.5 1.8 4.9
2005 5000 0.5 0.5 11 016 0.15 1,400 9.8 1.4 54 2900 730 40 24 320 0.5 05 1,400 05 9.1 32

2006 2,500 0.02 0.89 9 018 012 1,100 54 063 48 1600 940 14 1.8 260 014 0.02 4400 005 50 27

Mean: 2800 051 063 77 018 017 950 58 0.84 37 1,600 620 20 2.1 210 038 034 2200 035 53 21

Northern domain (C-100) 2004 27,000 10 841 27 13 052 2300 130 59 13 23,000 5,800 340 13 3,300 05 05 12,000 1.9 58 71
0 L e T T St S TR S —
2006 0 = e e e e e e e e e e e e e e e e e e e e

Mean: 27,000 1.0 8.1 27 13 052 2300 130 59 13 23,000 5,800 340 13 3,300 050 050 12,000 1.9 58 71

Mid-western domain (C-101) 2004 26,000 1.0 10 24 12 051 1,700 38 5.6 10 24,000 4,700 220 11 3,000 05 05 9,700 23 55 50
2005 e e e e e e e e e e e e e e e e
/2010 5O U O

Mean: 26,000 1.0 10 24 12 051 1,700 38 5.6 10 24,000 4,700 220 11 3,000 050 050 9,700 23 55 50

Domain 4 (Marsh)

Northern domain (C-102) 2004 21,000 25 7.2 21 1.0 025 2300 53 45 8.8 19,000 4,700 230 10 2,700 0.5 0.5 10,000 1.3 48 55
0 L e T T St S TR S —
2006 0 = e e e e e e e e e e e e e e e e e e e e

Mean: 21,000 25 7.2 21 1.0 025 2300 53 45 8.8 19,000 4,700 230 10 2,700 050 050 10,000 1.3 48 55

Northwestern Inlet from Turtle River 2004 32,000 1.0 17 30 15 025 2200 51 8.2 14 32,000 6,200 220 15 3,800 05 05 13,000 25 77 58
(C-D) 2005 56,000 0.5 14 52 2.1 0.95 3,300 84 11 21 40,000 8,800 300 25 5000 05 062 16,000 4.4 120 90
2006 17,000 0.07 11 19 12 024 3800 87 5.6 11 23,000 7,500 210 11 3,600 1.1 017 28,000 0.23 53 61

Mean: 35000 052 14 34 16 048 3100 74 8.3 15 32,000 7,500 240 17 4,00 070 043 19,000 2.4 83 70

Northeastern stretch of "U" creek 2004 21,000 1.0 8.1 21 1.0 25 2,500 56 49 84 19,000 4,800 240 10 2,800 1.0 50 9,900 1.0 50 50
(C-A) 2005 e e e e e e e e e e e e e e e e
2006 0 = e e e e e e e e e e e e e e e e e e e e

Mean: 21,000 1.0 8.1 21 1.0 025 2500 56 49 8.4 19,000 4,800 240 10 2800 1.0 050 9,900 1.0 50 50

Southeastern boundary (C-45) 2004 24,000 25 11 24 12 025 2500 52 5.3 7.4 23000 5300 360 10 3,300 05 05 11,000 1.0 55 46
2005 43,000 0.5 15 47 1.8 05 22,000 71 9.6 16 32,000 9,800 530 20 4400 05 05 13,000 0.5 83 89

2006 19,000 0.10 14 25 15 022 6600 57 7.4 12 26,000 8,400 630 13 4300 0.16 0.15 28,000 0.25 70 72

Mean: 29,000 1.0 13 32 15 032 10,400 60 7.4 12 27,000 7,800 510 14 4,000 039 038 17,000 058 69 69




Table 4-5_Continued

a,b
Metals (mg/kg, dw)
& &
S & & N RSP &
O Q R . . D 2 N N . O
& S N O O & X & 0 N & N . S

. . S & {\°& NN \°& & K Qo S & & N .\Aé S & o'z’b &

Sampling station ® ¢ P K T P P ¢ © N N N Q°© 24 S M\ N

Purvis Creek

Upstream (C-36) 0 S T T T T T T S ——
2005 43,000 0.5 16 44 1.8 0.5 12,000 83 8.7 18 34,000 9,100 440 20 4,100 43 05 17,000 0.5 80 90

2006 26,000 008 11 31 15 028 9600 60 7.2 13 27,000 10,000 420 14 4800 0.18 016 35000 0.28 60 79

Mean: 34,000 029 14 38 1.7 039 10,800 72 8.0 16 30,000 9,600 430 17 4,400 22 033 26,000 0.39 70 85
Mid-stretch (C-29) /20105 U O
2005 50,000 0.5 14 48 19 089 8400 88 10 16 38,000 9,100 580 22 4800 05 075 18,000 4.4 100 90

2006 18,000 0.06 12 26 14 024 16,000 50 7.0 12 24,000 10,000 480 13 4300 071 012 27,000 0.24 56 79

Mean: 34000 028 13 37 1.7 057 12200 69 8.5 14 31,000 9,600 530 18 4600 061 044 22,000 2.3 78 85
Mouth (C-16) /20105 U O
2005 9,300 0.5 3.1 10 040 05 190 26 2.1 33 7,400 1,800 120 4.2 890 0.5 05 41100 0.5 18 17

2006 5700 0.02 29 98 041 006 2400 14 2.0 32 6400 2200 130 3.8 1,000 0.14 002 7,200 0.08 16 18

Mean: 7,500 026 3.0 99 041 028 2200 20 2.1 33 6900 2000 120 40 940 032 026 5600 029 17 18

Blythe Island (Marsh)

Northern boundary (C-103) 2004 7,000 1.0 1.3 29 020 025 2200 15 1.2 26 5700 3,300 66 20 1,000 05 05 9,700 05 17 14
2005 47,000 0.5 14 43 1.7 030 3,00 80 8.8 14 35000 7,100 230 20 4200 05 05 14,000 0.5 89 68

2006 28,000 007 19 31 16 019 5300 68 7.8 12 25000 8,800 220 16 4,400 042 013 27,000 0.31 75 77

Mean: 27,000 052 11 34 12 025 3500 54 5.9 10 22,000 6,400 170 127 3,200 047 0.38 17,000 044 60 53

Northeastern boundary (C-104) 2004 28,000 1.0 10 28 14 025 2300 68 6.2 10 26,000 5,700 250 13 3,400 0.5 0.5 12,000 0.5 69 62
2005 55,000 0.5 15 49 1.9 50 2,700 62 10 16 36,000 7,100 320 22 4500 05 05 13,000 0.5 87 70

2006 15,000 0.12 11 16 1.0 013 190 35 5.2 7.5 21,000 4,300 240 96 2300 030 008 15000 0.17 46 43

Mean: 33,000 054 12 31 14 029 2300 55 7.1 11 28,000 5,700 270 15 3,400 043 036 13,000 039 67 58

Southern location (C-105) 2004 18,000 1.0 7 20 096 025 1,900 42 47 6.4 17,000 4,100 190 84 2300 05 05 8300 12 43 41
2005 49,000 0.5 12 480 19 050 11,000 79 9.7 15 34,000 9,300 450 21 4700 05 05 13,000 0.5 95 87

2006 23,000 0.05 9.4 23 12 017 400 44 5.8 82 22,000 5800 260 11 3,000 072 0.8 18,000 0.25 52 51

Mean: 30,000 052 95 170 14 031 5700 55 6.7 9.9 24,000 6,400 300 13 3,300 057 036 13,000 065 63 60




Table 4-5_Continued

a,b
Metals (mg/kg, dw)
& &
Q& Ky L & M & & &
O N\ <o . . D 2 S N . < >
S J S O O & X & ) N 2 O . Q
. . T N S R N S T I R S
Sampling station N SR A S I3 S IS I3 & & @ P
Feasibility-Study (FS) Locations
Area 1 (Creek) 0 S T T e T T ————
2005 25,000 0.5 8.9 33 1.1 0.5 16,000 41 6.0 9.1 22,000 3,600 150 10 2,000 05 05 4700 0.5 46 75
2006 14,000 0.02 6.1 18 094 015 2500 27 35 6.6 15000 3,100 120 66 1,800 030 006 6,800 0.14 25 30
Mean: 19,000 026 7.5 26 1.0 033 9200 34 4.8 79 18000 3,400 140 83 1900 040 028 5800 0.32 36 53
Area 2 (Creek) 2004 e e e e e e e e e e e e e e
2005 22,000 05 4.1 52 1.0 079 5500 31 4.1 26 14,000 2,900 97 11 1,400 05 05 5800 4.0 42 130
2006 16,000 0.13 6.8 51 093 075 9,000 27 43 25 14,000 3,400 110 10 1,300 0.84 012 7,200 0.20 38 130
Mean: 19,000 0.32 55 52 1.0 077 7200 29 42 26 14,000 3,200 100 11 1,350 067 031 6500 2.1 40 130
Area 3 (Creek) 0 S T T e e T T e ———
2005 33,000 0.5 8.3 61 12 040 1,800 31 4.0 42 15000 2,800 99 12 1,800 0.5 05 21100 0.5 43 51
2006 28,000 0.04 9.0 96 1.8 040 4900 82 6.8 21 29,000 6,300 310 15 3,200 020 0.7 20,000 0.33 64 110
Mean: 30,000 027 8.7 79 15 040 3400 57 5.4 32 22000 4600 200 135 2,500 0.35 0.34 11,000 0.42 54 81
Area 4 (Creek) 2004 e e e e e e e e e e e e e e
2005 30,000 0.5 7.5 30 11 022 4900 48 6.1 9.5 18,000 5300 240 12 2,700 05 05 7,800 0.5 56 54
2006 14,000 0.02 5.2 17 073 008 3400 28 35 6.1 12,000 4200 160 69 2000 0.27 005 13,000 0.14 32 36
Mean: 22,000 026 635 24 092 015 4200 38 48 78 15000 4,800 200 95 2400 039 028 10,000 032 44 45
Area 5 (Creek) 0 S T T e e T T e ———
2005 51,000 0.5 12 50 1.9 0.5 13,000 84 9.6 16 33,000 9,200 550 21 4800 05 066 15000 0.5 92 93
2006 25,000 005 11 28 14 021 11,000 67 7.0 12 25000 8,400 430 13 4,000 0.38 013 25000 0.27 58 73
Mean: 38,000 028 12 39 1.7 036 12,000 76 8.3 14 29,000 8,800 490 17 4,400 044 040 20,000 0.39 75 83
Area 6 (Marsh) 2004 e e e e e e e e e e e e
2005 49,000 0.5 1 46 16 037 4,000 99 8.8 18 30,000 8,600 280 21 4900 05 05 18,000 5.8 100 87
2006 24,000 0.06 12 29 15 018 4700 80 6.3 12 24,000 8,800 360 12 4,400 015 013 28,000 0.24 70 75
Mean: 36,000 028 12 38 16 028 4400 90 76 15 27,000 8,700 320 165 4,600 033 0.32 23,000 3.0 85 81
Point-Source Locations (Creek)
Glynn County Landfill (C-200) 0 S S T T e e S T T T ——
2005 42,000 0.5 18 42 1.8 05 2300 64 9.5 19 44,000 6,400 310 19 3900 05 05 8400 0.5 73 92
2006 0 = e e e e e e e e e e e e e e e e e e e e
Mean: 42,000 050 18 42 18 050 2300 64 9.5 19 44,000 6,400 310 19 3900 05 05 8400 05 73 92
Georgia-Pacific Pulp and 2004 - e e e e e e e e
Paper Company (C-201) 2005 34,000 05 10 35 1.3 05 9300 46 6.7 10 24,000 6,600 500 15 3600 05 0.5 12,000 0.5 60 50
/2010 R U O
Mean: 34,000 050 10 35 13 050 9300 46 6.7 10 24,000 6,600 500 15 3,600 0.5 05 12,000 05 60 50
Georgia Power Company (C-202) 0 S T T e e T T S ——
2005 32,000 0.5 8.6 30 12 030 2300 48 5.9 13 23,000 5200 180 14 3,000 05 05 9,700 0.5 56 52
0 T T T e e T S—
Mean: 32,000 050 8.6 30 12 030 2300 48 5.9 13 23,000 5200 180 14 3,000 05 05 9700 05 56 52
Academy Creek Wastewater 2004 e e e e e e e e e e e e e e
Treatment Plant (C-203) 2005 51,000 0.5 16 59 1.9 05 4,000 120 10 27 41,000 8600 660 24 4700 05 1.0 16,000 05 88 120
/2010 R U O
Mean: 51,000 050 16 59 19 050 4,000 120 10 27 41,000 8,600 660 24 4700 05 1.0 16,000 05 88 120



Table 4-5_Continued

Metals (mg/kg, dw)a' b

S o
& Q Q& & N & N Q &
=N N RY . O N N 2 S © R >
N QO N O . X ) @ 2 > 2

. . S & & ‘0"6\ NN & 60'2} & o E N 3 5 .\Aé » D & 3 &

Sampling station ® ¥ S P KX P d ¢ © X N N Q° S S & Q% 4

Reference Locations

Crescent River 2004 2,700 1.0 1.3 65 020 025 190 47 050 1.0 2,300 430 32 2.0 230 0.5 0.5 610 0.5 5.8 48
2005 25,000 0.5 12 27 098 05 2000 34 5.1 8.4 21,000 4,500 180 10 2,700 05 05 11,000 0.5 46 38

2006 3900 002 36 64 030 004 800 66 1.2 25 5400 1,500 43 1.9 860 0.28 0.012 5500 0.06 10 11

Mean: 10,000 051 56 13 049 026 1,000 15 2.3 40 9600 21100 85 46 1,300 043 034 5700 0.35 21 18

Troup Creek 2004 14,000 1.0 5.3 15 070 025 2,300 20 3.3 53 14,000 2,800 190 6.0 1400 05 05 3400 14 28 29
2005 36,000 0.5 8.7 37 140 05 3800 43 7.2 14 25000 5,600 460 14 3,000 05 060 9700 05 59 56

2006 18,000 0.02 9.0 20 110 014 3400 27 5.0 8 23,000 5000 470 8 2400 14 007 12,000 0.20 42 46

Mean: 23,000 051 7.7 24 11 030 3200 30 5.2 9.2 21,000 4,500 370 9 2,300 080 039 8400 0.70 43 44

#Concentrations of metals identified by underlining were non-detected values that were assigned a value of 1/2 of detection limit.

PMetals for which screening-level ecological effects value (EEV) have been established by Region 4, U. S. EPA, are identified by bold print are
concentrations of metals that exceed applicable EEVs (antimony: 12 mg/kg; arsenic: 7.24 mg/kg; cadmium: 1 mg/kg; chromium: 52.3 mg/kg;
copper: 18.7 mg/kg; nickel: 15.9 mg/kg; silver: 2 mg/kg; and zinc: 124 mg/kg).



Table 4-6a_Concentrations of chemicals of potential concern (COPCs) in cordgrass for major areas in estuary
at LCP Site (2000 - 2006 data) for exposure estimates

All concentrations in mg/kg dw

Domain 1 Domain 4
Methyl Inorganic Methyl Inorganic
Total Mercury Mercury(a’ Mercury‘b) Aroclor-1268 Lead Total Mercury Mercury(a’ Mercury‘b) Aroclor-1268 Lead
Count 7 - - 4 4 9 - - 6 6
Min 0.022 0.002 0.02 0.054 1.99 0.014 0.001 0.013 0.016 0.38
Max 0.453 0.045 0.41 0.614 2.90 0.050 0.005 0.045 0.185 3.60
Avg 0.097 0.010 0.09 0.261 2.50 0.028 0.003 0.025 0.096 1.98
Std Dev 0.158 - - 0.244 0.40 0.010 - - 0.067 1.385
Coefficent of Variation 1.635 - - 0.935 0.159 0.342 - - 0.698 0.698
95 UCL 0.21 0.02 0.19 0.55 2.88 0.034 0.003 0.031 0.151 3.12
UCL Statistic 95% Bootstrap - - 95% Students  95% Bootstrap 95% Students - - 95% Students  95% Students
Non-Detects 0 - - 2 0 0 - - 3 2
Domain 2 Main Canal
Methyl Inorganic Methyl Inorganic
Total Mercury Mercury(a’ Mercury‘b) Aroclor-1268 Lead Total Mercury Mercury(a’ Mercury‘b) Aroclor-1268 Lead
Count 24 - - 15 15 7 - - 4 4
Min 0.015 0.001 0.014 0.017 0.38 0.079 0.008 0.071 0.068 2.612
Max 0.210 0.021 0.189 0.360 4.80 0.290 0.029 0.261 0.221 4.300
Avg 0.049 0.005 0.044 0.152 1.95 0.147 0.015 0.132 0.143 3.328
Std Dev 0.052 - - 0.100 1.51 0.095 - - 0.079 0.709
Coefficent of Variation 1.068 - - 0.655 0.773 0.644 - - 0.553 0.213
95 UCL 0.09 0.01 0.08 0.20 2.74 0.759 0.075 0.684 0.236 4.163
UCL Statistic 95% Bootstrap - - 95% Students  95% Bootstrap 95% Bootstrap - - 95% Students  95% Students
Non-Detects 0 - - 4 6 0 - - 0 0
Domain 3 Purvis Creek
Methyl Inorganic Methyl Inorganic
Total Mercury Mercury(a’ Mercury‘b) Aroclor-1268 Lead Total Mercury Mercury(a’ Mercury‘b) Aroclor-1268 Lead
Count 18 - - 12 12 7 - - 4 4
Min 0.017 0.002 0.015 0.025 0.38 0.02 0.002 0.01 0.02 0.38
Max 0.067 0.007 0.060 0.215 10.0 0.03 0.003 0.03 0.19 3.1
Avg 0.038 0.004 0.034 0.091 3.51 0.02 0.002 0.019 0.11 2.02
Std Dev 0.014 - - 0.051 3.09 0.005 - - 0.08 1.23
Coefficent of Variation 0.37 - - 0.560 0.88 0.23 - - 0.69 0.61
95 UCL 0.04 0.004 0.04 0.122 5.12 0.02 0.002 0.022 0.22 3.07
UCL Statistic 95% Students - - Approx Gamma  95% Students 95% Students - - 95% Bootstrap  95% Bootstrap
Non-Detects 0 - - 3 2 0 - - 4 1



Table 4-6a._ Continued

Blythe Island Area A
Methyl Inorganic Methyl Inorganic

Total Mercury Mercury(a’ Mercury‘b) Aroclor-1268 Lead Total Mercury Mercury(a’ Mercury‘b) Aroclor-1268 Lead
Count 3 - - 3 3 21 - - 11 12
Min 0.013 0.001 0.011 0.016 0.39 0.002 0.0002 0.002 0.02 0.38
Max 0.030 0.003 0.027 0.051 1.83 0.45 0.04 0.41 0.61 4.30
Avg 0.023 0.002 0.021 0.028 1.08 0.08 0.008 0.074 0.18 2.47
Std Dev 0.009 - - 0.020 0.72 0.12 - - 0.16 0.96
Coefficent of Variation 0.401 - - 0.717 0.668 1.42 - - 0.88 0.39
95 UCL 0.030 0.003 0.027 0.039 1.56 0.15 0.014 0.131 0.31 297
UCL Statistic 95% Bootstrap - - 95% Bootstrap  95% Bootstrap Approx Gamma - - Approx Gamma 95% Students
Non-Detects 0 - - 2 1 0 - - 0 0

Troup Creek Reference Estuary Area Weighted Grand Mean and UCL
Methyl Inorganic Methyl Inorganic

Total Mercury Mercury(a’ Mercury‘b) Aroclor-1268 Lead Total Mercury Mercury(a’ Mercury‘b) Aroclor-1268 Lead
Count 7 - - 3 4 0.035 0.003 0.032 0.110 2.30
Min 0.002 0.0002 0.002 0.016 0.38 0.049 0.005 0.044 0.168 342
Max 0.007 0.001 0.01 0.225 2.30
Avg 0.005 0.0005 0.004 0.134 1.60
Std Dev 0.002 - - 0.107 0.86
Coefficent of Variation 0.456 - - 0.802 0.54
95 UCL 0.006 0.001 0.006 0.203 2.15
UCL Statistic 95% Students - - 95% Bootstrap  95% Bootstrap
Non-Detects 0 - - 3 1

Notes:

Total Mercury was extracted from the database.
a = Methyl Mercury is the total mercury value multiplied by a factor of 0.0993.
b = Inorganic Mercury is the total mercury value minus the methyl mercury value. This is the remaining amount of mercury

available for exposure.



Table 4-6b_Yearly average body burdens of chemicals of potential concern (COPCs) in
cordgrass (Spartina alterniflora) for major areas in estuary at LCP Site (2005 data)® b

Size of area Mercury
(percent of Total Methylmercury
evaluated site mercury % of total Aroclor 1268 Lead
f 723.85
Major area © acres) (ug/kg, dw)  (ug/kg, dw) mercury (mg/kg, dw) (mg/kg, dw)

Domain 1 20.28 acres

(2.8%)
Mid-stretch (M-25/NOAA 4) 10