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1.0. INTRODUCTION

The purpose of this study is to evaluate historical and recently collected chemistry and
toxicity data for development of Preliminary Remediation Goals for Raymark-related
Contaminants of Concern (CoCs). PRG’s are risk-based chemical criteria which are intended to
be protective of site biota. PRGs require site-specific evaluation because either applicable
criteria are not available for important CoCs, or available literature values are not considered to
be adequately protective under site-specific conditions.

Three primary components of PRG development include assessment of CoC-related risks
due to chemical exposure via aquatic, terrestrial and human health exposure pathways. This
report focuses primarily on the development of PRGs for protection of aquatic life; a final
section involves the assessment of potential impacts of bioaccumulative CoCs (i.e., dioxins,
PCBs) on avian predators consuming fish from the Raymark study area. Human health risks are
beyond the scope of the present investigation.

~ PRG development for protection of aquatic life involves the inspection of existing or new
data containing paired chemistry-toxicity measurements. These data form the basis of
“exposure-response’” relationships, where increasing adverse effects are observed with increasing
chemical concentration. The CoC-specific PRG is developed by selecting the contaminant
concentration that results in an unacceptable adverse effect. Multiple CoCs are evaluated in a
similar manner and inter-compared to determine which PRG is most protective, considering both
the concentration and the associated uncertainty about the estimate. In instances like Raymark
where a mixed waste contains multiple CoCs, the selection process would typically yield a few
PRGs which may be applied to the site depending on station-specific CoC concentrations. These
PRGs are assumed to be protective for effects due to the mixed waste as a whole, i.e., other CoCs
at lower effects-based concentrations would be remediated in association with the clean-up based
on the selected PRGs.

The method for application of the PRG to the site for delineation of areas concern
requires consideration of CoC spatial distributions; this step, however, is beyond the scope of the
present objectives.

2.0. MATERIALS AND METHODS

Collection (Section 2.1), chemical evaluation (Section 2.2) and toxicity testing (Section
2.3) methodologies for sediments are presented in the sections below.

2.1. Field Collection Methodology
Sample locations for the present evaluation included 19 locations in the Raymark study
area and one reference location (Figure 2.1-1). Sediments were collected over a three day period

in August 1997. The majority of sediments were sampled by hand with scoops from just above
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the tide line within two hours of low tide. Four subtidal sampling locations in the lower Ferry
Creek area were sampled from a small boat equipped with a davit and modified 0.1 m? Youn'g
grab sampler. Both intertidal and subtidal samples were collected to approximately 6" depth
until 5 gal. of wet sediment were obtained. Care was taken to prevent loss of fines as well as to
minimize the entrainment of excess water into the sample. Clean techniques were employed
during all sampling procedures and chain of custody procedures were followed. After each day
of collection, samples were placed on ice and transported by van to the SAIC Environmental —
Testing Laboratory (ETC) in Narragansett, RI and stored at 4°C until needed.

Fish samples were also taken at three Raymark stations (SD26, A3SD10, MF03) and at
the reference location (GMOS; Figure 2.1-1). Minnow traps were baited with bread and placed in
the subtidal zone at low tide and connected via line to a shoreline stake. Minnow traps were
checked twice daily at low tide until sufficient numbers of the target species (Fundulus
heteroclitus) were obtained for chemical analysis. Fish were transferred from the traps to clean
glass jars after each collection and placed on ice for transport to the ETC. At the laboratory,
arriving samples were subsequently composited (within station) with previous samples and
frozen at -20°C until needed.

2.2. Chemical Analivtical Methods.

Chemical analyses included evaluations of bulk sediment (Section 2.2.1), sediment
porewater (Section 2.2.2) and fish tissue (Section 2.2.3), and supporting non-CoC parameters
(DOC, TOC, lipids: Section 2.2.4).

2.2.1. Bulk Sediment Analyses

PCBs. Given the need to collect both PCB congener/homolog and the more traditional
Aroclor data. two different procedures were employed. The PCB congener and homolog
analyses were conducted using a modification of EPA Method 680. Briefly, it is a GC/MS
procedure that employs a low resojution mass spectrometer in the selected ion monitoring (SIM)
mode. For the purposes of this project, that method has been modified so as to obtain results for
the various PCB congener and homologs in Table 1. As modified, the PCBs are separated by the
GC and quantitated using an isotope dilution procedure that requires that stable isotopically-
labeled analogs representing at least one PCB congener in each homolog be added to the sample
prior to the start of the extraction procedure.

The Aroclor data were generated using a modification of the U.S. EPA Contract
Laboratory Program (CLP) Statement of Work (SOW) for organic analyses, OLM03.0. The CLP
SOW employs a GC/EC instrument to separate and quantify the Aroclor mixtures. Analyses of
Aroclor mixtures are highly dependant on the interpretive skill of the analyst, although the CLP
method requires that 3 to S characteristic peaks for each Arocior be used to quantitate the sample
results. One significant modification of the CLP was the addition of Aroclors 1262 and 1268 to
the series of standards prior to sample analysis. The results of those analyses were used by the
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analyst for the purposes of pattern recognition. and to choose the characteristic peaks that are
used for quantitation.

SVOCs, SVOC analyses were performed following the protocols specified in the CLP
SOW OLMO03.0 (with revisions). The percent moisture of the sediment samples was determined
prior to sample extraction or analysis and sample volumes adjusted to achieve desired
quantitation limits (dry basis) for all sediment samples regardless of the high moisture content of
the samples. Samples were maintained at 4 degrees C (+ 2 degrees C) consistent with the CLP
instruction procedures for sample storage.

Metals. The metal analysis were performed by the U.S. EPA CLP SOW for Inorganic
Analysis, Multi-media, Multi-concentration ILM03.0 (and revisions) without modification. The
percent moisture of the sediment samples was determined prior to sample extraction or analysis
and sample volumes adjusted to achieve desired quantitation limits (dry basis) for all sediment
samples regardless of the high moisture content of the samples.

2.2.2. Sediment Porewater 4nalvses

Fifteen of the twenty samples were selected for detailed chemical and toxicological
analysis. The primary cniterion for selection for further analysis was the observation of
significant toxicity (<80% survival) using the 10-day solid phase test with the amphipod
Ampelisca abdita (discussed below). This test is an accepted indicator of the potential for toxic
risk and the test protocol method is an EPA standard (USEPA, 1994).

Organics Sample Preparation - All reagents used were of pesticide grade or better. Fifty
mL (50 mL) of sample was spiked with internal standards. PCBs 103 and 198, for use in

quantifying the chlorinated pesticides. DDT and metabolites, and PCB congeners. For PAHs, 5
alpha androstane was used as the internal standard.

Porewater samples were collected using the syringe extraction technique of Winger and
Lassier (1991). Sampies were sonicated for 1 minute with 10 mL of extraction solvent in a 40
mL centrifuge tube and centrifuged for 5 minutes. The soivent was removed and reserved, and
the procedure repeated for a total of three times yielding 30 mL of extract per sample. Each
extract was combined in a bottle with 70 mL of 2% sodium sulfate in deionized water washed
with solvent. The solvent - sodium sulfate solution was triple extracted using 10 mL each time of
extracting solvent compatible with the analytes of interest. The resulting extract was dried over
sodium sulfate to remove any water in the extract, and reduced in volume to approximately 5 mL
by nitrogen evaporation. A 300 mm X 10 mm i.d. liquid chromatography column with reservoir.
stopcock, and coarse fritted disk was packed with 3.5 g of flonisil and topped with 1.5 g of
sodium sulfate for organochlorine and PCB compounds. For PAH compounds the column was
packed with 10 g of silica gel in methylene chloride and topped with 2 g of sodium sulfate. For
organochlorine and PCB compounds the column was washed with 20 mL hexane. For PAHs the
column was washed with 20 mL of pentane. When the hexane (or pentane) had nearly reached
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the top of the sodium suifate. the 5 mL of sample extract was quantitatively transferred to the
column. For chlorine and PCB compounds, the column was eluted with 40 mL of 10% ethyl
ether in hexane. For PAHs the column was eluted first with 20 mL of petroleum ether, followed
by 40 mL of 10% methylene chioride in petroleum ether. The samples were collected from each
column and reduced in volume to | mL by nitrogen evaporation in concentrator tubes. The
extract was transferred to a GC autosampler vial, sealed, and stored until analysis.

Inorganics Sample Preparation- Samples were prepared using microwave digestion.
Three to five g of sample was treated with 5 mL concentrated nitric acid, 2 mL of concentrated
hydrochloric acid, and 3 mL of deionized water. The digest was allowed to cool, and
volumetrically diluted to a final volume of 100 mL.

Instrumental Analyses - MDLs (method detection limits) were established for each
analyte before analyses were conducted. MDLs was obtained for the procedures outlined in 40

CFR part 136, and in Mlgmﬂmnmmf_.ﬂmndﬂaﬂm&ﬂ Water
MDLs for organic and inorganic compounds were reported as pg/L.

All analyses for organics were performed using Hewlett-Packard model 5890 series II or
6890 series capillary GCs equipped with dual autosamplers. Splitless injection was used. Fused
silica capillary columns used for each channel of the GC for organochlorine and PCB analyses
were 60 m, 0.25 mm i.d., with a 0.25 micron film thickness DB-5 or equivalent. PAH analyses
columns were 30 m, 0.25 mm i.d., with a 0.25 micron film thickness DB-5 or equivalent. Ultra
high purity Helium was the carrier gas in each GC. For each sample batch of ten, a three point
calibration curve was established.

For organochlorine/PCB analyses, the GC was equipped with dual electron capture
detectors (ECDs), injection ports, and autosampler. Temperature programming was used to
chromatograph the samples. The injector temperature was 280 degrees C and the detector
temperature was 310 degrees C. For PAH analyses, the GC was equipped with a flame
ionization detector (FID), set at the correct hydrogen and air flow rates. The injector temperature
was 300 degrees C and the detector temperature was 325 degrees C. As with
Organochlorine/PCB analyses. temperature programming was used to chromatograph the
samples.

For metal analyses, a Varian SpectrAA 20 flame atomic absorption spectrophotometer
and a Varian SpectrAA 400 Zeeman graphite furnace atomic absorption spectrophotometer were
used to determine the concentration of trace metals. Each unit was equipped with data stations
and autosamplers. For all metal analyses, a three point calibration curve plus blank was
established.



2.2.3. Fish Tissue Analvses

As part of this project, data on polychlorinated dibenzo-p-dioxins (PCDDs) and
polychlonnated dibenzofurans (PCDFs) in fish tissue samples was required. The analytical
method employed was EPA Method 1613B. In addition to the 17 2,3,7,8-substituted
PCDDs/PCDFs addressed in that method, data also were obtained the "total" concentrations in
each level of chlorination, e.g., total TCDD. Method 1613B inciudes procedures for acid/base
back extraction, gel permeation chromatography (GPC), silica gel, alumina, and activated carbon
column cleanups, and an anthropogenic isolation column for the removal of lipids. For the
purposes of this project, the analysis methods of the fish tissue samples were selected to meet
the MDLs for the solid samples, e.g., 1 ng/kg for TCDD, up to 10 ng/kg for OCDD. Any sample
in which 2,3,7,8-TCDF was observed above the MDL was confirmed by analysis on a second
column. as described in Section 16.5 of Method 1613B.

2.2.4. DOC/TOC/Lipid Analyses

Finally, in order to assess the bioavailability of these contaminants. measurements are
needed of the dissolved organic carbon (DOC) in the pore water samples (EPA Method 415.1),
the total organic carbon (TOC) of the sediments (EPA Method 415.1), and the lipid content of
the tissue samples (Bligh and Dyer. 1959).

2.3. Toxicity Testing

Toxicity analyses included evaluations of bulk sediment (Section 2.2.1), sediment
porewater (Section 2.2.2) and chemically fractionated porewater (Section 2.2.3).

2.3.1. Bulk Sediment Tests

For whole sediment tests. the 5 gal samples were homogenized using stainless steel
paddles. Bulk sediments were evaluated in the 10-day solid-phase amphipod test using the
manne amphipod. Ampelisca abdita according to EPA procedures (USEPA, 1994). The test
was conducted for 10 days using 1 L glass jars containing 175 mL of homogenized sediment and
800 mL of overlying seawater collected from lower Narragansett Bay, R1. Exposure was static at
20°C with a continuous lighting. Test chambers were aerated to maintain acceptable oxygen
levels. Twenty subadult test organisms per chamber, which were not fed during the test, were
used. Water quality parameters were monitored: pore water ammonia was measured at the
beginning of the test; overlying water ammonia, pH, salinity, and dissolved oxygen was
measured at the beginning and the end of the test; and temperature was recorded daily in one
chamber and continuously in the water bath. Survival, measured as the number live retrieved at
the end of the test compared to the number added, was determined. Survival was compared to a
"clean" laboratory performance control sediment.



2.3.2. Sediment Porewater Tests

For pore water tests, samples were collected according to methods described by Winger
and Lasier (1991). Briefly, sediments were homogenized as described above and interstitial
water was collected using a vacuum-operated pore water extractor constructed from fused glass
airstones attached to a 60 cc syringe. The airstone was inserted into the sediment and a vacuum
was created by retracting and bracing the syringe plunger.

Pore waters were used to determine survival effects to Ampelisca abdita in 48-hour and
96-hour water-only tests and development effects to the marine bivalve, Mulinia lateralis, in
48-hour water-only tests. A concentration series was used so that a threshold concentration (i.e.,
LCS50 for the amphipod test and EC50 for the bivalve test) could be determined.

Water-only tests using Ampelisca abdita were performed according to EPA procedures
(USEPA, 1996). The test was conducted for 48 or 96 hours using 30 mL plastic cups and 15 mL
of sample. A concentration series (e.g., 0, 10, 50 and 100% or 0, 6.25, 12.5, 25, 50, and 100%
sample) with natural seawater collected from lower Narragansett Bay as diluent. Exposure was
static at 20°C with a 16 hour light and 8 hour dark cycle. Five subadult test organisms per
chamber. which were not fed during the test, were used. Ammonia, salinity, and pH were
measured in the samples. Survival, measured as the number live retrieved at the end of the test
compared to the number added, was determined. The LCS50, the concentration at which survival
was reduced by 50%, was calculated using ToxCalc®.

Tests using Mulinia lateralis were also performed according to EPA procedures (USEPA,
1996). The test was conducted for 48 hours using 30 mL plastic cups and 10 mL of sample. A
concentration series (e.g., 0, 10, 50 and 100% or 0, 6.25, 12.5, 25, 50, and 100% sample) with
natural seawater collected from lower Narragansett Bay as diluent. Exposure was static at 20°C
with a 16 hour light and 8 hour dark cycle. Three hundred embryos were added to each chamber.
Embryos were not fed duning the test. Ammonia, salinity, and pH were measured in the samples.
Development. measured as the number of normal embryos out of 100 embryos counted, was
determined. The EC50. the concentration at which normal development was reduced by 50%,
was calculated using ToxCalc®.

2.3.3. Fractionated Porewater Tests

Pore waters were amended or fractionated using marine toxicity identification evaluation
(TIE) methodologies (USEPA, 1996). Three amending procedures were performed using the
pore water to identify potential contaminants of toxicological concem: the C18 solid-phase
extraction column (SPEC) was used to remove nonionic organic compounds, EDTA
(ethylenediaminetetraacetic acid) was used to bind divalent cationic metals (e.g., copper, nickel,
lead, zinc, cadmium, and mercury), and the macroalgae Ulva lactuca or sea lettuce was used to
remove ammonia (ULVA). Amended samples were evaluated using the aqueous phase
amphipod and bivalve tests. Threshold concentrations for fractionated samples were compared
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to non-fractionated sampie responses.

SPEC. Methanol (25 mL) and DI (25 mL) were used to prepare columns for sample
passage. A continuous flow rate 7-10 mL/min was used. Natural seawater passed through the
column served as a laboratory performance control and was used to prepare dilutions of amended
pore waters.

EDTA. EDTA (25 g EDTA in 1 L of DI)) was added to each sample so that the final
concentration was 60 mg or 0.22 mmol EDTA per L of sample. The sample was mixed
thoroughly. Test organisms were added after three hours. EDTA was added to natural seawater
to serve as a laboratory performance control and for dilutions of amended pore waters.

ULVA. Ulva lactuca was collected from Narragansett Bay just prior to use. Debris and
white or yellow tips were discarded. Sea lettuce samples were rinsed in clean seawater, patted
dry and added to salinity adjusted samples so that each 60 mL of sample contained 5 g of lettuce.
Sample salinity was adjusted using brine (i.e., 2X GP2 in natural seawater) prepared according to
EPA (1994). Samples with Ulva were aerated gently under laboratory lights for five hours.
Lettuce was removed and animals were added. Ammonia was measured before and after
treatment with Ulva. Natural seawater was treated with sea lettuce to serve as a laboratory
performance control and for dilutions of amended pore waters.

3.0. RESULTS AND DISCUSSION
3.1. Toxicity Testing
3.1.1. Bulk Sedimenr Toxicity

Results of bulk sediment tests with amphipods are summarized in Table 3.1-1. Of the 20
sediment samples tested. 5 samples exhibited survival > 85% and were excluded from further
analyses. Among the remaining 15 samples. four samples were non-toxic (exhibiting survival
> 80%: “-"), four samples were slightly toxic (survival between 50-80%; **+”), five samples were
moderately toxic (survival between 20-50%; “++"), and two samples were highly toxic (survival
< 20%; * +++"). Some the samples had relatively high total and un-ionized ammonia
concentrations, exceeding the NOEC values for this species (30 and 0.4 mg/L, respectively).
However, the affected samples (SD0O7, SD08, and SD28) were no more than slightly toxic, such
that ammonia did not appear to be a significant confounding factor in interpretation of results of
these bulk sediment tests. Hence, the observed range of survival was expected to provide an
adequate range of toxicity and associated chemical concentration in sediment porewaters for TIE
evaluations, discussed below.



3.1.2. Porewater/TIE Toxicity

Porewater toxicity results for Ampelisca (survival) and Mulinia (larval development),
discussed below, are expressed as the concentration of porewater required to affect 20% of the
test population (i.e., EC20). A 20% effect level was selected as being more environmentally
conservative than a 50% reduction (e.g., LC50 or ECS0) as organisms can be exposed to 100%
porewater in the field, and because the approach provided a more dynamic range in the data set
(multiple values with LC50 values *>100%" can have lower and different values as LC20
estimates). This calculation is an interpolated value based on exposure-response results of the
48hr porewater exposures for the control (0% porewater) and each of five dilution series (6.25%,
12.5%, 25%, 50% and 100%) as summarized in Appendix Tables B-1 to B-4.

dmpelisca Toxicity. Results of sediment porewater tests with Ampelisca are reported in
Table 3.1-2. The data include tests with whole porewater (PW), as well as chemically-treated
porewater to selectively remove organics (C18) and metals (EDTA).

An initial comparison of porewater EC20 results with that of bulk sediment tests relative
to overall sample toxicity (High, Intermediate, Low, Non-toxic) indicate that two of 15 samples
(A3SD10 and HB3A) were significantly lower in toxicity (two categories lower toxicity in
porewater than sediment), while two additional samples (SD08 and SD37) were significantly
higher in toxicity (two categores higher toxicity in porewater than sediment). Hence, the
majority of samples exhibited comparable toxicity between sediment and porewater exposures.

The LC20 results for Ampelisca in whole porewater ranged from a low of 25.0% (SD18)
to a high of 100% (e.g., non-toxic, SD28). Stations ranked with highest toxicity (*++"; SDO1,
SDO0S. SD18 and SD37) for the porewater treatment also tended to have the highest total and/or
unionized ammonia concentrations in porewater bioassays which were about 2-fold greater than
the NOEC concentration. An increase in ammonia concentration is believed to have occurred
during holding between the time of bulk sediment and porewater extraction.

Inspection of the EDTA and C18 fractionation results for amphipods (Table 3.1-2)
indicates results for 9 of 15 stations did not change from the corresponding porewater result (i.e..
LC20 within 10%), while five samples (A3SD10, GMO08, SDO01, SD08 and SD37) had a similar
reduction in toxicity (i.e., +10% change in LC20 for both EDTA and C18 treatment vs. PW
treatment). Among the remaining sampies, C18 treatment increased toxicity in one sample
(HB3A), but decreased toxicity in another (SD07). Thus on the basis of toxicity results alone,
the TIE fractionation tests with Ampelisca were inconclusive with respect to the relative role of
metals vs. organics in CoC-related impacts. However, these results will be explored further when
toxicity results are compared to matching porewater chemical analyses (Section 3.4).

As discussed in the methods section, a porewater collection technique using syringe
extraction was preferred as it presented the best approach for minimizing handling artifacts with
regard to the bioavailability of CoCs in the sample. Because of the concern over potential non-
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CoC toxicity related to ammonia/sulfides, an aeration experiment with Ampelisca was conducted
to assess the effect of sample oxidation on toxicity. The non-aerated exposure portion of the test
employed the same test methods as the previous porewater test, while split samples were taken
and bubbled with air for 60 minutes prior to testing.

Although direct sulfide measurements on the preparations were not performed, those
samples with increased high ammonia are also expected to contain sulfides because ammonia
production is a precursor to sulfide generation in sediments. Hence, porewaters which are
highest in ammonia should be most susceptible to an aeration effect resulting in increased
toxicity if the oxidation of sulfides are allowing metals in solution to become bioavailable, or
aiternatively, decrease in toxicity if ammonia concentration is the primary constituent caused
adverse impact.

Results presented in Table 3.1-3 show that five of 15 samples (SD07, SD13, SD14, SD24
and SD37) increased in toxicity, while only one sample (SD28) decreased in toxicity as a result
of aeration. Another four samples (HB3A, SDO1, SD18 and SD23) remained completely toxic,
thus leaving open the possibility that aeration could have increased CoC bioavailability, although
it cannot be proven without performing testing on diluted samples. Still, those samples which
increased in toxicity also had relatively high ammonia whereas the three non-toxic samples
(A3SD10, CSD1, GMO08) which were low in ammonia were unaffected by aeration.

These results are consistent with the hypothesis that aeration increases toxicity because
sulfide oxidation allows previously bound metals in solution to become bioavailable. Hence, the
anoxic nature of sediments (whether naturally or anthropogenically induced) under existing
conditions in the Raymark study area may presently afford a substantial degree of protection to
indigenous biota to metals toxicity.

Mulinia toxicity. Results of larval development tests with Mulinia exposed to whole
porewater and TIE fractions (EDTA, C18) are presented in Tabie 3.1-4. The Mulinia results
generally indicated higher levels of effects than did Ampelisca; the EC20 values for whole
porewater range from 0.4 - 55.7%, indicating that all porewater samples resulted in reduction in
larval development success, and over half (9 of 15) samples had high (EC20 < 10%) toxicity.
This enhanced toxicity is at least partially attributed to the fact that the Mulinia test is a sub-
lethal. larval stage test. whereas the Ampelisca endpoint is survival of the adult stage. As
observed for Ampelisca, measured ammonia concentrations were above the LC50 values for both
total (13 mg/L) and unionized (0.2 mg/L) forms, such that a portion of toxicity may not be
directly related to CoC concentration.

The EDTA and C18 treatment of split samples and retesting with Mulinia resulted in a
comparable range of EC20 values. There was a general trend for the EDTA treatment to reduce
sample toxicity as compared to that for whole porewater; three samples (A3SD10, GMO08 and
SDO07) exhibited a > 10% reduction in toxicity, while only one sample (SD23) appeared to have a
comparable increase in toxicity. As discussed for the amphipod results, reduced toxicity is
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expected if the EDTA treatment was effective in sequestering metals from solution. A similar
result was observed for the C18 treatment; three samples exhibited reduced toxicity (SD18, SD2:
and SD24). Because EDTA and C18 treatments affected different samples and the general trend
was to reduced toxicity, it would appear that the TIE resuits hold promise for segregating metals
vs. organics toxicity. The significance of these results will be further evaluated from examinatior
of exposure-response relationships from which CoC-specific contributions may be discerned.

Ulva Treatmenis. Ulva treatments of porewater were conducted to address residual
toxicity associated with ammonia in the sample. For Ampelisca, test durations were extended to
96 hr so as to increase the threshold of detection toxicity related to CoC in the sample. Resuits
presented in Table 3.1-5 show that only 5 of 15 samples (HB3A, SDO1, SD14, SD18, and SD21)
remained toxic after Ulva treatment. (Note the reduction in ammonia concentration relative to the
whole porewater tests). The lack of toxicity does not contraindicate the possibility of CoC
related toxicity in whole porewater samples since Ulva may be capable of uptaking the CoCs and
hence reducing chemical bioavailability (see Section 3.2, below). Rather the data do suggest that
those samples which remain toxic after Ulva treatment are likely to have CoCs at effect-causing
concentrations without masking due to ammonia effects; these data will be utilized further in
PRG development discussed in Section 4.

Ulva treatments of porewater were also conducted using Mulinia as had been done for
Ampelisca (split samples). Results presented in Table 3.1-5 show that the majority of samples
exhibited comparable toxicity between non-Ulva and Ulva-treated porewater, while three of 15
samples (GMO08, SD13 and SD28) were more toxic after Ulva treatment. The continued toxicity
of the samples despite ammonia removal indicates that CoCs are likely to be present at toxic
concentrations. The cause of increased toxicity is uncertain, although laboratory studies have
demonstrated that Ulva may release exudates which are toxic to Mulinia (Johnson and Welsh,
1985).

3.2. Chemical Analiytical Resuits

Results for chemical analysis of bulk sediment, porewater and tissue samples respectively
are reported in Sections 3.2.1, 3.2.2 and 3.2.3,, below.

3.2.1. Bulk Sediment Chemistry

Data presented in Table 3.2-1 provides a brief description of sediment concentrations
relative to NOAA ER-M benchmarks (expressed as Hazard Quotients, HQ) for Raymark
sampling locations selected for TIE analyses. Among the metals, copper, nickel, lead and zinc
were found at concentrations which exceeded the respective ER-M benchmarks. Complete
results are presented in Appendix Table A-2-1.1. The results were qualitatively scaled so as to
facilitate the data presentation as follows: concentrations < ER-M were flagged as “-”, values 1>
ER-M <2 were flagged as *'+"”, values 2 < ER-M <10 were flagged as “++", and values > 10X
ER-M were flagged as “+++". Lead was the most pervasive CoC in exceedence of the ER-M
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(12 of 15 stations), followed by copper (10 of 15 stations), nicke! and zinc (8 of 15 stations).
Chromium and mercury aiso exceeded the ER-M on two occasions. With regard to the
magnitude of contamination, one station in particular (HB3A) stands apart with HQs for copper
and lead >> 100, while a second station (A3SD10) has a copper and lead HQs of 9.5 and 15.1,
respectively. The remainder of stations have relatively lower CoC concentrations, with Hazard
Index (sum of metal-specific HQs) values in the range of 4-18.

As for PAHs. the Hazard Index for four stations (SD07, SD13, SD14 and SD23) had
dibenz(a,h)anthracene, fluorene. and phenanthrene concentrations exceeding the ER-M by more
than two-fold. and corresponding HI > 20. PCB concentrations also appeared substantially
elevated at a number of stations.

Because only six of the quantified congeners are in common with the 18 congeners used
by NOAA for the Total PCB determination, there existed uncertainty in the sum of congeners
estimate of Total PCBs for comparison against the NOAA ER-M benchmark. To address this
issue. six samples were selected for additional congener quantitation to obtain the full NS&T
congener complement. Regression analysis of Total PCBs by congener method (sum of NS&T
congeners x 2) against sum of PCB homologs revealed a linear relationship Fi gure 3.2-2). This
excellent agreement permitted prediction of Total PCBs for comparison against the ER-M
benchmark, discussed below.

The results of PCB ERM-HQs show patterns similar results as for the metals; Station
HB3A stands apart with the PCB HQ = 1762, while two additional stations (A3SD10 and SDO1)
have HQs >> 100. Except for Station GM08 and SD37 (HQ < 1.5), the remaining stations have
HQs in the range of 5 - 50. Finally, the pesticide p,p’-DDE was quantified for three stations
(HB3A. SD07 and SD21) and was not found to be present in high concentrations HQ<<1).

SEM:AVS measurements on bulk sediments were performed to assess potential divalent
metal bioavailability and associated potential toxicity to benthic infauna. Numerical values for
SEM constituents (Cu. Cd. Ni, Pb and Zn) are presented in Appendix Table A-3; results are
presented graphically in Figure 3.2-1. Among the 15 sampling locations, three stations
(A3SD10, HB3A, SD18) were noted to have sum SEM concentrations (uMol/g dry wt) which
exceeded AVS concentration (noted by asterisk), hence indicating potential toxicity. These
stations. among others. were founded to be toxic to amphipods as discussed above (Table 3.1-1).
The relationship between SEM concentrations and concentrations of metals in porewater will be
discussed in Section 3.4.5.

3.2.2. Porewater Chemistry

Data presented in Table 3.2-2 provides a similar description of porewater concentrations
and Hazard Quotients as discussed for sediments, above. Complete results are presented in
Appendix Table A-2-2.1. In this analysis, however, porewater concentrations are compared to

Water Quality Screening Values (WQSV, units = pg/L) with CoC-specific benchmarks being
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obtained from amphipod LC50 values where available, or otherwise taken from EPA Water
Quality Chronic Values. Among the metals, copper clearly emerges as the principal CoC of
concern, with HQs > 1 at all but one station (SD18). Arsenic exceed the WQSYV at four stations
(CSD1, SD07, SD08, and SD13), while zinc exhibited HQs > 1 at two locations (A3SD10.
GMO08). With regard to the magnitude of contamination, Station HB3A stands apart an HQ for
copper =30, while a second station (A3SD10) has a copper and lead HQs of 9.5 and 15.1.
respectively. The remainder of stations have relatively lower CoC concentrations, with Hazard
Index (sum of metal-specific HQs) values in the range of 2-10. Station SD18 was the only
location with an HI < 1.

Porewater PAH concentrations were less than the Method Detection Limit of 1 pg/L at
almost all of the stations. The sole exception was found for benzo(a,h)anthracene at Station
SD13 (HQ =40). These results would generally suggest that PAHs are an unlikely contributor to
porewater toxicity, although uncertainty exists for those PAHs with WQSV values < 1 pg/L.
PCB concentrations were substantially elevated at six stations, including CSD1, SD07, SD08,
SD13. SD23 and SD28). while concentrations at the remaining stations were below detection
(1 pg/L). As was done for sediments. the sum of congeners x 2 was calculated for comparison
against the EPA benchmark. although in this case, the 18 congeners used by NOAA for the Total
PCB determination were employed. Three stations (SD07, SD0O8 and SD24) had Total PCB HQs
of ~50. two stations (CSD1, SD23) were ~ 30, and one station (SD13) was ~13. The fact that
these data do not appear to correlate well with the respective sediment based concentrations is
attributed mainly to differences in congeners quantified for the respective analyses. A more
detailed analysis is presented in Section 4, below.

3.2.3. TIE Chemistry

Based on results of porewater metals analyses. samples were selected for chemical
analyses following further TIE manipulation including C18, EDTA, and ULVA treatment.
Sample selection was prionitized for those samples where analytes were present at concentrations
exceeding detection and with porewater HQs > 1.

Samples treated with EDTA for metals reduction were analyzed for PCBs: results are
reported in Appendix Table A-1-2.2 for the six PCB samples which had detectable
concentrations in porewater. Results show that detectable PCB concentrations were found in
only three of the six samples. and total concentrations were reduced by a factor of 10 or more.
This unexpected result could not be explained by preferential removal of certain PCB congeners.
as the congener mixtures did not change in any predictable manner. One consistent relationship
that was observed was the correlation between the retention of PCBs in the sample and the
presence of higher DOC (Appendix Table A-1-5), and silt/clay content (Appendix Table A-1-4).

Samples treated with C18 for organics reduction were analyzed for seven metals;
concentrations and associated Hazard Quotients results are reported in Appendix Tables A-1-2.3
and A-2-2.3, respectively. Copper was the most prevalent CoC with concentrations exceeding
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the WQSV; HQs > | were observed for eight of 15 stations. The highest observed HQ was found
for Station HB3A (HQ = 4.10), while remaining exceedances had HQs < 2. Arsenic also was
found to exceed the WQSYV at four locations (CSD1, SD07, SD08, and SD28) with HQs 1-2.
Finaily, zinc concentrations exceeded the WQSYV at two locations, Station A3SD10 (HQ = 7.0)
and Station GMO08 (HQ= 1.49). Additional samples were also analyzed for PCB concentrations
to confirm the C18 removal efficiency (Appendix Table A-2-4.); concentrations were almost
entirely less than the MDL (1 pg/L) in almost all samples.

A final set of samples were subjected to Ulva treatment for purposes of ammonia
reduction. Samples were analyzed prior to and after Ulva treatment, and included both PCB and
selected metals. The effectiveness for removal of ammonia by Ulva was previously demonstrated
by data presented in Table 3.1-4. Results are reported in Appendix Table A-1-2.4. With the
exception of Station SDO1, PCB concentrations were below detection in all samples. As for
metals, results were generally within two-fold concentration difference for respective Ulva and
non-Ulva treated samples and no apparent trend due to treatment was observed. Hence it was
concluded that the Ulva treatment should provide adequate data for the assessment of metals
related toxicity without interference by PCB or ammonia.

3.3. Trophic Transfer Assessment
Not completed.

3.4. PRG Development

The objective of PRG development is to derive class- and/or analyte-specific criteria for
metals and organics contaminants in sediments related to the Raymark site. For the PRG to be
site-specific, it necessary to assess both the inherent toxicity of the chemical in the sediment
mixture as well as the contribution the CoC makes to the overall toxicity of the sample. Because
there is a lack of knowledge of how site-specific conditions may modify chemical bioavailability
and the nature of non-linear interactions among CoCs which may modify toxicity, it is not
possible to complete this evaluation using solely literature-based values. Rather re-testing of
sediments is required in a manner which permits developing quantitative relationships between
the toxicity of the sample and the concentration of the site-related CoCs.

Toxicity Identification Evaluation (TIE) involves chemical manipulation of field samples
to separate CoC classes, such that CoC-specific exposure-response relationships can be
developed. The work performed includes testing of both whole sediment and whole porewater
collected from stations of suspected toxicity as well as the partitioning of CoCs in porewater into
metals and organics fractions for separate characterization.

As noted above, Ampelisca was chosen for these tests because of its amenability to this
type of short-term exposure. The bivalve, Mulinia lateralis, was chosen for the TIE testing
because of its ease of handling and culture in the laboratory, its wide range of salinity tolerance,
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and the ability to produce embryos for testing on-demand. This last charactenistic is the most
compelling reason in the selection of this species as a surrogate for the oyster, Crassostrea
virginica. It also is more appropriate to utilize a ubiquitous eastern bivalve as a surrogate for C.
virginica than to use the west coast species C. gigas which was previously used in the Raymark
Ecological Risk Assessment (NOAA, 1996).

As discussed above, porewater fractionation (TIE) procedures included two primary
manipulation methods: EDTA chelation to bind metals and effectively remove them from the
mixture: and C18 column extraction to remove organic compounds. The interpretation of the TIE
data with regards to identifying the chemicals responsible for causing observed toxicity was
accomplished according to the following approach:

° Assess the magnitude of porewater CoC exceedence of benchmarks in relation to
sample toxicity was used to derive thresholds below which adverse effects wouid
be unexpected, called the Threshold Effect Quotient (TEQ); Section 3.4.1);

® Separately determine TEQs for CoCs in TIE fractions (Section 3.4.2);

] Intercompare whole porewater and TIE TEQs for the species tested to identify
primary CoCs for PRG development. and select range of appropriate porewater
concentrations that do not pose a toxic nsk (Section 3.4.3);

o Translate TEQ values to whole sediment concentrations to determine Aquatic
Preliminary Remediation Goals and assess selected PRGs against sediment based
results and results of the Ecological Risk Assessment to verify PRG effectiveness
aquatic for risk reduction (Section 3.4.4).

A brief description of each step in the interpretive framework is provided below.
3.4.1. Porewater Toxic Units (TUs)

As discussed above, two test species were utilized as surrogates for aquatic Receptors of
Concern at the Raymark site. The bivalve Mulinia lateralis was employed as a surrogate for the
American oyster and the amphipod Ampelisca abdita as a surrogate for appropnately sensitive
benthic organisms. Ampelisca was also the organism used in the whole sediment tests and thus
provides a common basis for relating sediment to porewater toxicity, particularly because
species-specific data are available as to the concentration of individual chemicals in undiluted
porewater sampie ([PWc]) expected to cause 50% reduction in survival (LC50) in single
toxicant laboratory bioassays. These data are used to quantify the overall toxicity of samples
from a chemical perspective as the number of “toxic units™ for the CoC (IWTU,.) as follows:

1) IWTUcoe = [PWeocJ/LCS50coc;
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The above procedure is repeated for each of the CoCs of interest in the sample and
IWTUs summed to obtain the ZIWTU (Sum Interstitial Water Toxic Units) for the sample.
Because species-specific data for Mulinia aré not available, LC50 values for Ampelisca were
assumed to be comparable.

Results of IWTU and ZIWTU calculations for porewater exposure to Ampelisca and
Mulinia is reported separately for metals and organics in Table 3.4-1. For the metals, only
arsenic, cadmium, copper and zinc were found to occur at concentrations in porewater that were
at least 10% of the LC50 value (i.e.. IWTU > 0.1); other analytes were excluded from analysis
since these CoCs were unlikely to substantially contribute to the toxicity of the sample. The
Table includes rank. J toxicity results paired with corresponding IWTUs, segregated by degree of
toxicity (High, Intermediate. Low, Non-toxic). A Threshold Effect Quotient (TEQ) is also
calculated for each CoC and used as a point of reference to identify CoCs and associated
concentrations which might be contributing to increased sample toxicity. The TEQ is taken as
the maximum IWTU value of the least toxic sample group, or where this IWTU value is less than
unity, a TEQ = 1 was adopted. It is expected that site-specific conditions in sediments of the
Raymark study area might result in TEQ values greater than one as a given CoC could be less
toxic in the field sample than under the water only, single toxiciant test conditions in which the
LCS50 values were derived. Similarly, it was assumed that field conditions would not increase the
toxicity of a given CoC to levels greater than that afforded in the laboratory tests, such that TEQ
values < 1 would be considered spurious (and leading to a minimum TEQ = 1).

Results of exposure-response analyses for Ampelisca in whole porewater are presented in
Table 3.4-1A. Among the metals, 46% of the samples were above the ZIWTU TEQ (4.5) with
copper and arsenic providing the majority contribution to the total. Copper and arsenic also had
the highest frequency of TEQ exceedence; 31% of samples exceeding the TEQ were toxic. In
contrast, none of the toxic samples were associated with elevated PAH or PCB concentration.
Toxic units calculated for total ammonia did indicate that elevated toxicity in some samples
(23%), might be unrelated to CoC exposure; however in only one of the six samples (Station
SDO01) did metal-related toxicity also coincide with elevated ammonia (TU > 1.0). Hence it is
concluded that copper and arsenic may be the primary CoCs contributing to porewater toxicity to
amphipods.

A similar exposure-response analysis for Mulinia is presented in Table 3.4-1B. In this
instance, all samples exhibited some toxicity; although results for Station SD28 (EC20 = 55.7)
were clearly less toxic than the remainder of samples. Using the SD28 result as the basis of
comparison, 57% of the samples were above the metal ZIWTU TEQ (4.1) with copper and
arsenic providing the majority (amount and frequency) contribution to the total. As observed for
Ampelisca, none of the toxic samples were associated with elevated PAH or PCB concentration.
Again. toxic units calculated for total ammonia did indicate that elevated toxicity in a number of
samples (57%), but still the predicted contribution from metals was more than twice that for
ammonia, such that it may reasonably concluded that metals are the primary contributors to
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sample toxicity. Resuits of TIE analyses presented below wil more directly address the relativ
contribution of ammonia to overall sample toxicity.

3.4.2. Relative Toxicinv of Metals and Organics

The EDTA and C18 column manipulations (USEPA, 1996) were used to segregate the
relative contributions to total toxicity from either metals or organic compounds. respectively.
Presented in Table 3.4-2 are toxicity and IWTU data obtained after passing of the whole
porewater sample through a carbon-activated (C18) column to remove organic contaminants.
Only the ammonia data were not directly measured after C18/EDTA treatments.

Metals. The exposure-response analysis for Ampelisca in C18-treated porewater is
presented in Table 3.4-2A. As a whole, the samples were generally less toxic in comparison to
the whole porewater treatment results (perhaps due to ammonia removal). Copper exceeded the
TEQ (1.46) in 20% of the cases, whereas arsenic, cadmium and zinc IWTUs were not associatec
with toxic samples. It is also noted that the total IWTU value was not predictive of toxicity in
any of the samples. which suggests that CoCs other than copper are not substantially contributin
to sample toxiciry.

The corresponding exposure-response analysis for Mulinia in C18-treated porewater is
presented in Table 3.4-2B. The range of observed toxicity was also somewhat less than that
observed for the whole porewater treatment results (again, perhaps due to ammonia removal), bt
still, copper is identified as the primary CoC exceeding the TEQ (1.37), with arsenic and zinc
being secondary but significant contributors to overall sample toxicity as noted from the total
IWTU values.

Organics. The exposure-response analysis for Ampelisca in EDTA-treated porewater is
presented in Table 3.4-3A. As a whole, the samples exhibited similar toxicity in comparison to
the whole porewater treatment results. Two treated samples were found to have PCB
concentrations above the TEQ, however, the degree of observed toxicity was comparable or less
than that of other samples where PCB concentrations were below detection. Hence it is
concluded that PCBs and PAHs are not likely to be primary contributors of toxicity in the
samples and that non-CoC constituents such as ammonia are the cause of reduced toxicity.

The exposure-response analysis for Mulinia in EDTA-treated porewater is presented in
Table 3.4-3B. In general, the samples exhibited slightly lower toxicity in comparison to the
whole porewater treatment results. The distribution of toxicity followed the Ampelisca EDTA
results in that two treated samples were found to have PCB concentrations above the TEQ, but
again. the degree of observed toxicity was comparable to or even less than that of other samples
where PCB concentrations were below detection. Hence it is again concluded that PCBs and
PAHs are not likely to be primarv contributors of toxicity in the samples and that non-CoC
constituents such as ammonia are the cause of reduced toxicity in these samples.
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Ammonia. A final TIE analysis was conducted to more directly assess the contribution of
ammonia to overall sample toxicity. Results reported in Table 3.4-4 for Ampelisca and Mulinia
include a comparison of toxicity responses between sample porewater treated with Ulva to
remove ammonia and the untreated response as previousiy reported in Table 3.4-1.

Four samples selected for chemical analyses show comparable chemical concentrations
before and after Ulva treatment and highly effective ammonia removal in the Ulva treatment as
expected (Table 3.4-4). For Ampelisca (Table 3.4-4A), copper was again identified as the
pnimary CoC contributing to toxicity in the Ulva treatment, with zinc contributing a minor
fraction to the sample Total IWTU at Station HB3A. In addition, the estimated TEQ values were
highly comparable between Ulva and non-Ulva exposures. Hence, it is concluded that the
presence of ammonia in the samples did not significantly alter the TEQs derived from the data.

As with Ampelisca, copper was again identified as the primary CoC contributing to
toxicity to Mulinia in the Ulva treatment (Table 3.4-4B), and zinc also contributed slightly to
Total IWTU at one location (Station HB3A). More importantly, ammonia removal did not result
in reduced toxicity, and because the estimated TEQ values were comparable between Ulva and
non-Ulva exposures. it is concluded that the presence of ammonia in the samples did not
significantly alter the TEQs derived from the data.

3.4.3. TEQ Intercomparisons

Table 3.4-5 provides a summary of TEQ values and frequency of exceedence as derived
from Ampelisca and Mulinia exposures to whole porewater, C18 and EDTA treatments. For
metals, TEQ values over the entire data set range from 1.0-2.6, with the copper TEQ exceeded
most frequently (26.1%) among the 15 sampled locations. For some CoCs, the frequency of
exceedence was so low as to merit rejection as PRGs; PCBs, cadmium, and zinc were observed
above the TEQ value less than 10% of the time. The arsenic TEQ appeared potentially more
relevant to Mulinia than to Ampelisca as deduced from frequency of exceedence. aithough the
species and test-specific estimates were within two-fold magnitude of each other. In addition.
arsenic was not one of the CoCs identified as being elevated in sediments (discussed in Section
3.2); half of the samples were less than the ER-L concentration. and the highest value was less
than 3 fold higher than the ER-L (Station A3SD10, ERL-HQ = 2.91). Hence, the data would
suggest that copper 1s the primary constituent in porewater causing toxicity, with a threshold for
effects in the range of 1.4 (Mulinia, C18 treatment) to 2.7 (Mulinia and Ampelisca: whole
porewater treatment) times the LC50 value (20.5 ug/L). The section below presents calculations
used to derive the PRG (sediment equivalent concentration) comparable to this copper TEQ
value.

3.4.4. Calculating Sedimeni-based PRG Concentrations

During the present investigation, results of bulk sediment testing with Ampelisca have
identified eleven toxic sediments with three of the sediments having SEM-AVS concentrations
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exceeding unity, hence the likelihood for metals-reiated effects. The fact that more sediments
did not exhibit SEM-related toxicity is most certainly due to high acid volatile suifides in the
samples which generally ranged from 6-12 uMol/g dry weight. Because of sample volume
requirements and concern over the vertical representation of surface samples, the sampling depth
was extended to approximately 12-15 cm below the sediment water interface. Field observations
noted a very shallow apparent Redox Potential Depth (RPD), such that collected sediments were
in many cases anoxic and hence likely to retain sulfides. Hence it is likely that measured toxi: :v
may have under-represented the true potential toxicity of sediments in the oxygenated sedimer:-
water interface zone where AVS would be oxidized and less available to bind divalent metals. in
addition, seasonality and resuspension events may cause AVS concentrations to fluctuate
(Peterson et al., 1996).

As discussed in Section 3.2, the predominant metals found in the SEM fraction of
sediment were zinc and lead at concentrations 2-6 pnMol/g dry weight. In contrast, nickel
generally contributes < 1 pMol/g dry wt, while cadmium and copper combined contribute less
than 0.1 uMol/g dry wt. Hence in presence of reduced AVS concentration, zinc, lead and to a
lesser extent, nickel, may combine to produce total SEM concentrations which exceed AVS, such
that PRG concentrations corresponding to the SEM conditions would be desirable.

Relationships presented in Figure 3.4-1 demonstrate that SEM concentrations of lead.
zinc and nickel (as discerned from the slope of the curves) are approximately 0.2%, 0.5% and
0.1% of the respective analyte concentrations in bulk sediment. These relationships can be used
to estimate SEM concentrations from bulk sediment data, as follows:

2) SEM (uMol/g dry) = 0.002[Pb] + 0.005[Zn] + 0.001[Ni],

where [Pb], [Zn] and [Ni] are the bulk sediment concentrations of lead, nickel and zinc,
respectively. For example. a sediment containing 1000 ppm each of the three metals would have
and equivalent SEM concentration of 8 uMol/g dry weight. Oxidized sediments would not be
expected to have AVS > | uMol/g, such that the hypothetical sediment SEM-AVS would be >
seven. representing a free SEM concentration expected to be toxic. Thus sediment based PRGs
should be selected for these three metals, and could be derived from a statistical probability
distribution of the entire site data set collected as part of the FS investigation. It is noted that
results of the Ecological Risk Assessment as analyzed in SAIC, (1997) show reduced diversity
and number of species at SEM concentrations > 10 uMol/g dry wt.

Porewater and TIE testing has directed the focus on copper as the primary CoC of
concern, with the upper range of no to low toxic effects determined for two species/life stages
(Ampelisca survival. Mulinia larval development success). Relationships between copper
concentrations in porewater and corresponding concentrations measured in bulk sediment are
depicted in Figure 3.4-2. The strongest relationship is apparent between porewater concentration
and the TOC normalized sediment concentration (y = 0.23X+29.1; = 0.99). This resultis in
agreement with findings of Mahony er al. (1996) which showed that porewater concentrations of
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divalent metals. particularly copper. may be strongly influenced by the TOC content of sediment.
Interpolating the copper TEQ range of 1.4-2.7 (28.7 - 55 ug/L), the corresponding sediment
concentration can be estimated in the range of 4.2 - 111.6 pg Cw/mg TOC. Subsequently, the
median site-wide concentration of TOC in sediment (7.8% = 78 mg TOC/ g sediment; Appendix
A-1-4.2) can be applied to approximate the sediment-based PRG concentration (329 ug/g to
8700 ug/g dry wt). Perusal of copper concentrations in sediment (Appendix A-1-1) finds that
66% (10/15) of the sediments exceed the more conservative PRG estimate. As discussed above
for SEM data, a more detailed analysis of the entire copper data set collected as part of the FS
investigation could provide a statistical probability distribution to determine the potentially
affected area.

Finally, data on sediment dioxin concentrations were collected primarily to support
assessment of potential food chain transfer to fish and aquatic birds (discussed in Section 3.4.3).
Apart from the potential risks to fish and wildlife, an analysis was conducted to further evaluate
the potential exposure response relationship between amphipod survival and dioxin concentration
deduced from the ERA (as reported in SAIC 1997). The results of the analysis is presented in
Figure 3.4-3, where all amphipod samples exhibited intermediate toxicity (< 50% survival) at
Total Toxicity Equivalency concentrations > 150 ng/g dry weight. Perusal of the dioxin data
reported in Appendix A-1-6) finds that 33% (5/15) of the sediments exceed this threshold for
amphipod toxicity. As discussed above for the SEM/ data, a more detailed analysis of the entire
dioxin data set should be performed to determine the potentially affected area and need for
adopting a sediment-based PRG for dioxin.

4.0 SUMMARY
Toxicity Testing

® Bulk sediment tests with Ampelisca identified 15 stations (out of 20) with mean
survival less than 85%. These locations were selected for subsequent porewater
and TIE evaluations.

. Good agreement was found between Ampelisca bulk sediment survival and
porewater EC20 endpoints with respect to sampling location and qualitative
extent of toxicity;

° On the basis of toxicity results alone, the EDTA and C18 TIE fractionation tests
with Ampelisca were inconclusive with respect to the relative role of metals vs.
organics in CoC-related impacts.

° Porewater aeration of high ammonia samples increased sample toxicity; it is

postulated that this effect may be caused by release of metals during acid volatile
sulfide oxidation.
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Unlike Ampelisca exposures, EDTA and C18 TIE fractionation tests with
Mulinia caused differential reductions in sample toxicity, hence providing
valuable data for segregating metals vs. organics effects.

Chemical Analytical Resuits

In sediments. copper, nickel, lead and zinc were found at concentrations which
often exceeded the respective ER-M benchmarks. In contrast, arsenic, chromium
and mercury only occasionally exceeded ER-L benchmarks. Four of 15 sampling
locations had PAH analyte concentrations exceeding ER-M concentrations.
Thirteen of 15 sampling locations had Total PCB concentrations exceeding ER-M
values; however uncertainty exist due to the composition of congeners used in the
calculation.

For sediment porewaters, concentrations were normalized to Water Quality
Screening Values (4mpelisca LC50, EPA WQC- Saltwater Chronic Values) to
denve Interstitial Water Toxic Units (IWTUs). Among the metals, copper cleariy
emerges as the principal CoC of concemn, with IWTUs > 1 at all but one station.
followed by arsenic (four stations) and zinc (two stations). PCBs were
substantially elevated at six stations, but non-detect in the remaining samples.
PAHs were almost entirely less than 1 pg/L in all samples.

In samples treated with EDTA for metals reduction, detectable PCB
concentrations were found in only three of the six samples, and total
concentrations were reduced by a factor of 10 or more.

In samples treated with C18 for organics reduction, copper was the most prevalen
CoC with concentrations exceeding the WQSYV for eight of 15 stations; PCBs
were non-detect in all samples.

Samples were subjected to Ulva treatment for purposes of ammonia reduction.
Samples chemically analyzed after Ulva treatment had substantial PCB loss:
concentrations were below detection in all samples while metals were generally
within two-fold of non-Ulva treated samples.

PRG Development

The magnitude and frequency of porewater CoC exceedence of benchmarks in
relation to sample toxicity was used to derive CoC-specific values below which
adverse effects would be unexpected, called the Threshold Effect Quotient (TEQ).
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Results of porewater exposure-response analyses for Ampelisca and Mulinia
suggest that copper and arsenic were the primary CoCs with IWTUs above the
TEQ, whereas none of the toxic samples had elevated PAH or PCB IWTUs.

The C18 treatment of porewater were used to separately address the relative
contributions to total toxicity from individual metals. For Ampelisca, only copper
was associated with toxic samples above the TEQ (1.46; 20% frequency). For
Mulinia assays, copper was the main CoC exceeding the TEQ (1.37; 25%
frequency), while exceedences of the arsenic TEQ (1.47; 16.7% frequency) and
zinc TEQ (1.0, 16.7% frequency) were also noted.

The EDTA treatment of porewater were used to separately address the relative
contributions to total toxicity from individual organic compounds. For
Ampelisca, only PCBs were occasionally associated with toxic samples above the
TEQ (1.00; 16.7% frequency). Similarly for Mulinia, only PCBs were
occasionally associated with toxic samples above the TEQ (1.00; 15.4%
frequency). In both cases, however, the degree of observed toxicity was
comparable or less than that of other samples where PCB concentrations were
below detection. such that it was concluded that PCBs are not likely to be primary
contributors of toxicity.

A final TIE analysis using Ulva-treated porewater to more the contribution of
ammonia to overall sample toxicity. Chemical analyses show comparable metals
concentrations before and after Ulva treatment ana—cg.mplete ammonia removal in
the Ulva treatment. Copper was again identified as the primary CoC contributing
to toxicity in the Ulva treatment for both Ampelisca and Mulinia tests, and
estimated TEQ values were comparable between Ulva and non-Ulva exposures.
Hence, it is concluded that the presence of ammonia in the samples did not
significantly alter the TEQs denived from the data.

In considering TEQ values and frequency of exceedence as denved from
Ampelisca and Mulinia exposures to whole porewater, C18 and EDTA treatments;
the data suggest that copper is the pnmary constituent in porewater causing
toxicity, with a threshold for effects in the range of 1.4 to 2.7 times the LC50
value (20.5 pg/L).

With regard to the bioavailability of sediment metals, the potential for reduced
AVS concentration in surface sediments raises concern that presently bound SEM
metals could become toxic. A modelwas developed to predict SEM concentration
from bulk sediment concentrations such that PRGs for lead and zinc can be
evaluated.

21



A TOC-dependent model relating copper concentrations in porewater and
corresponding bulk sediment concentrations was developed for calculation of the
copper PRG. From the model, pthe sediment-based PRG concentration of 329
ug/g to 8700 pg/g dry wt.  Approximately 66% (10/15) of the sediments
collected from the present investigation exceed the more conservative PRG
estimate.

Finally, data on sediment dioxin concentrations were evaluated to assess potential
risks to aquatic birdsfrom consumption of sediment and fish. An exposure
response relationship between amphipod survival and dioxin concentration was
observed where Total Toxicity Equivalency (Teq) concentrations > 150 ng/g drv
weight were associated with intermediate to high toxicity. About 33% (5/15) of
the sediments exceed this threshold for amphipod toxicity.
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Table 3.1-1. Results of Ampelisca abdita survival tests with bulk sediments
collected from the Raymark study area.

Survival
Ammonia (mg/L)’ Bulk Sediment
Station Total Unionized % Control’ Fiag®
A3SD10 2.05 0.01 1.00 —
CsD1 8.92 0.06 81.0 -
GMO8 2.04 0.01 72.0 +
HB3A 6.43 0.11 9.00 4+
SDO1 6.59 0.10 30.0 ++
sDo7 26.1 0.38 79.0 +
sDos8 238 0.20 81.0 -
sSD13 18.3 0.27 33.0 ++
SD14 13.4 0.16 25.0 ++
sD18 7.12 0.02 62.0 ' +
sD21 8.43 0.08 35.0 ++
sD23 6.69 0.08 40.0 ++
SD24 3.65 0.05 80.0 .
sD28 15.6 0.43 79.0 +
SD37 8.51 0.11 84.0 -
BNO3® 6.67 0.09 87.0 -
MFO03* 17.8 0.21 97.0 -
sD26* 8.24 0.12 100 .
sD31* 11.8 0.16 95.0 .
sD33* 447 0.10 86.0 -

1 - Ammonia measurements from overlying water column.

2 - Survival in Long island Sound sediment used as control response for all treatments.
3 - Rankings for impacts to Ampelisca survival:

High (+++) <20 %. Intermediate (++} 220 ano <50%; Low (+) >50 and <80%;
Non-toxic (-) >80%.

4 - Stations with > 85% survival not selected for further TIE analysis.



Table 3.1-2. Results of Ampelisca abdita survival tests with sediment porewaters collected
from the Raymark study area.

Survival'
Whole Porewater EDTA-Treated C18-Treated
Ammonia (mg/L) Whole Porewater Porewater Porewater
Station Total Unionized || LC20° (%) Flag® LC20° (%) Flag’ LC20° (%) Fiag
A3SD10 19.6 0.12 77.3 . S -
CsD1 16.5 0.33 64.3 + + .
GMO08 12.3 0.06 80.0 - - .
HB3A 16.0 0.13 66.7 + + -
SDO1 343 0.30 40.0 ++ + +
SDo7 314 0.64 60.0 + + .
SDO8 29.3 0.36 435 ++ + +
SD13 37.0 0.41 60.0 + + 60.0 +
SD14 274 0.27 60.0 + + 60.0 +
sD18 441 0.09 25.0 ++ S 18.0 44
SD21 356 0.28 60.7 + + 60.0 +
SD23 235 0.51 60.0 + + 60.0 +
SD24 23.3 0.37 51.7 S - & ¥ N + 60.0 +
sD28 23.0 0.51 100 . 100 - 100 .
sSD37 49.6 0.80 28.1 ++ TR+ TS0 +

Shaoed vaiues indicate > 10% change from whole porewater response.

1 - Control value for experiment, assumed for all treatments, is 0% porewater.

2 - Lethal Concentration - 20% (concentraticn of porewater causing 20% reduction in survival).

3 - Rankings for impacts to Ampelisca survival:

High (+++) <20 %; Intermediate {(++) 220 and <50%, Low (+) >50 and <80%; Non-toxic (-) >80%.



Table 3.1-3. Results of Ampelisca abdita survival tests with aerated and
non-aerated sediment porewaters collected from the Raymark study area.

Survival
Non-Aerated Porewater Aerated Porewater
Station % Control Flag® % Controt® Flag®
A3SD10 100 ! - 100 : -
CsD1 100 : - 100 ' -
GMO08 100 : - 100 , -
HB3A 0.00 ? +++ 0.00 4t
SDO1 0.00 4t +++
SDo7 90.0 - +++
sSDo8 80.0 - -
SD13 30.0 ++ 4+
sSD14 10.0 +e ++4
SD18 ©0.00 4+ e
SD21 20.0 ++ ++4+
SD23 0.00 +++ ++4
SD24 80.0 - e
sD28 80.0 - -
SD37 40.0 ) ++ 000 +++

Shaged values indicate > 10% change from non-aerated porewater response.

1 - Ammonia measurements from overlying water column.

2 - Survival in Long Island Sound sediment used as control response for all treatments.
3 - Rankings for impacts to Ampelisca survival:

High (+++) <20 %; Intermediate (++) >20 and <50%; Low (+) 250 and <80%,;

Non-toxic (-) >80%.



Table 3.1-4. Resuits of A: .linia larval ¢ :elopment tests with sediment pc

the Raymark study area.

‘aters collected from

Normal Larval Development’

Whoie Porewater EDTA-Treated C18-Treatea
Ammonia (mg/L) Whole Porewater Porewater Porewater
Station Total Unionized EC20° (%) Flag® EC20°(%) Flag’ EC20° (%) Flag®
A3SD10 19.6 0.12 0.41 e 970 e 2.05 e
CSD1 16.5 0.33 1.7 ++ 11.2 ++ 2.46 o+
GMO08 12.3 0.06 14.8 ++ - " 580 + 15.9 ++
HB3A 16.0 0.13 8.26 4+t 16.9 -+ 18.0 >+
sSDO1 343 0.30 9.21 P 15.9 ++ 18.0 ++
SDo7 314 0.64 7.20 4+ qT2 ++ 2.63 ++e
sDos 29.3 0.36 3.20 -t 2.7 4+ 3.09 4
SD13 37.0 0.41 20.7 ++ 17.8 ++ 16.7 ++
sD14 27.4 027 13.8 ++ 15.9 -+ 17.4 ++
sD18 44.1 0.09 1.25 P 2.00 aad 20.6 ++
sp21 35.6 0.28 7.58 ++t 15.2 -+ 16.9 -+
sD23 23.5 0.51 3.3 ++ 12.1 - 48.2 +
sD24 23.3 0.37 149 ++ 211 - 457 +
sSD28 23.0 0.51 55.7 + 55.7 . 46.8 .
sD37 49.6 0.80 7.39 e 10.7 -+ 10.5 -+

Shaded values indicate > 10% change from whole porewater response.

1 - Control value for experiment, assumed for all treatments. is 0% porewater.
2 - Effect Concentration - 20% (concentration of porewater causing 20% reduction in test response).
3 - Rankings for impacts to Mulinia normal larval development:
High (+++) <10 %: Intermediate (++) 210 and <40%; Low (+} 240 and <70%; Non-toxic (-) 270%.




Table 3.1-5. Resuits of Ampelisca abdita survival and Mulinia lateralis larval development tests
with Ulva lactuia treated porewater collected from the Raymark study area.

ULVA-treated Porewater Toxicity'

Ammonia (mg/L)

Amphipod Survival

Bivalve Development

Station Total Unionized 96-H LC20 (%)* Flag® 48-H EC20 (%)* Flag®
A3SD10 1.38 0.01 100 - 125 roey
CcsD1 0.47 0.03 100 - 2.67 -t
GMO08 0.12 0.00 100 - b 125 et
HB3A 1.55 0.03 24.0 + 125 s
SDo1 1.11 0.03 DEUERE > : S 2.14 -
sSDo7 1.88 0.09 100 - 1.64 -
sDos 0.53 0.03 100 - 111 -
SD13 0.70 0.02 - 108 T
SD14 1.50 0.04 ++ 10.3 ++
SD18 4.20 0.09 et 5.91 .+
sD21 1.00 0.04 ++ 1.25 -
SD23 2.82 0.04 - 0.38 -+
SD24 0.86 0.03 100 - 2.78 -
sD28 0.86 0.04 100 - ‘138 -+
sD37 3.00 0.11 100 - 2.24 .

Shaded values indicate > 10% change from whole porewater response.
1- See Appendix B-4 for toxicity data.
2 - Lethal Concentration - 50% (concentration of porewater causing 50% mortality in test species).

3 - Rankings for Ampelisca survival:
High (+++} < 20 %; Intermediate {(++) < 50%; Low (+) < 80%: Non-toxic (-) > 80%.

4 - Effect Concentration - 20% (concentration of porewater causing 20% reduction in test response).
3 - Rankings for impacts to Mulinia normal larval development:
High (+++) <10 %; Intermediate (++) 210 and <40%,; Low (+) 240 and <70%; Non-toxic (-) 270%.




Table 3.2-1. Summary of sediment chemistry for the Raymark study area. HQ benchmark = ER-M reference data.

Class Analyte A3SD10 CSDt GMO08 HB3A ~ SDo1 SDO7
Conc' | HQ? | Rank®| Conc'| HQ? | Rank®| Conc'| HQ? | Rank®| Conc' | HQ? | Rank® | Conc'| HQ® | Rank®| Conc' | HQ? | Rank®
Metals |Silver 200 | 054 - 300 | 081 - 300 | 08t - 240 | 065 - 1.40 | 0.38 - 1.50 | 041 -
Arsenic 239 | 034 - 112 | 0.16 - 179 | 0.26 - 920 | 013 - 700 | 0.10 - 1060 | 0.15 -
Cadmium 830 |9.2E-3 - 1.20 | 1.3E-3 - 1.50 | 1.7€E-3 - 100 [1.1E-] - 550 |6.1E-3 - 4,40 |49E-3 -
Chromium 463 1.25 + 402 1.09 + 21 0.62 - 290 | 0.78 - 89.7 | 0.24 - 999 | 0.27 -
Copper 2550 | 9.44 ++ 1350 | 500 + 661 245 ++ | 36400 135 ++¢ | 1650 | 6.11 ++ 430 1.59 +
Mercury 043 | 061 - 077 1 1.08 + 120 | 1.69 + 047 | 066 - 022 ] 0o - 032 | 045 -
Nicke! 317 | 6.14 ++ 540 | 1.05 + 374 | 072 - 386 | 748 + 80.7 | 1.56 + 492 | 095 .
Lead 3290 15.1 ++4 703 322 +4 158 0.72 - 26500 122 +44 1570 | 7.20 ++ 403 1.85 +
Zinc 1340 | 3.27 ++ 399 097 - 292 071 - 2320 | 566 | ++ 750 183 + 508 1.24 +
__.. [Metals Hazard index 367 134 | 19 272 177 692
PAHs |2-Methylnaphthalene 1000 149 | + | 660 | 099 | - | 660 [ 099 | - | 660 [ 099 | - 710 | 106 | + | 6s0 [ 097 | -
Acenaphthene 1000 | 2.00 + 660 1.32 + 660 1.32 + 660 1.32 + 140 | 0.28 - 160 | 0.32 -
Acenaphthylene 190 | 0.30 - 200 | 0.31 - 660 1.03 + 660 1.03 + 350 | 055 - 330 | 0.52
Anthracene 120 | 0.1 - 190 | 0.17 - 660 | 0.60 - 660 | 0.60 - 520 | 047 - 520 | 047 -
Benzo(a)anthracene 1500 | 0.94 - 560 | 0.35 - 190 | 0.12 - 660 | 0.41 - 2500 | 1.56 + 2700 | 1.69 +
Benzo(a)pyrene 1700 | 1.06 + 660 | 0.41 - 230 | 0.14 - 120 | 0.08 - 2400 | 1.50 + 2200 | 1.38 +
Chrysene 2800 | 1.00 - 850 | 030 - 400 | 0.14 - 180 | 0.06 - 4000 | 1.43 + 4000 | 1.43 +
Dibenz(a, h)anthracene 260 1.00 - 190 | 073 - 740 | 0.28 - 660 | 254 +“ 460 1.77 + 530 | 204 ++
Fiuoranthene 950 | 0.19 - 470 | 0.09 - 390 | 0.08 - 660 | 0.13 - 1400 | 0.27 - 4200 | 0.82
Fluorene 1400 | 259 +4 730 135 + 220 | 041 - 1100 | 2.04 + 3800 | 7.04 + 3%00 | 7.22 +e
Naphthalene 240 | 0.1 - 660 | 0.3t - 660 | 0.31 - 660 | 0.31 - 430 { 0.20 - 520 | 0.25 -
Phenanthrene 4500 | 3.00 ++ 1200 | 0.80 - 330 | 022 - 280 | 019 - 5600 | 373 ++ 4500 | 3.00 ++
Pyrene 1000 | 0.38 - 660 | 0.25 - 660 | 0.25 - 660 { 025 - 190 | 0.07 - 260 | 0.10
PAH Hazard Index’ 142 7.40 590 9495 19.9 20.2
PCBs [Total PCBs 27081 | 150 +++ | 6006 | 334 | +++ 247 1.37 + |317183| 1762 | +++ | 20718 115 +++ | 2355 | 139 ‘44
A Sum of Aroclors® 39526 1760
PSTs |p.p-DDE 360 | 013 - 7.20 | 0.27 -
1 . Concentration units: metals = pg/g dry weight; PAHs, PCBs, pesticides = ng/g dry weight. See Appendix A-1-1 for sediment concentrations.
2 - Hazard Quolients calculated as sediment concentration/ER-M benchmark (Long ef al., 1995).
3-HQRanking: "-" = HQ<1; "+" = HQ>1; "++" = HQ>2; “++4" = HQ>10.
4 - Hazard Index calculated as sum of analyle-specific Hazard Quotients.
5 - ER-M benchmarks not availabe for these analyles. Rankings reflect concentralions as foows: *-° = <100 ng/g; "+" = >100 ng/g; “++" = >1000 ng/g.

+4++ = >10000 ng/g.
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Table 3.2-1 {conlinued). Summary ol sediment chemisiry for the Raymark sludy area. HQ benchmark = ER-M reference data.

Class Analyte SDO08 SD13 SD14 sD18 SD21 SD23
conc' | HQ? | Rank® | Conc' | HQ? | Rank® | Conc' | HQ? | Rank’ | Conc'| HQ? | Rank® | Conc' | HQ? | Rank’ | Conc' | HQ? Rank’

Metals |Silver 140 | 0.38 - 140 | 038 - 0.88 | 0.24 - 044 | 012 - 054 | 0.14 - 093 | 0.25 -
Arsenic 6.50 | 0.09 - 900 | 0.13 . 920 | 0.13 - 370 | 005 . 390 | 0.06 . 880 | 0.13 -
Cadmium 140 | 1.5E-3] - 760 |B.4E-3 760 |8.4E-3] - 080 |BBE-4| - 320 |35€-3| - 6130 |7.06-3) -
Chromium 844 | 0.23 - 915 | 0.25 - 116 | 0.31 . 318 | 009 . 373 | 0.10 - 917 | 025 -
Copper 232 | 086 - 890 | 330 | ++ | 775 | 287 | ++ | 271 | 100 + 188 | 0.70 . 462 | 1.7 +
Mercury 037 | 052 - 028 | 039 - 0.49 | 0.69 - 016 | 0.23 - 0.16 | 0.22 . 028 | 039 -
Nickel e | o2 - 501 | 115 + 863 | 1.67 + 208 | 040 - 226 | 044 . 521 1.01 +
Lead 181 | 0.83 . 934 | 428 | ++ | 833 | 382 | ++ | 357 | 164 + 249 | 1.14 + 514 | 236 | ++
zZinc 290 | 0.1 - 671 | 1.64 + 676 | 1.65 + 181 | 044 | - 274 | 067 . 525 | 1.28 +
Melals Hazard Index" 434 115 11.4 397 346 139

PAHs |2-Methylnaphthatene 660 | 0.99 . 1000 | 1.49 + | 1700 | 254 | ++ | 610 | 091 - 615 | 092 - 990 | 1.48 +
Acenaphthene 660 | 1.32 + 200 | 0.40 - 200 | 0.40 - 610 | 1.22 + 850 | 0.17 . 160 | 0.32 -
Acenaphthylene 130 | 0.20 - 410 | 064 - 440 | 0.69 - 140 | 022 - 165 | 0.26 - 340 | 053 -
Anthracene 140 | 0.13 . 680 | 062 . 640 | 058 - 250 | 0.23 - 305 | 0.28 - 570.| 052 -
Benzo(a)anthracene 670 0.42 - 4000 | 2.50 ++ 3800 | 2.38 ++ 800 0.50 - 1450 | 0.91 - 2900 | 1.81 +
Benzo(a)pyrene 640 | 0.40 - 4000 | 250 | ++ | 3600 | 225 | ++ | 790 | 049 - 1400 | 0.88 - 2900 | 1.81 +
Chrysene 1000 | 0.36 . |1oooo| 357 | ++ | 9200] 329 | ++ | 1200 | 043 - 2000 | 0.71 - 4500 | 161 +
Dibenz(a,hjanthracene | 190 | 0.73 . 1100 | 423 | ++ | 1000 | 385 | ++ | 320 | 1.23 + 345 | 1.33 + 040 | 362 | ++
Fluoranthene 380 | 007 . 9100 | 1.78 + | Ba00 | 165 + 600 | 0.12 . 895 | 0.18 . 1800 | 035
Fluorene 990 | 1.83 + | 50| o1 | ++ 4800 | 889 | ++ | 1100 | 204 | ++ | 1950 | 361 | ++ | 4400 | 815 | ++
Naphthalene 120 | 0.06 - 610 | 0.29 - 550 | 0.26 . 160 | 0.08 - 270 | 0.13 - 550 | 026 -
Phenanthrene 1500 | 1.00 . |1000] 733 | ++ |1000| 733 | ++ | 1500 | 1.00 . 3850 | 230 | ++ | 7900 | 527 | ++
Pyrene 660 | 0.25 . 220 | 0.08 360 | 0.14 - 750 | 0.03 - 140 | 005 - 220 | 0.08 -
PAH Hazard Index’ 7.76 353 34.2 8.49 1.7 25.8

PCBs |Total PCBs 067 | 537 | ++ | g661 | 481 | +++ | 4642 | 2579 e++ | 2428 | 1349 | 44+ | 1268 | 704 | ++ | 4119 | 2288 +++
Sum of Aroclors® 954

PSTs |p.p-DDE 540 | 0.20 -

1 - Conceniration unils: metals = yg/g dry weight; PAHs, PCBs, pesticides = ng/g dry weight. See Appendix A-1-1 for sediment concentrations.
2 - Hazard Quotients calculated as sedimenl concentration/ER-M benchmark (Long ef al., 1995).

3-HQRanking: "-" = HQ<1; "+" = HQ>1; "++" = HQ>2, "+44" = HQ>10.
4 - Hazard Index calculated as sum of analyte-specific Hazard Quotients.
5 . ER-M benchmarks not availabe for these analytes. Rankings reflect concentrations as foliows: "~ = <100 ng/g; "+

+4+4+ = >10000 ng/g.
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Table 3.2-1 (continued). Summary of sediment chemistry for the

Raymark study area. HQ benchmark = ER-M reference data.

Class Analyte SD24 SD28 SDJ37
Conc'| HQ?! | Rank*| Conc'| HQ? | Rank’ | Conc' | HQ? | Rank®

Metals |Siiver 062 | 0.97 - 160 | 0.43 - 060 | 0.16 -
Arsenic 8.20 | 0.12 810 | 0.12 - 4.50 0.06 -
Cadmiuvm 260 |29€E-3 - 4.20 | 4.6E-3 - 0.51 {5.6E-4 -
Chromium 974 } 0.26 - 107 0.29 - 592 1 0.16 -
Copper 383 1.42 + 361 1.34 + 173 0.64 -
Mercury 028 | 039 - 0.27 | 0.38 - 017 | 024 -
Nickel 633 1.23 + 434 0.84 21.0 | 041 -
Lead 506 2.32 ++ 303 1.39 423 0.19 -
Zing 363 0.89 - 439 1.07 171 0.42 -

.. |Metals Hazard index! 6.60 5.86 | 229

PAHs |2-Methyinaphthalene 660 | 099 | . | 1000 149§ 570 | 085 | -
Acenaphthene 660 | 1.32 + 1000 | 200 570 1.14 +
Acenaphthylene 110 | 0.17 - 200 | 0.31 - 840 | 0.13 -
Anthracene 150 | 0.14 - 300 | 027 - 120 | 0.1 -
Benzo(a)anthracene 890 | 0.56 . 1700 | 1.06 + 430 027 -
Benzo(a)pyrene 960 | 0.60 - 1900 | 1.19 + 470 0.29 -
Chrysene 1600 | 0.57 - 3400 | 1.21 + 900 0.32 -
Dibenz(a,h)anthracene 310 1.19 + 600 20 + 150 0.58 -
Fluoranthene 670 0.13 - 1100 | 0.22 820 0.16 -
Fluorene 1200 | 2.22 ++ 2300 | 4.26 ++ 540 1.00 -
Naphthalene 160 | 0.08 - a0 | 015 - 570 | 0.27 -
Phenanthrene 2400 | 1.60 + 4900 | 3.27 ++ 860 0.57 -
Pyrene 83.0 | 0.03 - 130 0.05 570 0.22 -
PAH Hazard Index" 9.60 178 592

PCBs (Totat PCBs 4865 | 27.03 | +++ ] 2383 | 13.24 | +++ | 1045 | 058 -
Sum of Aroclors®

PSTs |p.p-DDE
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Table 3.2-2. Summary of porewater chemistry for the Raymark study area.

Class Analyte A3SD10 csoD1 GMO8 HB3A SDO1
Conc' | HQ? | Rank®| Conc'| HQ? | Rank’| Conc' | HQ? | Rank®| Conc' | HQ? | Rank®| Conc'| HQ? | Rank®

Metals {Silver 000 {ooo| - |o0o00fo000| - |oo0o]|ooo| - |oo0o|{oo00o| - |oo00]| o000 -
Arsenic 199 | 055 | - |s87|163| + |201{05 | - | 335 093]| -
Cadmium 560 | 016 | - | 368 | 010| - | o017 |47€-3] - | 347 |8s8E2| - | 283 |79E-2| -
Chromium 147 [296-2| - | 264 |5362| - | 169 |34E-2] - | o84 [17E2| . | 324 |65E-2| -
Copper 650 | 317 | ++ | 710 | 346 | ++ | 550 | 268 | ++ | 599 | 202 | +++ | 112 | 546 | ++
Nicke! 244 | o0 | - | 142 |s59e3] - | 320 [1362] - 112 {a7€2| - | 273 [11E2] -
Lead 140 |46E4| - | 144 |a8E4] - | 156 |52E4| .- | 132 |44E3| - | 280 |9.3E-4| -
Zinc 1540 | 449 | ++ | 260 | 076 | - | 420 | 122 + | 170 [ 050 | - 170 | 050 | -
Metals Hazard Index' 8.50 6.01 4.52 308 6.12

PAHs |PAH Hazard Index' .

PCBs |Total PCBs ' 1093 | 27.3 | +++

1 - Concenlration units: ug/L. See Appendix A-1-2 for porewaler concenirations.

2 - Hazard Quolients calculated as sediment conceniration/WQSV benchmark {see Appendix A-2-2).
3 - HQ Ranking: °-° = HQ<1; "+ = HQ>1; "++" = HQ>2; "+++" = HQ>10.

4 - Hazard Index calculated as sum of analyte-specific Hazard Quotients.
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Table 3.2-2 (continued). Summary of porewater chemistry for the Raymark study area.

Class Analyle SDO7 SD08 SD13 SD14 sD18
Conc'| HQ? | Rank®| Conc'| HQ? | Rank®| Conc'| HQ? | Rank® | Conc' | HQ? | Rank®| Conc' [ HQ? | Rank’

Metals |Silver 0.00 | 0.00 . 0.00 | 0.00 . 0.00 | 0.00 - 0.00 | 0.00 . 0.00 | 0.00 -
Arsenic 952 { 264 | ++ | 808 | 224 | ++ | 736 | 204 | ¢+ | 175 ] 049 - 157 | 0.22 -
Cadmium 386 | 0.11 - 160 |44E-2 - 278 | 7.7€-2| - 327 |9.1E-2| - 345 [18€-2 -
Chromium 105 [2.1E-2| - 281 |56E-2| - 314 |6.3€-2| - 133 [38E-2| -
Copper 540 | 263 | ++ | 320 156 | + | 460 | 224 | ++ | 480 | 234 | ++ | 520
Nickel 153 |6.4E-3| - 410 (1762 - 400 (1763 - 310 | 1.3e-2| - 164 |523€E-3| -
Lead 075 |2.56-4 - 1.72 |5.7E-4| - 0.75 |25€-4| " - 356 |1.26-3) - 196 |33E4| -
Zinc 150 | 0.44 - 200 | 058 . 140 | 0.41 - 270 | 0.79 - 130 | 0.12 -
Metals Hazard Index’ 5.85 4.45 48 3.78 0.40

PAHs |PAH Hazard Index* 404 444

PCBs |Total PCBs 2084 1 521 | +++ | 2000 | 500 | +++ | 504 | 126 [ +++

1 - Concentration units; pg/L. See Appendix A-1-2 for porewater concentrations.

2 - Hazard Quotlients calculated as sediment concentralion/lWQSV benchmark (see Appendix A-2-2).
3- HQ Ranking: “-° = HQ<1; "+" = HQ>1, "+4" s HQ>2; "+ ++" = HQ>10.
4 - Hazard Index calculated as sum of analyte-specific Hazard Quotients.
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Table 3.2-2 (continued). Summary of porewaler chemistry for the Raymark study area.

Class Analyle SD21 SD23 5024 SD28 SD37
Conc'| HQ? | Rank®| Conc'| HQ? | Rank?| Conc'| HQ? | Rank®| Conc' | HQ? | Rank® | Conc' | HQ? Rank’

Metals [Silver 000 ool - |ooo|oo0| - {o000[o000] - |o000|o000] - |o000|O0O00]| -
Arsenic 120033 - | 36lo96| - | 118033 - 191 ] 053 | - 180 | 050 | -
Cadmium 141 lose2l - | 333 |92e2| - | 280|782 - |37 o010 | - | 2958262 -
Chromium 067 |13e-2] - | 324 |6562| - | 236 |a7E2| -
Copper 505 | 246 | ++ | 350|171 | ¢+ |410] 200] + | 550 | 268 | ++ | 540 | 263 | ++
Nicke! 150 |63e3| - | 950 |40E3| - | 149 [62E3] . | 740 [3.4E-3] -
Lead 226 |75e-4] - | 392 |1363] - { 440 [1563| - ]| 276 |91E-4| - | 896 [3.0E-3| -
Zinc 115 | 034 | - | 600|017 | - |s00}|015] - 260 | 076 | - | 500 | 015 | -
Metals Hazard Index’ | 325 301 2.61 ) 4.08 337

PAHs |PAH Hazard iﬁdex‘ o

PCBs |Total PCBs 1144 | 286 | +++ 2212 | 553 | +++

1 - Concentration units: pg/L. See Appendix A-1-2 fo 1 - Concentration units: pglL. See Appendix A-1-2 for porewdter conceplrations.
2 - Hazard Quotients calcutated as sediment concenlralion/lWQSV benchmark (see Appendix A-2-2).

3-HQ Ranking: ™" = HQ<1; *+" = HQ>1; "++" = HQ>2, *+++" = HQ>10.

4 - Hazard Index caiculated as sum ol analyte-specific Hazard Quotients.
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Table 3.4-1. Exposure-response analysis for porewater-related CoC toxicity: A) Ampelisca.

Interstitial Water Toxic Units (100% Porewater Conc./LCs,)

| Toxicity Metals Organics
Station EC20% Tox-GRP* | Arsenic |Cadmium Copper Zinc |ZIIWTUpw] PCBs PAHs | ZIWTUpy | NH,-TOT
SD18 250 | 0.2 00 0.0 0.1 04 0.0 0.0 0.0 1.5
SD37 281 | 05 01 26 01 34 00 00 00 1.7
SDO1 400 | 00 0.1 55 05 6.0 00 00 00 11
SD08 435 | 2.2 00 16 0.6 4.4 50.0 00 500 1.0
SD24 517 L 03 01 20 0.1 26 0.0 00 0.0 08
SDo7 60.0 L 26 01 26 04 5.8 521 0.0 521 1.0
SD13 60.0 L 20 01 22 04 48 12.6 0.0 126 1.2
SD14 60.0 L 05 0.1 23 08 37 00 00 0.0 09
SD23 60.0 L 10 01 1.7 0.2 29 28.6 0.0 28.6 08
SD21 60.7 L 03 0.1 25 03 3.2 0.0 0.0 00 1.2
CSD1 64.3 L 1.6 01 35 08 6.0 273 00 273 05
ilHB3A 66.7 L 0.9 01 29.2 05 30.7 00 0.0 00 05
A3SD10 77.3 L 06 02 3.2 4.5 84 0.0 0.0 0.0 0.7
GMo08 80.0 N 06 0.0 27 12 45 0.0 0.0 0.0 04
SD28 100 N 0.5 0.1 27 08 41 55.7 00 63.2 08
Threshold Effects Quotient' 1.0 10 27 1.2 45 55.7 1.0 63.2 1.0
% > TEQ 308% 0.0% 30.8% 7.7% 46.2% 0.0% 0.0% 0.0% 23.1%

Bolded values indicate HQs exceeding TEQ.

1- TEQ selected as the grealer of 1.0 and lhe maximum value of least toxic sample group.

2- Toxicity Group Classification:
High (H) <20 %; intermediate (1) 220 and <50%; Low (L) 250 and <80%; Non-toxic (N) >80%.




Table 3.4-1 (continued). Exposure-response analysis for porewater-related CoC loxicity: B) Mulinia.

Interstitial Water Toxic Units (100% Porewater Conc./LCs)
| Toxicity Melals Organics

Station EC20% Tox-GRP* | Arsenic |Cadmium| Copper Zinc |ZMWTUpy| PCBs PAHs | ZIWTUgy | NH,-TOT
A35D10 0.41 H 06 02 3.2 4.5 84 00 00 0.0 1.5
SD18 125 H 0.2 0.0 00 0.1 04 0.0 00 00 33
SD08 3.20 H 2.2 0.0 1.6 06 44 50.0 00 50.0 2.2
SDO07 7.20 H 2.6 0.1 26 04 5.8 521 00 521 23
SD37 7.39 H 05 01 26 0.1 34 . 00 00 00 3.7
SD21 7.58 H 03 01 25 03 32 00 00 00 27
HB3A 8.26 H 09 0.1 29.2 05 30.7 0.0 00 00 1.2
SDO1 9.21 H 00 0.1 5.5 05 6.0 0.0 0.0 00 26
CSD1 1.7 I 1.6 0.1 35 08 60 | 273 | 00 273 1.2
SD14 13.8 | 05 0.1 23 08 3.7 0.0 00 00 - 2.0
GMO08 148 | 06 00 2.7 1.2 4.5 00 00 00 09
SD24 149 I 03 0.1 20 01 26 00 0.0 00 1.7
SD13 20.7 | 20 01 22 04 48 126 0.0 126 28
sb23 313 | 1.0 0.1 1.7 0.2 29 286 00 | 286 1.8
SD28 57 L | 05 | oi 27 | 08 41 | 557 | 00 | 557 1.7
Threshold Effects Quotient' 1.0 1.0 2.7 1.0 41 55.7 1.0 §5.7 18
% > TEQ 286% | 00% | 286% | 143% | 57.1% | 00% 0.0% 00% [ 57.1%

Bolded values indicate HQs exceeding TEQ.

1- TEQ selecled as the greater of 1.0 and the maximum value of least loxic sample group.

2- Toxicity Group Classification:

High (H) <10 %, Intermediate (1) >10 and <40%; Low (L) >40 and <70%, Non-toxic (N) >70%.




Table 3.4-2. Exposure-response analysis for C18-treated (e.g., metals-related) porewater: A) Ampelisca.

interstitial Water Toxic Units (100% Porewater Conc./LCs,)
] Toxicity Metals
Station EC20% TOX-GRP* Arsenic Cadmium Copper Zinc I IWTUpw
SD18 18.0 H 0.06 0.03 0.00 0.20 0.29
HB3A 227 I 0.03 0.14 4.10 067 495
SD37 55.0 L 0.15 0.16 1.51 0.17 2.00
SDO1 55.6 L 0.00 0.09 0.73 0.50 1.32
SD08 60.0 L 1.61 0.16 093 . 0.26 2.96
SD13 60.0 L 0.15 0.10 1.02 0.35 1.63
SD14 60.0 L 0.00 0.13 0.88 0.41 1.41
SD21 60.0 L 0.04 0.12 054 0.22 0.91
sD23 60.0 L 0.28 0.13 1.37 0.12 1.90
SD24 60.0 L 0.00 0.10 0.88 0.15 1.13-
csD1 83.3 N 1.14 0.24 093 0.29 2.59
SD07 83.3 N 1.77 0.15 1.46 0.20 358
A3SD10 100 N 0.02 0.26 1.12 7.00 8.40
GMO08 100 N 0.06 0.18 1.37 1.49 3.09
lsoza 100 N 1.47 0.26 1.27 0.20 3.20
[[Threshold Effects Quotient' 1.77 1.00 1.46 7.00 8.40
% > TEQ 0.0% 0.00% 20.0% 0.00% 0.00%

Bolded values indicate HQs exceeding TEQ.

1- TEQ selecled as the grealer of 1.0 and the maximum value of least toxic sample group.

2- Toxicity Group Classification:

High (H) <20 %; Intermediate (1) 220 and <50%, Low (L) 250 and <80%, Non-loxic (N) >80%.



Table 3.4-2 (continued). Exposure-response analysis for C18-treated (e.g., metals-related) porewater. B) Mulinia.

Interstitial Water Toxic Units (100% Porewater Conc.1L.C)

' Toxicity Metals
Station EC20% TOX-GRP* Arsenic Cadmium Copper Zinc TIWTUpy
A3SD10 205 H 0.02 0.26 1.12 7.00 8.40
CSD1 2.46 H 1.14 0.24 093 0.29 259
SDO7 263 H 1.77 0.15 1.46 0.20 3.58
sDos 3.09 H 1.61 0.16 0.93 0.26 2.96
SD21 16.9 ! 0.04 0.12 0.54 0.22 0.91
SD37 10.5 l 0.15 0.16 1.51 017 2.00
GMO08 15.9 | 0.06 0.18 - 1.37 1.49 3.09
SD13 16.7 I 0.15 0.10 1.02 0.35 1.63
SD14 174 | 0.00 0.13 0.88 041 1.41
HB3A 18.0 | 0.03 0.14 4.10 0.67 495"
SDO1 18.0 | 0.00 0.09 0.73 0.50 1.32
SD18 206 | 0.06 0.03 0.00 0.20 0.29
sp24 | 457 L 0.00 T 010 0.88 " 0.15 1.13
SD28 46.8 L 147 0.26 1.27 0.20 3.20
SD23 49.2 L 0.28 0.13 1.37 0.12 1.90
Threshold Effects Quotient' 147 1.00 1.37 1.00 3.20
% >TEQ | 16.7% 0.00% 25.0% 16.7% 25.0%

Bolded values indicate HQs exceeding TEQ.

1- TEQ selected as the greater of 1.0 and the maximum value of least loxic sample group.

2- Toxicily Group Classification:

High (H) <10 %,; Intermediate (1) >10 and <40%,; Low (L) >40 and <70%; Non-toxic (N) >70%.
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Table 3.4-3. Exposure-response analysis for EDTA-treated (e.g., organics-related) porewater:
A) Ampelisca .

Interstitial Water Toxic Units (100% Porewater Conc./LC.,)
1 Toxicity Organics
Station EC20%  Tox-GRP? PCBs PAHs SIWTUpy
SD18 18.0 H 0.00 0.00 0.00
SD14 556 | 0.00 0.00 0.00
SD37 579 | 0.00 0.00 0.00
HB3A 60.0 | 0.00 0.00 - 0.00
SDO1 60.0 | 0.00 0.00 0.00
SD08 60.0 I 0.32 0.00 0.32
SD13 60.0 | 3.74 0.00 3.74
SD21 60.0 | 0.00 0.00 0.00
sD23 60.0 | 1.58 0.00 1.58
SD24 61.1 | 0.00 0.00 0.00
sSDo7 62.5 | 0.00 0.00 0.00
CSD1 70.0 | 0.00 0.00 0.00
SD28 100 N 0.00 0.00 0.00
A3SD10 100 N 0.00 0.00 0.00
GMO08 100 N 0.00 0.00 0.00
Threshold Effects Quotient' 1.00 1.00 1.00
% > TEQ 16.7% 0.00% 16.7%

Bolded values indicate HQs exceeding TEQ.

1- TEQ selecled as the greater of 1.0 and the maximum value of least loxic sample group.

2- Toxicity Group Classification:

High (H) <20 %; Intermediate (1) >20 and <50%,; Low (L) 250 and <80%; Non-toxic (N) >80%.



Table 3.4-3 (continued). Exposure-response analysis for EDTA-treated (e.g., organics-related)
porewater: B) Mulinia. :

Interstitial Water Toxic Units (100% Porewater Conc./LCq,)

| Toxicity Organics
Station EC20%  Tox-GRP? PCBs PAHs TIWTUpw
SD18 2.00 H 0.00 0.00 0.00
SD08 271 H 0.32 0.00 0.32
SD37 10.7 H 0.00 0.00 0.00
CcSD1 11.2 I 0.00 0.00 - 0.00
SD23 12.1 I 1.58 0.00 1.58
SD21 15.2 | 0.00 0.00 0.00
SDO1 15.9 | 0.00 0.00 0.00
SD14 15.9 | 0.00 0.00 0.00
[HB3A 16.9 ] 0.00 0.00 0.00
A3SD10 17.0 | 0.00 0.00 0.00
SDO7 17.2 I 0.00 0.00 0.00
SD13 17.8 I 3.74 0.00 3.74
SD24 21.1 | 0.00 0.00 _0.00
SD28 857 L 0.00 0.00 0.00
GMO08 58.0 L 0.00 0.00 0.00
Threshold Effects Quotient' 1.00 1.00 1.00
% > TEQ 15.4% 0.00% 15.4%

Bolded values indicate HQs exceeding TEQ.
1- TEQ selected as the greater of 1.0 and the maximum value of least loxic sample group.
2- Toxicity Group Classification:
High (H) <10 %; Intermediate (1) 210 and <40%,; Low (L) 240 and <70%, Non-toxic (N) 270%.




Table 3.4-4. Exposure-response analysis for Ulva-treated (e.g., non-ammonia-related) porewater: A) Ampelisca.

Interstitial Water Toxic Units (100% Porewater Conc./LCy,)

| Toxicity Metals Organics
Station Treatment EC20% Tox-GRP‘| Arsenic |Cadmium Copper Zinc |IWTUp.| PCBs PAHs | ZIWTUpy| NH,-TOT
HB3A Non-Ulva 773 ] 0.71 0.08 30.6 2.65 341 0.00 0.00 0.00 0.53
SD01 Non-Ulva 40.0 ) 0.07 0.09 1.37 0.23 1.76 0.16 0.00 0.16 1.14
A3SD10 Non-Ulva 773 L 0.66 014 | 200 0.23 3.03 0.00 0.00 0.00 0.65
SD28  |Non-Uwa 100 N 041 | 007 | 259 | 029 3.36 000 | 000 1 0.00 0.77
Threshold Effects Quotient’ 1.00 1.00 2.59 1.00 3.36 1.00 1.00 1.00 1.00
HB3A Ulva 240 H 0.56 0.06 18.1 1.55 20.3 0.00 0.00 0.00 0.05
SDo1 Ulva 728 L 002 | 007 | 195 | o020 | 225 | 052 | 000 | 052 | 004
A3SD10 Ulva 100 N 052 | 013 | 341 0.35 441 0.00 000 | 0.0 0.05
SD28 Ulva 100 N 0.22 0.08 3.12 0.15 357 0.00 0.00 0.00 0.03
Threshold Effects Quotient’ 1.00 1.00 341 1.00 4.41 1.00 1.00 1.00 1.00

Bolded values indicate HQs exceeding TEQ.
1- TEQ selecled as the greater of 1.0 and the maximum value of least toxic sample group.
2- Toxicily Group Classification:;

High (H) <20 %; Intermediate (1) >20 and <50%; Low (L) 250 and <80%; Non-toxic (N) >80%.




Table 3.4-4 (continued). Exposure-response analysis for Ulva-treated (e.g., non-ammonia-related) porewater: B) Mulinia .

Interstitial Water Toxic Units (100% Porewater Conc./LCs,)

) Toxicity Metals Organics

|Stalion Trealment  EC20% Tox-GRP‘| Arsenic |Cadmium| Copper Zinc |XIWTUpw| PCBs PAHs | ZIWTUpw| NH,-TOT
|A3SD10 Non-Ulva 0.41 H 0.66 014 2.00 0.23 3.0 0.00 0.00 0.00 1.46
HB3A Non-Ulva 8.26 H 0.71 0.08 30.6 2.65 34.07 0.00 0.00 0.00 1.19
SDO1 Non-Ulva 9.21 H 0.07 0.09 1.37 0.23 1.76 0.16 0.00 0.16 2.56
SD28 Non-Ulva 55.7 L 0.41 0.07 2.59 0.29 3.36 0.00 0.00 0.00 1.72
Threshold Effects Quotient’ 1.00 1.00 26 1.00 3.36 1.00 1.00 1.00 1.72
A3SD10 Ulva 1.25 H 0.52 0.13 3.41 0.35 4.4 0.00 0.00 0.00 0.10
HB3A Ulva 125 H 0.56 0.06 18.1 1.55 203 0.00 0.00 0.00 0.12
SDO1 Unva 214 H 0.02 0.07 1.95 0.20 2.25 052 | 000 | 052 | 008
sp28  luva 13.8 " ] 0227|008 | 312 | 015 | 357 | 000 | 0.00 0.00 0.06
HThreshold Effects Quotient’ 1.00 1.00 3.1 1.00 36 1.00 1.00 1.00 -1.00

Bolded values indicate HQs exceeding TEQ.
1- TEQ selected as the greater of 1.0 and the maximum value of least toxic sample group.

2- Toxicity Group Classification:
High (H) <10 %, Intermediate (1) 210 and <40%,; Low (L) 240 and <70%, Non-toxic (N) >70%.




Table 3.4-5. Summary of exposure-response analyses for porewater and Toxicity identification Evaluation (TIE) testing for the Raymark study area.

Threshold Effects Quotient (Interstitial Water Toxic Units, Frequency of Exceedence)

Metals Organics
TRT | SPP | Statistic Arsenic Cadmium Copper Zinc IWTUpyw PCBs PAHs IIWTUpw NH,-TOT
PW [ AMP TEQ 1.00 1.00 2.68 1.22 4.47 55.7 1.00 63.2 1.00
MUL TEQ 1.00 1.00 268 1.00 407 85.7 1.00 55.7 1.75
AMP | %>TEQ 30.8% 0.00% 30.8% 1.7% 46.2% 0.00% 0.00% 0.00% 23.1%
MUL | %>TEQ 28.6% 0.00% 28.6% 14.3% 57.1% 0.00% 0.00% 0.00% 571%
MEDIAN! TEQ 1.00 1.00 268 1.1 4.27 55.7 1.00 59.5 1.38
%>TEQ 29.7% 0.00% 29.7% 11.0% 51.6% 00% 0.00% 0.00% 40 1%
[EDTA[ AMP | TEQ : : 1.00 1.00 1.00 0.00
MUL TEQ 1.00 1.00 1.00 0.00
AMP | %>TEQ 16.7% 0.00% 16.7% 0.00%
MUL | %>TEQ 15.4% 0.00% 15.4% 0.00%
MEDIAN| TEQ 1.00 1.00 1.00 0.00
%>TEQ = . 16.0% 0.00% 16.0% 0.00%
C18 | AMP TEQ 1.77 1.00 1.46 7.00 8.40 0.00
MUL TEQ 1.47 1.00 1.37 1.00 3.20 0.00
AMP | %>TEQ 0.00% 0.00% 20.0% 0.00% 0.00% 0.00
MUL | %>TEQ 16.7% 0.00% 25.0% 16.7% 25.0% 0.00
MEDIAN| TEQ 1.62 1.00 1.41 4.00 5.80 0.00
%>TEQ 8.33% 0.00% 22.5% 8.3% 12.5% 0.00%
Overall Mimimum 1.00 1.00 1.41 1.11 427 1.00 1.00 1.00 0.00
Maximum 1.62 1.00 2.68 4.00 5.80 55.7 1.00 59.5 1.38
%>TEQ 19.0% 0.00% 26.1% 9.66% 32.1% 8.01% 0.00% 8.01% 13.4%

PW = untreated porewater extracted from sediment, EDTA = treatment for metal chelation experiment, C1

AMP = Ampelisca, MUL = Mulinia
TEQ = Threshold Effects Quolient = highest abserved no effect ratio of porewater concenlration to LC50 benchmark

%>TEQ = percentage of stations with IWTU values exceeding the TEQ.

IWTU = Interstitial water toxic units; see Section 4 text.

8 = treatment for organics removal experiment




Appendix A-1-1. Results of chemical analyses of whole sedimenls collected in the Raymark study area.

Oioring

Diosin
C0Ds

Diowin
COFs

PAH3

[

2.3.7.8-7C00D
1.2.3.7.0 PeCOD
123478 H:COO

1.237.8.9 HCDD
123.48.7.0.HpCDO
OCoD

2378 1CDF
2.3.7.8 1COF Conhmn
1.2.3.7.0.PeCOF
23410 PeCOF
123478 HCDF
123678 1hCOF
23.46.78 1hCOF
1.23.7.890 HaCDF
1234678 HCOF
1,2.3.4.7.8.0 HpCDF
OCDF

Sum of Domns
Total TCDO

Tolal PeCDOD

Totat HeCOD

Total HpCDD
Sum of CDDs

Tolat TCDF

Totat PeCDF

Tolal HeCOF

fotal HpCDF

Sum of CDFs

Siver
Arsenic
Barum
Cadmum
Chroinnm
Copper
Mercury
MNachet

1 ead

Zinc

2. Methyinaghinalens
Acenaphihene
Acenaphihylene
Anthracene

B

Benzola pyrens
Benzo{bPucranihene
Benzolg h.ijperylens
Benzo(k oranthens
Chrysene

Dibenz(a hlanthracene
Fluoraniheng
Fhuorene

bdeno]1.2.) coipyrene
Naphts.dnne
Ptucn.emtwene

Pyrena

Total PAHs

Toawdy Equivalency Factor

0l
o o « o &
- - - ~ ) - - = = ) - - o ~
9 3 ﬁ s a 5 § § - - - e s o~ ~ o~ ™~ o
1000 00 66000 66000 66000 8000 10000 65000 100000 170000 61000 62000 61000 ©0000 66000 100000 57000
458 258 090 601 207 18 150 20t 384 127 115 208 m”m 277 157 154
1930 118 210 50710 1180 1300 ss8 1930 1170 10 10 580 180 1550 or2 180 L
1460 184 20¢ 2850 1580 2400 810 1700 1520 1500 $s9 0rs 1710 1010 10 60 1]
08 40 2100 €70 11300 $270 1080 2050 1030 6120 3900 2080 2000  SASO 3240 LLY ] 82
4150 1010 412 870 330 6100 1560 4180 3660 3200 t400 2160 080 2% 2750 1
1520 00 52400 7230 173000 70300 155000 47200 158000 131000 60800 41900 S$1700 122000 62500 15400 156 Ony
15800 0O 538000 133000 7820 00 478000 €70000 430000 1400000 1050000 357000 345000 411000 995000 530000 694000 3740 07}
21000 80 70 80 389000 40800 4730 1560 20100 12000 4230 1300 3tec 6510 20 35 00 86/
488 00 14400 2120 350000 4n0 7610 7800 16800 15700 6080 2010 4030 903 9970 8440 150
17200 oo 31 1850 00 Moe 0 B10 10600 7260 2510 m t8s0 3170 2180 2120 3
46400 100 00 558 4900 00 500 5020 1620 20400 15900 S0 40 1920 340 BOE0 400 570 62
1080 00 116 00 408 875000 41000 6950 2070 20300 18400  ST70 2120 435D 89S0 10500 5430 519
307 00 4670 400 161000 15800 3000 1900 8930 €AT0 2470 070 2930 4100 3500 2610 3
oS 00 101 00 753 450000 31100 7300 2000 15000 14600 5010 2060 4070 1560 6880 420 04
220 654 178 6590 058 0sa 270 807 858 02 3% 554 1490 s (Y] 24
5540 00 61900 4900 16500 00 124000 54400 19200 02700 76600 20300 14400 23300 30400 50600 35400 65N
1880 1480 206 18100 650 2000 M0 27120 2060 048 710 14 2210 1830 1160 s6
4180 00 220000 17300 451000 47400 83500 40300 58200 4400 26000 24000 32600 82000 66000 79700 255010
31452 0400 230 5533 0380 13249 a188 19535 16145 5708 028 6078 14046 069 10100 ans
55 80 %0 300 12400 1180 2270 [11] 2190 250 27 53 408 2850 2420 20 60 386
5900 3% 10 B10 610 1930 4500 1150 7270 7000 932 2160 2130 6300 2210 23 004
$10 00 20000 5070 08800 20000 45300 17000 42000 38400 23800 12000 18600 IS100 21800 26500 13111
2060 00 13000 22000 330000 132000 265000 120000 351000 257000 125000 78300 06700 229000 1300 00 180000 3700
3584 80 163460 70080 447530 163800 3I7260 140041 603360 305030 140850  OI708 118638 273250 136230 202700 464
1330 00 36600 4210 10900 00 fiS000 36400 9100 72800 61400 {9300 8100 8800 35000 21100 0000 aner
3450 00 83400 3830 20600 00 220000 S0000 16100 119000 ©5000 34000 14000 29000 SSS00 41600  ° 36500  SIN
7180 00 75000 5380 3030000 220000 79300 22600 135000 120000 44300 19700 34700 71700 15500 1500 e1o
1420 00 117000 8740 18300 00 177000 108000 38000 144000 (3A000 46100 20000 43600 97500 101000 6re00 170X
19380 00 202000 21940 80100 00 7600 281700 04400 470800 415100 144600 TOBOC 128100 200800 230200 171400 30350
627 65 126 29 1230 430820 221 11100 Moo 23820 19144 7355 4608 1223s 8810 1604 188
i00 300 300 240 140 150 1éo 140 (0] 0is 042 06S 00 o082 160 0 60|
2300 1120 1790 020 700 10 60 650 000 ©20 ara 380 400 080 820 810 as0
2110 00 27100 6570 1220000 113000 22200  S780 53100 54000 16600 0870 10600 27000 47800 17200 3800
830 120 150 100 550 440 140 760 780 080 320 320 830 260 20 05!
461 00 4200 23100 20000 8970 0000 B440 OISO 11600 3180 3560 3000 0170 9740 10700 %920
2550 00 135000 86100 36400 00 165000 43000 23200 #0000 17500 27100 10100  18SN0 48200 18300 36100 17300
043 077 120 047 022 032 037 020 040 o6 0v a1 028 028 027 017
317 00 5400 1140 IBBOO BOJO 4020 3710 5910  BSI0  2000 2010 2500 5210 6330 a0 200
3200 00 703100 15000 2650000 157000 40300 18100 3400 81100 15700 25800 23100 51400 SO600 30300 4230
1340 00 30000 29200 232000 75000 50800 20000 7100 87600 18100 27000 2700 62500 36300 43000 7100
1000 00 86000 85000 66000 11000 8sbod  eB0O0D 000D 170000 81000 82000 81000 00000 86000 100000 Sr000
1000 00 66000 85000 66000 14000 16000 66000 20000 20000 61000 A100 8900 16000 66000 100000 570 00|
190 00 20000 66000 66000 35000 33000 13000 41000 44000 14000 16000 17000 34000 11000 0000 8400
120 00 19000 66000 66000 52000 $2000 14000 8000 84000 25000 28000 3000 S7000 15000 30000 12000
1500 00 S6000 19000 660 00 250000 270000 67000 400000 380000 80000 140000 150000 290000 660 00 170000 43000
1700 00 66000 23000 12000 240000 220000 64000 400000 3B0000 79000 130000 150000 200000 96000 190000 47000\
2800 00 85000 40000 18000 400000 400000 100000 1000000 020000 120000 80000 220000 450000 1600 00 340000 90000
260 00 19000 7400 65000 46000 53000 19000 110000 100000 32000 36000 1000 04000 31000 61000 15000,
950 00 47000 30000 66000 140000 420000 38000 10000 640000 60000 70000 100000 180000 87000 110000 820 00|
1400 00 73000 22000 110000 380000 100000 9000 $30000 460000 110000 100000 200000 440000 120000 20000 54000
24000 66000 85000 86000 43000 52000 12000 61000 55000 16000 26000 28000 55000 16000 31000 57000
4500 00 120000 33000 28000 560000 450000 150000 1100000 $100000 150000 300000 390000 790000 2400 00 490000 860 00
1000 00 66000 66000 66000 19000 26000 66000 22000 36000 7500 14000 14000 22000 8300 13000 57000
9680 00 40000 11000 7800 150000 170000 37000 220000 200000 S80D0 86M00 91006 180000 62000 120000 28000
1000 o0 eHIND 6RO D0 660NN 71000 65000 66000 100000 170000 @1000 2000 §1000  nODO 66000 100000 57000
700 00 MO0 12000 15000 250000 220000 100D 280000 3ISNOOC 84000 150000 170000 780000 960 00 150000 330 00|
3600 00 130000 41000 93000 $00000 670000 130000 690000 500000 190000 270000 290000 620000 140000 350000 84000
23130 00 1044000 7004 00 9438 00 3311000 3472000 1088000 6032000 5000000 1208500 1777900 2010000 3606000 1351100 2604000 $474 00|
s - . ) s, pes .
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Appendix A-1-1 {continued). Results of chemical analyses of sediments coliected in the Raymark study area.

8
2
5

2 & i s g
é : i i, 8 ;
. 0 0
POl [YT4Y i A 2 :
024y ore (1] 300 290 190 100
1504 0) 1000 10 00 2% 100 10 00 T4 10 00 210 Joo 0 460 042 170 110 in 150 190 100 032
184228y 150 $00 630 1100 430 erno
mi2e0y 300 3400 13 00 560 26 00 2100 3700 rae0 70 16 00 18 00 140 460 180 1000 490 480 LR 130,
“U2235y 4710 200 ta0 Ja0 2% 310
52(228%y 300 2400 1300 00 3000 150
66{2344) 4100 1600 1600 17 00 1100 16 00
MMYeq) $00 500 1% 170 jo Iso kR0 130 170 22 140 030 040 04 130 008 t20 120 0 3
101{22455) 1800 2200 1300 31 00 2000 2300
105023349y 2300 2500 1200 8 40 18600 t200 1500 1% $90 1200 1200 200 520 300 1000 020 500 40 110
114023449 180 t 60 054 022 320 240 110 000 032 an ore [R]] 023 04 as8 038 000 0 0 06|
19(27 e a5y 6500 &5 00 2400 100 52 00 4200 700 2000 1800 2000 30 00 $20 1400 1000 2700 18 00 14 00 1800 180
12(2344¢9) 200 200 140 032 190 220 140 000 000 000 000 o 000 000 ono 000 [ 3] on 003
12035445 ino Je0 120 () 40 00 2000 220 000 6se Joo 170 024 000 600 000 000 oS [.X ] oon
[PLITRSBLR Y
82234451 5100 3t 00 1900 67 00 4500 30 00
153(224458) 180 00 88 00 2000 250 00 110 00 8 00
158/157 (233445233 4 ¢5) 1300 1100 480 140 3200 2500 120 30 220 560 54 140 23 tro 400 200 J2 22 04
187(2344°55) 1300 1300 400 o« 08 00 1200 1100 180 120 53 370 100 110 (1] 100 280 22 1350 0 19|
189 (3 3¢435) 2000 2000 460 000 100 00 180 00 11000 1200 43 50 00 2500 110 s 80 180 2000 3200 2000 150 00)
17002233448y 130 00 130 00 4400 180 420000 3000 00 170 00 1900 120 8700 3700 14 00 200 L] oo 2600 2700 17 00 150
180 (2234458} 200000 3200 00 760 00 620 5200000 4200000 2600 00 27000 8000 110000 54000 260 00 140 00 160 00 490 00 580 00 590 00 250 00 7 80|
197 (2234558 93000 000 11000 140000 50000 360 00
1892334455 15 00 15 00 440 000 12000 2200 1100 a00 o 400 2%0 110 000 000 100 000 260 000 aon
195122358458 re00 20 00 "0 110 00 5500 N 2100
208273344550 68000 300 00 15000 1100 00 600 00 200 00
200(2233445588) 500 00 500 00 8300 130 210000 190000 21000 200 te 00 100 00 8300 3400 tr o0 1800 60 00 11000 110 00 300 086
Sum of PCB Conganers 2041 1100 500 4350 2108 1142
Total PCBs (Sum of Congeners X 2) 271081 2ro81 8008 247 353I78) 280504 20718 2358 [} L] 4842 2420 12217 1319 4119 4808 LLTH] 238) 105
PCB | foial MonoCBs R 2000 200 038 012 130 850 T80 bel oM 120 130 o [ 21) on 100 [ 3]} o084 o4a 009
Homologs |Tolal DVCBs 0 240 520 200 00 220 k11 ] a0 1o 130 180 140 230 J40 830 120 o 10 092
Total TriCBs 180 180 830 mno 140 120 200 s5)o 500 top (1] 20 ye 10 e80 no »o s10 8 00|
Total YewaCBs 600 800 300 110 440 460 250 100 no 100 140 200 a0 ®wo 130 1se o0 160 220
Tolal PentaCBs 140 rea 180 c80 1000 1400 40 150 o0 %0 140 520 [ .14 850 200 130 1720 150 190
Totat HexaCBs 1000 1900 600 °Q0 38000 21000 1900 230 100 190 460 200 130 20 0 »o 350 % 250
Tolal HeplaCBs 13000 13000 3000 200 20000 180D00 11000 1100 % 4400 2200 1300 %0 580 1900 2100 2100 1100 30
lotal (claCBs 4300 8300 1300 s40 71000 $8000 4800 460 180 1000 1000 $80 250 00 aro 1200 1200 400 - 940
Total NonaCBs &ro0 8700 1100 460 43000 J80n0 4000 410 20 1800 L] 480 260 300 920 1400 1400 420 780
S of PCH Homologs 20448 20448 [ 15 ] 279 184538 05018 22530 2570 1oet 0424 5058 2650 1333 1444 e N 5278 2801 124
Tolal PCBs 30000 30000 8800 200 300000 310000 23000 2000 1100 9500 5100 2700 1300 1500 4500 5400 3400 2600 120
PCD  |Arocior 1016 66 00 8500 $400
Arociors |Arockw 1221 130 00 130 00 110 00
Arnclor 1232 66 00 6500 $4 00
Arackon 1242 66 00 6500 $4 00
Aroclor 1248 88 00 6500 5400
Aroclor 1254 68 00 8500 54 00
Arocior 1260 88 00 6500 54 00
Arnchor 1262 24000 N0 680 00 noo
Arocion 1268 15000 00 580 00 200 00
Sum of Aroctors 30526 00 1760 00 954 00
Peshardes |4 4000 1100 950 s 40
4.4 DOt 660 650 340
Atdon a0 340 o
Alpha chiordane 340 18 00 570
Alpha BHC Jao J4a0 200
Beta - BHC 3o J&u 200
Deia-BHC s 120 ou
Dericlemy o %0 $ 40

Ursts  malals » po/g &y wasght, PAHS, PCBS, peshcides, dosing » ngig dry weight
" indicales congeners inchuded in Sum of PCB Cangeners and Total PCBs {Sum of Congenery X 2) calculation
Addwonal Total PCBs (Sum of Congeners X 2) values calcuitated from regression snalysis ae 0 820°(Sum of PCA Homologs) - 9 548



Appendix A-1-1 (conlinued). Results of chemical analyses of sediments collected in the Raymark study area.

- ]
e a a < o H
E 3 g ] g 3 3 z 5 o 2 2 % H 3 % ] 5
g 2 ¢ § § & & & § § § § 4§ & 4 @
ashCides an J
conkinued |Endosulian i (X J 180 092
Endasiitan sultate 120 00 6350 s 40
Endrn 860 650 540
Ervirin akiehyde 2300 00 2000 2000
Endrin ketons 860 €S0 540
Gammy chiorane $ 810 490
Gammg BHC (Lindane) 340 30 280
Heplachior 340 34 260
Heplachlor eposide Jao 34 2060
Herachiornbenzene 1000 00 66000 68000 66000 71000 ©5000 86000 100000 170000 81000 82000 61000 00000 68000 100000 57000
Tosaphene 340 00 340 00 200 00
o p' DDOE Jen 72 5 40
p o Methoychior 3400 3400 28 00
VOA: 11 2.4 Inchiorobenzens 1600 00 66000 66000 68000 11000 65000 86000 100000 170000 81000 62000 81000 bedOD  £6000 100000 51000
1.2 Dichiorobenzene 1000 00 560 00 860 00 #6000 71000 85000 85000 100000 1700 00 91000 820 00 81000 000 00 850 00 1000 00 870 00
1.3 Dw hioeohenzane 1000 00 660 00 650 00 860 00 11000 65000 65000 (00000 1700 00 ato 00 820 00 810 00 200 00 880 00 1000 00 $70 00
t.4 Dichlorobenzene 1000 00 66000 66000 66000 11000 65000 65000 100000 170000 61N0G 62000 81000 HOODQ 66000 100000 57000
2.2 Onytus(1 chioropropane) 1000 00 65000 68000 66000 71000 65000 68000 100000 {!0O0C 61000 62000 61000 00000 66000 100000 87000
2.4.5 Inchirophenol 2500 00 170000 170000 170000 180000 160000 170000 260000 440000 150000 160000 150000 250000 170000 250000 1400 00
2.4.6. 1dchisophenot 1000 00 66000 65000 66000 71000 @S000 66000 100000 170000 61000 62000 81000 98000 £6000 100000 7000
2 4 Dchiarophenct 1000 00 66000 86000 66000 71000 65000 66000 100000 970000 61000 §2000 61000 60000 86000 100000 57000
2.4 Dimemyiphenal 1000 00 66000 66000 23000 71000 ©5000 66000 100000 170000 61000 82000 61000 60000 66000 100000  $7000
2.4 Dwivophenat 2500 00 120000 170000 170000 180000 180000 170000 260000 44N000 150000 160000 150000 250000 170000 250000 1400 00
2.4 Dininolokene 1000 00 66000 65000 668000 71000 6S000 66000 100000 170000 61000 82000 61000 00000 68000 100000  $70 00
2.8 Dinikolohena 1000 00 660 00 660 00 860 00 110 00 85000 66000 100000 1700 00 41000 520 00 810 00 00 00 660 00 . 1000 00 $1000
2 Chioronaphthalene 1000 00 660 00 660 00 660 00 11000 850 00 65000 100000 170000 81000 820 00 81000 200 00 660 00 1000 00 $10 00
2 Chioraphenal 1000 00 65000 66000 86000 71000 85000 66000 100000 170000 81000 62000 61000 90000 86000 100000 81000
2 Memyiphenol 1000 00 s6N00  6AN0O0 66000 71000 65000 68000 100000 10000 81000 62000 61000 9AN00 86000 100000 51000
2 Netroaivhne 2500 DO 170000 170000 170000 180000 180000 170000 260000 44000 150000 180000 150000 250000 1700 00 251000 1400 (W),
2 Nrophienal 1000 00 650 00 660 00 660 00 11000 850 00 66000 100000 170000 61000 820 00 81000 980 00 60 00 1000 00 87000
3 ¥-Dxchiorobenziding 1000 00 66000 66000 6000 11000 85000 66000 100000 1700NC 61000 62000 81000 0M000 65000 100000  $7000)
3 Mroanine 2500 00 170000 170000 1700 00 180000 180000 170000 260000 44N000 150000 160000 150000 250000 170000 250000 1400 00
4 6.Dwwir0- 2 memyiphenol 2500 00 170000 170000 1700 00 180000 180000 170000 260000 440000 150000 160000 150000 250000 170000 250000 140000
4 Bromophenyl phenyl ether 1000 N0 660 00 860 DO 680 N0 71000 650 00 65000 100000 170000 81000 620 00 €10 00 090 00 660 00 1000 00 $70 00
4 Chiwo-3 methyiphenol 1000 00 660 00 660 00 680 00 11000 €50 00 88000 100000 120000 41000 620 00 81000 200 00 860 00 1000 00 $10 00
4 Chioroansine 1000 00 66000 88000 88000 71000 65000 86000 100000 170000 61000 62000 01000 00000 66000 100000  $7000
4 Chiorophenyt phenyl efher 1000 00 66000 66000 66000 71000 65000 86000 100000 170000 61000 62000 61000 00000 66000 100000 57000
4 Methyiphenot 1000 00 660 00 660 00 €60 00 1300 00 8700 86000 100000 170000 §000 00 430 00 47000 990 00 680 00 1000 00 470 00|
4 Niroanine 2500 00 170000 170000 1700 00 180000 160000 170000 260000 440000 150000 160000 §50000 250000 1700 DO 250000 1400 DO
4.Nivophenot 2500 00 170000 170600 170000 180000 160000 170000 260000 440000 150000 180000 150000 250000 170000 250000 1400 00
Butyl benzy phihaiale 1000 00 66000 660 00 660 00 54000 170000 680 00 01000 470 00 250 00 110 00 9100 670 00 21000 200 00 $70 00
Cabazole 110 00 660 00 660 00 660 00 410 00 300 00 83100 430 00 $50 00 140 00 23000 230 00 41000 130 00 220 00 570 00
D4-n buiyt phihalate 1000 00 660 00 860 00 680 00 84 00 850 00 680 0O 17000 170000 81000 25 00 11000 900 00 880 00 1000 00 §70 00
Oi-n-ochyt phihaiale 1000 00 660 00 €60 00 060 00 220000 2000 00 9700 330000 330000 120 00 88000 100000 240000 180 00 140 00 470 00
Dibenzoturan 1000 00 660 00 880 00 880 00 89 00 100 00 68000 100000 170000 410 00 820 00 610 00 000 00 680 00 1000 00 $70 00
Diethyl phihaiate 1000 00 660 00 680 00 66000 710 00 850 00 68000 100000 1700 0O §10 00 62000 a1000 900 00 860 00 1000 00 570 00,
Dimethyt phihalste 1000 DO 650 00 650 00 €60 00 11000 850 00 68000 1000 00 220 00 41000 82000 410 00 990 00 680 00 1000 00 57000
Hewachiorotn tadene 1000 00 660 00 660 00 €60 00 71000 650 00 66000 tDODOOD 170000 a10 00 820 00 41000 900 00 680 00 1000 00 51000
Hesachorocycinpentadiens 1000 00 65000 66000 86000 71000 65000 66000 INNOOO 120000 61000 62000 81000 60000 66000 100000 37000
Hevachoroethane 1000 00 66000 66000 65000 71000 65000 66000 100000 170000 61000 62000 €1000° 99000 85000 100000  $7000
[sophorone 1000 00 660 00 680 00 860 00 11000 650 00 85000 100000 170000 61000 820 00 #1000 000 00 860 00 1000 00 $10 00
N-Nitros0-0h-n-propylamine 1000 00 660 00 860 00 £60 00 11000 85000 65000 100000 170000 810 00 620 00 8ioDo 990 00 680 00 1000 00 $10 00
N Neosodiphenyiamine( 1) 1000 00 110 00 860 00 660 00 710 00 650 00 66000 100000 1700 00 810 00 62000 81000 90 00 860 00 1000 00 570 00
Nikobenzens 1000 00 66000 86000 66000 71000 @5000 66000 100000 170000 61000 62000 61000 98000 66000 100000 SNO00
Pemachiotophenol 2500 00 170000 170000 170000 180000 180000 170000 260000 440000 150000 160000 150000 250000 170000 2500 00 1400 00
Phenol 1000 00 660 00 560 00 120 00 24000 110 00 660 00 180 00 24000 1000 00 62000 61000 170 00 660 00 1000 00 570 00
brs{2 -Chioroethoxy ymethane 1000 00 660 00 860 00 860 00 710 00 450 00 65000 100000 170000 810 00 620 00 41000 900 00 860 00 1000 00 570 00
bis{2 Chioroethyl jether 1000 00 660 00 680 00 960 00 11000 450 00 68000 100000 1700 00 61000 620 00 81000 900 00 860 00 1000 00 570 oo}
bis(2 Emyihesyt phihalate 1400 00 23000 140 00 130 00 6000 00 5200 00 42000 970000 1500000 200000 330000 3IB000C 380000 1500 00 4300 00 32000

Uit _metats = pgrg dry weight, PAH, PCBs3_ pesticides, diosing = ngip dry waight
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Appendix A-1-2.1. Results of chemical analyses of sediment porewaters collected from the Raymark study area.

(Komenom §
Sever
Arserc
Bammm
Cadmium
Chvarmeum
Copper
won
Fechet 950 4% 740 000
lead 140 144 156 1324 200 ors in 675 1s8 100 198 256 392 440 278 8 96|
Zinc 1540 00 260 00 42000 110 00 12000 150 00 200 00 140 00 21000 40 00 130 00 100 00 80 00 50 00 260 00 $0 00
PAHs | 1-Meihvyinaphihalens 000 000 000 000 000 ooo0 000 000 000 000 000 000 000 000 000 000
1-Methyiphenaniiwene 000 000 000 000 000 000 000 000 000 000 000 000 0 00 000 000 000
2.1.5-Tnmehysnaphinslens 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
2.6-Dvmethyinaphihalens 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
2-Methyinaphthaiene 000 000 000 000 000 000 000 000 000 - 000 000 000 000 000 000 000
Acenaphihene 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
Acenaphihylene 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
|Anttvacene 000 000 000 000 000 000 000 000 000 000 000 000 000 000 o000 000
|Benzofalanthiacens 000 000 000 0o¢ 000 000 000 210 000 000 000 000 000 000 000 0 00|
Benzofalpyrene 000 a 00 000 000 000 000 000 000 000 000 000 oo 000 000 000 0 00|
BenroibMuraninene 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
Benzolelpyrene 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
Benzolg hilperylene 000 000 000 000 000 000 000 000 000 000 000 000 000 000, 000 0 00|
Benzofh uoranthene 000 000 000 o000 000 000 000 000 000 000 000 oo0 000 000 000 - 0 00|
Brpbenyl o000 000 000 000 900 000 000 000 000 000 000 000 000 000 000 0 00|
Chrysene 000 000 000 000 000 000 000 000 000 600 0 00 000 000 000 000 000
Dibenti{a.hjanitvacene 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
Fluor anthens 000 000 000 000 000 000 000 000 a00 000 000 000 000 000 000 0 00,
f luorene 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
Indeno{1.2, 3-cdipyrens 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
Naphthalene 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
Perylene 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
Phenanihrene 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
Pyrene 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 0 00|
Sumn of PAHs 000 000 000 000 000 000 000 210 000 000 000 000 000 000 000 000
PCBs |8(24 T 000 000 000 000 " 000 WYI0O T VB8O T 71270 C 000 T 000 DOO 600 4710 000 8073 006
18(225) 000 000 000 000 000 s 10 189 00 000 000 000 000 000 6440 000 163 40 000
200244y 000 2960 000 000 000 000 000 000 000 000 ooa 000 000 000 45 80 0 00|
42215y 000 195 60 000 000 000 2400 17 40 000 000 000 000 000 000 000 12570 000
52{225 5y 000 x» 000 000 000 $$ 80 4490 17 000 000 000 000 3590 000 145 40 000,
€6 (2 34 &) 000 000 000 000 000 000 000 233 000 000 000 000 000 000 000 800
maraa} 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
9 000 000 o000 000 000 000 000 000 000 000 ao00 000 000 o000 840 000
101(22458) 000 000 000 000 000 000 000 000 000 000 000 000 o000 000 850 000
108{23Y40) 000 000 000 ooo0 000 000 000 000 000 000 000 000 000 000 000 000
18234 ¢5)° 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 0 00|
126{3¥44'9) 000 000 000 000 000 000 000 000 000 000 aon 000 000 000 000 000
120022374 4y @00 000 000 000 000 000 000 000 000 000 000 000 000 000 000 0 00|
13022734 4°5) 000 000 000 000 000 000 000 000 000 000 000 oo0 000 000 000 000
153 (274 455) 000 000 000 000 000 000 o000 000 000 000 000 000 000 000 000 000
17002233448 000 000 000 000 000 000 (1] 000 000 000 000 000 000 000 000 000
180 (2234455 000 000 000 a o0 000 000 000 410 000 000 000 200 000 000 000 000
187 {2 2345 56) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
195 {27334 456) 000 000 000 000 000 000 000 000 000 o000 0 00 000 000 000 000 0 00|
206 (2273 Y4 45 5¢) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
209{22) 34455887 000 000 000 000 000 600 000 000 000 000 000 000 000 000 000 0 00|
Tolatl °C8s {Sum of Congeners X 2) 000 109300 000 000 000 208400 200020 503 60 000 000 000 000 1144 40 000 221220 0 00

Units polL. ° indecates congeners mcuded in Tolal PCBs calculahon.




Appendix A-1-2.2. Results of chemical analyses of EDTA-treated sediment porewaters
collected from the Raymark study area.

; 2

£ 2 > a 5 2 2 8

58 2 3 3 3 3 2

PCBs |8 (24) 0.00 0.00 0.00 14319 126.
18 (2 2'5)* 0.00 0.00 000 0.00 0.00
28(244) 0.00 000 830 0.00 0.00
42235) ) 0.00 0.00 462 0.00 000
52(22'55) 0.00 0.00 000 0.00 0.00
66 (234 4)° 0.00 0.00 000 000 0.00
771334 4) 0.00 0.00 000 0.00 0.00
99 0.00 0.00 000 000 000
101(22455) 0.00 0.00 000 0.00 000
105(23 34 &) 0.00 000 000 0.00 0.00
118 (2 34 4'5)° 0.00 0.00 0.00 0.00 000
126 (33 4 4'5) 0.00 0.00 000 0.00 0.00
128(223 34 &) 0.00 0.00 0.00 0.00 0.00
138(2234 4'5) 0.00 0.00 0.00 0.00 0.00
153 (224 455 0.00 0.00 0.00 0.00 000
170 (223 34 4'5)° 0.00 0.00 0.00 0.00 0.00
180 (223 44'55) 0.00 0.00 000 0.00 000
187 (223 4'5 5'6)° 0.00 0.00 000 0.00 000
195(223 34 45 6)° 0.00 0.00 000 0.00 0.00
206 (223 34 4'5 56)° 0.00 0.00 0.00 6.50 0.00
209(22313445566)° 0.00 0.00 0.00 0.00 0.00
Total PCBs (Sum of Congeners X 2) 0.00 0.00 25.84 299.38 252.30

Unils: pg/L. * indicates congeners included in Total PCBs calculation.



Appendix A-1-2.3. Results of chemical analyses of C18-treated sediment porewaters collected from the Raymark study area.

3 o z &
[o] - g - ~ (2] - o - - « « o ~
53 § g ¢ & & & & & 5 & & &8 8 & 8 &
~Melals [Arsenic 084 4008 200 T ] ; i : ) ] 1 ) ]
Cadmium 932 848 862 518 339 548 576 kR4 452 104 313 566 485 ki) 942 578
Chromium 000 03a 000 000 144 000 000 000 103 051 000 000 094 038 000 o2
Copper 2300 1900 26 00 8400 1500 30 00 1900 2100 18 00 000 1300 900 28 00 18 00 26 00 3100
Nickel 858 000 000 000 1266 000 000 000 000 000 000 000 000 000 000 000
Lead 000 000 000 330 000 000 000 000 438 000 000 4 96 418 000 000 000
Zinc 2400 00 100 00 510 00 23000 170 00 70 00 90 00 120 00 140 00 70 00 80 00 70 00 40 00 50 00 70 00 60 00
Units pg/t.




Appendix A-1-2.4. Results of chemical analyses of Ulva and non-Ulva sediment porewaters collected from
the Raymark study area.

Ulva Non-Ulva
i
S @ =4 =
58 s 2 3 2 3 2 3 8 8
60 g < T 7 @ 2 I ® 7
Metals  |Arsenic 1855 2015 089 5.05 2369 2547 264 1486
Cadmium 4.58 212 248 286 5.01 287 314 257
Chromium na na na na na na na na
Copper 70.00 371.00 40.00 64.00 41.00 628.00 28.00 53.00
Nickel na na na na na na na na
l.ead na na na na na na na na
2inc 120.00 530.00 70.00 50 00| 80.00 91000 80.00 100.00
PCBs [8(24) 0.00 0.00 0.00 0.00 0.00 0.00 '0.00 0.00
18 (2 2'5)° 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2B(244) 0.00 0.00 1049 0.00 0.00 0.00 0.00 0.00
44 (2235) 0.00 0.00 0.00 000 0.00 0.00 3.21 0.00
52 (225 5) 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00
66 (234 4') 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
77133 4 4) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ° 0.00
99 0.00 0.00 0.00 000 0.00 0.00 000 0.00
101(22455) 0.00 0.00 0.00 000 0.00 0.00 000 0.00
105(23 34 4y 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00
118 ({2 34 4'5)" 0.00 0.00 0.00 000 0.00 000 0.00 0.00
126 (334 4'5) 0.00 0.00 0.00 000 0.00 000 0.00 0.00
128(22'3 34 &) 0.00 0.00 000 000 0.00 000 000 0.00
138 (2234 45) 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00
153 (224 4'55') 0.00 0.00 0.00 000 0.00 000 0.00 0.00
170 (223 34 4'5)° 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
180(22'34455) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
187 (22'3 45 5%6)" 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000
195(223 34 456) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000
206 (2 2'3 3'4 4'5 5'6)° 0.00 0.00 0.00 0.00 0.00 000 0.00 000
209(2233445566) 0.00 0.00 0.00 000 000 000 0.00 000
Total PCBs (Sum of Congeners X 2) 0.00 0.00 20.98 0.00 0.00 0.00 6.43 0.00

Unils: pg/L. na=not applicable. * indicates congeners included in Total PCBs calculation.




Appendix ~- -3. Resuits of chemical .. nalyses of tissues coilected
from fish in v = Raymark study area.

3 ® e ©
¥ 5 2 & 2 g
QO < < (L] = 7]
Dioxins  2.3,7.8-TCDD . Q.20 0.33 0.27
1.2.3.7.8-PeCDD 0.33 0.82 0.49
1,2,3.4,7 8-HxCDD 0.09 0.16 0.12
1.2,3.6.7.8-HxCDD 0.25 0.41 0.21
1,2,3,7.8.9-HxCDD 0.11 0.14 0.13
'1,2,3.4,6,7,8-HpCDD 2227 1.39 2.48
;OCDD 17.80 10.90 17.40
2,3,7,8-TCDF 1.38 3.19 1.22
2,3,7.8-TCDF Confirm. 2.02 4.18 1.56
'1,2,3,7,8-PeCOF 0.43 0.35 0.15
2,3,4,7 8-PeCDF 1.24 1.09 0.50
1.2,3,4,7 8-HxCDF 0.51 0.16 0.16
1,2,3,6.7,8-HxCDF 0.35 0.14 0.09
1.2,3,7,8.9-HxCDF 0.70 0.42 0.35
2,3.4,6.7.8-HxCDF 0.08 0.11 0.06
1,2,3.4,6.7 8-HpCDF 2.07 1.63 3.24
1,2,3.4,7.8,9-HpCDF 0.15 0.30 0.21
OCDF 8.61 7.77 17.80
Sum of Dioxins 36.57 29.30 44.98
Dioxin  Total TCDD 0.20 0.33 0.45
CDDs  Totat PeCDD 0.33 0.01 0.49
:Totat HxCDD 0.62 0.26 0.88
‘Total HpCDD 3.55 2.69 4.31
-Sum of CDDs 4.69 3.29 6.13
Dioxin  Total TCDF 3.40 .27 1.53
CDFs  Total PeCDF 444 2N 0.95
Total HxCDF .57 1.30 1.83
‘Total HpCDF 3.8 6.67 13.80
'Sum of COFs 15.24 13.85 18.21
Toxicity Equivalency Factor 1.42 1.82 1.11
PCBs 3 (4) 0.00 0.00 0.00
15 (4 4" 0.00 0.00 0.00
28(24 4) 2.50 13.00 3.30
T7T(3344) 0.00 1.0 0.00
105(23 34 4') 3.20 14.00 3.70
114 (23 4 4'5) 0.18 0.62 0.30
118 (2 3' 4 4'5) 11.00 36.00 12.00
122(2°34 4'5) 0.00 0.38 0.00
126(33'44'5) 0.00 0.00 0.00
156/157 (23 3'44'5/23344'5) 0.85 2.70 1.20
167 (234 4'55) 0.80 1.80 0.69
169 (3 3'4 4'S 5) 0.37 0.00 0.22
170 (223 3'4 4'5) 3.30 2.90 2.40
180 (223445 5) 58.00 11.00 39.00
189(2334455" 0.00 0.00 0.00
209(22'33445566) 2.20 0.37 1.80
.Sum of PCB Congeners 82.40 84.07 64.71 .
Sum of PCB Congeners X 2 164.80 168.14 129.42 138.16
PCB Total MonoCBs 0.13 0.00 0.00 0.00
Homologs Total DiCBs 0.62 0.42 1.60 0.00
Total TrCBs 18.00 31.00 47.00 14.00
Total TetraCBs 68.00 180.00 120.00 94.00
Total PentaCBs 77.00 170.00 88.00 89.00
Totat HexaCBs 77.00 120.00 64.00 85.00
Totai HeptaCBs 200.00 43.00 130.00 130.00
Totat OctaCBs 62.00 5.00 74.00 64.00
Total NonaCBs 40.00 0.00 25.00 24.00
Sum of PCB Homologs 542.75 549.42 549.60 500.00
Total PCBs 540.00 550.00 550.00 500.00
Tissue Lipid Content (%) 2.10 3.60 1.60 1.70

Units: PCBs, aioxins = ngrg dry weight.



Appendix A-1-4.1. Grain size analysis for sediments collected from the

Raymark study area.

Sample %Silt
D % Sand % Silt % Clay 63-15.6u <156y
A3SD10 356 64.4 0.00 24.3 40.1
CcsD1 849 15.1 0.00 3.50 11.6
GMO3 78.3 217 0.00 8.18 13.5
HB3A 20.5 78.1 1.38 29.1 50.4
SDO1 33.0 65.6 1.39 20.1 46.9
sDo7 733 25.9 0.75 9.51 17.2
SD08 66.6 334 0.00 17.2 16.2
SD13 54.7 44.0 1.30 1.3 340
SD13-RP' 54.7 453 0.00 15.6 29.8
sSD14 57.0 42.0 0.96 14.3 28.7
SD14-RP' 57.0 42.2 0.76 16.5 26.4
sD18 16.7 83.3 0.00 27.6 55.7
SD21(A) 22.3 75.5 2.14 31.0 46.7
SD21(B)? 20.7 75.2 4.10 30.1 492
SD23 52.0 46.9 1.07 18.2 29.8
SD24 57.1 36.5 6.42 20.8 22.1
sD28 78.5 15.7 5.90 6.49 15.1
SD37 28.4 71.6 0.00 22.5 491

1 - Lab duplicate.

2 - Field duplicate.




Appendix A-1-4.2, Analysis for Organic Carbon in sediments and
sediment porewaters collected from the Raymark study area.

Sediment Porewater
Total Organic Dissoived Organic
Samole ID Carbon (%) Carbon (mg/L)
A3SD10 8.76 10.3
A3SD10-DUP’ 9.80
CsD1 12.1 213
GMO03 5.86 14.3
HB3A 149 30.4
SDO1 7.07 69.0
sSDo7 7.77 24.1
SDos 10.0 246
SD13 10.7 336
SD14 7.86 51.1
SD18 6.36 459
SD21(A) 4.56 81.9
SD21(B)? 3.25 88.7
SD21-AVG 3.91 85.3
SD23 8.78 30.7
SD24 9.91 25.0
sSD28 6.26 19.7
SD37 2.03 34.2
Median 7.77 30.6

1 - Lab duplicate.
2 - Field duplicate.

Note: mg/g dry weight = % X 10




Appendix A-1-5. Summary of SEM and AVS concentrations in sedimenls collected from the

Raymark study area.

Sample AVS SEM Concentration (pmol/g dry) Sum of SEM-AVS
Name {pmol/g dry) Cd Cu Ni Pb Zn SEM Conc (pmol/g dry)

A3SD10 207 0.02 0.04 0.58 518 6.74 126 10.5

CSDt 316 7.3E-3 0.28 037 248 2.89 6.03 -25.5
GMO08 9.40 11E-2 0.32 0.15 0.41 3.64 4.53 4.9

HB3A 547 3.9E-3 0.03 0.78 46.1 15.3 62.2 75

SDot 77.7 0.03 1.2E-2 0.46 6.51 7.93 149 -62.7
SDo7 117 0.02 0.08 0.37 1.49 5.49 7.44 -109.2
SD07-RP' 128 0.02 0.05 0.36 1.38 5.23 7.04 -1213
sSDo8 85.2 1.4E-2 021 0.46 0.71 382 523 -799
SD13 90.5 0.04 0.03 0.32 3.62 7.65 117 -789
SD14 63.5 0.05 2.4E-3 0.43 1.63 5.56 7.67 -55.8
sD18 0.68 6.7E-3 266 0.20 1.60 2.46 6.94 ' 6.3

SD18-RP' 0.76 71E-3 263 0.20 1.70 2.58 7.1 6.3

SD21A 90.8 0.02 0.06 0.28 1.19 3.75 5.29 -85.5
sD218 99.3 0.02 0.02 0.24 1.20 389 5.36 -94.0
SD23 164 0.03 0.20 0.66 227 6.08 924 -154.7
SD24 109 0.02 047 0.72 213 5.40 8.74 -100.3
sD2s8 105 0.02 0.21 0.29 1.23 7.43 9.19 -95.3
SD37 10.1 31E-3 0.48 0.12 0.14 1.65 2.39 7.7

1 - RP designales replicate analysis.

SEM = Simultaneously Extractable Metals; AVS = Acid Volahle Sulfides.




Appendix A-2-1.1. Hazard Quotients (HQs) and Hazard indices (HIs) for contaminants in sediments for the Raymark study area. Benchmark = ER-L
reference data.

g o 2
E g = '__. o] by 3 1 3 S 8 o hd e S Q 3 3 P
58 g E19 1338 |8|8|818/81[1531/8/81/81 8/ 8
Melals |Silver 1.00 |-2.00° | .3.00 71.907] ;140 | 140-| 088 | 044 | 054 0.93 062 |-160 | 060
Arsenic 820 | 201 | 137 079 | 110 | 112 | 045 [ 048 | 1.67 | 100 | 099 | 055
Barium
Cadmium 1.20
Chromium 8t.0
Copper 340
Mercury ) 0.15
Nickel 209
Lead 467
Zinc 150
__ __.[Metals Hazard Index’ A
PAHs |2-Methyinaphthalene 700
Acenaphthene 16.0
Acenaphlhylene 440
Anthracene 85.3
Benzo(a)anthracene 261
Benzo{a)pyrene 430
Chrysene 384
Dibenz(a h)anlhracene 634
Fluoranthene 600
Fluorene 19.0
Naphthalene 160
Phenanthrene 240
Pyrene 665
 |PAH Hazard Index’ y
PCBs |Total PCBs 227 [ 1193 | 1091 13973 (1013 1104 | 4287 382 | 208" ‘107 | 558
sum o' A’ms ....................................
PST |p.p-DDE 220 1.64 . 327 245

Hazard Quotients calculaled as sediment concentration/benchmark.
Shaded cells indicate HQs and His>1.

See Appendix A-1-1 for sediment concentrations.

1 - All benchmarks from Long et al., 1995.
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Appendix A-2-1.2. Hazard Quofients (HQs) and Hazard indices (HIs) for contaminants in sediments for the Raymark study area. Benchmark = ER-M
reference dala.

8 o N =4

[S3) < u < (8] [U) T 0 [7) 7 7 7} 7] 7 0 %) 0 %]

Metais |Silver 370 | 054 0.81 0.81 065 | 038 | 0.41 038 1 038 | 024 012 0.14 025 | 017 043 0.16
Arsenic 700 | 034 | 016 | 026 | 0131 010 | 015 | 009 | 013 | 013 | 005 | 006 | 0.13 | 012 | 012 | 006
Barium
Cadmium 906 56E-4
Chromium 370 0.16
Copper 270 0.64
Mercury L RA] 0.24
Nickel 516 0.41
Lead 218 0.19
Zinc 410 0.42
Metals Hazard Index® b 229

PAHs |2-Methyinaphthalene 670 0.85
Acenaphthene 500 1'.1_4
Acenaphihylene 640 0.13
Anthracene 1100 o1
Benzo(a)anthracene 1600 027
Benzo(a)pyrene 1600 0.29
Chrysene 2800 0.32
Dibenz(a h)anlhracene 260 0.58
Fluoranthene 5100 0.16
Fluorene 540 1.00
Naphthalene 2100 0.27
Phenanthrene 1500 0.57
Pyrene 2600 0.22
PAH Hazerd Index’ /692

PCBs |Tolal PCBs 180 0.58
Sum of Aroclors

PST |p.p-DDE 270 0.13 0.27 0.20

Hazard Quotients calculated as sediment concentration/benchmark.
Shaded cells indicate HQs and His>1
See Appendix A-1-1 for sedimenl conceniralions.

1 - All benchmarks lrom Long et al ., 1995.
2 - Hazard Index calculated as sum of analyle-specific Hazard Quotients.




Appendix A-2-2.1. Hazard Quotients (HQs) and Hazard Indices (His) for contaminants in WHOLE porewaters for the Raymark TIE.

3 [ ";. "
Ea b3 » |8 ] S 5 5 2 pu p e
58 3 g |3 3 |2 |8 31818 ]3]/s3s
Metals [Siiver 0.92 a 0.00 0.00 0.00 0.00 0.00 0.00
Arsenic 360 a 058 093 0.00 049 022
Bartum .80 d 0.00 000 0.00 . . . 000 0.00
Cadmium 360 c 0.00 0.09 0.08 0.11 0.04 008 0.09 0.02
Chromium 500 | a 006 | 0.04
Copper 205 | ¢ 2341 oo00
Nickel 2400 c 0.01
Lead 3020 c 0.00
Zinc 343 c 012
_.... |Metats Hazard Index* R2ITW 040
PAHS (2-Methyinaphthalene 122 { o 0.00 0.00
Acenaphthene 1125 c 0.00 000 0.00 0.00
Acenaphthylene 0.64 ° 0.00 0.00 0.00 0.00
Anthracene 040 L] 000 000 0.00 0.00
Benzo{a)anthracene 005 [] 0.00 0 00 0.00 0.00
Benzo(a)pyrene 0027 | o 0.00 000 000 0.00
Chrysene 013 [} 0.00 000 0.00 0.00
Dibenz(a hjanthracene 0013 | o 0.00 0.00 000 0.00
Fluoranthene 66.9 c 0.00 0.00 0.00 0.00
Fluorene 014 [] 000 0.00 000 0.00
Naphthalene 620 b 0.00 0.00 0.00 0.00
Phenanthrene 4.60 [} 0.00 0.00 000 0.00
Pyrene 1.21 [} 0.00 000 000 0.00
PAH Hazard Index’ 7, 000 | 000 | 000 00 | 000
PCBs |Total PCBs 400 | ¢ | 000 [373 | oo0 000 { 000

See Appendix A-1-2 for porewater concentrations

HQO=sediment porewater concentrationyWQSV. Blank cefis indicate HQs not caiculated

1
2
3
a
b-
c
d
e
4

- Benchmark units: oL

- See tex! for description of WQSV derivation process.

- Waler Quality Screening Value (WQSV) sowrces
-U'S EPA Water Quality Criterta - Saltwaler Chronic (USEPA, 1986),

UI'S EPA Water QuaMy Criteria - Freshwater Ctwonic (USEPA, 1968);
- ierature LC50 values for Ampefisca (Betry ef ol , 1996 (Cd, Cu, Pb, N1, 2n), Ho ef al , 1997 (PCBs)).
- Merature values for Daphnids (Suter. 1996 (Ba))
- EqP parisioning of ER-L sediment benchmark into porewater al 1% TOC
- Hazard Index = class-specific sum of Hazard Quotients.

due 10 non-detect or zero porewaler concentrations




Appendix A-2-2.2. Hazard Quotients (HQs) and Hazard Indices (Hls) for contaminants in C-18 and EDTA-Ireated porewaters for the Raymark TIE.

z, £ 13l lale s aslaleleleslelzslalalsls
58 g l131% |g 18 |2 |88 (8 |3 |531131|8/8] ]3] |3d]/]8
Metals |Arsenic 360 | a| 002 |.114.| 006 | 003 AT 006 | 004 | 028 147 0.5
Cadmium 360 | c| 026 | 024 | 018 | 014 013 | 003 | 012 [ 013 | 010 | 026 | 016
Chromium 500 | a 76€-3 2.9€-2 24E-2 | 1.0E-2 1.9€-2 | 7.2E3 4263
Copper 205 | ¢ {192 | 093 |..9.37:).:490:] 073 | 14| 093 | 102 | 088 054 [337°| oss | 127 | 151
Nickel 2400 | c | 2.7€3 5.3€-3
Lead 3020 | ¢ 1.4E3 1.5€-3 8264 | 1.4€-3
Zinc 43 | ¢ ) | 029 020 | 026 [ 035 | 041 [ 020 [ 022 | 092 | 015 | 020 | 017
Metals Hazard Index’ }:_”_'_;_] ) _260 583 i 296 163 143 | 0230 | 091 | !92 2143 | 320 | 200
PCBs |ToalPCBs 400 | ¢ 065 | 7483 ° ¥

See Appendix A-1-2 lor p

C

HQ

po

1 - See lext for description of WQSV derivation process.

2.

Benchmark units. pgl

3 - Water Quality Screening Value (WQSV) sowrces:
a-US EPA Water Quality Criteria - Saltwater Chronic (USEPA, 19886),
U S. EPA Water Qualty Criteria - Freshwater Chronic (USEPA, 1986),

b-

&~ 5 a0

- WMerature LC50 values for Ampelisca (Berry et al , 1996 (Cd. Cu, Pb, Ni, Zn); Ho ef a/ , 1997 (PCBs)).
- Herature vatues for Daphnids (Suter, 1996 (Ba))
- EqP pantitioning of ER-L sedknent benchmark into porewater at 1% TOC
- Hazard Index = class-specific sum of Hazard Quotients

/WQSV. Blank celis indicate HQs not caiculaled due o non-detecl or zero porewaler concenirations




Appendix A-2-2.3. Hazard Qdotients (HQs) and Hazard Indices (HIs) for contaminants in Ulva- and non-Ulva -treated

porewaters collected from the Raymark study area.

Uva “Non-Ulva
N

g 4 2>2~ :% "8 g ! - oo' g g b ©
> g s 13|22 8 8 & |2 3 8§ §
60 2 2 a < I 7] 7] 2 T 7] 0
Metals |Arsenic 36.0 a 0.52 0.56 0.02 0.22 0.66 0.71 0.07 0.41

Cadmium 36.0 c 0.13 0.06 0.07 0.08 0.14 0.08 0.09 0.07

Chromium 50.0 a

Copper 20.5 c 3.41 18.1 1.95 312 2.00 306 1.37 2.59

Nickel 2400 c

Lead 3020 c

Zinc 343 | c| 035 155 02 015 | 023 265 023 029
PCBs (Total PCBs 400 | ¢ 0.52 0.16

See Appendix A-1-2 for porewater concentrations.
HQ=sediment porewater concentration/ WWQSV. Blank cells indicate HQs not calculated due to non-detect or zero porewater concentrations.

1 - See text for description of WQSV derivation process.

2 - Benchmark units: pg/L.

3 - Water Quality Screening Value (WQSV) sources:
a- U.S. EPA Waler Quality Criteria - Saltwater Chronic (USEPA, 1986);

b - U.S. EPA Water Quality Criteria - Freshwater Chronic (USEPA, 1986);

c - literature LCS50 values for Ampelisca (Berry et al., 1996 (Cd, Cu, Pb, Ni, Zn); Ho ef al., 1997 (PCBs));
d - literature values for Daphnids (Suter, 1996 (Ba)).

e - EqP partitioning of ER-L sediment benchmark into porewater at 1% TOC
4 - Hazard Index = class-specific sum of Hazard Quotients.




Appendix A-2-3. Hazard Quotients (HQs) for Ampelisca and Mulinia exposed to ammonia in sediment porewaters

from the Raymark study area.

*
€ =
t§ |8 |a |8 |35 |sg |8 |8 |2 |2 |2|5|8 (8% |81!85
Teeat | cass Anaiyte £ |3 |8 |3 |=2 |8 |8 |8 [8//38/]|53/]8]/]8]1/818]18
PW AMPAM |Total Ammonia 300 065 055 041 053 114 105 098 123 091 147 1.19 078 078 077 165
Un-ionized Ammonia 040 | 030 | o84 | 016 | 032 | 075 | 160 | 089 | 103 | 068 | 023 | o670 | 120 | 694 | 127 | 201
MULAM |Tolal Ammonia 134 146 123 092 1.19 256 2.4 219 276 205 329 265 1.75 174 1.72 370
Un-ionized Ammonia 009 | 931 | 372 | 070 | 141 | 334 | 712 | 396 | 450 | 304 | 102 | 309 [ 571 | 417 | 564 | 894
ULVA | AMPAM |Total Ammonia 300 | 005 | 002 | 000 | 005 | oo4 | 006 | 002 | 00z | 005 | 014 | 003 | 009 [ 003 | 003 | 010
Un-ionized Ammonia 040 | oo4 | 008 | oot | oor | oo8 [ 023 [ oo7 | 006 | 011 | 023 [ 009 [ 010 | 008 | 009 | 02
MULAM |Total Ammonia 134 | 010 | ooa | oot | 012 | o008 | 014 | 004 | 005 | 041 | 031 | 007 | 02t | 006 | 006 | 022
Un-ionized Ammonia 009 | 016 | 035 | oos | 029 | 035 | 103 | 032 | 026 | 049 | 103 | 041 | 046 | 034 | 040 | 120

AMPAM= Ampelisca, MULAM=Mulinia .
Benchmark units: mglL

1 - Benchmark for Ampekisca: NOEC = No Observable Efect Concentration
2 - Benchmark for Mulinia larval Development. LOEC (Carr, el al , 1998)

3 - Hazard Index = sum of class-specific Hazard Quotients




Appendix Table B-1.1. Ampelisca survival in whole porewater from the Raymark study area.

Concentration Porewater (%) LC50° Lc2
Station  Methog* 0' 6.25 12.5 25 50 100 (%) (%
A38D10 a 100 100 100 100 86.7 73.3 >100 77.
CSD1 a 100 100 100 93.3 100 53.3 >100 64.
GMOo8 c 100 100 100 100 100 66.7 >100 80.
HB3A c 100 867 100 377 100 40.0 91.7 66.
SDO1 b 100 100 100 100 66.7 0.00 56.1 40.
SDo7 b 100 100 100 100 100 0.00 70.7 60.
SDo8 a 100 100 867 . 93.3 86.7 0.00 59.2 43.
sSD13 b 100 100 100 100 0.00 70.7 60.
SD14 b 100 100 3 100 100 0.00 70.7 60.
SD18 b 100 100 100 80.0 0.00 0.00 31.0 25.
SD21 c 100 100 100 100 100 6.67 76.8 60.
SD23 b 91.7 100 100 100 100 0.00 70.7 60.
SD24 b 93.3 93.3 100 100 80.0 0.00 62.7 51.
sD28 c 100 100 - 100 100 100 100 >100 101
sSCaz b 91.7 100 93.3 80.0 400 0.00 414 28.

Shaaing indicates values excludea from calculations.

1 - Controf value for experiment, assumed for all treatments, is 0% porewater.

2 - Lethal Concentration - 50% (concentration of porewater causing 50% reduction in survival).
3 - Lethal Concentration - 20% (concentration of porewater causing 20% reduction in survival).

4 - Caiculation method:

a - LC50 and LC20 calculated using Maximum Likelihood-Probit method.
b - LC50 calculated using Trimmed Spearman-Karber method; LC20 caiculated using
Linear Interpoiation (IC20).
¢ - LC50 and LC20 calculated using Linear Interpoiation (IC50 and 1C20).



Appengix Table B-1.2.

Mulinia normal larval developoment in whole porewater from the Raymark study area.

Concentration Porewater (%) EC50° EC20°
Station  Method* 0' 6.25 12.5 25 50 100 (%) (%)
A3SD10 a a7.7 2.00 0.33 0.00 0.00 0.00 0.91 0.41
CSD1 a 97.7 90.0 49.0 12.3 0.00 0.00 17.3 11.7
GMo8 a 96.0 96.3 89.0 12.7 0.00 0.00 18.5 14.8
HB3A a 95.7 93.0 20.7 0.00 0.00 0.00 10.2 8.26
SDO1 a 95.3 92.0 49.7 0.00 0.00 12.7 9.21
SDo7 a 96.3 85.0 247 0.00 0.00 0.00 9.73 7.20
SDO08 a 97.0 413 10.7 92.0 0.00 0.00 5.55 3.20
SD13 a 97.0 91.7 84.3 67.0 213 0.00 324 20.7
sD14 a 96.7 88.3 82.7 0.00 0.00 17.1 13.8
sD18 c 93.0 0.00 0.00 0.00 0.00 3.13 125
SD21 a 98.0 78.3 56.7 0.00 0.00 0.00 114 7.58
spa3 c 94.7 89.0 833 78.7 67.0 0.00 64.7 313
sD24 a 98.3 92.0 89.0 28.3 3.67 0.00 21.2 14.9
sD28 c 96.0 94.7 96.3 g1.0 86.7 0.00 72.3 58.7
sSD37 a 95.3 88.7 12.0 0.00 0.00 0.00 9.23 7.39

1 - Control value for experiment, assumed for all treatments, is 0% porewater.
2 - Effect Concentration - 50% (concentration of porewater causing 50% reduction in test response).
3 - Effect Concentration - 20% (concentration of porewater causing 20% reduction in test response).

4 - Calculation method:

a - EC50 and EC20 calculated using Maximum Likelihood-Probit method.
b - ECS0 caiculated using Trimmed Spearman-Karber method: EC20 caiculated using
Linear interpolation (1C20).

¢ - EC50 and EC20 calculated using Linear interpotation (IC50 and 1C20).




Appendix Table B-2.1. Ampelisca survival in C-18 treated porewater from the Raymark
study area.

Concentration Porewater (%) LC50? Lca20®
Station Method* 0' 10 50 100 (%) (%)
A3SD10 c 100 100 100 90.0 >100 100.0
CSD1 c 100 100 100 70.0 >100 83.3
GMO8 c 100 100 100 100 >100 100.0
HB3A a 100 100 300 40.0 52.2 227
SDO1 b 100 100 90.0 0.00 63.0 55.6
sDo7 c 100 100 100 70.0 >100 83.3
sDo8 c 80.0 100 100 0.00 75.0 60.0
SD13 b 90.0 100 100 000 | 707 60.0
SDi14 b 100 100 100 0.00 70.7 60.0
sD18 b 100 100 0.00 0.00 224 18.0
SD21 c 100 100 100 0.00 75.0 60.0
sD23 b 100 100 100 0.00 70.7 60.0
SD24 b 100 100 100 0.00 70.7 60.0
sD28 c 100 100 100 100 >100 100
SD37 c 100 90.0 90.0 0.00 68.0 55.0

1 - Control value for experiment, assumed for all treatments, is 0% porewater.

2 - Lethal Concentration - 50% (concentration of porewater causing 50% reduction in survival).
3 - Lethal Concentration - 20% (concentration of porewater causing 20% reduction in survival).
4 - Calculation method:

a - LCS0 and LC20 caiculated using Maximum Likelihood-Probit method.

b - LCS0 calculated using Trimmed Spearman-Karber method; LC20 caiculated using

Linear Interpolation (1C20).

¢ - LC50 and LC20 caicutated using Linear Interpolation (IC50 ang IC20).



Appendix Table B-2.2. Mulinia normal larval development in C-18 treated porewater from
the Raymark study area.

Concentration Porewater (%) EC50° EC20®
Station Method* o' 10 . 50 100 (%) (%)
A3SD10 c 96.0 2.33 0.00 0.00 5.12 2.05
CcsD1 c 93.3 17.3 0.00 0.00 6.14 2.46
GMO08 a 95.3 89.7 33.0 47.0 57.7 15.9
HB3A c 88.0 90.7 0.00 0.00 30.0 18.0
SDO1 c 95.3 96.0 0.00 0.00 30.0 18.0
sbo? c 97.7 23.3 0.00 0.00 6.57 2.63
sDo8 c 96.3 34.0 0.00 0.00 7.73 3.09
sD13 c 96.3 92.7 0.00 0.00 29.2 16.7
sD14 c 94.0 92.3 0.00 0.00 29.6 17.4
sSD18 c 89.7 94.0 22.3 0.00 36.4 20.6
sD21 c 92.7 89.7 0.00 0.00 29.3 16.9
sD23 a 947 930 73.3 64.3 >100 49.2
SD24 a 97.7 94.0 58.0 0.00 52.1 45.7
SD28 a 97.7 93.7 69.7 3.33 59.5 46.8
sD37 c 97.3 82.7 0.00 0.00 12.8 10.5

1 - Control value for experiment, assumed for all treatments, is 0% porewater.

2 - Effect Concentration - 50% (concentration of porewater causing 50% reduction in test response).
3 - Effect Concentration - 20% (concentration of porewater causing 20% reduction in test response).
4 - Calculation method:

a - EC50 and EC20 caiculated using Maximum Likelihood-Probit method.

b - EC50 caiculated using Trimmed Spearman-Karber method; EC20 calculated using

Linear interpolation (IC20).

¢ - EC50 and EC20 calculated using Linear Interpoiation (IC50 and 1C20).



Appendix Table B-3.1. Ampelisca survival in EDTA-treated porewater from the Raymark
study area.

Concentration Porewater (%) LCS0¢ Lc20°
Station Method* o' 10 - 50 100 (%) (%)
A3SD10 c 100 100 100 100 >100 100
CSD1 c 100 100 100 50.0 >100 70.0
GMO08 a 100 100 90.0 80.0 >100 100
HB3A c 90.0 100 100 0.00 75.0 60.0
SDO1 b 100 100 100 0.00 70.7 60.0
SDo7 b 100 100 100 , 20.0 77.1 62.5
SDo8 c 100 100 100 . 0.00 75.0 60.0
SD13 b 100 100 100 0.00 70.7 60.0
SD14 b 100 100 90.0 0.00 63.0 55.6
SD18 b 100 100 0.00 0.00 224 18.0
SD21 c 100 100 100 0.00 75.0 60.0
SD23 b 87.5 90.0 100 0.00 70.7 60.0
SD24 b 100 100 100 10.0 73.5 61.1
SD28 c 100 100 100 90.0 >100 100
SD37 b 100 80.0 100 0.00 69.4 57.9

1 - Control value for experiment, assumed for all treatments, is 0% porewater.

2 - Lethal Concentration - 50% (concentration of porewater causing 50% reduction in survivai).
3 - Lethal Concentration - 20% (concentration of porewater causing 20% reduction in survival).
4 - Calculation method:

a - LC50 and LC20 calculated using Maximum Likelihood-Probit method.

b - LC50 calculated using Trimmed Spearman-Karber method; LC20 caiculated using

Linear Interpoiation (iC20).

¢ - LC50 and LC20 calculated using Linear Interpolation (IC50 and I1C20).



Appendix Table B-3.2. Mulinia normat larval development in EDTA-treated porewater from
the Raymark study area.

Concentration Porewater (%) EC50° EC20°
Station Method* 0' 10 - 50 100 (%) (%)
A3SD10 c 98.3 95.3 0.00 0.00 294 17.0
CSD1 c 95.3 78.7 0.33 0.00 25.8 11.2
GM08 c 84.7 Q7.7 87.7 20.7 79.5 58.0
HB3A c 95.7 92.7 0.00 0.00 29.4 16.9
SDO1 c 97.7 91.7 0.00 0.00 28.7 15.9
SDO7 c 94.7 92.3 0.00 0.00 29.5 17.2
SD08 c 95.7 25.0 0.00 0.00 6.77 2.1
SD13 c 93.7 93.0 0.00 0.00 29.9 17.8
SD14 c 99.0 83.0 0.00 0.00 28.7 15.9
sD18 c Q8.0 0.00 0.00 0.00 5.00 2.00
SD21 c 95.7 . 88.0 0.00 0.00 28.3 15.2
sD23 c 84.0 79.3 0.00 0.00 26.3 12.1
sD24 b 96.3 96.3 26.7 0.00 30.8 211
sD28 a 96.3 93.3 85.3 5.67 68.4 55.7
sD37 c 93.7 76.3 0.00 0.00 25.5 10.7

1 - Control value for experiment, assumed for all treatments, is 0% porewater.

2 - Effect Concentration - 50% (concentration of porewater causing 50% reduction in test response).
3 - Effect Concentration - 20% (concentration of porewater causing 20% reduction in test response).
4 - Calculation method:

a - EC50 and EC20 caiculated using Maximum Likelihood-Probit method.

b - EC50 calculated using Trimmed Spearman-Karber method; EC20 caiculated using

Linear interpoiation (IC20).

c - EC50 and EC20 calculated using Linear Interpolation (IC50 and IC20).



Appendix Table B4 1. Ampelisca survival in Ulva-treated porewater from the Raymark study area.

Concentration Porewater (%) LCS0* Lc20’
Station _ Methog'| 0 6.25 12,5 25 50 100 (%) (%)
A3SD10 c 100 100 100 100 100 100 >100 100
CSD1 c 100 100 100 100 100 100 >100 100
GMO08 c 100 100 100 100 93.3 100 >100 100
HB3A a 100 93.3 93.3 100 53.3 0.00 455 24.0
SDO1 a 100 100 100 100 93.3 60.0 >100 72.8
SDO7 c 100 100 100 100 100 100 >100 100
SD08 c 100 100 100 100 100 100 >100 100
SD13 c 100 100 100 100 100 100 >100 100
SD14 a 100 100 100 93.3 66.7 53.3 93.8 436
SD18 a 100 100 80.0 77.5 65.0 0.00 40.8 20.0
SD21 a 100 100 100 100 66.7 45.0 80.8 46.9
sD23 c 100 100 100 100 100 93.3 >100 100
SD24 c 100 100 100 100 100 93.3 >100 100
sD28 [ 100 100 100 100 100 100 >100 100
SD37 c 100 100 100 100 100 93.3 >100 100

1 - Control value for expenment, assumed for all treatments, is 0% porewater.

2 - Lethal Concentration - 50% (concentration of porewater causing 50% reduction in survival).
3 - Lethal Concentration - 20% (concentration of porewater causing 20% reduction in survival).

4 - Calculation method:

a - LC50 and LC20 caiculated using Maximum Likelihood-Probit method.
b - LCSO caiculated using Trimmed Spearman-Karber method; LC20 calculated using
Linear Interpolation (IC20).
¢ - LCS50 and LC20 caiculated using Linear Interpolation (IC50 and 1C20).




Appendix Table B-4.2. Mulinia normal larval development in Ulva-treated porewater from the Raymark study are

Concentration Porewater (%) EC50* EC20°
Station Method* 0' 6.25 12,5 25 50 100 (%) (%)
A3SD10 c 957  0.00 0.00 0.00 0.00 0.00 313 1.25
CSD1 c 957 800 | 6.00 0.00 000 0.0 6.67 2.67
GMO08 c 95.7 0.00 0.00 0.00 0.00 0.00 3.13 1.25
HB3A c 95.7 0.33 0.00 0.00 0.00 0.00 3.14 1.25
SDO1 a 95.7 331 167 127 0.00 0.00 5.28 2.14
sDo7 a 95.7 . 103 433 0.00 0.00 3.80 164
sDo8 a 95.7 50. | 620 415 1.00 0.00 19.0 11.1
sD13 a 95.7 . 66.0 46.5 17.5 0.00 21.4 10.8
sD14 a 95.7 ' 840 410 3.50 1.00 18.6 10.3
sD18 a 95.7 . 440 210 0.00 12.0 5.91
SD21 c 95.7 033 0.0 0.00 0.00 0.00 3.14 1.25
sD23 a 95.7 6.33 4.00 0.00 0.00 0.00 1.08 0.38
sD24 c 957 000 | 9.67 0.00 0.00 0.00 6.95 2.78
SD28 a 95.7 67.0 61.0 0.00 0.00 22.3 13.8
SD37 a 95.7 35.0 27.7 4.00 0.33 0.00 5.23 2.24

Shaaing indicates values exciuded from caiculations.

1 - Controt value for experiment, assumed for all treatments, is 0% porewater. No control data available for
Ulva treatment; control value taken as average of controls from whole, EDTA, and C18 treatments.

2 - Effect Concentration - 50% (concentration of porewater causing 50% reduction in test response).

3 - Effect Concentration - 20% {concentration of porewater causing 20% reduction in test response).

4 - Calcuiation method:

a - EC50 and EC20 calculated using Maximum Likelihood-Probit method.

b - EC50 calculated using Timmed Spearman-Karber method; EC20 caiculated using

Linear Interpolation (1C20).

¢ - EC50 and EC20 calculated using Linear interpolation (1C50 and 1C20).
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1. Introduction

This report presents results of an ecological risk assessment for avian and
mammalian receptors associated with Ferry Creek and the Housatonic River in Stratford,
CT. The Ferry Creek system received wastewater discharges from an industrial
manufacturer via runoff from a culvert in upper Ferry Creek as well as from erosion of
wetland/fill created from industrial sludge and placed along the creek banks. The scope of
this assessment is to address potential CoC-related risks to receptors utilizing habitat in
upper Ferry Creek (Area of Concern A1) and Middle Ferry Creek (AoC A3). The spatial
delineations of these areas are addressed in the Remedial Investigation report (TtNUS, in

prep). .

The content of this section draws heavily from the avian assessment performed by
NOAA (1998), and retains much of the same approach, content, and general findings as
was reported in their study. The present analysis differs from the NOAA investigation in
three main ways: 1) additional spatial resolution of the Ferry Creek system is presented; 2)
updated exposure parameters for avian modeling have been employed; and 3) an
assessment of a semi-aquatic mammal receptor has been added to the evaluation.

Exposure of avian receptors to CoCs depends upon the fate and transport
characteristics of the CoCs, distribution of the waste materials throughout the area of
concern, and the natural history of the avian indicator species. Avian and mammalian
exposure to CoCs within Middle and Upper Ferry Creek and the reference area was
evaluated using a food-web modeling approach. Elements of the model (taken from
NOAA, 1998) are presented in Section 2. Results of the analysis and discussion of
significance including uncertainty are presented in Sections 3, 4, and 5 respectively.

2. Methods

Parameters and assumptions used in the food-web exposure model are derived
from natural history information compiled from the literature for each species (Table 2-1).
Also, site-specific or regional information for avian receptors was obtained through
contracts with local wildlife officials. Specific exposure parameters and the rationale for
their selection are discussed in the following sections.

The food-web exposure model was used to estimate the exposure of the receptor
species through diet, expressed as a total daily dose. In the literature, most TRVs for
terrestrial species are reported as the threshold daily dose to an individual. Estimating a
site-specific dose (IR;) allows for direct comparison of exposure estimates with TRVs.
Contaminant body-burden data from the sampling of mummichog, fiddler crabs, and
insects, plus water concentrations of CoCs, were used for input into the models. Incidental
sediment ingestion was also used as an input variable where appropriate. The basic
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structure of the exposure mode! is:

[ ] L ] [ ]
Equdion 1)  [Rroa- $IRx= Y [Y 1 (Gxne IRw) » BFu HR]]
x X M BW
Where:
IRrora. = total ingestion rate of all contaminants (mg/kg bw/day wet weight)
IRx = ingestion rate of contaminant X from all media
Cxm = concentration of CoCy in mediumy, (mg/kg wet weight)
IRy = ingestion rate of medium,, (kg/day wet weight)
BFxm = dietary bioavailability factor of CoCy in mediumy, (percent)
HR = proportion of contaminated site relative to receptor species’ home range
(i.e., exposure fraction) (unitless)
BW = body weight of receptor species (kg)

Ingestion Rate. Precise information on nutrition requirements and energetics of
selected receptor species (heron, blackbirds, and raccoon) were not available from the
literature. Instead, daily food and water intake rates have been estimated using an
allometric equation based on their body weight in grams (Nagy, 1987). These equations
for food ingestion, F, in units of grams dry weight per day (Equations 2, 3, and 4), are as
follows:

Red-winged Blackbird: FCR = 0.398 x bw?® Equation 2

Black-crowned night heron FCR = 0.648 x bw?" Equation 3
Raccoon FCR = 0.235 x bw?£2 Equation 4

In addition, water ingestion, W, in units of liters per day (Equations 5 and 6) were
calculated from bw (kg) using the generic models presented below:

Bird Water ingestion WIR = 0.059 x bw®¢’ Equation 5
Mammal Water ingestion WIR = 0.099 x bw®*® Equation 6

Data on CoC concentrations in sediment, surface water, and key prey of the
receptor species were incorporated into the model to estimate total chemical doses
ingested according to their respective intake rates. The daily ingestion intake rates used
in the dietary model are presented in Table 2-1, which also details other exposure
parameters used in equations above. Average body weights were also used in equations.

To account for ingestion of different food types by a given receptor, the ingestion
dose of all prey items, plus sediment and water are summed. Hence, the term (Cxm x IRy)
was expanded to specify each ingested medium (Equation 7):



z (Cxm @ Irm) = (Cfish ® Ifish) + (Ccrab ® Icrab) + (Cin sec ts ® [in sec 1s) +

(Cwater ® Iwater) + (Cse dim ent ® Ise dim ent)

Black-crowned night herons are opportunistic feeders that consume a variety of
aquatic species and even small terrestrial mammals. Table 2-2 presents information on
the composition of their diet. The fraction of fish, crustaceans, and insects in the black-
crowned heron diet are 53%, 21%, and 1.5%, respectively, as reported by NOAA (1998),
constituting 75% of total dietary requirements. Hence, ingestion rates of measured prey
items were elevated to account for the unsampled items in the heron diet. The remaining
25% of unsampled dietary components was assumed to be as equally contaminated as
the 75% for which measurements were available.

To estimate dietary exposure to the black-crowned night heron, samples of crab,
fish, and insects were collected from appropriate habitats. Fiddler crabs were collected
from all sampling areas, mummichogs were collected from Upper Ferry Creek and a
reference area (Great Meadows), and terrestrial insects were collected from Upper Ferry
Creek and the reference area (Milford Point).

The diet and feeding behavior of the herons suggests that incidental sediment
ingestion does occur and therefore may be a significant exposure pathway (Beyer, pers.
comm., 1995; Ohlendorf, pers. comm., 1995). Sediment ingestion was assumed to be
equivalent to 5% of the total dietary intake. Also, the herons were estimated to consume
0.05 L of water per day based on their body size (Equation 5). Total concentrations of
CoCs in surface water were used to estimate the dose for this component for the food-web
model.

As for dietary composition, the NOAA ERA summarized the percent plant and
animal matter in red-winged blackbird diets (Table 5-3; NOAA, 1998). During the spring
and summer, insects comprise approximately half of the blackbird diet (Martin et al.,
1951). Because adults nest during summer and feed their nestlings only insects, this
assessment models an exposure diet for the nestlings consisting totally of insects (100%).
Because of the preference for terrestrial insects, incidental sediment ingestion does not
appear to be a significant component of the CoC exposure pathway for this species. Red-
winged blackbirds were estimated to consume 12 g of food per day (dry weight) based on
allometric equations using body weight (Equation 2. The dietary water requirements were
estimated to be 0.0083 L of water per day based on their body size (Equation 5).

The diet and feeding behavior of raccoons is remarkably similar to that of herons, in
that fish, crustaceans and insects are primary foods (U.S. EPA, 1993) and incidental
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sediment ingestion does occur (Beyer, 1994). Dietary fractions for this species are
reported in Table 2-1 and a summary of food consumption parameters are found in Table
2-2.

Bioavailability Factors. To account for differences in bioavailability of CoCs, a
dietary bioavailability factor (BF) was applied for particular CoCs to adjust the estimated
total daily dose. Dietary studies in which the dose was administered in the food source
were targeted. Avian studies cited by Ammerman et al. (1995) found that 44% of copper
and only 61% of zinc in plant food sources was absorbed by chickens. Using primarily
animal protein sources, bioavailability of copper and zinc in chickens increased to 65%
and 85%, respectively. For this assessment, the latter copper value was assumed for
heron and blackbirds. For all other CoCs, the maximum assimilation in birds encountered
(85%) was assumed for the bioavailability factor (Bfyy). For raccoons, bioavailability was
assumed to be 100%.

Home Range. The nearest black-crowned night heron colony is about 3.5 miles
(5.6 km) from the Raymark facility. This species has been observed foraging in the tidal
areas within 1.9 miles (3 km) of the facility, and along Middle and Upper Ferry Creek.
Since information pertaining to home range and feeding territory were not available from
the literature, assumptions were made regarding habitat use for the food-web model.
Although it is generally accepted that black-crowned night herons defend a feeding
territory, no information was available on territory size, making it difficult to arrive at a
home-range exposure factor (HR) for the food-web model. With regard to wading birds,
the size of the feeding territory depends on the bird’s ability to defend it, which is positively
correlated with body size. Territory size is also dependent on prey distribution, dictating
the size of the area a bird must defend to obtain adequate food in an energy-efficient
manner (Kushlan, 1978). Consequently, the feeding territory of herons depends upon the
physical conditions of the habitat. Black-crowned night herons will return to the same area
to feed (Parsons, pers. comm., 1995). Due to their body size and site fidelity, it was
assumed that the birds spent 100% of their time feeding in these areas. Accordingly, a
home-range (HR) exposure factor of 1.0 was used in the food-web model.

During the breeding season, red-winged blackbirds maintain territories around their
nest that contain at least some of the food supplies for breeding (Oriens, 1987). For this
species, breeding territory size is always less than the wetland/marsh it is nesting in. The
size of the nesting territory varies depending on the size of the marsh and the density of the
red-winged blackbird population (Bent, 1958). Red-winged blackbirds do not stay
exclusively within the nesting territory to forage for insects. During the nesting season,
most food is obtained from the marsh, although blackbirds also forage in upland areas.
Therefore, it was realistic to assume that the red-winged blackbird spends 80% (HR = 0.9)
of its time foraging in the areas of interest.

A raccoon’s home range is dependant upon its sex and age, habitat, food sources,
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and the season (Sanderson, 1987). It's most common home range appears to be a few
hundred hectares, although values from a few hectares to more than a few thousand
hectares have been reported. Winter ranges are smaller than ranges at other times of the
year for both male and female raccoons, however, home ranges of males are larger than
those of females, while the home range of females with young is restricted. Thus, it was
realistic to assume that the raccoon spends up to 100% of its time foraging in area of
interest.

Body weight. For body weights of avian receptors, the maximum weight reported in
U.S. EPA (1993) was used. For the raccoon, the average adult body weight was used.
Both avian and raccoon data represent mean values for both males and females.

Toxicity Reference Values. The literature was reviewed for TRVs for birds and
mammals for all CoCs at the Raymark facility. These NOELs and LOELs were obtained
from the primary literature, U.S. EPA review documents, and an on-line database (IRIS).
Tables 2-3a and 2-3b for birds and raccoons, respectively, presents the TRVs used as
benchmarks in the food-web model. These TRVs are expressed as daily doses of
contaminants normalized to the body weight of the test species. Values were not available
for all CoCs. NOELs were available for many, but not all, CoCs. For mercury, an avian
LOEL was used with a one-half extrapolation factor (from U.S. EPA, 1993) to arrive at a
NOEL value. For all other LOEL-to-NOEL extrapolation values found that half the ratios
are less than a factor of 3 (U.S. EPA, unpubl.). Therefore, the factor of one-tenth used here
for all contaminants (except mercury) should be adequately conservative. Data are rarely
available for the wildlife species of interest, and most often must be extrapolated from
other species (e.g., chicken, mallard). Because of this, the same TRVs were used for both
heron and blackbirds; no allometric scaling of the TRVs between heron and blackbird were
applied. TRVs for raccoon were also assumed equal to that of the test species (after
Sample and Arenal, 1998).

Data treatment. Data were analyzed statistically to arrive at mean and maximum
concentrations for each data type (i.e., sediment, fish, crustacean, and insect tissues) for
input into the food-web model calculations. Where only one measurement per area was
available, the mean and maximum were assumed equal. Also, where measurements were
lacking for one Ferry Creek area, data were used as measured in the other Ferry Creek
Area.

3. Results

Dietary Component CoC Concentrations. Mean and maximum concentrations of
CoCs in the diet of receptor species are summarized by media and sampled area and are
presented in Table 3-1 and Table 3-2, respectively. The relevance of these data to lower
food chain species were addressed in the NOAA ERA. Here, these exposure data are
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compared with avian/mammalian TRVs to assess the potential for adverse effects on
these receptors.

Black-crowned night heron. The results of the food-web model for black-crowned
night heron, expressed as mean and maximum Hazard Quotients (HQs), are presented for
Middle and Upper Ferry Creek and the reference station in Tables 3-3 and 3-4. The
contribution of each exposure media to the heron diet is shown, with the resulting total
dietary dose. This total contaminant dose in the diet was then compared with the TRVs
listed in Table 2-3a to calculate HQs for each CoC. HQs for each CoC were then summed
and expressed as a Hazard Index (Hl) to estimate the risk from the total cumulative dietary
exposure.

Doses of Pb to heron based on mean and maximum dietary concentrations
calculated for Middle and Upper Ferry Creek resulted in HQs exceeding 1. The mean HQ
for Pb were 4.93 and 2.14 (Table 3-3a and 3-3b, respectively), whereas the maximum
HQs were 30.1 and 7.3 (Table 3-4a and 3-4b, respectively). Fish consumption accounted
for one-third of the total estimated amount of Pb ingested as food (excluding sediment) for
Middle and Upper Ferry Creek. Estimated incidental ingestion of sediment in Middle and
Upper Ferry Creek accounted for most (>90%) of the total modeled concentration of Pb
ingested.

Mean HQs for Zn also approached or slightly exceeded 1 for Middle and Upper
Ferry Creek (1.05 and 0.93, respectively) while maximum HQs for these areas were within
two-fold of mean values (1.95 and 1.1, respectively). Maximum dose of Cu calculated for
Middle Ferry Creek also resulted in a HQ exceeding 1; the value was 2.1, whereas the
mean HQ was below one.

The mean HQ for DDT exceeded one only at the reference station with a value of
1.38; maximum HQs for DDT exceeded one at Middle Ferry Creek and at the reference
station (3.81 and 1.83, respectively). For PCBs, only the maximum exposure scenario for
Middle Ferry Creek resulted in HQs greater than unity (HQ=2.37).

The above assessment estimated the risk associated with each CoC individually.
Certain combinations of contaminants are known to have synergistic or antagonistic
impacts in concert. In particular, the chlorinated compounds, DDT, PCB, and TCDD, are
known to have certain interactions. Thus, a summation of these compounds allows some
estimate of potential impact (the Hazard index, or Hl).

The HI for Middle and Upper Ferry Creek for mean dose rates were 8.1 and 4.7,
respectively, whereas the Hi for these same areas assuming maximum exposure were
42.6 and 13.96, respectively. In contrast, the Hl for the reference station for the mean and
maximum ingestion rates were 3.82 and 4.46, respectively. The Pb HQ accounted for 45-
70% of the HI for Middle and Upper Ferry Creek; for the reference area, the Pb
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contribution was less than 10%. The second largest contribution was DDT/PCBs; these
analytes accounted for 6-10% of the HI value for Ferry Creek stations, whereas DDT was
the greatest contributor to the HI for the reference station (41-48%).

In all cases, CoC exposure via ingested sediment is the major contributing pathway
for risk to black-crowned night heron. Given that sediment contamination of Middle and
Upper Ferry Creek is moderately widespread, and that some of the primary CoC risk
drivers have similar environmental behavior (e.g., biomagnification, extreme persistence)
and biological impacts (e.g., reproductive impairment), it is possible that these CoCs in
combination might have cumulative impacts.

Red-winged black bird. Results of the HQ calculations for the red-winged black bird for
Middle and Upper Ferry Creek and the reference area are presented in Table 3-5 and
Table 3-6. For this assessment, it was assumed that the entire food diet was insects.
Red-winged blackbirds feed their nestlings primarily insects. The total dietary dosage also
included water as an exposure route. Assimilation efficiencies of CoCs used were the
same as those for the heron: 65% for copper, and 85% for all other CoCs. A home range
factor of 90% was incorporated as well.

Due to limited data, assumptions of similarity in prey species concentrations
(insects) for both Ferry Creek areas were required. The results of the food-web model for
blackbirds indicate only Zn exposure was sufficient to predict possible risk although the
Middle/Upper Ferry Creek HQ for Zn (2.21) was lower than the reference station (2.48).

Similarly, the HI for Middle and Upper Ferry Creek (5.39) were also lower than the Hi for
the reference station (6.51).

Raccoon. Results of the food-web model for raccoons are presented for Middle and
Upper Ferry Creek and the reference station in Tables 3-7 and 3-8. As for avian
receptors, the contribution of each exposure media to the raccoon diet is shown, along
with the resulting total dietary dose, benchmarks and HQs under mean and maximum
exposure scenarios.

Mean HQs calculated for Middle and Upper Ferry Creek greater than one were
observed for two metals (Cu and Pb). The sum of HQs resulted in His exceeding 1 for both
areas. These metals were by far the largest contributors to overall risk at these areas,
accounting for 20-35% of the total risk (H!=4.8 and 2.5, respectively).

Lead. Pb was observed to have HQ values above unity; the mean HQ was 1.7 at
Middle Ferry Creek while maximum HQs of 11.5 and 2.5 were observed for Middle and
Upper Ferry Creek, respectively. As a contributor to the total risk, this CoC accounted for
36-53% and 25-31% at Middle and Upper Ferry Creek areas, respectively. In contrast to
Ferry Creek sites, the reference area HQ for Pb was less than unity.
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Copper. The metal Cu also contributed to risk, although to a lesser extent than Pb.
The mean HQs for Cu at Middle and Upper Ferry Creek areas were 1.7 and 0.7,
respectively; while the maximum HQs were 7.6 and 2.7, respectively. In contrast, HQ
values at reference areas were much less than one (0.3-0.4). As a percentage of total risk
Cu contributed between 28-37% of the Hl value at Ferry Creek areas. The remaining
metals (Cd, Cr, Hg and Zn) were not observed to have HQs exceeding unity under mean
and/or maximum exposure scenarios.

1

PCBs. PCBs in the diet of raccoons were also a potentially relevant source of
exposure for raccoons. While mean HQs for PCBs at Middle and Upper Ferry Creek
areas were less than one, the maximum HQ for Middle Ferry Creek (4.03) as higher than
that observed for the reference area (0.1).

4. Discussion

In this study, potential risk to avian and mammalian receptor species was evaluated
using an HQ approach, based on doses derived from a food-web model (HIs in Table 4-1
and Table 4-2). Total daily ingestion by each receptor species and CoC was estimated
for Middle and Upper Ferry Creek and the reference area. The total daily dose for each
CoC was compared with its TRV to calculate an HQ (total daily dose/TRV). If the HQ
exceeded 1, that CoC was considered to pose some level of risk. The magnitude of the
HQ provides an approximate, qualitative indication of the potential risk to the receptor.
However, the relationship between the HQ ratio and risk may not be linear, and therefore
the magnitude of risk is uncertain.

Black-crowned night heron. Exposure of black-crowned night heron was
evaluated by considering consumption of fish, crabs, terrestrial insects, and sediment. To
estimate dietary exposure, fiddler crabs were collected from all sampling areas while fish
and terrestrial insects were collected from Middle and Upper Ferry Creek only. It was
assumed that the birds spent 100% of their time feeding at each area (i.e., Middle and
Upper Ferry Creek and the reference area), therefore a home range exposure factor of 1
was used in the food-web model.

Results of the food-web model indicated possible adverse effects to the black-
crowned night heron. The principal CoC of concern appeared to be Pb where HQ values
between 2-30 were observed at Ferry Creek areas while corresponding HQs at the
reference area were less than one. About sixty percent of the lead exposure came from
sediment; this matrix is incidentally ingested during feeding and accounts for
approximately 5% of the herons’ dietary ingestion rate. When considering maximum
exposure scenarios, Cu and PCBs may also appear to be an important source of
incremental exposure; for Middle Ferry Creek the maximum HQ for PCBs (2.37) exceeded
unity and were eight-fold greater than the reference area. Thus, it is concluded that Pb,
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and to a lesser extent, Cu and PCBs are important CoCs contributing to risk to black-
crowned night heron in Middle and Upper Ferry Creek.

Red-winged blackbirds. Exposure of red-winged blackbirds was evaluated by
considering consumption of terrestrial insects that may have emerged from an aquatic life
stage completed in the Middle and Upper Ferry Creek wetlands. Because of a lack of
insect data for Upper Ferry Creek and that the species does not consume sediment, the
exposures were assumed to be the same. Also assumed was that red-winged blackbirds
spend 90% of their time feeding in the wetlands. Only one CoC exhibited an HQ which was
marginally above unity (zinc, max HQ = 2.21) and this value was less than risks posed by
this CoC at the reference location (max HQ= 2.48) (see Tables 3-5 and 3-6). Thus, based
on the results of this assessment, the red-winged blackbird does not appear to be at
significant risk of adverse effects from exposure to CoCs from consumption of terrestrial
insects present in the wetlands along Middle and Upper Ferry Creek.

Raccoon. Results of the food-web model indicated possible adverse effects to the
raccoon. The largest CoC contributor to aggregate risk was Pb in Middle Ferry Creek
which exceeded the reference area under the mean exposure scenario. In contrast to Pb,
the calculated risks observed for Cu and PCBs were higher than the reference area only
under the maximum exposure scenario. Thus, Cu and PCBs may be potentially important
CoCs in contributing incremental risk to the raccoon, although to a lesser extent than Pb.

Thus, based on the resuits of this assessment, the raccoon does appear to be at
possible risk of adverse effects from exposure to CoCs while feeding in the Middle and
Upper Ferry Creek areas. As observed for heron, Pb, and to a lesser extent, Cu and
PCBs are the most important CoCs contributing to incremental risk.

5. Uncertainty

The above assessments were based on conservative assumptions with regard to
home range of receptors within the food-web model. Considering that this area is
urbanized with houses close to Middle and Upper Ferry Creek, it is probably not a preferred
foraging area for herons or raccoons. Also, as there are several other good avian foraging
sites near Charles Island, herons may not feed exclusively near the Raymark facility.
Considering the magnitude of the HQs, plus the distance from the heron colony and the
other feeding grounds within that distance, exposure to CoCs is not likely to pose
substantial risk to the herons. Possible risks to raccoon cannot be as easily dismissed.
While this species may prefer more urbanized food sources, observed HI values are
sufficiently large that even if the AoCs account for 1% of the home range, possible risks are
still apparent.

Results of surveys of chemicals in sediments suggest that receptors may be at risk
even at reference areas due to high CoC concentrations. The mean Pb exposure to heron
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at Upper and Middle Ferry Creek AOC'’s greatly (e.g., ten-fold) exceeded HQs found for
Great Meadows. Similarly, for raccoons, only Pb, Cu, and PCBs appear to exhibit risk
more than three-fold above mean exposure levels occurring at the reference area.

Very limited data on assimilation efficiency of contaminants were available. In the
present study, the maximum value assumed, 85%, was applied to all CoCs (except copper,
for which a literature value maximum of 65% was available). Compared with assimilation-
efficiency factors reviewed for other taxa (e.g., fish), these assumptions appear to be high
and thus may be overly conservative. Assimilation values observed on fish and other taxa
area apparently on the order of 55% to 65% for hydrophobic organic contaminants, and
lower for super-hydrophobics such as dioxins and some PCBs (Gobas et al., 1988; Barber
et al., 1991; Nichols, pers. comm., 1997). Still, TRV values are derived from observed test
species responses at measured exposure concentrations such that the CoC-specific
bioavailability is inherent in the benchmark.

The true risk to arsenic to raccoons may be overestimated by an order of magnitude
since the toxic fraction (i.e., the organic component) is typically about 10% of the total
rsenic content (U.S. FDA, 1993). Further, a review of the literature regarding the
.nethodology used to derive the TRV value (extrapolated from mice), reveals that the route
of exposure evaluated was arsenic in drinking water. Since arsenic was administered in
soluble form it is likely to be far more bioavailable than arsenic bound to sediment particles.

Perhaps the greatest source of uncertainty is the extent of sediment ingestion for the
receptors. Black-crowned night heron are opportunistic, general predators; therefore their
diet can change dramatically (U.S. EPA, 1995). One study of birds on the coastline
indicates a diet of 80% fish with the remainder composed primarily of annelids (chiefly
Nereis virens), crustaceans, and a few insects. Yet another study in an inland marsh
indicates a diet of only 30% fish, composed mostly of young birds (primarily gull chicks),
beetles, and other terrestrial prey (U.S. EPA, 1995). Diet is apparently dependent on local
availability of prey. These feeding studies are also based on small sample sizes. Factors
such as these obviously lead to higher uncertainties in estimates of doses.

There is disagreement among sources referenced about the amount of feeding by
red-winged blackbirds in a wetland once nesting has started (90% was assumed). Also, it
was assumed that the insects fed to nestlings were the same species and the same relative
proportions as those caught by net and analyzed for CoC content. This uncertainty is minor,
given that absolute risks to the species appear negligible.

For raccoons, the fact that this species may prefer more urbanized food sources (i.e.
garbage) might limit true CoC exposure be at the site. Recalling however, that the raccoon
was selected as a surrogate for other aquatic mammals (e.g., shrew, muskrat, otter, mink)
that also might inhabit the area, the species particular feeding preferences should not be
carelessly used to rule out risks to this receptor group as a whole.

14



6. References

Agency for Toxic Substances and Disease Registry (ATSDR). 1989a. Toxicological
profile for silver (Draft). U.S. Public Health Service, Washington, D.C.

Agency for Toxic Substances and Disease Registry (ATSDR). 1989b. Toxicological
profile for polycyclic aromoatic hydrocarbons (Draft). U.S. Public Health Service,
Washington, D.C.

Agency for Toxic Substances and Disease Registry (ATSDR). 1992. Toxicological profile
for 4,4;,-DDT, 4,4-DDE, 4,4'-DDD (Draft). U.S. Public Health Service, Washington, D.C.

Agency for Toxic Substances and Disease Registry (ATSDR). 1993. Toxicological profile
for polycyclic aromoatic hydrocarbons (PAHs) (Draft). U.S. Public Health Service,
Washington, D.C.

Agency for Toxic Substances and Disease Registry (ATSDR). 1995. Toxicological profile
for polycyclic aromatic hydrocarbons (PAHs) (Update). U.S. Department of Health and
Human Services, Atlanta, GA.

Agency for Toxic Substances and Disease Registry (ATSDR). 1997. Toxicological profile
for 2,3,7,8-TCDD (Draft). U.S. Public Health Service, Washington, D.C.

Ambrose, A.M. P.S. Larson, J.F. Borzelleca and G.R. Hennigar, Jr. 1976. Long-term
toxicologic assessment of nickel in rats and dogs. J. Food. Sci. Tech. 13:: 181-187.

Ammerman, C.B., D.H. Baker and A.J. Lewis. 1995. Bioavailability of nutrients for
animals. San Diego: Academic Press, 441 p.

Aulerich, R.J. and R.K. Ringer. 1977. Current status of PCB toxicity, including reproduction
in mink. Arch. Environ. Contam. Toxicol., 6: 279.

Aulerich, R.J., R.K. Ringer and M.R. Bleavins. Effects of supplemental dietary copper on
growth, reproduction performance and kit survival of standard dark mink and the acute
toxicity of copper to mink. J. Animal Sci. 55: 337-343.

Azar, A. H.J. Trochimowicz and M.E. Maxwell. 1973. Review of lead studies in animals
carried out at Haskell Laboratory: two-year feeding study and response to hemorrhage
study. In: Environmental Health Aspects of Lead: Proceedings, International Symposium,
D. Barth et al., Eds. Commission of European Communities. pp. 199-210.

Barber, M.C., L.A. Suarez, and R.R. Lassiter. 1991. Modeling bioaccumulation of organic
pollutants in fish with an application of PCBs in Lake Ontario salmonids. Can. J. Fish.
Aguat. Sci. 48(2):318-337.

15



Bent A.C. 1958. Life histories of North American blackbirds, orioles, tanagers, and allies.
U.S. Natl. Mus. Bull. 221. Wash., D.C: Smithsonian Inst.

Beyer, N. 1994. Estimates of soil ingestion by wildlife. J. Wildl. Manage. 58(2):375-382.

Beyer, N. 1995. Personal communication via telephone with Andrea La Tier, 12/15/95.
Discussed sediment ingestion by black-crowned night herons. Laurel, MD: U.S. Fish and
Wildlife Service, Patuxent Wildlife Research Center.

Caine, B.W., and E.A. Pafford. 1981. Effects of dietary nickel on survival and growth of
mallard ducklings. Arch. Environ. Contam. Toxicol. 10:737-745.

Gasaway, W.C., and 1.O. Buss. 1972. Zinc toxicity in the mallard. J. Wildl. Manage.
36:1107-1117.

Gobas, F.A.P.C., D.C.G. Muir, and D. Mackay. 1988. Dynamics of dietary
bioaccumulation and fecal elimination of hydrophobic organic chemicals in fish.
Chemosphere 17(5):943-962.

Haseltine, S.D., L. Sileo, D.J. Hoffman, and B.D. Mulhern. Unpubl. Effects of chromium on
reproduction and growth in black ducks.

Heinz, G.H. 1979. Methyl mercury: Reproductive and behavioral effect on three
generations of mallard ducks. J. Wildl. Manage. 43:394-401.

Hill, C.H. and G. Matrone. 1970. Chemical parameters in the study of in vivo and in vitro
interactions of transition elements. Federation Proc. 29(4):1474-1481.

Kendall, R.J., T.E. Lacher, C. Bunck, B. Daniel, C. Driver, C.E. Grue, F. Leighton, W.
Stansley, P.G. Watanabe, and M. Whitworth. 1996. An ecological risk assessment of lead
shot exposure in non-waterfowl avian species: upland game birds and raptors.
Environmental Toxicology and Chemistry, 15 (1): 4-20.

Kingsbury, G.L., R.C. Sims and J.B. White. 1979. Multimedia goals for environmental
assessment. EPA-600/7-79-176b.

Kushlan, J.A. 1978. Feeding ecology of wading birds. In: Sprunt, A., et al. (Eds.), Wading
Birds, p. 249-296. Natl. Audubon Soc. Res. Rep. 7.

Llewellyn, L.M. and F.M. Uhler, 1952. The food of fur animals of the Patuxent Research
Refuge, Maryland. Am. Midl. Nat. 48:193-203.

Mackenzie, K.M. and D.M. Angevine, 1981. Infertility in mice exposed in utero to

16



benzo(a)pyrene. Biol. Reprod. 24:183-191.

Mackenzie, R.D., R.U. Byerrum, C.F. Decker, C.A. Hoppert and R.F. Langham. 1958.
Chronic toxicity studies, Il. Hexavalent and trivalent chromium administered in drinking
water to rats. Am. Med. Assoc. Arch. Ind. Health. 18: 232-234.

Martin, A.C., H.S. Zinm, and A.L. Nelson. 1951. American Wildlife and plants: a guide to
wildlife food habits. New York: Dover Publications, 500 p.

McCann, J. and B.N. Ames. 1975. A simple method for detecting environmental
carcinogens as mutagens. Ann. N.Y. Acad. Sci. 271:5.

Mehring, A.L., Jr., J.H. Brumbaugh, A.J. Sutherland, and H.W. Titus. 1960. The tolerance
of growing chickens for dietary copper. Poultry Science (39):713-719.

Nagy, K.A. 1987. Field metabolic rate and food requirement scaling in mammals and
birds. Ecol. Monogr. 57:111-128.

Nichols, J. 1997. Personal communication (telephone conversation with Michael Buchman,
NOAA, Seattle, WA). Duluth, MN: U.S. EPA Environmental Research Lab.

NOAA, 1998. Raymark Industries, Inc. Phase Il Final Ecological Risk Assessment. May
1998. Prepared for U.S. EPA Region I.

Noesek, J.A., S.R. Craven, J.R. Sullivan, S.S. Hurley, and R.E. Peterson. 1992. Toxicity
and reproductive effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin in ring-necked pheasants.
J. Toxicol. Environ. Health. 35:187-198.

Ohlendorf, H.M. 1995. Personal communication via telephone with Andrea La Tier, Dec.
14, 1995. Discussed sediment ingestion by black-crowned night herons. Corvallis, OR:
CH2M Hill.

Oriens, G.H. 1985. Blackbirds of the Americas. Seattle: Univ. Wash. Press, 163 p.

Pattee, O.H. 1984. Eggshell thickness and reproduction in American kestrels exposed to
chronic dietary lead. Arch. Environ. Contam. Toxicol. 13:29-34.

Parsons, K. 1995. Personal communication via telephone with Andrea La Tier, 11/28/95.
Discussed black-crowned night heron natural history. Manomet, MA: Manomet Bird
Observatory.

Patton, J.F., and M.P. Dieter. 1980. Effects of petroleum hydrocarbons on hepatic function
of the duck. Comp. Biochem. Physiol. 65C:33-36.

17



Sample, B.E., D.M. Opresko, and G.W. Suter Il. 1996. Toxicological benchmarks for
wildlife: 1996 Revision. Risk Assessment Program Health Sciences Research Division for
U.S. Department of Energy Office of Environmental Management under contract number
DE-AC05-840R21400.

Sample, B.E., and C.A. Arenal. 1998. Allometric models for inter-species extrapolation of
wildlife toxicity data: expanding the database. Lockheed Energy Research Corp. for the
U.S. Dept. of Energy under contract number DE-AC05-960R22464.

Sanderson, G.C. 1987. Raccoon. In: Novak, M., J.A. Baker, M.E. Obbarel, Eds. Wild
furbearer management and conservation. Pittsburgh, PA, University of Pittsburgh Press,
pp. 487-499.

Schlicker, S.A. and D.H. Cox. 1968. Maternal dietary zinc and development and zinc, iron,
and copper content of the rat fetus. J. Nutr. 95: 287-294.

Schroeder, H.A. and M. Mitchner. 1975. Life-term studies in rats: effects of aluminum,
barium, beryllium, and tungsten. J. Nutr. 105: 421-427.

Sims, R.C. and M.R. Overcash. 1983. Fate of polynuclear aromatic compounds (PNAs) in
soil-plant systems. Residue Rev. 88:1-68.

Sutou, S.K., H. Yamamoto, K. Sendota, K. Tomomatsu, Y. Shimizu and M. Sugiyama.
1980. Toxicity, fertility, teratogenicity, and dominant lethal tests in rats administered
cadmium subchronically. |. Toxicity studies. Ecotoxicol. Environ. Safety 4:39-50.

TetraTech NUS (TtNUS). In preparation. Remedial Investigation of Raymark Ferry Creek
Operable Unit No. 3 Area of Concern A. Prepared for U.S. EPA Region |.

United States Environmental Protection Agency (U.S. EPA). Unpubl. Review and analysis
of toxicity data to support the development of uncertainty factors for use in estimating risks
of contaminant stressors to wildlife. Review draft, U.S. EPA Contract 68-C3-0332.
Bethesda, MD: Abt Assoc., Inc.

United States Environmental Protection Agency (U.S. EPA). 1993. Wildlife exposure
factors handbook, Volumes | and Ii, Office of Research and Development, Washington,
D.C., U.S. EPA/600/RO83187a.

United States Environmental Protection Agency (U.S. EPA). 1995. Trophic level and
exposure analysis for selected piscivorous birds and mammals. Washington, D.C., Office
of Science and Technology, Office of Water.

United States Food and Drug Administration (U.S. FDA). 1993. Guidance document for

18



arsenic in shellfish. Center for Food Safety and Applied Nutrition, U.S. FDA, Washington
DC. 44 pp.

United States Fish and Wildlife Service. 1964. Pesticide-wildlife studies, 1963: a review
of Fish and Wildlife Service investigations during the calendar year. FWS Circular 199.

Verschuuren, H.G., R. Kroes, E.M. Den Tonkelaar, J.M. Berkvens, P.W. Hellerman, A.G.

Rauws, P.L. Schuller and G.J. Van Esch. 1976. Toxicity of methyl mercury chloride in rats.
Il. Reproduction study. Toxicol. 6:97-106

White, D.H., and M.T. Finley. 1978. Uptake and retention of dietary cadmium in mallard
ducks. Environ. Res. 17:53-59.

19



Table 2-1. Food web exposure parameters for the Raymark Ferry Creek Ecological Risk Assessment.

DIETARY INTAKE PARAMETERS
8ODY ORGANISMS Sampled INCIDENTAL HOME BIOAVAILABILITY
Weight Total Food' FISH CRUSTACEANS INSECTS Fraction SEDIMENT WATER®
SPECIES (g) (g/day dry) % Dief | g/day dry’ % Diet’ g/day dry’ % Dief’ g/day dry’ (%) %0Dist day dw) (U/day) RANGE FACTOR
Red-winged blackbird 54 11.8 0.0% 0.0 0.0% 0.0 50.0% 59 50.0% 0.0% 0.00 0.0083 09 COC specific
adjusted ratior! 0.0% 0.0 0.0% 0.0 100.0% 11.8 0.9
HBIack-crowned night he] 883 563.6 52.5% 28.2 21.0% 11.3 1.5% 0.8 75.0% 5.0% 2.68 0.054 1 COC specific
adjusted ratior! 70.0% 375 28.0% 15.0 2.0% 1.1 1
ﬁcooon’ 6000 299.7 2.3% 6.9 14.3% 429 27.3% 818 43.9% 9.4% 28.17 0.497 1 COC specific
adjusted ratior 5.2% 15.7 326% 97.6 62.2% 186.4 1

na - not applicable.

1- Dry weight dietary requirements derived from body weight-dependent equations of Nagy presented in Section 2.
2- Dietary fractions obtained from literalure; see Section 2.

3- Dry weight diet fraction calculated as Total Food requirement x % diet

4- Intake adjusted to obtain full dietary requirement (= [100%/percent sampled fraction] * prey-specific intake)

5- Waler intake requirements derived from body weight-dependent equations of Nagy presented in Section 2.




Table 2-2. Percent occurrence of food items in the diet of the raccoon, black-crowned night heron,
and the red-winged black bird.

Food ltem
Animal Season Crustacean Insects Fish Other Reference
Raccoon Spring 37 40 3 20 Llewellyn and Uhler, 1952
Summer 8 39 2 51
Fall 3 18 trace 79
Winter 9 12 2 77
Average 14.3 27.3 2.3 56.8
Night herons| Average 21 1.5 53 NOAA, 1998
Red winged
black bird | Average 100 NOAA, 1998




Table 2-3a. Documentation of Toxicity Reference Values used for calcuiation of risks to black-crowned night heron
and the red-winged black bird in the Raymark study area.

Test Species
Receptor Extrapolation
Contaminant of Common Condition Extrapoiation Benchmark
Concem Name  BW, kg' Evaiuated® Endpoint Vaiue® Endooint Reference Factor* NOAEL® | TRV
Assenic maliard 1.00 M 5.14 Chvonikc NOEL USFWS 1964 1.00 5.14 5.14
Cheonic NOEL
Cadmi d 1.15 1. Whit
um mallar R 45 bounded e and Finley 1978 1.00 1.45 145
Chromum biack duck 1.25 R 1.00 Chronic NOEL  Hasetine et al , unpub. 1.00 1.00 1.00
Copper chicken 053 GM 28.13 Crwonic NOEL 4 et al. 1960 1.00
bounded . ) 28.13 28.13
American
Lead estrel 0.13 R 2.05 Paltee 1984 1.00 2.05 205
[Mercury maliard 1.00 R 0.06 LOEL unbounded Heinz et al. 1979 0.50 0.0 0.03
Chronic NOEL
0.78 77.
Nickal maliard MG 40 b Cain and Pafiord 1581 1.00 77.40 77.40
Siver chickens Q.40 G 12.50 Subchronic NOEL  Hill and Matrone 1870 1.00
12.50 12.50
. Gasaway ard Buss
1.80 11.
Zinc chicken M 0 Cheonic NOEL 1972 1.00 1.0 11.90
ringed-neck Chronic NOEL
1. .
2,3,7,8-TCOO oheasants 00 R 1.40E-05 oo Noesek et al. 1992 1.00 140605 | 1.40€-08
Acenaphthene mallard 1.30 M 338 Chronic LOEL  Pation and Dieter 1980 0.10 33.80 33.80
Acenaphihylene mallard 1.20 M 338 Chroruc LOEL  Fatton and Dieter 1880 0.10 3380 33.80
Anthracene mallard 1.30 M 338 Chronic LOEL  Patton and Dieter 1880 0.10 33.80 3.0
Benz{a)anthvacene mallard 1.30 M 338 Chionic LOEL  Patton and Dieter 1880 0.10 33.%0 33.80
Benzo{a)pyrene maliard 1.30 M 338 Chronic LOEL  Patton and Dieter 1880 0.10 33.80 33.80
Benzo{d)fluoranthene maellard 1.30 M 338 Chrorwe LOEL Pation and Dieter 1880 0.10 33.80 .80
Chrysene maliard 1.30 M 338 Chroruc LOEL  Patton and Dieter 1980 0.10 33.80 33.80
Dbenz(a h)arttvacens mallard 1.30 M 338 Chronic LOEL  Patton and Dieter 1980 0.10 33.80 33.80
Fluoranthene mailard 1.30 M 338 Chrorwc LOEL ~ Patton and Dieter 1880 0.10 33.80 33.80
Flowrene mallard 1.30 M 338 Chronic LOEL  Patton and Dieter 1880 Q.10 33.80 33.80
2-Methyinaphthaiene mallard 1.30 M 338 Cheonic LOEL  Patton and Dieter 1880 Q.10 33.80 33.80
Naphthalene mallard 1.30 M 338 Chronic LOEL ~ Patton and Dieter 1880 Q.10 33.80 33.80
Phenanthrene mallard 1.30 M 338 Chronic LOEL  Patton and Dieter 1880 .10 33.80 33.80
Pyrene mallerd 1.30 M 338 Chronic LOEL  Patton and Dieter 1980 Q.10 33.80 33.80
brown
. R .
[s.02) peican 3.50 0.039 Chronic LOEL EPA 1983 Q.10 2.80E-08 | 2.806-03
PCBs pheasant 1.00 R 1.80 Chronic LOEL EPA 1983 0.10 018 0.18

1 - body weight,

2 - M: montality. R: reproduction; G: growth.

3 - (mg CoChg-dw dieV/cay),

4- EPA, 1993: LOEL to NOEL factor of two, rather than ten, was used for Hg because the { OEL appeared to be near the thveshoid for dietlary sffects.
§ - NOAEL = No Qbservable Etfect Level (mg CoC/kg-RoC/day); NOAEL level lor CoC concentration in food (mg CoClkg diet dry weight); and
Benchmark NOAEL * Extrapolation factor.

6 - 1est species NOAEL= Receptor NOAEL (Sample and Arenal, 1998);

Benchmark NOAEL * (Test species BW/ Receptor of Concern BW).

A) Based on Arochior 1254 toxicity,

B) assumed to be in the form of sodium srsenite; C) assumed to be in the form of cadmsum chioride:

D) assumed to be inthe form of Cr(+3); E) assumed to be in the form of copper oxide;

F) assumed 1o be in the torm of metal; G) assumed to be in the form of mercwric chioride:;

H) assumed to be in the form of nickel sulfate; |} assumed to be in the form of zinc sultate.

7 - Data same as NOAEL vaiue; no body weight scaling tactor applied.



Table 2-3b. Documentation of Toxicity Reference Values used for calculation of risks 1o raccoons in the Raymark Study Area.

RECEPTOR Test Species Data Rec
Conditon Extrapolaton Benchmark RoC
Conteminent of aoc® | oW k)| S aw.kg' vanasied Encponivaud  Engpont Reterence Factor'  NOARL® | TRv-DOSE®
Arsenic® Raccoon 8.00 Mouse (1) R 0.13 Chronic NOAEL  Sampis et 8. 1996 1.00 013 013
Cadmium® Raccoon 8.00 Rat 03s L} 1.00 Chronic NOAEL ~ Sampie st al. 1096 1.00 1.00 1.00
Chromium? Raccoon 8.00 Rat 0.35 G a8 Chronic NOAEL  Sampis et al. 1996 1.00 228 328
Coppor‘ Raccoon 800 Mink 1.00 R 1.7 Chronic NOAEL  Sampis et al. 1996 1.00 nn nn
h oad” Raccoon 8 Rat 035 A 8.00 Chronic NOAEL ~ Sampls et al. 1996 1.00 8.00 8.00
Mercury® RAaccoon 6.00 Rat 038 ] 0.00 Chronic NOAEL  Sample et sl 1996 1.00 0.03 0.03
INickel™ Aaccoon 6.00 Rat 03s A 40.00 Chronic NOAEL ~ Sample et al. 1996 1.00 40.00 40.00
ver Raccoon 6.00 Mouse 0.03 G 18.10 125 Day NOAEL ATSOA 10802 1.00 1810 1810
inc' Raccoon .00 Aat 035 R 160 Chionic NOAEL  Sample et al. 1996 1.00 160 160
2.3,7,8-TCDD Raccoon 6.00 Rat 035 R 1.00E-03 Chronic NOAEL ATSDR 1997 1.00 1.00E-03 1.00E-03
api R 6.00 Mouse 0.35 R 350 13 wi. NOAEL ATSDOR 1993 0.50 175 175
Acenapthylens Raccoon 6.00 Rat 035 M 5140 10Day NOAEL  See Acenaphthens 0.50 .70 25.70
Anthracene Raccoon 8.00 Mouse 038 R 1000 13 wk. NOAEL ATSDR 1993 0.50 500 500
Benz{a) R 8.00 Mouse 003 M 1.50 5 wk. LOAEL ATSDR 1993 0.30 0.48 045
Benzo{ajpyrend’ Raccoon 6.00 Mouse 0.03 A 1.00 Chronic NOAEL ~ Sample et al. 1996 1.00 1.00 1.00
nzofbjfuorsnthend | Aaccoon 6.00
Chrysend Raccoon 500
jOibenz{a hjanthracens | Aaccoon 8.00 Rat 035 M 15.40 10 Day NOAEL ATSDA 1993 050 770 7.70
& 6.00 Rat 035 R 500 13 wk. NOAEL ATSOR 1985 0.10 50.00 50.00
[Flucrens Raccoon 6.00 Mouse 0.35 R 500 13 wk. NOAEL ATSDA 1002 050 250 250
2-Methyinaphthalens | Raccoon 6.00 Dog 1270 M 1528 Acute EDy; See Naphthalene 0.10 153 153
INsphthalene Raccoon 6.00 Dog 1270 M 1525 Acute ECy ATSOR 19896 0.10 153 153
Phenanthvene Raccoon 6.00 Rat 035 ] 514 10 Day NOAEL ATSDR 1893 0.50 2x7 257
[Pyrens Raccaon 6.00 Rat 0.35 M 437 10 Day NOAEL ATSDR 1993 050 219 219
Total PAHs
lDDE Aaccoon 6.00 Mouse 0.03 A 19.00 78 wk. LOAEL ATSDR 1992 050 950 9.50
Total Arocior™ Raccoon 8.00 Mink 1.00 R 0.14 Chronic NOAEL  Samgpie etal. 1996 1.00 0.14 c4
1- body weight

2+ M: monakty, A: reproduction: G. growth; C: Carcinogeni

3. mg CoCAa

4 - Conversion factor for non-Chronic NOAEL data;

125 Dsy NOAEL = 1.0 * Chronic NOAEL.

10 Day NOAEL = 0.5 * Chronic NOAEL ;

78 Wk LOAEL = 0.5 * Chronic NOAEL

S Wx LOAEL = 0.3 * Chronic NOAEL: ant
Acute LDy, EDy. ECy = 0.1 * Chronic NOAEL .
5 - NOAEL = No Observable Effect Level img CoC/g-RoC/day): NOAEL level for CoC concentation in food {mg CoCkp dist dry weight); an

NOAEL * Exv

6 - test species NOAELx(bw tesvbw Roc)1.0 {mean body weight for receptor (sdult raccoon) = 6.0 kg, (EPA, 1993)) (after Sample and Arenal, 199!

factor

Benchmark NOAEL * (Test species BW/ Receptor of Concem BW)
A) Based on Aroclor 1254 toxicity; Aulerch and Ringer, 1977
B) assumed 10 be in the form of arsenrte: Schrosder and Mitchnec. 1971: C) aasumed o be in the form ol cadmium chioride; Sutou et al., 198

O} assumed to be m the form of Cr(+6). Mackenzie et al., 1958: E) assumed to be in the form of copper sulfate: Aulench et al . 198

F} assummed to be in the form of lead acetate. Azar et al, 1973, G) assumed to be in the form of methyt mercury chionde; Verschuuren st &l 19
H) assumaed 1o be in the form of nickel sultate hexahydr ate: Ambrose a1 al., 1976; ) assumaed to be m the form of zinc oxide; Schlicker and Cox. 1§

JYMacKenzie and Angsvine, 1981; K} No Data; McCann and Ames. 187¢
L1No Data; McCann and Ames, 1975: M) Kingsbury st al, 197¢




Table 3-1a. Mean concentrations of CoCs used as inputs to the food

web model for each exposure media.

Fish Tissue Data

PCBs (pg/kg, dry wt)

Middle Ferry Upper Ferry
Creek (A3) Creek (A1)' | Reference (GM)
Inorganics (mg/kg, dry wt) Arsenic 2.36 2.36 2,05
Cadmium 0.36 0.36 0.05
Chromium 5.95 5.95 7.14
Copper 50.91 50.91 24.91
Lead 26.00 26.00 2.09
Mercury 0.05 0.05 0.06
Nickel 295 295 1.64
Silver 0.10 0.10 0.16
Zinc 228 228 186
Dioxins (ng/kg, dry wt) 2,3,7,8-TCDD 5.91 5.91 2.82
PAHSs (ug/kg, dry wt) Acenaphthene 2273 2273 11.36
Acenaphthylene 11.36 11.36 11.36
Anthracene 36.36 36.36 11.36
Benz(a)anthracene 127 127 11.36
Benzo(a)pyrene 209 209 2273
Benzo(b)fluoranthene 518 518 31.82
Chrysene 282 282 11.36
Dibenz(a,h)anthracene 31.82 31.82 11.36
Fluoranthene 394 391 11.36
Fluorene 11.36 11.36 11.36
2-Methylnaphthalene 11.36 11.36 11.36
Naphthalene 27.27 27.27 11.36
Phenanthrene 250 250 11.36
Pyrene 282 282 11.36
DDTs (ug/kg,dry wt) DDT 5.68 5.68 136
Total Aroclors 500 500 500

Data from NOAA, 1998.

1- Metals data for Upper Ferry Creak (A1) not available;

assumed to be the same as measured in Middle Ferry Creek (A3).
4- Dry weight concentration calculated as Wet weight conc. / (1- % moisture content/100);
fish- 78.7%, crabs- 68%; insects- 48%.




Table 3-1b. Mean concentrations of CoCs used as inputs to the food

web model for each exposure media.

Crab Tissue Data

Middle Ferry  Upper Ferry | Reference
Creek (A3) Creek (A1)’ (GM)
Inorganics (mg/kg, dry wt. Arsenic 2.44 2.44 5.31
Cadmium 3.94 394 0.28
Chromium 6.09 6.09 11.65
Copper 226 226 165
Lead 49.50 49.50 11.45
Mercury 0.06 0.06 0.07
Nickel 10.38 10.38 8.58
Silver
Zinc 85.53 85.53 73.37
Dioxins (ng/kg, dry wt, 2,3,7,8-TCDD 13.38 13.38 7.16
PAHs (ug/kg, dry wi) Acenaphthene 7.81 7.81 7.81
Acenaphthylene 7.81 7.81 7.81
Anthracene 7.81 7.81 7.81
Benz(a)anthracene 62.50 62.50 7.81
Benzo(a)pyrene 93.75 93.75 18.75
Benzo(b)fluoranthene 103 103 28.13
Chrysene 96.88 96.88 7.81
Dibenz(a,h)anthracene 31.25 31.25 7.81
Fluoranthene 166 166 7.81
Fluorene 7.81 7.81 7.81
2-Methylnaphthalene
Naphthalene 18.75 18.75 15.63
Phenanthrene 50.00 50.00 7.81
Pyrene 169 169 7.81
DDTs (pg/kg,dry wt) DDT 17.19 17.19 10.94
||PCBs (pg/kg, dry wi) Total Aroclors 1018 1019 188

Data from NOAA, 1998

1- Data for Upper Ferry Creek (A1) not available;
assumed to be the same as measured in Middle Ferry Creek (A3).




Table 3-1c. Mean concentrations of CoCs used as inputs to the food
web model for each exposure media.

Insect Tissue Data

PCBs (pg/kg, dry wi)

Middle Ferry  Upper Ferry | Reference
Creek (A3) Creek (A1)’ (GM)
Inorganics (mg/kg, dry wt, Arsenic 0.46 0.46 0.48
Cadmium 1.81 1.81 1.46
Chromium 2.00 2.00 3.33
Copper 53.85 53.85 57.10
Lead 427 427 13.85
Mercury 0.04 0.04 0.03
Nickel 173 1.73 1.50
Silver
Zinc 149 149 167
Dioxins (ng/kg, dry wt,  2,3,7,8-TCDD 429 4.29 265
PAHs (ug/kg, dry wt) Acenaphthene 19.23 19.23 19.23
Acenaphthylene 19.23 19.23 19.23
Anthracene 19.23 19.23 19.23
Benz(a)anthracene 96.15 96.15 96.15
Benzo(a)pyrene 96.15 96.15 96.15
Benzo(b)fluoranthene 96.15 96.15 96.15
Chrysene 96.15 96.15 96.15
Dibenz(a,h)anthracene 96.15 96.15 96.15
Fluoranthene 19.23 19.23 19.23
Fluorene
2-Methylnaphthalene
Naphthalene 19.23 19.23 19.23
Phenanthrene 50.00 50.00 90.38
Pyrene 19.23 19.23 19.23
DDTs (pg/kg,dry wt) DDT 23.08 23.08 23.08
Total Aroclors 331 331 269

Data from NOAA, 1998

1- Data for Upper Ferry Creek (A1) not available,
assumed to be the same as measured Middle Ferry Creek (A3).




Table 3-1d. Mean concentrations of CoCs used as inputs to the food

web model for each exposure media.

Sediment Data

PCBs (pg/kg, dry wt)

Middle Ferry Upper Ferry Reference
Creek (A3) Creek (A1) (GM)
Inorganics (mg/kg, dry wt) Arsenic 8.00 5.86 7.41
Cadmium 6.23 4.06 0.31
Chromium 154 157 60.75
Copper 4038 947 161
Lead 3270 1056 71.83
Mercury 0.45 0.45 0.62
Nickel 129 50.24 20.45
Silver 0.68 1.08 053
Zinc 881 342 134
Dioxins (ng/kg, dry wt) 2,3,7,8-TCDD 221 255 0.02
PAHs (pg/kg, dry wt) Acenaphthene 1394 303 615
Acenaphthylene 1361 516 615
Anthracene 1371 468 578
Benz(a)anthracene 2362 1497 2015
Benzo(a)pyrene 2131 1353 1703
Benzo(b)fluoranthene 4108 3004 3291
Chrysene 2952 1900 1938
Dibenz(a,h)anthracene 1412 404 753
Fluoranthene 5628 3664 3771
Fluorene 987 337 615
2-Methylnaphthalene 1416 557 615
Naphthalene 1024 526 615
Phenanthrene 2243 1592 1900
Pyrene 5110 2882 2486
DDTs (pg/kg,dry wt) DDT 14.34 6.57 1.98
Total Aroclors 15862 2620 84.56

Data from TtNUS (1998).




Table 3-1e. Mean concentrations of CoCs used as inputs to the food
web model for each exposure media.

Surface Water Data

Middle Ferry  Upper Ferry
Creek (A3) Creek (A1)  Reference (GM)
Inorganics (ug/L. Arsenic 21.60 21.60 12.80
Cadmium 1.20 1.20 0.96
Chromium 12.40 12.40 5.33
Copper 121 121 20.00
Lead 13.70 13.70 4.29
Mercury 0.55 0.55 0.16
Nickel 11.70 11.70 454
Silver 1.70 1.70 5.58
Zinc 127 127 29 62
Dioxins (ng/L) 2,3,7,8-TCDD
PAHSs (pg/L) Acephthene 5.00 5.00 5.00
Acephthylene 5.00 5.00 5.00
Anthracene 5.00 5.00 5.00
Benz(a)anthracene 5.00 5.00 5.00
Benzo(a)pyrene 5.00 5.00 5.00
Benzo(b)fluoranthene 5.00 5.00 5.00
Chrysene 5.00 5.00 5.00
Dibenz(a,h)anthracene 5.00 5.00 5.00
Fluoranthene 5.00 5.00 5.00
Fluorene 5.00 5.00 5.00
2-Methylphthalene 5.00 5.00 5.00
Phthalene 5.00 5.00 5.00
Phenanthrene 5.00 5.00 5.00
Pyrene 5.00 5.00 5.00
DDTs (ugl) ODT 0.10 0.10 0.12
|[PCBs (pg/) Total Aroclors 2.10 2.10 1.69

Data from NOAA, 1998,

1- Data for Upper Ferry Creek (A1) not available;
assumed to be the same as measured in Middle Ferry Creek (A3).




Table 3-2a. Maximum concentrations of CoCs used as inputs to the food
web model for each exposure media.

Fish Tissue Data

Middle Ferry  Upper Ferry
Creek (A3) Creek (A1)  Reference (GM)
Inorganics (mg/kg, dry wt) Arsenic 2.50 2.50 2.18
Cadmium 0.64 0.64 0.08
Chromium 10.55 10.55 10.14
Copper 74.82 74.82 31.00
Lead 53.77 53.77 291
Mercury 0.07 0.07 0.07
Nickel 486 486 2.05
Silver 0.12 0.12 0.16
Zinc 259 259 195
Dioxins (ng/kg, dry wt) 2,3,7,8-TCDD 8.64 8.64 3.06
PAHs (pg/kg, dry wt) Acenaphthene 6.45 2273 11.36
Acenaphthylene 22.73 11.36 11.36
Anthracene 11.36 36.36 11.36
Benz(a)anthracene 36.36 127 11.36
Benzo(a)pyrene 127 209 22.73
Benzo(b)fluoranthene 209 518 31.82
Chrysene 518 282 11.36
Dibenz(a,h)anthracene 282 31.82 11.36
Fluoranthene 31.82 391 11.36
Fluorene 391 11.36 11.36
2-Methylnaphthalene 11.36 11.36 11.36
Naphthalene 11.36 27.27 11.36
Phenanthrene 27.27 250 11.36
Pyrene 250 282 11.36
DDTs (pg/kg,dry wt) DDT 282 50.45 136
PCBs (pg/kq, dry wt) Total Aroclors 1759 1759 1759

Data from NOAA, 1998.

1- Data for Upper Ferry Creek (A1) not available;
assumed to be the same as measured in Middle Ferry Creek (A3).
2- Only one data point available max. values assumed = mean.




Table 3-2b. Maximum concentrations of CoCs used as inputs to the food
web model for each exposure media.

Crab Tissue Data'?

Middle Ferry  Upper Ferry
Creek (A3) Creek (A1 )1 Reference (GM)
Inorganics (mg/kg, dry wt) Arsenic 244 2.44 531
Cadmium 3.94 394 0.28
Chromium 6.09 6.09 11.65
Copper 226 226 165
Lead 49.50 49.50 11.45
Mercury 0.06 0.06 0.07
Nickel 10.38 10.38 8.58
Silver
Zinc 13.38 13.38 7.16
Dioxins (ng/kg, dry wt) 2,3,7,8-TCOD 13.38 13.38 7.16
PAHs (ug/kg, dry wt) Acenaphthene 7.81 7.81 7.81
Acenaphthylene 7.81 7.81 7.81
Anthracene 7.81 7.81 7.81
Benz(a)anthracene 62.50 62.50 7.81
Benzo(a)pyrene 93.75 93.75 18.75
Benzo(b)fluoranthene 103 103 28.13
Chrysene 96.88 96.88 7.81
Dibenz(a,h)anthracene 31.25 31.25 7.81
Fluoranthene 166 166 7.81
Fluorene 7.81 7.81 7.81
2-Methyinaphthalene
Naphthalene 18.75 18.75 15.63
Phenanthrene 50.00 50.00 7.81
Pyrene 169 169 7.81
DOTs (pg/kg,dry wt) DOT 17.19 17.19 10.94
PCBs (Hg/kg, dry wi) Total Aroclors 1019 1019 188

Data from NOAA, 1998.

1- Data for Upper Ferry Creek (A1) not available;
assumed to be the same as measured in Middle Ferry Creek (A3).
2- Only one data point available max. values assumed = mean.




Table 3-2c. Maximum concentrations of CoCs used as inputs to the food
web model for each exposure media.

Insect Tissue Data (dry wt.)

Middle Ferry  Upper Ferry
Creek (A3) Creek (A1)’ Reference (GM)
Inorganics (mg/kg, dry wt)  Arsenic 0.46 0.46 0.48
Cadmium 1.81 1.81 1.46
Chromium 2.00 2.00 333
Copper 53.85 53.85 57.10
Lead 427 427 13.85
Mercury 0.04 0.04 0.03
Nickel 173 1.73 1.50
Silver
A Zinc 149 149 167
Dioxins (ng/kg, dry wt) 2,3,7,8-TCDD 4.29 4.29 2.65
PAHs (hg/kg, dry wt) Acenaphthene 19.23 19.23 19.23
Acenaphthylene 19.23 19.23 19.23
Anthracene 19.23 19.23 19.23
Benz(a)anthracene 96.15 96.15 96.15
Benzo(a)pyrene 96.15 96.15 96.15
Benzo(b)fluoranthene 96.15 96.15 96.15
Chrysene 96.15 96.15 96.15
Dibenz(a,h)anthracene 96.15 96.15 96.15
Fluoranthene 19.23 19.23 19.23
Fluorene
2-Methylnaphthalene
Naphthalene 19.23 19.23 19.23
Phenanthrene 50.00 50.00 90.38
Pyrene 19.23 19.23 19.23
DDTs (ug/kg,dry wt) DDT 23.08 23.08 23.08
PCBs , dry wt) Total Aroclors 331 331 269

Data from NOAA, 1998,

1- Data for Upper Ferry Creek (A1) not available;
assumed to be the same as measured in Middle Ferry Creek (A3).
2- Only one data point available max. values assumed = mean.




Table 3-2d. Maximum concentrations of CoCs used as inputs to the food
web model for each exposure media.

Sediment Data

Middie Ferry  Upper Ferry
Creek (A3) Creek (A1)  Reference (GM)
Inorganics (mg/kg, dry wt) Arsenic 19.10 13.10 14.20
Cadmium 2250 18.50 0.33
Chromium 501 900 107.00
Copper 21000 6780 336.00
Lead 22900 4790 141.00
Mercury 1.70 3.10 1.20
Nickel 427 162 33.90
Silver 1.50 3.20 0.65
Zinc 4800 1040 192.00
Dioxins (ng/kg, dry wt) 2,3,7,8-TCDD 16.79 2.55 0.02
PAHSs (ug/kg, dry wt) Acenaphthene 8500 800 1450.00
Acenaphthylene 8500 1500 1450.00
Anthracene 8500 1100 1300.00
Benz(a)anthracene 5000 3200 7000.00
Benzo(a)pyrene 6100 3200 §800.00
Benzo(b)fluoranthene 9900 7300 12000.00
Chrysene 6900 3900 6700.00
Dibenz(a,h)anthracene 8500 730 2000.00
Fluoranthene 12000 8000 14000.00
Fluorene 4450 800 1450.00
2-Methylnaphthalene 8500 1700 1450.00
Naphthalene 4450 1700 1450.00
Phenanthrene 5500 - 4200 6700.00
Pyrene 11000 6600 9300.00
|DDTs (ng’kg,dry wt) DDT 80.00 15.00 44
[lPCBs kg, dry wt) Total Aroclors 134500 11765 90

Data from TtNUS (1998).




Table 3-2e. Maximum concentrations of CoCs used as inputs to the food
web model for each exposure media.

Surface Water Data

Middle Ferry  Upper Ferry Reference
Creek (A3) Creek (A1)'? (GM)
Inorganics (pg/L) Arsenic 21.60 21.60 33.00
Cadmium 1.20 1.20 1.00
Chromium 12.40 12.40 22.30
Copper 121 121 51.80
Lead 13.70 13.70 21.00
Mercury 0.55 0.55 0.49
Nickel 11.70 11.70 5.00
Silver 1.70 1.70 18.00
Zinc 127 127 63.00
Dioxins (ng/L) 2,3,7,8-TCDD 0.00E+00 0.00E+00 0.00E+00
PAHs (pg/l) Acephthene 5.00 5.00 5.00
Acephthylene 5.00 5.00 5.00
Anthracene 5.00 5.00 5.00
Benz(a)anthracene 5.00 5.00 5.00
Benzo(a)pyrene 5.00 5.00 5.00
Benzo(b)fluoranthene 5.00 5.00 5.00
Chrysene 5.00 5.00 5.00
Dibenz(a,h)anthracene 5.00 5.00 5.00
Fluoranthene 5.00 5.00 5.00
Flourene 5.00 5.00 5.00
2-Methylphthalene 5.00 5.00 5.00
phthalene 5.00 5.00 5.00
Phenthrene 5.00 5.00 5.00
Pyrene 5.00 5.00 5.00
DDTs (pg/L) DDT 0.10 0.10 0.25
PCBs (pg/ll) Total Aroclors 2.10 2.10 2.50

Data from NOAA, 1998.

1- Data for Upper Ferry Creek (A1) not available;
assumed to be the same as measured in Middle Ferry Creek (A3).
2- Only one data point available max. values assumed = mean.




Table 3-3a. Mean ingestion rates and doses of CoCs, by media, with Hazard Quotient calculations for the
black-crowned night heron.

Middle Ferry Creek
Total Total TRV Hazard
Class Chemical of Dietary Intake, (ug CoC/day) Assimilated" Assimilated® Quotient
Concern Fish Crab Insects Sediment Water {ug CoC/day) (pg CoC/kg Bw/day)| (mg CoC/kg Bw/day)
Inorganics Arsenic 88.7 36.6 0.5 215 1.17E-03 125.2 141.8 5.14 0.03
Cadmium 13.7 59.1 1.9 16.7 6.51E-05 777 88.0 1.45 0.06
Chromium 2235 91.5 2.1 4134 6.73E-04 621.0 703.3 1.00 0.70
Copper 1911.1 33894 578 10827.7 6.57E-03 13758.1 15581.1 28.13 0.55
Lead 976.0 7433 4.6 8767.2 7.44E-04 8917.5 10099.0 2.05 493
Mercury 20 09 0.0 1.2 2.99E-05 3.6 4.1 0.03 0.13
Nickel 110.9 155.8 1.9 346.1 6.35E-04 522.5 591.7 77.4 7.64E-03
Silver 38 1.8 9.23E-05 4.7 5.4 12.5 4.30E-04
e inc_ 85489 1284.3 160.1 2361.3 6.89E-03 | 10501.4 11892.9 11.30 ~1.05
Dioxins ~~ 2378TCDD___ | 00 00 00 0.0 __87E-04 = 42E-04 . 1.40E-05 0.03
PAHs Acenaphthene 0.9 0.1 0.0 37 2.71E-04 40 4.6 33.80 1.35E-04
Acenaphthylene 04 0.1 0.0 3.7 2.71E-04 3.6 41 338 1.20E-04
Anthracene 14 0.1 0.0 3.7 2.71E-04 44 5.0 33.80 1.48E-04
Benz(a)anthracene 4.8 0.9 0.1 6.3 2.71E-04 10.3 11.7 33.80 3.46E-04
Benzo(a)pyrene 7.8 1.4 0.1 5.7 2.71E-04 12.8 14.5 33.80 4.29E-04
Benzo(b)fluoranthene 19.5 15 0.1 11.0 2.71E-04 27.3 30.9 33.80 9.15E-04
Chrysene 10.6 1.5 0.1 79 2.71E-04 17.0 19.3 33.80 5.71E-04
Dibenz(a,h)anthracene 1.2 0.5 0.1 38 2.71E-04 4.7 53 33.80 1.58E-04
Filuoranthene 14.7 25 0.0 15.1 2.71E-04 27.4 311 33.80 9.19E-04
Fluorene 04 0.1 2.6 2.71E-04 27 3.1 33.80 9.09E-05
2-Methytnaphthalene 04 38 2.71E-04 3.6 4.1 33.80 1.20E-04
Naphthalene 1.0 03 0.0 27 2.71E-04 35 3.9 33.80 1.16E-04
Phenanthrene 94 08 0.1 6.0 2.71E-04 138 15.6 338 4.62E-04
Pyrene 10.6 2.5 0.0 13.7 2.71E-04 228 258 33.80 7.64E-04
Sum PAHs 83.0 12.3 0.7 89.8 3.80E-03 158.0 178.9 5.29E-03
DDTs DDT 0.2 0.3 0.0 0.0 5.65E-06 0.5 0.5 2.80E-03 0.18
{PCBs ~ ~  Total Aroclors 188153 0.4 425 1.14E-04 65.4 74.1 0.18 0.41
1- Home range Factor of 1.0 applied; see Table 2-1. Hazard Index 8.09

2 - Body weight (BW) of 0.883 kg assumed, see text.




Table 3-3b. Mean ingestion rates and doses of CoCs, by media, with Hazard Quotient calculations for the

black-crowned night heron.

Upper Ferry Creek

" Total Total TRV HRazard
Class Chemical of Dietary Intake, (g CoC/day) Assimilated Assimilated® Quotient
Concemn Fish Crab Insects Sediment Water | (ug CoC/day) (ug CoC/kg Bw/dayY(mg CoC/kg Bw/day)
Inorganics Arsenic 88.7 36.6 0.5 15.7 1.17E-03 120.3 136.2 514 0.03
Cadmium 13.7 59.1 1.9 10.9 6.51E-05 72.8 824 1.45 0.06
Chromium 2235 91.5 21 420.7 6.73E-04 627.2 7103 1.00 0.71
Copper i911.1 3389.4 57.8 2539.8 6.57E-03 6713.3 7602.9 28.13 0.27
Lead 976.0 743.3 4.6 28313 7.44E-04 3871.9 4385.0 2.05 2.14
Mercury 2.0 0.9 0.0 1.2 2.99E-05 36 4.1 0.03 0.13
Nickel 1109 155.8 1.9 134.7 6.35E-04 3428 388.2 774 5.02E-03
Silver 38 29 9.23E-05 5.7 6.4 125 5.13E-04
Zinc 8548.9 1284.3 160.1 918.1 6.89E-03 9274.6 10503.6 11.30 0.93
Dioxins 2,3,7,8-TCDD 0.0 0.0 0.0 0.0 3.7E-04 4.2E-04 1.40E-05 0.03
PAHs Acenaphthene 0.9 0.1 0.0 0.8 2.71E-04 1.5 1.7 33.80 5.14E-05
Acenaphthylene 04 0.1 0.0 14 2.71E-04 1.7 19 338 5.55E-05
Anthracene 1.4 0.1 0.0 1.3 2.71E-04 23 27 33.80 7.85E-05
Benz(a)anthracene 48 0.9 0.1 4.0 2.71E-04 84 95 33.80 2.80E-04
Benzo(a)pyrene 78 1.4 0.1 3.6 2.71E-04 11.0 12.5 33.80 3.70E-04
Benzo(b)fluoranthene 19.5 15 0.1 8.1 2.71E-04 248 28.1 33.80 8.30E-04
Chrysene 10.6 1.5 0.1 5.1 2.71E-04 146 16.6 33.80 4.91E-04
Dibenz(a,h)anthracene 1.2 05 0.1 1.1 2.71E-04 24 2.7 33.80 8.12E-05
Fluoranthene 14.7 2.5 0.0 9.8 2.71E-04 23.0 26.0 33.80 7.69E-04
Fluorene 04 0.1 0.9 2.71E-04 1.2 14 33.80 4.12E-05
2-Methyinaphthalene 0.4 1.5 2.71E-04 1.6 1.8 33.80 5.47E-05
Naphthalene 1.0 03 0.0 1.4 2.71E-04 2.3 2.6 33.80 7.80E-05
Phenanthrene 9.4 08 0.1 43 2.71E-04 12.3 13.9 338 4.12E-04
Pyrene 10.6 25 0.0 1.7 2.71E-04 17.7 20.1 3380 5.94E-04
Sum PAHs 83.0 12.3 0.7 51.0 3.80E-03 125.0 1415 4.19E-03
DDTs ODT 0.2 0.3 0.0 0.0 5.65E-06 04 0.5 2.80E-03 0.18
PCBs Total Aroclors 18.8 15.3 0.4 7.0 1.14E-04 352 39.9 0.18 0.22
1- Home range Factor of 1.0 applied; see Table 2-1. Hazard Index 4.70

2 - Body weight (BW) of 0.883 kg assumed, see text.




Table 3-3c. Mean ingestion rates and doses of CoCs, by media, with Hazard Quotient calculations for the
black-crowned night heron.

Great Meadows

Total Total TRV Hazard
Class Chemical of Dietary Intake, (1g CoC/day) Assimilated' Assimilated® Quotient
Concern Fish Crab Insects Sediment  Water |(g CoC/day)(ug CoC/kg Bw/day] (mg CoC/kg Bw/day)
Inorganics Arsenic 76.8 79.8 0.5 19.9 6.95E-04 150.4 170.4 5.14 0.03
Cadmium 1.7 4.1 1.6 0.8 5.20E-05 7.0 7.9 1.45 5.47E-03
Chromium 2679 174.9 3.6 162.9 2.89E-04 5179 586.5 1.00 0.59
Copper 935.1 2470.5 61.2 431.0 1.09E-03 33131 3752.1 28.13 0.13
Lead 78.5 1719 14.9 192.6 2.33E-04 3891 440.7 2.05 0.21
Mercury 22 11 0.0 1.7 8.45E-06 4.2 48 0.03 0.15
Nickel 61.4 1289 1.6 54.8 2.47E-04 209.8 2375 77.4 3.07E-03
Silver 6.0 i4 3.03E-04 6.3 71 12.5 5.69E-04
Zinc 6979.0 1101.7 179.6 360.0 1.61E-03 7327.3 8298.2 11.30 0.73
Dioxins 2,3,7,8-TCDD 0.0 0.0 0.0 0.0 1.8E-04 2.1E-04 1.40E-05 0.01
PAHs Acenaphthene 0.4 0.1 0.0 1.6 2.71E-04 1.9 2.1 33.80 6.31E-05
Acenaphthylene 0.4 0.1 0.0 1.6 2.711E-4 1.9 21 338 6.31E-05
Anthracene 04 0.1 0.0 15 2.71E-04 1.8 20 33.80 6.02E-05
Benz(a)anthracene 04 0.1 0.1 54 2.71E-04 51 58 33.80 1.72E-04
Benzo(a)pyrene 0.9 03 0.1 46 2.71E-04 49 5.6 33.80 1.65E-04
Benzo(b)fluoranthene 1.2 0.4 0.1 8.8 2.71E-04 9.0 10.2 33.80 3.00E-04
Chrysene 0.4 0.1 0.1 52 2.71B-04 50 56 33.80 1.66E-04
Dibenz(a,h)anthracene 04 0.1 0.1 2.0 2.71E-04 23 26 33.80 7.59E-05
Fluoranthene 0.4 0.1 0.0 10.1 2.71E-04 9.1 10.3 33.80 3.04E-04
Fluorene 04 0.1 1.6 2.71E-04 1.9 2.1 33.80 6.25E-05
2-Methylnaphthalene 0.4 1.6 2.7T1E-04 1.8 2.0 33.80 5.91E-05
Naphthalene 0.4 0.2 0.0 1.6 2.7T1E-04 2.0 2.2 33.80 6.64E-05
Phenanthrene 04 0.1 0.1 5.1 2.71E-04 49 55 338 1.63E-04
Pyrene 0.4 0.1 0.0 6.7 2.71E-04 6.1 7.0 33.80 2.06E-04
Sum PAHs 7.2 2.1 0.7 57.7 3.80E-03 57.5 65.2 1.93E-03
|DDTs DDT 5.1 0.2 0.0 0.0 6.59E-06 45 5.1 2.80E-03 1.83
fPCBs Total Aroclors 18.8 2.8 0.3 0.2 9.20E-05 18.8 21.3 0.18 0.12
Hazard Index 3.82

1- Home range Factor of 1.0 applied; see Table 2-1.
2 - Body weight (BW) of 0.883 kg assumed, see text.




Table 3-4a. Maximum ingestion rates and doses of CoCs, by media, with Hazard Quotient calculations for the
black-crowned night heron.

Middie Ferry Creek

Total Total TRV Hazard
Class Chemical of Dietary Intake, {(ug CoC/day) Assimilated' Assimilated® Quotient
Concemn Fish Crab Insects Sediment  Water (ug CoC/day) (pg CoC/kg Bw/day) | (mg CoC/kg Bw/day)
Inorganics Arsenic 938 36.6 0.5 51.2 1.17E-03 154.8 1754 514 0.03
Cadmium 239 59.1 19 60.3 6.51E-05 1235 139.9 1.45 0.10
Chromium 395.9 91.5 2.1 13434 6.73E-04 1558.0 1764.4 1.00 1.76
Copper 2808.7 33894 57.8 56309.9  6.57E-03 53180.9 60227.5 28.13 2.14
Lead 2018.6 743.3 4.6 61404.6 7.44E-04 54545 4 61772.9 2.05 30.13
Mercury 2.6 0.9 0.0 4.6 2.99E-05 6.9 7.8 0.03 0.24
Nickel 182.6 155.8 1.9 1145.0 6.35E-04 1262.4 14297 77.4 0.02
Silver 44 40 9.23E-05 7.2 8.1 12.5 6.51E-04
Zinc 9704.1 200.8 160.1 12870.8 6.89E-03 19495.4 22078.6 11.30 1.95
Dioxins 2,3,7,8-TCDD 0.0 0.0 0.0 0.0 0.00E+00 4.9E-04 5.5E-04 1.40E-05 0.04
PAHs Acenaphthene 0.2 0.1 0.0 228 2.71E-04 19.7 223 33.80 6.60E-04
Acenaphthylene 09 0.1 0.0 228 2.71E-04 202 229 338 8.77E-04
Anthracene 04 0.1 0.0 228 2.71E-04 19.9 225 33.80 6.65E-04
Benz(a)anthracene 1.4 09 0.1 134 2.71E-04 134 15.2 33.80 4.50E-04
Benzo(a)pyrene 48 14 0.1 164 2.71E-04 19.2 21.8 33.80 6.45E-04
Benzo(b)fluoranthene 78 15 0.1 26.5 2.71E-04 30.6 347 33.80 1.03E-03
Chrysene 19.5 1.5 0.1 185 2.71E-04 33.6 38.0 33.80 1.13E-03
Dibenz(a,h)anthracene 10.6 05 0.1 228 2.71E-04 28.9 327 33.80 9.67E-04
Fluoranthene 12 2.5 0.0 322 2.71E-04 305 345 33.80 1.02E-03
Fluorene 14.7 0.1 119 2.71E-04 227 257 33.80 7.61E-04
2-Methylnaphthalene 04 22.8 2.71E-04 19.7 224 33.80 6.61E-04
Naphthalene 0.4 03 0.0 119 2.71E-04 10.8 12.2 33.80 3.61E-04
Phenanthrene 1.0 08 0.1 147 2.71E-04 14.1 16.0 33.8 4.72E-04
Pyrene 94 25 0.0 29.5 2.71E-04 35.2 39.9 33.80 1.18E-03
Sum PAHs 727 12.3 0.7 289.1 3.80E-03 3186 360.8 0.01
DDTs DDT 10.6 0.3 0.0 0.2 5.65E-06 9.4 10.7 2.80E-03 3.81
|PcBs Total Aroclors 66.0 153 0.4 360.7 1.14E-04 376.0 4258 0.18 2.37
1- Home range Factor of 1.0 applied; see Table 2-1. Hazard Index 42.62

2 - Body weight (BW) of 0.883 kg assumed, see text.




Table 3-4b. Maximum ingestion rates and doses of CoCs, by media, with Hazard Quotient calculations for the
black-crowned night heron.

Upper Ferry Creek
Total Total TRV Hazard
Class Chemical of Dietary Intake, (g CoC/day) Assimilated" Assimilated® Quotient
Concem Fish Crab Insects Sediment Water |(ug CoC/day) (ug CoC/kg Bw/day) |(mg CoCrkg Bw/day)
Inorganics Arsenic 93.8 36.6 05 35.1 1.17E-03 141.2 159.9 514 0.03
Cadmium 239 59.1 1.9 49.6 6.51E-05 1144 129.5 1.45 0.09
Chromium 395.9 91.5 21 24133 6.73E-04 2467.4 27943 1.00 279
Copper 2808.7 3389.4 578 18180.1 6.57E-03 20770.5 23522.6 28.13 0.84
Lead 2018.6 743.3 46- 12844.0  7.44E-04 13268.9 15027 1 2.05 7.33
Mercury 2.6 0.9 0.0 83 2.99E-05 10.1 11.4 0.03 0.36
Nickel 182.6 155.8 1.9 4344 6.35E-04 658.4 7457 77.4 9.63E-03
Silver 44 8.6 9.23E-05 111 125 12.5 1.00E-03
Zinc 9704.1 200.8 160.1 2788.7  6.89E-03 10925.6 12373.3 11.30 1.09
Dioxins 2,3,7,8-TCDD 0.0 0.0 0.0 0.0 0.00E+00 4.6E-04 5.2E-04 1.40E-05 0.04
PAHs Acenaphthene 0.9 0.1 0.0 2.1 2.71E-04 2.7 3.0 33.80 8.93E-05
Acenaphthylene 0.4 0.1 0.0 40 2.71E-04 39 44 338 1.31E-04
Anthracene 1.4 0.1 0.0 29 2.71E-04 38 4.3 33.80 1.27E-04
Benz(a)anthracene 48 09 0.1 8.6 2.NE-04 122 139 33.80 4.10E-04
Benzo(a)pyrene 7.8 1.4 0.1 8.6 2.71E-04 15.2 17.3 33.80 5.11E-04
Benzo(b)fluoranthene 19.5 1.5 0.1 19.6 2.71E-04 346 39.2 33.80 1.16E-03
Chrysene 10.6 1.5 0.1 10.5 2.71E-04 192 218 33.80 6.44E-04
Dibenz(a,h)anthracene 1.2 0.5 0.1 20 2.71E-04 3.2 3.6 33.80 1.06E-04
Fluoranthene 14.7 25 0.0 215 2.71E-04 32.8 37.2 33.80 1.10E-03
Fluorene 04 0.1 2.1 2.71E-04 23 26 33.80 7.66E-05
2-Methyinaphthalene 0.4 4.6 2.71E-04 42 4.8 33.80 1.42E-04
Naphthalene 1.0 0.3 0.0 4.6 2.71E-04 5.0 57 33.80 1.68E-04
Phenanthrene 9.4 08 0.1 11.3 2.71E-04 18.2 206 338 6.11E-04
Pyrene 10.6 25 0.0 17.7 2.71E-04 26.2 297 33.80 8.78E-04
Sum PAHs 83.0 12.3 0.7 1199  3.80E-03 183.6 207.9 6.15E-03
DDTs DDT 1.9 0.3 0.0 0.0 5.65E-06 1.9 2.1 2.B0E-03 0.76
PCBs Total Aroclors 66.0 15.3 0.4 31.5 1.14E-04 96.3 109.0 0.18 0.61
1- Home range Factor of 1.0 applied; see Table 2-1. Hazard Index 13.96

2 - Body weight (BW) of 0.883 kg assumed, see text.




Table 3-4c. Maximum ingestion rates and doses of CoCs, by media, with Hazard Quotient calculations for the

black-crowned night heron.

Great Meadows

Total Total TRV Hazard
Class Chemical of Dietary Intake, (ug CoC/day) Assimilated Assimilated Quotient
Concern Fish Crab Insects _Sediment Water {ug CoC/day) (pg CoC/kg Bw/day)i(mg CoCrkg Bw/day)
Inorganics  Arsenic 81.9 79.8 0.5 38.1 1.79E-03 170.2 192.8 514 0.04
Cadmium 3.1 4.1 1.6 09 5.43E-05 8.2 9.3 1.45 6.42E-03
Chromium 380.5 174.9 3.6 286.9 1.21E-03 719.0 8143 1.00 0.81
Copper 1163.7 2470.5 61.2 901.0 2.81E-03 3906.9 44246 28.13 0.186
Lead 109.2 171.9 149 378.1 1.14E-03 572.9 648.8 2.05 0.32
Mercury 26 1.1 0.0 3.2 2.66E-05 58 6.6 003 0.21
Nickel 76.8 128.9 1.6 90.9 2.71E-04 2535 287.0 77.4 3.71E-03
Silver 6.0 1.7 9.77E-04 8.8 7.4 125 5.94E-04
Zinc 7303.2 107.5 179.6 514.8 3.42E-03 6889.3 7802.2 11.30 0.69
Dioxins 2,3,7,8-TCDD 0.0 0.0 0.0 0.0 0.00E+00 1.9E-04 2.2E-04 1.40E-05 0.02
PAHs Acenaphthene 0.4 0.1 0.0 39 2.71E-04 38 4.3 33.80 1.27E-04
Acenaphthylene 04 0.1 0.0 39 2.7ME-04 38 4.3 338 1.27E-04
Anthracene 0.4 0.1 0.0 35 2.TE-04 34 39 33.80 1.15E-04
Benz(a)anthracene 0.4 0.1 0.1 18.8 2.1E-04 16.5 18.7 33.80 5.53E-04
Benzo{a)pyrene 0.9 0.3 0.1 15.6 2.NME-04 14.3 16.2 33.80 4.78E-04
Benzo(b)fluoranthene 1.2 0.4 0.1 322 2.71E-04 28.8 326 33.80 9.65E-04
Chrysene 04 0.1 0.1 18.0 2.71E-04 15.8 17.9 33.80 5.30E-04
Dibenz(a,h)anthracene 0.4 0.1 0.1 54 2.71E-04 51 58 33.80 1.71E-04
Fluoranthene 04 0.1 0.0 315 2.71E-04 324 38.7 33.80 1.09E-03
Fluorene 0.4 0.1 39 2.7ME-04 38 43 33.80 1.26E-04
2-Methylnaphthalene 0.4 39 2.7T1E-04 3.7 42 33.80 1.23E-04
Naphthalene 04 0.2 0.0 39 2.NE-04 39 4.4 33.80 1.30E-04
Phenanthrene 0.4 0.1 0.1 18.0 2.7ME-04 15.8 17.9 338 5.30E-04
Pyrene 0.4 0.1 0.0 249 2.71E-04 21.7 24.5 33.80 7.26E-04
Sum PAHs 7.2 2.1 0.7 193.2  3.80E-03 172.7 195.8 5.79E-03
DDT DDT 5.1 0.2 0.0 0.0 1.36E-05 4.5 5.1 2.80E-03 1.83
f{PCcB PCBs 66.0 2.8 0.3 0.2 1.36E-04 59.0 66.8 0.18 0.37
Hazard Index 4.48

1- Home range Factor of 1.0 applied; see Table 2-1.
2 - Body weight (BW) of 0.883 kg assumed, see text.




Table 3-5a. Mean ingestion rates and doses of CoCs, by media, with Hazard Quotient calculations for the
red-winged black bird.

Middle Ferry Creek

1- Home range Factor of 0.9 applied; see Table 2-1.
2 - Body weight (BW) of 0.054 kg assumed, see text.

Total Total TRV Hazard
Class Chemical of Dietary Intake, (ug CoC/day) Assimilated" Assimilated? Quotient
Concem Fish Crab Insects Sediment Water (ug CoC/day) (pg CoC/kg Bw/day)| (mg CoC/kg Bw/day)
Inorganics  Arsenic 0.0 0.0 55 0.0 1.80E-04 42 77.3 514 0.02
Cadmium 0.0 0.0 214 0.0 1.00E-05 16.3 302.6 1.45 0.21
Chromium 0.0 0.0 23.6 0.0 1.04E-04 18.1 3347 1.00 0.33
Copper 0.0 0.0 636.2 0.0 1.01E-03 486.7 9012.4 28.13 0.32
Lead 0.0 0.0 50.4 0.0 1.14E-04 38.6 7146 2.05 0.35
Mercury 0.0 0.0 0.5 0.0 4.59E-06 0.3 6.4 0.03 0.20
Nickel 0.0 0.0 204 0.0 9.77E-05 15.6 2897 77.4 3.74E-03
Silver 0.0 0.0 1.42E-05 0.0 0.0 125 1.61E-08
Zinc 0.0 0.0 1763.1 0.0 1.06E-03 1348.8 24977.2 11.30 2.21
Dioxins 2,3,7,8-TCDD 0.0 0.0 0.0 0.0 4.3E-05 8.0E-04 1.40E-05 0.06
PAHs Acenaphthene 0.0 0.0 0.2 0.0 4.17E-05 0.2 3.2 33.80 9.52E-05
Acenaphthylene 0.0 0.0 02 0.0 4.17E-05 0.2 3.2 33.8 9.52E-05
Anthracene 0.0 0.0 0.2 0.0 4.17E-05 0.2 3.2 33.80 9.52E-05
Benz(a)anthracene 0.0 0.0 1.1 0.0 4,17E-05 0.9 16.1 33.80 4.76E-04
Benzo(a)pyrene 0.0 0.0 1.1 0.0 4.17E-05 0.9 16.1 33.80 4.76E-04
Benzo(b)fluoranthene 0.0 0.0 1.1 0.0 4.17E-05 09 16.1 33.80 4.76E-04
Chrysene 0.0 0.0 1.1 0.0 4.17E-05 0.9 16.1 33.80 4.76E-04
Dibenz(a,h)anthracene 0.0 0.0 1.1 0.0 4.17E-05 0.9 16.1 33.80 4.76E-04
Fluoranthene 0.0 0.0 0.2 0.0 4.17E-05 0.2 32 33.80 9.562E-05
Fluorene 0.0 0.0 0.0 4.17E-05 0.0 0.0 33.80 1.75E-08
2-Methylnaphthalene 0.0 0.0 4.17E-05 0.0 0.0 33.80 1.75E-08
Naphthalene 0.0 0.0 0.2 0.0 4.17E-05 0.2 3.2 33.80 9.52E-05
Phenanthrene 0.0 0.0 0.6 0.0 4.17E-05 0.5 8.4 338 2.48E-04
Pyrene 0.0 0.0 02 0.0 4,17E-05 0.2 32 33.80 9.52E-05
Sum PAHs 0.0 0.0 7.6 0.0 5.84E-04 58 108.2 3.20E-03
DDTs DDT 0.0 0.0 0.3 0.0 8.68E-07 0.2 3.9 2.80E-03 1.38
PCBs Total Aroclors 0.0 0.0 3.9 0.0 1.75E-05 3.0 55.4 0.18 0.31
Hazard Index 5.39




Table 3-5b. Mean ingestion rates and doses of CoCs, by media, with Hazard Quotient calculations for the
red-winged black bird.

Upper Ferry Creek

Total Total TRV Hazard
Class Chemical of Dietary Intake, (ug CoC/day) Assimilated' Assimilated® Quotient
Concern Fish Crab Insects  Sediment  Water | (ug CoC/day) (ug CoC/kg Bw/day) | (mg CoC/kg Bw/day)
Inorganics Arsenic 0.0 0.0 55 0.0 1.80E-04 42 77.3 5.14 0.02
Cadmium 0.0 0.0 214 0.0 1.00E-05 16.3 302.6 1.45 0.21
Chromium 0.0 0.0 236 0.0 1.04E-04 18.1 3347 1.00 0.33
Copper 0.0 0.0 636.2 0.0 1.01E-03 486.7 9012.4 28.13 0.32
Lead 0.0 0.0 50.4 0.0 1.14E-04 38.6 7146 2.05 0.35
Mercury 0.0 0.0 0.5 0.0 4.59E-06 0.3 6.4 0.03 0.20
Nickel 0.0 0.0 204 0.0 9.77E-05 15.6 2897 77.4 3.74E-03
Silver 0.0 0.0 1.42E-05 0.0 0.0 125 1.61E-08
Zinc 0.0 0.0 1763.1 0.0 1.06E-03 1348.8 24977.2 11.30 2.21
Dioxins 2,3,7,8-TCDD 0.0 0.0 0.0 0.0 4.3E-05 8.0E-04 1.40E-05 0.06
PAHs Acenaphthene 0.0 0.0 0.2 0.0 4.17E-05 0.2 3.2 33.80 9.52E-05
Acenaphthylene 0.0 0.0 0.2 0.0 4.17E-05 0.2 32 338 9.52E-05
Anthracene 0.0 0.0 0.2 0.0 4.17E-05 0.2 3.2 33.80 9.52E-05
Benz(a)anthracene 0.0 0.0 1.1 0.0 4.17E-05 0.9 16.1 33.80 4.76E-04
Benzo(a)pyrene 0.0 0.0 1.1 0.0 4.17E-05 0.9 16.1 33.80 476E-04
Benzo(b)fluoranthene 0.0 0.0 1.1 0.0 4.17E-05 0.8 16.1 33.80 4.76E-04
Chrysene 0.0 0.0 L1 0.0 4.17E-05 0.9 16.1 33.80 4.76E-04
Dibenz(a,h)anthracene 0.0 0.0 1.1 0.0 4.17E-05 0.9 16.1 33.80 4.76E-04
Fluoranthene 0.0 0.0 02 0.0 4.17E-05 0.2 3.2 33.80 9.52E-05
Fluorene 0.0 0.0 0.0 4.17E-05 0.0 0.0 33.80 1.75E-08
2-Methylnaphthalene 0.0 0.0 4.17E-05 0.0 0.0 33.80 1.75E-08
Naphthalene 00 0.0 0.2 0.0 4.17E-05 0.2 3.2 33.80 9.52E-05
Phenanthrene 0.0 0.0 0.6 0.0 4.17E-05 0.5 8.4 338 2.48E-04
Pyrene 0.0 0.0 02 0.0 4.17E-05 0.2 3.2 33.80 9.52E-05
Sum PAHs 0.0 0.0 7.6 0.0 5.84E-04 5.8 108.2 3.20E-03
iDDTs DDT 0.0 0.0 0.3 0.0 8.68E-07 0.2 3.9 2.80E-03 1.38
[PcBs Total Aroclors 0.0 0.0 3.9 0.0 1.75E-05 3.0 55.4 0.18 0.31
Hazard Index 5.39

1- Home range Factor of 0.9 applied; see Table 2-1.
2 - Body weight (BW) of 0.054 kg assumed, see text.




Table 3-5c¢. Mean ingestion rates and doses of CoCs, by media, with Hazard Quotient calculations for the
red-winged black bird.

Great Meadows

Total Total TRV Hazard
Class Chemical of Dietary Intake, (ug CoC/day) Assimilated' Assimilated? Quotient
Concem Fish Crab Insects  Sediment  Water (ug CoCl/day) (ug CoC/kg Bw/day)|(mg CoC/kg Bw/day)
Inorganics Arsenic 0.0 0.0 57 0.0 1.07E-04 4.3 80.5 514 0.02
Cadmium 0.0 0.0 173 0.0 7.99E-06 13.2 2446 1.45 0.17
Chromium 0.0 0.0 393 0.0 4 45E-05 30.1 556.8 1.00 0.56
Copper 0.0 0.0 674.6 0.0 1.67E-04 516.0 9556 .4 28.13 0.34
Lead 0.0 0.0 163.6 0.0 3.58E-05 125.1 23175 2.05 1.13
Mercury 0.0 0.0 03 0.0 1.30E-06 0.3 48 0.03 0.15
Nickel 0.0 0.0 17.7 0.0 3.79E-05 13.6 251.1 77.4 3.24E-03
Silver 0.0 0.0 4.66E-05 0.0 0.0 12.5 5.28E-08
Zinc 0.0 0.0 1977.8 0.0 247E-04 1513.0 28018.9 11.30 2.48
Dloxins 2,3,7,8-TCDD 0.0 0.0 0.0 0.0 2.7E-05 4.9E-04 1.40E-05 0.04
PAHs Acenaphthene 0.0 0.0 0.2 0.0 4.17E-05 0.2 3.2 33.80 9.52E-05
Acenaphthylene 0.0 0.0 0.2 0.0 4.17E-05 0.2 32 338 9.52E-05
Anthracene 0.0 0.0 0.2 0.0 4.17E-05 0.2 3.2 33.80 9.52E-05
Benz(a)anthracene 0.0 0.0 1.1 0.0 4.17E-05 0.9 16.1 33.80 4.76E-04
Benzo(a)pyrene 0.0 0.0 1.1 0.0 4.17E-05 0.9 16.1 33.80 4.76E-04
Benzo(b)fluoranthene 0.0 0.0 1.1 0.0 4.17E-05 0.9 16.1 33.80 4.76E-04
Chrysene 0.0 0.0 1.1 0.0 4.17E-05 0.9 16.1 33.80 4.76E-04
Dibenz(a,h)anthracene 0.0 0.0 1.1 0.0 4.17E-05 0.9 16.1 33.80 4.76E-04
Fluoranthene 0.0 0.0 0.2 0.0 4.17E-05 0.2 3.2 33.80 9.52E-05
Fluorene 00 0.0 0.0 4.17E-05 0.0 0.0 33.80 1.75E-08
2-Methylnaphthalene 0.0 0.0 4.17E-05 0.0 0.0 33.80 1.75E-08
Naphthalene 0.0 0.0 0.2 0.0 4.17E-05 0.2 3.2 33.80 9.52E-05
Phenanthrene 0.0 0.0 1.1 0.0 4.17E-05 0.8 15.1 338 4.48E-04
Pyrene 0.0 0.0 0.2 0.0 4.17E-05 0.2 32 33.80 9.52E-05
Sum PAHs 0.0 0.0 8.1 0.0 5.84E-04 6.2 114.9 3.40E-03
{DDTs DOT 0.0 0.0 03 0.0 1L.O1E-06 0.2 a9 2.80E-03 1.38
fPCBs Total Aroclors 0.0 0.0 3.2 0.0 1.41E-05 2.4 451 0.18 0.25
1- Home range Factor of 0.9 applied; see Table 2-1. Hazard Index 6.51

2 - Body weight (BW) of 0.054 kg assumed, see text.




Table 3-6a. Maximum ingestion rates and doses of CoCs, by media, with Hazard Quotient calculations for the
red-winged black bird.

Middle Ferry Creek

2 - Body weight (BW) of 0.054 kg assumed, see text.

Total Total TRV Hazard
Class Chemical of Dietary Intake, (ug CoC/day) Assimilated' Assimilated® Quotient
Concern Fish Crab Insects Sediment  Water (bg CoCl/day) (ug CoC/kg Bw/day)| (mg CoClkg Bw/day)
Inorganics Arsenic 0.0 0.0 55 0.0 1.80E-04 4.2 77.3 5.14 0.02
Cadmium 0.0 0.0 214 0.0 1.00E-05 16.3 302.6 1.45 0.21
Chromium 0.0 0.0 236 0.0 1.04E-04 18.1 334.7 1.00 0.33
Copper 0.0 0.0 636.2 0.0 1.01E-03 486.7 8012.4 28.13 0.32
Lead 0.0 0.0 504 0.0 1.14E-04 38.6 7146 2.05 0.35
Mercury 0.0 0.0 0.5 0.0 4.59E-06 0.3 6.4 0.03 0.20
Nickel 0.0 0.0 204 0.0 9.77E-05 15.6 289.7 77.4 3.74E-03
Silver 0.0 0.0 1.42E-05 0.0 0.0 125 1.61E-08
Zinc 0.0 0.0 1763.1 0.0 1.06E-03 1348.8 24977.2 11.30 2.21
Dioxins 2,3,7,8-TCDD 0.0 0.0 0.0 0.0 0.00E+00 4. 3E-05 8.0E-04 1.40E-05 0.06
PAHs Acenaphthene 0.0 0.0 0.2 0.0 4.17E-05 02 32 33.80 9.52E-05
Acenaphthylene 0.0 0.0 02 0.0 4.17E-05 0.2 32 338 9.52E-05
Anthracene 0.0 0.0 02 0.0 4 17E-05 02 32 33.80 9.52E-05
Benz(a)anthracene 0.0 0.0 1.1 0.0 4.17E-05 09 16.1 33.80 4.76E-04
Benzo(a)pyrene 0.0 0.0 1.1 0.0 4.17E-05 0.9 16.1 33.80 4.76E-04
Benzo(b)fluoranthene 0.0 0.0 1.1 0.0 4.17E-05 0.9 16.1 33.80 4.76E-04
Chrysene 0.0 0.0 1.1 0.0 4.17E-05 0.9 16.1 33.80 4.76E-04
Dibenz(a,h)anthracene 0.0 0.0 1.1 0.0 4.17E-05 0.9 16.1 33.80 4.76E-04
Fluoranthene 0.0 0.0 0.2 0.0 4.17E-05 0.2 32 33.80 9.52E-05
Fluorene 0.0 0.0 0.0 4.17E-05 0.0 0.0 33.80 1.75E-08
2-Methylnaphthalene 0.0 0.0 4.17E-05 0.0 0.0 33.80 1.75E-08
Naphthalene 0.0 0.0 0.2 0.0 4.17E-05 0.2 3.2 33.80 9.52E-05
Phenanthrene 0.0 0.0 06 0.0 4.17E-05 0.5 84 338 2.48E-04
Pyrene 0.0 00 0.2 0.0 4.17E-05 0.2 32 33.80 9.52E-05
Sum PAHs 0.0 0.0 7.6 0.0 5.84E-04 5.8 108.2 3.20E-03
DDTs DDT 0.0 0.0 0.3 0.0 8.68E-07 0.2 3.9 2.80E-03 1.38
PCBs Total Aroclors 0.0 0.0 3.9 0.0 1.75E-05 3.0 55.4 0.18 0.31
1- Home range Factor of 0.9 applied; see Table 2-1 Hazard Index 5.39




Table 3-6b. Maximum ingestion rates and doses of CoCs, by media, with Hazard Quotient calculations for the
red-winged black bird.

Upper Ferry Creek

' Total Total TRV Hazard
Class Chemical of Dietary Intake, (ug CoC/day) Assimilated’ Assimilated? Quotient
Concern Fish Crab Insects Sediment Water |(ug CoC/day) (ug CoC/kg Bw/day)(mg CoC/kg Bw/day
Inorganics Arsenic 0.0 0.0 55 0.0 1.80E-04 42 773 5.14 0.02
Cadmium 0.0 0.0 214 0.0 1.00E-05 16.3 3026 1.45 0.21
Chromium 0.0 0.0 23.6 0.0 1.04E-04 18.1 3347 1.00 0.33
Copper 0.0 0.0 636.2 0.0 1.01E-03 486.7 9012.4 28.13 0.32
Lead 0.0 0.0 50.4 0.0 1.14E-04 38.6 7146 2.05 0.35
Mercury 0.0 0.0 0.5 0.0 4.59E-06 03 6.4 0.03 0.20
Nickel 0.0 0.0 204 0.0 9.77E-05 156 289.7 77.4 3.74E-03
Silver 0.0 0.0 1.42E-05 0.0 0.0 125 1.61E-08
Zinc 0.0 0.0 1763.1 0.0 1.06E-03 1348.8 24977 .2 11.30 2.21
Dloxins 2,3,7,8-TCDD 0.0 0.0 0.0 0.0 0.00E+00 4.3E-05 8.0E-04 1.40E-05 0.06
PAHs Acenaphthene 0.0 0.0 0.2 0.0 4.17E-05 02 3.2 33.80 9.52E-05
Acenaphthylene 0.0 00 02 0.0 4.17E-05 0.2 3.2 33.8 9.52E-05
Anthracene 0.0 0.0 0.2 0.0 4.17E-05 0.2 32 33.80 9.52E-05
Benz(a)anthracene 0.0 0.0 1.1 0.0 4.17E-05 0.9 16.1 33.80 4.76E-04
Benzo(a)pyrene 0.0 0.0 1.1 0.0 4 17E-05 0.9 16.1 33.80 4.76E-04
Benzo(b)fluoranthene 0.0 0.0 1.1 0.0 4.17E-05 0.9 16.1 33.80 4.76E-04
Chrysene 0.0 0.0 1.1 0.0 4.17E-05 0.9 16.1 33.80 4.76E-04
Dibenz(a,h)anthracene 0.0 0.0 1.1 0.0 4.17E-05 0.9 16.1 33.80 4.76E-04
Fluoranthene 0.0 0.0 02 0.0 4.17E-05 0.2 32 33.80 9.52E-05
Fluorene 0.0 0.0 0.0 4.17E-05 0.0 0.0 33.80 1.75E-08
2-Methylnaphthalene 0.0 0.0 4.17E-05 0.0 0.0 33.80 1.75E-08
Naphthalene 0.0 0.0 0.2 0.0 4.17E-05 0.2 3.2 33.80 9.52E-05
Phenanthrene 0.0 0.0 06 0.0 4.17E-05 0.5 8.4 338 2.48E-04
Pyrene 0.0 0.0 02 0.0 4.17E-05 0.2 3.2 33.80 9.52E-05
Sum PAHs 0.0 0.0 76 0.0 5.84E-04 5.8 108.2 3.20E-03
DDTs DDT 0.0 0.0 0.3 0.0 8.68E-07 0.2 3.9 2.80E-03 1.38
PCBs Total Aroclors 0.0 0.0 3.9 0.0 1.75E-05 3.0 55.4 0.18 0.31
Hazard Index 5.39

1- Home range Factor of 0.9 applied; see Table 2-1.
2 - Body weight (BW) of 0.054 kg assumed, see text.




Table 3-6¢. Maximum ingestion rates and doses of CoCs, by media, with Hazard Quotient calculations

for the red-winged black bird.

Great Meadows

Total Total TRV Hazard
Class Chemical of Dietary intake, (ug CoC/day) Assimilated Assimilated® Quotient
Concern Fish Crab Insects Sediment  Water (pg CoC/day) (ug CoC/kg Bw/day)| (mg CoC/kg Bw/day)
Inorganics Arsenic 0.0 0.0 5.7 0.0 2.75E-04 43 80.5 514 0.02
Cadmium 0.0 0.0 17.3 0.0 8.35E-06 13.2 2448 1.45 017
Chromium 0.0 0.0 393 0.0 1.86E-04 30.1 556.8 1.00 0.56
Copper 0.0 0.0 674.6 0.0 4.32E-04 516.0 9556.4 28.13 0.34
Lead 0.0 0.0 163.6 0.0 1.75E-04 125.1 2317.5 2.05 1.13
Mercury 0.0 0.0 03 0.0 4.09E-06 03 48 0.03 0.15
Nickel 0.0 0.0 17.7 0.0 4.17E-05 136 251.1 77.4 3.24E-03
Silver 0.0 0.0 1.50E-04 0.0 0.0 125 1.70E-07
Zinc 0.0 0.0 1977.8 0.0 5.26E-04 1513.0 28018.9 11.30 2.48
Dioxins 2,3,7,8-TCDD 0.0 0.0 0.0 0.0 0.00E+00 2.7E-05 4.9E-04 1.40E-05 0.04
PAHs Acenaphthene 0.0 0.0 0.2 0.0 4.17E-05 0.2 3.2 33.80 9.52E-05
Acenaphthylene 0.0 0.0 0.2 0.0 4.17E-05 0.2 3.2 33.8 9.52E-05
Anthracene 0.0 0.0 0.2 0.0 4.17E-05 0.2 32 33.80 9.52E-05
Benz(a)anthracene 0.0 0.0 1.1 0.0 4.17E-05 0.9 16.1 33.80 4.76E-04
Benzo(a)pyrene 0.0 0.0 1.1 0.0 4.17E-05 09 16.1 33.80 4.76E-04
Benzo(b)fluoranthene 0.0 0.0 1.1 0.0 4.17E-05 09 16.1 33.80 4.76E-04
Chrysene 0.0 0.0 1.1 0.0 4.17E-05 09 16.1 33.80 4.76E-04
Dibenz(a,h)anthracene 0.0 0.0 1.1 0.0 4.17E-05 09 16.1 33.80 4 76E-04
Fluoranthene 0.0 0.0 0.2 0.0 4.17E-05 0.2 3.2 33.80 9.52E-05
Fluorene 0.0 0.0 0.0 4.17E-05 0.0 0.0 33.80 1.75E-08
2-Methyinaphthalene 0.0 0.0 4.17E-05 0.0 0.0 33.80 1.75E-08
Naphthalene 0.0 0.0 0.2 0.0 4.17E-05 0.2 3.2 33.80 9.52E-05
Phenanthrene 0.0 0.0 1.1 0.0 4.17E-05 08 15.1 338 4,4BE-04
Pyrene 0.0 0.0 0.2 0.0 4.17E-05 0.2 32 33.80 9.52E-05
Sum PAHs 0.0 0.0 8.1 0.0 5.84E-04 6.2 114.9 3.40E-03
DDTs DOT 0.0 0.0 0.3 0.0 2.09E-06 02 3.9 2.80E-03 1.38
PCBs Total Aroclors 0.0 0.0 3.2 0.0 2.09E-05 2.4 451 0.18 0.25
Hazard index 6.51

1- Home range Factor of 0.9 applied; see Table 2-1.
2 - Body weight (BW) of 0.054 kg assumed, see text.




Table 3-7a. Mean ingestion rates and doses of CoCs, by media, with Hazard Quotient calculations for the

raccoon.

Middle Ferry Creek

2 - Body weight (BW) of 6.00 kg assumed, see text.

3 - No TRV Data Available.

Total Total TRV Hazard
Class Chemical of Dietary Intake, (g CoC/day) Assimilated' Assimilated® Quotient
Concern Fish Crab Insects Sediment  Water {4g CoC/day) (g CoC/kg Bw/day) {mg CoC/kg Bw/day)
Inorganics Arsenic 37.1 238.0 86.0 2254 1.07E-02 498.5 83.1 0.13 0.66
Cadmium 57 384 4 336.9 175.6 5.96E-04 767.3 127.9 1.00 0.13
Chromium 93.5 5949 3728 43435 6.16E-03 45940 765.7 328 0.23
Copper 799.4 22036.7 10036.0  113764.7 G6.01E-02 124641.4 207736 1N 1.77
Lead 408.3 48326 795.7 921155  6.80E-03 83429.3 13904.9 8.00 1.74
Mercury 0.9 6.1 72 12.7 2.73E-04 22.8 3.8 0.03 0.12
Nickel 464 10129 3226 3636.5 5.81E-03 4265.6 7109 400 0.02
Silver 1.6 19.2 8.44E-04 17.6 2.9 181 1.62E-04
Zinc 35759 8350.3 27814.1  24809.8 6.31E-02 54867.7 9144.6 Vi 0.06
Dioxins 2,3,7,8-TCDD 0.0 0.0 0.0 0.0 1.9E-03 3.2E-04 1.00E-03 3.20E-04
PAHs Acenaphthene 04 0.8 36 393 2.48E-03 374 6.2 175 3.56E-05
Acenaphthylene 0.2 08 36 384 2.48E-03 36.4 6.1 257 2.36E-04
Anthracene 0.6 08 36 386 2.48E-03 37.0 6.2 500 1.23E-05
Benz(a)anthracene 20 6.1 179 66.5 2.48E-03 787 13.1 0.45 0.03
Benzo(a)pyrene 33 92 17.9 60.0 2.48E-03 76.8 12.8 1.00 0.01
Naphthalene 04 1.8 36 28.9 2.48E-03 295 49 153 3.22E-05
Phenanthrene 39 49 9.3 63.2 2.48E-03 69.1 115 257.0 4.48E-05
Pyrene 44 16.5 3.6 144.0 2.48E-03 143.2 23.9 219 1.09E-04
Sum PAHs 46.0 109.7 159.9 12261  4.47E-02 1310.4 515.9 0.04
DDTs DDE 0.1 1.7 4.3 0.4 5.16E-05 55 0.9 9.50 9.65E-05
PCBs Total Aroclors 7.9 99.5 61.6 446.9 1.04E-03 523.5 87.2 0.14 0.62
1- Home range Factor of 1.0 applied, see Table 2-1 Hazard Index 5.39




Table 3-7b. Mean ingestion rates and doses of CoCs, by media, with Hazard Quotient calculations for the

raccoon.
Upper Ferry Creek
Total Total TRV Hazard
Class Chemical of Dietary Intake, (ug CoC/day) Assimilated’ Assimilated?® Quotient
Concemn Fish Crab Insects  Sediment  Water | (g CoC/day) (ug CoC/kg Bw/day){(mg CoC/kg Bw/day)
lnorganics Arsenic 37.1 238.0 86.0 165.0 1.07E-02 4472 74.5 0.13 0.59
Cadmium 5.7 3844 3369 1144 5.96E-04 715.3 1182 1.00 0.12
Chromium 935 594.9 372.8 4420.7 6.16E-03 4659.6 776.6 3.28 0.24
Copper 799.4 22036.7 10036.0  26685.0 6.01E-02 50623.6 8437.3 11.71 0.72
Lead 408.3 4832.6 795.7 297478  6.80E-03 30416.7 5069.5 8.00 0.63
Mercury 0.9 6.1 7.2 12.6 2.73E-04 227 38 0.03 0.12
Nickel 46.4 1012.9 3226 14155  5.81E-03 2377.8 396.3 40.0 9.91E-03
Silver 1.6 30.6 8.44E-04 27.3 4.6 18.1 2.51E-04
Zinc 3575.9 8350.3 27814.1 9646.0 6.31E-02 41978.5 6996.4 160 0.04
Dioxins 2,3,7,8-TCDD 0.0 0.0 0.0 0.0 1.9E-03 3.2E-04 1.00E-03 3.22E-04
PAHs Acenaphthene 0.4 0.8 3.6 85 2.48E-03 113 1.9 175 1.07E-05
Acenaphthylene 0.2 0.8 36 14.5 2.48E-03 16.2 27 257 1.05E-04
Anthracene 0.6 0.8 3.6 13.2 2.48E-03 154 26 500 5.13E-06
Benz(a)anthracene 2.0 6.1 17.9 422 2.48E-03 58.0 9.7 0.45 0.02
Benzo(a)pyrene 33 9.2 17.9 38.1 2.48E-03 58.2 9.7 1.00 9.70E-03
Naphthalene 0.4 1.8 36 14.8 2.48E-03 176 29 153 1.92E-05
Phenanthrene 39 49 93 49 2.48E-03 535 8.9 2570 3.47E-05
Pyrene 44 16.5 36 81.2 2.48E-03 89.8 15.0 219 6.85E-05
Sum PAHs 46.0 109.7 159.9 817.7  4.47E-02 963.3 458.1 0.03
DDTs DDE 0.1 1.7 43 0.2 5.16E-05 5.3 0.9 9.50 9.33E-05
PCBs Total Aroclors 7.9 99.5 61.6 73.8 1.04E-03 206.4 34.4 0.14 0.25
1- Home range Factor of 1.0 applied; see Table 2-1. Hazard Index 2.75

2 - Body weight (BW) of 6.00 kg assumed, see text.

3 - No TRV Data Available.




Table 3-7c. Mean ingestion rates and doses of CoCs, by media, with Hazard Quotient calculations for the

raccoon.
Great Meadows
Total Total TRV Hazard
Class Chemical of Dietary Intake, (ug CoC/day) Assimilated’ Assimilated? Quotient
Concemn Fish Crab insects _Sediment Water | (ug CoC/day) (ug CoCrkg Bw/day] (mg CoClkg Bw/day)
Inorganics Arsenic 321 518.8 89.6 208.8 6.36E-03 721.9 120.3 0.13 0.95
Cadmium 0.7 26.9 2724 8.6 4.75E-04 262.4 437 1.00 0.04
Chromium 112.1 1137.3 620.1 1711.5 2.65E-03 3043.8 507.3 3.28 0.15
Copper 391.1 16062.1 10641.8 4528.8 9.93E-03 26880.3 4480.0 11.71 0.38
Lead 328 1117.4 2580.7 20235 2.13E-03 4891.3 815.2 8.00 0.10
Mercury 0.9 7.0 54 17.5 7.73E-05 26.2 4.4 0.03 0.14
Nicke! 257 838.0 279.6 576.1 2.26E-03 1461.5 2436 40.0 6.09E-03
Silver 25 149 2.77E-03 148 25 18.1 1.36E-04
Zinc 2919.3 7163.1 31201.2 3783.0 1.47E-02 38306.6 6384.4 160 0.04
Dioxins 2,3,7,8-TCDD 0.0 0.0 0.0 0.0 1.1E-03 1.8E-04 1.00E-03 1.75E-04
PAHs Acenaphthene 0.2 0.8 36 17.3 2.48E-03 18.6 3.1 175 1.77E-05
Acenaphthylene 0.2 0.8 3.6 17.3 2.48E-03 186 3.1 257 1.20E-04
Anthracene 0.2 0.8 36 16.3 2.48E-03 17.7 29 500 5.89E-06
Benz(a)anthracene 0.2 0.8 179 56.8 2.48E-03 64.3 10.7 0.45 0.02
Benzo(a)pyrene 0.4 1.8 17.9 48.0 2.48E-03 57.9 9.6 1.00 9.64E-03
Dibenz(a,h)anthracene 02 0.8 17.9 21.2 2.48E-03 341 5.7 7.70 7.37E-04
Fluoranthene 0.2 0.8 3.6 106.2 2.48E-03 941 15.7 50.00 3.14E-04
Fluorene 0.2 0.8 17.3 2.48E-03 15.5 2.6 250 1.04E-05
2-Methynaphthalene 0.2 17.3 2.48E-03 149 25 153 1.63E-05
Naphthalene 0.2 1.5 3.6 17.3 2.48E-03 19.2 3.2 153 2.10E-05
Phenanthrene 0.2 0.8 16.8 535 2.48E-03 60.6 10.1 257.0 3.93E-05
Pyrene 0.2 0.8 36 70.0 2.48E-03 63.4 10.6 219 4 83E-05
Sum PAHs 14.2 43.2 167.4 888.2 4.47E-02 946.1 455.2 0.03
DDTs DDE 2.1 1.1 43 0.1 6.03E-05 6.4 1.1 9.50 1.13E-04
{PCBs Total Aroclors 7.9 18.3 50.2 2.4 8.41E-04 66.9 11.2 0.14 0.08
1- Home range Factor of 1.0 applied; see Table 2-1. Hazard Index 1.94

2 - Body weight (BW) of 6.00 kg assumed, see text,
3 - No TRV Data Available.




Table 3-8a. Maximum ingestion rates and doses of CoCs, by media, with Hazard Quotient calculations for the

raccoon.

Middle Ferry Creek

Total Total TRV Hazard
Class Chemical of Dietary Intake, (ug CoC/day) Assimilated' Assimilated?® Quotient
Concern Fish Crab Insects Sediment Water (ug CoC/day) (ug CoC/kg Bw/day)| (mg CoC/kg Bw/day)
Inorganics Arsenic 39.3 238.0 86.0 538.1 1.07E-02 766.2 127.7 0.13 1.01
Cadmium 10.0 3844 336.9 633.9 5.96E-04 1160.4 193.4 1.00 0.19
Chromium 165.6 5949 KYUR 141148 6.16E-03 12960.9 2160.1 3.28 0.66
Copper 1174.8 22036.7 10036.0 591637.0 6.01E-02 531152.0 88525.3 11.71 7.56
Lead 8444 4832.6 795.7 645166.1 6.80E-03 553893.0 92315.5 8.00 11.54
Mercury 1.1 6.1 7.2 479 2.73E-04 52.9 8.8 0.03 0.28
Nickel 76.4 1012.9 3226 12030.0 5.81E-03 114255 1904.3 40.0 0.05
Silver 19 423 8.44E-04 37.5 6.2 18.1 3.45E-04
Zinc 4059.1 1305.8 27814.1  135231.3 6.31E-02 143148.8 23858.1 160 0.15
Dioxins 2,3,7,8-TCDD 0.0 0.0 0.0 0.0 0.00E+00 2.3E-03 3.8E-04 1.00E-03 3.84E-04
PAHs Acenaphthene 0.1 08 36 239.5 2.48E-03 207.3 346 175 1.97E-04
Acenaphthylene 04 0.8 36 239.5 2.48E-03 207.6 346 257 1.35E-03
Anthracene 0.2 0.8 3.6 2395 2.48E-03 207.4 346 500 6.91E-05
Benz(a)anthracene 0.6 6.1 179 140.9 2.48E-03 1406 234 0.45 0.05
Benzo(a)pyrene 20 92 179 171.9 2.48E-03 170.8 285 1.00 0.03
Naphthalene 0.2 1.8 36 125.4 2.48E-03 111.3 18.6 153 1.22E-04
Phenanthrene 0.4 49 9.3 155.0 2.48E-03 144.1 240 257.0 9.35E-05
Pyrene 39 16.5 36 309.9 2.48E-03 2838 47.3 219 2.16E-04
Sum PAHs 416 109.7 1599 34154 4.47E-02 3167.7 527.9 0.09
DDTs DDE 4.4 1.7 4.3 2.3 5.16E-05 10.8 1.8 9.50 1.89E-04
PCBs Total Aroclors 27.6 99.5 61.6 3789.3 1.04E-03 3381.3 563.6 0.14 4.03
1- Home range Factor of 1 applied; see Table 2-1. Hazard Index 2555

2 - Body weight (BW) of 6.00 kg assumed, see text.

3 - No TRV Data Available.




Table 3-8b. Maximum ingestion rates and doses of CoCs, by media, with Hazard Quotient calculations

for the raccoon.

Upper Ferry Creek
Total Total TRV Hazard
Class Chemical of Dietary intake, (ug CoC/day) Assimilated' Assimilated?® Quotient
Concem Fish Crab Insects _Sediment Water | (ug CoC/day) (ug CoC/kg Bw/day)|(mg CoGC/kg Bw/day)
inorganics Arsenic 393 238.0 86.0 369.1 1.07E-02 622.5 103.7 0.13 0.82
Cadmium 10.0 384.4 3369 521.2 5.96E-04 1064.7 177.4 1.00 0.18
Chromium 165.6 594.9 372.8 253559  6.16E-03 225158 37526 3.28 1.14
Copper 11748 22036.7 10036.0 1910142  6.01E-02 190622.6 317704 1N 2.71
Lead 844 4 4832.6 795.7 134949.6  6.80E-03 120209.0 20034.8 8.00 2.50
Mercury 1.1 6.1 7.2 87.3 2.73E-04 86.4 14.4 0.03 0.45
Nicket 76.4 10129 322.6 4564.1 5.81E-03 5079.5 846.6 40.0 0.02
Silver 1.9 90.2 8.44E-04 78.2 13.0 18.1 7.20E-04
Zinc 4059.1 1305.8 27814.1 29300.1  6.31E-02 5§3107.3 8851.2 160 0.06
Dioxins 2,3,7,8-TCDD 0.0 0.0 0.0 0.0 0.00E+00 2.0E-03 3.3E-04 1.00E-03 3.28E-04
PAHs Acenaphthene 04 0.8 36 225 2.48E-03 232 39 175 2.21E-05
Acenaphthylene 0.2 0.8 3.6 423 2.48E-03 39.8 6.6 257 2.58E-04
Anthracene 0.6 0.8 3.6 31.0 2.48E-03 305 51 500 1.02E-05
Benz(a)anthracens 2.0 6.1 17.9 901.2 2.48E-03 98.8 16.5 0.45 0.04
Benzo(a)pyrene 33 9.2 179 90.2 2.48E-03 102.4 17.1 1.00 0.02
Naphthalene 0.4 1.8 36 479 2.48E-03 457 76 153 4.99E-05
Phenanthrene 39 49 9.3 118.3 2.48E-03 116.0 19.3 257.0 7.52E-05
Pyrene 44 16.5 3.6 1859 2.48E-03 178.9 298 219 1.36E-04
Sum PAHs 46.0 109.7 159.9 16386 4.47E-02 1661.0 276.8 0.06
DDTs DDE 0.8 1.7 4.3 0.4 5.16E-05 6.1 1.0 9.50 1.07E-04
PCBs Total Aroclors 27.6 99.5 61.6 331.5 1.04E-03 4422 73.7 0.14 0.53
1- Home range Factor of 1 applied; see Table 2-1. Hazard Index 8.47

2 - Body weight (BW) of 6.00 kg assumed, see text.
3 - No TRV Data Available.




Table 3-8¢c. Maximum ingestion rates and doses of CoCs, by media, with Hazard Quotient calculations
for the raccoon.

Great Meadows

Total Total TRV Hazard
Class Chemical of Dietary Intake, (g CoC/day) Assimilated' Assimilated® Quotient
Concem Fish Crab Insects Sediment  Water |(ug CoC/day) (ug CoC/kg Bw/day) |(mg CoC/kg Bw/day)
Inorganics Arsenic 34.3 518.8 89.6 400.1 1.64E-02 886.3 147.7 0.13 1.17
Cadmium 1.3 269 2724 9.3 4 97E-04 263.4 439 1.00 0.04
Chromium 159.2 11373 620.1 3014.5 1.11E-02 4191 .4 698.6 3.28 0.21
Copper 486.8 16062.1 10641.8 9466.2 2.57E-02 31158.4 5193.1 1.7 0.44
Lead 457 11174 2580.7 39724 1.04E-02 6558.7 1093.1 8.00 0.14
Mercury 11 7.0 54 338 2.43E-04 402 6.7 0.03 0.21
Nickel 321 838.0 279.6 955.1 2.48E-03 1789.1 298.2 40.0 7.45E-03
Silver 25 183 8.94E-03 17.7 2.9 18.1 1.63E-04
Zinc 3054.9 698.7 31201.2 5409.3 3.13E-02 34309.4 5718.2 160 0.04
Dioxins 2,3,7,8-TCDD 0.0 0.0 0.0 0.0 0.00E+00 1.1E-03 1.8E-04 1.00E-03 1.76E-04
PAHs Acenaphthene 0.2 0.8 36 409 2.48E-03 38.6 6.4 175 3.67E-05
Acenaphthylene 02 0.8 36 409 2.48E-03 38.6 6.4 257 2.50E-04
Anthracene 0.2 0.8 36 36.6 2.48E-03 35.0 58 500 1.17E-05
Benz(a)anthracene 02 08 179 197.2 2.48E-03 183.7 30.6 0.45 0.07
Benzo(a)pyrene 0.4 18 179 163.4 2.48E-03 156.0 26.0 1.00 0.03
Naphthalene 0.2 15 36 409 2.48E-03 39.2 6.5 153 4.29E-05
Phenanthrene 02 0.8 16.8 188.8 2.48E-03 175.6 29.3 257.0 1.14E-04
Pyrene 02 0.8 36 262.0 2.48E-03 2266 37.8 219 1.73E-04
Sum PAHs 142 43.2 167.4 2408.2 4.47E-02 2238.1 373.0 0.10
DDTs DDE 2.1 1.1 4.3 0.1 1.24E-04 6.5 1.1 9.50 1.14E-04
PCBs Total Aroclors 27.6 183 50.2 2.5 1.24E-03 838 14.0 0.14 0.10
1- Home range Factor of 1 applied; see Table 2-1. Hazard Index 2.46

2 - Body weight (BW) of 6.00 kg assumed, see text.

3 - No TRV Data Avaitable.




Table 4.1. Hazard Indices of black crowned night heron, red-winged black bird,
and raccoon for the Middle and Upper Ferry Creek and reference area.

Middle Ferry Upper Ferry
Animal Creek Creek Reference
Mean |Black-crowned
night heron 8.1 4.7 3.8
Red-winged
black bird 5.4 5.4 6.5
Raccoon 5.4 2.8 1.9
Maximum | Black-crowned
night heron 42.6 14.0 4.5
Red-winged
black bird 5.4 5.4 6.5
Raccoon 25.6 8.5 2.5




Table 4-2a. Mean Hazard Quotient values and percent Hazard Quotient of Hazard
Indices for heron, blackbird, and raccoon 2.

Black-crowned night heron

Class Chemical of Middle Ferry Creek Upper Ferry Creek Great Meadows
Concern HQ %HQof HI | HQ %HQotHI |  HQ %HQ of HI
Inorganics Arsenic 0.03 0.34% 0.03 0.56% 0.03 0.87%
Cadmium 0.06 0.75% 0.06 1.21% 5.47E-03 0.14%
Chromium 0.70 8.69% 0.71 15.12% 0.59 15.34%
Copper 0.55 6.85% 0.27 5.75% 0.13 3.49%
Lead 4.93 60.89% 2.14 45.53% 0.21 5.62%
Mercury 0.13 1.57% 0.13 2.71% 0.15 3.93%
Nicke! 7.64E-03 0.09% 5.02E-03 0.11% 3.07E-03 0.08%
Silver 4.30E-04 0.01% 5.13E-04 0.01% 5.69E-04 0.01%
Zinc 1.05 13.01% 0.93 19.79% 0.73 19.21%
Dioxins 2,3,7,8-TCDD 0.03 0.37% 0.03 0.64% 0.01 0.39%
PAHS Sum PAHs 5.29E-03 0.00% | 4.19E-03 0.00% 1.93E-03 0.00%
llopTs DDT 0.18 227% | 0.18 3.76% 1.83 47.78%
llecBs Total Aroclors 0.41 509% @ 022 4.72% 0.12 3.09%
It Hazard Index 8.09 4.70 3.82

Red-winged blackbird

Class Chemical of Middle Ferry Creek |  Upper Ferry Creek Great Meadows
Concern HQ %HQ of HI i HQ %HQ of HI HQ %HQ of HI
{inorganics Arsenic 0.02 0.3% | 0.02 0.3% 0.02 0.24%
Cadmium 0.21 3.9% 0.21 3.9% 0.17 2.59%
Chromium 0.33 6.2% ; 0.33 6.2% 0.56 8.55%
Copper 0.32 59% ! 0.32 5.9% 0.34 5.22%
Lead 0.35 6.5% 0.35 6.5% 1.13 17.36%
Mercury 0.20 3.7% | 0.20 3.7% 0.15 2.32%
Nickel 3.74E-03 0.1% | 3.74E-03 0.1% 3.24E-03 0.05%
Silver 1.61E-08 0.0% , 1.61E-08 0.0% 5.28E-08 0.00%
Zinc 2.21 41.0% 2.21 41.0% 2.48 38.07%
Dioxins 2,3,7,8-TCDD 0.06 1.1% 0.06 1.1% 0.04 0.54%
PAHs Sum PAHs 3.20E-03 0.1% 3.20E-03 0.1% 3.40E-03 0.05%
DDTs DDT 1.38 25.6% 1.38 25.6% 1.38 21.18%
PCBs Total Aroclors 0.31 5.7% 0.31 5.7% 0.25 3.84%
Hazard index 5.39 5.39 ! 6.51
Raccoon
Class Chemical of Middle Ferry Creek Upper Ferry Creek Great Meadows
Concern HQ %HQ of HI : HQ %HQ of HI | HQ %HQ of HI
inorganics Arsenic 0.66 12.22% 0.59 21.49% 0.95 49.35%
Cadmium 0.13 2.37% | 0.12 4.33% 0.04 2.26%
Chromium 0.23 433% , 024 8.60% 0.15 7.99%
Copper 1.77 32.89% 0.72 26.18% 0.38 19.77%
Lead 1.74 32.22% 0.63 23.02% 0.10 5.27%
Mercury 0.12 2.20% | 0.12 4.30% 0.14 7.05%
Nickel 0.02 0.33% | 9.91E-03 0.36% 6.09E-03 0.31%
Silver 1.62E-04 0.00% | 2.51E-04 0.01% 1.36E-04 0.01%
Zinc 0.06 1.06% . 0.04 1.59% 0.04 2.06%
Dioxins 2,3.7,8-TCDD 3.20E-04 0.01% | 3.22E-04 0.01% 1.75E-04 0.01%
[lPAHs Sum PAHs 0.04 0.82% @  0.03 1.18% 0.03 F
DDTs DDT 9.65E-05 0.00% | 9.33E-05 0.00% 1.13E-04 0.01%
PCBs Total Aroclors 0.62 11.55% 0.25 8.93% 0.08 4.12%
Hazard Index 5.39 | 2.75 1.94

1 - Hazard Quotients and Hazard Indices are found in Tables 3-3, 3-6, and 3-8.
2 - % HQ of Hl = HQ/HI.




Table 4-2b. Maximum Hazard Quotient values and percent Hazard Quotient of
Hazard Indices for heron, blackbird, and raccoon 2.

Black-crowned night heron

Class Chemical of
Concern

Middle Ferry Creek

Upper Ferry Creek

Great Meadows

HQ %HQofHI «  HQ %HQofHI - "HQ %HQ of HI

Inorganics Arsenic 0.03 0.08% 0.03 0.22% 0.04 0.84%

Cadmium 0.10 023% ' 0.09 0.64% | 6.42E-03 0.14%

Chromium 1.76 414% ;279 2002% | 081 18.25%

Copper 2.14 502% | 0.84 599% 1 0.16 3.53%

Lead 30.13 70.70% |' 7.33 52.51% I 0.32 7.09%

Mercury 0.24 057% ' 036 255% | 021 4.64%

Nickel 0.02 0.04% | 9.63E-03 0.07% . 3.71E-03 0.08%

Silver 6.51E-04 0.00% | 1.00E-03 0.01% | 5.94E-04 0.01%

Zinc 1.95 4.58% 1.09 7.84% 0.69 15.48%

Dioxins 2,3,7.8-TCOD 0.04 0.09% 0.04 0.26% 0.02 0.35%

PAHS Sum PAHs 0.01 0.03% 6.15E-03 0.04% 5.79E-03 0.13%

IbDTs DDT 3.81 8.94% 0.76 5.46% 1.83 41.00%

{iPCBs Total Aroclors 2.37 5.55% 0.61 4.34% 0.37 8.32%
I Hazard Index 42.62 13.96 | 4.46

Red-winged blackbird

Class Chemical of Middie Ferry Creek Upper Ferry Creek ! Great Meadows
Concern HQ %HQ of HI HQ %HQ of HI ! HQ %HQ of HI
inorganics Arsenic 0.02 0.28% | 0.02 0.28% 0.02 0.24%
Cadmium 0.21 387% | 0.21 3.87% 0.17 2.59%
Chromium 0.33 6.21% 0.33 6.21% 0.56 8.55%
Copper 0.32 5.94% 0.32 5.94% 0.34 5.22%
Lead 0.35 6.47% | 0.35 6.47% 1.13 17.36%
Mercury 0.20 3.73% l 0.20 3.73% 0.15 2.32%
Nickel 3.74E-03 0.07% . 3.74E-03 0.07% 3.24E-03 0.05%
Silver 1.61E-08 0.00% E 1.61E-08 0.00% 1.70E-07 0.00%
Zinc 2.21 41.01% | 2.21 41.01% 2.48 38.07%
[Dioxins 2,3,7,8-TCDD 0.06 1.06% ! 0.06 1.06% 0.04 0.54%
[[PAHS Sum PAHs 3.20E-03 0.06% 3.20E-03 0.06% | 3.40E-03 0.05%
DDTs DDT 1.38 25.59% 1.38 25590% 1.38 21.18%
PCBs Total Aroclors 0.31 5.71% 0.31 5.71% | 0.25 3.84%
Hazard Index 5.39 5.39 i 6.51
Raccoon
Class Chemical of Middle Ferry Creek Upper Ferry Creek Great Meadows
l Concern HQ %HQ of Hi HQ %HQ of HI | HQ %HQ of HI
inorganics Arsenic 1.01 3.97% | 0.82 9.72% { 1.17 47.67%
Cadmium 0.19 0.76% . 0.18 2.09% i 0.04 1.79%
Chromium 0.66 2.58% 1.14 13.50% | o1 8.66%
Copper 7.56 29.59% | 2.7 32.02% ‘ 0.44 18.03%
Lead 11.54 45.16% 2.50 29.56% | 0.14 5.56%
Mercury 0.28 1.08% 0.45 531% | o1 8.50%
Nickel 0.05 0.19% 0.02 0.25% | 7.45E-03 0.30%
Silver 3.45E-04 0.00% ’ 7.20E-04 0.01% ; 1.63E-04 0.01%
Zinc 0.15 0.58% 0.06 0.65% 0.04 1.45%
|Dioxins 2,3,7,8-TCDD 3.84E-04 0.00% | 3.28E-04 0.00% 1.76E-04 0.01%
IPAHS Sum PAHs 0.09 0.35% 0.06 0.66% 0.10 3.95%
([DDTs DOT 1.89E-04 0.00% 1.07E-04 0.00% 1.14E-04 0.00%
lPCBs Total Aroclors 4.03 15.75% 0.53 6.21% 0.10 4.06%
It Hazard Index 25.55 8.47 2.46

1 - Hazard Quotients and Hazard indices are found in Tables 3-3, 3-6, and 3-8.
2-%HQof Hl = HQ/M!,
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