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FOREWORD 

The Final Derecktor Shipyard Marine Ecological Risk Assessment Report has 
been prepared as a revision to the Draft (July 1996) and Draft Final (February 
1997) versions. Revisions were made to these documents in response to 
comments and concerns received from the Rhode Island Department of 
Environmental Management, United States Environmental Protection Agency, 
National Oceanic and Atmospheric Administration and others as represented ‘at 
meetings of the Naval Education and Training Center Ecorisk Advisory Board 
(EAB) and Restoration Advisory Board (RAB). 

This final document includes only the technical report and Appendix A. 
Appendices B, C, D, and E were not revised as a result of any comments 
received during the review process. Therefore, Appendices B, C, D, and E 
published and distributed as Draft in July 1996 should be considered as final. 
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1 .O. EXECUTIVE SUMMARY 

This report summarizes the results of a Marine Ecological Risk Assessment 

(ERA) conducted for Derecktor Shipyard, which is part of the Naval Education and 

Training Center (NETC) in Newport, RI (Figure 1.0-I). The U.S. EPA’s ERA framework 

and applicable EPA Region I guidance were used to generate and interpret the data 

required to complete this risk assessment. The objectives of this ERA were as follows: 

0 Assess ecological risks to the offshore environments of Narragansett Bay 

from chemical stressors associated with the Derecktor Shipyard; 

0 Develop information sufficient to support risk management decisions 

regarding site-specific remedial options; and 

0 Support communication to the public of the nature and extent of 

ecological risks associated with Derecktor Shipyard. 

This assessment was designed to address only current conditions and levels of 

activity at the site, and does not address altered risks under potential future use 

scenarios involving fundamentally different conditions or activities at the site. This ERA 

builds upon and incorporates findings of previous studies at Derecktor Shipyardi, and 

specifically addresses three data gaps remaining from these earlier studies. Thiese 

data gaps are as follows: 

l Need to better assess the chemical exposure to biological populations in 

surficial sediments adjacent to the site; 
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0 Need to determine the potential migration of contaminants from the site to 

adjacent embayments; 

0 Need to expand the investigation of ecological risks to endemic 

populations in Narragansett Bay to include toxicity assessments, 

organism condition and benthic community structure. 

The following sections summarize the findings of this assessment, including 

Problem Formulation, Sampling Summary, Site Characterization, Exposure and 

Ecological Effects Assessments, Characterization of Ecological Risks, and Risk 

Summary and Conclusions. 

1 .I. PROBLEM FORMULATION 

Problem Formulation involved determining the nature and extent of 

contamination of offshore (subtidal) media associated with Derecktor Shipyard sources. 

Specifically, this activity involved identification of contaminated media, identification of 

contaminants of concern (CoCs), evaluation of the spatial extent of contamination, 

identification of the ecological receptors potentially at risk from CoCs, and identification 

of appropriate assessment and measurement endpoints. 

The analytical results used in this ERA were consistent with those of earlier 

studies (e.g., Quinn et a/., 1994) with respect to the specific classes of compounds 

which are present at high concentrations in the marine sediments adjacent to Derecktor 

Shipyard (see Section 3.1). It should be noted that the list of CoCs generated is 

conservative in that the screening procedure involved maximum contaminant 

concentrations and conservative benchmark concentrations. 
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Proposed CoCs for this study were identified by comparing concentrations 

measured in surface sediments at the site to NOAA Effects Range - Low (ER-L)’ 

benchmarks, which represent thresholds of potential biological effects. If appropriate 

sediment benchmarks did not exist, the measured concentrations were compared to 

concentrations at reference locations. Except for 2-methylnaphthalene and 

naphthalene, all polycyclic aromatic hydrocarbon (PAH) analytes (including calculated 

sums for low and high molecular weights and total PAHs), as well as the metals Ni, Zn, 

Cu, Cr, Pb, and Hg, were found to exceed benchmarks and were included as CloCs. 

Most of the organic contaminants lacking benchmarks (i.e., individual PCB congeners, 

butyltins, and organochlorine pesticides (OCPs)) exceeded concentrations detected at 

reference stations and were likewise included as CoCs. In summary, based on the 

initial screening process, all target analytes except aldrin, cadmium, hexachloro- 

r .d, benzene, 2-methylnaphthalene, naphthalene, and tetrabutyltin were included as CoCs 

F 

_ . 

for the ERA. These results were consistent with those of earlier studies with respect to 

the specific classes of compounds found to be elevated in the marine sediments 

adjacent to Derecktor Shipyard. 

>“. ” 1.2. SAMPLING SUMMARY 

Sampling was needed to acquire chemistry and toxicity data for surficial 

sediments in the area adjacent to the site, and to gather biological data to assess the 

potential impact to receptors. Sampling occurred in Coddington Cove and at two 

reference stations; Jamestown Potter Cove (JPC) on Conanicut Island and Castle Hill 

Cove (CHC) on Southern Aquidneck Island (Figure 1.2-l). Seventeen sampling1 stations 

-_-. 

located in Coddington Cove (Figure 1.2-2), both immediately adjacent to and in the 

wider area surrounding the Derecktor Shipyard, were sampled for sediment organic and 

inorganic chemical analysis, elutriate (resuspended sediment) analysis, toxicity studies 

and benthic infaunal analysis. Natural populations of blue mussels (Mytihs edulis), 
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hard clams (Mercenaria mer-cenaria), cunner fish (Tautogolabrus a&emus) and 

American lobster (Homarus americanus) were also collected at a selected subset of 

stations to allow characterization of long-term contaminant exposure effects. Blue 

mussels also were deployed at selected locations to assess pelagic exposure pathways 

for contaminants. 

1.3. SITE CHARACTERIZATION 

Side-scan sonar, sub-bottom profiling sonar, and sediment core surveys were 

undertaken to determine the characteristics of both surface and underlying sediments 

within the Derecktor ShipyardKoddington Cove study area; this combination of 

techniques provided more complete information than can be obtained by a limited 

number of surface and core samples. In addition, hydrographic surveys to measure 

current velocity and water column profiling of conductivity, temperature, and depth were 

undertaken to determine patterns of water circulation within the study area. 

The results indicated that sediments in the Derecktor ShipyardEoddington Cove 

study area were predominantly fine-grained at some stations (<40% sand content) and 

predominantly sandy (sand 2 70%) at others (Figure 1.3-1). Surface sediments in 

Coddington Cove tended to be finer-grained (i.e., contained more silt and clay) than 

underlying sandy sediments, probably due to the significantly decreased bottom energy 

and increased likelihood of fine-grained sediment deposition resulting from construction 

of the Coddington Cove breakwater in 1957. Sub-bottom reflectors observed in the 

geophysical profiles usually corresponded to acoustic discontinuities delineating 

lithologic units. In some locations, no strong sub-bottom reflectors were observed, 

indicating vertically uniform lithology. 
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The hydrodynamic surveys showed that the characteristic flow pattern oc;curs as 

a net counter-clockwise circulation within the interior of Coddington Cove. On average, 

maximum bottom velocities were found to be highest at the mouth of the cove alnd 

decreased in a counterclockwise manner following the general circulation pattern 

(Figure 1.3-1). Flow was such that, in general, the water column appeared well-mixed 

vertically. High bottom velocities extending well into the southeastern section of the 

cove were expected to prevent deposition of silt-sized particles, while the interior 

sections of the region between the piers and the northeastern region were generally 

sluggish and expected to be depositional zones (except nearshore and/or shallow 

areas that may be strongly affected by wave energy). Measured dissolved oxygen 

(DO) was above 7 mg/L at the measured stations (Figure 1.3-1). The WASP5 water 

quality model predicted that, in general, undesirably low DO levels should not occur 

throughout most of Coddington Cove during the critical summer months and therefore 

do not pose a threat to indigenous biota. 

- . 1.4. EXPOSURE ASSESSMENT 

Exposure Assessments included quantification or estimation of the 

concentrations of CoCs in environmental media in the exposure pathways from 

contaminant sources to ecological receptors. Several exposure pathways, which allow 

contaminant sources associated with historic activities at Derecktor Shipyard to impact 

biota, were identified. These include contaminant exposure to and bioaccumulation 

from water, sediments, and pore water through partitioning across organism cell 

membranes, incidental contact, ingestion of sediments by deposit-feeding 

invertebrates, and/or consumption of contaminated prey. The exposure assessment 

summarized below addresses the spatial distribution and concentration of contaminants 

in bottom sediments and biological tissues, as well as the possible fate and transport 

mechanisms by which shipyard-associated CoCs might reach receptors of concern 
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(i.e., bivalves, lobsters, other benthic community organisms, fish, and avian aquatic 

predators). 

1.4.1. Sediment Contaminants 

inorganic Confaminants. Measurement of bulk sediment concentrations of nine 

metals were performed at 15 Coddington Cove Stations and two reference locations as 

a means of assessing degree of sediment contamination by trace metals and the 

potential availability/toxicity of the metals to biota. Ranges of concentrations @g/g dry 

wt.) observed at the site were as follows: Arsenic - 3.0-12.5; Cadmium - 0.1-I .5; 

Chromium - 24-l 12; Copper - 1.5-180; Lead - 13-193; Mercury - 0.02-I .I; 

Nickel - 5-78; Silver - 0.2-I .8; and Zinc - 28-547. Three additional approaches used for 

metals assessments included: 1) aluminum normalization, 2) the relative concentrations 

of acid-volatile sulfides (AVS) and simultaneously-extracted metals (SEM), and 

3) measurement of contaminant concentration in sediment elutriates. In general, the 

aluminum-normalized values for all measured anthropogenic trace metals 

(i.e., arsenic, cadmium, chromium, copper, lead, mercury, nickel, silver, and zinc) 

demonstrated a decreasing trend moving offshore from Derecktor Shipyard/ Coddington 

Cove. This pattern suggested that the shipyard is a point source for these metals. 

One method of assessing divalent metal bioavailability is to determine the 

SEM/AVS ratio. Due to seasonal variations in AVS (minimum values in winter), 

SEM/AVS values greater than 0.5 were assumed to be bioavailable and potentially 

toxic to biota in the present investigation. The results showed that metals were likely to 

be bioavailable (ratio 20.5) at only three stations in Coddington Cove, as well as at the 

Jamestown Potter Cove reference Station JPC-2. The remaining 14 Coddington Cove 

stations and reference Station JPC-1 had low SEM/AVS ratios and relatively abundant 

AVS, indicating that metals are likely to be sequestered in insoluble sulfides and 

therefore are not bioavailable within most of the study area under present (redox) 
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conditions. Additional measures of metals availability (SEM-AVS, total SEM) were 

evaluated as part of risk characterization, discussed below. 

Measurement of CoC concentrations in surface sediment elutriates showed that 

the EPA salt water chronic criterion was exceeded for arsenic at Coddington Cove 

i .., 

,*. 

Stations DSY-36 and DSY-38, and, except for Station DSY-36, the chronic criterion was 

equaled or exceeded for lead at all stations analyzed. In addition, the salt water acute 

criterion was exceeded for arsenic at Station DSY-39 and for copper at Station DSY-31 

(a chronic criterion for copper is not available). 

, .‘.. 
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Organic Contaminants. Concentrations of organic contaminants at some 

subtidal stations in the Coddington Cove study area were found to exceed Effects 

Range-Low (ER-L) or Effects Range-Medium (ER-M) guidelines, indicating potential 

adverse impacts. Concentrations of Total PCBs at all stations except DSY-35 amd 

DSY-41 exceeded the ER-L benchmark value, while Total PCB concentrations at 

Stations DSY-27, DSY-29, DSY-30, DSY-31 and DSY-32 exceeded the ER-M 

benchmark value of 180 rig/g.. Concentrations of Total PAHs exceeded the ER-L 

benchmark of 4,022 rig/g at about half of the Derecktor ShipyardKoddington Cove 

stations, and the concentration of 46,400 rig/g at Station DSY-29 (Field duplicate 

sample) exceeded the ER-M value. Concentrations of TBT exceeded 5 ng Snlg, a level 

considered indicative of degraded ecological condition, at six stations (DSY-27, 

DSY-28, DSY-29, DSY-30, DSY-31, and DSY-36). Overall TBT values ranged from 

i *., 

non-detected (<I ng Sri/g) to 228 ng Sri/// at Station DSY-31. Concentrations of 

p,p’-DDE exceeded the ER-L benchmark value of 2.2 rig/g at five stations; overall 

values ranged from 0.1 rig/g at Stations DSY-35 and DSY-41 to slightly less than 

7.0 rig/g at Stations DSY-27 and DSY-29 (including the field duplicate sample). 

Organic carbon normalized concentrations of organic contaminants followed a :;imilar 

” -_ trend as that for direct sediment concentration measurements. One exception was 

I 
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Station DSY-40, which had elevated ratios of all contaminants due to a combination of 

moderate contaminant levels and low organic carbon concentrations, 

The mixtures of individual PCB congeners and PAH analytes in sediments in the 

Coddington Cove study area suggest certain substances as the main contributors of the 

contamination. The major PCB congeners were the 3- to 6-chlorine compounds 

(congeners 66, 101, 118, 153 and 138), which probably derived from Aroclor 1254, the 

major Aroclor formulation found in Narragansett Bay surface sediments. Major sources 

of PCBs to Narragansett Bay include rivers, combined sewer overflows/sewage 

discharges, and atmospheric deposition. The PCB composition at Coddington Cove 

Station DSY-29 FD was very different from that at the other stations, with congener 209 

(decachlorobiphenyl) accounting for about 60% of the total congeners measured in the 

sample, and congener 206 being present in relatively large concentrations. This unique 

distribution of congeners, presumed to be indicative of the presence of “Deka” 

investment casting wax, may be the result of past activities at Derecktor Shipyard. 

Concentrations of four- and five-ring pyrogenic PAH compounds 

(e.g., fluoranthene, pyrene and benzo(b,j,k)fluoranthene) were consistently the highest 

observed among stations in the Derecktor ShipyardKoddington Cove study area. 

Sources of these compounds include combustion products in used motor oil, 

atmospheric deposition, creosote/coal tar and asphalt from local activities, terrestrial 

runoff, and sewage effluent and overflows. There was no evidence of fresh 

(unweathered) fuel oil in any of the samples, as indicated by qualitative measurements 

of total petroleum hydrocarbons. 

Analyses of elutriate samples showed the presence of PCBs, PAHs, and small 

amounts of p,p’-DDE. Elutriate from Station DSY-25 had the highest concentration of 

both Total PAHs and Total PCBs; in addition, several other stations showed elevated 

levels of one or both contaminants relative to reference station values (e.g., Stations 
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DSY-27, DSY-29, DSY-31 for PCBs; DSY-25, DSY-27, DSY-29, DSY-32, DSY-33, and 

.*.n DSY-40 for PAHs). Additionally, eight of the elutriate samples exceeded the EPA 

marine chronic criterion (30 rig/L)) for Total PCBs, including Jamestown Potter Cove 

reference station JPC-1. Although no EPA water criteria exist for PAHs, concentrations 

were below the Lowest Observed Effect Level (LOEL) of 300 ug/L. The relationships 

between elutriate concentration and sediment concentration were significant at the 95% 

confidence level for PCBs and at the 90% confidence level for PAHs, indicating that 

resuspended sediments can potentially contribute colloidal and/or dissolved organic 

contaminants to the water column. However, as previously indicated, this evaluation 

n ;< 

addresses only current conditions and levels of activity at the site, and was not intended 

to address future use scenarios involving fundamentally different conditions or activities 

at the site. 

1.4.2. Tissue Residues 

inorganic Contaminants. Indigenous blue mussels from the Derecktor 

ShipyardKoddington Cove (DSY) study area and the reference stations at Jamestown 

Potter Cove (JPC) and Castle Hill Cove (CHC) were analyzed for trace metal 

contaminants. Indigenous mussel tissue concentrations of cadmium, mercury, 

chromium, lead, and nickel at Coddington Cove stations were comparable to reference 

values and did not exhibit any distinct spatial patterns. Tissue concentrations of 

copper, silver, and arsenic exceeded reference at only a few stations in the stuldy area, 

while zinc tissue concentrations were highest and exceeded reference at Stations 

DSY-25, DSY-27, DSY-28, DSY-35 and DSY-40. i ‘, 

Blue mussels were deployed for approximately 30 days along a transect 

extending from the harbor-front to the mouth of Coddington Cove, as well as at 

Reference Stations JPC-1 and CHC-1. Following the deployment period, tissue 

concentrations of arsenic, cadmium, copper, silver, and mercury in mussels were either 
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lower than or comparable to “time-zero” (T,) values, while tissue concentrations of lead, 

nickel, and chromium concentrations were comparable to reference values. However, 

zinc concentrations exceeded both reference and T, values at most stations. 

Tissue concentrations of arsenic, cadmium, copper, silver, mercury, lead, nickel, 

chromium and zinc in the hard clams Mercenaria mercenaria and Pitar morrhuana 

collected from the Derecktor ShipyardICoddington Cove study area were, in general, 

comparable to or only slightly higher than those from Reference Stations JPC-1 and 

CHC-1. Metal concentrations in the muscle tissue of American lobsters and fish 

(cunner and mummichog) from the Derecktor ShipyardICoddington Cove study area 

likewise were mostly comparable to or only slightly higher than those from reference 

Stations JPC-1 and CHC-1. 

Organic contaminants. Tissue concentrations of organic contaminants were 

analyzed in both indigenous and deployed (30 day deployment period) blue mussels. 

Generally, levels of organic contaminants in the reference station samples from 

Jamestown Potter Cove (JPC) and Castle Hill (CHC) were lower than in the study area 

samples. The highest tissue levels of organic contaminants in deployed mussels were 

generally observed at Stations DSY-26 through DSY-33 and Stations DSY-38 through 

DSY-40. Indigenous mussels showed high values relative to reference station values 

at a number of stations, including Stations DSY-26, DSY-27, DSY-28, DSY-35, DSY-36, 

and DSY-40. 

Tissue concentrations of PCBs, PAHs and TBT in hard clams (mainly Pitar) from 

the reference site at Jamestown Potter Cove were generally lower than tissue 

concentrations in samples from the Derecktor ShipyardICoddington Cove study area. 

The highest concentrations of organic contaminants in hard clams were observed at 

Stations DSY-31, DSY-32, DSY-36, and DSY-41. Concentrations of organic 

contaminants in the muscle tissue of both fish and lobsters from the study area 
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generally were in the same range as those from Reference Stations JPC-1 and ICHC-1. 

*,*<r TBT was not detected in any of the lobster muscle tissue samples. 

1.5. ECOLOGICAL EFFECTS ASSESSMENT 
1 ,w< 

The Ecological Effects Assessment involved a combination of toxicological 

literature review, site-specific investigations of the status of receptor species, toxicity 

evaluations of exposure media, and modeling exercises to predict the occurrenc;e of 

adverse ecological impact. Ecological effects were quantified by determining the 

relationships between exposure patterns and resulting responses of ecological 

systems, as determined from the measurement endpoints identified during Prob’lem 

Formulation. Site-specific evaluations of toxicity were conducted for bulk surface 

sediments using the 1 O-day amphipod (Ampelisca abdita) mortality test: For secliment 

elutriates, the sea urchin (Arbacia punctulata) fertilization and larval development tests 

were used. In addition, field-based assessments including benthic community structure 

analyses and biota condition were conducted. 

l.. <, 

1.5.1. Toxicity Evaluations 

With the exception of Stations DSY-27 and DSY-28 in the Derecktor Shipyard/ 

Coddington Cove study area, statistically significant sediment toxicity to amphipods was 

” 

not observed. In sediments from Station DSY-28, the unionized ammonia 

concentration was three times greater than the NOEC concentration for sea urchin 

larval development, suggesting possible ammonia toxicity rather than toxicity due to 

CoCs. In contrast, the significant toxicity response at Station DSY-27 could not be 

attributed to porewater ammonia and was likely due to CoCs. 
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The acute toxicity of elutriates prepared from Derecktor Shipyard/Coddington 

Cove and Jamestown Potter Cove sediments was assessed using the sea urchin 

(Arbacia punctulata) fertilization and larval development tests in order to evaluate the 

bioavailability and potential biological effects of contaminants to benthic and water 

column organisms during sediment resuspension events. Fertilization was not 

statistically different from the performance control at any of the site or reference 

stations, suggesting a lack of elutriate toxicity. However, statistically significant 

reductions in sea urchin normal larval development relative to the performance control 

ranged from 10 to lOO%, and were observed in one or more of the dilutions of 14 of the 

19 sediments tested (Stations DSY-25, DSY-26, DSY-28, DSY-29, DSY-31, DSY-32, 

DSY-33, DSY-36, DSY-37, DSY-38, DSY-39, DSY-40, and DSY-41). The 10% 

Inhibition Concentration (IC,,), is the elutriate dilution (%) causing 10% reduction in 

normal larval development. In general, IC,, values calculated for these stations 

indicated potential high toxicity at stations closest to shore and a reduction in potential 

toxicity with distance from the Derecktor Shipyard waterfront. 

1.5.2. Field Effects Evaluations 

Field effects evaluations included assessments of infaunal and epifaunal benthic 

community structure, biotic condition of indigenous and deployed bivalves, 

hematopoietic neoplasia in bivalves, fecal pollution indicators in bivalves, and 

cytochrome P450 activity in cunner. 

Benthic Community Structure. Benthic organisms were sampled at subtidal 

stations within the Derecktor ShipyardICoddington Cove study area and the Jamestown 

Potter Cove reference area to assess potential environmental stress on 

microinvertebrate populations. There was a basic difference in benthic community 

structure between silt-bottom and sand-bottom habitats, 

community structure among sand-bottom stations. With 

with greater variability in 

the exception of Station 
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DSY-29, all of the silt-bottom stations (silt-clay content 2 60%) had similar benthic 

i.“..,.~ community structure, while the sand-bottom stations (silt-clay content c 30%) had 

benthic communities which were both distinctly different from the silt-bottom 

communities and, for the most part, different from each other. Two stations with 

“intermediate” grain size, DSY-37 and JPC-2, had benthic community structure which 
/” _I was similar to that found at the silt-bottom stations. 

Four species characteristic of silty sediments, including the bivalves Nucula 

annulata and Macoma tenta, the polychaete Mediomastus ambiseta, and the nereid 

worm Nephtys incisa, were found to be among the four most abundant and frequently 

observed (>67% of the time) at the silt-bottom stations in Coddington Cove. The small 

bivalve, Nucula annulata, was the overwhelming numerical dominant, accounting for 

over 90% of the total abundance at Station DSY-39, whereas the larger polychaete 

Nephtys incisa appeared to be the biomass dominant. The second most abundlant 

species was the small polychaete Mediomasfus ambiseta. Sub-dominants included the 

polychaete Ninoe nigripes, the small gastropods Acteocina canaliculata, Nassarius 

trivittatus and Cylichnella oryza, and the bivalves Macoma tenta, Mulinia lateralis, and 

Yoldia limatula. Several of these silt-bottom dominants were notably absent from 

Station 29, which had an abnormal benthic community structure relative to all the other 

,* . . 

silt-bottom stations. In general, the silt-bottom assemblage of Coddington Cove was 

recognized as being related to that found in deep silt-clay habitats in Narragansett Bay 

proper, Long Island Sound, Buzzards Bay and extending onto the near-shore 

continental shelf. 

Organisms which numerically dominated the benthic community and which were 

also found exclusively at sand-bottom stations included the polychaetes Aricidae 

catherinae, Glycera americana, Montocelhna baptistae and Macroclymene zondis, 

x \ Oligochaeta spp., the bivalve Gemma gemma, and the amphipod Photis pollex. 

However, with the exception of Glycera, none of these sand species was observed at 

. . ‘\_ 
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sandy Station DSY-41 and only Glycera was found at Station DSY-40. Likewise, 

Glycera, Mediomastus, Nucula and oligochaetes are conspicuously absent from 

Stations DSY-25 and DSY-41. Anoxic sediments were found at Station DSY-25, 

apparently due to a thick layer of decomposing algae (L&a) which covered the rock and 

sand bottom. Consequently, only a few organisms were found at this station, none of 

which were among the numerical dominants found elsewhere in Coddington Cove. 

Species common to silt-bottom communities also were found at sand-bottom stations, 

but at lower densities than in their preferred habitat. 

The oxygenated layer (apparent redox-potential discontinuity depth, or RPD 

depth) was relatively thin at Stations DSY-41 (0.5 to 1 cm) and DSY-40 (0.2 cm), 

pointing to excessive organic enrichment as a contributing factor in explaining the 

observed differences in benthic community structure observed at these stations. The 

unique benthic community structure at Station DSY-35 was due primarily to the 

absence of Nucula and the presence of the bivalve Gemma gemma and the 

polychaetes Spiophanes bombyx and Tharyx crochet; these latter three species were 

not found at any of the other sand-bottom stations and probably reflect both the very 

high sand content and proximity of Station DSY-35 to the intertidal zone. 

Reference site comparisons were also performed based on EPA’s Rapid 

Bioassessment Protocol approach, wherein community metrics (total species, total 

individuals, species dominance, richness, evenness, diversity and similarity) were 

calculated, normalized to values obtained at the reference location and scored into 

groups (quartiles) as the indicator for adverse impacts. Stations with overall habitat- 

specific benthic metric rankings in the IS’ quartile (i.e., Stations DSY-25, DSY-27, 

DSY-29, DSY-32 and DSY-41) represented the most likely locations for potential 

benthic community impacts linked to CoCs from Derecktor Shipyard. Additional 

stations which might have intermediate impacts include Stations DSY-36, DSY-38, 
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DSY-39 and DSY-40, while the remaining Coddington Cove stations have low impact or 

,- S,” baseline condition. 

Bivalve condition indices. Bivalve condition indices of both deployed and, 

indigenous blue mussels (Mytihs edulis) were examined to indicate the 

ecophysiological status of animals as a function of spatial proximity to Derecktor 

Shipyard. Indices were based on allometric relationships of length, tissue weight, and 

shell weight; high ratios were considered to be indicators of good condition. Three of 

the six stations closest to Derecktor Shipyard piers and shore installations (Stations 

DSY-26, DSY-27, and DSY-28) had the ldwest values for indigenous mussel Shell 

Weight to Shell Length ratio (Cl-SW/SL). Stations DSY-24 and DSY-35, located on the 

Coddington Cove shoreline, and the reference Stations JPC-1 and CHC-1 , were found 

to have higher Cl-SWISL values relative to these stations. However, Stations DSY-24 

and DSY-35 were located farther away from the main shipyard activities. Although a 

large degree of variation in index values for stations close to the shipyard was 

apparent, there also existed an apparent trend of increasing Tissue Weight to Shell 

I- 
,, 

,-l i 

Length ratio (Cl-TWISL) values with distance from the shipyard. All study area stations 

except Station DSY-27 had Tissue Dry Weight to Shell Weight (Cl-n/v/SW) values that 

fell within the narrow range of reference Cl-TW/SW values. The Cl-TW/SW for Station 

DSY-27 was more than two-fold higher than both reference stations. 

,p s 
For deployed mussels, there was a great deal of variation in the various biotic 

condition index values, potentially due to environmental factors other than water column 

and/or sediment contaminant levels. For example, food supply (as indicated by Total 

Suspended Solids (TSS) and chlorophyll a concentration) was found to vary 

- ̂ _, 

significantly in Coddington Cove, and reduced tissue weight at the Castle Hill Cove 

reference site (CHC-1) relative to Jamestown Potter Cove was assumed to be the result 

of lower food availability at CHC-1 . Similar tissue weight vs. chlorophyll a relationships 

were observed at Stations DSY-38, DSY-28, and DSY-40 and suggested that growth 
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processes in mussels at these stations had not been impacted by Shipyard-related 

conditions. In contrast, reduced tissue weight could not be attributed to low chlorophyll 

a concentrations at Station DSY-33, DSY-29, DSY-26 and DSY-31, suggesting possible 

Shipyard-related impacts on water column species like the blue mussel. 

Hematopoietic Neoplasia in Bivalves. Blue mussels, Myfilus edulis, from 

Derecktor Shipyard were examined for incidence of hematopoietic neoplasia (Hn), 

which is a proliferative blood disorder of bivalve mollusks known to be progressive, 

fatal, and transmissible. Several studies indicate that this disease may be caused by 

contact with viruses, exposure to environmental co.ntaminants or stressors, or by the 

synergistic effects of several etiologic agents. The incidence of hematopoietic 

neoplasia observed in indigenous Myfihs edulis collected from various stations was 

thus used to evaluate adverse ecological effects as a result of exposure to stressors 

related to Derecktor Shipyard. 

Hn affliction rates 2 50%, with severity between 17-37%, were found at Stations 

DSY-26, DSY-29, DSY-31, DSY-40, and JPC-I, while animals examined at Stations 

DSY-35 and DSY-36 displayed affliction rates around 30% and severity of 0.1 and 

0.2%, respectively. Frequencies of affliction in M. edulis ranged between 0 and 40% in 

field studies conducted at several different locations on the west coast of North 

America. Hence, the range of Hn affliction at Stations DSY-26, DSY-29, DSY-31 and 

DSY-40, as well as the reference Station JPC-1, were higher than previously reported. 

Fecal Pollution indicators in Deployed Mussels. Tissue from mussels deployed 

at locations in the Derecktor ShipyardlCoddington Cove study area, as well as at 

Jamestown Potter Cove reference locations, was analyzed for fecal pollution indicator 

bacteria to assess the sanitary quality of the marine environment. Fecal pollution 

indicator bacteria included total and fecal coliforms, fecal streptococci, and Clostridium 

perfrngens spores. 
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Indicator densities for mussel tissue samples collected from Stations DSY-28 

and DSY-31 were low for total coliforms, fecal coliforms, and fecal streptococci irelative 

to other stations and the reference location, yet Clostridium perfringens was found at 

moderate to slightly elevated densities of 220-330 CFWIOO g (note: CFU = colony- 

forming units). This slightly elevated level of C. perfringens, however, was not 

remarkable in comparison to the other indicator levels, nor indicative of historical 

contamination. Possible explanations for the fecal indicator densities observed were 

untreated or poorly treated fecal contamination sources. 

Indicator densities in mussel tissues generally indicated biological uptake during 

the deployment period, as site concentrations exceeded the time zero concentrations 

for three of four indicators. Since time zero concentrations exceeded deployed mussel 

r ..I concentrations for fecal streptococci, enrichment of this indicator cannot be 

quantitatively assessed. 

Levels of Costridium perfrngens in mussel samples collected from all stations 

were elevated, except Station DSY-31, which was low (C 100 CFWlOOg). Elevated 

total coliform and C. petfringens indicator densities, and moderate fecal coliform 

/ 

density, were observed at Stations DSY-26, DSY-29, DSY-33 and especially DSY-40. 

Enrichment of only C. petiringens at DSY-28 and perhaps DSY-31 provided evidence 

of historic contamination, perhaps from ingestion of resuspended sediments. 

Evaluation of Cunner for Cy-tochrome P450 Activity. Cytochrome P450 are 

enzymes which convert toxic compounds into less toxic forms by converting their 

lipophilic (fat-soluble) components into water soluble compounds which are moire easily 

. ...\ excreted. In the environment, aquatic species are exposed to contaminants su’ch as 

PCBs, dioxins, and aromatic hydrocarbons, capable of inducing hepatic cytochrome 

I . . P450 monooxygenase activity. Studies have shown that the degree of P450 induction 
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is highly correlated with the degree of contamination in aquatic animals themselves, the 

surrounding biota, or in the sediments. 

Measurement of P450 in cunner (Tautogolabrus adspersus) was selected as a 

bioindicator of potential adverse effects of contaminant exposure. The measured 

activity at Station DSY-36 was less than reported literature values and thus did not 

suggest high CoC exposure. 

I .6. RISK CHARACTERIZATION 

Risk characterization is an integration of the results of the Exposure and 

Ecological Effects Assessments. The weight of evidence approach utilized in this ERA 

involved analysis of CoC concentrations versus observations of adverse effects, 

analysis of CoC bioaccumulation, comparisons of toxicity evaluations with observed 

ecological effects, comparisons of exposure point concentrations with established 

standards and criteria for offshore media, comparisons of exposure point 

concentrations with published information regarding the toxicity of CoCs, and qualitative 

comparisons of apparent adverse impacts with conditions at reference stations. The 

results of these analyses were summarized together with information obtained during 

each study to characterize ecological risks associated with the Derecktor Shipyard. 

Comparison of CoC Concentrations with Criteria and Standards. Concentrations 

of contaminants of concern (CoC) were compared against effects-based screening 

benchmarks for sediments (NOAA ER-L and ER-M values), whereas elutriate 

concentrations were compared against EPA Water Quality Criteria. For each matrix, 

Hazard Quotients (HQs) were calculated as the measured concentration at the station 

divided by the benchmark concentration. An additional contaminant class-level index, 

called the Hazard Index, was also included; this was calculated as the sum of analyte- 
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specific Hazard Quotients within each of the CoC groups. This latter analysis was 

intended to provide a means of evaluating potential risks posed by analytes actiing in an 

additive manner, but did not address potential synergistic or antagonistic interactions 

among contaminants. 

,..b, 

._> 

Sediment Contaminants. Sediment concentrations of Total PCBs exceeded 

NOAA ER-L guidelines at most of the Derecktor ShipyardKoddington Cove study area 

stations (Figure 1.6-IA). HQs for Total PAHs were elevated at Stations DSY-2!5 

through DSY-32, as well as at Station DSY-40, with the highest sediment HQ observed 

at Station DSY-29. In general, the HQs for both low and high molecular weight PAHs 

followed the same trend as the HQs for Total PAHs. A similar, but less pronounced 

trend occurred for p,p’-DDE, where the highest sediment HQ was observed at Station 

DSY-29, exceeding the ER-L benchmark by nearly six-fold. HQs for the reference 

Station JPC-1 did not exceed a value of one (i.e. no risk) for any of the organic 

contaminants measured. Sediment concentrations of TBT exceeded the 5 ng Sri/// 

benchmark at six stations, a level considered indicative of degraded conditions, 

Total PCBs exceeded ER-M benchmarks at Stations DSY-29 through DSY-32 

and particularly at Station DSY-27, while Total PAH concentrations were higher than 

the ER-M benchmark only at Station DSY-29 (Figure 1.6-IA). Concentrations of 

p,p’-DDE did not exceed the ER-M benchmark at any station. Sediment TBT exceeded 

50 ng Sri/// at three stations (Stations DSY-28, DSY-29 and DSY-31) a level 

considered indicative of degraded conditions. In general, the highest sediment 

concentrations of organic contaminants in surface sediments were usually observed at 

the nearshore stations closest to the piers and outfalls of Derecktor Shipyard. Stations 

DSY-40 and DSY-41 generally had lower values than surrounding stations, such as 

Stations DSY-28, DSY-29, and DSY-30. 
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ER-L Hazard Quotients for metals in sediments indicated that Station DSY-29 

had the highest elevations of arsenic, chromium, copper, lead, nickel, mercury, and 

zinc, with minor elevations of these metals at a relatively small number of the other 

stations within the Derecktor ShipyardKoddington Cove study area (Figure 1.6-1 B). 

Concentrations of silver and cadmium were lower than ER-L benchmark values at all 

stations except DSY-29, where concentrations of each of these metals exceeded the 

ER-L values by approximately two-fold. Slightly elevated concentrations of mercury, 

lead, and nickel relative to benchmarks were observed at the reference Stations JPC-1 

and JPC-2, and arsenic and chromium also were slightly elevated at Station JPC-2 

only. The ER-M benchmark was exceeded only for zinc at Station (Figure 1.6-1 B). 

Within the Derecktor ShipyardKoddington Cove study area, the anthropogenic 

metals generally exhibited three spatial patterns: (1) concentrations of copper, zinc and 

chromium were highest at nearshore stations; (2) mercury, lead, arsenic and nickel 

exhibited high concentrations at both nearshore and offshore stations; and (3) silver 

and cadmium concentrations were generally low. Trace metal concentrations for the 

reference stations in Jamestown Potter Cove were generally lower than the sediment 

quality guidelines. 

Elutriate Contaminants. In general, CoCs in sediment elutriates only showed 

elevated levels of PCBs, arsenic, copper and lead relative to EPA Ambient Water 

Quality Criteria (AWQC) for saltwater (Figure 1.6-2). Other CoCs generally were not 

found in the elutriate samples at levels above analytical detection limits. Comparisons 

of elutriates and sediment concentrations for PCBs and PAHs suggested that 

resuspended sediments can contribute colloidal and/or dissolved organic contaminants 

to the water column in elutriate preparations and, presumably, in the field. Statistically 

significant elutriate/sediment relationships were not observed for metals. 
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Simultaneously Extractable Metals. Three measures of divalent metals 

bioavailability (SEM/AVS, SEM-AVS, total SEM) were applied to assess possible 

adverse impacts of Cu, Cr Pb, Ni and Zn across the site. The SEM concentration 

divided by AVS concentration (SEMIAVS) metric data identified four stations with ratios 

greater than 0.5, including Station DSY-33, DSY-35, DSY-37 and reference Station 

JPC-2. An SEM-AVS concentration of 5 pmol/g dry weight, the benchmark used by the 

National Sediment Quality Inventory (U.S. EPA, 1996 was not exceeded across the 

site. Finally, because of volatility and seasonal variability of AVS, the total SEM 

concentration is of interest, in that SEM might become bioavailable if all AVS were lost 

from the sediment. Assuming a total absence of AVS in the sediment, SEM 

concentrations would exceed the SEM-AVS threshold value of 5 umol/g at Stations 

DSY-27, DSY-28, DSY-29, and DSY-30). The results suggest a low overall likelihood 

of adverse impacts from divalent metals across the site (Figure 1.6-2). 

Assessment of Tissue Residue Exposure and Effects in Target Receptors. The 

potential exposure and effects of CoC tissue residues in target species were evaluated 

by 1) comparison of site tissue concentrations with reference tissue residue 

concentrations (Tissue Concentration Ratios); and 2) comparison of tissue resiclues 

against tissue residue effects benchmarks (Tissue Screening Concentrations and 

Critical Body Residues). 

Tissue Residue-based Exposure Assessments. Site vs. Reference Tissue 

Concentration Ratios (TCRs) were employed to evaluate the potential significance of 

CoC tissue residues in target species. The analysis involves the comparison of 

receptor- and analyte-specific tissue body burdens from the Derecktor 

ShipyardKoddington Cove stations against the corresponding data for the Jamestown 

Potter Cove and Castle Hill Cove reference stations. A TCR summary by CoC showed 

that in most cases, mean TCRs exceeded three (i.e. “++I’, Figure 1.6-3), and in the case 

of indigenous mussels at harbor-front Stations DSY-25, DSY-26 and DSY-27), TCR 
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values > 10 (i.e. I‘+++“) were observed. Cunner was unique in its apparent enrichment 

for Total PCBs and p,p’-DDE, where tissue concentrations greater than three times 

reference at several stations were observed. Enrichment factors for metals appeared to 

be generally less than those observed for organics; only for cadmium in IBM at Station 

DSY-24 was the TCR greater than three. 

Tissue Residue-based Effects Assessment. Effects of CoC residues in target 

species evaluated by comparison of tissue concentrations against water quality-based 

benchmarks (Tissue Screening Concentration HQs (TSC)). Potential impacts on 

receptors from the site as well as the reference locations are caused primarily by metals 

exposure, particulary copper in lobsters, for which TSC-HQs greater than 40 were often 

observed (i.e. “+++“) , while numerous CoC-receptor pairs had values > 10 (“++‘I, 

Figure 1.6-3). As for lobster, there exists uncertainty in the effects assumption given 

the degree of mobility of the species which would allow the possibility that the primary 

chemical exposure may not necessarily have occurred at the sample location. The 

CBR-HQ summary by station indicated that only low adverse impacts (‘I+“) were 

generally likely for all species at the site due copper and zinc with the one exception of 

copper in lobster at offshore station DSY-39 where a intermediate (“++I’) rank was 

observed (Figure 6.1-3). 

Analysis of Bioaccumulation and Trophic Transfer. Relationships between 

contaminant exposure and tissue residue concentration for organics (PCBs, PAHs, 

pesticides and TBT) and nine CoC metals, as well as consumption of organics and 

metals by avian receptors feeding on aquatic receptors were evaluated to determine 

the degree of CoC bioavailability to fish, bivalves and lobster at Derecktor 

ShipyardKoddington Cove stations as well as possible adverse effects of trophic 

transfer from these species to avian receptors. 
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Analvsis of Oraanic Contaminant Bioaccumulation. Relationships between 

organic contaminant exposure and tissue residue concentrations for the target species 

were evaluated through correlation analysis, as well as Biota-Sediment Accumulation 

,-.a..* Factors (BSAFs). Tissue residue-exposure relationships revealed weak correlations for 

organics. 

For BSAF analyses, the data indicate that bioaccumulation of organics ini 

bivalves, lobster and fish were similar, suggesting that behavioral differences arnong 

species (feeding, habitat preference) were relatively unimportant compared to exposure 

conditions in predicting the concentration of organic contaminants in the target 

receptors of concern. 

Analysis of Metals Bioaccumulation. Tissue residue-exposure relationships for 

CoC etals were not generally apparent. Unlike the BSAFs for organics, the overall 

,A l.” pattern of BAFs for metals did indicate differences in the degree of bioaccumulaltion into 

tissues: 1) High (Zn, As); 2) Intermediate (Hg, Cu); 3) Low (Cr, Mn, Fe, Al); and 4) Very 

,-- 

I  

._.” 

.,..Y 

Low (Ag, Ni, Pb). The biochemical properties of the metals in the first group suggest 

that remobilization via resuspension or ingestion is the most probable exposure route to 

target receptors. The low bioavailability of metals in the fourth group is attributed to the 

fact that these metals are highly particle associated (particularly Pb) and thus are 

unlikely to be transported far from their source, or rapidly diluted due to affinity for 

dissolved phase exposure (Ag and Ni). Metals in the second and third groups have 

intermediate bioavailability are therefore affected by a variety of processes, ramging 

from dissolved-particulate partitioning to internal metabolic regulation. These 

differences in metals bioavailability suggest that the species behavior can play an 

..%“A, important role in controlling bioaccumulation of metals. 

Trophic Transfer of CoCs to Avian Receptors. Adverse effects on avian aquatic 

predators resulting from the ingestion of contaminated food within the study area were 
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assessed by comparison of estimated consumption rates to Toxicity Reference Values. 

The receptor-exposure pathway scenarios evaluated included the herring gull (Laws 

argentatus) and Great Blue Heron (Ardea herodias) feeding on cunner, indigenous and 

deployed blue mussels, American lobsters, and the hard clams Mercenaria mercenaria 

and Pitar morrhuana. Calculated Hazard Quotients were greater than one at all 

stations including reference locations; notably greater potential for adverse effects were 

found for gulls and heron consuming PCBs in cunner from Stations DSY-28, DSY-29 

and DSY-36. However, given conservative assumptions regarding the predator feeding 

habits and migration, the data suggest that consumption of prey from the Derecktor 

Shipyard study area does not pose a high risk to either gulls or herons. 

Analysis of Toxicity versus CoC Concentrations. Toxicity occurs when CoCs in 

the environment become bioavailable above concentrations which cannot be 

physiologically managed by the organism. The relationship of CoC concentrations in 

bulk sediment and sediment elutriates with toxicity responses of two bioassay species, 

the amphipod and the sea urchin, was evaluated to provide elucidation of potential 

exposure-response relationships. No relationship was observed between amphipod 

survival and increasing metal bioavailability in sediments (measured as both SEM/AVS 

ratio and SEM-AVS difference). There was a weak correlation found between 

amphipod survival and SEM metals concentration, suggesting that metals at Stations 

DSY-27 and DSY-28 may have been responsible for the slight toxicity observed. There 

was also some evidence that this result may also be related to the high concentrations 

of PCBs, p,p’-DDE, and/or TBT observed at these stations. 

Sediments were not toxic at any station based on the sea urchin fertilization test. 

For the larval development assay, CoCs found at concentrations of potential 

toxicological significance were PCBs, lead and arsenic. There was a good correlation 

(R* = 0.54) between the IC,, (the % elutriate concentration at which a 10% reduction in 

normal larval development was observed) and the elutriate Hazard Quotient for Pb 
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based on the saltwater chronic water quality criteria, with Stations DSY-37, DSY-39, 

, -< and DSY-33 exhibiting greater toxicity at higher Total Pb Hazard Quotients. A weak 

relationship was also observed between the larval development IC,, and the elutriate 

Hazard Quotient for PCBs. 

Overall toxicity at the site was assessed as intermediate (“++“) at Stations 

DSY-26, DSY-28 and DSY-29, low (“+‘I) at Stations DSY-25, DSY-31 through DSY-33, 

DSY-37 through DSY-39 and DSY-41, and baseline (“-‘I) at DSY-27, DSY-30 and 

DSY-34 through DSY-36 and DSY-40 (Figure 1.6-4). Toxicity at reference locations 

JPC-1 and JPC-2 was also assigned a baseline ranking. 

The results of amphipod and sea urchin toxicity testing supported the conclusion 

that metals are primarily responsible for observed toxicity of sediment elutriates in the 

Derecktor ShipyardKoddington Cove study area. The slight effects observed on 

.*A. amphipods was best explained by SEM metals concentration in the sediment, vvhile 

,.ss, 

,. : 

elutriate toxicity - CoC exposure relationships for sea urchin larval development suggest 

Pb may be responsible, although Stations DSY-27 and DSY-28 were also high in 

PCBs, p,p’-DDE, and TBT. 

Analysis of CoC Concentration versus Effects Measurements. Exposure- 

response relationships between CoC concentrations in sediments and specific field 

effects measurement endpoints were evaluated to assess whether increased levels of 

sediment contamination are associated with increased effects to biota. Measurement 

endpoints evaluated in this assessment included benthic community structure, biota 

condition of indigenous and deployed mussels, hematopoietic neoplasia in indigenous 

mussels, cytochrome P450 activity in fish and fecal pollution indicator concentr(ations in 

deployed mussels. 

/ k., 
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Impacts on Benthic Communities. The analysis of benthic community metrics 

from the Derecktor Shipyard/ Coddington Cove study area in relation to reference 

location conditions and CoC concentrations was performed in order to identify 

potentially impacted benthic assemblages. Reference site comparisons were based on 

EPA’s Rapid Bioassessment Protocol approach, wherein community metrics (total 

species, total individuals, species dominance, richness, evenness, diversity and 

similarity) were calculated, normalized to values obtained at the reference location and 

scored into groups (quartiles) as the indicator for adverse impacts. 

Based on EPA Rapid Bioassessment Protocol ranking, overall habitat-specific 

benthic impacts were high (“+++“) at Stations DSY-25, DSY-27, DSY-29, DSY-32 and 

DSY-41 (Figure 1.6-4). Shallow depths of sediment oxygenation (redox depth) were 

found in surface sediments at Stations DSY-25, DSY-29, DSY-40 and DSY-41 

suggesting that near-bottom hypoxia or sewage-associated organic enrichment may 

contribute somewhat to the altered benthic community structure at these stations. 

Since sediments at Stations DSY-40 and DSY-41 are low in TOC content, conditions of 

high oxygen demand at these stations may be intermittent, and may be due to factors 

other than organic carbon, such as nutrient enrichment. Intermediate (“++“) benthic 

impacts were assigned to Stations DSY-36, DSY-38, DSY-39, and DSY-40, while low 

(“+‘I) impacts were apparent at Stations DSY-28, DSY-30, DSY-34 and DSY-35. 

Potential exposure-response relationships between CoC concentrations and 

benthic community metrics were assessed using two approaches: 1) univariate 

(Pearson correlation) analysis of individual CoWmetric pairs and 2) multivariate analysis 

of the combined benthic structure data set using a technique called multidimensional 

scaling (MDS). For univariate results, an increase in the percent dominant taxa for the 

benthic community was noted in relation to increasing concentrations of Pb in 

sediments, suggesting a possible exposure-response relationship, particularly for 

Stations DSY-29 and DSY-27. Patterns of composition based on multi-dimensional 
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scaling techniques identified the altered benthic community at Station DSY-29 as being 

associated with elevated total PAHs, copper and lead. 

, .‘/ , 

Bivalve Condition-Exposure Relationshios. Overall impacts on bivalve condition 

were most apparent for Stations DSY-26, DSY-29, DSY-31 and DSY-33 (Figure 1.6-4). 

Exposure-response relationships were observed between total PCBs in indigenous 

mussel tissue and shell weight/length ratio, while reduced shell length in deployed 

mussels was correlated with Pb concentrations in sediment elutriates. In the case of 

total PCBs, causality was uncertain because corresponding tissue residues were at 

least three orders of magnitude lower than residue effects concentrations repotted in 

->_ the literature. For the deployed mussel data, where 100% elutriate (I:4 sediment:water 

i ,-, 

preparation) HQs approached two, uncertainty exists as to whether field elutriate 

concentrations of PCBs could be high enough to cause the observed response. 

L1 HematoDoietic Neoplasia-Exposure Relationships. No significant relationships 

were observed between incidence or severity of hematopoietic neoplasia (Hn) in blue 

mussels versus either CoC tissue residue or CoC sediment concentration. There was 

some limited evidence, although not statistically significant, that the Hn affliction rate 

was related to PAH exposure. 

Deployed Mussel Fecal Pollution Indicators - Exposure Relationships. Fecal 

pollution indicator concentrations in deployed mussels were used to better characterize 

the pathways for CoCs and non-CoCs into the environment and, specifically, into target 

..2 

. ..d 

--\ 

species. Due to spatial proximity, fecal pollution indicator effects at Station DSY-41 

were assumed to be equivalent to those measured at Station DSY-40 (these two 

stations are referred to jointly as DSY-40141 in the fecal pollution indicator assessment). 

High fecal indicator concentrations were observed at Station DSY-40141, while 

intermediate concentrations were observed at Stations DSY-26 and DSY-33 
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(Figure 1.6-4). Although no exposure-response correlations were observed between 

fecal indicator concentrations and condition indices of deployed mussels, a statistically 

significant correlation was found between fecal indicator concentrations and Low 

Molecular Weight PAH concentrations in deployed mussel tissue suggesting a possible 

common contributing source for the two, which might be sewage-related. 

Fish Cvtochrome P450 Activity - CoC Exposure Relationships. The cytochrome 

P450 assay was conducted on cunner samples from the Derecktor Shipyard/ 

Coddington Cove study area in order to detect potential PAH-related exposure and 

effects. Low P450 activity was found at Stations DSY-36. Comparisons with the 

literature data suggest that sediment PAH concentrations at Station DSY-29 may be 

sufficiently high to cause high P450 activity and perhaps inhibited capacity to 

metabolize PAHs (Figure 1.6-4). 

Risk Synthesis. The interpretation of ecological risk in this assessment is based 

on a weight of evidence approach. The weight of evidence is in turn based on the 

analysis of exposure and effects data, as represented by the endpoints discussed in the 

previous sections. The following categorization of ecological risks has been developed 

for the Derecktor Shipyard ERA: 

Baseline risk is defined as the probability of adverse exposure and/or ecological 

effects equivalent to that from contamination and other environmental conditions 

not associated with the site. 

A Low probability of ecological risks suggests possible, but minimal impacts 

based on some of the exposure or effects-based weights of evidence, while 

impacts are undetectable by the majority of.exposure and effects-based weights 

of evidence. Conditions of low risk probability typically lack demonstrable 

exposure-response relationships. 
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An intermediate probability of ecological risk occurs for site conditions falling 

between high and low probabilities of risk. As such, the intermediate risk 

probability condition is typically characterized by multiple exposure or effects 

weights of evidence suggesting that measurable exposure or effects, but not 

both, are occurring at the site. Typically, quantitative exposure-response 

relationships are lacking. Intermediate risk probability may also be indicated if 

the spatial extent of apparent impact is highly localized (e.g., a single station), or 

if the impact occurs for periods of very limited duration. 

i-- 

,^ . 

Conditions indicating High probability of ecological risk occurs when numerous 

weights of evidence suggest pronounced contaminant exposure and effects, the 

spatial extent of apparent impact is great, the impact is likely to be persistent 

over long periods of time, and the available data support demonstrable 

exposure-response relationships. 

-,, 

.,- c.. 

A single ranking strategy for the synthesis of WOE indicators was used to obtain 

the probability of adverse Exposure/Effect (E/E) WOE designation in order to provide a 

-- 

consistent evaluation of the data in a manner consistent with the risk definitions; 

discussed above for example, the extent to which CoC concentrations exceed 

benchmarks and how often this exposure/effect was observed among the individual 

WOE. The findings of exposure and effects WOE are evaluated jointly in important 

evaluations of the strength of exposure-response relationships conjunction in order to 

interpret the overall probability of adverse ecological risks by sampling station. The 

ranking approach is based on best professional judgement, since the “true” ecological 

,, e. risk of, for example, benchmark exceedence or observed toxicity, is not presently 

known. 
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Sediment Hazard Quotient Adverse Exposure Rankinq. The sediment HQ data 

suggests overall highest probability of adverse exposure at Station DSY-27, DSY-29 

and DSY-31 (Table 1.7-1). None of the stations were assigned to the intermediate 

adverse exposure category. The remaining low adverse exposure stations had multiple 

CoCs exceeding the ER-L but none exceeding the ER-M. Finally, baseline adverse 

exposure were assigned to Stations DSY-33, DSY-35 and DSY-41, and reference 

Stations JPC-1 and JPC-2, since no more than one CoC exceeded the ER-L 

benchmark. 

Elutriate Hazard Quotient Adverse Exposure Ranking. CoC concentrations 

measured in sediment elutriate preparations suggested low overall probability of 

adverse exposure (Table 1.7-1). In two cases (Stations DSY-31 and DSY-39), one 

analyte was found to exceed Acute Water Quality Criteria while other analytes 

exceeded Chronic Water Quality Criteria, but this finding was deemed insufficient to 

merit an intermediate ranking for the station, given that it is highly unlikely that field 

concentrations for these CoCs during a resuspension event would approach 

concentrations obtained in the laboratory preparation. 

SEM Bioavailabilitv Adverse Exposure Ranking. Measures of sediment SEM 

bioavailability (total SEM, SEM/AVS and SEM-AVS) suggested possible, but low 

adverse exposure from divalent metal exposure at Station DSY-27 through DSY-30 

(high total SEM) and at Stations DSY-33, DSY-35, DSY-37 and JPC-2 (Table 1.7-1). 

Intermediate or higher adverse exposure due to divalent SEM metals was not generally 

evident for the Coddington Cove study area. 

Tissue Concentration Ratio Adverse Exposure Ranking. CoC elevations in 

target species relative to reference suggest the highest probability of adverse exposure 

for harbor-front Stations DSY-25 through DSY-27, due to high residues in indigenous 

mussels and intermediate elevations in cunner, deployed mussels and/or lobster 
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(Table 1.7-I). Intermediate TCR-based exposure at DSY-24, DSY-28, DSY-29 and 

DSY-36 supports an intermediate adverse exposure assignment for the overall ranking, 

while TCR elevations at in various species at Stations DSY-33, DSY-35 and indicated 

low adverse exposure ranking was assigned to these locations. 

Tissue Residue Adverse Effects Rankinas. The highest probability of effects 

from tissue CoCs was observed at Stations DSY-27 and DSY-29 due primarily to 

bioaccumulation of Cu in lobster. Five stations were assigned intermediate adverse 

effects (DSY-25, DSY-33, DSY-35, DSY-38 and DSY-39) while the remaining stations 

(DSY-24, DSY-26, DSY-28, DSY-31, DSY-32, DSY-34, DSY-36, DSY-37, DSY-40 and 

.-,*i DSY-41) were evaluated as low probability of adverse effects overall (Table 1.7-I). 

I_. Laboratorv Toxicity Adverse Effects Ranking. The overall station-specific 

laboratory toxicity ranking summarized in Table 1.7-1 primarily reflects results of the 

larval development results. An overall intermediate adverse effects probability was 

assigned in three cases (Stations DSY-26, DSY-28 and DSY-29) while nine stations 

(Stations DSY-25, DSY-31 through DSY-33, DSY-37 through DSY-39, and DSY-41) 

were given a low adverse effects ranking. Finally, for those stations where only low 

toxicity (i.e., DSY-36 and DSY-40) or no toxicity (i.e., Stations DSY-34 and DSY-35, and 

reference Stations JPC-1 and JPC-2) was observed, a classification of baseline 

adverse effects was assigned. 

Field Effects Ranking. The overall adverse effects ranking for field effects 

indicators (benthic community structure, bivalve condition, hematopoietic neoplasia, 

Cytochrome P450 activity and fecal pollution indicators) suggested high adverse effects 

at Stations DSY-29 and DSY-40/41, and intermediate adverse effects for Stations 

DSY-25, DSY-26 and DSY-33, while low adverse effects were observed for Stations 

DSY-27, DSY-28, DSY-30, DSY-31, DSY-32, DSY-36, DSY-38 and DSY-39 ._/_. 

./p 
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(Table 1.7-1). At the remaining stations, field effects indicators suggest no adverse 

effects to target species. 

Avian Predator Effects Ranking. The food web modeling for avian aquatic 

predators assumed that the target bird species were feeding maximally on the most 

contaminated of prey items available at a given station. Despite the conservative 

assumptions employed, greater than intermediate adverse effects were not apparent, 

and intermediate adverse effects were assigned to Stations DSY-28, DSY-29 and 

DSY-36 (Table 1.7-1). The remainder of stations were assigned to the low adverse 

effects category. 

Synthesis of Exposure and Effects Weights of Evidence. The interpretation of 

ecological risk in this assessment was based on a weight of evidence approach. The 

weight of evidence was in turn based on the analysis of exposure and effects data, as 

well as measures discussed in the previous sections. Multiple measures of exposure- 

based and effects-based weights of evidence were used. Exposure-based weights of 

evidence included Hazard Quotients (HQs) for numerous CoC sediment and sediment 

elutriate contaminants, divalent metal bioavailability measures, and Tissue 

Concentration Ratios (TCRs) for each target receptor. Effects-based weights included 

Tissue Residue Effects (TSCs and CBRs) for each receptor, Laboratory Toxicity for 

three endpoints, Field Effects (benthic community structure, bivalve condition, 

neoplasia, P450 activity in cunner, and fecal pollution indicators in bivalve tissue) and 

exposure to avian aquatic receptors from ingestion of contaminated prey. 

The results for each of the indicators within the weights of evidence described 

above were summarized using a semi-quantitative ranking scheme so as to allow their 

inclusion in exposure and effects assessment summaries, and finally in the overall risk 

assessment summary, as presented in Table 1.6-1. The individual WOE ranking is 

intended to characterize the relative degree of CoC-related response, for example, the 
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extent to which CoC concentrations exceed benchmark criteria (HQ>ER-L = low risk 

, a, jl (“+‘I) and HQ>ER-M = significant risk (“++“), etc). This type of ranking scheme is 

intended only as a qualitative tool. Similarly, the overall ranking of weights of evidence 

within and between the exposure and effects-based summaries (Baseline, Low, 

Intermediate, High) is based upon preponderance of the data; i.e. where a greater 

number of endpoints suggest varying degrees of adverse exposure and/or effects, it is 

presumed that a greater probability of adverse risk exists. No differential priority or 

weight is given to any particular endpoint. As previously stated, the ranking approach is 

somewhat arbitrary and is based on best professional judgement. Hence, the risk 

manager is encouraged to keep in mind the nature of the risk ranking approach when 

evaluating the general outcome of the risk assessment. 

The summary of exposure-based and effects-based weights of evidence and 

characterization of risk for the Derecktor Shipyard Marine Ecological Risk Assessment 

is presented in Table 6.7-l. The classification of risk for the Derecktor Shipyard Marine 

ERA is grouped into four primary classes: baseline, low, intermediate, and high. 

, : *.* 

1 w*. 

Hiah Risk Probability Stations. High ecological risk is that suggested by 

numerous weights of evidence suggest adverse exposure/effects, as well 

as demonstrable exposure-response relationships. Stations DSY-27 and 

DSY-29 are categorized as high risk stations. The nature of the 

contamination, being in the sediment, suggests the risk is likely to be 

persistent over a long period of time, although the spatial extent of 

apparent impact may be limited as nearby stations do not display similar 

levels of risk. 

intermediate Risk Probability Stations. Intermediate ecological rislks are 

assigned to Stations DSY-24, DSY-25, DSY-26, DSY-28, DSY-31,) 

DSY-33, DSY-40, DSY-41, and reference Station CHC-1. lndicatilon of 
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CoC exposure was most evident from comparison of tissue 

concentrations to the reference stations values, while effects indicators 

include tissue residue effects, laboratory toxicity and field effects Hence, 

intermediate risk is assigned for these stations, although there is 

considerable uncertainty as to the degree to which CoC-related impacts 

have contributed to observed effects at these stations.. 

Low Risk Probabilitv Stations. A low risk probability was assigned to 

seven of eighteen Coddington Cove stations (DSY-30, DSY-32, and 

DSY-34 through DSY-39), as well as reference Station JPC-1. For these 

stations, the data suggest possible, but low risks based on the majority of 

exposure and effects-based weights of evidence, and no exposure- 

response relationships were observed. While these stations have CoC 

concentrations exceeding ER-L benchmarks, the weights of evidence are 

most notable for the observed Effects data, particularly tissue residue 

effects, but also some laboratory toxicity and field effects. 

Baseline Risk Probabilitv Sfations. Baseline risk was assigned only for 

reference Station JPC-2. 

In most cases, the Exposure WOE was the same or greater as the Effects WOE 

which is expected when the exposure pathway being evaluated is correct, i.e. sediment 

or sediment-associated CoCs are causing adverse exposure which results in adverse 

effects. Conditions at Station DSY-25, DSY-28 and DSY-33 are cases where non-CoC 

related impacts might be occurring or that CoCs may not be sediment-associated. In 

each case, tissue-related exposure exceeded that which was indicated from sediment, 

elutriate or SEM WOE, suggesting that CoCs reaching the target species may be 

originating from non-sediment sources (e.g. through the water column). Thus, the 

significance and characteristics of CoC exposure pathways at these stations (including 
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DSY-40/41) are less certain than at other locations where exposure-based WOE. rank is 

iu?w equivalent or greater than the respective effects-based WOE rank. 

,-l”. Risk Uncertainty. The final synthesis focused on elucidating concordance both 

within and among the exposure-based and effects-based weights of evidence to 

characterize overall risk for the Derecktor ShipyardICoddington Cove study area. 

Multiple weights of evidence were used to reduce uncertainty because the probability 

that multiple exposure and effects indicators could spuriously suggest risk (or lack of it) 

decreases as the number of indicators in agreement increases. 

At the high probability risk stations (DSY-29 and DSY-27) pronounced 

contaminant exposure and effects was suggested by numerous weights of evidence 

,%.I and exposure-response relationships were well demonstrated. The nature of thie 

contamination, being in the sediment, suggests the impact that the risk is likely to be 

persistent over a long period of time, although the spatial extent of apparent impact 

may be limited as nearby stations do not display similar levels of risk. This suggests 

that the overall uncertainty of the risk designation is low. 

At the low risk stations (Stations DSY-30, DSY-32, DSY-34 through DSY-39), the 

is- 
majority of exposure and effects-based weights of evidence were low, and few 

exposure-response relationships were observed between exposure and effects 

*.. 
indicators. This also suggests that the overall uncertainty of the risk designation is low. 

Among the Coddington Cove stations assigned an intermediate probability of 

ecological risk (including harbor-front Stations DSY-24 through DSY-26 and DSY-28, as 

i ?” 

well as Stations DSY-31, DSY-33, DSY-40 and DSY-41), the data suggests that 

measurable (and occasionally high) exposure and/or effects were occurring, but not 

generally as high as for the high risk stations described above, and unlike the high risk 

stations, quantitative exposure-response relationships are generally lacking. For some 

._ I .~ 
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of the stations (i.e. Stations DSY-25, DSY-26, DSY-28 and DSY-33) elevated risks from 

CoC residues in target receptors is not accompanied by similarly high risk related to 

CoC concentrations in indicating that the contaminant distribution in sediments is highly 
. 

localized (and was not adequately characterized) or may not be entirely sediment 

related, such that the responsible exposures may be of more limited duration (e.g. not 

as persistent as if sediments were the CoC reservoir). This suggests that the 

uncertainty of the risk designation is somewhat greater than that observed for low and 

high risk stations. 

Other CoC Sources. A weight of evidence evaluation such as used in this 

study, while addressing the location and relative degree of risk, does not specifically 

address the ultimate source of this risk (i.e., Derecktor Shipyard vs. other contaminant 

sources). This uncertainty has been addressed in this ERA through the inclusion of 

reference locations and the analysis of spatial trends in CoCs, exposure pathways, and 

other endpoints (e.g. pathogens) which might suggest alternative CoC sources; 

therefore, an attempt has been made to minimize this source of uncertainty to the 

maximal extent that time and resources permit. 

Surface water runoff via storm drains near the shipyard harborfront is suspected 

as the most probable route of ongoing CoC transport into Coddington Cove. It is also 

considered possible that groundwater percolating out of the shipyard area and entering 

Coddington Cove carries CoCs, however, this ERA did not collect any data to address 

the groundwater issue. Contamination contribution from remote sources, such as the 

City of Newport sewage outfall, is also deemed possible as a result of water exchange 

between Coddington Cove and Narragansett Bay. The existence of significantly 

elevated CoCs in Coddington Cove subsurface sediment layers relative to surface 

sediments may represent an increased risk for indigenous biota should resuspension of 

these buried sediments occur. However, geophysical and hydrographic studies 

suggest that natural deposition/erosion patterns do not support this scenario under 
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currently existing conditions in the cove, but future use scenarios should be carefully 

considered with respect to the validity of this assumption. Hence, this ERA has 

concluded that indigenous biological communities in the immediate vicinity of the 

harborfront were are at risk primarily due to shipyard-related stressors, although 

uncertainty exists as to the partitioning of exposure between sediment and water 

transport pathways. ’ 

I,. L, 

Uncertainty in Risk Estimation. The conclusions drawn in this assessment are 

based on an extensive database of sediment chemistry, biological indicators, anid 

toxicity evaluations, with broad spatial and temporal coverage. The present study 

provides multiple weights of evidence for assessment of impacts in the vicinity of 

Derecktor Shipyard, hence there would appear a high probability of accurately 

concluding the occurrence of risk is expected. The present study was conducteld under 

a comprehensive Work/Quality Assurance Plan, and data validation has been 

performed and found to meet the study requirements. Potential errors in the study 

design and protocols were minimized through peer review and evaluation. Data 

collection activities were reasonably complete. Thus, it is concluded that the overall 

uncertainty with regard to the accuracy of risk estimations has been satisfactoril!y 

minimized. 

m.. 

1.7. CONCLUSIONS AND RECOMMENDATIONS 
_,. 

Based on the results of the Marine Ecological Risk Assessment for Derecktor 

ShipyardKoddington Cove, the following conclusions and recommendations are put 

forth for consideration in risk management: 

@ In the assessment of marine ecological risks to aquatic species of concern 

(mussels, clams, lobster, cunner and seabirds), Stations DSY-27 and 

.‘,a. 
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DSY-29 were determined to pose a high probability of ecological risk from 

shipyard-related Contaminants of Concern (CoCs). The principal CoCs 

responsible for this risk were organics (PCBs, PAHs and tributyltin) and 

metals (copper, lead and zinc). Seabirds (herring gull and great blue 

heron) were also at intermediate risk due to potential ingestion of PCBs in 

cunner at Station DSY-29. Based on the extent of adverse exposure and 

effects and demonstrable exposure-response relationships observed, the 

assigned degree of risk is considered unacceptable from an ecological 

perspective, and thus these locations should receive highest priority in the 

risk management decision process. 

l An intermediate probability of ecological risks was assigned to Stations 

DSY-24, DSY-25, DSY-26, DSY-28, DSY-31, DSY-33, DSY-40, and 

DSY-41, as well as reference Station CHC-1 . In general, the same 

aquatic receptors and CoCs as observed for high risk stations were of 

concern, but at lower levels. Exceptions included higher tributyltin in 

sediment at Station DSY-31, and higher PAHs in mussels at Stations 

DSY-25 and DSY-26. Seabirds continued to be at intermediate risk due 

to potential ingestion of PCBs in cunner at Station DSY-28. Given an 

indication of adverse exposure or effects but a lack of clear exposure- 

response relationships, the overall risk at these stations is considered 

acceptable from an ecological perspective. However, the associated 

uncertainty is sufficiently high as to merit the evaluation of these stations 

as priority areas in the risk management decision process. 

0 A low probability of ecological risks was assigned to the remaining 

Coddington Cove stations (DSY30, DSY-32, and DSY-34 through 

DSY-39) as well as the reference Station JPC-1. Although the data for 

these stations suggest possible adverse exposure or effects, CoC 
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concentrations were generally low and definitive exposure-response 

relationships were not observed. Based on these observations, the 

observed risks at these stations are considered acceptable from an 

ecological perspective, and relatively low priority should be given to these 

locations in the risk management decision process. 

0 A baseline probability of risk was assigned to reference Station JFC-2, 

given a lack of evidence for adverse exposure or effects. Ecological risks 

at this location are considered not only acceptable but representat:ive of 

relatively pristine environmental conditions for the general study area. 
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Figure 1.2-1. Location of the Derecktor ShipyardEoddington Cove study area 
and reference locations in Narragansett Bay, RI. 
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Figure 1.2-2. Surface sediment and sediment core sampling stations in the Derecktor 
ShipyardKoddington Cove study area. 
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Figure 1.3-1. Hydrographic and geophysical data from the Derecktor Shipyard/ 
Coddington Cove study area and Jamestown Potter Cove (JPC) and Castle Hill 
Cove (CHC) reference locations. V, indicates maximum bottom velocity observed 
in cm/s. “Sand” = percent sand content in sediments; “DO” = measured dissolved 
oxygen in mg/L; “TOC” = percent Total Organic Carbon in sediments, 
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Figure 1.6-IA. Hazard Quotients (HQs) and risk rankings for organic contaminanlts in surface 
sediments (O-18 cm) from the Derecktor ShipyardKoddington Cove study area and 
Jamestown Potter Cove (JPC) reference stations. PAH=Total PAHs; PCB=Total PCBs; 
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1994. Refer to Section 6.1 for discussion of the Sediment HQ weight of evidence and 
explanation of rankings. 
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Figure 1.6-1 B. Hazard Quotients (HQs) and risk rankings for metals contaminants in 
surface sediments (O-l 8 cm) from the Derecktor Shipyard/Coddington Cove study area 
and Jamestown Potter Cove (JPC) reference stations. As=arsenic; Cu=copper; Pb=lead; 
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benchmarks (Long et al., 1995). Refer to Section 6.1 for discussion of the Sediment HQ 
weight of evidence and explanation of rankings. 
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Figure 1.6-2. SEM Bioavailabiiity and Hazard Quotients for elutriates prepared1 from 
sediments collected in the Derecktor ShipyardlCoddington Cove study area and 
Jamestown Potter Cove (JPC) reference stations. Benchmarks for elutriates=EPA 
Water Quality Criteria- Saltwater Chronic and Saltwater Acute values. As=arsenic; 
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sediment elutriate weight of evidence and explanation of rankings. Refer to Section 
6.4 for discussion of the Simultaneously Extractable Metals (SEM) Bioavailability 
weight of evidence and explanation of rankings. *No data available for elutriate 
exposure at Station DSY-41; ranking assumed to be the same as for Station DSY-40 
due to spatial proximity. 



32 a 

IlBMind nd 

26 

JPC-2 

P 

24 

i./,;,. .$ CN nd nd nd 
I I I&;~..:.;~: DM nd nd nd I I 

+ 
+ 

. c 
MM na nd nd II I PM na nd nd 
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Jamestown Potter Cove (JPC) and Castle Hill Cove (CHC) reference stations. CN=cunner; 
DM=deployed mussels; IBM=indigenous blue mussels; LOB=lobster; MM=Mercenaria 
mercenaria; PM= War morrhuana. TCR=Tissue Concentration Ratio; TSC=Tissue Screening 
Concentration HQ; CBR=Critical Body Residue HQ. nd=no data; na=not applicable, values 
based on comparison to reference station values. Refer to Section 6.2 for discussion of Tissue 
Concentration Ratio and Tissue Residue Effects weights of evidence and explanation of 
rankings. 



BENTH +++ 

25 360 

TOX + 

BENTH - 
Cl ND 

i 

HN ND 
P450 - 
FPI ND 

I I TOX + E!f! “?--a 
BENTH - 

I I 
I . . 

Cl ++ 
HN - 

P450 I FPI 
1 IP450 +I \’ 

b .: :. 

IFPI . + 1 

- %-I 
IDP 3 nr Cl 

I 

- I If-50 ++. 

,, ,,, IHN - 

P450 ND 

Figure 1.6-4. Field Effects Indicators and Overall Laboratory Toxicity results for the 
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Table 1.6-1. Overall Summary of Exposure and Effects-based Weights of Evidence and 
Characterization of Risk for the Derecktor Shipyard Marine Ecological Risk Assessment. 

nd I I RrZGe I Laboratory I Field I Avian II 

Predators’/1 Rank9 !! Ranking” 

+ + + L ++ + ++ + I 
+ L + + L 

+ + L ++ + L 

1- Sediment Hazard Quotient Risk Ranking: see Table 6.6-l. 
2- Elutriate Hazard Quotient Risk Ranking: see Table 6.6-l. 
3- SEM and AVS Risk Ranking: see Table 6.6-l. 
4- Tissue Concentration Ratios Risk Ranking: see Table 6.6-l. 
S- Tissue-based Risk Ranking: Based on Site vs. Reference Tissue Concentration Ratio (Table 6.6-l) 

Tissue Screening Concentration (Table 6.6-2) and Critical Body Residues (Table 6.6-2). 
6- Laboratory Toxicity Risk Ranking: see Table 6.6-2. 
7- Field Effects Ranking: Based on results of Condition Index. Benthic Community Structure, Hematopoietic neoplasia. 

cytochrome P450. and fecal pollution indicators: see Table 6.6-2. 
8- Avian Predator effects ranking based on Toxicity Reference Value Hazard Quotients; see Table 6.6-2. 
9- Overall Exposure/Effects (E/E) Ranking: 
B = Baseline Risk: L = Low Risk Pmbability; I = Intermediate Risk Probability; H = High Risk Probability. 

B = Low (+) E/E ranking observed for only one indicator or baseline E/E ranking observed for all indicators; 
L = Intermediate (++) E/E ranking observed for only one indicator or low (+) B/E ranking observed for two or more indicators: 
I = High (+++) B/E ranking observed for only one indicator or intermediate (++) B/E ranking observed for two or more indicators; 
H = Intermediate (++) or greater E/E ranking observed for two indicators inc1udinr-Lhigh (+++) E/E ranking observed for one indilcator. 

lO- Overall Risk Ranking (See also Section 6.6): 
Baseline = No greater than Baseline (B) ranking for E/E WOE summaries: 
Low = No greater than Low (L) ranking for E/E WOE summaries; 
Intermediate = No greater than Intermediate (I) ranking for E/E WOE summanes, z High (H) ranking for one WOE and 

no greater than Low (L) ranking for the other WOE summary; 
High = High (H) ranking for one WOE summary and Intermediate (I) or greater ranking for the other WOE Summary. 



2.0. INTRODUCTION 

This report describes the results of a marine ecological risk assessment 

conducted for Derecktor Shipyard, which is part of the Naval Education and Training 

Center (NETC), Newport, RI, located in the lower East Passage of Narragansett Bay. 

The Derecktor Shipyard was a privately operated ship maintenance yard from 1979 to 

1992. The property.was leased to Robert E. Derecktor but owned by ,the U.S. Navy. 

The Navy had also used the site for shipbuilding activities from 1962 to 1978. The site 

location is shown in Figure 2.0-I. 

.,, 

NETC must comply with requirements specified under the Comprehensive 

Environmental Response, Compensation, and Liability Act (CERCLA), the National 

Contingency Plan (NCP), and Rhode Island State Statutes. The Federal regulations 

mandate assessment of the risk of hazardous waste disposal sites on human health 

and the environment, and identification of appropriate cleanup levels. In 1995, IBrown 

and Root Environmental contracted the University of Rhode Island (URI) and Science 

Applications International Corporation (SAIC) to conduct a site-specific offshore 

ecological investigation and to prepare an offshore ecological risk assessment for 

Derecktor Shipyard. The purpose of this report is to communicate the results of the 

assessment of ecological risks to Narragansett Bay systems posed by the contaminants 

associated with the shipyard. 

,. 
2.1. SITE CHARACTERIZATION 

The ERA described in this report has been prepared following the Work/Quality 

Assurance Project Plan (W/QAPjP) for Narragansett Bay Ecorisk and Monitoring for 

Navy Sites, referred to herein as the “Master Work Plan”, and the site-specific W/QAPjP 

.- /, 
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for Derecktor Shipyard included as Addendum B of the Master Plan (URIISAIC, 1995). 

This assessment focuses on the impacts of shipyard-related contaminants on subtidal 

habitats of Derecktor Shipyard and greater Narragansett Bay. This assessment does 

not consider terrestrial, freshwater wetland, or human health risks associated with the 

site. Furthermore, this assessment only reflects currently existing conditions and levels 

of activity at the site, and does not address altered risks under potential future use 

scenarios involving fundamentally different conditions or activities at the site. 

The Master Work Plan and the Derecktor Shipyard Addendum collectively 

provide a thorough description of the approaches and methodologies utilized to conduct 

the Derecktor Shipyard ERA. The scope of this report is to present the results of the 

ERA and includes an overview of the sampling and analysis activities conducted in 

support of the ERA. Complete descriptions of sampling and analytical methodologies 

are provided in the Work Plan; any deviations from the plan are noted where 

appropriate in this report and in the QA/QC Appendix. 

This ERA report follows the organization suggested in Eco Update (U.S. EPA, 

1991) with appropriate elements from the EPA Region I Supplemental Risk Assessment 

Guidance for the Super-fund Program (U.S. EPA, 1989b) and Risk Assessment 

Guidance for Super-fund. Volume II Environmental Evaluation Manual (U.S. EPA, 1989). 

These guidance documents recommend a “weight of evidence” approach to assess 

potential ecological risks. The approach should be based on evaluation of contaminant 

analytical data relative to environmental benchmarks, direct field observations, selected 

field and laboratory studies from the scientific literature, potential for bioaccumulation of 

chemicals and food web exposure modeling. Evaluation of risks is based on the 

preponderance of data; locations where a greater number of endpoints suggest 

adverse risks are presumed to indicate a greater probability of adverse risk. No 

preferential priority or weight is given to any particular indicator. 

2-2 



. ..- 

,. . . 

To guarantee that the required activities were conducted to meet these 

objectives, the ERA was conducted following general U.S. EPA guidance (1989, 

1992b), and input provided by U.S. EPA Region I, the State of Rhode Island, and 

Natural Resource Trustees, representatives of which jointly constitute the Narragansett 

Bay Ecorisk Advisory Group. The scope of this ERA report includes: 

1. Problem Formulation. This involved determining the nature and extent of 

contamination of offshore (subtidal) media associated with shipyard 

sources. Specifically, this activity involved identification of contamlinated 

media, identification of contaminants of concern (CoCs), evaluation of the 

spatial extent of contamination, identification of the ecological receptors 

potentially at risk from CoCs, and identification of appropriate assessment 

and measurement endpoints. The information generated during the 

Problem Formulation was integrated into a conceptual model, which 

identified the possible exposure scenarios and mechanisms of ecological 

impact associated with the CoCs. This evaluation addresses only current 

conditions and levels of activity at the site, and does not address potential 

future use scenarios involving fundamentally different conditions or 

activities at the site. 

2. Exoosure and Ecoloaical Effects Assessments. These assessments 

included collection of information to quantify chemical exposures and 

observed or predicted ecological effects resulting from exposure. The 

Exposure Assessment involved quantification or estimation of the 

concentrations of CoCs in environmental media in the exposure pathways 

from source to ecological receptors. The Ecological Effects Assessment 

involved a combination of toxicological literature review, in situ 

characterizations of the status of receptor species, toxicity evaluations of 

exposure media, and modeling exercises to predict the occurrence of 
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adverse ecological impact. Site-specific Exposure and Ecological Effects 

Assessment activities were determined based on the conceptual model 

developed during Problem Formulation. 

3. Characterization of Ecoloaical Risks. Risk characterization is an 

integration of the results of the Exposure and Ecological Effects 

Assessments. This represents a weight of evidence approach involving 

analysis of CoC concentrations versus observations of adverse effects, 

analysis of CoC bioaccumulation, comparisons of toxicity evaluations with 

observed ecological effects, comparisons of exposure point 

concentrations with established standards and criteria for offshore media, 

comparisons of exposure point concentrations with published information 

regarding the toxicity of CoCs, and qualitative comparisons of apparent 

adverse impacts with conditions at reference stations. The results of 

these analyses are summarized together with information obtained during 

each study to characterize ecological risks associated with the Derecktor 

Shipyard. 

4. Communication of Study Results. Communication of the study objectives, 

methods, and findings of the ERA is provided in a format which supports 

informed risk management decisions for the site. Results of weights of 

evidence are assembled into a summary risk table in order to further 

communicate risks in support of risk management decisions. 

Based on these guidelines, this ERA presents background information integrated 

with contemporary data to develop the Problem Formulation (Section 3); Exposure 

Assessment (Section 4); Ecological Effects Assessments (Section 5); Risk 

Characterization (Section 6); Summary and Conclusions (Section 7); References 

(Section 8); and Appendices, including raw data for Chemistry Exposure Assessments 
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(Appendix A); Effects Assessments (Appendix B); QA/QC and Data Validation 

Summary Information (Appendix C); Geophysical/Hydrographic Data (Appendix D); and 

Field Log Data (Appendix E). 

2.2. PURPOSE, SCOPE, AND OBJECTIVES 

The purpose of this report is to describe information collected for evaluation of 

risks from contaminants associated with Derecktor Shipyard to marine ecological 

receptors in Coddington Cove and greater Narragansett Bay. The general approach 

taken in this investigation followed that described in the main body of the Master Work 

Plan (URI and SAIC, 1995). 

,,^ .a 

The U.S. EPA’s ERA Framework (1992b) and applicable EPA Region I guidance 

were used to generate and interpret the data required to complete this risk assessment. 

The objectives of this ERA are as follows: 
v. ., 

0 Assess ecological risks to the offshore environments of Coddington Cove 

and Narragansett Bay from chemical stressors associated with the 

Derecktor Shipyard; 

Develop information sufficient to support risk management decisions 

regarding site-specific remedial options; and 

Support communication to the public of the nature and extent of ecological 

risks associated with Derecktor Shipyard. 
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This ERA builds upon and incorporates findings of previous studies at Derecktor 

Shipyard, and specifically addresses three data gaps remaining from these earlier 

studies. These data gaps are as follows: 

Need to better assess the chemical exposure to biological populations in 

surficial sediments adjacent to the shipyard site; 

Need to determine the potential migration of contaminants from the 

shipyard to adjacent embayments; 

Need to expand the investigation of ecological risks to marine and semi- 

aquatic populations in Narragansett Bay to include toxicity assessments, 

organism condition, food web exposure modeling, and benthic community 

structure. 

The following sections present and discuss the data requirements and data 

products of the Derecktor Shipyard ERA, including Problem Formulation, Exposure and 

Ecological Effects Assessments, and Characterization of Ecological Risks. 
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Figure 2.0-I. Location of the Derecktor ShipyardKoddington Cove study area 
and reference locations in Narragansett Bay, RI. 
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3.0. PROBLEM FORMULATION 

Five principal activities have been conducted in support of the Problem 

Formulation component for the Derecktor Shipyard ERA: 

l Site Description, including characterization of the nature and extent of 

contamination of offshore media associated with Derecktor Shipyard 

(Section 3.1); 

0 Specification of assessment and measurement endpoints (Section 3.2); 

l Identification of contaminants of concern (CoCs; Section 3.3); 

0 Identification of the ecological receptors potentially at risk from site-related 

CoCs (Section 3.4); and 

0 Development of a site-specific conceptual model of marine ecological 

risks associated with the Derecktor Shipyard (Section 3.5). 

A summary of sampling and analysis activities related to the ERA effort is also 

provided (Section 3.6). 

-71_1 

3.1. SITE CHARACTERIZATION 

The primary objectives of the site characterization are to identify the types and 

spatial extent of habitats that are present in the marine environment adjacent to 

Derecktor Shipyard, and identify the species and biological communities that may be 

-1 
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exposed to site-related contaminants. In Section 3.1 .I, the general geologic and 

hydrographic characteristics of the study area are described. Section 3.1.2 summarizes 

onshore site characterization information as presented in the Preliminary Assessment 

Report (PA) for Derecktor Shipyard (ENSR, 1993). Section 3.1.3 presents the results of 

Phase I offshore field investigations designed to characterize the magnitude and extent 

of shipyard-related chemical contamination. 

3.1.1. Study Area Description 

The Robert E. Derecktor Shipyard of Rhode Island (Derecktor) is located at the 

southeastern end of Narragansett Bay (Figure 3.1-I). The western boundary of 

Derecktor opens onto Coddington Cove. The surface area of Coddington Cove is 

about 6.5 x IO5 m2 . The most recent harbor-wide bathymetric survey was conducted 

by the National Ocean Survey in 1957, which indicates water depths ranging from 

intertidal (cl .5 m) in the northeastern and particularly southern areas, to between 

IO-12 m adjacent to the main piers, and gradually deepening to 16 m at the cove 

entrance (Figure 3.1-2). A bathymetric study performed by SAIC in 1986 (SAIC, 1986) 

in a portion of the cove south of the main pier was found to be in good agreement with 

the NOS survey. The cove is protected to the north by the Coddington Cove breakwall. 

To the southwest, the cove is surrounded by high cliffs formed by glacial scouring 

during the Pennsylvanian Era. This geology is common for much of the shoreline along 

the southwestern coast of Aquidneck Island. 

Previous investigations of Coddington Cove hydrography are lacking, but 

generalized features can be discerned from general knowledge of Narragansett Bay. 

Characterized as a temperate, partially to well-mixed estuary, the bay is oriented north 

to south, originating in the Providence River to the north and terminating into Rhode 

Island Sound to the south. The strength and pattern of water circulation in the Bay 

varies over a range of temporal and spatial scales in response to a variety of competing 
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driving mechanisms. Most obvious is the diurnal tidal circulation which, for example, 

can exceed 2 knots in the main channel of Narragansett Bay adjacent to Coddington 

Cove. The interaction of strong tidal circulation with highly variable bottom topography 

can result in localized areas of substantial bottom energy for sediment resuspension 

and vertical mixing into the water column. Less apparent, but of considerable 

importance is the non-tidal circulation component that is driven by wind and, to a lesser 

extent, fresh water input. 

Atmospheric conditions within New England are strongly influenced by wiinds 

from the northwest during the winter months, due to the high pressure weather systems 

off the Canadian shield. During spring-summer months, Bermuda high pressure 

systems drive winds from the southwest; the intensity of the wind is determined Iby the 

magnitude of land mass heating and resultant convection currents. The geographic 

orientation of Narragansett Bay makes bay waters and coastline particularly exposed to 

summer southerly sea breezes, hurricanes and winter “northeaster” storms. Weisburg 

(1976) for example, found a 50-50% split between tide- and wind-derived mixing 

energy over extended time periods, suggesting that wind events can permeate the 

entire water column and be more important than tidal flow in the bay. 

Coddington Cove has no major fresh water source, therefore circulation patterns 

and energies within the cove are expected to be dominated by some combinatioIn of 

tidal and wind forcing. In the present study, a detailed investigation of circulation 

dynamics for Coddington Cove was conducted so as to permit the evaluation of 

chemical transport and fate in the study area. These results are discussed in 

Section 4.2. 
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3.1.2. Onshore Site Characterization 

Derecktor Shipyard consists of 41.35 acres of land and improvements, 

surrounded on the north, east and south property boundaries by the Naval Education 

and Training Center (NETC). Approximately 80 percent of the shipyard is covered by 

buildings or pavement; no natural fresh water bodies are located within Derecktor 

Shipyard. 

Subsurface soils occurring at NETC are derived from glacial till which is 

sufficiently permeable to permit the vertical migration of surface water into the 

groundwater. Even where exposed bedrock occurs, numerous cracks and fissures 

exist so to also permit surface water infiltration. 

Groundwater at Derecktor Shipyard is classified as “GB” by the Rhode Island 

Department of Environmental Management (RIDEM), indicating that it is considered not 

suitable for drinking water without treatment due to known or presumed degradation. 

Also, the groundwater is shallow (less than 10 feet below the surface in most areas) 

and tends to flow to the west and discharge into Narragansett Bay. Thus, groundwater 

is a potential pathway for contaminants entering surface waters at NETC to be released 

into Coddington Cove. 

The Derecktor Shipyard site was investigated in the Initial Assessment Study 

(Envirodyne Engineers, 1983) and the Confirmation Study (Loureiro Engineering 

Associates, 1986). The onshore Remedial Investigation (RI) included ambient air and 

radiological surveys, soil gas surveys, geophysical surveys, surface soil sampling, test 

borings, test pits, ground water monitoring-well installation and sampling, and leachate 

spring sampling. The findings of the onshore RI, presented in two reports (TRC, 1992; 

TRC, 1994b), indicated that elevated levels of PAH and metals contaminants are 

present in the soil at the site (Table 3.1-1). Levels of these contaminants exceed 
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National Oceanic and Atmospheric Administration (NOAA) benchmarks for marine 

sediments (Long ef a/., 1995), assuming similar concentrations of contaminants in soils 

and sediments due to direct soil runoff into the cove (Table 3.1-1). Metals detected in 

the groundwater of this area also exceeded EPA Water Quality Criteria (Table 3.1-2). 

3.1.3. Phase I Offshore Field Investigations 

In 1993-94, scientists from the Graduate School of Oceanography, University of 

Rhode Island, collected surface sediment samples from stations offshore of Derecktor 

Shipyard, NETC, and a selected reference station located in Jamestown Potter Cove in 

Narragansett Bay (Figure 2.0-I). The purpose of this investigation was to characterize 

the embayment area located adjacent to the shipyard for magnitude and extent of 

chemical contamination which may be shipyard-related. These samples were ainalyzed 

for grain size distribution, organic carbon content, inorganic contaminants, and organic 

contaminants. Station locations are shown in Figure 3.1-3. 

Grain Size Distributions/Total Organic Carbon. The results of grain size analysis 

of the surface sediment samples revealed that many shallow water stations (1, 2, 4, 9, 

10 and 17), and most offshore stations (13, 14, 16 and 24), had high sand contents, 

whereas the remaining stations (5, 6, 8, 11, 12, 18, 19, 20, 22 and 23) were relatively 

fine grained. Core sample analyses indicated that sediments collected at Stations 1 

and 3 were extremely variable down core, whereas sediments collected at Station 12 

were relatively fine-grained and uniform down core. The organic carbon content of the 

Coddington Cove surface sediments was inversely correlated to the grain size 

distribution. Coarser sediments had lower organic content, whereas finer sediments 

had higher organic content. These relationships are consistent with the hypothesis that 

shallow and offshore areas are exposed to erosional forces which winnow the lilghter, 

smaller and more organic particles from the sediment, leaving the coarser, lower 

organic content sediments behind. 
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inorganic Confaminants. The results of metals analysis for Coddington Cove 

surface sediment samples using partial digestion methods revealed a wide range of 

variation in metal concentrations, a significant component of which can be attributed to 

lithologic variation. (Note that the partial digestion method results in lower estimates of 

bulk sediment metal concentrations than the total digestion methods used in the 

present investigation and thus are not directly comparable). Maximum concentrations 

of nickel, lead, chromium, zinc, copper, mercury, and silver, normalized to grain size, 

were found adjacent to the outfall pipes at the former Derecktor Shipyard. 

Normalization of the trace metal concentrations to the total aluminum concentration also 

indicated higher metals concentrations adjacent to the outfall pipes which decreased 

with distance from the outfalls. These results suggested that shipyard-related activities 

were resulting in trace metal loading to Coddington Cove. 

Acid Volatile Sulfide (AVS) and Simultaneously Extractable Metals (SEM) studies 

were undertaken on the surface sediment samples obtained from Coddington Cove in 

order to determine the potential bioavailability of divalent trace metals. AVS 

concentrations in the surface sediments of Coddington Cove were relatively high, and 

ratios of SEM/AVS were very low (i.e. <<I .O), suggesting that despite elevated 

concentrations, the divalent metals may not be bioavailable to aquatic biota. 

Previous studies of Narragansett Bay sediments (King, 1994; Corbin, 1989) have 

shown that anthropogenic metals concentrations decrease exponentially down-bay 

from the major sources in the Providence metropolitan area. For example, the 

maximum concentrations of copper found in Narragansett Bay are comparable to those 

found in the Providence River, and the copper concentrations at Station 12 are 

comparable to those found at mid-bay stations. The concentrations of selected 

anthropogenic metals, including copper, zinc, lead and nickel, in Coddington Cove 

sediments were found to be elevated relative to sediments typical of lower Narragansett 

Bay. The concentrations of two other anthropogenic metals, chromium and cadmium, 

3-6 



were found to be slightly elevated by similar comparison. These results indicate that a 

major local source of anthropogenic metals exists in Coddington Cove. 

Organic Contaminants. Table 3.1-3 provides a summary of the organic 

contaminants found in surface sediments (top 2 cm) from 24 stations in Coddinglton 

Cove collected during the Phase I URI 1994 Survey. The locations of several of the 

stations (i.e., Station 1 through Station 4) were selected because of their proximity to 

outfalls discharging into Coddington Cove and to piers with shipping activity (i.e., 

Station 11; Figure 3.1-3). A comparison of Total PCBs, Total PAHs, p,p’-DDE and 

tributyltin (TBT) for all 24 stations revealed that, overall, Station 3 and Station 1 II had 

the highest concentrations of total PCBs and total PAHs, Station 3 had the highest level 

of p,p’-DDE, while Station 2, 3, 19, 22, and 23 had the highest levels of TBTs. 

Total PCBs are calculated by multiplying the sum of individual congeners 

measured in each sample by a conversion factor (2.0) to obtain comparable data as 

would be obtained from the analysis of individual Aroclor mixtures (NOAA, 1989). Total 

PCBs ranged from 9.4 rig/g at Station 16 to 733.3 rig/g at Station 3. The 

concentrations of individual PCB congeners in surface sediments from Stations 5, 18, 

and 20 revealed that CB0771154 (unresolved mixture of 2 congeners), CBI 38, CBI 53 

and CBI 18 were the major constituents. 

The PAHs found to be most elevated included fluoranthene, pyrene, and 

chrysene. Total PAHs is the sum of all the individual Polycyclic Aromatic Hydrocarbons 

(PAHs) measured in each sample (24 total). Total PAHs ranged from 285 rig/g at 

Station 16 to 66,000 and 81,700 rig/g at Station 2 and Station 3, respectively. 

The pesticide p,p’-DDE was the most abundant organochlorine pesticide (OCP) 

species in the samples, and was found to vary from non-detected concentrations at 

Stations 18 and Station 20 to 13.6 rig/g at Station 3. 
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Butyltins are reported as the weight of tin (Sn) within the organic matrix (e.g., ng 

Sn/g). Tributyltin was the major butyltin species observed, with concentrations in 

sediments ranging from 31.7 ng St-r/g at Station 1 to 371.7 ng Sri/// at Station 2. 

All of the sediment cores measured in the study (Stations 1, 3, and 12) revealed 

evidence of organic contaminants down to the deepest sections analyzed. Organic 

contaminant distributions in core sections from Station 12 revealed that the contaminant 

concentrations either remained constant or increased with depth in the core. Based on 

the presence of TBT (and its approximate usage start date), all sections of this core 

were deposited after 1960. The presence of C,,- benzotriazole (manufactured after 

1970) in the 22-24 cm section, as well as its absence in the last deeper section, 

indicates that the latter was deposited before 1970 (Pruell and Quinn, 1985). Thus, the 

sedimentation rate at this location, based solely on these chemical markers, is 

estimated to be 1 cm/yr. 

3.1.4. Coddington Cove Habitat Investigations 

In 1991, the Narragansett Bay Project contracted Applied Science Associates to 

map habitats and natural resources in and around Narragansett Bay. Aerial photo data 

collected in April 1988 were obtained, interpreted, and translated into Arclnfo 

Geographic Information System (GIS) format (French et al., 1992). 

A variety of habitat types exist around Derecktor Shipyard, ranging from the 

upland and pavement areas, to the fringe salt marsh and rocky intertidal in the southern 

cove area (Figure 3.1-4). Coddington Cove proper is classified in its entirety as 

estuarine open water and is approximately 1.4 km* in surface area. Habitat other than 

open water and pavement in the cove area which may be suitable for wading birds is 

approximately 0.2 km2. Extensive areas of the cove were substantially modified during 

base construction. The tide flows in and out of cove on a twice-daily basis through the 
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open access to Narragansett Bay. Typical tidal fluctuations between high and low tides 

are on the order of 3 to 4 feet. 

3.2. ASSESSMENT AND MEASUREMENT ENDPOINTS 
-7 *\ 

A target analyte list was developed in response to the regulatory requirements 

of the Remedial Investigation/Feasibility Study (RVFS) for the Naval Education and 

Training Center (NETC), Newport, and through recognition of a number of potential 

chemical stressors associated with past disposal practices and other Naval operations 

(Table 3.2-l). The list was based on those chemical contaminants detected during 

previous offshore (i.e., Quinn et al., 1994) and on-shore investigations (e.g., TRC, 

1994), and includes both metals (Hg, Ni, Zn, Cu, Cd, Cr, Pb, and Hg ) and organic 

compounds (PAHs, PCBs, butyltins, and organochlorine pesticides (OCPs)). This list 

also includes several other metals (Al, Fe, Mn) which may at least in part be reflective 

of background conditions. The list reflects current understanding of those chemicals 

which are both of toxicological importance and persistent in estuarine systems. It 

encompasses selected potentially toxic chemicals which may serve as indicators of 

human activity (although for different uses) and whose discharge into the environment 

has been enhanced through industrialization (NOAA, 1991). 

,‘. 

In keeping with the requirements of the RVFS process, and based on the 

potential ecological effects of the chemical stressors (identified above), a suite of 

assessment and measurement endpoints were identified as important in the ecological 

risk assessment. As indicated in Table 3.2-2, these include the vitality of pelagic, 

epibenthic, and infaunal communities, as represented by common and/or natural 

resource species in Narragansett Bay. Target receptors chosen to be representative of 

these habitats/trophic modes are discussed in Section 3.4. 
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Exposure point measurements employed as indicators of the assessment 

endpoints are presented in Table 3.2-3. The exposure point measurements were 

selected based on their relevance to: 

0 The assessment endpoint and receptors of concern, their relevance to 

expected modes of action, and effects of CoCs; 

a Determination of adverse ecological effects; 

0 Availability of practical methods for their evaluation; and 

0 Their usefulness in extrapolating to other endpoints. 

Most of these measurement endpoints have been used in other studies, and 

have proven to be informative indicators of ecological status in marine and estuarine 

systems with respect to the stressors identified as important in this assessment. Many 

serve a dual purpose in that they provide information relevant to two or more 

assessment endpoints. 

In addition to the measurement endpoints used to evaluate the occurrence of, or 

potential for, adverse ecological effects, exposure point measurements were employed 

to evaluate exposure conditions. As shown in Table 3.2-3, these exposure point 

measurements include chemistry measurements made in environmental media (water, 

sediment, elutriate, and biota), as well as geochemical attributes of exposure media 

which may influence the availability of contaminants to receptors. 

The exposure point measurements include fecal pollution indicators, which are 

microbial organisms whose abundance is measured as the concentration of the 

organism per unit of matrix (e.g., no./ml, no./g wet tissue). These organisms are 
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released into the environment via discharges of human and/or animal feces, or 

improperly treated sewage effluent (Cabelli, 1978). As such, fecal indicators reflect 

potential contaminant migration pathways and other indirect stresses caused by co- 

mingled contaminants in waste streams, and/or other undesirable ecological changes 

associated with fecal pollution (e.g. nutrient-induced sediment organic enrichment and 

anoxia, and altered ecological function due to shifts in species composition). For the 

exposure assessment, these organisms act as chemical surrogates for other, 

unmeasured compounds, and their concentration provides information on the relative 

importance of various pollutant sources to the environment, assuming the concentration 

of other unmeasured compounds would be available in proportional amounts to the 

measured indicator. As effects indicators, the strength of relationship between this 

measurement endpoint and other, related endpoints (biota condition, benthic 

community structure) will be used to support the determination of the probability that 

habitat disruption has occurred. Data on three fecal pollution indicators (Clostri~dium 

pekingens, fecal coliforms (including Escheria co/i), and total coliforms) are included in 

the weight of evidence summary as a way of reducing the uncertainty about the 

accuracy of this weight of evidence. 

( ,I 

‘WX, 

These measurement endpoints will be used as the weight-of-evidence in the 

exposure assessment component of the risk characterization summary. The protocols 

and methods used to evaluate measurement endpoints and exposure point 

measurements are discussed further in Section 4.0. 

,: 

3.3. CONTAMINANTS OF CONCERN 

Proposed Contaminants of Concern (CoCs) have been identified for this 

I..,1 investigation using a rationale which links the source (Derecktor Shipyard) to potential 

marine receptors in adjacent Coddington Cove and Narragansett Bay through plausible 

,, i 
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exposure pathways. The selection process involves sequential evaluation of target 

analyte concentrations, first considering the frequency of detection, then elevation 

relative to minimum effects benchmarks. For analytes lacking benchmarks, site 

concentrations were compared against reference concentrations. 

Benchmarks are numerical criteria or guidelines which establish chemical 

concentrations presumed to be protective of biological systems. For derivation of CoCs 

in this ERA, site sediment concentrations are of primary consideration as sediments are 

the major reservoir for CoC constituents. Available (i.e., nationally recognized) 

benchmarks for sediments include the Apparent Effects Threshold (AET; US. EPA, 

1989a), Effects Range-Low and Effects Range-Median (Long et al., 1995), and 

Equilibrium Partitioning-based Aquatic Life criteria (EqP-AL; U.S. EPA 1989b, Adams 

ef a/. , 1992). The AET approach uses data from matched chemistry and biological 

effects measures, and is the concentration of a selected chemical above which 

statistically significant biological effects are expected to occur (U.S. EPA, 1989a). 

Effects Range-Low (ER-L) and Effects Range-Median (ER-M) are benchmarks 

representing the 10th and 50th percentiles, respectively, of ranked chemical 

concentrations (predicted or measured) at which biological effects were observed. The 

Equilibrium Criteria-Aquatic Life Approach (Adams et al., 1992) predicts effects in 

porewater for non-ionic organic contaminants based on the water quality benchmark, 

accounting for partitioning between dissolved and particulate phases. For three of the 

chemicals measured in site sediments for this ERA, the EPA has promulgated criteria 

known as Sediment Quality Criteria (SQC; DiToro et al., 1991). Each benchmark has 

advantages and disadvantages as well as differing degrees of applicability for various 

chemical groups. 

For this ERA, the lowest of the matrix-specific benchmarks was used as the 

screening value for each compound (Table 3.3-l). In most cases, the NOAA ER-L was 

the minimum benchmark value. For chemical constituents lacking benchmarks, 
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sediment concentrations measured at reference locations were used as the bassis of 

comparison. 

I . . 

Results of the screening process for the development of the marine sedirnent 

CoC list are summarized in Table 3.3-2. Frequency of detection was calculated as the 

percentage of total site samples analyzed which had detected concentrations. The 

range of concentrations reported for site data excludes non-detected values. One-half 

of the Sample Quantitation Limit was substituted for non-detected values calcul(ating the 

mean concentration of each compound for both the site and reference stations. The 

95% upper confidence limit was calculated according to standard statistical procedures 

(Snedecor and Cochran, 1980), assuming a one-tailed distribution (i.e. only data 

exceeding the upper 95% confidence limit are of interest). Where the 95% UCL. was 

,.,’ 

, C‘ . 

greater than the site maximum concentration, the maximum concentration was iused to 

screen against benchmark or reference data. Lastly, information on bioaccumulation 

persistence and toxicity was also considered in the selection of CoCs. 

‘“1 

j,.,~ 

All PAH analytes (including calculated sums for low and high molecular vveights 

and total PAHs) were found to exceed benchmarks where comparisons were possible. 

Two PAHs (2-methylnaphthalene and naphthalene) did not exceed benchmarks, and 

were excluded as CoCs. For metals, all analytes, with the exception of cadmium, had 

maximum concentrations in bulk sediments which exceeded benchmarks. For ‘organic 

contaminants lacking benchmarks, all analytes exceeded background1 concentrations. 

Because their frequency of detection was c 5%, aldrin and hexachlorobenzene were 

excluded as CoCs. 

r:‘. As a result of the screening process, all target analytes except for aldrin, 

cadmium, hexachlorobenzene, 2-methylnaphthalene, naphthalene, and tetrabutyltin 

m... were included as CoCs for the ERA. The analytical results used in this ERA were 

consistent with those of earlier studies (e.g., Quinn et a/., 1994) with respect to the 
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specific classes of compounds which are elevated in the marine sediments adjacent to 

Derecktor Shipyard (see Section 3.1). It should be noted that this list of CoCs is 

conservative in that the screening procedure involved maximum contaminant 

concentrations and conservative benchmark concentrations. Final consideration of 

CoCs for offshore exposure media will be made following completion of the Exposure 

Assessment (see Section 4.0 of this report). 

3.4. RECEPTORS OF CONCERN 

Identification of ecological systems/species/receptors of concern (hereafter 

collectively termed “receptors of concern”) involved evaluations of the importance of 

each potential receptor (or “candidate”) to the ecology of the Derecktor Shipyard study 

area and Narragansett Bay, its sensitivity to stressors associated with the site, and its 

aesthetic, recreational, and commercial importance as a natural resource of 

Narragansett Bay. The site characterization for Derecktor Shipyard identified a number 

of estuarine systems and habitat types (Section 3.1.3). The nature of chemical 

stressors originating from Derecktor Shipyard operations suggests that several 

ecological receptors may be potentially at risk, including: 

l Nearshore habitats directly adjacent to shipyard areas; 

0 Pelagic communities, including plankton and fish; 

0 lnfaunal benthic communities in sediment depositional areas; 

0 Soft- and hard-bottom epibenthic communities; and 
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0 Commercially, recreational, and/or aesthetically important natural 

resource species. 

,/R 

Although French et a/. (1992) provides a bay-wide perspective of habitat types 

(Section 3.1.3), the lack of specific, detailed information on critical habitats which are 

potentially present in the general vicinity of Derecktor Shipyard represents a data gap 

which is not addressed in this study. 

,,,.., 

The estuarine systems and habitats of Derecktor Shipyard include primarily 

subtidal environments, consisting of wharves and piers, sand- or silt- bottom, with 

limited coverage of intertidal environments. The identification of estuarine systems and 

habitats potentially at risk from Derecktor Shipyard contaminants provides a natural 

progression to the selection of target receptors of concern for this ecological risk 

assessment (Table 3.4-l). These target receptors, and the rationale for their selection, 

include: 

0 Blue mussel (Myfi/us e&/is): This species is a locally abundant and 

ecologically important filter-feeding bivalve found in intertidal and subtidal 

habitats. It is an important food source for birds, fish, starfish, ancl 

occasionally humans. Blue mussels are surrogates for epibenthic species 

in the intertidal environment, where they are potentially exposed to water- 

borne and particulate-bound contaminants. Blue mussels may also serve 

as surrogate species for pelagic species when collected from mid-upper 

water column (i.e., deployment of mussels on mooring floats). 

0 Cunner (Tautogolabrus adspersus)lMummichog (Fundulus spp.): These 

species are locally abundant and ecologically important estuarine fish 

which feed opportunistically upon both animals and plants, and have 

limited home range due to territorial behaviors. When abundant, they may 
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be an important food source for birds and other fish, and are a surrogate 

for other pelagic fish species potentially exposed to water-borne and bulk 

sediment contaminants. 

0 Winter flounder (Pleuronectes (=Pseudopleuronectes a.) americanus): 

This species is a locally abundant, ecologically and economically 

important fish. It feeds upon benthic organisms and has a wide range of 

exposure due to its migratory behavior. It is an important food source for 

birds, predatory fish, and humans. Flounder represent other demersal 

fish species potentially exposed to water-borne and bulk sediment 

contaminants. Toxicity exposure information for fish, except for direct 

contact exposure, is scarce. This species was observed inshore near 

Derecktor Shipyard (RIDEM, 1993). 

0 Lobster (Homarus americanus): This species is locally abundant, and an 

ecologically and economically important subtidal crustacean which feeds 

opportunistically as a scavenger. It is an important food source for fish 

and humans. The lobster represents an epibenthic species potentially 

exposed to water-borne and bulk sediment contaminants. 

0 Hard clams (Mercenaria mercenarialpitar morrhuana): These 

morphologically and ecologically similar subtidal bivalve filter feeders are 

locally abundant, and are ecologically and economically important. They 

are important food sources for birds and occasionally humans. Hard 

clams are representative of infaunal species potentially exposed to bulk 

sediment and pore water contaminants. 

0 Benthic community: The benthic community (including sponges, corals, 

mollusks, segmented worms, arthropods (including crustaceans), starfish, 
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and chordates (tunicates and fish)), is an ecologically important, 

potentially rich assemblage of species with numerous life histories and 

feeding strategies. It is an important food source for birds, fish, and 

benthic and epibenthic invertebrates. The benthic community is 

potentially exposed to contaminants in bulk sediments, pore water,, and 

the water column. 

Many of these receptors are important resource species for Narragansett Bay, 

but also can be considered surrogate receptors for larger groups of species. For 

instance, the hard clam, Mercenaria mercenaria, is an important commercial species for 

Rhode Island, as well as an indicator species for infaunal bivalves in general. However, 

as discussed in a later section, not all of these species occurred at all of the sampling 

stations. 

Stressors introduced to the bay may indirectly affect avian receptors. For 

example, bivalves and fish contaminated with chemicals may be consumed by 

shorebirds, resulting in direct or indirect biological effects. For this reason, avian target 

receptors of concern include: 

0 Great Blue Heron (Ardea herodias) / Herring Gull (Larus argentatus): 

These species are local avian aquatic predators which feed upon 

invertebrates and fish. The heron is a top-level carnivore and represents 

wading shorebirds (e.g., snowy egret, Egretta t/w/a) which are principally 

piscivorus and may also occur on site. Herring gulls are common to the 

area and display an omnivorous feeding habit. Impacts on these species 

will be assessed through food web modeling. 
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3.5. CONCEPTUAL MODELS 

Conceptual models are developed to provide a framework for hypotheses 

concerning how a given stressor might cause ecological impacts on receptors of 

concern (U.S. EPA, 1992). Four models, comprising the overall conceptual model for 

this assessment, have been developed using a tiered strategy. Models in the initial 

tiers are more general and inherently carry greater uncertainty, whereas the more 

complex fourth-tier models have greater complexity and certainty for the specific 

pathways being evaluated. In the process of further refinement of models in 

subsequent tiers, hypotheses are retained or rejected based on existing knowledge of 

contaminants and receptors of concern. However, as previously indicated, the 

conceptual model approach in this assessment addresses only current conditions and 

levels of activity at the site, and does not address future use scenarios involving 

fundamentally different conditions or activities at the site. 

The initial three tiers describe stressor origin, transport, fate, and effects at 

different spatial and temporal scales. Tier I represents the general north to south 

gradient of chemical contamination in Narragansett Bay, Tier II represents the initial 

release and transport of site-specific CoCs to the bay from the Derecktor Shipyard and 

other NETC sites, and Tier III represents the longer-term transport, fate, and effects of 

those CoCs. The fourth tier models include specific receptors and stressors as 

identified in Section 3.3 and 3.4, respectively. Each of the four model tiers is described 

in detail below. 

3.5.1. Tier I Model 

The first tier of the conceptual model (Figure 3.5-l) describes the general down- 

bay (i.e., north to south), higher-to-lower gradient in stressor concentration. Although 

many sources contribute to this gradient, and local sources may influence specific 
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stressor concentrations anywhere in Narragansett Bay, this model suggests that 

contaminant concentrations in the immediate vicinity of Navy facilities should be 

evaluated within the context of the ecology of the entire lower bay. As a result of this 

_I model evaluation, a reference station which occupies a similar “urbanized” environment 

‘.Il 

opposite Derecktor Shipyard in Jamestown’s Potter Cove, is appropriate to identify 

baseline ecological conditions without shipyard-related influences, while the reference 

station at Castle Hill Cove provides a relatively non-impacted environment for 

comparative purposes. 

, ’ 

3.5.2. Tier II Model 

The second tier of the conceptual model describes the local release of 

“-. 

,’ - 

r .w 

contaminants from Derecktor Shipyard and other NETC sites into greater Narragansett 

Bay (Figure 3.5-2). The first hypothesis framed by this model is that CoCs are being 

transported from land-based sources to adjacent coves and Narragansett Bay, 

predominately via surface runoff and ground water (including seeps) routes, although 

air transport of chemical pollutants bound to soil and dust particles also may occur. 

The geographical configuration of the Derecktor Shipyard study area is sluch that 

it is somewhat sheltered from the main flow of tidal currents in the bay, and hen’ce 

^. . . 

opportunity for sediment deposition in Coddington Cove is probable. Accordingly, water 

circulation provides a hydrographic continuity between the shipyard nearshore 

environment and greater Narragansett Bay. Various areas of Derecktor Shipyalrd may 

experience longer water residence time due to more restricted circulation, and tlhus 

sediments may have higher concentrations of CoCs than areas with more dynamic 

circulation. Thus, localized gradients in contaminant concentrations would be 

expected, with the highest levels predicted in areas of restricted circulation most notably 

those immediately adjacent to the shipyard. 
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3.5.3. Tier III Model 

The third tier of the model describes details of the aquatic behavior of 

contaminants hypothesized to exert ecological effects within the Narragansett Bay 

system (Figure 3.5-3). The model arrows indicate that the short-term behavior of 

contaminants in the water column depends on their solubility, degradation rates, and 

sorption to particulate matter. Bound contaminants may be transported with the current 

in association with particles, but may also settle to the bottom in localized depositional 

areas, such as those areas suspected for the shipyard. Individual molecules may 

remain in a dissolved state or will adsorb and desorb in a dynamic fashion, maintaining 

an apparent equilibrium relative to sorption state. Dissolved contaminants are 

transported to other parts of Coddington Cove and possibly Narragansett Bay by 

prevailing current patterns. 

Once on the bottom, local currents may result in bedload transport of sediment, 

resulting in a further redistribution of the contaminants. Subsequent deposition of 

uncontaminated particles may bury earlier settling particles, and eventually block them 

from contact with ecological systems. Chemical-specific partitioning dynamics will 

occur in the sediments and interstitial (pore) waters in response to the geochemical 

conditions (e.g., redox potential) of those sediments. Contaminants may be available to 

biological systems in the water column, pore water, and surficial sediments, resulting in 

direct toxicological effects and/or biological uptake and transfer through food webs. 

Based on this generalized conceptual model, ecosystems potentially at risk are 

hypothesized to include nearshore habitats, pelagic, benthic and epibenthic 

communities, and natural resource species. In addition, stressor partitioning dynamics 

suggest that risks to receptors should be highest in nearshore areas adjacent to the 

shipyard site, and that the assessment should focus on CoCs associated with 

depositional sediments. Stressors which conform to this model of contaminant behavior 
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include metals, organic contaminants such as Polycyclic Aromatic Hydrocarbons 

(PAHs), Polychlorinated Biphenyls (PCBs), butyltins, and Organo-Chlorine PesGcides 

(OCPS). 

3.5.4. Tier IV Models 

The description of stressor dynamics suggests risks to the aforementioned 

systems to be highest in areas adjacent to Derecktor Shipyard. Although risks t:o other 

ecological systems present in the Narragansett Bay area cannot be dismissed, this 

conceptual model focuses the assessment on ecosystems considered to be directly 

influenced by depositional sediments near the shipyard. 

The initial three tiers describe the origin, transport and fate of stressors at 

different spatial and temporal scales. To complete the model, receptors and stressors 

specific to the Derecktor Shipyard are added in the fourth and final tier, which dIescribes 

exposure pathways (from source to receptor) hypothesized for the site. 

The fourth tier conceptual models describe hypothesized exposure pathvvays 

relating CoCs to the receptors of concern identified in Table 3.4-l. These models were 

developed for receptors by ecological habit (pelagic, epibenthic, infaunal and avian 

aquatic predator), and their respective exposure pathways are illustrated in Figure 3.5-4 

through Figure 3.5-7. Measurement endpoints directly evaluating the effects of CoCs 

on avian aquatic species are not included in this study. However, an evaluation of the 

potential impacts to species group from ingestion of prey organisms hypothesiz.ed to be 

part of the exposure pathways to the predator is characterized through measurement of 

the spatial distribution and residue concentration of the food source. Hence, relevant 

issues for this trophic group with regard to the ERA framework are addressed flrom this 

perspective. 
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Illustrated in Figures 3.5-4 through 3.5-7 are the routes of CoC transport from 

terrestrial sources, through intermediate sources (groundwater runoff, soils), to the 

proximal source of exposure, and to receptors. These proximal sources become the 

exposure points in the Exposure Assessment (Section 4.0). Also illustrated are the 

measurement endpoints which will be evaluated in the Ecological Effects Assessment 

(Section 5.0). 

3.6. SAMPLING AND ANALYSIS SUMMARY 

This section describes data collection and analysis activities required to develop 

the information base necessary to complete the ecological risk assessment. As 

discussed in Section 2, the sampling was needed to acquire chemistry and toxicity data 

for surficial sediments in the area adjacent to the shipyard, and to gather biological data 

to assess the condition of potentially affected receptors. Measurements of organic and 

metal contaminant concentrations in sediment and organisms, and studies of pore 

water metal concentrations and SEM/AVS ratios, were performed in conjunction with 

toxicity, biological condition, and community analysis studies to assess the potential 

impact of the shipyard on the biota. In the sections that follow, a brief discussion is 

presented on station locations and selection rationale, and sampling and analysis 

methods for chemical, geotechnical and biological endpoints. A complete description of 

the methods and QA/QC procedures is contained in the Master Work Plan, Appendix C, 

or included herein as appropriate. Documentation of field activity and sample collection 

is included in Appendix E-l. 

3.6.1. Sediment and Biota Sampling Activities 

Sampling was done from three research vessels as well as from shore. For 

relatively shallow stations (< 3 meters of water), a 7-meter pontoon boat and a 6-meter 
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support motorboat owned by the URI Graduate School of Oceanography were used for 

sampling. For deeper stations, the 20 meter URI Ocean Engineering Department 

research vessel CT-l, was used for sampling. The research vessels were moored at 

, . “~ the Navy facilities in Coddington Cove when not in use. 

, ‘.. 

,r, 

Sediments. The locations of the sampling stations adjacent to Derecktor 

Shipyard are shown in Figure 3.6-l. A total of 17 stations in Coddington Cove were 

sampled to characterize harborfront (Stations DSY-25 to DSY-29) and pier-side 

conditions (Stations DSY-30 to DSY-32) as well as areas more removed from shoreside 

activities (DSY-33 to DSY-39). Additionally, sediment and biota sampling locations 

were added in the Derecktor enclosure area (DSY-40 and DSY-41) as a special area of 

potential concern, because a prior video survey conducted by Navy divers noted an 

apparent lack of benthic life forms in this vicinity. Vibracore samples were taken at 15 

locations throughout the study area (Figure 3.6-2) in order to characterize core 

r ,I_ sediment grain size and lithology. However, sediment chemistry analyses of vibracore 

samples were performed only at Stations V4 and V9. 

Reference collections for sediments and biota were taken at Jamestown Potter 

Cove (JPC) on Conanicut Island, which is due west of Coaster Harbor (Figure 21.0-l). 

As identified in the first Tier model (Figure 3.5-l), Potter Cove and Coddington Cove 

are located approximately in the same position along the Narragansett Bay pollution 

gradient, and hence would be expected to have similar CoC exposure in the absence of 

Navy-related facilities. Another similarity between the JPC reference site and the 

Derecktor ShipyardKoddington Cove study area includes the proximity to Wast.e Water 

Treatment Facility Outfalls (WWTFOs): Coddington Cove is adjacent to the City of 

,. k.. 

Newport WWTFO, whereas Potter Cove is adjacent to the City of Jamestown WWTFO. 

The JPC reference site shares similarity to Coddington Cove with respect to natural 

habitat; the subtidal environment includes muddy bottom inshore (JPC-1) and sand 

habitat offshore (JPC-2). 
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A second reference site, Castle Hill Cove (CHC), is a small embayment 

approximately 2 miles south of Coddington Cove (Figure 2.0-I). The site was primarily 

intended for assessment of baseline biota CoC residues and field effects 

measurements because the habitat lacks soft sediment due to strong currents and 

minimal sediment loading. The cove does contain some urbanized activities, including 

boat dockage and a small Coast Guard facility, which may result in contaminant 

introductions. There is also information to suggest that a sewage outfall may have at 

one time been in operation in the cove, although the surrounding area is quite rural. 

A sample collection and laboratory analysis summary is shown in Table 3.6-l. 

At all 19 surface stations (including two reference stations at Jamestown Potter Cove), 

surface sediments (O-l 5 cm) were collected. A Van Veen grab was used to collect 

surface sediments; 3-4 grabs were often required to collect a sufficient sample for both 

chemistry and toxicity analyses. The surface material from each grab was cornposited 

in a 12-liter, pre-cleaned polyethylene bucket, stirred with a titanium stirrer for 

-30 seconds, and then scooped into pre-cleaned containers for organic and inorganic 

chemistry, elutriate analyses and toxicity studies. Additional grab samples were 

obtained at each station and used for benthic infaunal analysis. Between stations, the 

scoop was rinsed in sequence with distilled water, 1 :I nitric acid, methanol and 

de-ionized water. Field-rinsates of the scoop were collected and analyzed as field 

blanks. The samples were stored on blue ice during collection and, upon return to the 

laboratory, at -2OOC and 4OC for chemistry and toxicity studies, respectively. 

Cores (down to -1 meter) were collected for chemical analysis at seven stations. 

A standard piston corer, the biological corer, was used to retrieve cores of about 1 m in 

length. A mid-depth (- 20-50 cm) and deep section (- 60-80 cm) of each core was 

analyzed for chemical contaminants. The corer used polycarbonate tubes and was 

deployed using a series of 3 meter long extension rods to push the corer into the 

sediment. Vibracore samples were collected at two additional stations (i.e., Stations V4 
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and V9; see Appendix D for core descriptions). The cores were transported in t~he 

vertical position to the lab for storage at 4OC until logging and sectioning. Sectioning 

was completed within 48 hr of collection. Sectioned sediment samples were stored at 

-2OOC until chemical analysis. Sediment sample stations are indicated in Figure 3.6-l. 

,I .. Biota. The biota sampling summary for the Derecktor Shipyard ERA is alLso 

presented in Table 3.6-l. In every possible case, the biota sampling location was 

paired with a sediment sampling location, so as to allow exposure-response 

relationships to be investigated. Biota sampling included the following: 

l Benthic Community Structure. Sampling for benthic community structure 

(DIV) was conducted at each of the 17 sediment sampling locations in 

Coddington Cove (Figure 3.6-l ), two locations in the Jamestown Potter 

Cove reference area, and one location at Castle Hill Cove (Table 13.6-I). 

Duplicate 400 cm2 Van Veen grab samples were obtained and sieved 

aboard ship to 0.5 mm. Organisms were picked from the screen and 

preserved separately for taxonomic analyses. 

0 Epibenthic Receptors (Indigenous Blue mussels). Natural populations of 

blue mussels (Myths edulis) were collected at Stations DSY-25 through 

DSY-28, and Station DSY-40, to allow characterization of long-term 

exposure and effects on epibenthic populations in the immediate vicinity 

of Derecktor Shipyard (Figure 3.6-3). In addition, collections were taken 

at Stations DSY-24, DSY-35, and DSY-36 (Quinn, et al., 1994) in order to 

characterize the nearshore environment where epibenthic scavengers and 

birds may have more active feeding. Collections of indigenous mussels 

were also taken in intertidal areas at two reference stations (JPC-1 and 

CHC-1). In Coddington Cove adjacent to the Derecktor Shipyard, the 

environment above the sediment water interface is entirely artificial, 

3-25 



consisting of docks/piers and concrete abutments. Collections were made 

at low tide by hand-picking specimens off these structures. Collections of 

indigenous mussels were taken in intertidal areas at the two reference 

sites. Incidence of hematopoietic neoplasia in mussel tissue was 

assessed on samples collected from each of these locations. 

0 lnfaunal Receptors (Hard Clams). Mercenaria mercenaria were collected 

at Stations DSY-35 and DSY-41 and JPC-1 while Pitar morrhuana were 

collected at Stations DSY-31 through DSY-38, DSY-41 and at JPC-1 

(Figure 3.6-4). Relatively low densities of both species across the study 

area and deeper offshore waters precluded bull raking as the sampling 

method and necessitated the use of SCUBA divers for collection. 

0 Fish Receptors. Cunner (Tautogolabrus adspersus) were collected at 

Stations DSY-26 through DSY-29, as well as shoreward of Stations 

DSY-35 and DSY-36 (Figure 3.6-5). Successful collection was restricted 

to the nearshore environment. Reference collections of cunner were 

taken at JPC-1 and CHC-1 . In addition, a single mummichog (Fundulus 

spp.) was obtained at Station JPC-1 . Evidence of cytochrome P450 

activation in cunner was assessed at Station DSY-36. 

0 Epibenthic Scavengers (Lobsters). American rock lobsters (Homarus 

americanus) were collected at nine stations in Coddington Cove and two 

reference sites (Figure 3.6-6). Traps were deployed at harbor front 

Stations DSY-25, DSY-27, DSY-28, DSY-29; at central Coddington Cove 

Stations DSY-33, DSY-35 and DSY-36; and at Outer Coddington Cove 

Stations DSY-38 and DSY-39. Collections of lobsters were taken in the 

intertidal area at reference Stations JPC-1 and CHC-1. 
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0 Pelagic Exposure Pathways. Mussels for deployment were obtained from 

a known clean area in Barnstable County, MA, often used by the E:PA 

ERLN laboratory. Mussels were deployed at 1 m above bottom at eight 

stations in Coddington Cove and in deep areas at reference Stations 

JPC-1 and CHC-1 (Figure 3.6-7). The strategy was to characterize harbor 

front water quality conditions via Stations DSY-26, DSY-28, DSY-29, and 

in the enclosure at Station DSY-40, as well as a possible gradient in water 

quality extending out from the harbor along Stations DSY-31, DSY-33, 

DSY-38 and DSY-39. A time-zero sample was also collected to establish 

baseline conditions. Each station consisted of four cages on separate 

sub-surface floats. A composite of the four replicates was generated for a 

single chemical analysis at that station; condition indices were assessed 

on individual replicates. 

In addition to chemical analyses and condition indices, mussels collectecl at 

these locations were examined for fecal pollution indicators. Data on chlorophyll a, total 

suspended solids, temperature and salinity were measured at the beginning, middle 

and end of the deployment, in support of interpretation of mussel growth data. 

3.6.2. GeophysicaVHydrographic Sampling Activities 

This section briefly details the sampling approach taken to characterize sediment 

distribution spatially and with depth, as well as determine the water circulation pattern 

near Derecktor Shipyard and adjacent Coddington Cove, including the exchangle 

between Coddington Cove and Narragansett Bay. Further detail is provided in 

Sections 4.2.1 through 4.2.4. 

l Geophysical Surveys. The geophysical survey utilized a composite 

Datasonics Chirp Sub-bottom Sonar and Side-Scan Sonar system. Side 
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scan sonar was used for surface characterization; chirp sonar was used to 

determine depth of sediment units. The study area, shown in Figure 3.6-8, 

included Coddington Cove, and a small area outside the mouth of 

Coddington Cove up to the Newport Sewage Treatment Plant outfall 

offshore of Coddington Point. The sidescankhirp probe was towed 

behind a vessel along pre-designated survey lines spaced approximately 

20-50 m apart. This survey strategy provided >90% bottom coverage of 

the survey area. Navigation was provided at Differential Global 

Positioning System (DGPS) accuracy (resolution to + 3 m). 

0 Hydrographic Sun/eys. Transects examined during hydrographic surveys 

are shown in Figure 3.6-9. Data on current velocity vs. depth was 

collected in real time using an RD Instruments Broadbeam 1200 Acoustic 

Doppler Current Profiler (ADCP). This device was used for vertical 

profiling of water currents from a moving ship with + 5 cm set-’ accuracy. 

The design of the hydrographic survey was such that the pattern of water 

circulation driven by semi-diurnal tides, as well as longer-term, non-tidal 

net flow driven by winds and density variations, could be determined. 

Energetics and flow patterns within Coddington Cove also were assessed 

from the data. 

To determine the effect of tidal variation during the survey (and remove its effect 

from the data interpretation), a pressure (tide)/conductivity/temperature gauge was 

deployed at the mouth of Coddington Cove. In addition, numerous Conductivity, 

Temperature, and Depth (CTD) surveys were also conducted to determine seawater 

density distributions. 
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3.6.3. Sediment and Biota Chemical Analyses 

,I, 

, 1”, 

Sediments. The concentrations of selected metals, PCB congeners, pesticides, 

PAHs and butyltins in surface and core sediment samples were determined as 

described in the Work Plan (refer to Table 3-2 of Master Work Plan). In addition, the 

concentrations of Simultaneously Extractable Metals (SEM) and Acid Volatile Sulfides 

(AVS) in these sediments were determined. 

Tissues. Tissue analytes included the same suite as determined in sediments. 

Shell and/or exoskeletal material were not analyzed for any species. Bivalve and fish 

tissues were frozen whole after collection and archived for later analysis. Samples of 

bivalves from the collection were selected at random and tissues excised at the organic 

or inorganic lab, depending on the analysis. Lobster specimens were resected 

immediately following euthanasia; a composite of muscle tissue groups (composite of 

tail and claw) was obtained for chemical analyses. In addition, the lipid content of the 

biota tissue was determined. 

Ehtriafe fesfing. Elutriate chemical analyses were performed on selecte’d 

samples. Measurements included organics as well as SEM/AVS concentration. The 

elutriate was prepared as a I:4 dilution of whole sediment followed by centrifugation 

(USACE/EPA, 1992). Splits of particle-free water were prepared for chemical and 

toxicological analyses. 

Whole water samples. During the sample collection period, and during tlhe 

hydrographic study, whole water samples were collected at 1 m above bottom at 

._j 

,. ̂  

several stations in Coddington Cove. Water was collected with a Go-flo or Niskin bottle 

and analyzed for temperature, salinity, pH, suspended solids, dissolved oxygen and 

ammonia concentration. Methods for these analyses are described in Appendix C of 

the Master Work Plan. 
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Grain Size/Total Organic Content. Percentages of sand, silt and clay in 

sediment samples from each station were determined. Samples were pre-treated for 

removal of carbonates and organics, and then sieved using the Elzone Model 180XY 

particle size analyzer. Estimation of sediment total organic carbon (TOC) content was 

accomplished by determining the weight lost on ignition at 550°C. Details of the 

method are contained in URI and SAIC (1995). 

3.6.4. Biological Assays 

Toxicity Testing. The toxicity of whole surface sediment and sediment elutriates 

was assessed using the amphipod (Ampelisca abdita) 1 O-day acute test and the sea 

urchin (Arbacia punctulafa) fertilization and embryo larval tests, respectively. A 

complete description of these test methods is contained in URI and SAIC (1995). 

Condition Indices. Condition indices were evaluated for both indigenous blue 

mussels and deployed mussels through separate determination of tissue dry weight, 

shell weight and shell length, and calculation of morphometric ratios using these data. 

Benfhic Communify Structure Analyses. Benthic community structure analysis 

included determination of species richness and dominance, use of multivariate 

statistical techniques such as clustering and multidimensional scaling, as well as 

inspection of data for number of opportunistic forms present. Identifications were 

carried out to the species level. Sampling and counting techniques closely followed 

those used in the EPA Environmental Monitoring and Assessment Program and in the 

benthic infauna survey of Coddington Cove carried out by Menzie-Cura & Associates in 

August 1993 (TRC, 1994). 

Fecal Pollution Indicators. Total and fecal coliforms (including E. co/i), fecal 

streptococci and enterococci, as well as Clostridium perthgem spores, were 
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enumerated in deployed mussel tissue using the FDA most probable number method 

, ,,. (details in Appendix B-2-4). 

Hematopoietic neoplasia assessment. Indigenous blue mussels collected from 

the Derecktor ShipyardEoddington Cove stations and reference locations were 

assayed for the presence of a proliferative blood cell disorder called hematopoietic 

neoplasia. Blood of mussels was syringe-extracted from the abductor muscle and 

fixed/stained for microscopic examination. Details of the method are contained in URI 

and SAIC (1995). 

_,. a Cyfochrome P450 Assays. Cytochrome P450 Assays of fish tissue collelcted 

from Station DSY-36 were performed to assess induction of enzymes used to 

metabolize PAH compounds. Composite samples of fish liver were frozen in liquid 

nitrogen until sufficient biomass was obtained for analysis. 

., 
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Figure 3.1-1. Site location map for the Derecktor Shipyard Marine Ecololgical 
Risk Assessment. 



Figure 3.1-2. Bathymetry of Coddington Cove, RI. 
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Figure 3.1-3. Derecktor ShipyardKoddington Cove stations sampled by GSO during 1993 and 1994 (Quinn ef al., 1994b). 
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Figure 3.14. Coastal Habitats in the vicinity of the Derecktor ShipyardKoddington Cove Study Area. 
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Figure 3.1-4 (continued). Habitat coding for Figure 3.1-4. 

Habitat Code Description 

EMA Estuarine emergent wetland, marsh/wet meadow 
EOW Estuarine open water 
FGT Fringe gravel terrace 
FOA Forested conifer wetland 
FOB Forested deciduous wetland 
FGT Fringe gravel terrace 
FRT Fringing rock terrace 
FSF Fringing sand flat 
IGB Intertidal gravel beach 
IRO Intertidal rock outcrop 
POW Palustrine open water 
SSA Scrub-shrub wetland: Shrub swamp 
SSP Subtidal sand (depositional) 
SSY Subtidal sand (dynamic) 
UAR Supratidal artificial 
UPL Upland 
VAC Macroalgal 
VAS Macroalgal 
VEB Eelgrass 
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The First Tier Model places site-specific contaminant 

basis for choosing appropriate reference locations. 

Figure 3.5-l. First Tier conceptual model for contaminant transport in Narragansett Bay. 
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Figure 3.5-2. Second Tier conceptual model of contaminant transport for Derecktor ShipyardEoddington Cove. 
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Figure 3.5-3. Third Tier conceptual model of contaminant behavior for Derecktor ShipyardEoddington Cove. 
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Figure 3.5-4. Fourth tier conceptual model of contaminant transport in the Derecktor ShipyardKoddington Cove 
study area: Exposure pathway to pelagic receptors. 
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Figure 3.5-5. Fourth tier conceptual model of contaminant transport in the Derecktor Shipyard/Coddington Cove 
study area: Exposure pathway to epibenthic receptors. 
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Figure 3.5-6. Fourth tier conceptual model of contaminant transport in the Derecktor ShipyardKoddington Cove 
study area: -Exposure pathway to infaunal receptors. 
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Figure 3.5-7. Fourth tier conceptual model of contaminant transport in the Derecktor ShipyardlCoddington Cove 
study area: Exposure pathway to avian receptors. 
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Figure 3.6-l. Surface sediment and sediment core sampling stations in the Dlerecktor 
ShipyardEoddington Cove study area. 
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Figure 3.6-2. Sediment vibracore sampling stations in the Derecktor 
ShipyardKoddington Cove study area. 
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Figure 3.6-3. Indigenous blue mussel sampling stations in the Derecktor Shipyard/ 
Coddington Cove study area. 
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Figure 3.6-4. Hard clam sampling stations in the Derecktor ShipyardICoddington Cove 
study area. 
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Figure 3.6-5. Fish sampling stations in the Derecktdr ShipyardKoddington Cove study area. 
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Figure 3.6-6. Lobster sampling stations in the Derecktor ShipyardKoddington Cove 
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Figure 3.6-7. Deployed mussel sampling stations in the Derecktor ShipyardEoddington Cove 
study area. 
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Figure 3.6-8. Geophysical survey area for the Derecktor Shipyard Marine 
Ecological Risk Assessment. 
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TABLE 3. l-l. Derecktor Shipyard soil contaminant concentrations. 

Contaminant 
Maximum Site 

Soil Concentration’ 
Exceeds Benchmark?’ 
ER-L ER-M 

PAHs (nq/q drv) 
Benzo(a)anthracene 
Benzo(a)pyrene 
Chrysene 
Fluoranthene 
Phenanthrene 
Pyrene 

830 Yes No 
920 Yes No 
850 Yes No 
1100 Yes No 
770 Yes No 

2700 Yes Yes 

Metals (uq/q drvl 
Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Silver 
Zinc 

22.5 Yes 
0.56 No 
31 No 

550 Yes 
380 Yes 
0.14 No 
68 Yes 
0 No 

1200 Yes 

No 
No 
No 

Yes 
Yes 
No 

Yes 
No 
Yes 

‘Data from TRC (1994) 
*Benchmarks from Long et al., (1995) 
ER-L = NOAA Effects Range-Low 
ER-M = NOAA Effects Range-Median 



TABLE 3.1-2. Derecktor Shipyard groundwater contaminant concentrations. 

Contaminant 

Maximum Site 
Groundwater 

Concentration’ 
(w/L) 

AWQC Chronic2 Exceeds 
WL) AWQC? 

Arsenic 
Chromium 
Copper 
Lead3 
Nickel 
Zinc 

240 
430 
442 
455 
540 

1,190 

36 
50 

2.9 
8.5 
8.3 

86 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

‘Data from TRC (1994) 
2U.S. EPA Quality Criteria for Water (1992) 
3total metal 
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TABLE 3.1-3. Summary of organic contaminants in surface (O-2 cm) sediments from the 
Derecktor ShipyardICoddington Cove (DSY) study area.’ 

Station 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Total PCBs3 
(ng/g) 

67.6 
209.1 
733.3 
194.6 
105.4 
132.1 
73.4 
148.4 
28.1 
11.7 

658.2 
176.0 
22.3 
23.0 
54.8 
9.4 

243.8 
292.8 
216.6 
367.0 
92.3 
178.2 
150.1 
25.9 

Concentration2 
Sum PAHs p,p'-DDE 

(ng/g) (ng/g) 

4380 0.2 
66600 3.1 
81700 13.6 
6240 0.0 
5070 1.7 
5940 2.1 
4740 3.6 
6540 1.8 
690 0.8 
561 3.5 

5510 1.5 
5000 2.5 
993 0.6 
500 0.4 

3560 1.2 
285 0.4 
3770 0.4 
14100 0.0 
10300 1.8 
22100 0.0 
2160 0.8 
3710 2.0 
4960 3.7 
1300 0.5 

'Data from Quinn et al. , (1994). 
2All measurements are dry weight. 
3PCB sum of congeners x 2 

TBT 
0-u SM> 

Total TOC-normalized Concentration 
Organic Carbon PCBs PAHs 

Ow43) Wms TW (ng/mg TOC) 

31.7 20.6 3.3 212.6 
371.7 13.0 16.1 5120.0 
255.0 26.3 27.9 3110.0 
154.5 31.7 6.1 196.8 
201.7 67.0 1.6 75.7 
125.1 43.7 3.0 135.9 
61.4 26.7 2.7 177.5 
130.5 46.3 3.2 141.3 
71.5 15.1 I .9 45.7 
63.5 15.3 0.8 36.7 
139.3 61.7 10.7 89.3 
115.5 53.3 3.3 93.8 
138.0 6.4 3.5 155.2 
94.3 10.1 2.3 49.5 
110.0 20.6 2.7 172.8 
82.7 2.6 3.6 109.8 
81.2 10.1 24.1 373.3 
167.0 29.5 9.9 478.0 
220.4 42.1 5.1 244.7 
197.0 32.9 11.2 671.7 
109.4 11.5 8.0 187.8 
244.0 29.4 6.1 126.2 
219.7 28.6 5.2 173.4 
119.7 14.0 1.8 92.9 

TOC = Total Organic Carbon 
TBT = Tributyitin 
PCBs = Polychlorinated Biphenyls 
PAHs = Polycyclic Aromatic Hydrocarbons 



Table 3.2-l. Target analytes for chemical characterization for the Derecktor Shipyard 
Marine Ecological Risk Assessment. 

Analyte 
Sample 
matrix 

Target 
method 
detection 
limits” 

Polycyclic Aromatic Hydrocarbons (PAHs) sediment 5 w/g 
biota 10 nglg 

naphthalene fluoranthene 
2-methylnaphthalene pyrene 
I-methylnaphthalene benz[a] anthracene 
biphenyl chrysene 
2,6-dimethylnaphthalene benzo [b] fluoranthene 
acenaphthylene benzo [k] fluoranthene 
acenaphthene benzo [e] pyrene 
1,6,7-trimethylnaphthalene benzo [a] pyrene 
fluorene perylene 
phenanthrene indeno [I ,2,3-cd] pyrene 
anthracene dibenz [a, h] anthracene 
I-methylphenanthrene benzo [ghi] perylene 

Organo-Chlorine Pesticides (OCPs) 

Aldrin 
hexachlorobenzene 
Mirex 
o.p’ - DDE 
p.p’ - DDE 

sediment 1 rig/g 
biota 2 WI4 
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Table 3.2-l (continued). Target analytes for chemical characterization for the Derecktor 
Shipyard Marine Ecological Risk Assessment. 

Analyte 
Sample 
matrix 

Target 
method 
dete’ction 
limits” 

Polychlorinated Biphenyl (PCB) Congeners 
sediment 
biota 

8 (2 4’)b 126 (3 3’4 4’5) 
18 (2 2’5) 128 (2 2’3 3’4 4’) 
28 (2 4 4’) 138 (2 2’3 4 4’5) 
29 (2 4 5) 153 (2 2’4 4’5 5’) 
44 (2 2’3 5’) 154 (2 2’4 4’5 6’) 
50 (2 2’4 6) 170 (2 2’3 3’4 4’5) 
52 (2 2’5 5’) 180 (2 2’3 4 4’5 5’) 
66 (2 3’4 4’) 187 (2 2’3 4’5 5’6) 
77 (3 3’4 4’) 188 (2 2’3 4’5 6 6’) 
87 (2 2’3 4 5’) 195 (2 2’3 3’4 4’5 6) 

101 (2 2’3 5 5’) 200 (2 2’ 3 3’ 4 5 6 6’) 
104 (2 2’4 6 6’) 206 (2 2’3 3’4 4’5 5’6) 
105 (2 3 3’4 4’) 209 (2 2’3 3’4 4’5 5’6 6’) 
118 (2 3’4 4’5) 

Major elements 

aluminum 

iron 

manganese 
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sediment 0.18 pg/g 
water 75.0 pg/L 
biota 0.18 pg/g 

sediment 
water 
biota 

sediment 
water 
biota 

1 wkl 
2 ng4 

0.5 lJal 
20.0 pg/L 

0.5 c1!34l 

0.01 [J&I 
0.50 i+g/L 
0.01 wg 



Table 3.2-l (continued). Target analytes for chemical characterization for the Derecktor 
Shipyard Marine Ecological Risk Assessment. 

Analyte 
Sample 
matrix 

Target 
method 
detection 
limits” 

Trace elements 

copper 
nickel 
chromium 
lead 
silver 

sediment 
water 
biota 

cadmium 

zinc 

sediment 0.05 pg/g 
water 0.20 ug/L 
biota 0.005 pg/g 

sediment 
water 
biota 

0.003 pg@ 
0.10 ug/L 
0.003 pg/g 

sediment 
water 
biota 

0.08 pg/g 
3.0 IJM- 
0.08 pg/g 

sediment 
water 
biota 

0.125 pg/g 
0.10 ug/L 
0.125 pg/g 

Butyltins 

monobutyltin 
dibutyltin 
tributyltin 

sediment 
biota 

0.01-0.7 pg/g 
0.5-3.0 ug/L 
0.01-0.7 pg/g 

1.0 ng St-t/g 
1 .O ng Sri/// 

a Sediments and tissues measured on a dry weight basis. 
’ congener number (position of chlorines). 
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Table 3.2-2. Assessment and measurement endpoints for the Derecktor Shipyard 
Marine Ecological Risk Assessment. 

Assessment Endpoint/Receptor I 
Measurement Endpoint 

ditality of Pelagic Community: 
Blue Mussel’ 
Cunner 
Winter Flounder 

tiitality of Epibenthic Community: 
Blue Mussel 
Lobster 
Benthic Community 

vitality of lnfaunal Community: 
Hard Clams 
Benthic Community 

Deployed Blue Mussel Condition, Tissue Residues 
Cunner Tissue Residues, P450 Metabolism 
Sediment Elutriate Chemistry and Toxicity 
Water Quality Model for Dissolved Oxygen (DO Transport) 
Fecal Pollution Indicator Residues in Mussels 
Indigenous Blue Mussel Condition, Tissue Residues 

and Hematopoietic neoplasia 
Lobster Tissue Residues 
Benthic Community Structure 
Bulk Sediment and Elutriate Toxicity 
Sediment Chemistry, Ammonia, Redox, DO Transport 
Hard Clam Condition and Tissue Residues 
Porewater Toxicity to Sea Urchin Gametes 
Bulk Sediment Toxicity to Amphipods 
Benthic Community Structure 
Sediment Chemistry, Ammonia, Redox, DO Transport 

Representative of pelagic species when deployed in cages 1 meter above bottom. 



TABLE 3.2-3. Exposure point measurements for the Derecktor Shipyard Marine 
Ecological Risk Assessment. 

Exposure Medium/ Exposure Point 
Receptor Measurement 

Water o Dissolved oxygen (0,) concentration 
o Elutriate chemistry 
o Tissue chemistry 

Sediment o Bulk sediment and elutriate chemistry 
o Bulk sediment and elutriate toxicity 
o Geotechnical characteristics (grain size) 
o Ammonia 
o Total organic carbon 
o SEM and AVS’ 

Biota o Tissue chemistry 
o Fecal pollution indicator concentration 

‘SEM = Simultaneously Extractable Metal 
AVS = Acid Volatile Sulfides 



Table 3.3-1, Target analyte sediment benchmarks for the Derecktor Shipyard 
Marine Ecological Risk Assessment. 

.W..~, 

., ., 

Sediment Benchmark’ 

iroup 

letals 

AHs 

CBS 
esticides 

BT 

Target Anaiyte’ AET AL ER-L ER-M SQC MB 
Arsenic 57 8.2 70 8.2 
Cadmium 5.1 1.2 9.6 1.2 
Chromium 260 81.0 370 81 .O 
Copper 390 34.0 270 34.0 
Lead 450 46.7 218 46.7 
Mercury 0.41 0.15 0.71 0.15 
Nickel 140 20.9 51.6 20.9 
Silver 6.1 1 .o 3.7 1.0 
Zinc 410 150 410 150 
1,6,7-Trimethylnaphthalene NA 
1 -Methylnaphthalene NA 
1 -Methylphenanthrene NA 
2,6-Dimethylnaphthalene NA 
2-Methylnaphthalene 70.0 670 70.0 
Acenaphthene 500 1300 16.0 500 1300 16.0 
Acenaphthylene 1300 71000 44.0 640 44.0 
Anthracene 960 580 85.3 1100 85.3 
Benzo(a)anthracene 1300 4000 261 1600 261 
Benzo(a)pyrene 1600 73000 430 1600 430 
Benzo(b,j,k)fluoranthene 3200 3800 3200 
Benzo(e)pyrene NA 
Benzo(g,h,i)perylene NA 
Biphenyl NA 
Chrysene 409000 384 2800 384 
Dibenz(a,h)anthracene 63.4 260 63.4 
Fluoranthene 1700 6200 600 5100 6200 600 
Fluorene 540 2000 19.0 540 19.0 
High Molecular Weight PAHs 1700 9600 1700 
Indeno( 1,2,3-cd)pyrene NA 
Low Molecular Weight PAHs 552 3160 552 
Naphthalene 2100 11000 160 2100 160 
Perylene NA 
Phenanthrene 1500 1800 240 1500 1800 240 
Pyrene 2600 97000 665 2600 665 
Total PAHs 4022 44792 4022 
PCB Sum of Congeners x 2 22.7 180 22.7 
Aldrin 2.0 2.0 
Hexachlorobenzene 22.0 6000 22.0 
Mirex NA 
o,p’-DDE NA 

p,p’-DDE3 2.2 27.0 2.2 
Dibutyltin NA 
Monobutyltin NA 
Tetraibutyltin NA 

Tributyltin4 5.0 NA 

. .._.~ 

1 - Benchmark units (dry wt): Metals (MET) - uglg; PAHs, PCBs, Pesticides - nglg; Butyltins (TBT) ng Sri/g. 
2 - Analytes measured by Quinn et al. (1994) and in present study. 
3 - ER-M Benchmark for p,p’-DDE assumed to be the same as for o,p’-DDE. 
4 - Benchmark for tributyltin taken from Macauley et al. , 1994. 
AET = Apparent Effects Threshold (PTI Environmental Services, 1988). 
AL = Equilibrium Partitioning- Aquatic Life (based on 1 % TOC) ( U.S. EPA, 1989b, Adams, Kimerle and Barnett, 19!32). 
ER-L = NOAA Effects Range-Low (Long et al., 1995). 
ER-M = NOAA Effects Range-Median (Long et al., 1995). 
SQC = EPA Sediment Quality Criteria (U.S. EPA, 1993a,b,c). 
MB = Minimum of Benchmarks. 
NA = Benchmark not available. 



TABLE 3.3-2. Sediment data summary and selection of contaminants of concern (CoCs) for the Derecktor Shipyard Marine 
Ecological Risk Assessment. 

SEDIMENT2 

CLASS ANALYTE 

Zinc 33 33 100%( 28.50 
PAH 1.6.7-Trimeth~arrhthalene 26 33 79%1 0.16 

I  .  

l-Methylnaphthalene 
l-Metiyfphenanthiene 
P,BDimethyhaphtia!ene 
2-Methy(naphUxalene 
Acsnaphfhene 
Acenaphih$sne 
AnthFacene 
Benzo(a)anthracene 
Benzo(a)pyene 
Betuo(bJ,k)fkuanthene 

Benzo(e)pyrene 

Bmzo(g,h,i)pecylene 

w=m 
CIUYSMFJ 
Dibenz(a.h)anltuacene 
FklWa~fh8l-l~ 
FkJCV+lle 
High Mdetir Wei@l PAHs 
Inc!ano(l,2,3-cd)pyre 
Low hlolec~r Weight PAHs 
Naphlh&W 
Pecyll?l.V3 
PhenanthrwE 
Pjvsne 
Total PAHs 

FREQUENCY OF RANGE OF SITE 
DETECTION AT SITE CONCENTRATION’ MEAN SITE 

r Detects #Samples 
33 33 
33 33 
33 33 

27 33 
33 33 

29 33 
33 33 
25 33 

26 33 
29 33 

29 33 
26 33 
26 33 

28 33 
30 33 
32 33 
30 33 

33 33 
31 33 

33 33 

26 33 
33 33 
32 33 

33 33 
27 33 
33 33 

32 33 
33 33 
26 33 

32 33 

33 33 

32 33 

79% 
88% 
68% 
79% 
79% 
85% 
91% 
97% 
91% 

100% 
94% 

100% 
79% 

100% 
97% 

100% 
82% 

100% 
97% 

100% 
79% 
97% 

100% 
97% 

0.37 155.95 23.57 
0.50 576.92 66.27 
0.55 112.32 29 82 
0.00 145.25 28.78 
0.23 820.10 63.30 
0 61 326.77 78.33 

0.91 2040.00 279.06 
0.00 4490.00 55193 
0.00 4130.00 558.04 
191 8490.00 1156.05 

1.50 30w.00 465.37 
1.10 1780.00 253.07 

0.42 55.42 11.38 
066 4670.09 559.29 

0.30 570.74 76.53 
1.34 11ooaoo 914.61 

0.58 1020.00 82.81 

7.36 34320.74 3906 94 
0.94 1840.00 251.57 
5.81 12822.43 999.76 

0.00 136.11 35.76 
2.11 928.70 144.96 
1.06 8460.00 507.19 

0.00 9870.001 1282.48 

33 33 lOO%[ 25.43 64100.001 7256.03 

dotes 1 - Data summary includes surface and core data collected during the present study. 

2 - Concentration and benchmark units (dry wt): Metals (MET) - ug/g; PAHs, PCBs, Pesticides (PST) - rig/g;; Butyltins (TBT) ng Sri/g. 
a - The range of concentrations reported for site data excludes non-detected values. 
b - l/2 Sample Quantitation Limits substituted for non-detects when calculating mean of site and reference station data. 

c - Minimum benchmark - see report Table 3.3-l. 
d - If 95% UCL is greater than the Maximum Concentration, as indicated with a “+“, then Maximum Concentration is used to screen against benchmark or reference. 

NA = Benchmark Not Available. 
-= Site concentrations of organic contaminants were compared to reference concentrations only when no appropriate benchmark was available. 

SITE 95% UPPER 
CONFIDENCE LlMll 

12.28 
1.11 

104.57 
151.82 
154.53 

0.75 
45.55 
1.26 

373.3s 
29.10 
74.77 1.29 
255.86 4.75 
79.69 3.09 
80.27 1.92 

332.52 071 
216.68 5.33 
994 66 10.61 

2304.47 22 55 
2043.67 31.44 
4321.31 62.41 
1608.50 26.59 
873.80 18.64 

30.43 0.67 
2211.41 24.96 
271.73 5.05 

4329.37 49.64 
409.30 2.28 

16020.66 182.60 
880.50 17.29 

4762.40 45.40 
91.83 2.70 

488.94 9.64 
2938.28 21.66 
5265.87 48.96 

28967.18 373.00 

MEAN 
REFERENCE 

:ONCENTRATION’ 
3.73 
0.23 

42.75 
10.38 
41.45 
0.18 
14.13 
0.20 

68.63 
0.73 

MINIMUM 
BENCHMAR@ 

a.2 
1.2 

81.0 
340 
46.7 
0.2 

20.9 
1.0 

150.0 
NA 
NA 
NA 
NA 
70 
16 
44 

85.3 
261 
430 

3200 
NA 
NA 
NA 
384 
63.4 
600 
19 
19 
NA 
19 

160 
NA 
240 
665 

4022 

F 95% UCL or MAX CONCENTRATIONd 

Exceeds Minimum Exceeds 
Reference? 

YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 

Benchmark? 
YES 
NO 

YES 
YES 
YES 
YES 
YES 
YES 
YES 
NA 
NA 
NA 
NA 

YES 
YES 
YES 
YES 
YES 
YES 
YES 
NA 
NA 
NA 

YES 
YES 
YES 
YES 
YES 
NA 

YES 
NO 
NA 

YES 
YES 
YES 

YES 
YES 
YES 
YES 
YES 

YES 
YES 
YES 

YES 

YES 

I C FREQUENCY OF 
IETECTION > 5%’ 

YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 

IS TARGET 
\NALYTE A CoCT -- 

YES 
NO 

YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
NO 

YES 
YES 
YES 
YES 
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TABLE 3.3-2 (can’t). Sediment data summary and selection of contaminants of concern (COO) for the Derecktor Shipyard Marine 
Ecological Risk Assessment. 

SEDIMENT2 

CLASS ANALYTE 

CB lOi(22’355’) 

105(233’44’) 
118(23’44’5) 
128 (2 2’3 3-4 4’) 
138 (2 2’3 4 4’5) 
153 (2 2’4 4’5 5’) 
170 (2 2-J 3’4 4’5) 
18 (2 2’5) 
180 (2 2’3 4 4’5 5’) 
187 (2 2’3 4’5 56) 
195 (2 2’3 X4 4’5 6) 
206 (2 2’3 3’4 4’5 5’6) 
209 (2 2’3 3’4 4’5 5’6 6’) 
28(244’) 
44 (2 23 5’) 
52 (2 2’5 5) 
66 (2 34 4’) 

ST 

8 (2 4) 
PCB Sun of Congenen X 2 

AM-In 
HeXacNC#OLWKt!lle 

MkX 
o.p’-DDE 
p,p’-DDE 
Dibutyllin 
MonobutyHln 
TekabrRyllin 
TtibWn 

FREQUENCY OF RANGE OF SITE 
DETECTION AT SITE CONCENTRATION’ MEAN SITE 

P Detects # Samples % Mirvmun M&mum CONCENTRATION” 

100% 0.26 220.22 14 51 33 33 
28 33 
27 33 
28 33 
31 33 
31 33 
28 33 
28 33 

30 33 
32 33 

29 33 

32 33 
33 33 
33 33 

33 33 
33 33 
33 33 

27 33 

85% 0.04 137.44 
82% 0.25 242.41 
85% 0.06 73.00 
94% 0.07 265.35 
94% 0.06 174.00 
85% 0.05 44.16 
85% 0.09 27.54 
91% 0.06 53.17 
97% 0.05 25.82 
88% 0.02 3.83 
97% 0.20 1739 

100% 0.20 105 27 
100% 0.06 28.34 
100% 0.09 65.05 
100% 0.05 130.50 
100% 0.08 179.5-S 

82% 0.06 65.95 

8.61 
18.93 
543 
19.99 
14.66 
4.69 
2.00 
6.84 
386 
0.86 
3.07 
5.61 
2.44 
4.27 
8.17 
8.06 
3.39 

250.44 
0.13 
0.15 
1.17 
4.85 
293 
14.96 
7.79 
0.43 13 33 39% 1.05 

4 33 12% 0.29 45.50 I 0.60 

14 33 42561 0.73 228.121 39.36 

SITE 95% UPPER 
CONFIDENCE LIMIT 

79.15 
52.06 
96.64 
28.56 
100.44 
67.63 
19.34 
10.61 
24.97 
12.69 
2.55 
9.03 

35.17 
11.04 
23.62 
46.64 
59.04 
24 02 

746.52 
995.00 

0.15 
1.34 
8.26 

23.71 
21.92 
46.74 
20.13 
39.57 

MEAN 
REFERENCE 

ZONCENTRATIONt 
0.41 
0.09 
0.29 
0.13 
0.48 
0.49 
0.17 
0.08 
0.28 
0.23 
011 
0.36 
0.38 
0.16 
030 
0.56 
0 17 
000 
9.46 
0.00 
0.00 
000 
0 27 
0.14 
050 
050 
0.37 
0.35 

MINIMUM 
BENCHMARC 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

22.7 
2.0 

22.0 
NA 
NA 
2.2 
NA 
NA 
NA 
NA 

F 95% UCL or MAX CONCENTRATION” 
Exceeds Minimum Exceeds T 

BenchmaM 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

YES 
NO 
NO 
NA 
NA 

YES 
NA 
NA 
NA 
NA 

Reference? 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 

YES 
YES 

YES 
YES 
YES 
YES 

Notes 1 - Data summary includes surface and core data collected during the present study. 

2 - Concentration and benchmark units (dry ti): Metals (MET) - ug/g; PAHs, PCBs, Pesticides (PST) - rig/g;; Butyltins (TBT) ng Sri/g. 
a - The range of concentrations reported for site data excludes non-detected values. 
b l/2 - Sample Quantitation Limits substituted for non-detects when calculating mean of site and reference station data. 

c - Minimum benchmark - see report Table 3.3-l. 
d - If 95% UCL is greater than the Maximum Concentration, as indicated with a “+“, then Maximum Concentration is used to screen against benchmark or reference. 

NA = Benchmark Not Available. 
- = Site concentrations of organic contaminants were compared to reference concentrations only when no appropriate benchmark was available. 

FREQUENCY OF 
IETECTION > 5% 

YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 

IS TARGET 
ANALYTE A CoC5 

YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
NO 
NO 

YES 
YES 
YES 
YES 
YES 
YES 
YES 
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TABLE 3.4-l. Habitats and ecological systems/species/receptors of concern for 
the Derecktor Shipyard Marine Ecological Risk Assessment. 

Habitat Ecological System/Species/Receptor of Concern 

Pelagic blue mussel (Mytilus e&/is)’ 
cunner (Taufogolabrus adspefsus) 
mummichog (Fundulus heteroclitus) 
winter flounder (Pleuronectes 
americanus) 

Epibenthic blue mussel (Myths edulis) 
lobster (Homarus americanus) 
winter flounder (Pleuronectes 
americanus)’ 

lnfaunal hard clam (Mercenaria mercenaria, 
Pitar morrhuana) 
benthic community 

Avian Aquatic great blue heron (Ardea herodias) 
herring gull (Laws argenfatus) 

‘Representative of pelagic species when deployed in cages in the water column one 
meter above the bottom. 
‘Formerly Pseudopleuronectes americanus 
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4.0. EXPOSURE ASSESSMENT 

_- , 

..j 

._.. Exposure assessment in the Derecktor ShipyardKoddington Cove investigation 

involves the evaluation of the site-specific conceptual models with respect to 

hypothesized exposure pathways to target receptors and includes the direct 

measurement of exposure point concentrations along these pathways. For this 

assessment, Derecktor Shipyard is considered to be the primary (but not proximal) 

source of CoCs in nearshore areas. In addition to direct measurement of chemistry, 

other exposure measures (identified in Table 3.2-3) are assessed to aid in the 

interpretation of chemical exposure conditions. Methods and QA/QC considerations 

and protocols relevant to analytical chemistry are presented in the master Work Plan 

and previously in Section 3.6. 

-r 3. Exposure information derived from previous investigations at the site has been 

evaluated for applicability to this assessment and used as appropriate. Accompanying 

the description of these data is a discussion of the comparability of the various data 

sets as well as an evaluation of the uncertainty associated with the exposure analyses. 

Exposure Assessment results are described below in four sections: an 

_ 

“33 , 

-J( 

examination of sources and exposure pathways of CoCs (Section 4.1), analyses of fate 

and transport for CoCs through geotechnical, geophysical, hydrographic, and modeling 

activities (Section 4.2), estimates of exposure point concentrations (Section 4.3), and 

an analysis of the uncertainty related to the exposure assessment (Section 4.4) 

Exposure modeling and risk characterization for avian predators have been 

consolidated into Section 6.3.3 in order to enhance the clarity of the presentation. 
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4.1. SOURCES AND EXPOSURE PATHWAYS OF CoCs 

Several exposure pathways are IikeJy to exist from contaminant sources 

associated with historical activities at Derecktor Shipyard. Early characterization 

studies of shipyard contaminants (discussed in Section 3.1) have concluded that PAHs, 

PCBs, numerous metals, and the chlorinated pesticide p,p’-DDE, were present in 

concentrations which may potentially represent significant ecological risk. These 

results were supported by analyses of soil, ground water, and seep water samples, 

Sources and exposure pathways for contaminants from the shipyard to the 

marine environment and associated biota were introduced in Section 3.5 as a series of 

conceptual models. First Tier exposure pathways are related to the relative magnitude 

of site-specific sources versus regional sources. Initial exposure pathways as defined 

by the second tier model are expected to occur primarily via surface and ground water 

flows from the shipyard. The third tier model describes the behavior of dissolved and 

particle-bound contaminants in the aquatic environment, including transport by and/or 

association with surface water, sediments, pore water, and biota. Finally, the fourth tier 

model identifies sources and exposure pathways for biological receptors, including: 

surface water exposures of pelagic organisms such as fish and filter-feeding infauna 

and epifauna; soil (particle), sediment, and pore water exposures to bottom-dwelling 

fish, infauna and epifauna; and the potential for fish and invertebrate prey to function as 

proximal sources and exposure points for upper level predators such as fish-eating 

birds. 

Contaminant exposure routes for aquatic biota can involve exposure through 

water, sediments, and pore water via partitioning across cell membranes, incidental 

contact or feeding mode ingestion of sediments (e.g., by bottom deposit-feeding 

organisms), and consumption of contaminated prey. Thus, it is important to identify the 

behavior and potential effects of CoCs as a key part of the risk assessment. Based on 
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the general models described above, a more detailed evaluation of exposure pathways 

can be derived for specific classes of CoCs as related to their chemical and physical 

behavior, and characteristics such as specific bioaccumulation potentials. The tloxicity 

of CoCs is addressed in Section 5.1. 

Some organic contaminants identified in source samples, including the 

organochlorinated pesticides (OCPs) such as p,p’-DDE and the polychlorinated 

biphenyls (PCBs), share similar properties in that they are characterized by relatively 

low solubilities in water and high solubilities in lipid phases of animal tissues. The low 

water solubilities tend to result in a net transfer of such compounds from aqueous to 

particulate phases, with subsequent accumulation in sediments and to a lesser (degree, 

I.. x 

r.m 

pore water (via partitioning; Clayton et al., 1977). Transfer of this type of CoC to 

organisms living on or in the sediments can occur through direct uptake (e.g., dermal 

contact or sediment ingestion), through partitioning to interstitial pore water, or through 

food web transfer. Because of the tendency for these compounds to remain adsorbed 

to sediments, there should be relatively low dissolved-phase concentrations above the 

sediments, thereby minimizing direct exposures to pelagic organisms via the water 

column. 

,- -- 

It is notable that respiratory surfaces of water-breathing organisms, such as fish 

and invertebrates, provide an effective transfer mechanism for these lipid-soluble 

organic contaminants between the aqueous environment and lipid-rich tissues. Thus, 

the concentrations of highly lipid-soluble organic contaminants in these organislms may 

be somewhat controlled by these transfer mechanisms. Consequently, contaminant 

concentrations in these species may be more dependent on the lipid content as related, 

for example, to reproductive condition, than on magnification of the chemical within a 

food web (Clayton et a/., 1977). In contrast to water-breathing organisms, air-breathing 

organisms associated with aquatic environments (e.g., water fowl or aquatic predatory 

birds) do not have external surfaces that readily facilitate the transfer of lipid-sailuble 
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chemicals between internal lipid and external water phases. Consequently, 

biomagnification in these species is likely to be the determinant factor for the tissue 

concentration of these contaminants. As noted in Clayton ef al. (1977) concentrations 

of contaminants such as PCBs in water-breathing biota from different trophic levels 

(e.g., zooplankton, herring, and salmon) can be very similar when the values are lipid- 

normalized. In contrast, concentrations in air-breathing aquatic biota (e.g., birds, seals) 

can vary widely among species and be considerably higher than in water-breathing 

biota. 

Other organic contaminants, particularly PAHs, also tend to have low water 

solubilities (solubility decreases with increasing molecular weight) and primarily are 

found associated with particles and sediments (Pruell and Quinn, 1986). Thus, the 

principal risk from PAHs would be to bottom-dwelling fish and invertebrates, including 

filter-feeders that ingest PAH-laden particles. However, in contrast to chlorinated 

compounds such as PCBs, there appears to be a reduced association of PAHs with 

lipid-rich tissues (Tracey and Hansen, 1996). Because PAH exposures tend to derive 

primarily from weathered sources (e.g., cornbusted fossil fuels), these compounds may 

be more highly particle-bound and hence less bioavailable than would be predicted 

from their chemical structure (Tracey and Hansen, 1996). In addition, marine 

vertebrates, (e.g., fish) are very capable of metabolizing PAHs. These factors perhaps 

explain why this compound class is not bioaccumulated to the same extent as lipophilic 

organics. The primary effects from PAHs are as carcinogens, particularly at the point of 

contact, as influenced by the formation of metabolic intermediates. 

Metals, such as silver, lead, zinc, arsenic, manganese, mercury, and 

chromium(+3), all are relatively insoluble in aqueous media and tend to be associated 

with particles and sediments. Thus, organism exposure pathways are expected to be 

similar to those noted for the organic contaminants. In contrast, nickel, copper, 

cadmium, and to a lesser extent, chromium(+6), are relatively soluble and 
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characteristically are associated with dissolved phases. Various complex reactions 

ultimately result in the deposition of these metals in bottom sediments. Subsequent 

biogeochemical processes (e.g. arsenic methylation) can result in releases of metals 

from sediments back into the water column. It is also notable that metal speciation in 

aquatic environments may alter fate and transport; most of the chromium, for example 

occurs as the less toxic chromium(+3). Physiological requirements and adaptatiions 

may also affect the ultimate fate of trace metals. For example, elevated concentrations 

of copper and zinc are highly toxic to aquatic biota, but both metals may be 

accumulated to high concentrations in some species due to physiological adaptations. 

In general, primary consumers such as bivalves will tend to have higher metals 

concentrations in tissues than predatory fish (Paine, 1995). However, some metals 

such as mercury are of special concern because of high potentials for bioconcentration 

and magnification (i.e., a progressive increase in concentrations from the source of 

exposure through the trophic levels) within food webs. 

4.2. GEOTECHNICAL, GEOPHYSICAL, HYDROGRAPHIC AND DISSOLVED OXYGEN STUDIES 

Sections 4.2.1 to 4.2.4 discuss the results of geotechnical (grain size, core 

lithology), geophysical (side-scan and sub-bottom acoustic sonar surveys), 

hydrographic (water circulation) and dissolved oxygen monitoring surveys, resplectively. 

The above information is synthesized in Section 4.2.5 with respect to factors controlling 

the distribution, fate and transport of contaminants, as well as the distribution and 

abundance of benthic communities, within the study area. 

4.2.1. Geotechnical Investigations 

._. This section provides a summary of results for grain size, organic carbon 

analyses and lithological description of sediment cores. The sampling locations for 
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surface and core sediments were discussed in Section 3.6 (Figure 3.6-l). A total of 20 

surface sediments and 16 core sections were analyzed for grain size. 

Sediment Grain Size. Comprehensive analytical details for grain size analyses 

are contained in URI and SAIC (1995). The classification system used to describe 

sediment lithology is based on the sand content of the sediments and follows that used 

by McMaster (1960) to map the sediments of the Narragansett Bay system. 

Figure 4.2-1 shows the classification and percent sand content of surface sediments 

sampled from the Derecktor ShipyardEoddington Cove study area during the present 

investigation. The results indicate that the sediments in the study area are quite 

variable with respect to sand content, ranging from less than 10% sand at Station 

DSY-27 to greater than 98% sand at Station DSY-35. 

The results of grain size analyses of surface (as discussed above) and core 

sediments are summarized in Figure 4.2-2A and 4.2-28, respectively. In this analysis, 

the silt and clay fractions are also discriminated. The most noteworthy temporal trend is 

that, in general, the surface sediments in Coddington Cove tend to be finer-grained 

(i.e., contain more silt), while sandier sediments are found at greater depths in the core. 

A likely explanation for this observation is that the construction of the Coddington Cove 

breakwater in 1957 has significantly decreased bottom energy within the study area 

and consequently increased the likelihood of deposition for finer-grained sediments. 

Complete grain size analysis data are presented in Appendix Table A-1-5.1. 

Organic Carbon. The percent of Total Organic Carbon (TOC) in surface and 

core sediments, determined by loss-on-ignition (URI and SAIC, 1995) is summarized 

in Table 4.2-l. The organic carbon content of surface sediment varied between 0.6% 

(DSY-35) to 6.0% (DSY-29), which is typical for Narragansett Bay sediments (King et 

al., 1995). The surface sediments contained significantly more organic carbon than the 

deeper sediments from the cores. This increase of organic carbon in the surface 
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sediments may reflect a change in the depositional characteristics of the study area as 

discussed above, as well as possible changes in organic loading to the area ancl loss of 

organic carbon to diagenesis (transformation) at depth. A significant inverse 

relationship was observed between TOC and the grain size of the surface and core 

sediments (Figure 4.2-3A and 4.2-3B, respectively). 

Magnetic Susceptibility Profiles and Core Descriptions. Piston cores 

approximately one meter in length were obtained from six stations within the stuldy area 

(Figure 3.6-l). Profiles of magnetic susceptibility (MS), a measure of the concentration 

of iron-bearing minerals, were determined and the lithology of the cores was 

characterized. Previous studies of Narragansett Bay sediments (Corbin, 1989) indicate 

that higher magnetic susceptibility values are usually associated with finer-grainled 

sediments, which, in polluted environments, are typically a reservoir for chemica.1 

contaminants. 

Three of the stations studied (Stations DSY-28, DSY-29, and DSY-30) were 

observed to have areas of higher magnetic susceptibility at depth and reduced 

susceptibility values in the immediate (O-5 cm) surficial zone (Figure 4.2-4). Station 

DSY-28 and, to a lesser extent, Station DSY-31, exhibited secondary sub-surface 

maxima in susceptibility. Station DSY-34 exhibited a reversal of this patten, whlere 

higher MS values were found at the surface with decreasing values at depth. A third 

type of pattern was observed at Station DSY-36, in which uniform MS was observed in 

the top 40 cm, followed by a change at 50 cm, where MS increased, suggesting a layer 

of finer sediment in the 50-70 cm depth range. 

Core descriptions indicate that sediments throughout the study area were dark in 

color and also tended to smell of sulfur, typically associated with anoxic conditions. The 

results are of importance with respect to pollutant fate and/or transport, as anoxic 

conditions produce higher concentrations of Acid Volatile Sulfide (AVS) complexes, 
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which sequester divalent trace metals in insoluble sulfides and decrease the 

bioavailability (and possible toxicity) of these metals (DiToro et a/., 1990). 

4.2.2. Geophysical Investigations 

In 1995, a side-scan and sub-bottom acoustic sonar survey of the Derecktor 

ShipyardKoddington Cove study area was undertaken to characterize more broadly 

the distribution of sediment types within the study area beyond that which could be 

inferred from the limited number of surface and core sample data discussed in Section 

4.2.1. 

Processing of side scan data consisted primarily of spatially rectifying the 

individual track lines at a coarse (5 m) resolution to produce a raw, hard copy mosaic, 

from which gross patterns of surface sediment distribution were mapped. The surface 

sediment and vibracore grain size data from this study, the McAllister Point study 

(SAIC and URI, 1996) and a previous URVGSO study (Quinn et al., 1994) were used 

to assist in translation of intensity and texture patterns observed in the mosaic. 

A map depicting the interpreted grain size variation of surface sediments is 

shown in Figure 4.2-5. In general, sediments along the shoreline and beyond the 

breakwater are composed primarily of > 50% sand. It is noteworthy, however, that a 

large area of fine-grained sediment (less than 10% sand) is located in the vicinity of the 

shipyard piers. Slightly coarser (1 O-25% sand) sediments are located just seaward of 

the southern pier and along the breakwater. Sediments from the central portion of the 

mouth of Coddington Cove are generally comprised of 25-50% sand, while sediments 

seaward of Coddington Cove tend to be coarser (50-75% sand). The area of 25-50% 

sand in Figure 4.2-5 designated by the question mark (‘I?“) indicates an interpretation 

based solely on the intensity of side-scan sonar return which has not been verified by 

sediment sampling. 
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Acoustic sub-bottom sonar surveys were conducted to characterize the lithology 

of sub-surface sediments at broader spatial scales than could be accomplished Iby core 

sampling alone. For this analysis, selected images from acoustic sub-bottom surveys 

were chosen at locations where “ground-truth” data from deep sediment core samples 

(vibracores) was available. The locations of the vibracore stations are shown in Figure 

3.6-2. Fewer vibracore samples were taken than samples for surface sediment and 

sediment core analyses, such that the interpreted distribution of deep sediment 

lithology contains greater uncertainty. 

A representative sub-bottom profile, lithologic description of a vibracore, and 

grain-size analysis data for selected samples from the vibracore are shown in 

Figure 4.2-6. Full core descriptions are provided in Appendix D-l. Acoustic 

discontinuities observed in the geophysical profiles, called sub-bottom reflectors, 

usually correspond to abrupt historical changes in sediment type and distribution. In 

some locations, no strong sub-bottom reflectors were observed in the core, indicating 

that the sedimentation pattern was, for the most part, continuous and uniform over the 

time interval being characterized. Although the data appear adequate to provide 

estimates of the spatial distribution, continuity, and volume of lithologic units (potentially 

containing CoCs) within the study area, this processing step was beyond the sciope of 

the present investigation. 

A qualitative analysis of the distribution of blasting sand, rust, and paint chips 

found at vibracore stations indicated that this material was confined to surface 

sediments (Table 4.2-2). These materials were most abundant at Stations VI0 and 

VI 1 located near the south side of the southern pier. In addition, Brown and Root 

Environmental Corporation observed possible sand blast grit in the surface sediiments 

at Stations V4 and V9. Field logs and samples from these stations are contained in 

Appendix D-l. 
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In March 1986, SAIC conducted a survey involving REMOTS sediment profile 

imaging at 110 stations located in the area south of the southern pier (Figure 4.2-7). 

The REMOTS camera obtains undisturbed, cross-sectional images of the upper 20 cm 

of the seafloor, and computer image analysis is used to measure a variety of physical, 

chemical and biological parameters (Rhoads and German0 1982; 1986). The March 

1986 survey showed that surface sediments in the sampling area were primarily fine- 

grained (i.e., silt-clay). Many of the REMOTS images, particularly those from stations 

located immediately adjacent to the pier, showed extremely black sediments and 

shallow redox depths, indicative of high sediment oxygen demand typically linked to 

organic over-enrichment, Sandblasting material consisting of black particles was 

observed either at the sediment surface or mixed down into the sediment column in the 

REMOTS images from 18 of the 110 stations. These stations were primarily located 

adjacent to the southern pier or near a moored vessel south of the pier (Figure 4.2-7). 

These results are in agreement with those of the vibracore survey and suggest that the 

influence of past sandblasting activities on surface sediments in Coddington Cove was 

highly localized, restricted mainly to the pier/bulkhead areas where the sandblasting 

occurred. 

In 1987, the Department of the Army conducted a chemical analysis of sediment 

samples in the vicinity of Pier 1 and Pier 2 of the Naval Education and Training Center, 

an area subject to periodic historic releases of sand blast grit (USACE, 1987 and 

USACE 1988, respectively). The three trace metals of toxicological significance 

included in the analyses were Cu, Pb and Zn (titanium was also measured). Sampling 

locations for the two investigations are shown in Figure 4.2-8; raw data are presented in 

Table 4.2-3. 

The USACE applied threshold values of 200 ppm and 400 ppm to each of the 

three trace metals in order to assess levels of contamination in the sediment. Zinc 

concentrations exceeded 400 ppm in approximately half (15) of the 31 samples 
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analyzed, and nine of the remaining samples exceeded 200 ppm (Table 4.2-3). 

Concentrations of Cu and Pb were generally lower than those reported for zinc. 

Copper exceeded 400 ppm at six stations, and exceeded 200 ppm at seven of the 

remaining stations. Lead exceeded 400 ppm at four stations and 200 ppm at six of the 

remaining stations. Most stations for which higher concentrations of metals were 

reported were adjacent to Pier 1. The highest concentrations of Cu were reported for 

Station F adjacent to Pier 1 (Figure 4.2-8A), while highest concentrations of Pb 

(1250 ppm) and Zn (2780 ppm) were reported for Station S4 adjacent to Pier 2 (Figure 

4.2-8B). 

A priority pollutant scan for organic comtaminants was also conducted for five of 

the 31 metals stations (Stations G, M, Q, S4 and S9). Of these, only two stations 

Stations S4 and M) had quantifiable concentrations of organics (> 0.3 ppm), in&ding 

phenanthrene, fluoranthene, pyrene, butylbenzylphthalate, bis(2-Ethylhexyl)phthalate, 

chrysene and benzo(b)fluoranthene, and the PCB mixtures Al254 and A1260. While 

organic concentrations at Station M were less than 0.8 ppm, those found at Station S4 

ranged from 11.8 to 44.6 ppm for PAHs and 1.9 to 4.8 ppm for PCBs. The repolrt 

concluded that the latter location may have been due to some form of coal tar, asphalt 

or crude oil present in the sample. 

4.2.3. Hydrographic Studies 

._. 

/ 

Hydrographic studies of the Derecktor ShipyardICoddington Cove system were 

conducted to elucidate the general circulation patterns and bottom energies responsible 

for controlling resuspension/deposition dynamics of sediments, and, accordingly, 

chemical contaminants of concern. 

The data needed to characterize exchange patterns between the cove and the 

bay, as well as the circulation patterns and energies within the cove, were obtaiined with 
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a shipboard Acoustic Doppler Current Profiler (ADCP). A complete discussion of the 

instrument and methods for data collection and analysis are found in Appendix D-2. 

Vertical profiles of water speed and direction were collected along transect lines 

oriented across the mouth of (transect 1) and internal to (transects 2-6) Coddington 

Cove, respectively (Figure 4.2-9). Typically, each transect was occupied in succession 

and a complete set of all transects required approximately 1.5 hours. In addition, time 

series data were collected in a fixed position located in the Derecktor Enclosure area 

(Figure 4.2-9). 

Field sampling days were selected to cover a range in tidal amplitudes for both 

the ebb and flood stages of the semi-diurnal tidal oscillation, including: I) low 

amplitude, flooding conditions, 2) low amplitude, ebbing conditions and 3) high 

amplitude, flooding conditions. An additional field sampling day was conducted during 

the spring to provide data during the high runoff season and to characterize potential 

seasonal variability of flow within the cove. 

Narragansett Bay-Coddingfon Cove Exchange Patterns. Data from transect 1 

provide information on exchange patterns between Coddington Cove and Narragansett 

Bay. A consistent pattern in circulation at the mouth was apparent in each of the fall 

sampling days. Early in the flooding portion of the tide a characteristic inflow (south) - 

oufflow (north) pattern was recorded (Figure 4.2-IOA). As the flood tide proceeded the 

region of inflow expanded towards the north and maximum velocities (> 20 cm/s) 

became concentrated near the bottom (Figure 4.2-IOB). Strong (up to 50 cm/s) oufflow 

was still seen at the northern end of the section, near the breakwater. Sampling closer 

to maximum flood conditions indicated the mouth flow was vertically stratified, with 

inflow at the bottom and oufflow at the surface (Figure 4.2-IOC). It is particularly 

surprising that even at or near slack water, this anti-clockwise flow pattern across the 

mouth remained (Figure 4.2-l OD). While some variability was seen in the details of the 
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flow pattern at the mouth, the basic lateral structure of inflow and oufflow at the 

southern and northern ends of the transect, respectively, was also recorded for ebbing 

tide (Figures 4.2-l OE and 4.2-l OF). 

The onset of a strong wind event (20 knots out of the southwest) was observed 

to enhance surface inflow at the southern end of the mouth of Coddington Cove near 

Coddington Point. As the wind increased, this inflow expanded northward over the 

entirety of the cove mouth, resulting in a vertically stratified system with inflow at the 

surface and outflow at depth (Figure 4.2-IOG). 

“.. 
Circulation Patterns inside CoMington Cove. The strategy for characteri;zation 

,, 

of internal circulation patterns in Coddington Cove involved dividing the cove intlo 

subsections; laterally averaged velocity profiles were obtained for each subsection and 

used to calculate volume flux within Coddington Cove (Figure 4.2-l 1). Results showed 

* 

,- . . 

that the characteristic flow pattern (volume flux) recorded at the mouth during the fall 

surveys set up a net anti-clockwise circulation within the interior of the cove 

(Figure 4.2-l 1). 

,, , 

Internal circulation of Coddington Cove during a short wind event (1 hr @ 15 kt) 

caused a net surface inflow of about 8 cm/s into the northeastern corner of the cove 

(Figure 4.2-l 2A), which was higher than typical tidally driven flows for this area. In 

response, this flow was balanced by a deeper return flow (Figure 4.2-l 2B) as riequired 

to conserve mass within the estuary. The fact that lateral flow to the south 

(i.e., underneath the piers) did not occur suggests that the piers represent a partial 

barrier to lateral flow. 

A time series of velocity profiles was recorded within the Coddington Cove 

Enclosure during each of the field days. Water velocities were found to range between 

8.5 and 11.5 cm/s and tended to increase towards the end of the flood. Although the 
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water column appeared well mixed vertically, the data indicated a lack of mixing 

between the enclosure and greater Coddington Cove. Instead, the flow within this 

region displayed a circular, swirling motion. The lack of non-tidal exchange suggests 

that the flushing of water (and constituent CoCs) within the enclosure would be 

appreciably less than that of open cove areas. 

4.2.4. Dissolved Oxygen Modeling for Coddington Cove 

The Water Quality System Analysis Program (Ambrose ef a/., 1993 - WASP5) 

was used to simulate annual variations in dissolved oxygen for Coddington Cove. The 

primary objective of the modeling is to estimate the water quality conditions during 

critical summer months which might adversely affect target receptors. A modeling 

approach was preferred over a direct measurement program because worst-case 

scenarios could be tested and required field measurements did not necessarily need to 

be conducted during summer months. The first level of complexity in EUTRO WASP5 

was used, which simulates Biological Oxygen Demand (BOD)/Dissolved Oxygen (DO) 

interactions. The primary field data required for the simulation are the water exchange 

rates, temperature/salinity structure and water/sediment SOD measurements. Field DO 

data were also collected for model validation purposes. 

Data Input. Water quality observations were made on October 4, October 25, 

and November 10, 1995. Water and sediment samples were collected from 10 stations 

and analyzed for dissolved oxygen, sediment oxygen demand, chlorophyll a, total 

suspended solids and ammonia. The water quality observations indicated low biomass 

productivity and low ammonia relative to the reference station (Table 4.2-4). Dissolved 

oxygen concentrations ranged from 7.22 to 8.48 mg/L or >90% saturation. Sediment 

Oxygen Demand (SOD) measurements, corrected for a temperature of 20°C, ranged 

from 0.17 to 0.27 g 0,/m2-day (Table 4.2-5). These rates suggest a moderate sediment 

oxygen demand exerted on the water column, relative to literature values, showing a 
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range from 2 to 33 g 02/m2-day in the vicinity of municipal wastewater treatment and 

paper mill outfalls, to 0.05-0.10 g 02/m2-day for some U.S. rivers (Thomann and Mueller 

1987, Bowie et al., 1985). The water quality observations were used to validate 

WASP5 and model water quality conditions during the critical summer months. 

, ‘._ 

Complete results of oxygen demand and water quality test are presented in 

Appendices B-2-6 and B-2-7, respectively. 

The WASP5 input was obtained from hydrographic and water quality 

measurements taken during the fall of 1995. The water quality measurements at 

different stations in Coddington Cove revealed little spatial variation, suggesting1 that 

water quality is relatively homogenous in the cove with no apparent “hot spots”. 

Consequently, a cove-wide water quality simulation was used to simulate the overall 

Dissolved Oxygen (DO) response. This approach assumed the simulated water quality 

is the same in all model segments, such that the focus of the model was on the 

aggregate behavior of the cove as a whole. This approach was also supported Iby the 

observed regular counterclockwise circulation and the relatively steady observed 

interfacial hydrodynamic fluxes (discussed in Section 4.2.3). 

The data shown in Figure 4.2-10, depicting the flow pattern and fluxes across the 

different hydrographic survey lines, were used to develop the spatially steady integrated 

flux across the model boundaries. The first level of WASP5 model permits the 

simulation of the BOD/DO interactions. The main components of the DO budget are 

the carbonaceous BOD (CBOD) deoxygenation, the atmospheric oxygen re-aeration, 

and the sediment oxygen demand. The calibration runs consisted of adjusting these 

components until a good agreement was reached with the observed and simulated DO 

values. Since these processes are temperature-dependent, an annual average water 

temperature distribution was developed (Figure 4.2-l 3). The water temperature 

distribution assumes an average monthly temperature of 25OC during July and .August. 
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Simulation Results. Figure 4.2-14 depicts the simulated DO response in 

Coddington Cove. The observed DO measurements from the three surveys which are 

also presented show good agreement with the model results. Figure 4.2-15 depicts the 

annual DO responses to three different SOD rates (0.15, 0.35, and 0.55 g 02/m2-day). 

The observed DO values are averaged using the observations from all the segments. 

The observed DO values represent the mean DO in the cove at the time of the survey. 

The DO envelope response from the three SOD rates indicates that the SOD rate of 

0.35 g 0,/m2-day captures best the observed DO concentrations in Coddington Cove. 

In addition, the data indicate that during critical summer months the dissolved oxygen 

concentration reaches a minimum of 6.8 mg/L in response to the optimum SOD rate of 

0.35 g 02/m2-day. This DO concentration is well above the threshold concentration 

(2 mg/L) generally considered stressful to aquatic organisms (Strobe1 et a/., 1995). 

A worst-case scenario was developed to estimate the DO response using an 

extreme water temperature distribution. The distribution, which is depicted in 

Figure 4.2-l 6, assumes a maximum summer water temperature of 30°C. Dissolved 

oxygen predictions were made using this extreme distribution and the optimum SOD 

rate of 0.35 g 02/m2-day. The DO response to this scenario indicates a worst case 

minimum DO value of around 6.0 mg/L. As discussed above, this concentration is well 

above the threshold concentration generally considered stressful to aquatic organisms. 

Conclusions. In conclusion, the application of WASP5 provided useful 

information on the water quality response in Coddington Cove. SOD rates 

measurements were verified and the critical DO response was estimated indicating that 

the average dissolved oxygen in the cove approaches a minima of 6 mg/L during 

summer. In general, these results do not demonstrate that low dissolved oxygen is 

adversely impacting indigenous biota within Coddington Cove. However, localized 

hypoxia may occur at some specific locations (e.g., Stations DSY-40 and DSY-41); 

such phenomena are not resolvable using the above modeling approach. 
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4.2.5. Synthesis of Fate and Transport Investigations 

Taken together, the results of the above studies provide an estimate the 

likelihood of sediment resuspension potential and hypoxia, as well as an assessment of 

the probable transport direction and fate of fine-grained particulates in Coddington 

Cove which likely govern both the distribution of sediment types and CoCs. From 

comparisons of Figure 3.1-2 and Figure 4.2-5, there is an obvious correspondence 

between coarse grained (> 50% sand) sediments and shallow water depths (c 4, m) in 

the nearshore areas of the cove. Similarly, there is good correspondence between high 

silt sediments (c 25% sand) and water depths in the 7.6 to 12.2 m range. Hencle, the 

overwhelming influence of water depth, most likely related to strength of bottom 

energies from wind-generated waves, on sediment distributions is clearly evident. 

These data alone, however, do not allow interpretation as to the sources and relative 

contribution of particle types that are contained within the sediment mixture; the 

interaction between the circulation pattern, bottom energy and sediment grain siize must 

be understood. 

To address this issue, the maximum bottom velocity observed within different 

regions of the cove during the field program was calculated in 5 cm/s increments. 

Using these data, the expected pattern of fine silt (particles ~0.1 mm; maximum bottom 

velocity <5 cm/s;), fine sand (~0.8 mm; maximum bottom velocity <IO cm/s) and coarse 

sand (> 0.8 mm; maximum bottom velocity >I0 cm/s) deposition was predicted 

(Figure 4.2-17). The results show that the overall pattern of circulation and bottom 

energy in Coddington Cove is such that while the majority of the sediment should be 

, ,. 

carried out with the vigorous oufflow, some is expected to fall out of suspension1 

depending on bottom energies. Accordingly, the sediments, once resuspended1 or 

imported into the cove, will be transported, sorted and deposited by particle size in a 

counterclockwise pattern. 
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In the southern cove area, fine grained sediments (and associated CoCs) are 

expected to enter Coddington Cove from around Coddington Point, as opposed to 

sources to the north (i.e., Derecktor Shipyard). In contrast, particulate-associated CoCs 

entering the cove from the Shipyard may be expected to spread northward along the 

harbor front, particularly in the interior sections of the cove between the piers and in the 

northeastern harbor area. Finally, the high bottom velocities which extend well into the 

southeastern section of the cove should inhibit the deposition of fine-grained 

particulates and associated CoCs, regardless of source. 

Within the Derecktor Enclosure Area, restricted circulation relative to greater 

Coddington Cove was evident from hydrographic measurements. The near-bottom 

velocity maxima data predicts that the enclosure area would permit some deposition to 

occur (Figure 4.2-l 7) and field observations suggest that the current is circular and 

would tend to retain particulates. The modeled DO levels do not appear to be at levels 

of concern although the model resolution is insufficient to specifically address highly 

localized areas. The issue of restricted circulation in relation to possible effects on 

benthic communities will be addressed further in Section 6. 

4.3. CHEMICAL CHARACTERIZATION 

This section evaluates the spatial distribution and concentration of contaminants 

in sediments and biological tissues to describe the possible fate and transport of 

contaminants from Derecktor Shipyard to receptors of concern. The sections below 

present data obtained from the analysis for organic and inorganic contaminants in 

offshore sediments, sediment elutriates and organisms from the Derecktor Shipyard/ 

Coddington Cove study area. The samples were collected and stored according to 

established protocols and were analyzed using standard methods. All procedures used 

in this investigation have-been described in detail in the Final Work/Quality Assurance 
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Project Plan - Narragansett Bay Ecorisk and Monitoring for Navy Sites (URI and SAIC, 

. . 1995). 

Sediment samples were collected from stations in Coddington Cove, and at two 

reference sites in Jamestown Potter Cove (JPC) and Castle Hill Cove (CHC). A.11 

Coddington Cove station locations are shown in Figure 3.6-l. Surficial sediment 

(approximately O-l 8 cm) was collected at these stations, representing recently 

deposited sediments within the zone of greatest biological activity. Subsurface 

sediment piston core and vibracore samples (from >20 cm in depth) were also collected 

to enable evaluation of the contaminant distribution in subsurface sediment layers. 

4.3.1. Trace Metal Contaminants 

A total of 20 surface sediments, 16 core sections, and 11 elutriate samples were 

analyzed for twelve trace metals by the total digestion method. In addition, the surface 

sediment samples were analyzed for Acid Volatile Sulfides (AVS) and Simultaneously 

Extractable Metals (SEM). Sediment trace metals, AVS, and SEM values are reported 

on a dry weight basis. Elutriate values are reported on a volumetric basis. Complete 

analytical details are provided in the Draft Final Work/ Quality Assurance Project Plan 

(SAIC and URI, 1995). 

4.3.1 .I. Sediments 

Trace metals - total digestion. The surface sediments and selected core 

sections were analyzed for twelve trace metals using a total sediment digestion method, 

and the results are summarized in Table 4.3-l. The metals aluminum, iron, and 

manganese are considered to be primarily derived from the natural breakdown of rock 

and soil (i.e., lithogenic) and are not generally considered to be toxic in the observed 

concentrations. Non-lithogenic trace metals (e.g., arsenic, cadmium, chromium, 
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copper, lead, mercury, nickel, silver, and zinc) are naturally occurring in relatively low 

background concentrations, but are generally considered to be anthropogenic. 

Complete trace metal analysis data are presented in Appendix A-l -1. 

Concentrations of trace metals in surface sediments of Coddington Cove are 

shown in Figure 4.3-l. Three metals, including Ag, Hg and Cd were found to range 

from slightly higher than detection limits (0.13, 0.03 and 0.13 us/g, respectively) to 

concentrations approaching 2 pg/g at Station DSY-29. Arsenic, also an abundant 

crustal constituent in the Rhode Island formation, was 3-12 ug/g uniformly across all 

stations, with the exception of Station DSY-29 (> 25 pg/g). The trace elements Ni and 

Cu ranged from 1 O-30 and 30-80 ug/g, respectively at most stations, but were 

approximately two and five times higher, respectively at Station DSY-29. Elevated 

concentrations of Ni and Cu were also observed at Station DSY-27, but were about half 

of the concentrations observed at Station DSY-29. 

Patterns observed for chromium, lead, and zinc were similar to Cu and Ni, being 

highest at Stations DSY-27 and DSY-29. Concentrations of Cr, Pb and Zn at Station 

DSY-29 were approximately 170, 350 and 800 ug/g, respectively. Concentrations of 

Cr, Pb, and Zn at other Coddington Cove stations (excluding Stations DSY-27 and 

DSY-29) were generally comparable or less than those found at the reference stations. 

The remaining elements, Mn, Fe, and Al, are all primarily lithogenic in nature. However, 

these elements generally show an enrichment pattern at various Derecktor Shipyard/ 

Coddington Cove stations which is similar to that of anthropogenic metals, particularly 

at Station DSY-29. This would suggest that these metals may also exist as introduced 

contaminants in sediments at some study area stations. 

As discussed above, the concentration of trace metals in sediments is 

dependent on the lithology and is generally inversely correlated to the sediment grain 

size. Numerous approaches have been used in previous studies to normalize trace 
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metal concentrations for variations in sediment grain size and identify point sources of 

contamination. The assumption in these studies is that the normalized concentrations 

of trace metals will be highest at stations proximal to the point source of contamiination. 

In this study, anthropogenic trace metal concentrations were normalized to the 

concentration of the lithogenic metal aluminum. Normalization of the dry weight metals 
/., concentrations to aluminum allows for estimation of levels of naturally occurring metals 

in estuarine sediments (Summers et al., 1996). The primary assumption of the 

normalization method is that aluminum is most abundant in fine sediments (clays and 

silts) and therefore the normalized values will be relatively lower for fine sediments and 

relatively higher for coarse sediments (sand). Overall, aluminum normalization has 

been found to significantly reduce the influence of grain size and allow more acourate 

determination of the spatial distribution of trace metals in the environment relative to 

._ possible point sources of contamination (Summers et al., 1996). In this analysis, an 

EPA-recommended approach has been used: other normalization approaches rnay 

i.. yield different results. 

Aluminum-normalized trace metal values at Coddington Cove stations relative to 

similar values at outer cove Station DSY-39 are defined as Metal Enrichment Factors 

(MEFs). MEFs are dimensionless and are used to indicate the spatial distribution and 

relative abundance of a particular metal independent of expected crustal constituents 
-, 

(Table 4.3-2). Offshore Station DSY-39 was used as the point of comparison, since 

potential shipyard-related contamination at this site was deemed least likely, though 

regional sources would still influence metals distribution. However, a qualitative 

comparison of the concentrations observed at this station reveal generally comparable 

values with that of the reference location. 

The spatial patterns of MEFs for lead, copper, and zinc concentrations are 

shown in Figures 4.3-2 through 4.3-4, respectively. Relative to Station DSY-39,, lead 

appears elevated by greater than two-fold at Stations DSY-27 and DSY-32, ancl by 
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greater than three-fold at Station DSY-29 (Figure 4.3-2). Copper appears to be 

elevated by greater than three-fold at Stations DSY-30 through DSY-32, and greater 

than six- to seven-fold at Stations DSY-27 and DSY-29, respectively (Figure 4.3-3). 

Similarly, MEFs for zinc were elevated at Stations DSY-27 (MEF=4.4) and DSY-29 

(MEF=3.7; Figure 4.3-4). In summary, all anthropogenic trace metals generally 

demonstrated a decreasing trend in normalized values moving offshore from Derecktor 

ShipyardKoddington Cove. This pattern would suggest that the shipyard is a point 

source for these metals. 

Temporal trends in contaminant inputs and the thickness of contaminated 

sediments were determined by chemical and stratigraphic studies of sediment cores. 

Sediment core studies were done at seven stations within the Derecktor Shipyard/ 

Coddington Cove study area (Figure 3.6-l). The trace metal results from these studies 

are summarized in Table 4.3-l) and comparisons of the results for the anthropogenic 

metals relative to ER-L and ER-M guidelines (Long et al., 1995) are shown in Figure 

4.3-5 (A through I). In general, subsurface maxima in trace metal contamination existed 

at Stations DSY-27 and DSY-28 in the Derecktor Shipyard area of Coddington Cove 

and at Station DSY-36 adjacent to the breakwater. All of the anthropogenic metals 

exceeded the ER-L guidelines at multiple stations and sediment depths. In addition, 

concentrations exceeded ER-M guidelines for zinc in some depths at Stations DSY-27 

and DSY-28 (Figure 4.3-5A); for nickel in 24-34 cm at Station DSY-28 

(Figure 4.3-5F); and for mercury in some depths at Stations DSY-28 and DSY-36 

(Figure 4.3-5G). The comparison of measured concentrations of metals in sediments 

with established criteria is discussed further in Section 6.1. 

Simultaneously Extracted Metals (SEM) and Acid Volatile Sulfide (AVS) study of 

surface sediments. The ratio of SEM/AVS provides a second criterion for determining 

the potential toxicity of divalent metals in sediments. In general, toxicity of metals in 

sediments is correlated with metals activity in interstitial porewater. SEMlAVS analyses 
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address the bioavailability of divalent metals in sediments, and thus are conceptually 

r, 

similar to the equilibrium partitioning (EqP) method. In general terms, DiToro et al. 

(1990) have shown that metal availability, particularly in anoxic sediments, is controlled 

by insoluble metal sulfides that act to bind divalent metals such as cadmium, copper, 

mercury, nickel, lead, and zinc. Acid treatment releases these reactive sulfides, which 

can then be analyzed as acid volatile sulfides. Conceptually, if divalent metals are 

bound to AVS, they will not be toxic to sediment biota. Therefore, a comparison of the 

amount of AVS and SEM in the sediment will allow a determination of metal 

bioavailability and potential toxicity. Until recently, if the SEM/AVS ratio was greater 

than one (>I), metals have generally been assumed to be bioavailable. However, 

based on recent scientific developments and due to the seasonal variations in AVS 

(minimum values in winter), SEM/AVS values greater than 0.5 were conservatively 

interpreted in this study as indicative of potential bioavailability. 

.‘? 

For the present evaluation, samples for SEMlAVS were collected at 20 surface 

stations. All SEMlAVS samples were analyzed in duplicate. SEM and AVS results are 

summarized in Appendix A-l-4 and SEM/AVS ratios are spatially shown in Figure 4.3-6. 

The results indicate that metals are likely to be bioavailable (ratio 2 0.5) at Stations 
. 

_/. 

,I/‘\ 

DSY-33, DSY-35, and DSY-37, and at the control Station JPC-2. The surface sediment 

map (Figure 4.2-l) indicates that these stations have moderately to highly sandy 

sediments. Stations throughout the rest of the study area have low SEM/AVS ratios 

and relatively abundant AVS (Appendix Tables A-l-4.3 and A-l-l .2, respectively; SEM 

data presented in Appendix Table A-l -4.1). For these reasons, trace metals are likely 

to be sequestered in insoluble sulfides and are unlikely to be bioavailable within most of 

the study area. 
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4.3.1.2. Elutriates 

Metals analyses were performed on an elutriate sample from each of ten 

stations. These analyses provide a third criterion for evaluating the potential toxicity of 

sediments. The results of the elutriate trace metal analyses are summarized in 

Table 4.3-3 (complete data presented in Appendix A-l -2). Six metals (aluminum, 

arsenic, copper, iron, lead, and manganese) were measured at levels above the Limit 

of Quantitative Detection (LQD) in the elutriate samples. Comparison of these levels to 

EPA salt water quality criteria (EPA, 1986) showed that the salt water chronic criterion 

was exceeded for arsenic at Stations DSY-36 and DSY-38, and was equaled or 

exceeded for lead at all stations analyzed, with the exception of Station DSY-36 

(Figure 4.3-7). In addition, the salt water acute criterion was exceeded for arsenic at 

Station DSY-39 and for copper at Station DSY-31. 

4.3.1.3. Tissue Residues 

Indigenous Blue Mussels. Indigenous blue mussels were collected from the 

Derecktor ShipyardKoddington Cove (DSY) study area (Figure 3.6-2), and the 

reference stations at Jamestown Potter Cove and Castle Hill Cove. Figure 4.3-8 shows 

the distribution of metal contaminants in tissue residues for indigenous blue mussels. 

Cadmium and mercury were less than 2 uglg at all stations (Figure 4.3-8A), while 

chromium, lead, and nickel were less than 6 ug/g (Figure 4.3-8B), concentrations which 

were comparable to reference. Concentrations of copper exceeded reference at 

Station DSY-27, and arsenic exceeded reference at Stations DSY-24 through DSY-26 

(Figure 4.3-8C). Highest concentrations were observed for zinc, which exceeded 

reference at Stations DSY-25, DSY-27, DSY-28, DSY-35 and DSY-40 (Figure 4.3-8D). 

Silver was not detected in tissues from any station. Complete results of tissue analyses 

are presented in Appendix A-l -3. 
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Deployed Blue Mussels. Blue mussels were deployed 1 m above bottom at eight 

I. stations in Coddington Cove, as well as at reference Stations JPC-1 and CHC-1 

*. 

, .I 

‘, 

(Figure 3.6-6). Prior to deployment, concentrations of metals in mussel tissue were 

measured in a subset of the mussel population used for deployment; this value was 

considered the “time-zero” concentration (T,). Figure 4.3-9 shows the distributio,n of 

metal contaminants in tissue residues of the deployed blue mussels after 30 days in the 

field. Concentrations of cadmium, silver, and mercury were less than 2 ug/g and higher 

than reference concentrations while being comparable to T, values (Figure 4.3~9A). 

Lead, nickel, and chromium were less than 5 ug/g and were comparable to reference 

values, but generally higher than T,; Ni residues at Station DSY-28 were the exception 

as 5 pg/g levels were observed (Figure 4.3-98). Concentrations of arsenic and copper 

were generally less than 10 pg/g and were lower than T, residue concentrations 

(Figure 4.3-9C). In contrast, concentrations of zinc exceeded reference and T, values 

at Stations DSY-31, DSY-33, DSY-39, and DSY-40 (Figure 4.3-9D). 

Hard Clams. The hard clams Mercenaria mercenaria and Pitar morrhuana were 

collected from eleven Derecktor ShipyardlCoddington Cove study area stations 

(Figure 3.6-3), and reference Station JPC-1 . Concentrations of cadmium, mercury and 

silver were less than 1.5 pg/g, though silver concentrations were higher than reference 

at Stations DSY-32, DSY-37 and DSY-41 (Figure 4.3-IOA). Chromium, lead and nickel 

I’.. 

were less than 5 ug/g and were generally comparable to reference values, with the 

exception of 1.5-fold higher concentrations of lead at Stations DSY-32 and DSY-37, 

‘ ‘.. 

and higher concentrations of nickel at Stations DSY-31 (War) and DSY-35 

(Mercenaria; Figure 4.3-l OB). Concentrations of arsenic and copper in both hard clam 

species were less than 16 pg/g and generally consistent with reference concentrations, 

though copper was slightly higher than reference at Stations DSY-31 and DSY-41 

(Figure 4.3-l OC). Concentrations of zinc were generally less than reference; only 

Station DSY-28 exhibited zinc concentrations higher than reference (Figure 4.3-I OD). 
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Lobsters. Lobsters were collected from nine Derecktor ShipyardKoddington 

Cove study area stations (Figure 3.6-5) as well as from reference Stations JPC-1 and 

CHC-1. Concentrations of cadmium, lead, and mercury were less than 1 .O pg/g, 

though reference concentrations were exceeded for lead by 1.5- to 2-fold at Stations 

DSY-33 and DSY-35, and 1 to 2-fold for mercury and cadmium at most stations, with 

the exception of non-detect values for cadmium at Stations DSY-28 and DSY-36 

(Figure 4.3-l IA). Chromium and nickel concentrations were comparable to reference 

station values (~2.5 us/g); however, silver concentrations exceeded reference at 

Stations DSY-25, DSY-27, DSY-29, DSY-35, and DSY-38 (Figure 4.3-l 1 B). 

Concentrations of copper and zinc at Coddington Cove stations ranged from 

approximately 45-200 ug/g and 100-l 70 pg/g, respectively, and were generally less 

than reference concentrations. Exceptions were observed for copper at Stations 

DSY-25, DSY-27, DSY-38, and DSY-39, and for zinc at Stations DSY-29, DSY-38, and 

DSY-39 (Figure 4.3-l 1 C). Concentrations of arsenic were generally less than 

reference, except at Stations DSY-25, DSY-29 and DSY-38, though all stations were 

less than 30 ug/g or 1.5-fold of reference (Figure 4.3-l 1 D). 

Fish. Fish were collected from four stations in the Derecktor Shipyard/ 

Coddington Cove study area, as well as reference Stations JPC-1 and CHC-1. The 

concentrations of cadmium, nickel, and silver in fish were less than 2.0 pg/g 

(Figure 4.3-l 2A), with several non-detect concentrations observed for nickel 

(Station CHC-1 ) and silver (Stations DSY-29, DSY-36, and JPC-1 ). Chromium, lead, 

and mercury concentrations were consistent (<I .5 us/g), with the reference residue 

concentration exceeded slightly for chromium at Station DSY-26 and for lead at 

Stations DSY-29 and DSY-36 (Figure 4.3-128). Concentrations of copper in fish were 

comparable to or below reference, while zinc exceeded reference values by about 

two-fold at Stations DSY-26 and DSY-36 (Figure 4.3-l 2C). Concentrations of arsenic 

exceeded reference at Stations DSY-28 and DSY-29, but were less than 8 ug/g 

(Figure 4.3-l 2D). 
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4.3.2. Organic Contaminants 

A total of 19 surface sediments, 16 core sections and 12 elutriate samples were 

analyzed for 18 polychlorinated biphenyl (PCB) congeners, 23 polycyclic aromatic 

hydrocarbons (PAHs), 5 organochlorine pesticides (OCPs) and 4 butyltins (BTs). The 

sum of the PCB congeners times 2 is the Total PCBs (equivalent to the total Aroclors), 

and the sum of the 23 PAHs is the Total PAHs. The pesticide p,p’-DDE was the major 

OCP species detected, and tributyltin (TBT) was the predominant butyltin species found 

in the samples. All sediment values are reported on a dry weight basis, and elutriate 

values are reported on a per-liter basis. Complete analytical details have been 

previously reported by SAIC and URI (1995). In many cases, the pesticides o,p’-DDE 

and aldrin could not be quantified accurately due to analytical interferences from co- 

eluting PCB congeners. 

I’ 4.3.2.1. Sediments 

Concentrations of organic contaminants in surface and core sediments from the 

Derecktor Shipyardlcoddington Cove study area are presented in Tables 4.3-4 and 

/. . 4.3-5, respectively (raw data are presented in Appendix A-l-l). Ratios of contaminant 

concentrations relative to TOC concentrations (i.e., TOC-normalized concentrat:ions) 

were calculated and are also presented in these tables. The station designatecl 

‘, - 
DSY-29-FD is a field duplicate of Station DSY-29. For Total PCBs (Figure 4.3-‘13A), the 

values at Stations DSY-27 and DSY-29 through DSY-32 exceeded 180 rig/g (ER-M 

benchmark); overall values ranged from 7 rig/g at Stations DSY-35 to 3,310 ngl’g at 

Station DSY-27. Total PCBs exceeded reference at all stations except Stations 

DSY-35 and DSY-41 (Figure 4.3-l 3A). Concentrations of Total PAHs (Figure 4.3-l 3A) 

exceeded 4,022 rig/g (ER-L benchmark) at about half of the stations; overall va.lues 

ranged from 62 nglg at Station DSY-35 to 46,400 rig/g at Station DSY-29 FD, which 

exceeded the ER-M value. Concentrations of TBT (Figure 4.3-l 38) exceeded the 
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benchmark value of 5 ng Sri/// (Macauley et al., 1994) at six stations (Stations DSY-27, 

DSY-28, DSY-29, DSY-30, DSY-31, and DSY-36); overall values ranged from non- 

detected (<I ng St-r/g) to 228 ng Sri/// at Station DSY-31. Concentrations of p,p’-DDE 

(Figure 4.3-13B) exceeded 2.2 rig/g (ER-L benchmark) at five stations; overall values 

ranged from 0.1 rig/g at Stations DSY-35 and DSY-41 to slightly less than 7.0 rig/g at 

Stations DSY-27, DSY-29, and DSY-29 FD (Figure 4.3-13B). 

Surface sediment organic carbon normalized values for contaminants followed a 

similar trend as that for the direct sediment concentration measurements (Table 4.3-4). 

One exception was noted for Station DSY-40, which had elevated ratios of all 

contaminants due to a combination of moderate contaminant levels and low organic 

carbon concentrations. 

The distributions of individual PCB congeners and PAH compounds for three 

stations are shown in Figure 4.3-14 and 4.3-l 5, respectively. Station DSY-29-FD was 

selected because of its elevated concentrations of PCBs and PAHs relative to the other 

stations from Coddington Cove. Stations DSY-31 and DSY-36 were selected because 

of their location near the piers (Station DSY31) or the breakwater (Station DSY-36). 

For the PCBs, the congener distribution was very similar at Stations DSY-31 and 

DSY-36 (Figure 4.3-14), as well as at most of the other stations from the study area. 

The major congeners were the 3- to 6-chlorine congeners: 66, 101, I 18, 153 and 138, 

which probably derived from AR1 254, the major Aroclor formulation in Narragansett 

Bay surface sediments, as well as smaller amounts of AR1260 (Latimer et a/., 1991; 

Quinn et a/,, 1992). Major sources of PCBs to Narragansett Bay include rivers, 

combined sewer overflows/sewage discharges, and atmospheric deposition (Latimer 

and Quinn, 1996). Station DSY-29 FD had a very different PCB composition, with the 

congener 209 (decachlorobiphenyl) accounting for about 60% of the total congeners 

measured, and congener 206 present in relatively large concentrations. This unique 

distribution of congeners may indicate the presence of “Deka” investment casting wax 
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(John F. Brown, G.E. Corporate Research and Development, personal communication, 

,’ 1995) from past activities at Derecktor Shipyard. 

Four- and five-ring pyrogenic compounds (e.g., fluoranthene, pyrene and 

benzo(b,j,k)fluoranthene) were the major PAH components in the surface sedimlents 

(Figure 4.3-l 5). Concentrations of these three PAH analytes were consistently t:he 

highest observed among stations in the Derecktor ShipyardKoddington Cove study 

area. Three representative stations (DSY-29 FD, DSY-31, and DSY-36) are shown in 

Figure 4.3-l 5, where a similar pattern in the distribution of PAH analytes was observed. 

Sources of these compounds include combustion products in used motor oil, 

atmospheric deposition, creosote/coal tar and asphalt from local activities, river and 

land runoff, and sewage effluents and overflows (Pruell and Quinn, 1988; Quinn et al., 

1992; Battelle, 1994; Latimer and Quinn, 1996). There was no evidence of fresh 

(unweathered) fuel oil in any of the samples, as indicated by qualitative measurements 

of total petroleum hydrocarbons. 

“._ 

. J . . .  

Concentrations of organic contaminants with depth in sediment cores from three 

representative stations are presented in Figures 4.3-l 6 through 4.3-l 8, and in 

Table 4.3-5. At Station DSY-28, the concentrations of all contaminants showed a 

subsurface maximum at a depth of 24-34 cm and/or 76-86 cm (Figure 4.3-16). At the 

two depths, Total PCBs exceeded 22.7 rig/g (ER-L benchmark), and both p,p’-DDE and 

the PAHs were elevated. Since TBT was first introduced to the environment in ,I960 

(T. Wade, Texas A&M University, personal communication, 1995) sediments at: a depth 

of 105 cm or more (which have no measurable concentrations of TBT) were assumed 

to have been deposited before that date. However, PCBs have been available since 

1930 and DDT was first used in 1940 (Latimer et a/., 1991). Thus, sediments at a 

depth of 105 to 140 cm were deposited after 1930 (small amounts of Total PCBs are 

present) but before 1960 (TBT is absent). An estimated sedimentation rate bas,ed on 

detection of PCBs is 140 cm in 65 years (1930 to 1995), or about 
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2.2 cm/yr. The corresponding value, based on detection of TBT, is 86 cm in 35 years 

(1960 to 1995) or about 2.5 cm/yr. These values are in good agreement and suggest a 

relatively high natural sedimentation rate at Station DSY-28. However, another 

possibility is that the observed trends with sediment depth are not due to natural 

sedimentation but rather to “dumping” and/or “washing” of materials from the adjacent 

piers and docks. The effects of bioturbation on the observed contaminant distributions 

are unknown at this time. 

Trends in the concentrations of organic contaminants with depth in sediments 

from Station DSY-29 are shown in Figure 4.3-l 7. The O-18 cm sample represents the 

surface sediment, while piston core samples represent deeper sediments. Only 

p,p’-DDE showed a subsurface maximum at 16-26 cm; all other contaminants 

decreased with depth to very low values at 44-54 cm. Since no TBT was detected at 

16-26 cm, the sedimentation rate was calculated to be approximately 18 cm in 35 

years, or about 0.5 cm/yr. PCBs indicate that the estimated rate is 54 cm in 65 years, 

or about 0.8 cm/yr. These estimates suggest a considerably slower sediment input at 

this station compared to Station DSY-28. 

The data for Station DSY-36 are presented in Figure 4.3-18 and, as for Station 

DSY-28, there exist subsurface maxima for most contaminants. Since Station DSY-36 

is somewhat distant from the piers and docks, high Total PCB values at 40-50 cm are 

particularly noteworthy. Estimated sedimentation rates are 100 cm in 65 years, or 

about 1.5 cm/yr, based on PCB detection, and 18 cm in 35 years, or 0.5 cm/yr, based 

on TBT detection. The poorer agreement in estimates for this station may be attributed 

to changes in sedimentation rates over time, due to the construction of the nearby 

Coddington Cove breakwater in 1957. 
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4.3.2.2. Elutriates 

Analyses of elutriate samples showed the presence of PCBs, PAHs, and small 

amounts of p,p’-DDE (Table 4.3-6; complete data presented in Appendix A-1-2). These 

samples were prepared by mixing surface sediment and seawater for 1 hour at room 
, ’ temperature, allowing the mixture to stand for 18 hours at 4”C, then filtering and1 

centrifuging to produce a solution containing both dissolved and colloidal material. The 

concentrations of Total PCBs and Total PAHs are shown in Figure 4.3-19. Elutriate 

from Station DSY-25 had the highest concentration of both contaminants, and several 

other stations showed elevated levels of one or both contaminants relative to the 

reference station (e.g., Stations DSY-27, DSY-29, DSY-31 for PCBs; DSY-25, DSY-27, 

DSY-29, DSY-32, DSY-33, and DSY-40 for PAHs). Additionally, eight of the samples 

exceeded the marine chronic criteria of 30 rig/L for Total PCBs (EPA, 1992), including 

the reference station, JPC-1 . Although no water criteria exist for PAHs, concentrations 

were below 900 rig/L or 275-fold lower than the lowest reported LC,, value for individual 

, “ . .  

._ , .  

:  

,.. 

PAHs (250 ug/L; Eisler, 1987). A comparison of the elutriates and sediment 

concentrations of PCBs and PAHs is shown in Figure 4.3-20 using data from twelve 

stations, as well as the field blank, for both sediments and elutriates. Station DSY-25 

was considerably above the regression line for both contaminants. The relationships 

between elutriate concentration and sediment concentration are significant at the 95% 

confidence level for PCBs and at the 90% confidence level for PAHs, indicating that 

resuspended sediments can contribute colloidal and/or dissolved organic contaminants 

to the water column. 

Comparison with Historical Data for Derecktor ShipyardKoddington Covle. 

. “.I_ Quinn ef a/. (I 994) analyzed sediment samples from the Derecktor Shipyard/ 

Coddington Cove study area, employing essentially the same analytical methocls, but 

with somewhat less stringent QC procedures than the current investigation. The data 

from the two studies are comparable on a relative and/or semi-quantitative basis. 
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Surface and core sediment samples were collected in November 1993 and June 1994 

by diver and/or a Smith Maclntyne grab sample from 24 stations in the Derecktor 

ShipyardKoddington Cove study area. The range of concentrations (on a dry weight 

basis) for the surface sediments (top 2 cm) in the 1994 study were as follows: 

PCBs: 9.4 rig/g to 733 rig/g 

PAHs: 285 rig/g to 81,700 rig/g 

p,p’-DDE: 0.2 rig/g to 13.6 rig/g 

TBT: 32 ng St-r/g to 372 ng Sri/// 

There was fairly good agreement in sediment chemistry of organic contaminants 

between the 1994 study and the current investigation, although Stations DSY-27 and 

DSY-29 had considerably higher PCBs than previously observed. In both cases, the 

sampling results demonstrated that the highest concentration of contaminants were 

adjacent to the piers and outfalls of Derecktor Shipyard. 

4.3.2.3. Tissue Residues 

Deployed and Indigenous Mussels. Figure 4.3-21 compares the concentrations 

of organic contaminants in blue mussels deployed for 30 days and mussels indigenous 

to the study area (complete analytical data are presented in Appendix A-2-2). Highest 

values for deployed mussels relative to the references were generally observed at 

Stations DSY-26 through DSY-33 and Stations DSY-38 through DSY-40. Indigenous 

mussels showed high values relative to the references at a number of stations, 

including Stations DSY-26, DSY-27, DSY-28, DSY-35, DSY-36, and DSY-40. In many 

cases, there was fairly good agreement between the indigenous and deployed tissue 

residue values. However, Station DSY-26 exhibited relatively poor agreement. 

Subsequently, a second sample of both indigenous and deployed mussels from Station 

DSY-26 was analyzed, and the values for PAHs were found to be in good agreement 
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(relative percent difference [RPD]<lO%) with the first analyses. The agreement 

between PCBs and p,p’-DDE in the indigenous samples was also acceptable 

(RPDc30%). However, the value from the second analysis of PCBs (600 rig/g)) irn 

deployed mussels was much lower than that from the first analysis (1780 ng/g). 

Generally, the reference station samples at Jamestown Potter Cove (JPC) and 

Castle Hill Cove (CHC) were lower than the study area samples. However, TBT 

concentrations in indigenous mussels at Station CHC-1 were the second highest of all 

stations measured. Furthermore, the concentration of TBT (977 ng Sri/g) for 

indigenous mussels at Station DSY-27 was exceptionally high, considering the 

sediment values at this location were quite low. 

Hard Clams. The highest concentrations of organic contaminants in hard clams 

(mainly Mar) from the study area were generally observed at Stations DSY-31, 

DSY-32, DSY-36, and DSY-41 (Figure 4.3-22). Concentrations of PCBs and PAHs in 

hard clams from the reference site at Jamestown Potter Cove were generally lower than 

samples from the Derecktor ShipyardlCoddington Cove study area. This was also true 

for TBT, although a high concentration of TBT (50 ng Sri/g) was observed in Pitar at 

Station JPC-I. In general, the lipophilic contaminants (i.e., PCBs, PAHs and p,p’-DDE) 

were usually more concentrated in mussel samples than clam samples, probably due to 

the higher lipid content of mussel tissues (4.3 to 7.6%; median value = 5.9%) compared 

to clams (1 .O to 4.0%; median value = 2.5%). 

,<. 
Lobster. Concentrations of organic contaminants in lobster muscle tissue were 

highest at Stations DSY-27, DSY-28 and DSY-38 (Figure 4.3-23). Samples from the 

reference sites (JPC-1 and CHC-1) were in the same range as the samples from the 

Derecktor ShipyardKoddington Cove study area. All TBT values were below the 

method detection limit. 1,m 
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Fish. In general, fish tissue samples from Stations DSY-28 and DSY-29 had the 

highest concentrations of organic contaminants within the study area, but 

concentrations in the reference samples exceeded many concentrations found for 

stations from the study area (Figure 4.3-24). High PAH values for Stations DSY-28 and 

CHC-1 are considered unusual, since fish (and lobsters) can metabolize these 

compounds to varying degrees (Neff, ?979). PCBs and p,p’-DDE were concentrated in 

the fish tissue, probably as a result of high lipid content (7.5 to 12.5%; median value = 

IO. 1% for cunner). 

4.4. UNCERTAINTY 

Contaminant sources, distribution and concentration in the Derecktor Shipyard/ 

Coddington Cove study area have been relatively well characterized based on data 

from present and previous studies. However, the exposure pathways as reflected by 

the first through fourth tier models (Section 3.5) are necessarily conceptual and cannot 

account for all the complexities of a natural ecosystem, including proximal and distal 

sources, as well as potential receptors. These uncertainties also are driven by 

incomplete knowledge of the chemical behavior of the CoCs, even though considerable 

information is available on solubility, partitioning, and toxicity for several analytes. 

Nonetheless, existing information on the chemical contaminants and a reasonably 

thorough understanding of the cove ecosystem have allowed sufficient and relevant 

data to be targeted, collected, and interpreted for the risk assessment. 

Spatial variability. Fate and transport evaluations for the exposure assessment 

focused on spatial (horizontal) and vertical (sediment layering) patterns as well as data 

comparability among the matrices sampled (sediment, elutriate and tissue). The 

placement of sampling stations was largely based on providing “visually complete” 

(essentially “gridded”) coverage of the various areas of the cove, including both coarse- 
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grained and fine-grained habitats found both in harborfront and open cove areas. 

Station placement was guided additionally by results from prior studies; however, visual 

coverage was still the principal method applied. The uncertainty associated with any 

sampling station is whether it is truly representative of the habitat and impact/reference 

zone being evaluated. Collection of station replicates is one method that allows 

assessment of within-station variability (i.e., the representativeness of a sample). 

Although only single samples were generally collected per station for this study, 

agreement among field duplicate measurements suggests that small scale spatial 

variation was not problematic. Hence, comparison of the data variability among 

stations is the primary method used to assess adequacy and representativeness of the 

sampling grid. There are uncertainties of extrapolations (and assumptions) from point 

measurements to broader spatial areas, but geotechnical, geophysical and 

hydrographic studies have helped fill the “gap”, by providing quantitative information on 

spatial scales of variability in sediment lithologic properties (e.g. TOC, grain size, 

erodability) which strongly influence CoC distribution. Additional quantitative 

approaches using Geographic Information Systems (GIS) technology, including the 

development of concentration contours have been recently reported (Clifford et a/., 

1995); this approach appears to provide an effective, unbiased method for estimating 

spatial extent of exposure, thereby minimizing interpretive uncertainty and maximizing 

data usage. Application of these techniques may be useful when sediment remediation 

strategies are investigated. QA/QC and data validation for sample inventory anld 

analysis are presented in Appendix C-3. 

Temporal variabilify. Another area of uncertainty for the exposure assessment is 

the temporal comparability of data. The general study design assumes that there have 

not been substantial changes in environmental conditions and chemical contaminant 

concentrations at individual sampling sites, as representative of particular habitat and 

sampling zones. In practice, however, interannual and seasonal variations occur in 

every environment, thereby changing to some degree the conditions that influence 
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contaminant sources, exposure pathways, and receptors. For the present study, more 

accurate navigation (+ 3 m) and deeper sampling (surface sediment interval = O-l 8 cm) 

was employed than in earlier studies (Loran Navigation: + 100 m; surface sediment 

interval = O-2 cm). Nonetheless, the assumption that temporal changes in sediment 

chemistry are not significant appears correct. Differences between concentrations of 

representative CoCs for sets of stations that were sampled for the two studies and 

located very near or coincident with each other were relatively small. 

The exposure point estimates are based on representative chemical analytes 

that, due to practicality, are a subset of the total possible compounds that could be 

analyzed. However, the analytes have been carefully selected as a result of extensive 

screening and analyses during the present and previous studies and are considered to 

be appropriately conservative and representative of source contaminants. Calculations 

of SEM for use in comparisons with AVS values utilize sediment data on copper, zinc, 

lead, nickel, cadmium, and mercury. Each of these metals, except mercury, is 

commonly accepted as reacting in the presence of sulfides in a manner which fulfills the 

assumptions of the AVS paradigm. However, there is ongoing debate about the 

appropriateness of including mercury in the calculations. This is because mercury can 

react in a manner that is more similar to an organic compound than a divalent metal. 

For this assessment, mercury has been included in the SEM calculation. In some 

cases, its incorporation does affect the final SEM/AVS ratios. However, the inclusion of 

this metal primarily serves to increase the ratio value, thereby representing a more 

conservative effects measure. QA/QC and data validation for metals and organics are 

presented in Appendices C-l and C-2, respectively. 

Finally, sediment elutriates were prepared and chemically analyzed to evaluate 

potential CoC exposure to target receptors during sediment resuspension events. This 

evaluation of potential resuspension events addressed only current conditions and 

levels of activity at the site, and did not address future use scenarios involving 
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fundamentally different conditions or activities at the site. Although CoC concentrations 

1Y 

/- 

marginally exceeding water quality criteria were observed, there exists great uncertainty 

with regard to the equivalency of elutriate concentrations prepared in the laboratory with 

those concentrations which might occur in Coddington Cove during sediment 

resuspension events. Because the water-only fraction of the elutriate is prepared from 

sediment mixtures exceeding 100 g/L of suspended solids, whereas field suspended 

solids concentration in Coddington Cove are three orders of magnitude lower 

(e.g., c 100 mg/L), it is considered unlikely that water quality criteria are ever exceeded 

, u,. 
in the field during natural resuspension events. 
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Figure 4.2-10. Velocity contour plots across the mouth of Coddington Cove (transect 1 
shown in Figure 4.2-8). Data are in cmlsec. A) early flood (4.5 hr before high water); 
B) mid flood (3 hr before high water); and C) late flood (1.5 hr before high water). 
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Figure 4.2-10 (continued). Velocity contour plots across the mouth of Coddington Cove (transect 1 shown in Figure 4.2-3). 
Data are in cmkec. D) high water; E) early ebb (1.75 hr after high water); F) mid-ebb (3 hr after high water); and G) late ebb 
(4.5 hr after high water). A progression is noted from the vertically structured flow with inflow at the bottom (CD) to a wind- 
dominated pattern with inflow at the surface and oufflow at depth (G). 
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Figure 4.2-l. Distribution of sand in surface sediments (O-l 8 cm) from the Derecktor 
ShipyardKoddington Cove study area. Large number indicate station designation; 
small numbers indicate percent sand. 
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Figure 4.2-2. Grain size characteristics in A) surface and B) core sediments from the 
Derecktor ShipyardEoddington Cove (DSY) study area and the Jamestown Potter Cove 
(JPC) reference locations. Codes: SUR = surface, MID = mid depth, BOT = bottom, 
and V= vibracore station. 
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Figure 4.2-3. Relationship between sand content and total organic carbon 
content for surface and core sediments collected from the Derecktor Shipyard/ 
Coddington Cove study area. 
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Figure 4.2-4. (continued). Characterization of sediment magnetic susceptibility and lithology for the Derecktor 
Shipyard/Coddington Cove study area. 
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Figure 4.2-5. Grain size characteristics of surface sediments (O-18 cm) in the 
Derecktor ShipyardKoddington Cove study area as inferred from geotechnicai and 
geophysical investigations. 



Recovery 
Grain Size Analysis (in feet) 

1 II 

Observed Lithology 

59.1 

0.2% . . . . . . . . . . . . . . . . . . . c!a ,.I.:.- 40.7 o/ 
. . . . . . . . 

% . . . . . . . . . . . . . . . . . . . . . . . . 1.1. . . . . . . . . . . . 

Grain Size 

cl 
% SAND 

El 
:x<; % SILT 

%CLAY 

6.50 J 

Recovered: 7.1’ 
Penetration: 11.0 

Ll sand 

Secondary LithoIogp 

peat 

. . . . . . . q .y..$*~.. sand B, sand .y* ..*. ::.. .f . . lenses 

e shell fragments 

0 wood fragments 

water 
- a¶hlmn 

*sediment/water 
interface 

Figure 4.2-6. Sub-bottom profile, observed lithology, and grain size analysis results for 
DSY-28 (vibracore station V-5) from the Derecktor ShipyardlCoddington Cove stludy 
area. 



Figure 4.2-7. Distribution of sandblast material in surface sediments of Coddington Cove. 
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Figure 4.2-8. Sampling locations for sediments collected for chemical analysis near Piers I and 2 of the NETC 
during 1987-1988. 

sampling locations approximate 



Figure 4.2-8 (continued). Sampling locations fbr sediments collected for chemical analysis 
near Piers 1 and 2 of the NETC during 1987-1988. 
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Figure 4.2-l 1. Mass transport (volume flux) of water in the Derecktor ShipyardKoddington Cove study area. 



Figure 4.2-l 2A. Surface velocity in the Derecktor ShipyardEoddington Cove study area during a short wind event, 
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Figure 4.2-12B. Bottom velocity in the Derecktor ShipyardKoddington Cove study area during a short wind event. 
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Figure 4.2-13. Annual temperature distribution for the Derecktor ShipyardlCoddington Cove study area water column. 
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Figure 4.2-14. Comparison of simulated and measured dissolved oxygen (DO) responses of the Derecktor ShipyardXoddington 
Cove study area. Data include point measurements from five zones (segments of Coddington Cove). 
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Figure 4.2-15. Dissolved oxygen (DO) response to varying sediment oxygen demand (SOD) rates for the Derecktor 
ShipyardKoddington Cove study area. 
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Figure 4.2-16. Simulated dissolved oxygen (DO) response to an annual maximum temperature distribution and measured DO 
for the Derecktor ShipyardICoddington Cove study area water column. 
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Figure 4.2-17. interpretive map of near-bottom deposition/erosion energies for the Derecktor ShipyardKoddington Cove 
study area. Striped and speckled regions represent zones permitting particles co.1 mm and co.8 mm to be deposited, 
respectively. 
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Figure 4.3-l. Concentration of trace metals in surface sediments collected from the 
Derecktor ShipyardEoddington Cove (DSY) study area and the Jamestow’n Potter 
Cove (JPC) reference locations. 
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Figure 4.3-2. Metal Enrichment Factor (MEF) for lead in surface 
(O-18 cm) sediments collected from the Derecktor Shipyard / 
Coddington Cove (DSY) study area. 
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5 MEF = Aluminum-normalized metal concentration ratios in sediments vs. offshore Station DSY-39. 



Figure 4.3-3. Metal Enrichment Factor (MEF) for copper in surface 
(O-18 cm) sediments collected from the Derecktor ShipyardXoddington 
Cove (DSY) study area. 

MEF = Aluminum-normalized metal concentration ratios in sediments vs. offshore Station DSY-39. 



Figure 4.3-4. Metal Enrichment Factor (MEF) for zinc in surface 
(O-l 8 cm) sediments collected from the Derecktor Shipyard/Coddington 
Cove (DSY) study area. 

MEF = Aluminum-normalized metal concentration ratios in sediments vs. offshore Station DSY-39. 



Figure 4.3~5A. Concentration of zinc @g/g) in sediment cores in the 
Derecktor ShipyardEoddington Cove study area. 
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Figure 4.3~5B. Concentration of copper (pg/g) in sediment cores in the 
Derecktor ShipyardKoddington Cove study area. 



Figure 4.32X. Concentration of chromium (pg/g) in sediment cores in the 
Derecktor ShipyardKoddington Cove study area. 
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Figure 4.3&E. Concentration of arsenic (m/g) in sediment cores in the 
Derecktor ShipyardGoddington Cove study area. 
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Figure 4.3~5F. Concentration of nickel (pglg) in sediment cores in the 
Derecktor ShipyardEoddington Cove study area. 
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Figure 4.3-56. Concentration of mercury @g/g) in sediment cores in the 
Derecktor ShipyardKoddington Cove study area. 
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Figure 4.3&H. Concentration of silver @g/g) in sediment cores in the 
Derecktor ShipyardKoddington Cove study area. 
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Figure 4.3-51. Concentration of cadmium (pg/g) in sediment cores in the 
Derecktor Shipyard/Coddington Cove study area. 
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Figure 4.3-6. Ratio of Simultaneously Extractable Metals (SEM) to Acid Volatile Sulfide 
(AVS) in surface sediments (O-18 cm) from the Derecktor ShipyardlCoddington Cove 
study area. 
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1. The following metals were detected at concentrations below the Limit of Quantitative Detection 

or were not detected, and therefore are not plotted: Silver, Cadmium, Mercury, Nickel, Zinc 

2. Asterisks (*) indicate metals for which no saltwater quality criteria have been set. 

3. Light vertical line designates the Saltwater Chronic Value. Dark vertical line indicates Saltwater Acute 

Value. (Both from EPA, 1986.) 

Figure 4.3-7. Concentration of metals @g/L) in elutriate samples from the 
Derecktor Shipyard/Coddington Cove study area. 
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Figure 4.3-8. Concentration of metals in indigenous blue mussels from the 
Derecktor ShipyardKoddington Cove (DSY) study area and the Jamestown Potter 
Cove (JPC) and Castle Hill Cove (CHC) reference locations. A) cadmium, mercury, 
and silver; B) chromium, lead, and nickel; C) arsenic and copper; and D) .zinc. 
* = not detected. 
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Figure 4.3-8 (continued). Concentration of metals in indigenous blue mussels 
from the Derecktor ShipyardKoddington Cove (DSY) study area and the 
Jamestown Potter Cove (JPC) and Castle Hill Cove (CHC) reference locations. 
A) cadmium, mercury, and silver; B) chromium, lead, and nickel; C) arsenic and 
copper; and D) zinc. 
* = not detected. 
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Figure 4.3-9. Concentration of metals in blue mussels deployed in the Derecktor 
ShipyardKoddington Cove (DSY) studyarea and the Jamestown Potter Cove (JPC) 
and Castle Hill Cove (CHC) reference locations. A) cadmium, mercury, and silver; 
B) chromium, lead, and nickel; C) arsenic and copper; and D) zinc. 
* = not detected. T-O = time-zero. 
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Figure 4.3-9 (continued). Concentration of metals in blue mussels deployed in the 
Derecktor ShipyardKoddington Cove (DSY) study area and the Jamestown Potter 
Cove (JPC) and Castle Hill Cove (CHC) reference locations. A) cadmium, mercury, 

and silver; B) chromium, lead, and nickel; C) arsenic and copper; and D) zinc. 
* = not detected. T-O = time-zero. 
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Figure 4.3-l 0. Concentration of metals in hard clams (Mercenatia mercenaria (MM) 
and Pifarmorrhuana (PM)) in the Derecktor ShipyardKoddington Cove (DSY) study 
area and the Jamestown Potter Cove (JPC) and Castle Hill Cove (CHC) reference 
locations. A) cadmium, mercury, and silver; B) chromium, lead, and nickel; C) 
arsenic and copper; and D) zinc. * = not detected. 
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Figure 4.3-l 0 (continued). Concentration of metals in hard clams (Akrcenaria 
mercenaria (MM) and Pitarmonhuana (PM)) in the Derecktor Shipyard/Coddington 
Cove (DSY) study area and the Jamestown Potter Cove (JPC) and Castle Hill Cove 
(CHC) reference locations. A) cadmium, mercury, and silver; B) chromium, lead, 
and nickel; C) arsenic and copper: and D) zinc. * = not detected. 
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Figure 4.3-l 1. Concentration of metals in lobster muscle from the Derecktor 
ShipyardKoddington Cove (DSY) study area and the Jamestown Potter Cove (JPC) 
and Castle Hill Cove (CHC) reference locations. A) cadmium, lead, and1 mercury; 
B) chromium, nickel, and silver; C) copper and zinc; and D) arsenic. 
* = not detected. 
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Figure 4.3-I 1 (continued). Concentration of metals in lobster muscle from the 
Derecktor ShipyardEoddington Cove (DSY) studyarea and the Jamestown Potter 
Cove (JPC) and Castle Hill Cove (CHC) reference locations. A) cadmium, lead, 

and mercury; B) chromium, nickel, and silver; C) copper and zinc; and D) arsenic. 
* = not detected. 
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Figure 4.3-l 2. Concentration of metals in fish (Fund&s heteroclitus (MI-) and 
Taufogolabrus adspersus (CN)) from the Derecktor ShipyardICoddington Cove 
(DSY) study area and the Jamestown Potter Cove (JPC) and Castle Hill Cove 
(CHC) reference locations. A) cadmium, nickel, and silver; B) chromium, lead, and 
mercury; C) copper and zinc; and D) arsenic. 
* = not detected. 
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Figure 4.3-l 2 (continued). Concentration of metals in fish (Fundulus heferoclitus 
(MF) and Tautogolabrus adspersus (CN)) from the Derecktor ShipyardKoddington 
Cove (DSY) studyarea and the Jamestown Potter Cove (JPC) and Castle Hill Cove 
(CHC) reference locations. A) cadmium, nickel, and silver; B) chromium, lead, and 

mercury( C) copper and zinc; and D) arsenic. 
* = not detected. 
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Figure 4.3-13. Concentration of organic contaminants in surface sediments (O-l 8 cm) 
from the Derecktor ShipyardKoddington Cove study area and Jamestown Potter Cove 
reference Station JPC-1. For PCBs and PA-b, horizontal lines indicate ER-L and ER-M 
guidelines (Long eta/., 1995). FD = field duplicate. 



ER-M 

p,p’-DDE 

250 

240 TBT 

Figure 4.3-l 3 (continued). Concentration of organic contaminants in surface 
sediments (O-l 8 cm) from the Derecktor ShipyardlCoddington Cove study area and 
Jamestown Potter Cove reference Station JPC-1. For p,p’-DDE, horizontal lines 
indicate ER-L and ER-M guidelines (Long ef a/., 1995). For TBT, horizontal lines 
indicate lower (5 ng Sri/g) and upper (50 ng Sri/g) benchmarks from Macauley eta/., 
1994. FD = field duplicate. 
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Figure 4.3-14. Concentration (rig/g dry weight sediment) of PCB congeners in 
surface sediments (O-l 8cm) from the Derecktor Shipyard/Coddington Cove 
study area. 
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Figure 4.3-158. Explanation of PAH codes for Figure 4.3-l 5A. 

COMPGRP 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH ’ 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 

Code 
1MN 
1MP 
2MN 
AC1 
ACT 
ANT 
B(BJK)F 
BAA 
BAP 
BEP 
BIP 
BPE 
CHR 
DBA 
DMN 

FLU 
INP 
NAP 
PER 
PHE 
PYR 
TMN 

Analyte Name CAS - NlO. 
1 -Methylnaphthalene 90-l 2-o - 
1 -Methylphenanthrene 832.69-!3 
2-Methylnaphthalene 9 1-57-6 
Acenaphthylene 208-96-8 
Acenaphthene 83-32-9 
Anthracene 120- 12-‘7 
Benzo(k)fluoranthene 207-08-9 
Benzo(a)anthracene 56-55-3 
Benzo(a)pyrene 50-32-8 
Benzo(e)pyrene 192.97-:2 
Biphenyl 92-52-4 
Benzo(g,h,iIperylene 19 l-24-2 
Chrysene 218-Ol-!3 
Dibenz(a hlanthracene 53-70-3 
2,6-Dimethyinaphthalene 58 1-42-O 
Fiuoranthene 206-44-o 
Ruorene 86-73-7 
Indeno(l,2,3+d)pyrene 193-39-!j 
Naphthalene 9 l-20-3 
Perylene 198-55-O 
Phenanthrene 85-01-8 
Pyrene 129-00-0 
1,6,7-Trimethyinaphthalene 2245-38-L 

-- 
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Figure 4.3-16. Concentration (rig/g dryweight sediment) of organic 
contaminants in Station DSY-28 sediment core from Derecktor Shipyard/ 
Coddington Cove. The vertical lines are the ER-L and ER-M guidelines (Long 
et al., 1995). 
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Figure 4.3-l 7. Concentration (rig/g dryweight sediment) of organic 
contaminants in Station DSY-29 sediment core from Derecktor Shipyard/ 
Coddington Cove. The vertical lines are the ER-L and ER-M guidielines 
(Long eta/., 1995). 
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Figure 4.3-l 8. Concentration (rig/g dryweight sediment) of organic 
contaminants in Station DSY-36 sediment core from Derecktor Shipyard/ 
Coddington Cove. The vertical lines are the ER-L and ER-M guidelines 
(Long eta/., 1995). 
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Figure 4.3-l 9. Concentration (rig/L elutriate) of organic contaminants in 
elutriate samples from the Derecktor ShipyardKoddington Cove (DSY) study 
area and Jamestown Potter Cove (JPC) reference location. MCC = marine 
chronic criteria of 30ng/L for total PCBs (U.S. EPA, 1992). 
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Figure 4.3-20. Plot of Total PCBs and Total PAHs in elutriate versus 
surface sediments(O-18cm) from twelve Derecktor Shipyard/ 
Coddington Cove study area stations and one field blank. 
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Figure 4.3-21. Concentration (rig/g dryweight tissue) of organic contaminants 
in indigenous and deployed blue mussels from the Derecktor Shipyard/ 
Coddington Cove studyarea and Jamestown Potter Cove (JPC) and Castle Hill 
Cove (CHC) reference locations. 
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Figure 4.3-22. Concentration (rig/g dryweight tissue) of organic 
contaminants in tissue of hard clams (Pifarmomhuana (P) and Mmenaria 
mercenaria (M)) from the Derecktor ShipyardKoddington Cove study area and 
Jamestown Potter Cove (JPC) reference locations. 
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Figure 4.3-23. Concentration (rig/g dryweight tissue) of organic contaminants in 
lobster muscle tissue from the Derecktor Shipyardlcoddington Cove study area and 
Jamestown Potter Cove (JPC) and Castle Hill Cove (CHC) locations statiolns. 
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Figure 4.3-24. Concentration (rig/g dryweight tissue) of organic 
contaminants in fish (Tautogolabms adspersus (CN) and Fund&s 
heteroclifus (MF)) tissue from the Derecktor ShipyardEoddington Cove 
(DSY) studyarea and Jamestown Potter Cove (JPC) and Castle Hill Cove 
(CHC) reference locations. (CN=Cunner; MF= Mummichogs.) 



Table 4.2-l. Total Organic Carbon Content (TOC) of surface and core sediments collected 
from the Derecktor ShipyardKoddington Cove (DSY) study area and the 
Jamestown Potter Cove (JPC) reference locations. 

Surface 

nterval (cm)’ TOC (%) I Mid-Depth 

Interval (cm)’ TOC (%I Station 
DSY-25 o-12 1.79 
DSY-26 O-18 1.47 
DSY-27 o-17 3.73 
DSY-28 O-18 4.01 24-34 3.87 
DSY-29 O-18 6.01 16-26 1.49 
DSY-30 O-18 3.79 18-28 1.51 
DSY-31 O-18 3.84 45-55 1.65 
DSY-32 O-18 3.57 
DSY-33 o-14 1.66 
DSY-34 O-18 3.18 20-30 1.52 
DSY-35 o-14 0.61 
DSY-36 O-18 3.55 40-50 4.50 
DSY-37 O-18 2.21 
DSY-38 O-18 3.08 
DSY-39 O-18 2.55 
DSY40 o-14 1.48 
DSY41 o-13 0.81 
DSY-V4 105-115 0.67 
DSY-V9 IO-20 3.72 
JPC-1 o-14 1.06 
JPC-2 O-16 1.71 

Sampling interval in the surface sample (collected by Van Veen grab) 
3r core sample (V = vibracore). 

Bottom 

Interval (cm)’ TOC (%) 

76-86 3.49 
44-54 0.49 
68-78 1.73 

100-110 1.56 

70-80 1.59 

130-140 0.75 
39-45 1 .oo 



Table 4.2-2. Abundance of blasting sand, rust, and paint chips in sediments 
from the Derecktor ShipyardKoddington Cove study area. 

. 

Station Depth (cm) Abundant Common Rare Absent 

VI O-l 
VI 3-4 
v2 5-6 
v3 3-4 
V8 2.5-3.5 

VI0 O-l 
VI0 4-5 
VII O-l 
VII 4-5 
VII 7-8 
VI2 O-l 
VI2 4.8-5.8 
VI3 O-l 
VI3 5-6 
VI4 O-l 
VI4 7-8 
VI5 O-l 
VI5 2-3 

X 

X 

X 

X 

X 
X 
X 
X 
X 

X 

X 
X 

X 

X 
X 

X 
X 

X 

Abundant: Greater than 25% of total sand-sized particles. 
Common: 5 - 25% of total sand-sized particles. 
Rare: Less than 5% of total sand-sized particles. 
Absent: 0% of total sand-sized particles. 



Table 4.2-3. Concentrations of three trace metals in sediments 
collected near Piers 1 and 2 of the NETC 1987-1988. 

Sample Trace Metals (ppm) 
Study Station Number cu Pb Zn 

USACE, A 1815 926 320 537 
1987 B 1816 183 86 288 

(Pier 1) C 1817 145 103 261 
D 1818 146 76 303 
E 1819 339 212 496 
F 1820 3116 231 473 
G 1821 315 91 ! 420 
H I 1822 322 123 i 477 
I 1823 262 291 504 
J 1824 279 196 529 
K 1825 139 90 216 
L 1826 163 126 259 
M 1827 1188 502 630 
N 1828 684 654 617 
0 1829 87 304 ; 528 
P 1830 148 146 522 
Q 1831 162 70 333 
R 1832 456 700 580 
S 1833 148 65 244 
T 1834 228 65 564 

USACE, Sl 2941 92 59 188K- 
1988 s2 2942 83 57 158 

(Pier 2) S3 2943 115 64 / 208 
s4 2944 881 1250 2780 
s5 2945 77 69 199 
S6 2946 174 69 237 
s7 2947 75 60 176 
S8 2948 273 289 725 
s9 2949 42 52 172 

SIO 2950 77 66 159 
s12 2951 66 56 167 

See Figure 4.2-8 for station locations. 



Table 4.2-4. Summary of water quality measurements for the Derecktor Shipyard/ 
Coddington Cove (DSY) study area and the Jamestown Potter Cove (JPC) 
and Castle Hill Cove (CHC) reference locations.’ 

Station 
DO (mn/L) 

Mean SD 

Total Un-Ionized 
Ammonia (ma/L) Ammonia (mg/L) 
Mean SD Mean SD 

DSY-26 

DSY-28 

DSY-29 

DSY-31 

DSY-33 

DSY-37 

DSY-38 

DSY-40 

CHC-1 

JPC-1 

7.80 0.44 

7.65 0.53 

8.48 0.23 

7.70 0.33 

7.82 0.28 

7.22 0.31 

7.58 0.50 

8.37 0.20 

7.62 0.63 

0.07 0.06 0.002 0.001 

0.06 0.03 0.002 0.001 

0.03 0.03 0.000 0.001 

0.05 0.02 0.001 0.001 

0.06 0.04 0.002 0.001 

0.04 0.04 0.001 0.001 

0.04 0.04 0.001 0.001 

0.06 0.08 0.001 0.002 

0.01 0.02 0.000 0.001 

7.70 0.39 0.000 0.000 0.03 0.03 

‘Samples were collected on 1 O/4/95, 1 O/25/95, and 1 l/l O/95. 
DO = Dissolved Oxygen 
TSS = Total Suspended Solids 
SD = Standard Deviation 

Chlorophvll a (W/L) TSS (mn/L) 
Mean SD Mean SD 

1.49 1.77 

1 .oo 0.98 

1.71 2.96 

0.83 1.44 

1.74 1.61 

0.70 0.60 

0.79 0.70 

1.47 1.76 

0.35 0.61 

0.78 0.80 

27.64 10.53 

17.15 11.84 

21.46 12.72 

23.00 13.80 

19.23 6.40 

25.09 15.66 

29.27 7.72 

27.39 9.54 

19.27 3.53 

17.56 3.66 



Table 4.2-5. Summary of sediment oxygen demand (SOD) measurements 
for the Derecktor ShipyardXoddington Cove (DSY) study area. 

Sample Calculated SOD Coefficient of Normalized 
ID (g/m’/day)’ Variation’ SOD3 

DSY-26 0.21 23.50 0.65 
DSY-27 0.25 11.60 0.77 
DSY-30 0.17 23.00 0.53 
DSY-31 0.18 16.00 0.55 
DSY-32 0.17 14.30 0.54 
DSY-33 0.15 17.10 0.47 

DSY-34a 0.27 11.60 0.86 
DSY-34b 0.17 17.30 0.53 
DSY-40 0.19 20.60 0.59 

Mean 0.20 17.20 0.55 

1 - Calculated SOD = water-only uptake] - [sediment-water uptake]. Temperature = 2O’C. 
2 - Mean responses of 6 replicate pairs. 
3 - Calculated SOD was normalized using the formula: SOD 20c+SOD@T/l .06rrW20). 
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4 ; 

Depth (cm) o-12 O-18 O-l 7 O-18 O-l 8 O-18 O-18 O-18 O-18 O-l 4 O-18 o-14 O-18 O-l 8 O-18 O-18 O-l 4 O-13 o-14 O-16 

Aluminum 21201 23629 43768 41308 37148 38108 37525 38455 34225 23360 32958 19887 38025 27580 37845 34008 25730 26763 27475 30460 
Arsenic 6.4 9.4 11.8 a.7 12.5 12.3 10.3 10.2 10.9 7.4 9.7 3.4 11.2 7.4 8.9 7.6 6.8 11.4 2.6 4.8 

Cadmium 0.3 0.2 1.0 0.6 1.5 2.2 1.2 0.8 0.7 0.2 0.3 0.1 0.4 0.3 0.3 0.2 0.5 0.2 0.3 0.2 
Chromium 55.0 53.5 103.0 80.5 86.5 88.0 79.3 76.8 84.8 46.5 64.3 24.3 83.3 56.5 66.0 56.5 44.5 36.8 36.5 49.0 

Copper 23.5 39.3 166.3 71.8 157.8 165.0 81.3 80.8 66.8 17.3 33.5 <3.75(U) 54.0 27.0 28.0 20.0 29.8 9.3 7.0 13.8 
Iron 23831 23354 34533 29155 35453 36348 27418 28335 28545 21406 25630 12660 28620 20072 26180 21418 20511 17739 18092 18617 
Lead 35.9 40.4 150.7 77.7 185.9 172.5 80.0 81.0 124.8 40.0 47.8 14.0 78.8 56.9 62.2 54.0 42.1 17.0 29.7 53.2 

Manganese 268.5 148.5 346.5 302.5 282.3 289.8 276.5 307.5 293.5 133.5 280.0 90.3 312.8 265.0 333.8 285.3 116.5 106.0 293.5 284.3 

0.1 0.1 0.6 0.3 0.5 0.5 0.5 0.4 0.4 0.1 0.2 0.1 0.4 0.3 0.3 0.1 0.2 0.03(B) 0.2 0.1 

21.0 20.5 43.5 24.3 34.8 36.0 27.3 24.8 25.8 18.3 20.5 <10.0(B) 25.8 16.8 22.0 17.6 17.3 14.5 14.3 14.0 

0.3 0.2 0.7 0.5 0.8 1.0 0.7 0.5 0.8 0.2 0.3 <0.13(B) 0.6 0.4 0.2 0.3 0.2 0.13(B) 0.1 0.3 

110.0 101.5 547.3 169.3 392.8 403.3 192.8 167.0 201.3 72.3 105.5 28.5 144.3 93.5 109.0 97.3 100.3 47.3 58.0 79.3 

Mercury 

Nickel 

Silver 

Zinc 

Table 4.3-l. Concentration (pg/g) of metals in surface and core sediments from the Derecktor ShipyardEoddington Cove (DSY) study area 
and Jamestown Potter Cove (JPC) reference locations. 

Surface Samples 

Core Samples 

Depth (cm) 

Arsenic 

Cadmium 

Chromium 

Copper 

Lead 

Manganese 

Mercury 

Nickel 

Silver 

Zinc 

16-26 1 44-54 1 18-28 1 68-78 1 45-55 ~100-110~ 20-30 1 70-80 

30315 38435 17663 18495 26628 23277 27678 34225 32773 24773 31103 16198 29659 17498 
9.5 9.7 5.6 3.0 5.5 6.1 9.0 5.5 6.8 7.4 7.8 4.1 4.9 8.6 
0.9 0.9 0.8 0.1 0.2 0.3 0.5 0.1 0.2 0.1 0.9 0.1 0.1 0.1 

112.8 107.8 56.0 31.3 49.8 42.0 56.5 38.8 48.0 54.5 110.5 30.5 108.0 44.0 
179.5 132.5 60.0 <3.75(B) 9.8 <3.75(B) 36.8 <3.75(B) <3.75(B) 4.3 104.5 <3.75(B) 188.0 18.3 

32305 35298 22019 16446 21970 21069 24123 17772 21320 23520 28668 13836 30379 33278 
148.4 192.6 87.1 19.0 34.9 21.7 52.7 29.9 24.5 25.7 112.5 33.5 16.1 12.8 
331.5 338.0 137.0 113.0 140.8 214.0 219.6 253.5 294.3 312.0 317.3 132.3 288.3 343.3 

0.4 1.1 0.6 ND 0.1 qo.03 0.3 0.1 co.03 co.03 0.8 eo.03 0.9 <0.03(U) 
77.8 45.5 23.3 15.3 16.8 13.5 21.8 12.5 17.0 21.5 30.8 40.0 37.3 30.8 

1.0 1.0 0.6 <0.13(B) 0.1 <0.13(B) 0.6 <0.13(B) <0.13(B) <0.13(B) 1.5 <0.13(B) 0.2 0.2 
455.0 327.8 130.5 34.5 64.5 48.5 122.8 36.0 47.0 55.5 213.8 35.5 466.5 71.3 

18218 18200 

10.3 11.4 

1.2 0.1 

50.8 29.8 

1.5 2.5 

15478 17196 

182.0 15.5 

193.5 189.0 

<0.03(U) <0.03(U) 

13.0 15.5 

1.8 0.2 

29.8 36.0 
I 

Y 

. 

ND = non-detect, l = field duplicate, "c" = concentrations below the Method Limit of Quantitation (MLQ). 
Data qualification scheme is based on "Data Qualifiers for Inorganic Analytical Data, Laboratory Qualifiers" as described in SAIC QA Technical Procedure No Tp-DM-300-7. 
(U) - Indicates that the analyte was analyzed for but not detected. 
(B) - Indicates that the reported value was obtained from a reading that was less than the Contract Required Detection Limit, but greater than or equal to the instrument Detection Limit 



Table 4.3.2. Metal Enrichment Factors for surface sediments (O-18 cm) from the Derecktor ShipyardXoddington Cove 
(DSY) study area and the Jamestown Potter Cove (JPC) reference location. 

Metal Enrichment Factor”j2 (unitless) 

Station Arsenic Cadmium Chromiu Copper Iron Lead Manganese Mercury Nickel Silver Zinc 
DSY-25 1.3 1 3.0 1 1.6 1.9 1.8 1.1 1.5 1.4 1.9 1.6 1.8 
DSY-26 1.8 

*I 
1.4 2.8 1.6 
1.4 E 

1.1 
DSY-27 1.2 2.2 ; [-E- 

DSY-28 0.9 1.2 1.1 DSY-29 1.5 1.4 1.5 I+, 

::i +I g 

x:: $-I 1:8 g r%- 
DSY-30 1.2 1.3 1.2 1.3 0.9 2.8 1.4 2.5 1.8 
DSY-31 1.2 1.2 1.2 1.3 1.0 2.j 1.2 73 1.5 
DSY-32 1.4 1.5 1.2 2.3 1.0 2.5 1.4 [3.1] 2.1 
DSY-33 1.4 1.5 1.2 1.3 1.s 1.1 0.7 1.2 1.5 1.3 1.1 
DSY-34 1.3 1.8 1.2 1.7 1.2 0.9 1.0 1.1 1.2 1.1 1.1 
DSY-35 0.8 0.9 0.7 0.2 1.0 0.4 0.5 0.8 Tirj 0.4 0.5 
DSY-36 1.3 2.0 1.3 2.4 1.2 1.3 1.0 2.2 1.3 1.9 1.3 
DSY-37 1.2 2.2 1.2 1.7 1.2 1.3 1.1 2.3 1.2 1.8 1.2 
DSY-38 1.1 1.2 1.0 1.3 1.1 1.0 1.1 1.6 1.1 0.6 1.0 
DSY-39 NA 
DSY-40 Y.; I-+ 1.0 

NA NA NA NA NA NA NA NA 
2.0 

1.9 
1.3 1.0 0.5 

i.iz 
1.7 1.3 1.1 1.4 

DSY-41 1.3 0.8 1.1 0.4 0.5 0.1 1.0 0.3 0.6 
JPC-1 0.4 2.0 0.8 0.4 1.0 0.7 1.3 1.0 
JPC-2 0.7 1.1 1.0 0.8 1.0 1.1 1.1 

2.0 0.6 0.7 
0.8 0.9 1.1 0.9 

Maximum 1.9 7.4 1.6 7.2 1.8 3.2 1.5 3.1 1.9 3.1 4.4 

1 - MEF = Aluminum-normalized sediment metal concentration ratios at each station. 
Benchmark = Station DSY-39 aluminum-normalized sediment metal concentration. 

2 - Bold/underlined values = MEF > 1; bordered cells = MEF > 3; shaded cells = MEF>S. 



Table 4.3-3. Metal concentrations (pg/L) in elutriate samples from the Derecktor ShipyardKoddington Cove (DSY) study area and 
the Jamestown Potter Cove (JPC) reference location. 

Station 

Aluminum 

Arsenic 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Nickel 

Silver 

/ 

DSY-Blank DSY-25 DSY-31 DSY-32 DSY-33 DSY-36 DSY-37 DSY-38 DSY-39 DSY-40 JPC-1 

<40(B) 178 58 208 45 51 <40(B) <40(B) 59 <40(B) 60 

<5.0(U) 12.4 27.2 24.8 <5.0(U) 40.4 19.6 40.7 76.0 30.0 18.3 

<0.2(U) <0.2(U) <0.2(U) <0.2(U) <0.2(U) <0.2(U) <0.2(U) <0*2(U) <0.2(U) <0.2(U) <0.2(U) 

<0.8(U) <0.8(B) <0.8(B) <0.8(B) <0.8(U) <0.8(U) <0.8(U) <0.8(U) <0.8(B) <0.8(U) <0.8(U) 

<2.5(U) <2.5(B) 5.1 <2.5(U) <2.5(U) <2.5(B) <2.5(B) <2.5(U) <2.5(U) <2.5(U) <2.5(B) 

<60(U) 140 <60(B) 88 334 <60(U) 387 223 310 460(U) <60(U) 

<2.9(U) 9.4 8.5 9.4 15.9 8.3 12.9 10.7 14.6 9.0 13.2 

4W 187 83 163 1213 242 1126 935 2284 87 465 

-=0.1(U) <O.?(U) <0.1(U) co.1 (U) <0.1(U) co.1 (U) CO.?(U) co.1 (U) <0.1(U) <0.1(U) co.1 (U) 

<8.0(B) <8.0(B) <8.0(B) <8.0(B) <8.0(B) <8.0(B) <8.0(B) <8.0(B) <8.0(B) <8.0(B) <8.0(B) 

<0.5(B) <0.5(B) <0.5(B) <0.5(B) <0.5(B) <0.5(U) <0.5(B) <0.5(U) <0.5(B) <0.5(U) <0.5(U) 

<g(B) <WV <g(B) <9(B) WJ) <g(B) <g(B) WW <g(B) WJ) WB) 

ug/L = micrograms per liter. 
‘w’ designate concentrations below the Limit of Quantitative Detection (LQD). 

Data qualification scheme is based on “Data Qualifiers for Inorganic Analytical Data, Laboratory Qualifiers” as described in SAIC QA Technical Procedure No TP-DM-300-7 
(U) - Indicates that the analyte was analyzed for but not detected. 
(B) - Indicates that the reported value was obtained from a reading that was less than the Limit of Quantitative Detection Limit, 
but greater than or equal to the Instrument Detection Limit. 

. 



Table 4.3-4. Concentration of organic contaminants in surface sediments from the Derecktor ShipyardXoddington Cove (DSY) 
study area and Jamestown Potter Cove (JPC) reference location. 

Chemical Sediment Contaminant Concentration 

e 

s 3 it k ? E 5 5 F z 5 2 5 2 s 5 

iz 2 

Y ? 5 2 4 i% 2 

8 v) $ 

+ 2 i 4 9 5 

2 2 

s 

E 

% ‘; 

2 4 

Depth (cm) o-12 O-18 o-17 O-18 O-18 O-18 O-18 O-18 O-18 o-14 O-18 o-14 O-18 O-18 O-18 O-18 o-14 o-13 o-14 

A. Sediment 
Concentration 

Total PCBs (nglg) 

P,P’-DDE (nglg) 

TBT (ng Sri/g) 

Total PAHs (ng/g) 

kganic Carbon (mg/g 

93.6 98.2 3,310 134 546 936 315 221 201 39.9 64.6 6.7 113 99.9 59.3 58.2 84.1 13.8 18.9 

0.9 0.6 7.0 2.0 6.3 6.4 4.4 1.9 2.4 0.4 1.0 0.1 2.6 1.4 1.3 0.7 1.1 0.1 0.3 

0.7 2.3 8.5 65.4 60.9 66.2 6.9 228 4.3 4.0 4.1 4.0 5.0 4.0 Cl.0 <I.0 4.2 <I .o 0.3 

4,940 5,800 11,000 4,810 32,800 46,400 11,800 5,150 5,980 879 1,930 61.7 3,720 2,250 1,750 1,830 5,390 291 746 

18.0 15.0 37.0 40.0 61.0 59.0 38.0 38.0 36.0 17.0 32.0 6.0 35.0 22.0 31.0 26.0 15.0 8.0 11.0 

B. TOGNormalized 
Concentration 

Total PCBs (ng/g) 5.2 6.5 89.5 3.3 9.0 15.9 8.3 5.8 5.6 2.3 2.0 1.1 3.2 4.5 1.9 2.2 5.6 1.7 1.7 

p,p’-DDE (ng/g) 0.0 0.0 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.1 0.0 0.0 

TBT (ng Sri/g) 0.0 0.2 0.2 1.6 1.0 1.1 0.2 6.0 0.1 ND 0.1 ND 0.1 ND ND ND 0.3 ND 0.0 

Total PAHs (ng/g) 274 307 297 120 538 786 311 136 166 51.7 60.3 10.3 106 102 56.5 70.4 359 36.4 67.8 

FD = field duplicate; TOC = total organic carbon. 
Total PCBS = sum of polychlorinated biphenyls; TBT = tributyltin; Total PAHs = sum of polycyclic aromatic hydrocarbons; ND = non-detect. 

t 



Table 4.3-5. Concentration of organic contaminants in surface and core sediments from the 
Derecktor ShipyardlCoddington Cove (DSY) study area. 

Chemical 

A. Sediment 
Concentration 

Sediment Contaminant Concentration 

DSY-27 DSY-28 DSY-29 

Depth (cm) Depth (cm) Depth (cm) 

o-1 7’ 1 o-20* 39-453 O-l 8’ 24-34* 76-86* 105-I 1 53 1 30-1403 O-l 8’ 16-26* 44-54* 

Total PCBs (ng/g) 3,310 1,380 91.3 134 430 204 16.8 7.4 546 81.0 3.0 

P,P’-DDE (w/g) 7.0 9.6 0.5 2.0 5.0 17.1 0.2 0.1 6.3 9.2 0.1 

TBT (ng Sri/g) 8.5 7.3 Cl.0 65.4 12.9 141 Cl .o Cl .o 60.9 cl .o <I .o 

Total PAHs (ng/g) 11,000 34,700 3,300 4,810 8,170 8,260 25.0 96.0 32,800 19,600 157 

Organic Carbon (mg/g) 37.0 37.0 10.0 40.0 39.0 35.0 7.0 7.0 61.0 15.0 5.0 

B. TOC-Normalized 
Concentration 

Total PCBs (ng/mg TOC) 89.5 37.3 9.1 3.3 11.0 5.8 2.4 1.1 9.0 5.4 0.6 

p,p’-DDE (ng/mg TOC) 0.2 0.3 0.1 0.1 0.1 0.5 0.0 0.0 0.1 0.6 0.0 

TBT (ng Sn/mg TOC) 0.2 0.2 NC 1.6 0.3 4.0 NC NC 1.0 NC NC 

Total PAHs (ng/mg TOC) 297 938 330 120 209 1,830 3.6 13.7 538 1,307 31.4 

1 - surface sample. Total PCBs = sum of polychlorinated biphenyls; TBT = tributyltin; 
2 - piston core sample. Total PAHs = sum of polycyclic aromatic hydrocarbons; NC = not calculated. 
3 - vibracore sample. TOC = Total Organic Carbon. 
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Table 4.3-5. (continued). Concentration of organic contaminants in surface and core sediments from the 
Derecktor ShipyardKoddington Cove (DSY) study area. 

Chemical 

A. Sediment Concentration 

Total PCBs (ng/g) 

P,P’-DDE (ng/g) 

TBT (ng Sri/g) 

Total PAHs (nglg) 

Organic Carbon (mg/g) 

B. TOC-Normalized 
Concentration 

Total PCBs (nglmg TOC) 

p,p’-DDE (ng/mg TOC) 

TBT (ng Sn/mg TOC) 

Total PAHs (ng/mg TOC) 

- surface sample. 
2 - piston core sample. 
3 ; vibracore sample. 

DSY-30 

Depth (cm) 

O-l 8’ 18-28* 68-78* 

315 13.0 5.3 221 147 3.2 64.6 20.9 5.0 113 393 4.1 

4.4 0.6 0.2 1.9 4.9 0.2 1.0 0.2 0.2 2.6 14.3 0.1 

6.9 4.0 4.0 228 4.0 4.0 4.1 4.0 4.0 5.0 4 .o 4.0 

11,800 1,710 37.9 5,150 1,640 39.0 1,930 299 41.0 3,720 5,010 118 

38.0 15.0 17.0 38.0 17.0 16.0 32.0 15.0 16.0 35.0 45.0 9.0 

8.3 0.9 0.3 

0.1 0.0 0.0 

0.2 NC NC 

311 114 2.2 

Sediment Contaminant Concentration 

DSY31 

Depth (cm) 

O-18’ 4555* 100-l IO: 

5.8 8.6 0.2 

0.1 0.3 0.0 

6.0 NC NC 

135.5 96.5 2.4 

DSY-34 

Deoth (cm) 

O-l 8’ 20-30* 70-80* 

2.0 1.4 0.3 

0.0 0.0 0.0 

0.1 NC NC 

60.3 19.9 2.6 

DSY-36 

Depth (cm) 

O-l 8’ 40-50* 90-I oo2 

3.2 8.7 0.5 

0.1 0.3 0.0 

0.1 NC NC 

106 111 13.1 

Total PCBs = sum of polychlorinated biphenyls; TBT = tributyltin; 
Total PAHs = sum of polycyclic aromatic hydmcarbnns; NC = xf calculated. 
TOC = Total Organic Carbon. 
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Table 4.3-6. Concentration of organic contaminants in elutriate samples from the Derecktor Shipyard/ 

Coddington Cove (DSY) study area and the Jamestown Potter Cove (JPC) reference location’. 

Elutriate Contaminant Concentration 

7 
Contaminant 2; 

+ 6 5 G ? ? 

2 $ k 

s G T ? 7 

i3 5 2 2 2 5 2 k 

7 

5 E 

Total PCBs (ng/L) 14.3 77.8 69.4 54.3 58.8 39.1 26.6 26.3 37.4 19.2 25.9 36.7 48.4 

p,p’-DDE (ng/L) <2.3(U) 0.42(J) 0.42(J) 0.63(J) 0.64(J) 0.30(J) 0.31(J) 0.39(J) 0.71(J) 0.25(J) 0.61(J) 0.59(J) 1 .Ol(J 

TBT (ng Sri/L) cxO(U) <5.0(U) <5.0(U) <5.0(U) <5.0(U) <5.0(U) <5.0(U) <5.0(U) <5.0(U) +=5.0(U) <5.0(U) <5.0(U) <5.O(L 

Total PAHs (ng/L) 51.0 872 260 604 230 259 275 162 143 97.3 129 476 226 

DSY Blank 1 = field blank. 
Total PCBs = sum of polychlorinated biphenyls; TBT = tributyltin; Total PAHs = sum of polycyclic aromatic hydrocarbons. 
Non detected values are listed as < Method Detection Limit (MDL). 
1 - Elutriates taken from surface sediments (O-l 8 cm). 
(U) - Indicates that the analyte was analyzed for but not detected. 
(J) - Indicates that the reported value was obtained from a reading that was less than the Limit of Quantitative Detection Limit, 
but greater than or equal to the Instrument Detection Limit. 



5.0. ECOLOGICAL EFFECTS ASSESSMENT 

Ecological effects are quantified from the relationships between exposure 

patterns and resulting responses of ecological systems, as determined from 

measurement endpoints identified during Problem Formulation (Section 3). Ecological 

effects assessments include literature-reported evaluations of the known effects, of 

CoCs to receptors of concern (Section 5.1); direct measurement of the toxicity of 

exposure media (Section 5.2), in this case sediments and elutriates of sediments, to 

appropriately sensitive marine species (the amphipod Ampelisca and the sea urchin 

Arbacia, respectively); site-specific investigations of the abundance and condition of 

receptors of concern (Section 5.3); and collation of toxicity-based criteria and standards 

for exposure media identified in exposure pathways (Section 5.4). Uncertainty 

associated with these assessments is discussed in Section 5.5. 

5.1. KNOWN EFFECTS OF CoCs 

Contaminants of concern as identified in Section 3 consist primarily of PAHs, 

PCBs, the pesticides DDE and mirex, the metals Ag, As, Cd, Cr, Cu, Hg, Ni, Pb and Zn, 

and the butyltins. 

.Potential effects of the CoCs on biological receptors are influenced strongly by 

their chemical behavior, solubility, and toxicity. For example, Ni, Cu, Cd, and Cr+6 have 

relatively high solubility and thus higher dissolved phase concentrations than many 

organic contaminants, such as PAHs and relatively insoluble metals, (e.g., Ag, Pb, Zn, 

and Cr+3 ). Subsequently, dissolved contaminants may be transported throughout the 

water column by current and tidal flows, while contaminants associated with particles 

tend to be transported horizontally, commonly settling to the bottom in sediment 
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depositional areas. Once on the bottom, the sediment particles can be transported as 

bedload or resuspended, resulting in redistribution of the contaminants. Dissolved or 

particle/sediment-bound contaminants may be available to biological receptors in the 

water column, pore waters and sediments, potentially resulting in biological uptake 

and/or direct toxicological effects. Impacts to organisms can then be strongly 

influenced, for example, by the affinity of various contaminants for tissue lipids and the 

type of cellular or subcellular effects associated with particular compounds and 

elements. 

The following describes the chemical behavior and known effects of key 

contaminants of concern. 

Arsenic. Arsenic in surface water can undergo complex patterns of 

transformation, including oxidation-reduction reactions, biotransformation, precipitation, 

and adsorption, resulting in extremely mobile behavior in aquatic systems. Sorption of 

arsenic onto clays, iron oxides, manganese compounds, and organic material is a 

typical fate. Sediment can serve as a reservoir for arsenic, and sediment-bound 

arsenic (arsenate/arsenite) that has been methylated by aerobic and anaerobic bacteria 

may be released back into the water column (ATSDR, 1987a). Bioconcentration of 

arsenic occurs in aquatic organisms, primarily in algae and lower invertebrates. 

Biomagnification in aquatic food webs does not appear to be significant, although some 

fish and invertebrates contain high levels of arsenic compounds that are relatively inert 

toxicologically (ATSDR, 1987a). Arsenic in seafood occurs primarily as complex 

methylated or organic chemical species which are less toxic and more readily excreted 

than inorganic arsenic. The Effects Range-Low (ER-L) and Effects Range-Medium 

(ER-M) benchmarks, defined by Long et al. (1995) as the lower 1 Oth and 50th percentiles 

of all concentrations of a contaminant observed to cause a biological effect, over a 

range of studies and species, are 8.2 and 70 mg/kg, respectively (also see Section 5.4). 

Acute responses to inorganic arsenic in water-only exposures where observed in 
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marine organisms at 2,319 ppm (Long ef al., 1990). During tests of sediments from 

Commencement Bay, where arsenic concentrations ranged between 2,257 to 28.3 

mg/kg, mortality ranged between 15.7 and 2.5% to the amphipod Rhepoxynius 

abronius, respectively (Long et al., 1990). Arsenic concentrations as high as I,0105 

r c, 

/: , 

mg/kg were detected in Puget Sound sediments where highly toxic (i.e., 95% mortality) 

responses were indicated, and concentrations as low as 22.6 mg/kg where survival was 

>87% (Long ef al., 1990). Severe mortality (i.e., 100%) to the polychaete Nereis: virens 

was observed during exposures to Black Rock Harbor sediment where the arsenic 

concentration was 1.88 mg/kg (Long et al., 1990). 

,_l,, 
There is good evidence that arsenic is carcinogenic in humans, although 

evidence of arsenic-induced carcinogenicity in animals is mostly negative. In addition, 

very high oral doses of sodium arsenite may be teratogenic and ferotoxic. Arsenic is a 

weak inducer of chromosomal aberrations, and is a known teratogen in*vertebrates 

(Eisler, 1988). Arsenic exposure may produce behavioral impairment, and leads to 

death at high concentrations. In aquatic invertebrates, arsenic exposure may lead to 

decreased growth, reproductive impairment, and death. Pre-exposure to sublethal 

levels of arsenic may result in increased tolerance to this element upon re-exposure 

(Eisler, 1988). It is generally agreed that inorganic arsenic is more toxic than organic 

arsenic, and that trivalent forms are more toxic than are pentavalent forms. 

Cadmium. Cadmium in the water column may partition to dissolved and 

particulate organic carbon. Cadmium speciation yields primarily the divalent forrn of the 

metal, Cd’*, between pH 4.0 and pH 7.0 (Stephenson ef al., 1989). Studies indicate 

. ,-a 

that the divalent cadmium ion is responsible for observed biological effects. Acid 

volatile sulfides can influence the toxicity and bioaccumulation of cadmium in 

sediments. Cadmium is not a highly mobile element in the aquatic food web, nor does 

it biomagnify (Kay, 1985). Studies with zebrafish indicate no maternal transfer oIf 

cadmium to young, and cadmium measured in bird eggs was not a reliable indicator of 
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environmental exposure (Kay, 1985). Tissue residue toxicity relationships for cadmium 

may be variable because detoxification processes allow organisms to sequester this 

metal in various unavailable forms while analytical measurements continue to detect its 

presence (Klerks and Bartholomew, 1991). Whole body residues may fail to predict 

effects concentrations at the organ level because concentrations in target organs may 

be larger than whole body residues (McKinney, 1993). In freshwater studies, cadmium 

has been associated with high mortality, reduced growth, and inhibited reproduction 

(Eisler, 1985). Generally, resistance to cadmium was higher in marine organisms when 

compared to freshwater species (Eisler, 1985). Marine organism L&s ranged from 

320 to 430 ug/L, whereas effects in freshwater organisms have been observed at 

l-2 ug/L. 

In tests of Puget Sound sediment, statistically significant effects were noted in 

the amphipod, oyster larvae, and Microtox TM bioassays, at cadmium concentrations 

ranging between 6.7 and 9.6 mg/kg (Long et a/., 1990). Cadmium concentrations of 

1.2 and 1.7 mg/kg were measured in tests of San Francisco Bay sediments and caused 

significant toxicity in the amphipod and bivalve larvae bioassays, respectively (Long et 

a/., 1990). Highly toxic effects (i.e. 75% mortality) were noted in amphipod tests of 

Commencement Bay sediments with 41.6 mg/kg cadmium (Long et al., 1990). Low 

abundances of echinoderms and arthropods were observed in Southern California 

where cadmium concentrations were 6.2 and 4.3 mg/kg, respectively (Long et a/., 

1990). Complete mortality was observed in tests using the polychaete Nereis verens 

exposed to Black Rock Harbor sediments at 1.6 mg/kg cadmium (Long et a/., 1990). 

Baltimore Harbor sediments were toxic to mummichogs and spot, where the cadmium 

concentration in these sediments was 22.8 mg/kg (Long et al., 1990). The ER-L and 

ER-M benchmarks for cadmium over a range of studies and species, are 1.2 and 9.6 

mg/kg, respectively (Long ef al., 1995). 
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Chromium. Chromium(+G) occurs only rarely in nature, except from 

anthropogenic contamination, because it is readily reduced to chromium(+3) in the 

presence of oxidizable organic matter. However, chromate and dichromate 

(chromium(+‘6)) compounds are stable in many natural Waters because of the low 

concentration of reducing material, and thus may undergo intermedia transport. In 

contrast, chromium(+3) compounds, the form most commonly observed in biological 

systems, are generally insoluble in water. The effects of chromium on wildlife, fish, and 

invertebrates have been summarized by Eisler (1986): 

“...chromium is mutagenic, carcinogenic, and teratogenic to a wide variety 

of organisms, and Cr+6 [hexavalent Cr] has the greatest biological activity. 

However, information is lacking on the biological activities of water soluble 

Cr+3 [trivalent Cr] compounds, organochromium compounds, and their 

ionic states. Aquatic plants and marine polychaete worms appear to be 

the most sensitive groups tested. In exposures to CP6, growth of algae 

was inhibited at 10.0 ppb, and reproduction of marine polychaete vvorms 

was inhibited at 12.5 ppb. At higher concentrations, CP is associated 

with abnormal enzyme activities, altered blood chemistry, lowered 

resistance to pathogenic organisms, behavioral modifications, disrupted 

feeding, histopathology, osmoregulatory upset, alterations in population 

structure and species diversity indices, and inhibition of photosynthesis. 

Not all sublethal effects observed were permanent, but the potential for 

acclimatization of organisms to Cr is not well documented.” 

Cr exposure at high concentrations can produce death. Sensitivity to Cr varies 

widely among species, even among those which are closely related (Eisler, 1986). 

Chromium(+G) is classified as a human carcinogen, but chromium(+3) still is being 

evaluated for its carcinogenic potential. Most of the chromium in aquatic environments 

eventually is expected to precipitate in sediments. The ER-L and ER-M values for 
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chromium in sediments are 81 and 370 mg/kg, respectively (Long et al., 1995). Acute 

toxicity to marine organisms in water-only exposures is evident at concentrations 

ranging from 2000 to 105,000 ppm (Long ef a/., 1990). Tests with the amphipod 

Rhepoxynius abt-onius indicate toxic effects in sediments from Commencement Bay 

where chromium levels ranged between 16.2 to 19.7 mg/kg (Long ef al., 1990). 

Survival greater than 97% was observed in the polychaete Neanfhes arenaceodenfafa 

exposed to San Diego Bay sediment with 299.5 mg/kg chromium (Long et a/., 1990). 

Copper. The two processes that primarily influence the fate of copper in the 

aquatic environment are sorption and chemical speciation. Speciation is determined by 

the oxidation-reduction potential of the copper compound and the media pH. In 

contaminated settings, copper may form complexes with organic material in the water; 

however, copper ultimately settles out of the water column and is deposited in 

sediments. Various processes including sorption onto clay minerals, hydrous iron, 

manganese oxides, and organic material reduce the level of copper compounds in 

aquatic media. In organically rich sediments, the sorbed and precipitated copper may 

become redissolved through complexation and can persist in the water for long periods. 

Copper is an essential element for most organisms, although the distinction 

between deficiency and toxicity in some organisms, including algae and some 

invertebrates, is small if there is limited ability to control absorption. Fish are sensitive 

to copper, and it is thought that their gills do not provide an effective barrier to 

absorption (Hammond and Beliles, 1980). Copper is toxic to aquatic plants and animals 

at relatively low levels. In addition to affecting survival, Cu exposure has been 

associated with development of histopathological lesions in mollusks and fish 

(Martin, 1977; Gardner and LaRoche, 1973), inhibition of egg hatching in fish (Gardner 

and LaRoche, 1973), impairment of fertilization and larval development in polychaetes 

and echinoderms (Reisch, 1964; Young and Nelson, 1974; Bougis, 1965) and 

retardation of growth in hydroids (Karbe, 1972). Cu is particularly active in disruption of 
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enzymatic systems (Albergoni and Piccinni, 1983). Copper is not strongly 

bioaccumulated and does not appear to transfer significantly through aquatic 

(or terrestrial) food webs. Bioconcentration factors are in the range of 10 to 100, 

although in some mollusks it can reach 30,000 (U.S. EPA, 1984). This may be 

because copper proteins in the blood of many bivalves act as oxygen carriers. For 

example, American oysters have been documented to have tissue concentrations of 

1,500 mg/kg (Hammond and Beliles, 1980). Acute toxic effects on lower marine biota 

have been demonstrated at water concentrations ranging from 5.8 to 600 ug/L 

(U.S. EPA , 1986; Anderson ef al., 1991). The ER-L and ER-M values for copper in 

sediments are 34 and 270 mg/kg, respectively (Long ef al., 1995). In water-only 

exposures, acute responses of marine organisms were observed at concentrations 

ranging from 5.8 to 600 ppm (Long et al., 1990). Mortality responses in the amphipod 

Rhepoxynius abronius ranged between 79% to 13% in sediments from Commencement 

Bay where corresponding copper concentrations ranged between 2820 to 85.1 mg/kg 

(Long et al., 1990). In oyster bioassays, a highly toxic developmental response (i.e., 

>44% abnormal larvae) was observed in tests of sediments with 918 mg/kg copper from 

Commencement Bay (Long et a/., 1990). Eighteen to 67% mortality to Rhepoxynius 

abronius was observed in tests of sediments from San Francisco Bay, where copper 

concentrations were between 72 and 85 mg/kg, respectively (Long ef al., 1990). No 

survival was observed in exposures of the polychaete Nereis virens to Black Rock 

Harbor sediment with 612 mg/kg copper (Long et al., 1990). 

Lead. The chemistry of lead in aqueous solutions is highly complex because of 

its occurrence in many forms, although it has a tendency to form compounds of low 

solubility. The divalent form (Pb’*) is the stable ionic species of lead. Hydroxide, 

carbonate, sulfide and, more rarely, sulfate may act as solubility controls. Lead may 

occur either as adsorbed ions or surface coatings on sediment mineral particles, or it 

may be carried as a part of suspended living or non-living organic matter in the water 

(ATSDR, 1988b). The ER-L and ER-M values for lead in sediments are 46.7 anld 
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218 mg/kg, respectively (Long et al., 1995). In freshwater tests, adverse effects to test 

organisms occur between 1.3 and 7.7 ppm (Long et al., 1990). Studies indicate that 

marine organisms in water-only exposures are more sensitive (Long ef al., 1990). The 

proposed marine water quality standard for California is 8 ppm (Long et al., 1990). 

Statistically significant responses to amphipods, oyster larvae, and MicrotoxTM were 

observed in Puget Sound sediment tests at concentrations ranging between 530 and 

660 mg/kg (Long et al., 1990). 

Lead can bioaccumulate in some bivalves, such as mussels, but does not 

appear to bioaccumulate in fish. In vertebrates, Pb is known to modify the structure 

and function of the kidney, bone, central nervous system, and the hematopoietic 

system, and produces adverse biochemical, histopathological, neuropsychological, 

ferotoxic, teratogenic, and reproductive effects. Inhibition of blood delta aminolevulnic 

acid dehydratase (ALAD), an enzyme critical in heme formation, has been observed as 

a result of exposure to Pb in invertebrates, birds, and a variety of marine fish. At 

sufficiently high concentrations, Pb effects manifest in estuarine organisms as reduced 

growth, fecundity, and survivorship. Lead is classified as a probable human 

carcinogen, based on animal (primarily rat) studies (Eisler, 1988). 

Mercury. Mercury forms a wide variety of complexes with organic ligands, the 

compounds of which (e.g., methylmercury) are toxicologically and environmentally 

significant (Nriagu, 1979). Mercury is very persistent when released into the 

environment, with the major removal mechanism occurring by adsorption onto particles 

and subsequent settlement to sediments. Mercury can become methylated to a highly 

toxic form, methylmercury, by biological and chemical processes (Nriagu, 1979). 

Methylation occurs most readily under anaerobic conditions. Mercury has no known 

essential status or function in organisms, and is a mutagen and teratogen (U.S. EPA, 

1985b). Bioaccumulation and toxic effects of mercury in aquatic systems are highly 

complex and are influenced by water temperature, salinity, hardness, pH, age of an 

5-8 



organism, prior exposure, reproductive state (related to lipid content), trophic level, and 

metabolism. Mercury is considered to be one of the most toxic of the heavy metals 

(Nriagu, 1979). At higher concentrations, mercury is toxic to a wide range of marine 

invertebrates and fish, and its acute toxicity varies among species. For instance, Hg is 

acutely toxic to the mysid shrimp Mysidopsis bahia at concentrations as low as 

3.5 ug/L, whereas the acute value for winter flounder is 1,678 ug/L (U.S. EPA, 1985b). 

In general, fish tend to be less sensitive to Hg than are crustaceans and mollusks. 

In addition to mortality, Hg exposure can result in impairment of reproduction, 

development, and growth in estuarine plants and animals. For example, productivity 

and time to first reproduction in Mysidopsis was affected in 28-d life cycle tests at 

mercury concentrations of 1.6 us/L. Methylmercury can be bioconcentrated and1 

biomagnified through aquatic food webs, with higher concentrations generally observed 

at the higher trophic levels (e.g., carnivorous fish and piscivorous birds; Nriagu, 1979). 

Concentrations of mercury in ocean sediments have been shown to be reflected in the 

tissues of epifauna (Klein and Goldberg, 1970). Bioconcentration factors range 

upwards to almost 200,000 for marine zooplankton (Hirota et al., 1983), and transfer 

rates in piscivorous fish and birds have been documented up to 36,000 (Eisler, ‘1981). 

Adverse effects on reproduction in birds have been demonstrated at concentrations as 

low as 5 mg/kg. The ER-L and ER-M values for mercury in sediments are 0.15 and 

^ II 

0.71 mg/kg, respectively (Long et al., 1995). Acute toxicity in water-only exposures of 

mercury to marine organisms is observed between 3.5 and 1,678 ppm (Long et a/., 

1990). Statistically significant responses in Puget Sound sediment tests were observed 

at concentrations ranging between 0.4 and 2.1 mg/kg to amphipods, oyster larvae, and 

MicrotoxTM (Long et al., 1990). Highly toxic (i.e., 67 and ~78% mortality) effects to the 

amphipod Rhepoxynius abronius were observed in tests of Commencement Bay and 

San Francisco Bay sediments with 11.2 mg/kg and 1 .O mg/kg mercury, respectively 

(Long et al., 1990). 
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Nickel. Very little information on the fate of nickel in the environment could be 

found in the literature. It is generally characterized as moderately soluble in water. 

U.S. EPA (1986) provides the following insights into the adverse effects of nickel: 

“Mechanisms of nickel toxicity are varied and complex, and, as with other 

heavy metals, significant effects occur at cell membranes and 

membranous tissues, such as gills. In fish, hematological effects such as 

hyperglycemia, lymphopenia, and erythocytosis have been reported in 

association with nickel intoxication...” 

Nickel exposure has resulted in reduced photosynthesis in aquatic plants 

(plankton and macrophytes), inhibition of enzyme systems in a variety of organisms, 

stunted growth and development, reproductive impairment, and at sufficiently high 

levels, death. Exposure levels associated with these effects are summarized in U.S. 

EPA (1986). Nickel is classified as a human carcinogen (U.S. EPA, 1992a). The ER-L 

and ER-M values for nickel in sediments are 20.9 and 51.6 mg/kg, respectively (Long ef 

a/. , 1995). Acute toxicity to marine organisms has been observed in water-only 

exposures to nickel at 151.7 ppm (Long et a/., 1990). In tests with sediments from 

Puget Sound, statistically significant toxicity to amphipods, oyster larvae, and 

MicrotoxTM was observed at concentrations ranging between 28 and >I20 mg/kg (Long 

et al., 1990). Exposures of the amphipod Rhepoxynius abronius indicated highly toxic 

responses (i.e., 67 and ~78% mortality) to Commencement Bay and San Francisco Bay 

sediments with 41 mg/kg and 113 mg/kg nickel, respectively (Long et al., 1990). No 

survival was observed in the polychaete Nereis virens when exposed to 52.0 mg/kg 

nickel in Black Rock Harbor sediment (Long et a/., 1990). 

Silver. The toxicity of silver to aquatic life is apparently dependent on water 

hardness: the harder the water, the higher the silver concentration that is needed to be 

toxic. Silver and its compounds have high chronic toxicity to aquatic life. As with all of 
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the CoCs discussed in this section, the adverse effects of silver include impairments to 

survival, growth, development, and reproduction in estuarine organisms. Quoting from 

the U.S. EPA (1987a): 

“Symptoms of silver intoxication in aquatic organisms appear to be similar 

to those caused by other heavy metals. Separation and disruption of the 

gill epithelium is frequently observed, resulting in esphisia. Damalge may 

be the result of silver ions reacting directly at the gill membrane, or as an 

indirect result of hematological osmotic imbalances.” 

Such effects on gill structure often manifest as impairments to respiration, an 

effect particularly noted on mollusks (U.S. EPA, 1987b). Other effects noted in 

laboratory exposures (summarized in U.S. EPA, 1987b) include reductions in 

chlorophyll a in phytoplankton populations, ionic imbalance in polychaete coelomic fluid, 

histo-pathological changes, impairment of fertilization success and abnormal larval 

development, and disruption of enzymatic systems. There is no conclusive evidence 

that silver is carcinogenic to humans. The ER-L and ER-M values for silver in 

sediments are 1 .O and 3.7 mg/kg, respectively (Long et al., 1995). Studies indicate that 

marine water-only concentrations of silver should not exceed 2.3 ppm (Long et a/., 

1990). In Puget Sound sediment tests, statistically significant toxicity to amphipods, 

oyster larvae, and MicrotoxTM were observed at concentrations ranging between >0.6 

and ~3.7 mg/kg. In San Francisco Bay sediments, toxicity to amphipods and oyster 

larvae occurred at concentrations ranging between 1 .I and >8.6 mg/kg (Long et al., 

1990). Tests of sediments from Commencement Bay and San Francisco Bay indicate 

highly toxic effects (i.e., >78 and 67%, respectively) to the amphipod Rhepoxynius 

abronius at silver concentrations of 0.2 and 1.7 mg/kg, respectively (Long et al.:, 1990). 

Survival in the sanddab Cifarichfys sfigmaeus was >82% when exposed to San Diego 

sediments with 0.8 mg/kg silver (Long et al., 1990). 
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Zinc. Sorption onto sediments is probably the most common fate of zinc in the 

aquatic environment (Eisler, 1993). Small amounts may be partitioned into the 

dissolved phase through speciation into soluble zinc compounds. Formation of 

complexes with organic and inorganic ligands may increase the mobility of zinc in 

aquatic media, but these complexes also have a tendency to be adsorbed more 

strongly onto sediments. The ER-L and ER-M values for zinc in sediments are 

150 and 410 mg/kg, respectively (Long et al., 1995). Acute L&s for marine fish in 

water-only exposures to zinc range from 192 to 320,400 ppm (Long et a/., 1990). 

Chronic responses of marine mysids in water-only exposures were noted at 

120 ppm (Long et al., 1990). Statistically significant responses in Puget Sound 

sediment tests were observed at concentrations ranging between 870 and 1600 mg/kg 

to amphipods, oyster larvae, and Microtox TM (Long et al., 1990). A highly toxic 

response in the amphipod Rhepoxynius abronius was observed during testing of 

sediment with 707 mg/kg zinc from Puget Sound (Long ef a/., 1990). A significant toxic 

response (i.e., 43% mortality) was observed during exposures of the amphipod 

Rhepoxynius abronius to San Francisco Bay sediment with 158 mg/kg zinc 

(Long et al., 1990). No survival was observed in the polychaete Nereis virens exposed 

to Black Rock Harbor sediment with 334 mg/kg zinc (Long et al., 1990). 

Zinc is an essential element in maintaining many physiological processes, and 

zinc deficiency can result in severe adverse effects on growth, reproduction, and 

survival in plants and animals. However, exposure to excess concentrations of zinc can 

result in a range of adverse physiological and ecological effects. According to Eisler 

(1993): 

“The most sensitive aquatic species were adversely affected at nominal 

water concentrations between 10 and 25 ug Zn/L, including representative 

species of plants, protozoans, sponges, mollusks, crustaceans, 

echinoderms, fish, and amphibians. Acute LC,, (96-h) values were 
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between 32 and 40,930 ug/L for freshwater invertebrates, 66 and 40,900 

ug/L for freshwater teleosts, 195 and >320,000 ug/L for marine 

invertebrates, and 191 and 38,000 ug/L for marine teleosts. Acute 

toxicity...was markedly affected by the age and nutrient status of the 

organism... Pancreatic degeneration occurred in ducks fed diets 

containing 2,500 mg Zn/kg ration. Ducks died when fed diets containing 

3,000 mg Zn/kg feed.” 

Thus, according to Eisler (1993), adverse effects include decreased growth, 

survival, and reproduction. Some noncarcinogenic effects of zinc to humans anld 

animals are evident, but information on carcinogenic effects could not be located in the 

literature. 

Bufyltins. Butyltin compounds include dibutyltin (DBT), monobutyltin (MBT), and 

tributyltin (TBT). Generally, DBT and MBT represent biodegradable and therefore less 

toxic degradation products of TBT. Of the three, TBT is the more prominent compound 

found (Clarke ef al., 1988; Bryan and Gibbs, 1991; Fent and Hunn, 1995). Tributyltin 

leached from anti-fouling paints inhibits the attachment of fouling organisms (sessile 

invertebrates) and has been shown to be toxic even at very low concentrations (IWade 

et a/., 1990). In fact, studies have demonstrated that TBT is damaging at 

concentrations far below those indicated for other marine pollutants (Clarke et aI., 

1988). TBT concentrations in aquatic sediments likely reflect partitioning between 

butyltins and suspended particles in the water column, although up to 99% of the TBT 

may reside in the sediments. Nonetheless, TBT contaminated sediments can represent 

a substantial source of organotin to aquatic waters (Huggett et al., 1986, as reported in 

Wade ef al., 1990). Studies by Wade et al. (1990) determined that the average ratio of 

TBT concentrations in bivalves compared to sediments collected nearby is 18 (range 

6.8 - 57 in coastal waters of the U.S.), suggesting a moderate bioaccumulation 

potential. Fent and Hunn (1995) indicate that because TBT has significant lipid 
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solubility with log n-octanollwater partition constant of ca. 3.5, a high affinity for 

bioaccumulation may exist. Although regulations have been introduced and water 

column concentrations have declined, TBT concentrations in sediments have persisted 

at levels high enough to induce chronic effects in susceptible aquatic organisms such 

as marine mollusks (Fent and Hunn, 1995). Fent and Hunn (1995) suggest that 

degradation of TBT is slow in sediments, with a half-life in the range of two to three 

years. Others have indicated a half-life of less than one year for aerobic sediments and 

two years for anaerobic sediments (Bryan and Gibbs, 1991). In addition, other studies 

have shown the ability of some species of fish, crustaceans, bivalves, and 

microorganisms to bioconcentrate TBT to levels which are orders of magnitude higher 

than the exposure concentration (Clarke et al., 1988). 

Acute effects of TBT have been observed in the water column where TBT 

concentrations of 1 rig/L have been associated with reduced reproduction 

(i.e. egg laying) in the freshwater snail (Fent and Hunn, 1995). Histologic alterations 

were observed in young European minnows exposed to 0.8 ug/L TBT (Fent and Hunn, 

1995). Reduced growth was noted in long-term exposures of rainbow trout yolk sac fry 

to 0.2 ug/L TBT, and a NOEC of 0.04 ug/L TBT was estimated for this organism (Fent 

and Hunn, 1995). lmmunotoxic effects were observed in the guppy at 0.32 ug/L TBT. 

In studies of the zooplankton, Acartia fonsa, reductions in survival in acute tests were 

observed at the lowest measurable concentration, 0.029 ug/L, and NOECs and LOECs 

for survival during chronic tests were 0.024 and 0.017 ug/L, respectively (Bushong et 

a/. , 1990). In studies of sediments, data indicate that concentrations of TBT are one to 

several thousand times higher than concentrations found in the overlying water (Bryan 

and Gibbs, 1991). In an assessment of sediments, bivalves were virtually eliminated 

when TBT concentrations exceeded 0.8 ug/g (Fent and Hunt-r, 1995). Although ER-L 

and ER-M ranges are unavailable for TBT, studies have shown that mollusks respond 

to TBT concentrations as low as 10 rig/g,, while some copepod crustaceans, 
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echinoderms, polychaetes, tunicates, phytoplankton, and fish respond to TBT 

concentrations which range between 10 and 100 rig/g (Bryan and Gibbs, 1991). 

Polycyclic Aromatic Hydrocarbons (PA/-k). High molecular weight (HMW) PAHs 

(e.g., chrysene, benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)-fluoranthene, 

benzo(a)pyrene, and dibenzo(a,h)anthracene) typically have low solubility in water, high 

partition coefficients (i.e., higher affinity for organic matter, such as in soil and 

sediments, than water), and slow degradation. Based on the low water solubility and 

high affinity to organic matter, significant leaching of HMW PAHs into groundwater is 

not expected. Solubility of PAHs generally decreases with increasing molecular weight; 

the less soluble the PAH compound, the more likely it will adsorb to soil or sedirnent 

particles. The primary removal mechanisms for PAHs in aquatic environments are by 

volatilization, photochemical reactions, and microbial degradation (ATSDR, 1989b). 

ER-L and ER-M sediment values in ug/kg for various PAH CoCs are 16 and 500 for 

acenaphthene, 44 and 640 for acenapthylene, 85.3 and 640 for anthracene, 26,l and 

1,600 for benzo(a)anthracene, 430 and 1,600 for benzo(a)pyrene, 384 and 2800 for 

chrysene, 63.4 and 260 for dibenz(a,h)anthracene, 19 and 540 for fluorene, 600 and 

5,100 for fluoranthene, 240 and 1,500 for phenanthrene, and 665 and 2,600 for pyrene, 

respectively (Long et al., 1995). 

Amphipods, oyster larvae, and MicrotoxTM exhibited statistically significant 

responses to acenaphthene in Puget Sound sediment tests at concentrations ranging 

between 500 and 630 ug/kg (Long et al., 1990). A significant toxic response 

(i.e., 43% mortality) was observed during exposures of the amphipod Rhepoxynius 

abronius to San Francisco Bay sediment with 7.6 ug/kg acenaphthene (Long et al., 

1990). A highly toxic response was observed during tests using Rhepoxynius abronius 

(i.e., 80% mortality) in sediment from Commencement Bay with 654 ug/kg 

acenaphthene (Long et al., 1990). Significant toxicity was observed in the amphipod 
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Ampekca abdita exposed to Black Rock Harbor sediment with 30 ug/kg acenaphthene 

(Long et al., 1990). 

In Puget Sound sediment tests, amphipods, oyster larvae, and MicrotoxTM 

exhibited statistically significant responses to anthracene at concentrations ranging 

between 960 and 1,900 yg/kg (Long et al., 1990). Bioassays of San Francisco Bay 

sediments using bivalve larvae and amphipods indicated significant effects at 24 ug/kg 

and 1 ,I 00 ug/kg anthracene, respectively (Long et al., 1990). Tests of sediments from 

Commencement Bay and Eagle Harbor, Washington, were highly toxic to the amphipod 

Rhepoxynius abronius at 363 and 7,597 ug/kg anthracene, respectively (Long et al., 

1990). In tests with the fish Leiostomus xanthurus, the 24-hr and 28-day LC,,s for 

anthracene were 147,840 and 6,600 ug/kg, respectively (Long et a/., 1990). 

Effects of benzo(a)anthracene where observed in bivalve larvae and the fish 

Leiostomus xanthurus when concentrations ranged from 60 ug/kg (in tests of sediments 

from San Francisco Bay) to 350,000 ug/kg (in bioassays of sediments from the 

Elizabeth River), respectively (Long et al., 1990). In tests of Puget Sound sediment, 

statistically significant effects to amphipods, oyster larvae, and MicrotoxTM were 

observed between 1,300 and 1,600 ug/kg benzo(a)anthracene (Long et a/., 1990). 

Statistically significant toxicity in the bivalve and amphipod bioassays was observed in 

exposures to sediments from San Francisco Bay with 60 and 1,100 ug/kg of benzo(a)- 

anthracene (Long et a/., 1990). Amphipod mortality exceeded 80% in tests of 

sediments from Commencement Bay and Eagle Harbor where benzo(a)anthracene 

concentrations were 931 and 11,088 ug/kg, respectively (Long et al., 1990). In tests 

with the fish Leiostomus xanthurus, the 24-hr and 28-day L&s for benzo(a)anthracene 

were 196,000 and 8,750 ug/kg, respectively (Long et a/., 1990). 

Effects of benzo(a)pyrene were observed in bioassays of sediments from San 

Francisco Bay and Lake Union, Washington, where concentrations ranged from 400 to 
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220,000 pg/kg (Long et al., 1990). In tests of Puget Sound sediment, statistically 

significant effects to amphipods, oyster larvae, and MicrotoxTM were observed between 

1,600 and 2,400 pg/kg benzo(a)pyrene (Long et al., 1990). Statistically significant 

toxicity in the bivalve and amphipod bioassays was observed in exposures to sediments 

from San Francisco Bay with >I ,800 and 1,300 pg/kg of benzo(a)-pyrene, respectively 

(Long et a/., 1990). Amphipod mortality exceeded 80% in tests of sediments from 

Commencement Bay and Eagle Harbor where benzo(a)pyrene concentrations were 

1,192 and 3,485 pg/kg, respectively (Long et a/., 1990). In tests with the fish 

Leiostomus xanthurus, the 24-hr and 28-day LC,,s for benzo(a)pyrene were 55,160 and 

2,462 Hg/kg, respectively (Long et al., 1990). 

Responses were observed in amphipod and fish tests of sediments from San 

Francisco Bay and the Elizabeth River, with chrysene concentrations ranging from 

80 pg/kg to 317,000 pg/kg, respectively (Long et al., 1990). In tests of Puget Sound 

sediment, statistically significant effects to amphipods, oyster larvae, and MicrotoxTM 

were observed between 1,400 and 2,800 ug/kg chrysene (Long et a/., 1990). 

Statistically significant differences in the bivalve larval and amphipod bioassays were 

indicated when San Francisco Bay sediment concentrations of chrysene were 1,700 

and 2,100 pg/kg, respectively (Long et al., 1990). Amphipod mortality exceeded 80% in 

tests of sediments from Commencement Bay and Eagle Harbor, where chrysene 

concentrations were 1,363 and 10,574 pg/kg, respectively (Long et al., 1990). 

Effects were observed when dibenz(a,h)anthracene concentrations were as low 

as 42 pg/kg in bivalve larval bioassays of San Francisco Bay sediments (Long et a/., 

1990). In tests of Puget Sound sediment, statistically significant effects to amphipods, 

oyster larvae, and MicrotoxTM were observed between 230 and 260 pg/kg dibenz(a,h)- 

anthracene (Long et al., 1990). Statistical differences in the bivalve larval and 

amphipod bioassays with San Francisco Bay sediments were indicated when 

concentrations of dibenz(a,h)anthracene were 260 and 300 vg/kg, respectively 
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(Long et al., 1990). Amphipod mortality exceeded 80% in tests of sediments from 

Commencement Bay and Eagle Harbor, where dibenz(a,h)anthracene concentrations 

were 72 and 263 ug/kg, respectively (Long et al., 1990). Significant toxicity to bivalve 

larvae was observed in sediments from Eagle Harbor with 63 ug/kg dibenz(a,h)- 

anthracene (Long et al., 1990). 

The amphipod Grandidierella japonica exhibited a significant response to 

sediment from southern California with 11 ug/kg fluorene (Long et a/., 1990). The 

24-hour and 28-day L&s for the fish Leiosfomus xanthurus exposed to Elizabeth River 

sediments, were 700,000 and 17,500 ug/kg fluorene, respectively (Long et a/., 1990). 

Liver somatic condition indices were elevated in winter flounder exposed to 220,550 

ug/kg fluorene in spiked sediment bioassays (Long et al., 1990). Mixed function 

oxygenase (i.e., P450) induction in winter flounder liver and kidney was elevated in 

spiked sediment tests with 176,510 and 285,290 ug/kg fluorene (Long et a/., 1990). In 

tests of Puget Sound sediment, statistically significant effects to amphipods, oyster 

larvae, and MicrotoxTM were observed at 540 ug/kg fiuorene (Long et a/., 1990). 

Statistical differences in the bivalve larval and amphipod bioassays with San Francisco 

Bay sediments were indicated when concentrations of fluorene were 11 and 210 ug/kg, 

respectively (Long et al., 1990). 

Bioassays of sediments from southern California and the Elizabeth River 

indicated significant responses to amphipods at 382 ug/kg fluoranthene (Long et a/,, 

1990). In tests of Puget Sound sediment, statistically significant effects to amphipods, 

oyster larvae, and MicrotoxTM were observed between 1,700 and 3,900 ug/kg 

fluoranthene (Long et a/., 1990). Statistical differences in the bivalve larval and 

amphipod bioassays with San Francisco Bay sediments were indicated when 

concentrations of fluoranthene were 2,000 and >3,700 ug/kg, respectively (Long et a/., 

1990). The 24-hour and 28-day L&s for the fish Leiostomus xanthurus exposed to 
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Elizabeth River sediments, were 327,200 and 59,250 ug/kg fluoranthene, respectively 

(Long et al., 1990). 

Responses in bivalve larval bioassays were observed using sediments from San 

Francisco Bay with 88 ug/kg phenanthrene (Long et a/., 1990). In tests of Puget Sound 

sediment, statistically significant effects to amphipods, oyster larvae, and MicrotIoxTM 

were observed between 1,500 and 5,400 ug/kg phenanthrene (Long et al., 1990). 

Amphipod mortality exceeded 80% in tests of sediments from Commencement t3ay and 

Eagle Harbor, where phenanthrene concentrations were 2,838 and 33,603 ug/klg, 

respectively (Long et a/., 1990). Significant amphipod mortality (i.e., 67%) was 

observed in tests of San Francisco Bay sediments with 242 ug/kg phenanthrene (Long 

et al., 1990). The 24-hour and 28-day L&s for the fish Leiostomus xanthurus exposed 

to Elizabeth River sediments, were 2,363,200 and 105,500 ug/kg phenanthrene, 

respectively (Long et a/., 1990). Elevated liver somatic condition indices were observed 

in winter flounder exposed to 340 ug/kg phenanthrene in spiked sediment tests (Long 

et a/., 1990). Mixed function oxygenase (i.e., P450) induction in winter flounder liver 

and kidney was elevated in spiked sediment tests with 270 and 429 ug/kg 

phenanthrene, respectively (Long et a/., 1990). 

Elevated liver somatic condition indices were observed in winter flounder 

exposed to 360 ug/kg pyrene in spiked sediment tests (Long et a/., 1990). Mixed 

function oxygenase (i.e., P450) induction in winter flounder liver and kidney was; 

elevated in spiked sediment tests with 300 and 182 ug/kg pyrene, respectively 

(Long et al., 1990). In tests of Puget Sound sediment, statistically significant effects to 

amphipods, oyster larvae, and MicrotoxTM were observed between 2,600 and 

4,300 ug/kg pyrene (Long et al., 1990). Amphipod mortality exceeded 80% and 65% in 

tests of sediments from Commencement Bay and San Francisco Bay, where pyrene 

concentrations were 1,820 and 777 ug/kg, respectively (Long et al., 1990). The 24- 
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hour and 28-day LC,,s for the fish Leiostomus xanthurus exposed to Elizabeth River 

sediments, were 1,350,OOO and 33,750 ug/kg pyrene, respectively (Long et al., 1990). 

PAHs as a group contain a number of individual organic compounds as 

discussed above and thus may vary in toxicity and ecological effects. According to 

Eisler (1987): 

“A wide variety of PAH-caused adverse biological effects have been 

reported in numerous species of organisms under laboratory conditions, 

including effects on survival, growth, metabolism, and especially tumor 

formation. Inter- and intraspecies responses to carcinogenic PAHs were 

quite variable, and were significantly modified by many chemicals 

including other PAHs that are weakly carcinogenic or noncarcinogenic. 

Until these interaction effects are clarified, the results of single substance 

laboratory tests may be extremely difficult to apply to field situations of 

suspected PAH contaminants.” 

Responses to Total PAHs were observed in sediment tests where concentrations 

ranged between 870 and 21,200,OOO ug/kg (Long et al., 1990). In tests of Puget Sound 

sediment, statistically significant effects to amphipods, oyster larvae, and MicrotoxTM 

were observed with 5,200 ug/kg low molecular weight PAHs and between 12,000 and 

18,000 ug/kg high molecular weight PAHs (Long et al., 1990). Statistically significant 

effects in the bivalve larval development and amphipod bioassays were observed in 

tests of sediments from San Francisco Bay with 870 and >I 5,000 ug/kg Total PAHs, 

respectively (Long et al., 1990). Toxic responses (i.e., >80% amphipod mortality and 

>44% abnormal larval development) were noted in tests of Commencement Bay 

sediments with 6,977 and 3,835 ug/kg low molecular weight PAHs and with 9,794 and 

9,042 ug/kg high molecular weight PAHs, respectively (Long et al., 1990). Negative 

growth was noted in nematode bioassays using Hudson-Raritan Estuary sediments with 
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42,769 pg/kg Total PAHs (Long et a/., 1990). Elevated liver somatic condition indices 

were observed in winter flounder exposed to 228,722 pg/kg Total PAHs in spiked 

sediment tests (Long et al., 1990). Mixed function oxygenase (i.e., P450) induction in 

winter flounder liver and kidney was elevated in spiked sediment tests with 183,060 and 

295,860 pg/kg Total PAHs, respectively (Long et al., 1990). The 24-hour and 28-day 

L&s for the fish Leiostomus xanthurus exposed to Elizabeth River sediments, were 

530,000 and 21,200,OOO vg/kg Total PAHs, respectively (Long et a/., 1990). 

In addition to the interactions alluded to by Eisler (1987), an understanding of the 

potential bioaccumulation (and hence potential effects) of PAHs is confounded by the 

fact that many aquatic vertebrate (primarily fish) and, to a lesser degree, some 

invertebrate (polychaetes, crustaceans, and mollusks) species possess enzymatic 

systems which support metabolism of PAHs (National Research Council of Canada, 

1983), such that the level of exposure of these organisms to PAHs cannot be dilrectly 

inferred from the PAH concentrations present (or absent) in their tissues. Such 

enzymatic systems have also been observed in some bacteria, fungi, and algae. With 

respect to PAH activation and carcinogenesis, the National Research Council of 

Canada (1983, p. 13) states: 

/ , 

“Structure-activity relationships for mutagenic and carcinogenic activity 

seem to favor 4-, 5- and 6-ring PAHs rather than smaller or larger 

compounds. It is believed that PAHs require metabolic activation ito exert 

their carcinogenic effects...with carcinogenesis being initiated by the 

binding of electrophilic metabolites to critical cellular constituents. 

Enzymes other than mixed function oxidase (MFO), which may influence 

the rate of production or destruction of reactive metabolites, are found in 

aquatic animals and may play an important role in toxicity.” 
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Hence, although the metabolism of PAHs is more common for aquatic 

vertebrates, significant food chain transfer may occur between invertebrates such as 

bivalves (e.g. mussels, clams) that do not metabolize PAHs and vertebrates (e.g. 

seabirds) whose diet may consist of substantial quantities of these prey types. This 

exposure pathway is addressed in the current investigation as the fourth tier model for 

avian aquatic receptors (Figure 3.4-7). 

Mirex. Mirex, a chlorinated insecticide, is the active ingredient used in bait to 

control the fire ant, harvester ant, and the Texas leaf-cutting ant. Mirex, marketed 

under the trade name Dechlorane, is also used in flame-retardant coatings. Mirex is a 

white, odorless, crystalline solid, partially soluble in some solvents, and only slightly 

soluble in water (i.e. maximum solubility in water is 0.20 mg/L at 24°C). In aquatic tests 

with plankton, photosynthesis was inhibited 16%, IO%, 33%, and 19% after exposure to 

1 ppb mirex for 5, 10, 15, and 20 days, respectively (Verschueren, 1983). In tests of 

mirex using the freshwater cnidarian Hydra spp., l-day, 2-day, 3-day, 4-day, 5-day, and 

6-day LC,,s were measured at 100,000, 682, 23, 4, 1, and 0.5 ppm, respectively 

(Verschueren, 1983). In the 96-hour test with the algae, Tetrahymena pyriformis, 

growth was inhibited by 96% at 0.9 ppb mirex (Verschueren, 1983). Decreased feeding 

activity was observed in the adult polychaete Arenicola cristata during 30 day 

exposures to co.003 - 0.062 ug/L, and decreased survival of prey (i.e., Paleomentes 

vulgaris) was observed in tests with the fish Lagodon rhomboides during 13 day 

exposures to 0.025 - 0.046 ug/L (Verschueren, 1983). EC,,+ and L&s for the juvenile 

pink shrimp (Penaues duorarum), blue crab (Callinectes sapidus), eastern oyster 

(Crassostrea virginica), and the fish (Leiostomus xanthurus) were 720, 2000, 2000, and 

2000 ug/L, respectively (U.S. EPA, 1987b). Increased mortality was observed in acute 

and chronic tests with shrimp, blue crabs, fiddler crabs, and finfish exposed to particles 

of fire ant bait (0.3% mirex) in food and/or water (Lowe et a/., 1971). 
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DDE. DDE, a metabolite of DDT, is very persistent in the environment. f-ew 

,.1 c 

specific data are available regarding the environmental fate of DDE; however, both DDT 

and DDD in water are subject to sedimentation, volatilization, photodegradation., and 

food web uptake. DDT is absorbed by humans in direct proportion to dietary exposure. 

Human epidemiological data are not available for DDE, although based on its structural 

similarity to DDT, it is classified as a probable human carcinogen. Bioconcentration 

factors for DDE are from IO3 to 105. The ER-L and ER-M values in sediments for DDE 

are 2.2 and 27 ug/kg, respectively (Long et al., 1995). Statistically significant 

responses to DDE were noted in tests of sediments from Puget Sound in the amphipod 

bioassay and in the evaluation of benthic community composition where DDE 

concentrations were 15 and 9 ug/kg, respectively (Long et al., 1990). Statistically 

significant effects in the bivalve larval development and amphipod bioassays were 

observed in tests of sediments from San Francisco Bay with 2.2 pg/kg DDE (Long et 

a/., 1990). Significant toxicity to amphipods and bivalve larvae were noted in tests of 

^e sediments from San Francisco Bay with 1 and 3 ug/kg DDE (Long et al., 1990). 

!1 ,_ PC&. PCBs, also known by the commercial name Aroclors, vary substantially in 

their chemical, physical, and biological properties based on their degree of chlorination. 

The less chlorinated Aroclors will sorb less strongly onto sediments than the highly 

chlorinated components. Sediment and suspended particulate transport is the 

dominant mode of PCBs in aqueous solutions. The ER-L and ER-M values for total 

PCBs in sediments are 22.7 and 180 pg/kg, respectively (Long et a/., 1995). 

Responses to PCBs were observed in tests of marine sediments where 

.“,I”/ 

,_ . 

concentrations ranged between 36.6 and 10,800 ug/kg (Long et al., 1990). In tests of 

Puget Sound sediment, statistically significant effects to amphipods, oyster larvae, and 

MicrotoxTM were observed between 130 and 2,500 uglkg PCBs (Long et al., 1990). 

Statistically significant effects in the bivalve larval development and amphipod 

bioassays were observed in tests of sediments from San Francisco Bay with 54 and 

. . “ I  
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260 ug/kg PCBs, respectively (Long et al., 1990). Toxic responses (>80% amphipod 

mortality and >44% abnormal bivalve larval development) were noted in tests of 

Commencement Bay sediments with 38 and 368 ug/kg PCBs, respectively (Long et a/., 

1990). Negative growth was noted in nematode bioassays using Hudson-Raritan 

Estuary sediments with 638 ug/kg PCBs (Long et al., 1990). 

PCBs as a group contain a number of individual congeners which vary with 

respect to toxicity. Exposure to PCBs in various combinations has resulted in effects on 

growth of phytoplankton through impairment of photosynthesis and cell division, and 

has been shown to influence competitive interactions between phytoplankton species 

(Mosser et a/., 1972; Fisher et a/., 1974). PCBs also affect reproduction in fish (Hansen 

et a/., 1974), growth in bivalves (Parrish et al., 1972), molting physiology of crustaceans 

(Fingerman and Fingerman, 1977) and may adversely affect population dynamics in 

fish (Munns et a/., 1994). Hansen et al. (1974) demonstrated the adverse influence of 

PCB exposure (as Aroclor 1254) on recruitment and development of benthic and 

epibenthic estuarine communities in laboratory exposure systems. At high enough 

concentrations, PCBs cause death in a number of estuarine organisms (Hansen, 1974). 

In summary, the CoCs identified in Section 3.3 can be characterized by their 

tendency to be associated with dissolved or particulate/sediment fractions, assuming 

that other, non-contaminant related factors (e.g. TOC, AVS) are similar in 

concentration: 

0 Dissolved fraction components - salts of nickel, copper, cadmium, and 

chromium(+6) have a tendency to be more prevalent in the dissolved 

phase than those of other metals when conditions permit; 
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l Particulate/sedimentary fraction components - PAHs, PCBs, DDE, silver, 

lead, zinc, arsenic, mercury, and chromium(+3) have a greater tendency 

to be particle-associated than the above group, again assuming 

comparable geochemical conditions. 

This information will be used to aid in the interpretation of contaminant 

distribution, bioaccumulation and toxicity as discussed in the following sections. 

5.2. TOXICITY EVALUATIONS 

1. 

Site-specific evaluations of bulk surface sediments were conducted using the 

1 O-day amphipod (Ampelisca abdita) mortality test. Evaluations of sediment elutriates 

were conducted using the sea urchin (Arbacia pun&data) fertilization test and the sea 

1 urchin larval development test. Elutriates were used, not to predict bulk sediment 

toxicity, but rather to determine the potential for water-column impacts in the event that 

sediments are resuspended and contaminants become bioavailable. Toxicity testing of 

elutriates is a common technique used particularly by the U.S. Army Corps of Engineers 

to evaluate the effects of dredged material during disposal processes (U.S. EPA/U.S. 

ACE, 1991). Both the bulk sediment and elutriate tests are directed tools used to 
. “*,.,, 

I I^ 

evaluate the bioavailability of contaminants in the respective media. Comparison of 

these results to field effects measurements (discussed in Section 5.3) will provide a 

detailed spatial evaluation of potential impacts to aquatic biota. 

5.2.1. Amphipod Test Results 

Background. The euryhaline benthic amphipod, Ampelisca abdita, which ranges 

from Newfoundland to Florida and the Gulf of Mexico, was used to evaluate the toxicity 

of sediments from Derecktor ShipyardKoddington Cove. This tube-dwelling amphipod 
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constructs a soft, upright, membranous tube 3 to 4 cm long in fine-grained sediments 

from the intertidal zone to a depth of 60 m. Ampelisca ingest either surface-deposited 

particles or particles in suspension, and respire in both overlying and interstitial waters. 

The IO-day amphipod test has been used extensively to assess the toxicity to 

Ampelisca abdita of laboratory-spiked and field collected sediments (DiToro et a/., 

1992; Scott and Redmond, 1989; Long et al., 1990). In addition, Ampelisca abdita has 

been used routinely for sediment toxicity tests conducted by SAIC in support of 

numerous EPA programs (SAIC, 1990a; SAIC, 1991; SAIC, 1992a; and SAIC, 1993a). 

Ampelisca abdifa was the most sensitive species tested in the U.S. EPA/U.S. ACE Field 

Verification Program, and has represented the toxicological basis for EPA research on 

the availability of metals in relation to acid volatile sulfides in marine sediments (Gentile 

et al., 1987 and DiToro et al., 1992). Ampelisca abdita has also been used to 

characterize the toxicity of sediments from the Calcasieu River, LA, which cover a 

broad range of salinity and grain size (SAIC, 1990b). It was the first species used to 

demonstrate the toxicity of sediments from New Bedford Harbor, MA, and subsequently 

was used to assess the effectiveness of capping procedures as part of a Pilot Dredging 

Project on site remediation techniques (USACE, 1989). SAIC has recently conducted 

toxicity tests of sediments from New York Harbor for EPA Region II and the New York 

District (SAIC, 1992b; SAIC, 1994a and SAIC, 1995), as well as a series of tests for 

NOAA which characterize toxicity of sediments from the Hudson-Raritan Estuary, Long 

Island Sound, Boston Harbor, and Tampa Bay (SAIC, 1992c; SAIC, 1992d; SAIC, 

1993b and SAIC, 1994b). 

Methodology. Amphipod tests (5 replicates each) were conducted on surface 

sediments from 17 subtidal stations at Derecktor ShipyardKoddington Cove, NETC and 

two reference stations at Jamestown Potter Cove and Castle Hill Cove. Amphipods 

were exposed to test sediments for 10 days under static conditions, following SAIC 

Environmental Testing Center (ETC) SOPS developed according to ASTM and EPA 
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procedures (ASTM, 1990 and U.S. EPA, 1994; Appendix B-l-l). Water quality 

parameters were monitored throughout the test; twice during each test, temperature, 

salinity, dissolved oxygen (DO), and pH were measured in two replicates selected 

//.-a through a computerized random and blind sampling process. In addition, samples were 

analyzed for ammonia in order to assess any potential toxic effects of ammonia under 

. 

the static test conditions. Sediments were press-sieved and homogenized before 

placement into the test chambers, after which, sub-samples were collected for 

porewater ammonia analyses. 

Performance control sediments were collected during May 1994 from the central 

Long Island Sound (LIS) reference stations of the U.S. Army Corps of Engineers (COE) 

New England Division. Sediments from this reference station have been used for the 

COE Disposal Areas Monitoring System, the Field Verification Program, and the EPA’s 

EMAP Virginian Province Monitoring in 1990-I 993. Sediments from this site are fine- 

grained (>90% silt-clay) and have an organic carbon content of about 2%. An 

extensive database has demonstrated the non-toxic nature of this sediment in solid- 

phase tests with Ampelisca abdifa. The survival of Ampelisca abdita exposed to this 

collection of LIS sediment was consistent with all previous LIS collections used at the 

SAIC ETC (November 1989, May 1991, and August 1993). Performance control 

survival for 43 of the most recent tests performed at the SAIC ETC are presented in 

Appendix B-l -1. 

Data analyses. Stations with a mean survival less than that of the LIS 

performance control were compared statistically to the control using a one-way, 

un-paired t-test (alpha=0.05) assuming unequal variance. An examination of a large 

historical data set from the ETC has shown that Ampelisca abdita percentage survival 

data meet the requirement of normality, therefore data were not transformed. 

Significant toxicity for Ampehca abdita has been defined as survival statistically less 

than the performance control and ( 80% of the mean control survival (U.S. EPA, 1994). 
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Statistical power curves created from SAIC’s extensive testing database with A. abdita 

show that the power to detect a 20% difference from the control is approximately 90%. 

Sites meeting both requirements (statistically different than the performance control and 

survival 5 80% of the control) were flagged. 

Results. Data are summarized in Table 5.2-l and are shown graphically in 

Figure 5.2-l. Mean performance control survival (not shown) ranged from 95 to 97%. 

Mean sample survival, normalized to performance controls, ranged from 70 to 103%. 

Mean survival at Stations DSY-27 and DSY-28 (i.e., 79 and 70%, respectively) was 

statistically different from the performance control and was ~80% of the mean control 

survival. Complete data are presented in Appendix B-l-l. 

Total ammonia was not elevated above the No Observed Effect Concentration 

(NOEC) at any of the stations tested. Unionized ammonia values in sediment 

porewaters during the amphipod test ranged from non-detected at several stations to 

1.25 mg/L at Stations DSY-28. The unionized ammonia NOEC of 0.40 mg/L at pH 7.7 

(U.S. EPA, 1994) was exceeded at four stations, DSY-25, DSY-28, DSY-29, DSY-38, 

and slightly at reference Station JPC-1. As Figure‘5.2-2 illustrates, the reduced survival 

at Station DSY-28 was associated with an unionized ammonia concentration greater 

than three times the NOEC concentration, suggesting possible ammonia toxicity, 

although CoCs may also contribute to the toxicity at this station. Ammonia measured in 

the porewater from Station DSY-27 was 0.02 mg/L. Therefore, the significant toxicity 

response at DSY-27 (i.e. 79% survival) cannot be attributed to porewater ammonia. 

In a previous study of Narragansett Bay, Rhode Island (Scott et a/., 1991), 

statistically significant amphipod toxicity was observed at four of 31 stations in the 

Providence, Seekonk, and Blackstone Rivers, of which the lowest had 69% survival. 

Observations of marginal toxicity despite high CoC concentrations were attributed to a 
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possible loss of test sensitivity because of flow-through exposure conditions during the 

performance of these tests, as opposed to the static system used in the current study. 

5.2.2. Sea Urchin Fertilization Test Results 

Background. The acute toxicity of elutriates prepared from Derecktor Shipyard/ 

Coddington Cove and Jamestown Potter Cove sediments was assessed in order to 

evaluate the bioavailability and biological effects of contaminants to benthic and water 

column organisms during resuspension events. This section discusses results of 

sediment elutriate toxicity tests using sea urchin (Arbacia punctulata) fertilization. This 

assay is used routinely by the U.S. EPA and by the National Pollutant Discharge 

Elimination System (NPDES) to determine ambient and effluent water quality, and to 

evaluate the effects of pollutants on aquatic life (U.S. EPA, 1988). 

The purple sea urchin, Arbacia punctulata, exists along the North American east 

coast from Cape Cod to Florida. It adheres to rocks, or lives in widely separated 

aggregations on rocky and shelly bottoms. Its life cycle includes external fertilization 

and a period of planktonic embryo-larval development, followed by settlement and 

metamorphosis to the adult life stage. Sea urchin gametes are widely used for 

toxicological studies (Bay et al., 1993). 

Methodology. Sea urchin fertilization tests (2 replicates each) were conducted 

on elutriates of surface sediments from the same stations for which bulk sediment 

amphipod toxicity tests were performed (Table 5.2-l). Elutriates were prepared using a 

modified version of the methods described in the SOP in Appendix B-l-l, entitled 

“Preparation of Elutriates from Dredged Material Samples”. Briefly, sediment and 

seawater were mixed (1:4), the suspended material was allowed to settle, and tlhe 

supernatant was collected for testing. 
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The sea urchin fertilization test was conducted following ETC SOPS (SOP No. 

SCT-01 , Appendix B-l-l ), in accordance with U.S. EPA procedures (U.S. EPA, 1988). 

Four male urchins were placed in seawater in shallow bowls, and were stimulated to 

release sperm by touching the exoskeleton for about 30 seconds with steel electrodes 

attached to a 12 V transformer. Sperm were collected using a 1 mL disposable syringe 

fitted with an 18-gauge, blunt tipped needle. The sperm were held on ice and were 

used within 1 hr of release. Sperm were then diluted with seawater to a concentration 

of 5 X IO’ sperm cells/ml. 

Four female urchins were placed in seawater in shallow bowls, and were 

stimulated to release eggs in the same manner as for male urchins. Eggs were 

collected with a syringe and held in seawater at room temperature for up to two hours 

with aeration. The eggs were washed with seawater three times by gentle 

centrifugation (500xg) for three minutes in a conical centrifuge tube. The eggs were 

diluted with seawater to a concentration of 2,000 eggs/ml and were aerated until used. 

One mL suspensions of eggs and sperm from each of two replicates were 

transferred to a Sedgwick-Rafter counting chamber. Using a compound microscope 

(100X), one hundred eggs were examined for fertilization, indicated by the presence of 

a membrane surrounding the egg. When data varied by more than IO%, a third 

replicate was examined. The performance control, natural seawater (NSW), was 

collected daily from lower Narragansett Bay during an incoming tide, and passed 

through a .45 pm filter. Performance control data for the 35 most recent tests 

performed at the ETC are presented in Appendix B-l-l (in this test, fertilization results 

for Arbacia exposed to NSW were consistent with all previous NSW collections at the 

ETC since 1990). 

Data Analysis. The number of fertilized eggs per 100 were recorded and the 

data statistically analyzed. Stations with mean fertilization less than that of the natural 
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seawater (NSW) performance control were compared statistically to the control using a 

two-sample, one-way, unpaired Student’s t-test (alpha=0.05), assuming unequal 

variance. This procedure tests the hypothesis that the fertilization mean for the NSW 

control and the elutriate sample are equal. Samples were evaluated for statistical 

significance (p=O.O5), as well as potential ecological impact. 

Results. Data are summarized in Table 5.2-l. The mean fertilization in the NSW 

I 

performance control, which was used to normalize the field data, ranged from 9.5% to 

97%. Site fertilization (after normalization to performance control fertilization) ranged 

,/,,-,/ 

from 89% at Stations DSY-32, DSY-34, and DSY-39 to 103% at Station DSY-26. 

Fertilization was not statistically different from the NSW performance control at any of 

the site or reference stations. Complete results are presented in Appendix B-l-l. 

52.3. Sea Urchin Larval Development Test Results 

This section discusses results of sediment elutriate toxicity tests using sea urchin 

(Arbacia punctulata) larval development. Results were assessed as discussed ,for the 

sea urchin fertilization test. In the sea urchin larval development test, however, the 

endpoint evaluated was the abnormal and/or under-development of the pluteus larva 

stage of Arbacia, formed after fertilization of the egg. The development response was 

measured in each of three dilutions (lOO%, 50%, and 10%) of elutriate per station/ 

sample. The use of multiple dilution series provides information which can be used to 

assess the overall toxic potency of the preparation, by developing a point estimate of 

the Effect Concentration (EC) which causes a given percent reduction in development 

*.r 

(e.g., IC,,, the estimated concentration at which a 10% reduction in normal larval 

development will occur). 

Methodology. Development tests (3 replicates each) were conducted on 

elutriates of surface sediments from the same stations for which bulk sediment itests 
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and sea urchin fertilization tests were performed (Table 5.2-l). Elutriate dilutions of 

IO%, 50%, and 100% were tested in conjunction with an NSW performance control. 

The larval development test was conducted in accordance with modified U.S. 

EPA procedures (Mueller ef a/., 1992). Sperm and egg suspensions were prepared as 

described above for the fertilization test, then mixed to a final concentration of I:2000 

egg:sperm ratio. After 20 minutes, 1 mL of fertilized egg suspension was added to 200 

mL of elutriate sample in each of three replicates and incubated for 48 hours at 20 fi 

1 “C. Following the 48 h incubation period, two IO-mL sample replicates were collected 

from each chamber and placed in scintillation vials. The test was terminated by adding 

2 mL of 5% buffered formalin with rose bengal to each vial. Using a compound 

microscope (100X), the entire contents of each vial was examined for abnormal or 

under-developed pluteus larva. 

Dafa Analysis. Treatments in which 100% larval normality was observed, or in 

which percent normality was equal to or higher than the NSW control treatment, were 

not statistically evaluated since there existed no indication of adverse effects 

attributable to the elutriate sample (U.S. EPA/U.S.ACE, 1991). Stations with mean 

abnormal larva counts higher than that of the NSW performance control were compared 

statistically to the control, following the same statistical procedures used for the 

fertilization test results. Linear interpolation was used to calculate the IC,,s 

(a point estimate of the concentration that would cause a 10% reduction in normal 

development) of samples. Statistically significant responses were flagged, as indicated 

in Table 5.2-l. 

Results. Results of the larval development assay are presented graphically in 

Figure 5.2-3, and spatial distribution of sea urchin elutriate toxicity is presented in 

Figure 5.2-4. The occurrence of abnormal larvae in the NSW performance control 

ranged from 5 to 17%. Statistically significant reductions in normal development 
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relative to the control ranged from IO to loo%, and were observed in one or more of 

the dilutions of 13 of the 19 sediments (DSY-25, DSY-26, DSY-28, DSY-29, DSY-31, 

DSY-32, DSY-33, DSY-36, DSY-37, DSY-38, DSY-39, DSY-40, and DSY-41) tested 

(Appendix B-l). IC,, values, measured in percent elutriate dilution, were calculaited for 

these 14 stations where responses were noted. IC,, values decrease as toxicity of the 

sample increases; thus, IC,, = 3.34% at Station DSY-28, I& = 8.91% at Station 

DSY-26, and IC,,, = 9.35% at Station DSY-29 indicate highly toxic samples in which 

relatively low concentrations of elutriate are able to induce a response. Conversely, 

IC,, >lOO% at Station JPC-2 indicated the least toxic samples, where elutriates ‘were 

able to induce a toxic response only at very high elutriate concentrations or not at all. 

The spatial pattern of IC,, values generally indicated low I& values (potential high 

toxicity) at near shore stations, and increasing I& values (reduction in potential 

Ir‘i toxicity) with distance from the harborfront. 

Unionized ammonia concentrations are presented in Table 5.2-l and are shown 

graphically in Figure 5.2-5. Until recently, a benchmark value for unionized ammonia 

applicable to sea urchin development testing had not been available. New data 

indicate NOEC and LOEC unionized ammonia values of .037 and .090 mg/L, 

respectively (Carr et a/., 1996). This would suggest, based on the LOEC value, a 

potential response to ammonia during elutriate exposures for Station DSY-28. 

/ * 
5.3. BIOLOGICAL FIELD INVESTIGATIONS 

5.3.1, lnfaunal Distribution and Abundance 

Benthic organisms at subtidal stations within Coddington Cove and at reference 

stations were sampled in order to describe the benthic community structure and detect 

potential effects of environmental stress related to Derecktor Shipyard activities. 
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Examination of gradients within the study area, comparisons with the Jamestown Potter 

Cove reference locations, and results of historical studies were used as a basis for the 

assessment. Background for the interpretation of the condition of.Coddington Cove 

subtidal habitats is provided by recent surveys of the East Passage and Narragansett 

Bay (City of Newport, 1985; French et a/. , 1992c) and by the studies carried out at the 

McAllister Point Landfill (SAIC and URI, 1995). In this section, the focus is primarily on 

the description of benthic communities; an analysis of potential CoC-related impacts is 

discussed in Section 6.5. 

5.3.1 .I. lnfaunal Assessment Methods 

Sample collection and enumeration. On four collecting trips between 

September 27 and October 26, 1995, duplicate 0.05 m* grab samples for benthic 

invertebrate identification were taken at the same 17 stations designated for surface 

sediment sampling within Coddington Cove (Figure 3.6-l), as well as two stations within 

Potter Cove, Jamestown, Rhode Island. The locations of previous surface sediment 

sampling stations were marked by floats so as to facilitate revisiting each station without 

precision navigation equipment. Depth of sampler penetration was recorded as 

distance from the sediment surface to the top of the grab. Depth of the oxidized 

sediment zone was measured in a core subsample taken from one grab per station. 

Samples were sieved to 0.5 mm, preserved, and organisms removed and 

identified. Notes were made of the size distribution of key species, and specimens 

were archived for possible additional taxonomic determination/verification, 

histopathology, and population analysis. Damaged or immature specimens which were 

difficult to identify were entered as known species or combined in more inclusive taxa to 

simplify interpretation of changes in species number. 
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Habitat Classification. Prior to the inspection of data for possible site-related 

shifts in benthic community composition, it is imperative to ensure that natural factors 

governing benthic characteristics, namely grain size, are considered. The grain size 

data discussed previously (Section 4.2 and Figure 4.2-l) indicates that, of the 

17 Coddington Cove stations sampled for benthic community analysis, the sediments 

from ten of the stations are predominantly silt/clay (defined here as ~60% silt-clay). 

Another Coddington Cove station (DSY-37) has about 50% sand, whereas the six 

remaining Coddington Cove stations and the reference Station JPC-1 are 

predominantly sand (defined as > 70% sand). As discussed in Section 4.2, the sandy 

sediments are found along the shore in the northern and southern parts of Coddington 

Cove (Stations DSY-25, DSY-26, DSY-35), west of the piers (Station DSY-33), <within 

the Derecktor inner dock (Stations DSY-40 and DSY-41), and in Jamestown Potter 

Cove (Reference Station JPC-1). Coddington Cove Station DSY-37 and Jamestown 

Potter Cove Reference Station JPC-2 are considered “intermediate” stations in ,terms of 

,I 
sediment grain size, having silt-clay content between 30% and 60%. 

In this study, two complimentary multivariate techniques, clustering and non- 

metric multi-dimensional scaling (MDS), were used to provide an “exploratory” analysis 

of variation in benthic community data with respect to sediment grain size distribution. 

Clustering is a statistical technique used to classify (cluster) the stations into mutually- 

similar groups based on benthic community composition and species abundance. MDS 

attempts to provide an ordination, or “map”, of the stations such that distances between 

stations reflect corresponding (dis)similarities in benthic community structure: nearby 

stations on the map have similar communities, while those that are far apart have few 

species in common or have the same species at different levels of abundance or 

biomass. Like the cluster analysis, non-metric MDS ordination (Kruskal and Wish, 

1978) is performed on a similarity matrix derived from species abundance data (Clarke 

and Green, 1988; Clarke, 1993), using the Bray-Curtis similarity index (Bray and Curtis, 

1957). 



For the present analysis, a decision was made to apply the double square root 

transformation to the abundance data prior to clustering and MDS to downweight the 

contribution of the most abundant species while increasing the contribution of rarer 

species in assessing the degree of similarity among samples. The net effect of 

employing this transformation is to provide a more in-depth multivariate comparison of 

the benthic communities among stations, as opposed to the shallower comparison 

which would result if only the most abundant species were allowed to dominate the 

assessment. 

Counts for all species in all samples are given in Appendix B-l-l. In the 

dendogram resulting from the cluster analysis (Figure 5.3-l), six “groups” of stations 

can be distinguished at the 40% similarity level: 

I. a group consisting of Stations DSY-27, DSY-28, DSY-30, DSY-31, 

DSY-32, DSY-34, DSY-36, DSY-37, DSY-38, DSY-39, and JPC-2. 

2. a group consisting of Stations DSY-26, DSY-33, and JPC-1 . 

3. a group consisting of Stations DSY-25 and DSY-41. 

4. Station DSY-29. 

5. Station DSY-35. 

6. Station DSY-40. 

The two-dimensional MDS ordination (Figure 5.3-2A) shows a grouping of 

stations which is highly consistent with the results of the cluster analysis. These MDS 

results provide independent confirmation that in terms of overall benthic community 

structure, the sampled stations fall into the six distinct “groups” or clusters defined 

above. In two-dimensional MDS, the “stress” value provides a measure of whether or 

not a given plot provides a usable summary of the sample relationships. As a rule of 

thumb, a stress value equal to or less than 0.05 indicates that the two-dimensional plot 

provides an excellent representation of sample relationships, with no prospect of 
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misinterpretation, whereas a stress value > 0.3 indicates that the position of the plotted 

points are nearly arbitrary. The stress value of 0.05 for the two-dimensional MDS plot 

in Figure 5.3-2 indicates that this is a reliable and useful representation of patterns in 

benthic community structure among the stations sampled in this study. 

Following the clustering and MDS ordination, an analysis was performed to 

select the measured environmental variable or combination of variables (e.g., grain 

size, TOC, water content) which best explain the observed benthic community patterns. 

This analysis was based on maximizing a rank correlation between the benthic and 

environmental variable similarity matrices, as described in Clarke and Ainsworth (1993). 

The analysis showed that sediment grain size alone was the variable which best 

explained the benthic community patterns (rank correlation, p, = 0.54). 

.-r 

. L_) 
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Figure 5.3-2B helps to illustrate the strong influence of sediment grain size in 

explaining the observed similarities and differences in benthic communities among 

stations. With the exception of Station DSY-29, all of the silt-bottom stations 

(silt-clay content 2 60%) had a 50% similarity in their benthic community structure, while 

the sand-bottom stations (silt-clay content < 30%) had benthic communities whilch were 

both distinctly different from the silt-bottom communities and, for the most part, different 

from each other (Figure 5.3-28). Sand-bottom Stations DSY-25 and DSY-41 had 

similar communities, and the communities found at sand-bottom Stations DSY-26, 

i ̂  
DSY-33 and JPC-1 were also similar (but different from those at Stations DSY-25 and 

DSY-41). Sand-bottom Stations DSY-35 and DSY-40 and silt-bottom Station DSY-29 

were characterized by communities which were different from all other stations 

(Figure 5.3-2A and 5.3-28). The two stations with “intermediate” grain size, DS’Y-37 

and JPC-2, had benthic community structure which was similar to that found at the silt- 

bottom stations (i.e., both DSY-37 and JPC-2 cluster together with the silt-bottolm 

stations (except DSY-29) in Figure 5.3-2A and 5.3-2B). Therefore, these two stations 
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are considered as silt-bottom stations in further discussions of benthic community 

patterns. 

The above analyses confirm that silt-bottom and sand-bottom benthic 

communities have distinct structures, with greater variability in community structure 

among the sand-bottom stations. Hence, the silt-bottom and sand-bottom community 

types are discussed separately in the following sections so as to better elucidate 

potential influences from Derecktor Shipyard on the benthic communities. 

Metric Selection. A wide variety of metrics are often used in benthic 

assessments for pollution-related impacts. In the present investigation, seven metrics 

were selected, including I) Total Species Observed, 2) Total Individuals Observed, 

3) Percent Dominant Taxa, 4) Margalef Species Richness, 5) Shannon-Weiner 

Diversity, 6) Pielou’s Evenness, and 7) the Bray-Curtis Similarity Index. The calculation 

of Total Species Observed was derived from the full benthic data set. Total Individuals 

Observed is the sum of abundances for the twenty most common species, calculated 

separately for silt and sand habitats. Percent dominant taxa was calculated as the ratio 

of the abundance found for the most abundant species (i.e. dominant) to the total 

abundance for the twenty most common species. The species richness, diversity and 

evenness metrics were calculated based on the full benthic data set using PRIMER 

(1988). Further description of the calculation and function of these metrics is presented 

in EPA Rapid Bioassessment Protocols (U.S.EPA, 1989e). 

The Bray-Curtis Similarity Index values represent the percent similarity between 

the station of interest and the corresponding reference site for the twenty most common 

species in each habitat type. This community structure metric involves a hierarchical, 

agglomerative clustering procedure performed on a similarity matrix derived from 

double square root transformed species abundance data (Bray and Curtis, 1957; 

Clarke, 1993). 
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Benthic Community Assessment Protocols. A quartile-based, four-level scoring 
scheme for evaluation of habitat and metric-specific data was developed following EPA 

Rapid Bioassessment Protocols (U.S. EPA, 1989e). Calculated quartiles, based on the 

range of data for a specific metric, divide the distribution of data into equal “quarters”, 

defined as the 25th, 50th, and 75th percentiles. Separate scoring schemes were 

developed for silt- and sand-bottom habitats. In general, habitat-specific quartiles were 

calculated for site data, based on the station-specific metric value expressed as a 

percent of that obtained at the corresponding silt or sand reference location. 

Exceptions were Percent Dominant Taxa, which was evaluated as the actual percent 

contribution, and not as the percent comparability to reference location per EPA 

guidance (U.S. EPA, 1989e), and the Bray-Curtis Similarity index, where a comparison 

to reference is already incorporated into the metric. Furthermore, the calculatecl 

quartile for the “Total Individuals” metric may be unreliable for stations at which total 

individuals observed were less than 100 (Stations DSY-29 and DSY-40). 

Calculated quartiles for each metric are presented in Table 5.3-l. Each 

habitat/station/metric-specific value was assigned a number of “points” based on its 

relation to the appropriate quartile distribution (U.S. EPA, 1989e); those values included 

in the first or lowest quartile were assigned 0 points (~25”’ percentile), values in the 

second quartile (25 th - 50th percentile) were assigned 2 points, values in the third 

quartile (50th - 75th percentile) were assigned 4 points, and values in the highest or 

fourth quartile (>75’” percentile) were assigned 6 points. 

Quartile values for overall benthic metric ranking for each habitat (silt and1 sand) 

are incorporated into Table 5.3-2. Quartile distributions were calculated on the overall 

metric ratios for each habitat. Input data consisted of the ratio of the sum of points for 

each station to total possible points (i.e., 42). Based on the overall habitat-specific 

quartile distribution, each station was assigned a benthic metric ranking as follows: 
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stations included in the first quartile = “+++“, second quartile = I‘++“, third quartile = is+“, 

and fourth quartile = i‘-“. 

5.3.1.2. lnfaunal Communitv Assessment Results 

Description of the silf-bottom fauna/ community. Silt-bottom habitats (~40% 

sand) of Coddington Cove were observed to extend from well outside the cove 

(Stations DSY-37, DSY-38 and DSY-39) to the harbor-front (DSY-27, DSY-28 and 

DSY-29), near the piers (DSY-30, DSY-31 and DSY-32), but also to northern and 

southern mid-cove areas (DSY-34 and DSY-36; Figure 4.2-5). The extension of silt 

habitat into shore is a reversal of the usual pattern observed in Narragansett Bay 

proper and at the Jamestown Potter Cove reference area, where sediments closer to 

shore typically increase in grain size and decrease in both water content and organic 

content as influences from shoaling, freshwater input and anthropogenic influences are 

enhanced. Construction of the Coddington Cove breakwater and piers has been shown 

to greatly impact hydrographic patterns and sediment deposition patterns. In the 

absence of these structures, the benthic habitat of Coddington Cove would most likely 

be characterized by a much higher sand content. 

The silt-bottom benthic community assemblage of Coddington Cove is 

recognizable as being related to that found in deep silt-clay habitats in Narragansett 

Bay proper, Long Island Sound, Buzzards Bay and extending onto the near-shore 

continental shelf. This group of organisms was named the Nephtys-Nucula-Yol 

community by Sanders (1956). In general, the bivalves were most abundant, followed 

by polychaetes, then gastropods (Table 5.3-2A). The small bivalve Nucula annulata 

was the overwhelming numerical dominant in the silt-bottom sediments of Coddington 

Cove, accounting for over 90% of the total abundance at Station DSY-39, whereas the 

polychaete Nephtys incisa appeared to be the biomass dominant. The second most 

abundant species was the small polychaete Mediomastus ambketa. Sub-dominants 
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included the polychaete Ninoe nigripes, the small gastropods Acteocina canaliculata, 

Nassarius trivittatus and Cylichnella oryza, and the bivalves Macoma fenta, Mulinia 

lateralis, and Yoldia limatula. 

The silty, unconsolidated nature of sediments throughout the cove could be the 

result of either anthropogenic or physical processes, however, biological processes 

may also play a role in perpetuating this condition. Rhoads and Young (1970) 

concluded that reworking of silty sediments by high densities of deposit feeders could 

produce a high water-content surface easily suspended by currents. This could clog the 

filtering mechanisms of suspension feeders and prevent attachment of sessile epifauna. 

The density of deposit feeders observed in Coddington Cove is within the range 

reported by Rhoads and Young (1970) to exert this effect. 

Although the composition and abundance of silt-bottom fauna in most of 

i ,,,a 

Coddington Cove is relatively uniform, some of the dominant species do show spatial 

gradients, The bivalve Nucula was found at densities exceeding 1000 individuals per 

sample offshore, but less than 100 per sample in comparable sediments of inshore 

areas (Figure 5.3-3). An increase in density offshore is consistent with the apparent 

general preference of this species for higher salinity and lower temperature. In 

Narragansett Bay, Nucula is most abundant in the lower East Passage where such 
*, .r conditions occur (French et al., 1991). 

/ , 
In contrast to Nucula, the polychaete Mediomastus ambiseta was more abundant 

in the fine-grained sediments of the central portion of the study area (Figure 5.3.4). In 

Narragansett Bay proper, Mediomastus is found at highest densities in the Upper Bay 

(French et a/., 1991) a trend attributed to the preference/tolerance of this specie,s for a 

wider variation in salinity, temperature, and water quality and the ability to better utilize 

high levels of organic matter. 
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Mediomastus is a head-down deposit feeder which ingests sediment at the 

bottom of a lined burrow and deposits pellets on the surface. Numerous tiny tubes of 

M. ambiseta were seen at the surface of central and inner Cove samples. This 

“conveyor belt” feeding type can produce high rates of vertical mixing. The oxidized 

zone of nearshore samples was 2 cm with distinct discontinuity, most likely indicating 

the depth of burrowing of this species.. In contrast, the bivalve Nucula, the nereid worm 

Nephtys incisa, as well as many of the polychaete species, ingest sediments on, or 

within a few millimeters of the sediment surface, hence they have relatively less 

influence on sediment oxygenation. The depth of the oxidized zone in most of the outer 

cove samples was 3-5 cm, suggesting that sediment re-oxygenation is at least in part 

controlled by bioturbation. 

Four species characteristic of silty sediments, including the bivalves Nucula 

anndata and Macoma tenta, the polychaete Mediomastus ambiseta, and the nereid 

worm Nephtys in&a, were found to be among the four most abundant and frequently 

observed (>67% of the time) at the silt-bottom stations in Coddington Cove 

(Figure 5.3-5). Notable exceptions included the lack of these species at Station 

DSY-29 and absence of Macoma from Stations DSY-30, DSY-32 and DSY-38. 

Sediments of Station DSY-29 were observed to contain drift algae, concrete fragments, 

cordage and wire; constituents which were not observed for other stations in 

Coddington Cove. These potential indications of anthropogenic impacts will be revisited 

in Section 6.5, where possible CoC-related effects are discussed. 

Several species known to be capable of very deep burrowing in silt-bottom 

habitats and also found in Narragansett Bay include the polychaete Sabaco (Asychis) 

elongafus, with tubes up to 80 cm long, and the mantis shrimp Squilla empusa, which 

burrows 3 meters deep. Squilla tubes were not observed in Coddington Cove samples. 

Sabaco tubes were seen in just a few Coddington Cove samples but, based on their 
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density, this species is expected to play only a minor role in bioturbation relative to the 

_pe species discussed above. 

Analysis of the silf-boftom community metrics. Mean total species and mean 

total individuals observed for silt-bottom stations in Coddington Cove were 15.4 and 

966, respectively, versus 21 and 392 for the same parameters at the Jamestown Potter 

Cove Reference Station JPC-2 (Table 5.3-2A). While the overall reduction in total 

species may be attributed to shipyard-related impacts, the trend may also be explained 

by a lack of habitat diversity to support suspension feeders and/or other motile 

epifaunal species. The JPC-2 reference station had markedly lower silt-clay content 

than the silt-bottom stations in Coddington Cove, and the relative variety of sediment 

grain sizes and surface features at Station JPC-2 would favor the presence of both 

suspension- and deposit-feeding infaunal species. As a result, there was a greater 

number of species sampled, even though many of the epifaunal forms are represented 

by only a few individuals. Based on the quartile distribution analysis, total species 

observed for Stations DSY-27, DSY-29 and DSY-32 were in the 1” quartile (bottom 25th 

percentile) group, indicating the greatest departure from the reference condition. Total 

individuals observed for Stations DSY-29, DSY30 and DSY-34, and percent dominant 

taxa for Stations DSY-29, DSY-36 and DSY-39 were also in the IS’ quartile group. The 

richness, diversity, and evenness metrics were generally in agreement and suggested 

greatest reductions relative to reference at Stations DSY-27, DSY-29, DSY-32, IDSY-36, 

DSY-38, and DSY-39. Bray-Curtis Similarity values for Stations DSY-28, DSY-29, and 

DSY-32 were in the 1” quartile group, and thus most dissimilar relative to the reference 

location benthic community structure. 

Applying the overall silt benthic metric ranking criteria, identified in 

Table 5.3-l) the data presented in Table 5.3-2.A suggest a high probability of impacts 

at Stations DSY-27, DSY-29, and DSY-32, intermediate impacts for Stations DSY-36, 

DSY-38, and DSY-39, and a low probability of impacts at Stations DSY-28, DSY-30 and 
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DSY-34. Impacts are not apparent for benthic communities at Stations DSY-31 and 

DSY-37. 

Description of the sand-bottom fauna/ community. The sand-bottom 

communities were characterized as those stations having sediments with >70% sand 

content. As discussed in Section 4.2, sand-bottom habitats were generally found along 

the inner perimeter of Coddington Cove, but also occurred in the central cove area east 

of the northern pier extending towards the breakwall and continuing offshore into 

deeper water. As sand is the primary habitat of lower Narragansett Bay, the observed 

lithology was expected. Sand sampling stations for benthic community analysis 

included locations along shore in the northern and southern parts of the Cove (Stations 

DSY-25, DSY-26, DSY-35) west of the piers (Station DSY-33) within the Derecktor 

enclosure (Stations DSY-40, DSY-41) and in Jamestown Potter Cove (JPC-1). 

Organisms which numerically dominated the benthic community and which 

were also found exclusively at the sand-bottom stations included the polychaetes 

Aricidae cafherinae, Glycera americana, Montocellina baptistae and Macroclymene 

zonalis, Oligochaeta spp., the bivalve Gemma gemma, and the amphipod Photis pollex. 

Species common to silt-bottom communities also were found, but at lower densities 

than in their preferred habitat. With the exception of Glycera, none of these sand 

species were observed at Stations DSY-40 and DSY-41. 

The distributions of four invertebrate species which were numerically-dominant at 

sand-bottom stations in Coddington Cove are shown in Figure 5.3-6. The data show 

that GIycera, Mediomastus, Nucula and oligochaetes were conspicuously absent from 

Stations DSY-25 and DSY-41. Anoxic sediments were found at Station DSY-25, 

apparently due to a thick layer of decomposing algae (Uva) which covered the rock and 

sand bottom. Consequently, only a few organisms were found at this station, none of 
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which were among the numerical dominants found elsewhere in Coddington Cove 

(Table 5.3-2B). 

. ...* 
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The oxygenated layer (apparent redox-potential discontinuity depth) was 

relatively thin at Stations DSY-41 (0.5 to 1 cm) and DSY-40 (0.2 cm), pointing to 

excessive organic enrichment as a possible explanation for the differences in benthic 

community structure observed at these stations. In contrast to Stations DSY-25, 

DSY-40 and DSY-41, oxygenated sediments to 2-3 cm were observed at the other 

sand-bottom stations and at reference Station JPC-1 . The unique benthic community 

structure at Station DSY-35 is due primarily to the absence of Nucula and the piresence 

of the bivalve Gemma gemma and the polychaetes Spiophanes bombyx and T/,aryx 

crochet; these latter three species were not found at any of the other sand-bottom 

stations. Station DSY-35 had the highest sand content of all those sampled (99%), and 

the polychaete Spiophanes bombyx in particular is known to require high sand content 

for construction of its distinctive surface tubes. In addition, Gemma gemma is known to 

favor sandy sediments in the intertidal zone; Station DSY-35 is uniquely located in the 

intertidal zone of southern Coddington Cove. Thus, habitat variables appear to be 

responsible for the unique benthic community found at Station DSY-35. 

,. ” I. 
Analysis of the sand-bottom community metrics. The mean total species and 

total individuals observed for the six sand-bottom stations in Coddington Cove were 

10.8 and 168.5 respectively, as compared to 39 and 450 for the same metrics at 

Jamestown Potter Cove Reference Station JPC-1 (Table 5.3-2B). As a result of 

defaunated conditions at Stations DSY-25 and DSY-41, total species and total 

-x.j 
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individuals ranked in the I”’ quartile (i.e. ~25%). Percent dominant taxa for Station 

DSY-35 ranked in the Is’ quartile group, although the range of values for this metric 

(0.26 - 0.31) was quite low. Species richness and diversity at Station DSY-40 and 

evenness at Station DSY-33 were also in the 1” quartile among sand stations. Of the 

six Coddington Cove sand-bottom stations, Stations DSY-25 and DSY-41 were devoid 

i.~., 
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of macrofauna and hence most dissimilar (Bray-Curtis similarity index = 0%). Station 

DSY-40, while not defaunated, was found to contain only seven species, and 

abundance was just 12% of the reference value. While metrics for Station DSY-35 

benthic community were below those for other sand-bottom stations, this station was 

not as highly impacted as Stations DSY-25, DSY-40, and DSY-41. Applying the overall 

sand benthic metric ranking criteria, identified in Table 5.3-1, the data presented in 

Table 5.3-2.B suggest a high probability of impacts at Stations DSY-25 and DSY-41, 

intermediate impacts at DSY-40, and a low probability of impacts at Station DSY-35. 

Impacts are not apparent for benthic communities at Stations DSY-26 and DSY-33. 

Summary ofbenthic community impacts. The above stations with overall benthic 

metric rankings in the 1” quartile (i.e., Stations DSY-25, DSY-27, DSY-29, DSY-32 and 

DSY-41) represent the most likely locations for potential benthic community impacts 

linked to CoCs from Derecktor Shipyard. These results are carried forward to effects 

summary assessment discussed in Section 6.6 (Table 6.6-2). Additional stations which 

might have intermediate impacts include Stations DSY-36, DSY-38, DSY-39 and 

DSY-40, while the remaining Coddington Cove stations have low impact or baseline 

condition. It should be noted that a conservative weight of evidence approach was 

taken in the overall assessment of benthic impacts, in that a departure from reference is 

assumed to be indicative of CoC-related adverse environmental effects, which may 

increase the likelihood of “false positives”, e.g. assumption of impact when in fact 

impact has not occurred. Reference locations are considered to be adequately 

representative of conditions not impacted by the site, as indicated by the low CoC 

concentrations measured in sediments and tissues at these locations during this study. 

Thus, exposure-response relationships between CoC concentration and patterns of 

benthic community structure are further evaluated, with particular attention paid to the 

most affected stations, in Section 6.5 to validate the above interpretations. 
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5.3.2. Bivalve Condition Indices 

The health of bivalve mollusks under varying environmental conditions has often 

been evaluated using measures of condition indices, growth rate, and survival rate 

(Brown and Hartwick, 1988). While biotic condition indices derived from allomet:ric 

relationships were developed primarily for detecting the ecophysiological health of 

organisms in aquaculture settings (e.g. Lucas and Benninger, 1985), their use has 

become more common in water quality monitoring programs (Lawrence and Scott, 

1982). 

Lucas and Benninger (1985) and Mann (1978) recommended the use of ,the ratio 

of dry tissue weight to dry shell weight as an index, where low index values are 

indicative of energy deficits resulting from environmental stress. The ratio of dry tissue 

weight to shell volume (calculated from length) has also been proposed as a condition 

index, because the proportion of internal shell body occupied by tissue should reflect 

the status (related to fitness) of a bivalve’s metabolic reserves (Brown and Hartwick, 

1988). Also, the ratio of shell weight to shell length indicates shell thickness; enhanced 

shell thickness is interpreted as an indication of stunted shell growth resulting from 

crowding or other environmental influences. 

The biotic condition of both deployed and indigenous blue mussels (MflGus 

e&/is) was examined as part of the Derecktor ERA. Measurements and subsequently 

calculated indices of biotic condition were compared to chemical, biological and 

toxicological measurements in order to evaluate the likelihood that stressors related to 

Derecktor Shipyard are causing adverse ecological impacts. 
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5.3.2.1. Methods 

Collection and Deployment. Indigenous mussels were collected by hand from 

Derecktor Shipyard and reference locations from October 1 through November 5, 1995. 

Indigenous mussel sampling stations included nine intertidal stations in Coddington 

Cove (Stations DSY-24, DSY-25, DSY-26, DSY-27, DSY-28, DSY-29, DSY-35, 

DSY-36, DSY-40) and two reference stations, located at Potter Cove, near the Town of 

Jamestown on Conanicut Island (JPC-I), and Castle Hill Cove, off southern Aquidneck 

Island (CHC-1 ; Figure 3.6-2). 

Blue mussels used in the deployment study were collected from a tidal creek 

connected to Cape Cod Bay, near East Sandwich, Massachusetts. This site is routinely 

used as a source of mussels for the U.S. EPA Biomonitoring Program, and is known to 

be relatively toxin-free (Nelson et al., 1988). Approximately 2,000 mussels were 

collected. From this population, two hundred mussels were sorted by size (5.0-5.3 cm 

length), numbered on the shell with a diamond etching tool, and measured to the 

nearest 0.01 cm with vernier calipers. The selected length range (5.0-5.3 cm) 

represents animals young enough to permit appreciable growth during the deployment 

period, yet large enough to provide sufficient tissue biomass for chemistry analysis. 

Twenty-five mussels, including five numbered mussels, were placed in 

polyethylene mesh bags. Four replicate bags per station were prepared. Each bag 

tias attached to a float and mooring block such that the bag would remain suspended 

approximately 1 meter above the bottom. The float/mooring assembly was connected 

in series to form a trawl. Each trawl had additional line on each end for connection to 

surface marker floats. The trawls were then deployed, one trawl per station, from 

October 2-3, 1995 at .eight stations in Coddington Cove (Stations DSY-26, DSY-28, 

DSY-29, DSY-31, DSY-33, DSY-38, DSY-39, DSY-40), as well as two reference 

stations (CHC-1 , JPC-1). Figure 3.6-6 indicates the location of deployment stations in 
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Coddington Cove. An additional set of 25 mussels, including 20 from the numbered 

and measured population, were set aside for chemical and biological measurements 

according to approved SOP procedures. This set is referred to as “time zero” mussels, 

the data from which are intended for comparison against chemical and biological results 

for the deployed mussels. On graphs and in tables, results for time zero musse~ls are 

indicated by number T,-DM. 

Approximately half way through the thirty day deployment period, the trawls were 

hauled’from the water to check the overall condition and mortality of the mussels, and 

then returned to the water. During this interim assessment, three of the trawls (DSY-31, 

DSY-33 and DSY-38) were found to have been dragged (maximum of approximately 

30 feet) from their original deployed positions (presumably by boat traffic) and were 

repositioned. Deployed trawls were removed for final analysis on November 1, ‘1995. 

Analysis. Following the collection of indigenous and deployed mussels, tlhe 

length, tissue wet weight, tissue dry weight and shell weight were recorded. The ratios 

of dry Tissue Weight to Shell Length (Cl-TW/SL), dry Tissue Weight to Shell Weight 

(Cl-TWEW), and Shell Weight to Shell Length (Cl-SW/SL) were then calculated for use 

as indices of mussel condition. 

For the indigenous mussels, the mean parameter values for a station were 

calculated using all mussels collected at the station (e.g., n=l). For deployed mussels, 

the mean values were calculated in two steps: first, the means of five individuals in 

each trawl bag were averaged, and then the mean of individual bags (n=4) for each 

station was obtained. Mortality (i.e., the number of dead mussels/total mussels) was 

also recorded. Biotic index calculations were not performed for moribund individuals. 

5-49 



5.3.2.2. Results and Discussion 

A summary of the results for indigenous and deployed mussel measurements, 

condition indices and mortality is presented below. 

indigenous Mussels. Figure 5.3-7 shows the mean parameter results 

+ standard error. The horizontal dashed line on each graph indicates the mean of the 

two reference station values. Average indigenous mussel length for the two reference 

stations differed by approximately IO%, from 45.0 mm at Station JPC-1 to 49.6 mm at 

Station CHC-1 (Figure 5.3-7A). 

The highest mean shell length was 50.7 mm (DSY-40), 14% higher than the 

lowest mean value of 44.4 mm (DSY-26, DSY-36). Values for four of the assessment 

stations (DSY-26, DSY-27, DSY-28, DSY-36) were slightly below the lower limit of the 

range of reference station values. Values for Stations DSY-24, DSY-25, and DSY-35 

were within the reference station range, and Station DSY-40 had an average length 

slightly above the upper limit of the reference station range. 

Average mussel shell weight for the two reference stations differed by 53%, from 

5.7 g at Station JPC-1 to 8.7 g at Station CHC-1 (Figure 5.3-7B). The highest mean 

shell weight (7.5 g at Station DSY-25) was almost two-fold ( 93%) higher than the 

lowest value (3.9 g at Station DSY-28). Average shell weight values for Stations 

DSY-24, DSY-25, DSY-35, and DSY-40 were within the range of the reference values, 

while the remaining station weights were below the lowest average reference value. 

Average mussel tissue weight for the two reference stations differed by 16%, 

from 0.46 g at Station CHC-1 to 0.54 g at Station JPC-1 (Figure 5.3-76). The highest 

mean weight was 0.60 g at Stations DSY-27, 73% higher than the lowest mean value of 

0.35 g at Station DSY-28. Average tissue weights for Stations DSY-25 and DSY-27 
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were above the upper limit of the reference value range, while the tissue weights from 

the remaining stations were below the lower limit of the reference range, varying from 

75% to 95% of the lowest average reference station value. 

Average mussel Shell Weight to Shell Length ratio (Cl-SW&L) for the two 

reference stations differed by 36%, from 0.117 g/mm at Station JPC-1 to 0.159 g/mm at 

Station CHC-1 (Figure 5.3-7D). The highest assessment station value (0.144 g/mm at 

Station DSY-25) was 82% greater than the lowest value (0.079 g/mm at Station 

DSY-28). The average Cl-SW/SL values for Stations DSY-24, DSY-25, and DSY-40 

were within the range of the average reference values, while the remaining statiion 

values were appreciably below the lowest average reference value. 

i/,. 

. r.\ 

Figure 5.3-70 shows that three of the six stations closest to Derecktor Shipyard 

piers and shore installations had the lowest values for indigenous mussel Cl-SVV/SL 

(DSY-26, DSY-27, and DSY-28). Stations DSY-24 and DSY-35, located on the 

Coddington Cove shoreline, and the reference Stations JPC-1 and CHC-1, were found 

to have higher Cl-SW/SL values relative to these stations. However, Stations DSY-24 

and DSY-35 were also located farther away from the main shipyard activities. 

The average Tissue Dry Weight to Shell Length (Cl-TW/SL) values for 

indigenous mussels at the two reference stations differed by 22%, from 0.009 g/mm at 

Station CHC-1 to 0.011 g/mm at Station JPC-1 (Figure 5.3-7E). The highest mean 

value (0.0125 g/mm at Station DSY-27) was approximately 82% greater than the lowest 

value (0.0065 g/mm at Station DSY-28). 

Average Cl-TW/SL values for Stations DSY-24 and DSY-36 fell within the 

reference station range. The mean values for Station DSY-25 and DSY-27 were higher 

than the upper limit of the reference value range, whereas values for Stations DlSY-26, 

DSY-28, DSY-35 and DSY-40 were below the lowest reference station average. 
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Figure 5.3-7E also shows that although a large degree of variation in index values for 

stations close to the shipyard is apparent, there exists an apparent trend of increasing 

Cl-TW/SL value with distance from the shipyard. 

Average station values for Tissue Dry Weight to Shell Weight (Cl-TW/SW) for 

indigenous mussels at the two reference stations differed by approximately 67%, 

ranging from 0.057 g/mm at Station CHC-1 to 0.095 g/g at Station JPC-1 (Figure 

5.3-7F). The highest Cl-TW/SW mean value (0.158 g/g at Station DSY-27) was greater 

than two-fold higher (132%) than the lowest value (0.068 g/g at Station DSY-40). All 

stations except Station DSY-27 had Cl-TW/SW values that fell within the narrow range 

of reference Cl-TW/SW values. The Cl-TW/SW for Station DSY-27 was more than two- 

fold higher than both reference stations. It is also noteworthy that the reference station 

CHC-1 had the lowest index. 

Deployed Mussels. Figure 5.3-8 shows the mean parameter results + standard 

error for deployed mussels. The horizontal dashed line on each graph indicates the 

mean of the two reference station values. 

Time zero (T,) average deployed mussel shell length was 51.3 mm. Average 

mussel shell length following deployment for the two reference stations differed by only 

0.9%, ranging from 52.4 mm at Station CHC-1 to 52.9 mm at Station JPC-1 (Figure 

5.3-8A). The highest mean length of 57.96 mm at Station DSY-28 was 14% above the 

lowest value of 50.7 mm at Station DSY-31. The data shown in Figure 5.3-8A can be 

divided into roughly three tiers. Average lengths for Stations DSY-31, DSY-33, and 

DSY-39 were very close to the Time zero value, and below the reference station range. 

Average lengths for mussels at Stations DSY-29 and DSY-38 were very near those of 

the reference stations, while those at Stations DSY-26, DSY-28, and DSY-40 were all 

above the reference range. 
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Time zero average dry shell weight was 6.5 g (Figure 5.3-8B). Average shell 

weight for the two reference stations differed by 12%, from 6.9 g at Station CHC-1 to 

7.7 g at Station JPC-1. The highest mean station value (8.8 g at Station DSY-28) was 

approximately 36% greater than the lowest value (6.5 g at Station DSY-31). Stations 

DSY-31 and DSY-39 were fairly close to the T, value, and below the reference stations 

range. Average shell weights for mussels at Stations DSY-29, DSY-33, and DSY-38 

fell within the range of the reference station values. Average weights for mussels at 

Stations DSY-26, DSY-28, and DSY-40 were greater than the reference station 

averages. 

Time zero average dry tissue weight was 0.457 g. Average mussel tissue dry 

weight for the two reference stations differed by 34%, from 0.51 g at Station CHC-1 to 

0.69 g at Station JPC-1 (Figure 5.3-8C). The highest mean station tissue dry weight 

(0.91 g at Station DSY-40) was approximately two-fold (102%) greater than the lowest 

value (0.45 g at Station DSY-39). Mean tissue dry weights for mussels at Stations 

DSY-31 and DSY-39 were close to the To value, and below the reference station range. 

Stations DSY-26, DSY-28, DSY-29, DSY-33, and DSY-38 had mean tissue weights 

within the range of the reference station values. The mean tissue weight for Station 

DSY-40 was substantially greater than the highest reference station value. 

Time zero average Shell Weight to Shell Length ratio (Cl-SWISL) was 

0.126 g/mm. Average mussel Shell Weight to Shell Length ratio for the two reference 

stations differed by 1 I %, from 0.130 g/mm at Station CHC-1 to 0.144 g/mm at Station 

JPC-1 (Figure 5.3-8D). The highest mean station value (0.152 g/mm at Station 

DSY-28) was approximately 20% greater than the lowest value (0.127 g/mm at Station 

DSY-31). The Cl-SW/SL values for Stations DSY-31 and DSY-39 were very close to 

the T, value. Cl-SWISL values for Stations DSY-29, DSY-33, DSY-38 and DSY-39 fell 

within the range of the reference station values. Mean values for Stations DSY-26, 

DSY-28 and DSY-40 were at least slightly greater than the reference station values. 
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Time zero average Tissue Dry Weight to Shell Length ratio (Cl-TW/SL) was 

0.009 g/mm. Cl-TW/SL for deployed mussels at the two reference stations differed by 

30%, from 0.010 g/mm at Station CHC-1 to 0.013 g/mm at Station JPC-1 

(Figure 5.3-8E). The highest assessment station value (0.017 g/mm at Station DSY-40) 

was slightly less than two-fold (89%) greater than the lowest value (0.009 g/mm at 

Station DSY-39). The Cl-TW/SL for Station DSY-39 was essentially the same as the T, 

value. Station DSY-40 had a substantially higher Cl-TW/SL value than the remaining 

stations, which had Cl-TWISL values within the range of the reference stations. 

Time zero average Tissue Dry Weight to Shell Weight ratio (Cl-TW/SW) was 

0.071. Average Cl-TW/SW values for mussels deployed at the two reference stations 

differed by 19%, from 0.078 at Station CHC-1 to 0.093 at Station JPC-1 (Figure 5.3-8F). 

The highest mean Cl-TW/SW value (0.117 g/mm at Station DSY-40) was approximately 

65% greater than the lowest value (0.071 g/mm at Station DSY-39). Stations DSY-28 

and DSY-39 had Cl-TW/SW values which were very close to the T, value, and below 

the reference station range. The Cl-TW/SW value for Station DSY-40 was elevated 

relative to the highest reference value. The remaining station Cl-TW/SW values were 

either close to or within the range of the reference values. 

Mortality of deployed mussels ranged from 0% at several stations (DSY-28, 

DSY-31, DSY-38 and CHC-1) to 23.75% at Station DSY-39 (Table 5.3-3). Intermediate 

mortality rates of 5%-12.5% were observed at the remaining stations. The observed 

mortality did not appear to reflect any spatial pattern which could be related to proximity 

to the Shipyard. 

Much of the observed variation in mussel condition index and mortality values 

may be due to differences in water column and/or sediment contaminant levels; 

however, other environmental factors may also contribute to this variation. Variation in 

food supply (as indicated by TSS and chlorophyll a concentration, Table 4.2-3) was 
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evident in Coddington Cove. To assist in discriminating between food availability and 

potential CoC effects, relationships between deployed mussel tissue weight vs. 

chlorophyll a concentration measured in water samples at the deployment stations was 

inspected (Figure 5.3-9). In this analysis, it was assumed that in the absence of CoC 

effects, mussel tissue weight (and perhaps, to a lesser degree, other growth measures) 

would be directly proportional to chlorophyll a concentration; this relationship is (defined 

as a line connecting the reference locations. In this case, reduced tissue weight at the 

Castle Hill Cove reference site (CHC-1) relative to Jamestown Potter Cove is as’sumed 

to be the result of lower food availability at Station CHC-1. Similar tissue weight vs. 

chlorophyll a relationships were observed at Stations DSY-38, DSY-28, and DSY-40, 

suggesting that growth processes in mussels at these stations has not been impacted 

by shipyard-related conditions. In contrast, four other stations (particularly Stations 

DSY-33 and DSY-29, but also Stations DSY-26 and DSY-31) fell substantially below 

the line, suggesting possible shipyard-related impacts on these water column in’dicator 

species. Exposure-response analyses, discussed in Section 6.5, are used to ellucidate 

these possible impacts. 

5.3.3. Evaluation of the Blue Mussel for Hematopoietic Neoplasia 

Hematopoietic neoplasia is a proliferative blood disorder of bivalve mollusks 

known to be progressive, fatal, and transmissible (Elston et al., 1988). Several studies 

indicate that this disease may be caused by contact with viruses, exposure to 

environmental contaminants or stressors, or by the synergistic effects of several 

etiologic agents (Peters, 1988). The incidence of hematopoietic neoplasia observed in 

blue mussels, Mytihs edulis, collected from each station was compared to chemical, 

biological, and toxicological measurements to evaluate adverse ecological effects as a 

result of exposure to stressors related to Derecktor Shipyard. 

5-55 



Collection, Transportation, and Holding. Details of methods for collection and 

analysis are provided in Appendix B. Briefly, indigenous mussels from 10 stations in 

Derecktor Shipyard (DSY-26, DSY-27, DSY-28, DSY-29, DSY-31, DSY-35, DSY-36, 

DSY-40, CHC-1 , and JPC-1) were collected and transported in insulated coolers, and 

then held in ambient flowing seawater in plastic cages. Hemolymph from the pericardial 

region of the mussel adductor muscle was sampled, fixed and stained. Up to one 

thousand cells per animal were examined microscopically. 

Blood samples from each animal were examined for the presence of three cell 

types: 1) normal cells, characterized by numerous pseudopodia, round regular nuclei, 

and abundant cytoplasm; 2) abnormal but non-neoplastic rounded cells with pycnotic- 

like nuclei; and 3) neoplastic cells, being enlarged cells with large, hyperchromatic 

nuclei surrounded by little cytoplasm. Although abnormal cells are distinguished, their 

appearance indicates a moribund, but non-neoplastic, cell. Incidence of neoplasia was 

reported as both the affliction rate (% animals with Hn cells/station) and severity rate 

(average no. Hn cells/affected animal). 

Results and Discussion. Examination of slides from Stations DSY-26, DSY-29, 

DSY-31, DSY-40, and JPC-1 indicated affliction rates 2 50% and severity between 

17-37% (Table 5.3-4). In contrast, animals examined at Stations DSY-35 and DSY-36 

displayed affliction rates of ca. 30% and incidence rates of 0.1 and 0.2%, respectively 

(Table 5.3-4). Although slides were prepared from animals collected at Stations 

DSY-27, DSY-28, and CHC-1, microscopic examination indicated insufficiently stained 

cell organelles, preventing quantitation of Hn parameters. 

Hematopoietic neoplasia (Hn) has been reported in My-O/us edulis in field studies 

at Baffin and Vancouver Islands, Canada; Yaquina Bay, Oregon; Puget Sound, 

Washington; as well as in England, British Columbia, Denmark, and Finland 

(summarized by Peters et a/., 1988). At these locations, frequencies of affliction in 
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M. edulis ranged between 0 and 40%. Hence, the range of Hn affliction at Stations 

DSY-26, DSY-29, DSY-31, and DSY-40, as well as at the reference Station JPC-I, 

were higher than found in other locations in North America and Europe. Possiblle 

exposure response relationships between CoCs and Hn affliction are discussed in 

Section 6.5. 

5.3.4. Fecal Pollution Indicators in Deployed Mussels 

r /\.~ 
Tissues from mussels deployed at locations in Derecktor Shipyard, as well as at 

reference locations, were analyzed for fecal pollution indicator bacteria. Fecal pollution 

indicator bacteria are commonly used to assess the sanitary quality of marine 

environments. Studies have consistently shown a direct association between inputs of 

sewage and other fecal materials and the concentrations of fecal pollution indicator 

bacteria in water, sediments, and marine organisms (APHA, 1970; FDA, 1992b;; 

I, / Institute of Medicine, 1991; Mitchell, 1978). 

Untreated contamination is suspected when elevated levels of vegetative 

bacteria, such as total and fecal coliforms and fecal streptococci, as well as spore- 

forming bacteria, such as Closfridium petfringens, are observed. Untreated 

contamination sources include animal waste (shore birds), run-off (fertilizers and 

animals wastes), human wastes (boat discharges) and untreated or improperly ,treated 

sewage effluent. C. perkingens bacteria may produce an endospore which is very 

resistant to adverse environmental conditions, and thus allows for extended survival 

(Cabelli, 1978). Therefore, elevated levels of Clostridium perfringens serve as an 
,.--, 

indicator of historic sewage contamination. 

Methods. Fecal pollution indicator bacteria measured in this investigation 

included: total and fecal coliforms, fecal streptococci, and Clostridiurn petiringens 

spores. Details of methods for analysis of mussel tissues for indicator bacteria are 
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provided in Appendix B. Briefly, mussels were collected from the 10 deployment 

stations and placed in waterproof plastic bags on blue ice, then stored at 4 + 2 “C until 

analyzed (within 24 h of collection). 

When available, a minimum of 12 shellfish were used to obtain a representative 

sample (approximately 100 g of shellfish liquor and meats). Shellfish meats and buffer 

water were blended. Dilutions of the sample were cultured and examined according to 

the test procedures outlined in the SAIC ETC Microbiological SOPS presented in 

Appendix B. 

Time Zero Mussels. Time zero mussels (T,-DM) were collected to assess 

baseline conditions for fecal indicators. Because samples were inadvertently frozen with 

chemistry samples, it precluded the enumeration of vegetative bacterial cells, and 

necessitated a recollection for this endpoint. In contrast, Clostridium perfringens spores 

are resistant to freezing, such that these data are assumed to be adequate for baseline 

assessment. 

Resampled mussels (Cape Cod Fresh) were assayed for total and fecal 

coliforms, fecal streptococci, and C. peckingens following proper procedures. A subset 

of mussels was also frozen (Cape Cod Frozen) then analyzed for only C. perfrngens 

spores for comparison with the initial T, samples (I,-DM). 

Data presented in Table 5.3-5 show low densities (~350 CFU/lOO g) of 

C. perfringens in the Cape Cod Fresh and Frozen mussels as expected. Densities 

were also low in the original T,-DM levels, suggesting a lack of temporal variation in 

fecal indicator exposure concentrations at the Cape Cod site. Levels of vegetative 

bacteria found in the Cape Cod Fresh mussels were low (20 and cl8 CFU/lOO g for 

total and fecal coliforms respectively) to moderate (140 CFU/lOO g) for fecal 

streptococci. 
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Deployed Mussels. Densities of cultured fecal indicator colony-forming units 

(CFUs) were enumerated and classified as low (<I00 CFWIOO g), moderate 

(100-300 CFU/lOO g), or elevated (>300 CFUIIOO g). Indicator densities in mussel 

tissues generally indicate biological uptake during the deployment period, as site and 

reference indicator densities exceeded the T, concentrations for three of four indicators. 

Fecal streptococci was the exception; T, concentrations were greater than deployed 

mussel concentrations, hence, enrichment of this indicator cannot be quantitatively 

assessed. 

Elevated total coliform and C. petfringens indicator densities, and moderate fecal 

coliform densities, were observed at Stations DSY-26, DSY-29, DSY-33 and especially 

DSY-40, indicating recent exposure to fecal contamination (Table 5.3-5). At 

Stations DSY-28 and DSY-31, however, total coliforms and fecal coliforms were low, 

while Clostridium perfringens densities were low to intermediate. The change in] relative 

abundances of Clostridium and non-Clostridium indicators suggests that either the non- 

Clostridium indicators were depurated, or alternatively, ingestion of sediments 

containing mainly Closfridium had occurred. 

In another study, Burkhardt (1991) found seasonal differences in the ability of the 

hard clam Mercenaria mercenaria to accumulate fecal coliforms and Clostridiumt 

perfringens, with elevated accumulation rates in the spring compared to the other 

seasons. As temperatures decreased (i.e. <7OC), physiological activity and therefore 

accumulation rates also decreased. No accumulation was observed when water 

temperatures were c4.5OC. It was also observed that accumulation rates for 

C. perfringens were higher than accumulation rates for fecal coliforms, which may be 

influenced by parameters such as particle size and shape. These observations imply 

that the data from the present study are best used for relative comparisons among 

stations, not as absolute concentrations, since organism behavior and seasonality may 

play a large role in fecal indicator residue concentrations. 
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5.3.5. Evaluation of the Cunner, Tautogolabrus adspersus, for P450 Activity 

Cytochrome P450 are enzymes which convert toxic compounds into less toxic 

forms by converting their lipophilic (fat-soluble) components into water soluble 

compounds which are more easily excreted. In the environment, aquatic species are 

exposed to contaminants such as PCBs, dioxins, and aromatic hydrocarbons, capable 

of inducing hepatic cytochrome P450 monooxygenase activity. It has been 

demonstrated that the degree of P450 induction is highly correlated with the degree of 

contamination in aquatic animals themselves, the surrounding biota or in the sediments 

(Stegeman and Hahn, 1994). 

In the present study, measurement of P450 activity in cunner was selected as a 

bioindicator of potential adverse effects of contaminant exposure. The technique used 

for determining the induction response was to measure 7-ethoxyresorufin-0-deethylase 

(EROD) activity, which is an indirect measure of the P450 protein (enzyme) being 

produced to detoxify contaminants. The use of this assay to measure enzyme activity 

has been validated in a number of field and laboratory studies with fish monitored for 

biochemical effects of organic contaminants (Goksoyr and Husoy, 1992). Complete 

details of the P450 method are contained in Appendix B-2-5. 

Results. Three composite replicates of three fish each collected from Station 

DSY-36 were evaluated using the EROD assay. Abundances of fish at other stations 

did not permit P450 analyses. The P450 activity (estimated in pmol of EROD formed 

per mg of protein per min) for each composite is listed below. 

Composite A 31.3 pmol/mg/min 

Composite B 23.4 pmol/mg/min 

Composite C 25.0 pmol/mg/min 
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The mean value for all three composites is 26.6 (+ 4.18 SD). 

Literature values for ethoxyresorufin activity in the croaker fish (Limanda 

limanda) collected from unpolluted North Sea regions ranged from 50-300 pmol,‘mglmin 

(Renton and Addison, 1992); while spot (Leiosfomus xanthurus), collected from 

reference and contaminated sites in the Chesapeake Bay and Elizabeth River ranged 

from 230 to 1292 pmol/mg/min, respectively (Van Veld ef a/., 1990). Thus, the 

measured activity at Station DSY-36 in the present study suggests relatively low CoC 

exposure. 

5.4. EXISTING TOXICITY-BASED CRITERIA AND STANDARDS 

Toxicity-based criteria and standards provide the basis for comparing expected 

or actual environmental concentrations of contaminants to toxicological benchmark 

concentrations, thereby allowing an estimation or quantification of risk. For the present 

risk assessment, the primary benchmarks utilized were 1) ER-L/ER-M values prIesented 

in Long et al. (1995); 2) EPA Chronic Water Quality Criteria (WQC) for marine waters 

(used in this study to assess chemical concentrations in groundwater from the shipyard 

and sediment elutriates), and 3) EPA Sediment Quality Criteria (SQC), as presently 

available or as predicted from WQC and partitioning parameters (see Section 3.3). 

Discussion of each of these bechmarks and its relation to the present risk assessment 

is included below. 

ER-UER-M values. The ER-L and ER-M concentrations correspond to the lower 

10th and 50th percentiles, respectively, of all concentrations of a contaminant observed 

to cause a biological effect, over a range of studies and species (Long and Morgan, 

1990; Long et a/., 1995). Conceptually, ER-Ls are similar to LOELs (lowest observed 

effect levels), which represent the lowest toxicant concentration observed in bioassays 
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to cause biological effects. Another type of benchmark, called AET (Apparent Effects 

Threshold; PTI 1988, U.S. EPA, 1989b), was developed to address individual 

contaminants in sediments and represents the level of individual chemicals above 

which statistically significant biological effects are always expected to occur. As 

discussed in Section 3, the ER-L values are typically more conservative (i.e., 

corresponding to lower benchmark levels) than AET or SQC values, usually 

representing concentrations that are an order of magnitude lower. For the present 

assessment, ER-Ls are employed as a lower benchmark, with ER-MS used as an upper 

range benchmark. 

Water Quality Criteria. The EPA Water Quality Criteria (WQC) were used to 

calculate screening benchmarks for shipyard groundwater samples collected during the 

Phase II RI (TRC, 1994), as well as for elutriate metals samples collected in Phase II of 

the present investigation. Water-based aquatic life criteria are based on the total 

recoverable concentration of the metal as sampled from test chambers during aquatic 

toxicity tests. However, it is recognized that the dissolved metal concentration more 

closely approximates the bioavailable fraction of the metal in the water column than 

does the total extractable concentration. Lussier ef al. (1995) addressed this issue 

through paired (unfed and fed) toxicity tests with Mysidopsis bahia, Mysidopsis lateralis 

and Ampelisca abdita. Data from these tests were used to derive conversion factors 

between the dissolved phase effect concentration of metals and the total recoverable 

concentration of metals. For most metals (As, Cd, Cr+6, Pb, Ni, Se, and Zn), the 

conversion factor was 0.95 or greater, indicating that the presence of food (which could 

potentially alter metal bioavailability) had minimal effect on the derived Water Quality 

Criteria. One exception was Cu, for which the conversion factor (0.83) indicated that 

the expected dissolved phase concentration is 83% of the promulgated criteria. These 

findings suggest that WQC can be used to evaluate dissolved (measured) metal 

concentrations in organically rich environments (e.g., abundant food resources). For 
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this evaluation, Hazard Quotients were calculated as the ratio of the elutriate dissolved 

metal concentration to the criterion level for individual analytes. 

Sediment Quality Criteria. For non-ionic organic substances, Sediment Quality 

Criteria (SQC) are derived directly from the product of the Water Quality Criteria (WQC), 

Final Chronic Value (FCV), and the organic carbon partition coefficient (K,,) of the 

chemical (Di Toro et al., 1991). Hence, the SQC approach uses the WQC FCV <as the 

appropriate effects concentration for protection of benthic organisms, even though the 

FCVs were derived from water column species. The primary uncertainties with this 

approach are: 1) whether the pathway of chemical exposure (e.g., water column, 

interstitial water or ingested sediment) under equilibrium conditions is an important 

determinant in chemical bioavailability, and 2) if organism habitat or feeding behavior 

may result in more limited exposure to non-ionic organic contaminants (e.g., epibenthic 

or filter-feeding organisms receive significantly less exposure than infaunal species). 

Recent research has found that no differences in organic CoC bioaccumulation 

were observed among benthic species of differing trophic mode (Tracey and Hansen, 

1996) which greatly reduces the uncertainty of applicability of SQC values as criteria 

for ecological effects assessment in the present investigation. The present assessment 

also provided suitable data for demonstration of this relationship (Section 6.3). 

5.5. UNCERTAINTY 

Numerous assumptions are made concerning the applicability of 1) toxicity 

evaluations, 2) biological field investigations, and 3) particular benchmarks used as 

criteria and/or standards to evaluate impacts to biota. These assumptions bear upon 

the certainty of risk derived from these effects-based measures; i.e. whether the 

observed response falsely suggests an effect where none exists (a “false positive”) or 
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alternatively, fails to detect an effect where one is occurring ( a “false negative”). An 

assessment of uncertainty in each area follows. 

Toxicity evaluations. The evaluation of ecological effects of contaminated 

sediments using toxicity tests is essential because chemical concentrations alone are 

not accurate predictors of biological effects, The principal advantage of the sediment 

toxicity testing approach is that the tests are performed in a manner comparable to 

WQC derivation exercises (e.g., mortality or sublethal effects are observed), hence the 

data are directly comparable to these criteria. Uncertainties associated with toxicity 

testing conducted in the present study are that the responses may not be chemical- 

specific, and the responses observed may not represent chronic effects. In addition, 

there is uncertainty in the comparability between the sediment test species and the 

water test species upon which the WQC are derived (EPA, 1989~). 

Biological investigations. Field survey approaches, such as the benthic 

community structure and biota condition endpoints measured in this study, have the 

advantage of providing assessments of in situ effects without significant sampling 

artifacts. However, methods for interpretation of the data, particularly for community 

structure, are not standardized and thus difficult to compare between studies. Large 

field sampling programs have attempted to develop reliable benthic community indices 

of impacts with limited success (Schimmel, 1994). Often, a large amount of field data is 

required, including both seasonal and spatial coverage, such that benthic impacts can 

be discerned. In the present investigation, a suite of benthic community metrics were 

selected following those used in the EMAP-Virginian Province assessment program 

(Schimmel, 1994). Although the utility of the selected metrics was assumed to be 

adequate, it is uncertain as to which metrics are better, worse or simply redundant 

predictors of CoC impacts related to the site. Additional uncertainty exists in the 

taxonomic identification of species, as well as in their enumeration and relative 

sensitivity to various pollutants. 
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There exists a lack of historical data from quantitative benthic community studies 

of the Newport area before 1985. Sampling and sample preparation techniques used in 

the present study were similar to those employed in four recent surveys in the area 

(City of Newport, 1985; French, 1991; TRC, 1994, SAIC and URI, 1996) yet there is 

variation between each study in the level of identification of some taxa and diffelrences 

in the identifications based on recent taxonomic research. Techniques are available to 

improve comparability between studies, such as combining species into higher taxa, or 

focusing on long-lived species and on seasonally stable parameters. Sources oif 

natural variation (grain size, water content of sediments, depth, tidal circulation, etc.) 

also hinder discrimination between stations with regard to potential effects of 

contaminants on benthic communities. 

In addition, resources limit the ability to measure every parameter at every site 

with 100% accuracy and precision. Therefore, the possibility of erroneous concllusions 

always exists, i.e., false negatives (true trend, response, or pattern is not detected) and 

false positives (apparent trend, response, or pattern is actually due to natural 

variability). For standard methods (e.g., use of toxicity tests to measure acute and 

chronic responses in aquatic organisms), most sources of erroneous conclusions, 

including inadequate sampling designs, experimental designs, measurement methods, 

data recording and data analysis techniques, can be recognized in the review of project 

sampling plans and through QA/QC programs which include SOPS and the use of 

positive and negative controls. For newer technologies, particularly biochemical and 

physiological measurements at cellular and subcellular levels of biological organization 

(i.e., biomarkers), such as induction of EROD activity and incidence of hematopoietic 

neoplasia, procedures for reducing erroneous conclusions are still in developmental 

stages. Despite shortcomings, biomarkers are highly valuable in retrospective risk 

assessments, where environments are already affected and detectable effects can be 

observed and measured (Suter, 1990). Biomarker measurements can aid in the 

determination of actual effects, and thus cause, magnitude, and ultimate 
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consequences. Although biomarkers are not yet predictive of higher-level effects at the 

population, community, or ecosystem levels of organization, they are useful measures 

of exposure; they are often evident even when contaminants are below detectable 

levels and may provide clinical evidence of causative agents (Landis and Yu, 1995). 

Sublethal physiological and behavioral indicators of impact within a population 

(i.e., growth, reproductive success, and condition) are traditional methods used to 

assess the health of populations (Landis and Yu, 1995). However, no single index can 

provide predictive capability for evaluating population level changes. In addition, 

sublethal indices may change with season, reproductive status, and age. Condition 

indices of mussels, which are useful sentinel organisms given their sessile lifestyle, 

extensive distribution and abundance, and proven ability to thrive in confinement, have 

become important in global monitoring programs. However, introduced mussels do not 

usually become full participants in the ecosystem; therefore, integration of assessments 

of both indigenous and deployed mussel condition provide more complete 

characterization of spatial and temporal heterogeneity. 

Benchmarks. As summarized in Section 5.4, the derivation of ER-L/ER-MS is 

based on very conservative assumptions concerning use of the lower 10th and 50th 

percentiles, respectively, of all concentrations of a contaminant that have been 

observed to cause biological effects. In the derivation of screening criteria 

(Section 3.3) ER/L values in particular are generally lower by one order of magnitude 

for most parameters (including AET values, representing the only other effects-based 

benchmark that is commonly applied), and hence were most often the benchmark of 

lowest value for each CoC. The uncertainty is the level of conservatism that is 

appropriate to assess ecological risk. ER-Ls are used in this assessment to provide a 

protective evaluation; however, these benchmarks may be overly conservative as they 

do not account for site-specific factors that can mitigate (buffer) the responses of 

ecological systems to particular contaminants. The incorporation of toxicity data at 

5-66 



various effects levels and for species from different phyla and trophic levels is an 

attempt to add another measure of realism to the final assessment. A further issue with 

the use of the ER-L/ER-MS (or AETs) is the relatively limited list of chemicals for which 

values are available compared to the overall list of contaminants from the study, leaving 

the possible effects of some contaminants not fully assessed. 

Use of Surrogate/indicator Species. The species evaluated in this study, 

including hard clams (Mercenaria and Pitar), mussels (indigenous and deployed), fish 

(cunner and mummichogs), two bioassay organisms (Ampelisca and Arbacia), and 

macrofauna (from benthic community structure measurements), are used as indicators 

of the assumed general response of the various communities within the study region. 

These species represent a variety of biological endpoints which have been shown to be 

sensitive to contaminant inputs and whose relationship to a particular habitat and 

community is well established. It also was deemed important to maintain consistency in 

the use of the same species, for purposes of data comparability, among the various 

phases of the risk assessment. Nonetheless, the use of surrogate or indicator species 

is associated with some undefined level of uncertainty, since one or a few species 

cannot duplicate precisely the response of the numerous species that comprise the 

various communities of the region. 
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Figure 5.2-l. Plot of amphipod (Ampelisca) survival (%) in sediments from the 
Derecktor ShipyardKoddington Cove (DSY) study area and the Jamestown Potter 
Cove (JPC) reference locations. Dashed line indicates median across reference 
stations. Values are mean 2 the Standard Error of the mean. 
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Figure 5.2-2. Amphipod (Ampelisca) survival vs. un-ionized ammonia measured 
in sediment porewaters from the Derecktor ShipyardKoddington Cove (DSY) 
study area. The horizontal dashed lines indicate interpretive threshold values for 
slight (~80% of control) and severe (<60% of control) impact on amphipod 
survival. The vertical dashed line at 0.4 mg/L indicates the No Observable 
Effects Concentration (NOEC) for un-ionized ammonia at pH 7.7 (U.S. EPA, 
1994). 
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Figure 5.2-3. Plot of sea urchin (Arbacia) larval development abnormality (%) in sediment 
elutriates from the Derecktor ShipyardKoddington Cove (DSY) study area and the 
Jamestown Potter Cove (JPC) reference locations. A) 10% elutriate, B) 50% elutriate, and 
C) 100% elutriate. Dashed line and number indicate median across reference locations. 
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Figure 5.2-4. Spatial distribution of sea urchin (Arbacia punctulafa) elutriate toxicity for 
sediments collected from the Derecktor ShipyardKoddington Cove (DSY) study area. 
Inhibition Concentration (IC,,) is the elutriate concentration causing 10% reduction in 
normal larval development. NC = I& value not calculated for the station since adverse 
effects were not detected in the elutriate toxicity test. 
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Figure 5.2-5. Elutriate IC,, (Elutriate Concentration causing 10% inhibition in 

normal sea urchin larval development) vs. un-ionized ammonia in 100% elutriate 
prepared from sediments collected from the Derecktor ShipyardKoddington 
Cove (DSY) study area. The vertical dashed lines indicate the No Observable 
Effects Concentration (NOEC) and the Lowest Observable Effects Concentration 
(LOEC) for un-ionized ammonia (0.037 and 0.09 mg/l, respectively) as proposed 

by Carr et a/., (in press). 
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Figure 5.3-2A. Two-dimensional MDS configuration of nineteen benthic community 
sampling stations, based on Bray-Curtis similarities calculated on double square root 
transformed species abundance data from the Derecktor ShipyardEoddington Cove 
study area and Jamestown Potter Cove reference stations. Stress = 0.05 (see 
explanation in text). The six station groups from the cluster analysis (Figure 5.3-I) are 
circles. Stations identified by number only correspond to the Derecktor Shipyard/ 
Coddington Cove study area; JPC stations correspond to Jamestown Potter Cove 
reference locations. 
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Figure 5.3-2B. Two-dimensional MDS configuration of nineteen benthic community 
sampling stations, based on Bray-Curtis similarities calculated on double square root 
transformed species abundance data from the Derecktor ShipyardEoddington Cove 
study area and Jamestown Potter Cove reference stations. The same MDS plot as in 
Figure 5.3-2A, but with the letter M used to denote silt-bottom stations (silt-clay z 60%), 
the letter S used to denote sand-bottom stations (silt-clay c 30%), and the letters MS 
used to denote intermediate stations (silt-clay between 30% and 60%). 
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Figure 5.3-3. Distribution of the bivalve Nucu/a anrtulafa in the Derecktor Shipyard/ 
Coddington Cove (DSY) study area and Jamestown Potter Cove (JPC) reference 
stations. Numbers in parenthesis indicate station-specific average. 



Figure 5.3-4. Distribution of the polychaete Mediomasfus ambiesta in the Derecktor 
ShipyardICoddington Cove (DSY) study area and Jamestown Potter Cove (JPC) 
reference stations. Numbers in parenthesis indicate station-specific average. 



Figure 5.3-5. Distribution and abundance of four dominant silt-bottom benthic invertebrate species in 
surface sediments from the Derecktor ShipyardEoddington Cove (DSY) study area and Jamestown Potter 
Cove (JPC) reference location. 

IOOdO 

1000 

100 

10 

1 

Silt-bottom Dominant Species Distributions 

- 

- 

- 

- 

- 

statiofi 
1 IIITI Macoma tenta 12 Mediomastus ambiseta II Neph tys incisa Nucula annula ta 



Figure 5.3-6. Distribution and abundance of four dominant and most commonly observed sand-bottom 
benthic invertebrate species in surface sediments from the Derecktor ShipyardKoddington Cove (DSY) 
study area and Jamestown Potter Cove (JPC) reference location. 
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Figure 5.3-7. Condition Indices for Indigenous Blue Mussels (IBM) from the Derecktor 
ShipyardKoddington Cove (DSY) study area and the Jamestown Potter Cove (JPC) and 
Castle Hill Cove (CHC) reference locations. A) shell length (mm), B) she&weight (g), 
C) tissue dry weight (g), D) shell weight to shell length ratio (g/mm), E) tissue dry weight to 
shell length ratio (g/mm), and F) tissue dry weight to shell weight ratio (g/g). Dashed line 
indicates median across, reference stations (JPC and CHC). Values are + the Standard Error 
of the mean. 
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Figure 5.3-7. (continued). Condition Indices for indigenous Blue Mussels (IBM) from the 
Derecktor ShipyardKoddington Cove (DSY).study area and the Jamestown Potter Cove (JPC) 
and Castle Hill Cove (CHC) reference locations. A) shell length (mm), B) shell weight (g), 
C) tissue dry weight (g), D) shell weight to shell length ratio (g/mm), E) tissue dry weight to 
shell length ratio (g/mm), and F) tissue dry weight to shell weight ratio (g/g). Dashed line 
indicates median across reference stations (JPC and CHC). Values are + the Standard Error 
of the mean. 
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Figure 5.3-8. Condition Indices for Deployed Blue Mussels (DM) at the Derecktor Shipyard/ 
Coddington Cove (DSY) study area and the Jamestown Potter Cove (JPC) and Castle Hill 
Cove (CHC) reference locations. A) shell length (mm), B) shell weight (g), C) tissue dry 
weight (g), D) shell weight to shell length ratio (g/mm), E) tissue dry weight to shell length 
ratio (g/mm), and F) tissue dry weight to shell weight ratio (g/g). Dashed line indiicates 
median across reference stations (JPC and CHC). Values are f. the Standard Error of the 
mean. TO-DM = Time zero testing of deployed blue mussels. 
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Figure 5.3-8. (continued). Condition Indices for Deployed Blue Mussels (DM) at the 
Derecktor Shipyard/Coddington Cove (DSY) study area and the Jamestown Potter Cove (JPC) 
and Castle Hill Cove (CHC) reference locations.> A) shell length (mm), B) shell weight (g), 
C) tissue dry weight (g), D) shell weight to shell length ratio (g/mm), E) tissue dry weight to 
shell length ratio (g/mm), and F) tissue dry weight to shell weight ratio (g/g), Dashed line 
indicates median across reference stations (JPC and CHC). Values are + the Standard Error 
of the mean. TO-DM =. Time zero testing of deployed blue mussels. 



Figure 5.3-9. Dry tissue weight vs. Chlorophyll a in blue mussels deployed in 
the Derecktor ShipyardKoddington Cove (DSY) study area and Jamestown 
Potter Cove (JPC) and Castle Hill Cove (CHC) reference locations. Line 
indicates regression fit through reference data. 
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/, 1 Table 5.2-l. Summary of toxicity test results using Ampelisca survival, Arbacia fertilization, and Arbacia 
larval development for the Derecktor Shipyard Marine Ecological Risk Assessment. 

Sample 
ID5 

DSY-25 
DSY-28 
DSY-27 
DSY-28 
DSY-29 
DSY-30 
DSY-31 
DSY-32 
DSY-33 
DSY-34 
DSY-35 
DSY-38 
DSY-37 
DSY-38 
DSY-39 
DSY-40 
DSY-41 
JPC-1 
JPC-2 

T 1 O-Day Solid-Phase Tests 
Ampelisca abdita 

Un-Ionized I Survival 
Ammonia 7 

OWL) ’ Mean’ Flag5 

0.95 ; 99.0 - 
0.28 
0.02 
1.25 
0.84 
ND 
ND 
0.17 
0.28 
0.01 
0.01 
0.10 
0.28 
0.76 
ND 
ND 
0.33 
0.44 

101 - 
78.9 l + 

70.1 *+ 
94.8 - 
84.2 - 

1101 - 
, 98.9 - 
1100 - 
/ 98.8 - 
;103 - 
) 99.0 - 
‘101 - 
j 99.0 - 
1100 - 
boo - 
I 97.9 - 
, 97.9 - 

100 - 0.09 

Sediment Elutriate Tests 

Un-Ionized 
Ammonia 

(w/L) 
0.05 
0.00 
0.03 
0.18 
0.08 
0.03 
0.05 
0.03 
0.01 
0.04 
0.00 
0.02 
0.02 
0.05 
0.04 
0.01 
0.01 
0.03 
0.01 

.& 
I 

Atiacia punctuk 
Fertilization 

Mean 2 Flag’ 
98.4 - 
103 - 
98.4 - 
94.2 - 
91.8 - 
98.9 - 
92.7 - 
88.8 - 
92.2 - 
88.8 - 
98.9 - 
93.8 - 
95.9 - 
95.9 - 
89.1 - 
98.9 - 
94.8 - 
98.4 - 
100 - 

3ta 

z 

T- 

i 

I 

-atval Development 

Go 3 
30.2 

Flag5 

8.91 

3:; 
9.35 

3?6 
33.8 
19.3 
nc 

:2 
25.2 
34.4 
25.8 
82.8 
39.0 

nc 

>lOO 

*++ 

*+++ 

‘+++ 

l +++ 

*++ 

‘++ 
l ++ 

*+ 

**+ 
l ++ 
*++ 

*+ 
*++ 

Notes: 
1 - Percent Ampelisca survival in bulk sediment sample. Data normalized to the control. 
2 - Percent fertilized Atiacia eggs in elutriate of sediment sample. Data normalized to the control. 
3 - Estimate of the concentration which would cause a 10% reduction in normal larval development. 

Refer to section 5.2.3. of the text for explanation of calculations of the estimated value. 
Values are measured as % full-strength elutriate concentration (1:4 sediment/water mixture). 

4 - DSY = Derecktor Shipyard, Coddington Cove; JPC = Jamestown Potter Cove 
5 - Toxicity Flag Codes: 

,.. q,- 

Ampelisca survival: - = no effect; * = statistically < control; *+ = statistically c control and 80-80% of control; 
*++ = statistically c control and *: 80% control; l +++ = statistically c control and < 10% control. 
Arbacia fertilization: - = no effect; l = statistically < control; l + = statistically e control and 50-70% of control: 
‘++ = statistically c control and c 50% control; ‘+++ = statistically c control and < 10% control. 
Ahacia normal larval development: - = not toxic; l = one or more dilutions statistically< control: 
*+ = 70% or less elutriate concentration causes 10% abnormal development; 
l ++ = 50% or less elutriate concentration causes 10% abnormal development: 
*+++ = 10% or less elutriate concentration causes 10% abnormal development. 
nc = Not calculated. 
ND = No data. 



Table 5.3-l. Biological Condition Scoring Criteria for assessment of benthic communities in the 
Derecktor ShipyardKoddington CoveStudy Area. 

Habitat Metric 

Silt Total Species Observed4 
Total Individuals4 
OhDominant Taxa 
Margalef Species Richness4 
Shannon-Wiener Diversity’ 
Pielou’s Evenness’ 

1 st Quartile 
Biological Condition Scoring Criteria’ 
2nd Quartile 3rd Quartile 4th Quartile 

< 1.74 
> 0.88 
< 0.60 
< 0.31 
< 0.39 
< 46.0 

(2 pts.) 
0.67 - 0.81 
1.74 - 2.17 
0.71 - 0.88 
0.60 - 0.66 
0.31 - 0.41 
0.39 - 0.57 
46.0 - 54.0 

(4 pts.) 
0.81 - 0.86 
2.17 - 2.85 
0.59 - 0.71 
0.66 - 0.76 
0.41 - 0.70 
0.57 - 0.76 
54.0 - 61.5 

(6 pts.) 
> 0.66 
’ 2.85 
< 0.59 
> 0.76 
> 0.70 
> 0.76 
> 61.5 /Bray-Curtis Similarity2 

bverall Silt Benthic Metric Ranking? c 0.31 0.31 - 0.38 0.38 - 0.67 > 0.67 
Sand ITotal Species Observed4 < 0.04 0.04 - 0.27 0.27 - 0.46 ’ 0.46 

Total Individuals’ 
OhDominant Taxa 
Margalef Species Richness’ 
Shannon-Wiener Diversity4 
Pielou’s Evenness’ 
Bray-Curtis Similar@ 

< 0.03 0.03 - 0.25 0.25 - 0.45 > 0.45 
> 0.29 0.28 - 0.29 0.27 - 0.28 < 0.27 
< 0.35 0.35 - 0.48 0.48 - 0.57 > 0.57 
c 0.72 0.72 - 0.80 0.80 - 0.87 > 0.87 
< 1.02 1.02 - 1.09 1.09 - 1.16 > 1.16 

I < 6.00 6.00 - 27.0 27.0 - 38.3 5 38.3 

1 - Scoring estimated as quartile distribution of habitat and metric specific site data. 
2 - Quartile based on range of values obtained; a comparison to reference is incorporated into index. 
3 - Scoring evaluates actual % contribution, not percent comparability to reference location. 
4 - Score is a ratio of study site to reference location. 
5 - Expressed as decimal fraction of total possible points (42 pts. total) - no point score assigned to this ranking 
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Table 5.3-2. Distribution of the 20 most common benthic invertebrate species in silt- and sand-bottom habitats at the Derecktor Shipyard/ 
Coddington Cove (DSY) study area stations and the Jamestown Potter Cove (JPC) reference locations. 

A. SILT-BOTTOM HABITATS3 

Abundance (no.1 0.05 m*)’ 
Stations Site REF 

ass Species DSY-27 DSY-28 DSY-29 DSY30 DSY-31 DSY-32 DSY-34 DSY-38 DSY-37 DSY-38 DSY-39 Mean JPC-2 
dPHlPODA Ampelisca abdik&adorum 0 5 2 0 0 1 0 0 0 0 1.2 0 

1 1 0 0 0 0 0 14 0 0 1 .!?I 0 
VALVIA Macoma tenta 4 18 0 0 27 0 37 17 14 0 21 12.2 0 

Mulinia lateralis 0 12 0 8 9 0 7 3 11 0 20 6.2 0 
Nucula annulata 595 431 0 192 740 818 441 1248 359 860 2299 725.3 198 
Pitar monhuanus 0 1 0 0 0 0 2 3 4 0 8 1.5 4 
Tellina agilis 6 11 0 IO 5 0 0 0 7 7 17 5.5 0 
Yoldia lima fula 0 7 0 0 9 0 2 7 7 5 0 3.3 5 

4STROPODA A&c&a canaliculata 2 0 0 8 13 0 7 15 17 0 1 5.6 0 
A&on punctosbiatus 2 0 0 8 7 I 7 4 8 0 0 3.2 0 
Cylichnella oryza 9 0 0 20 27 3 10 8 53 4 39 15.6 3 
Nassarfus frfvitfafus 3 IO 0 0 16 8 0 6 3 14 11 6.4 L- 

EMERTINEA Tubulanus pellucidus 5 0 0 5 4 7 20 2 11 1 2 5.0 0 
LIGOCHAETA Oligochaeta spp. 0 68 0 22 5 0 3 0 0 0 0 8.8 0 -.-__ 
3LYCHAETA Mediomasfus ambiseta 45 250 0 228 193 281 88 35 173 83 29 127.5 23 

Nephiys incisa 11 13 0 12 19 19 24 27 31 23 56 21.1 15 
Ninoa nigripes 11 0 0 5 4 3 5 7 13 7 3 5.0 0 
Spio spp. 0 0 0 0 0 2 4 0 0 0 3 0.8 0 
Sbebiospio benedicti 0 12 0 0 0 0 0 0 0 0 0 1.1 0 
Tharyx acufus 0 9 0 4 0 0 0 1 1 1 0 1.4 0 

ENTHIC Total Species’ 13 +++ 18 + 1 +++ 15 ++ 19 - 11 +++ 18 + 17 ++ 23 - 16 ++ 18 + 15.4 21 

DMMUNITY Total Individuals’ 700 ++ 849 ++ 2 +++ 532 +++ 1082 + 1148 - 661 +++ 1384 - 739 ++ 1012 + 2519 - 966 392 

ETRICSI %Dominant Taxa 0.85 ++ 0.51 - 1.90 +++ 0.43 - 0.68 + 0.71 ++ 0.67 + 0.90 +*+ 0.49 - 0.85 ++ 0.91 +++ 0.73 0.51 

4NK Margalef Species Richness’ 1.8 +++ 2.5 + 0.0 +++ 2.2 + 2.6 - 1.4 +++ 2.8 - 2.2 ++ 3.3 - 2.2 ++ 2.2 ++ 2.1 3.4 

Shannon-Wiener Diversie 0.7 ++ 1.4 - 0.0 +++ 1.6 - 1.2 + 0.8 ++ 1.3 + 0.6 +++ 1.8 - 0.7 ++ 0.5 +++ 0.95 1.97 

Pielou’s Evenness’ 0.3 ++ 0.5 - 0.6 - 0.4 + 0.3 ++ 0.5 + 0.2 +++ 0.6 - 0.2 +++ 0.2 +++ 0.37 0.65 

Bray-Curtis Similar’ Index 56 * 58 + 45 +++ 0 +++ 54 + 64 - 38 +++ 64 - 59 + 65 - 47 ++ 54 + 50 NA 

verall Silt Benthic Metric Ranking:’ 0.29 +++ 0.67 + 0.00 +++ 0.67 + 0.81 - 0.29 +++ 0.67 + 0.33 ++ 0.90 - 0.33 ++ 0.38 ++ 

1 - Mean of two replicate grabs per station. 
2 - 1st quartile (0 pts.) = “+++“; 2nd quartile (2 pts.) = “++“: 3rd quartile (4 pts.) = “+“; 4th quartile (6 pts.) = ‘-“. See Table 5.3-l for metric specific point assignments. 
3 - Sediment composition < 40% sand, except JPC-2 = 65% sand and DSY-37 = 50% sand. 
4 - Overall Benthic Metric Ranking: expressed as decimal fraction of total possible points (42): see Table 5.3-l. 

Page 1 of 2 



Table 5.3-2 (continued). Distribution of the 20 most common benthic invertebrate species in silt- and sand-bottom habitats at the 
Derecktor ShipyardEoddington Cove (DSY) study area stations and the Jamestown Potter Cove (JPC) reference locations. 

B. SAND-BOTTOM HABITATS3 

C 
A 

i 

E 

G 

lass Species 
MPHIPODA Ampelisca abdib&adorum 

Leptocheifus pinguis 
.Phofis pollex 

IVALVIA Gemma gemma 
Nucula annulata 
Tellina agilk -~-. 

ASTROPODA Crepidule plana 
LIGOCHAETA Oli&chaeia spp. 
OLYCHAETA lArici&a calherinae 

Glycera americana 
Macmclymene zone/is 
Mediomasfus ambiseta 
Montocellina baptisteae 
Near&es succinea 
Nephfys incisa 
Ninoe nigfipes 
Polycinus eximius 
Spiophanes bombyx 
Tharyx acutus 
Tharyx crochet 

BENTHIC Total Species’ 

COMMUNITY Total Individuals’ 

METRICS.1 %Dominant Taxa 

RANK Margalef Species Richness’ 

Shannon-Wiener Diversitg 

Pielou’s Evenness’ 

Bray-Curtis Similarity Index (%)2 

Overall Sand Benthic Metric Ranking:’ 

- 

f 
0 

0 

Abundance (no./ 0.05 m’)’ 
Stations 

DSY-25 1 DSY-26 1 DSY-33 ( DSY-35 1 DSY-40 1 DSY-41 
0 ) 2 1 0 ) 0 ) 4 ) 0 
0 0 0 I 79 79 

t---k 
0 0 0 0 0 0 

0 0 0 27 0 0 0 0 0 0 
0 0 0 0 41 41 0 0 0 0 
0 12 10 0 0 12 12 0 0 
0 0 25 0 29 29 0 0 0 0 
0 0 IO 0 0 0 0 0 0 0 
0 0 6 96 27 27 0 0 0 0 
0 0 0 23 66 66 0 0 0 0 
0 12 12 IO IO 10 10 3 3 0 0 
0 5 5 4 4 0 0 0 0 0 0 
0 48 48 163 163 0 13 13 0 
0 12 12 44 44 0 0 0 0 
0 0 0 0 0 0 11 11 0 
0 0 0 8 8 0 0 0 0 
0 15 15 57 57 0 0 0 0 
0 9 9 18 18 0 0 0 0 

0 4 

0 1 0 1 0 1 8 1 0 1 0 

0 +++I 19 - 1 25 - 1 14 + 1 7 ++I 0 ++4 

177 + 574 - 212 - 49 ++ 0 +ti 

0.27 - 0.28 +t 0.31 +t+ 0.26 - 

3.5 + 3.8 - 2.4 ++ 1.5 +++ 

2.5 - 2.3 t 2.0 ++ 1.8 +++ 

0.8 + 0.7 t++ 0.8 ++ 0.9 - 

0 +++ 46 - 41 - 30 + 24 ++ 0 ++4 

0.00 +++I 0.86 - 1 0.71 - 1 0.48 t 1 0.43 ++ 1 0.00 ++4 
- 

Site 
Mean 

1.0 
13.1 
4.4 
6.8 
5.7 
8.9 
1.7 

21.4 
14.8 
5.8 
1.4 

37.2 
9.3 
1.8 
1.3 

12.0 
4.4 
2.5 
1.3 
1.3 

- 
10.8 

168.5 

0.28 

2.81 

2.13 

0.80 

23.5 

REF 
IPC- 
16 

0 
0 

--ii 
4 

24 
0 

106 
55 

18 
9 

94 
2 
0 
0 
7 
2 
0 
5 
0 = 

39 

450 

0.2r 

6.2 

2.7 

0.7 

NA - 

1 - Mean of two replicate grabs per station. 
2 - 1st quartile (0 pts.) = “+++“; 2nd quartile (2 pts.) = “++“; 3rd quartile (4 pts.) = *+“; 4th quartile (6 pts.) = “-“. See Table 5.3-l for metric specific point assignments 

3 - Sediment composition z 70% sand. 
4 - Overall Benthic Metric Ranking: expressed as decimal fraction of total possible points (42); see Table 5.3-l. 

Page 2 of 2 



Table 5.3-3. Deployed mussel mortality for the Derecktor ShipyardKoddington 
Cove (DSY) study area and the Jamestown Potter Cove (JPC) 
and Castle Hill Cove (CHC) reference locations. 

% Mortality 
Station Mean SD 

DSY-26 12.5 14.4 
DSY-28 0 0 
DSY-29 5 10 
DSY-31 0 0 
DSY-33 IO 11.5 
DSY-38 0 0 
DSY-39 23.75 20.5 
DSY-40 6.25 12.5 
JPC-1 5 IO 
CHC-1 0 0 



Table 5.3-4. Results of hematopoietic neoplasia assessment of blue 
mussels collected from the Derecktor ShipyardKoddington 
Cove (DSY) study area and the Jamestown Potter Cove 
(JPC) reference location. 

Affliction (%) ’ Severity (%) * 

Mean Flag3 Mean Flag3 
100.0 ++ 19.3 - 
75.0 + 28.1 - 
50.0 - 17.9 - 
30.0 - 0.6 - 
31.3 - 0.3 - 
80.0 + 24.1 - 
CK n ‘17 n 

Risk 

Ranking 
++ 
+ 

- 

+ 

l- Percent of animals found with neoplastic cells; 
20 indviduals collected from each station. 

2- Percent neoplastic cells found/affected animal. 
3 - Flag: “++” = > 90% occurrence; “+” = 70-90% occurrence; 

11 II - = c 70% occurrence. 
4 - Risk Ranking: both indicator ‘I++ ’ = “+++“; otherwise maximum of indicator 

specific rankings. 



Table 5.3-5. Results of fecal pollution indicator concentrations in blue mussels deployed in 
the Derecktor ShipyardlCoddington Cove (DSY) study area and the Jamestown Potter 
Cove (JPC) and Castle Hill Cove reference locations’. 

Station Number 

DSY-26 

DSY-28 

DSY-29 

DSY-31 

DSY-33 

DSY-38 

DSY-39 

DSY-40 

JPC-1 

CHC-1 
To-DM-AVG4 

Cape Cod Fresh’ 

Cape Cod Frozen’ 

Total Coliforms Fecal Coliforms 

CFU*/lOO g CFU*/lOO g 

490 ++ 

45 - 

340 + 

68 - 

490 ++ 

130 + 

170 + 

1700 +++ 

230 + 

130 + 

ND 

20 - 

ND 

20 - 

<I8 - 

130 + 

<I8 - 

45 - 

20 - 

45 - 

110 + 

45 - 

45 - 
ND 

<I8 

ND 

:ecal Streptococc 

CFU*/I 00 g 

20 - 

cl8 - 

78 - 

cl8 

20 - 

20 - 

20 - 

78 - 

45 - 

20 - 
ND 

140 + 

ND 

Clostridium 
perfringens 

CFU*/lOO g 

790 ++ 

330 + 

790 ++ 

220 + 

490 ++ 

330 + 

330 + 

790 ++ 

490 ++ 

490 ++ 

50 - 

140 + 

83 - 

F 

Overall 

iank& 

++ 

-I, 

++ 

-1. 

-4. 

+-l-t 

4. 

+ 

-I. 

-- 

1 - Indicator-specific rankings: ‘(-‘I = cl00 CFWI 00 g; “+” = loo-350 CFWI 00 g (low); “++‘I = ~350 CFWIOO g (intermediate); 
“+++” = ~1000 CFUllOO g (high). 
2 - CFU = Colony forming units 
3 - Overall Ranking: “+++” = exposure obsen/ed for two or more indicators and high (+++) exposure observed in at least one 
indicator; “++” = intermediate (++) exposure observed for two or more indicators or high (+++) exposure for one indicator; 
“+” = low (+) exposure observed for two or more indicators or intermediate (++) exposure for one indicator; “-” = low (+) exposure 
observed for only one indicator or no exposure for all indicators. 
4 - Cape Cod To mussels collected on 1 O/2/95, depurated in fresh marine water 

for 96 h, frozen at -20°C and assayed on 413196 for spore-forming 
bacteria only. Data presented are means of replicate samples assayed. 
5 - Cape Cod mussels collected on 3/31/96, depurated in fresh marine water for 
96 h and assayed on 4/3/96 for vegetative and spore-forming bacteria. 
6 - Cape Cod mussels collected on 3/31/96, depurated in fresh marine water for 
96 h, frozen for 2 hours at -20°C (to eliminate vegetative bacteria), 
and assayed on 4/3/96 for spore-forming bacteria only. 
ND= No data. 



6.0. RISK CHARACTERIZATION 

‘i 

-1s.1 

In the Risk Characterization phase of the Derecktor Shipyard ERA, the fo:llowing 

activities have been conducted: (1) Comparisons of exposure point concentrations 

against established standards and criteria for sediments and water quality (Section 6.1); 

(2) Assessment of tissue residue exposure and effects in target receptors (Section 6.2); 

(3) An analysis of CoC bioaccumulation/trophic transfer in fish, bivalves, lobster and 

birds (Section 6.3); (4) Comparison of laboratory-based toxicity results against CoC 

sediment and elutriate concentrations (Section 6.4); (5) Analysis of CoC concentration 

versus effects measurements (Section 6.5); (6) Risk Synthesis (Section 6.6); and (7) 

Analysis of Uncertainties associated with the above interpretations (Section 6.7). 

6.1. COMPARISON OF CoC CONCENTRATIONS WITH CRITERIA AND STANDARDS 

In this section, concentrations of contaminants of concern (CoC) are compared 

with effects-based screening benchmarks. For sediments, comparisons were made 

against the NOAA ER-L and ER-M values (Long et al., 1995), whereas elutriate 

concentrations were compared against EPA Water Quality Criteria. For the 

contaminants in each matrix for which there were benchmarks available, Hazard 

Quotients were developed by dividing the contaminant concentration measured at the 

station by the benchmark concentration. An additional contaminant class-level index, 

called the Hazard Index, was also included, calculated as the sum of analyte-specific 

Hazard Quotients within each of the CoC groups. This latter analysis was intended to 

provide a means of evaluating potential adverse exposures posed by analytes acting in 

an additive manner; however, the Hazard Index does not address potential synergistic 

or antagonistic interactions among contaminants. 
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6.1 .I. Bulk Sediment Contaminants 

Figures 6.1-I through 6.1-4 present the spatial dis 

relative to ER-L and ER-M benchmarks for organic conta 

from the Derecktor ShipyardKoddington Cove study are: 

Cove reference Station JPC-1. Calculated ER-L and ER. 

Hazard Indices for sediments are presented in Appendix 

Total PCBs in all sediments tested, with the exception of 

DSY-41 and the reference Station JPC-1 , exceeded the I 

Long et al., 1995). The highest concentrations for PCBs 

Stations DSY-27 and DSY-29, where values exceeded tt 

than 146- and 41-fold, respectively (Figure 6.1-1, Appenc 

but less pronounced trend occurred for p,p’-DDE (Figure 

sediment concentrations were observed at Stations DSY 

DSY-29 (ER-L HQ = 2.9; Appendix Table A-2-l .I). Totai 

elevated at Stations DSY-25 through DSY-32, as well as 

highest sediment concentration observed at Station DSY 

Table A-2-l. 1). In general, low and high molecular weig 

followed the same trend as for Total PAHs. 

No benchmarks exist for TBT, although a concentrat 

has been suggested as being indicative of degraded condit 

ecological effects (Macauley ef al., 1994). Concentratior 

(Figure 6.1-4) exceeded 5 ng Sri/// by more than ten-fold 

and especially DSY-31, where the concentration was grc 

suggested benchmark (Appendix Table A-2-l .I). Statior 

DSY-36 also marginally exceeded the benchmark. HQs 

did not exceed one for any contaminant measured (Appc 
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The above results illustrate the spatial distribution of organic contaminantls in 

surface sediments from the Derecktor ShipyardKoddington Cove study area. Highest 

HQs were generally observed near the harbor front area (Stations DSY-25 through 

DSY-29), as well as Stations DSY-30, DSY-31, and DSY-32, i.e., inshore stations 

closest to the piers and outfalls of Derecktor Shipyard. Stations DSY-40 and DSY-41 

generally had lower values than surrounding stations, such as Stations DSY-28, 

DSY-29, and DSY-30, perhaps because of hydrographic isolation from Coddington 

Cove proper. 

Concentrations of metals in sediments from the Derecktor ShipyardKoddington 

Cove study area relative to the ER-L and ER-M benchmarks are presented in 

Figure 6.1-5 through 6.1-13. Calculated ER-L and ER-M Hazard Quotients and Hazard 

Indices are presented in Appendix Tables A-2-l .I and A-2-l .2, respectively. Mercury 

concentrations were elevated at Stations DSY-27 through DSY-32, DSY-34, DSY-36 

through DSY-38, with a slight elevation at Station DSY-40 (Figure 6.1-5). 

Concentrations of lead exceeded the ER-L benchmark at Stations DSY-27 through 

DSY-32, DSY-34 and DSY-36 through DSY-39, and approached the ER-M 

concentration at Station DSY-29 (Figure 6.1-6). Concentrations of copper excesded 

the ER-L in sediments from Stations DSY-26 through DSY-32 and at Station DSY-36 

(Figure 6.1-7). 

Arsenic concentrations exceeded the ER-L benchmark at Stations DSY-26 

through DSY-32, DSY-34, DSY-36, DSY-38, and DSY-41, with only a slight elevation at 

DSY-38 (Figure 6.1-8). Concentrations of nickel exceeded the ER-L benchmark at 

Stations DSY-27 through DSY-32, Station DSY-36, and marginally at Stations DSY-25 

and DSY-38 (Figure 6.1-g). Concentrations of zinc exceeded the ER-L benchmark 

value at Stations DSY-27 through DSY-32, and exceeded the ER-M value at Station 

DSY-27 (Figure 6.1-I 0). 
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Concentrations of chromium in surface sediments were elevated slightly above 

the ER-L at Stations DSY-27, DSY-29, DSY-32, and DSY-36 (Figure 6.1-1 A). Cadmium 

exceeded the ER-L benchmark only at Station DSY-29 and was equal to the ER-L 

benchmark at Station DSY-30 (Figure 6.1-12). Concentrations of silver were lower than 

ER-L benchmark values at all stations (Figure 6.1-13). 

Spatial variations of anthropogenic trace metal concentrations within the 

Derecktor ShipyardKoddington Cove study area can be grouped into three spatial 

patterns: (1) adverse exposure from copper, zinc and chromium were generally highest 

at nearshore stations (Figures 6.1-7, 6.1-10 and 6.1-I 1, respectively); (2) adverse 

exposure from mercury, lead, arsenic and nickel were generally comparable between 

nearshore and offshore stations (Figures 6.1-5, 6.1-6, 6.1-8 and 6.1-9, respectively); 

and (3) adverse exposure from cadmium and silver concentrations were generally low 

(Figures 6. l-l 2 and 6.1-I 3). Trace metal concentrations for the reference stations in 

Jamestown Potter Cove were generally lower than the sediment quality guidelines 

(Long et a/., 1995) although Station JPC-1 exceeded the ER-L for mercury, and Station 

JPC-2 exceeded the ER-L for lead (Figures 6.1-5 and 6.1-6; Appendix Table A-2-1.1). 

ER-L and ER-M Hazard Indices for metals and for PAHs (sum of station-specific 

HQs) are shown in Figure 6.1-14. The data suggest highest adverse exposure for 

metals at Stations DSY-27 (ER-L HI = 22, ER-M HI = 4.9) and DSY-29 (ER-L HI x 21, 

ER-M HI z 4.4, Figure 6.1-14A). Particularly high HIS were observed for PAHs at 

Stations DSY-27 (ER-L HI = 29, ER-M = 3.8) DSY-29 (ER-L HI = 101, ER-M HI z 12), 

and DSY-30 (ER-L HI = 50, ER-M = 5). Hazard Indices for PCBs, pesticides, and 

butyltins were the same as the corresponding Hazard Quotients, since only one 

analytical parameter (i.e., Total PCBs, p,p’-DDE, and tributyltin, respectively) is 

available for each case. 
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6.1.2. Sediment Elutriate Contaminants 

Elutriates of sediments from twelve stations (Stations DSY-25, DSY-27, DSY-29, 

DSY-31, DSY-32, DSY-33, DSY-36 through DSY-40, and JPC-1) were analyzed for 

metal and organic contaminant concentrations. Elutriate metals were not measured at 

Stations DSY-27 and DSY-29. Due to spatial proximity, elutriate contaminant 

concentrations at Station DSY-41 were assumed to be equivalent to those measured at 

Station DSY-40; thus, in this section, these two stations are referred to jointly as 

DSY-40/41, in reference to the sediment elutriate assessment. Complete results of 

sediment elutriate analyses relative to EPA Ambient Water Quality Criteria - Saltwater 

Chronic values and Saltwater Acute values are presented in Appendices 

A-2-2.1 and A-2-2.2, respectively; raw elutriate concentrations are found in Appendix 

Table A-l -2. 

In general, elutriates only showed elevated levels of PCBs, arsenic and lead 

relative to EPA Ambient Water Quality Criteria (AWQC) for saltwater (U.S. EPA, 1986; 

Appendix Tables A-2-2.1 and A-2-2.2). Concentrations of Total PCBs were highest at 

Station DSY-25, and levels above the corresponding EPA Ambient Water Quality 

F, - Criterion - Saltwater Chronic (AWQC-SC = 30 rig/L)) were also detected at Stations 

DSY-27, DSY-29, DSY-31, DSY-33, DSY-37, DSY-40/41, and the reference Station 

JPC-I (Figure 6.1-15A). Concentrations of arsenic were elevated above the 

corresponding AWQC-SC (36 pg/L) in elutriates from Stations DSY-36, DSY-38, and 
;-,,, 

DSY-39 (Figure 6.1-15B). Additionally, levels of lead exceeded the corresponding 

AWQC-SC (8.5 pg/L) at Stations DSY-25, DSY-32, DSY-33, DSY-37 through 

.-r I 

DSY-40/41, and the reference Station JPC-1 (Figure 6.1-15C). Other CoCs were not 

present above detection limits, with the exception of copper, at one station, DSY-31. 

The highest Total PAH concentration in elutriates was 0.87 l.Jg/L at Station DSY-25; this 

./ < value is well below the NOEC concentration of 30 vg/L (U.S. EPA, 1986). 
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The comparison of elutriate and sediment concentrations for PCBs and PAHs, 

discussed previously in Section 4.3, indicates that resuspended sediments can 

potentially contribute colloidal and/or dissolved organic contaminants to the water 

column in elutriate preparations and, presumably, during sediment resuspension in 

Coddington Cove. Similar comparisons for metals suggested that resuspension events 

may increase dissolved phase exposure for arsenic, but not for lead. However, this 

evaluation addresses only current conditions and levels of activity at the site, and does 

not address future use scenarios involving fundamentally different conditions or 

activities at the site. In elutriate preparations, 25% (25,000 mg/g) suspended solids 

concentration was achieved in the initial dilution of bulk sediment with Narragansett Bay 

water (i.e. 100% elutriate), but this concentration is generally unlikely to occur in the 

field. One possible zone where such exposure concentrations might temporarily exist is 

at the sediment water interface during major storm events or during mechanical 

disruption, in which case PAHs, PCBs, and arsenic may be important CoCs in regard to 

adverse exposure to aquatic receptors. 

6.1.3. Simultaneously Extractable Metals 

The toxicity of divalent metals is believed to be predictable from measures of 

Simultaneously Extractable Metals (SEM) concentrations in sediments relative to Acid 

Volatile Sulfides (AVS) also in the sediment matrix (DiToro et a/., 1994). The 

concentration of SEM is operationally defined by the chemical extraction procedure, 

which is less robust in comparison to conventional (e.g. strong acid) sediment digestion 

methods. The concentration of AVS is also operationally defined by the extraction 

procedure (i.e. sulfides released during sample acidification, hence “acid volatile”). 

Because sulfides in sediments form stable bonds with metals under anoxic conditions, 

toxicity of metals is limited when the molar concentration of AVS exceeds that of SEM. 

However, sulfides are easily oxidized to sulfates which do not bind metals. For this 

reason, the interpretation of metal bioavailability must consider possible scenarios 
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which may control AVS concentrations, including seasonality, but also sample handling 

and processing. 

To aid in this interpretation, various measures of SEM bioavailability are 

presented in Table 6.1-1. Raw data for SEM and AVS are presented in Appendix 

A-l-4. SEM bioavailability rankings for each of the metrics, as well as an overall SEM 

ranking, have been applied to permit incorporation of this information into Section 6.6 

(Risk Summary). 

SEM concentration divided by AVS concentration (SEM/AVS) reveals four 

stations with ratios greater than 0.5, including Station DSY-33, DSY-35, DSY-37 and 

reference Station JPC-2. An SEM-AVS concentration of 5 pmol/g dry weight was 

previously shown to be an approximate threshold for toxicity to amphipods by the 

National Sediment Quality Inventory (U.S. EPA, 1996). However, in the present 

investigation, the result of SEM concentration less AVS concentration (SEM-AVS) 

indicates that SEM metals were not available at toxic concentrations (Table 6.1-I). 

Finally, because of volatility and seasonal variability of AVS, the total SEM 

concentration is of interest, in that SEM might become bioavailable if all AVS were lost 

from the sediment. For example, in the present investigation, assuming a total absence 

of AVS in the sediment, SEM concentrations would exceed the SEM-AVS threshold 

value of 5 pmol/g at Stations DSY-27, DSY-28, DSY-29, and DSY-30 (Table 6.1-I). 

6.2. ASSESSMENT OF TISSUE RESIDUE EXPOSURE AND EFFECTS IN TARGET RECXPTORS 

This section evaluates tissue residues in target species as indicators of CoC- 

related exposure and effects. CoC exposure was assessed by comparison of site 

tissue residue concentrations with reference tissue residue concentrations (Tissue 

Concentration Ratios, Section 6.2.1), while effects of CoCs in target species was 
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addressed by comparison of tissue residues against tissue benchmarks derived from 

water quality criteria (Tissue Screening Concentration HQs; Section 6.2.2.1) and 

comparison of tissue residues against threshold concentrations for narcotic effects 

(Critical Body Residue HQs, Section 6.2.2.2). A summary of tissue residue-related 

impacts is presented in Section 6.2.2.3. 

6.2.1. Tissue Residue-based Exposure Assessments 

Site vs. Reference Tissue Concentration Ratios (TCRs) were employed to 

evaluate the potential significance of CoC tissue residues in target species. The 

analysis involves the comparison of receptor- and analyte-specific tissue body burdens 

from the Derecktor ShipyardKoddington Cove stations against the corresponding data 

for the Jamestown Potter Cove and Castle Hill Cove reference stations. Comparisons 

of site tissue concentrations against reference stations were made only for the same 

species and analytes. For this analysis, species- and analyte-specific data collected 

from the reference stations were numerically averaged to yield a single best estimate 

for the reference-based value. For organics data, tissue concentrations were 

normalized to the lipid content of the organism. Site and reference values below the 

Method Detection Limit (MDL) were not used to calculate TCRs in this analysis. 

Tissue Concentration Ratio (TCR) rankings for organic contaminants and metals 

in target receptors from the Derecktor ShipyardKoddington Cove study area, presented 

in Table 6.2-1, were based on sixteen PAHs, Total PCBs, p,p’-DDE, tributyltin, and all 

nine anthropogenic metals. Results were ranked according to the following method: 

“-” indicates TCR 11, I‘+” indicated TCR >I, ‘I++” indicates TCR ~3, and ‘I+++” indicates 

TCR ~10. Complete results are presented in Appendix Tables A-2-3.1 through A-2-3.5. 

Table 6.2-l a, which summarizes TCR rankings by station, reveals the highest 

enrichment in target species at Stations DSY-25 through DSY-27 due to PAH exposure. 
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Additionally, Total PCBs were elevated at Stations DSY-26, DSY-28, DSY-29, and 

DSY-36, and p,p-DDE was elevated at Stations DSY-29 and DSY-36. TBT enrichment 

was evident at Stations,DSY-27 and DSY-35. In contrast, metal enrichment for target 

species was generally less than three-fold; one exception was observed for cadmium in 

indigenous mussels at Station DSY-24. 

From Table 6.2-lb, which presents TCR rankings by species, it is readily 

apparent that indigenous blue mussels (IBM) exhibited the highest CoC enrichments 

among target species, particulary for PAHs at Stations DSY-25 through DSY-27. Total 

PAH TCRs greater than three were observed for lobster at Stations DSY-27 and 

DSY-28. Other species did not exhibit similar enrichment, although TCRs greater than 

three were noted for various PAH analytes. Cunner was unique in its apparent 

enrichment for Total PCBs and p,p’-DDE, where tissue concentrations greater than 

three times reference at several stations were observed. TBT TCRs greater than three 

.., were noted only for IBM at Station DSY-27 and Mercenaria mercenaria (MM) at, 

Station DSY-35. Enrichment factors for metals appeared to be generally less than 

those observed for organics; only for cadmium in IBM at Station DSY-24 was th,e TCR 

greater than three. 

In summary, TCRs indicated that the greatest CoC exposure to target species 

occurred at Stations DSY-25, DSY-26 and DSY-27, particularly for indigenous blue 

mussels but also lobster and cunner, and that PAHs were the primary CoC class of 

concern. These species-specific results are carried forward to the exposure-balsed 

weight of evidence summary presented in Section 6.6 (Table 6.6-l). Note that some 

uncertainty exists with regard to the interpretation of PAH results in cunner, because 

metabolic activities may reduce PAH tissue concentrations, which would potentially 

cause the TCR value to be underestimated. 
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6.2.2. Tissue Residue-based Effects Assessment 

In this section, effects of CoC residues in target species are evaluated by 

comparison of tissue concentrations against water quality-based benchmarks (Tissue 

Screening Concentration HQs; Section 6.2.2.1), and thresholds for narcotic effects 

(Critical Body Residue HQs, Section 6.2.2.2). 

6.2.2.1. Tissue Screenina Concentration Assessments 

The fundamental basis for Tissue Screening Concentration (TSC) Assessments 

is the assumption that the product of the Water Quality Criteria value for a given CoC 

and the Bioconcentration Factor (BCF, tissue-water concentration ratio) should provide 

an estimate of the tissue concentration which is also protective to the species. A recent 

study by Shepard (1995) involving a literature survey of paired residue/effects data for 

lOO+ chemicals demonstrated that only 19% of the TSCs derived in the above manner 

were higher than tissue residues found to be associated with toxic effects (i.e., the 

derived TSC was protective of aquatic life 81% of the time). CoCs for which the TSC 

approach was not protective primarily included PAHs; it was hypothesized that these 

compounds exhibited enhanced toxicity through the activity of metabolic breakdown 

products which are not measured (Shepard, 1995). Exclusion of these compounds 

from the analysis improved the protectiveness of TSCs to a level comparable to that of 

water quality criteria (93%). 

Given this first demonstration that TSCs can provide a level of protection 

equivalent to WQC, TSCs were adopted for this ERA to assess potential effects of 

tissue residue concentrations in target receptors. A Hazard Quotient approach was 

taken in this analysis, in which the measured tissue concentration is divided by the TSC 

effect concentration to calculate the TSC Hazard Quotient (TSC-HQ). 
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The analyte-specific residue concentrations presumed to be adverse to the 

organism (TSC effect concentrations) were taken as reported by from Shepard (1995) 

in Table 6.2-2. For the present study, CoC residues in target species, reported ;as a dry 

,.’ 

weight basis in Appendix Table A-l-3, were converted to wet weight using sample- 

specific values that are reported in Appendix Table A-2-4.1 so as to allow direct 

comparison with the TSC benchmark. Rankings of TSC-HQ, summarized by station 

and species, are presented in Table 6.2-3. TSCs were evaluated for all nine metals, 

fifteen PAHs, Total PCBs, p,p’-DDE, and tributyltin. 

TSC-HQ values for target receptors are summarized in Table 6.2-3. It is 

,,.. 
apparent from the data that potential impacts on receptors from the site as well as the 

reference locations are caused primarily by metals exposure, particulary copper, for 

which TSC-HQs greater than 40 were often observed (Table 6.2-3A). Table 6.2-3B, 

which presents TSC-HQs by target species, reveals lobster as the species exhibiting 

greatest potential impacts for both Coddington Cove stations and reference locations, 

again driven by exposure to copper in particular. In contrast, TSC-HQs for PAHs, 

PCBs, and p,p’-DDE generally suggest a lack of residue-based adverse effects to the 

target species. An intermediate adverse effect due to TBT was observed due to 

residues found in indigenous blue mussels at Station DSY-28. Low adverse effects 

., -: 
related to various metals (As, Cd, Cr, Pb, Ni, and Zn) were noted for hard clams, 

deployed mussels, and cunner throughout the site. 

In summary, the magnitude of the TSC-HQs and spatial location suggest that 

metals, particularly copper, impact most species across the study area as well as the 

reference locations. Lobsters appear to be subject to greatest adverse effects, though 

?,,.I indigenous blue mussels and cunner also may be subject to adverse effects. As for 

lobster, there exists uncertainty in the effects assumption given the degree of mobility of 

the species which would allow the possibility that the primary chemical exposure may 

not necessarily have occurred at the sample location. Possible residue impacts are not 

,/_‘> 
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limited to nearshore stations and, as previously mentioned, are observed even at 

reference locations. The species-specific results are carried forward to the Tissue 

Residue Effects summary in Section 6.2.2.3 (Table 6.2-6). 

6.2.2.2. Critical Body Residue Assessments 

The above analyses have addressed the potential impacts of individual CoCs 

when found at elevated concentrations within the tissues of target species. However, 

even when CoCs in target tissues are below the effects threshold for specific toxic 

action (e.g., central nervous system, respiratory, digestive disruptions), the combined 

presence of the chemical mixture may still cause non- specific toxicity through a 

phenomenon called narcosis (McCarty et al., 1992). Narcosis is a physiologically 

debilitating condition caused by CoC-related swelling of cell membranes. Critical Body 

Residues (CBRs) represent the concentrations at which narcotic effects on the species 

may occur. The utility of CBR analysis for this ERA is enhanced by the fact that the 

organic CoCs for the present ERA (i.e., PAHs, PCBs, pesticides) generally fall into a 

class of compounds which can contribute to the narcotic mode of toxic action (McCarty 

ef a/., 1992). The CBR approach is also believed to apply to organometals (e.g. 

butyltins) and metals (McCarty and Mackay, 1993). Hence, narcosis theory does 

appear to be relevant to the various CoC classes considered in this analysis. 

CBR values are expressed as the molar tissue concentrations (uMol/g dry wt) of 

CoCs measured in the tissue (e.g., ug CoC/g dry weight divided by CoC molecular 

weight (ug CoC/uMol CoC)) and are compared against representative CBR benchmark 

values found in the literature (Table 6.2-4). Typically, CBR benchmarks are the Lowest 

Observed Adverse Effect (LOAEC) concentration after chronic (e.g. > 3 weeks) 

exposure to a given CoC. Where CBR benchmarks are derived from acute exposures, 

however, the equivalent chronic critical body residue concentrations can be estimated 

from the acutely toxic CBR by applying the acute:chronic ratio of the respective water or 

6-l 2 



,,w \ 

sediment concentration toxicity relationship. For the present investigation, the total 

PAH LOAEC acute CBR value reported by Arnold and Biddinger (1995) was converted 

to a LOAEC chronic value assuming a 1 :I 0 acute:chronic ratio. CBR benchmarks 

._ , 

reported as wet tissue concentration are converted to a dry weight value assumiing an 

average of 80% water content in the target species. Although it is known that tissue 

lipid concentration may increase the CBR benchmark by approximately 14% per each 

percent of lipid between 3% and 8% lipid concentration (McCarty and McKay, 1!393), 

variation in lipid among target species was not considered in the present analyses. 

To assess possible effects of tissue body burdens in the present ERA, measured 

tissue concentrations (calculated as uMol/g dry wt) of specific CoCs were divided by the 

available CBR benchmark found in the literature (Table 6.2-4) to derive CBR Hazard 

Quotients (CBR-HQs). In all, thirteen CBR benchmarks were obtained, including nine 

metals, Total PAHs, Total PCBs, p,p’-DDE, and tributyltin. 

_, ̂_ 

CBR-HQ rankings by chemical class and sorted by station and species are 

presented in Table 6.2-5. CBR-HQ results by station (Table 6.2-5A) reveal potential 

impacts due copper and zinc at various stations across the study area and at the 

reference locations. Table 6.2-58 further indicates that potential metal residue effects 

for copper are restricted to lobster, while all species, except cunner, are subjecl: to low 

adverse effects due to zinc. To what extent the lobster population in general may be 

impacted on a year-round basis is likely to depend upon the migratory behavior of the 

species. Research is underway to evaluate the potential for both migratory ancl non- 

migratory sub-populations in Narragansett Bay (C. Deacutis, RIDEM, 1997), although 

the results are not presently available to address this issue. The species-specific CBR 

results are carried forward to the Tissue Residue Effects summary in Section 6.2.2.3 

(Table 6.2-6). 
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6.2.2.3. Tissue Residue Effects Summarv 

Tissue Screenihg Concentration and Critical Body Residue Hazard Quotients 

have been evaluated in Section 6.2.2 to determine the probability of tissue residue- 

based effects by species and station. When considered jointly, the sensitivity/accuracy 

of these metrics follows the pattern for ER-L and ER-M-based effects interpretation, in 

that the lower concentration metric (in this case, TSCs and ER-Ls) are expected to 

identify many more CoCs of possible toxicological significance (hence, greater 

sensitivity), but with less certainty of implied adverse effects than higher concentration 

metrics (e.g., CBRs and ER-MS). Conversely, the CBR metric represents a high 

accuracy/low sensitivity endpoint in that adverse field effects have been documented in 

some species where CoC residues exceeded CBR benchmarks. However, the CBR 

value is typically derived from less sensitive endpoints (such as lethality), and 

acute:chronic ratios may be applied to acute measurements to predict possible chronic 

threshold values. This extrapolation leads to loss of sensitivity. 

Species-specific tissue residue effects ranking are summarized in Table 6.2-6. 

The reported results are the maximum of the indicator-specific rankings; these species- 

specific results are carried forward to the effects-based weight of evidence summary 

presented in Section 6.6 (Table 6.6-2). As the data reveals, lobster is the target 

receptor susceptible to highest adverse exposure (depending on migratory behavior), 

both at study area sites and at reference locations, with the ranking determined by the 

TSC-HQ result. Cunner and indigenous blue mussel values also appear to suggest 

adverse exposure potential. However, as discussed previously, the data for cunner 

should be interpreted with caution, as the measured residues for PAHs may not reflect 

true exposure due to potential PAH metabolism, and thus the observed HQs may not 

accurately reflect true adverse effects for this target species. 
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It is notable from the comparison of TCR values (an exposure indicator) with that 

of TSC and CBR HQs (effects indicators), that the TCR analysis identified mainly PAHs 

as a potential cause of adverse impact whereas the TSC and CBR analyses identified 

metals as the primary CoCs of concern. The differences between the two findings can 

be attributed to the fact that the TCR analysis is reference-based, while the TX and 
: 

CBR analyses are compared to benchmarks. Although PAHs are elevated in receptors 

of Coddington Cove, the residues are not likely to cause adverse effects due to low 

toxicity, while metals are of concern at the site, but this concern also extends to 

reference locations due to an apparent ubiquitous distribution of the observed metals. 

6.3. ANALYSIS OF BIOACCUMULATION AND TROPHIC TRANSFER 

In sections below, the relationships between contaminant exposure and tissue 

residue concentration for organics (Section 6.3.1) metals (Section 6.3.2) and trlophic 

transfer of metals and organics to avian receptors feeding on aquatic receptors 

(Section 6.3.3) are discussed. These relationships are presented in a framework 

intended to elucidate the essential operative transport and fate mechanisms that control 

chemical bioavailability and trophic transfer in the exposure pathway models for target 

receptors (outlined in Sections 3.4 and 3.5). Using these exposure models, the relative 

degree of CoC bioavailability in fish, bivalves and lobster at Derecktor Shipyard! 

Coddington Cove stations versus reference stations, is discussed with respect 1:o 

differences between species and habitat. 

6.3.1. Analysis of Organic Contaminant Bioaccumulation 

The purpose of this analysis is to identify potential differences in organic 

contaminant exposure for target species representing different habitat or feeding types. 

For each organic contaminant class (PCBs, PAHs, pesticides, and butyltins), exposure 
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pathway differences were evaluated through Tissue Residue - Exposure Relationships 

as well as Biota-Sediment Accumulation Factors (BSAFs). 

Tissue Residue - Exposure Relationships. Figure 6.3-l presents a comparison 

of Total PCBs and Total PAHs in indigenous and deployed blue mussels in relation to 

surface sediments from eight Derecktor ShipyardKoddington Cove stations and one 

reference station (JPC-1). Deployed blue mussels (DM) were suspended in cages 1 m 

above the bottom at selected stations, then retrieved after approximately 30 days. This 

duration has been reported to allow enough time to establish equilibrium between 

mussels and water column concentrations for these CoCs (Pruell et al., 1986). The DM 

tissue-sediment relationship for PAHs (R2 = 0.53; significant at the 95% confidence 

level) was much stronger than for PCBs (R2 = 0.07; not significant at the 95% 

confidence level). For indigenous blue mussels, the relationship for PCBs (R2 = 0.60; 

significant at the 95% confidence level) was stronger than that for the PAHs 

(R2 = 0.197). The concentrations of PCBs in deployed mussels and PAHs in indigenous 

mussels were highest at Station DSY-26 (Figure 6.3-l). The PAH concentrations 

detected in mussel tissue at Station DSY-26 were confirmed in a second analysis for 

both deployed and indigenous samples; however, PCB values were considerably lower 

(1700 ug/g versus 600 ug/g) for the second analysis of deployed mussel tissue. This 

lower PCB value for deployed mussel tissue tias more consistent with PCB 

concentrations detected in this target receptor at other stations. Upon exclusion of the 

original Station DSY-26 data, an improvement in the regression relationship between 

sediment concentrations and deployed mussel concentrations for PCBs is obtained 

(y = 94.4 In(x) + 223; R2 = 0.553). Relationships between other CoC-target receptor 

pairings either were not significant or lacked the necessary data points to support 

regression analysis. 

Biota-Sediment Accumulation Factors (BSAFs), defined as the lipid normalized 

concentration of the CoC in an organism @g/g lipid) divided by the organic carbon- 
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normalized concentration of the same chemicals in sediment (us/g OC), were 

calculated to assess the potential role of habitat type and/or trophic mode on 

bioaccumulation of organic contaminants. 

BSAFs from the present analysis were compared for similarity of central 

3 

tendency across species within specific chemical classes (PCBs, PAHs, pesticicles, and 

butyltins) using box plots (Figure 6.3-2). The box plots present the median value, as 

well as the range in values + 25% about the median (box top and bottom), and the 

vertical lines represent the outside range or “whiskers” (approximately = 95% 

confidence limits). Asterisks and open circles are values exceeding the 95% and 99% 

confidence limits of the data set, respectively. The dashed line represents the overall 

median of the species-specific median values for each compound class. In this 

. . . . . analysis, data were included only for those analyte pairings where both the tissue and 

sediment concentrations were detected (i.e., substituted 1X MDL values were not used), 

so as to improve the accuracy of the evaluation as well as the relevancy to trophic 

transfer issues. 

For the present study, the overall median BSAF values for PAHs, PCBs, 

pesticides and butyltins were 0.12, 5.0, 3.85, and 1.9, respectively (Figure 6.3-Z!). In 

general, there was considerable overlap in central tendency about the median E3SAF 

value for all species. Butyltins were perhaps the exception, where cunner and 

deployed mussel BSAFs were lower than indigenous mussels and Pifar morrhuana 

(butyltin data for Mercenaria mercenaria and lobster were not available). However, the 

applicability of the EqP model to this contaminant class may not be entirely appropriate, 

as butyltins are a combination of organic and inorganic components. 

Results of the present study are similar to BSAF values calculated from literature 

values for infaunal deposit feeders, scavengers, filter feeders and benthically-coupled 

fish (Tracey and Hansen, 1996), where BSAFs for PAHs were uniformly lower (mean 
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0.34) than PCB (1.03) or pesticide (1.36) classes. In another study of Narragansett Bay 

species (SAIC, 1995b), these values were 0.27, 1.57 and 1.62, respectively. The 

similarity in BSAFs across species demonstrate that varying habitat of the target 

receptor, including epibenthic/filter feeders (indigenous and deployed mussels), 

infaunal (clams), epibenthic scavengers (lobsters), and epibenthic predators (fish) does 

not alter the bioavailability of organic chemicals in the sediments. Thus, the functional 

contaminant exposure pathways among target receptors are similar, allowing the use of 

a single exposure pathway model to predict the ultimate fate (i.e., tissue accumulation) 

of organic contaminants for this exposure and effects assessment. 

6.3.2. Analysis of Metals Bioaccumulation 

The bioavailability of metals for target receptors was assessed through Tissue 

Residue - Exposure Relationships analysis of Bioaccumulation Factors (BAFs). 

Whereas BSAF factors are based on Equilibrium Partitioning (EqP) theory, i.e. non- 

ionic organic contaminants are assumed to be at steady-state between the carbon- 

normalized sediment concentration and the lipid-normalized tissue concentration 

(DiToro, ef al., 1991) the BAF model simply assumes that the ratio of tissue to 

sediment concentration is a measure of bioavailability. 

Tissue Residue - Exposure Relafionships. As discussed for organics, the degree 

of similarity of exposure to sediment associated contaminants between indigenous and 

deployed blue mussels was assessed. Pearson’s Paitwise Comparisons were 

performed for all metal CoC-receptor pairings in order to elucidate possible correlations 

between tissue residues and metals exposure. At best, only weak correlations were 

observed between concentration of target analytes of toxicological interest in sediments 

and respective receptor residue concentrations (R2 = 0.50). Stronger correlations were 

observed in regressions of tissue residues for indigenous versus deployed mussels for 

crustal analytes, especially for aluminum (R* = 0.82) and manganese (R* = 0.79). 
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These results suggest that the mechanism of exposure to contaminants for indigenous 

and deployed mussels is similar. Hence, deployed tissue residue data are adecluate to 

serve as an approximate indicator of metal bioavailability from sediment to pelagic 

species. 

As discussed above, CoC-receptor correlation analysis for metals did not. 

produce meaningful relationships. Thus, the approach of Bioaccumulation Factors 

(BAFs) was taken, which involves the analysis of the ratio of CoC tissue residues from 

bivalves, fish, and lobster relative to sediment concentrations at Derecktor Shipyard/ 

Coddington Cove stations. Similar to the analysis of BSAFs performed for organics, 

BAFs were evaluated in order to elucidate potential differences between species and 

tissue type with regard to metal bioavailability for target receptor species. Factors 

governing differential metals bioaccumulation among species are poorly understood 

relative to that for organic contaminants, such that analyses were conducted on a 

metal-by-metal basis and only raw concentration data were used. 

“_.. 

BAFs for each of the organisms analyzed for metals (bivalves, fish and lobsters) 

were calculated for all CoGreceptor pairings. In addition, three non-CoC metaIls 

(Fe, Mn and Al) were evaluated to assess patterns that might reflect differential 

bioavailability due to crustal components. As with BSAF plots, the BAF box plots 

represent several measures of central tendency (refer to Section 6.3.1 for expla.nation 

of box plots). The median metal pairing of each species was used to calculate lthe 

overall BAF for the analyte. 

Results show both species-specific and metal-specific differences in BAF values 

(Figure 6.3-3). Highest BAFs were associated with Zn (1.05), As (0.875), Hg (0.55) 

and Cu (0.33). The pattern of bioaccumulation among bivalves and lobster exhibited a 

similar trend for most metals. Elevated metals bioaccumulation was detected in lobster 

tissue for As, Pb, and Ni. Fish generally exhibited both reduced bioaccumulation and 
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lower variation than was observed among other species. Median BAFs for other CoC 

metals did not exceed 0.05, with the exception of high BAFs for nickel in lobster and 

deployed mussel tissues. 

BAFs for metals fell into four groups relative to the propensity for accumulation 

into tissues: 

High: 1) Zn (1.05), As (0.875) 

Intermediate: 2) Hg (0.55), Cu (0.33) 

Low: 

Very Low: 

3) Cr (0.035), Mn (0.007), Fe (0.006), Al (0.0016) 

4) Ag (0.0006), Ni (1 E-05), Pb (5E-06). 

This pattern can be partly explained by the fact that the bioavailability of 

sediment-associated heavy metals is related to the concentration of iron oxides in 

sediment as well as insoluble sulfides (Bryan and Langston, 1992); sand-associated 

metals are expected to be more bioavailable than silt-associated metals for this reason. 

However, other differences in bioavailability may be explained by the chemical 

properties of the metals themselves. For example, the most bioavailable metals 

included arsenic and zinc; because of their relatively high solubility compared to most 

heavy metals, these metals exhibit extremely mobile behavior in aquatic systems, and 

in surface waters can undergo complex patterns of transformation including oxidation- 

reduction reactions, biotransformation, precipitation, and adsorption. Thus, this 

behavior suggests that remobilization of these metals via resuspension and ingestion is 

the most probable exposure route of these CoCs to target receptors. 

Metals in the fourth group (Ag, Ni and Pb) were the least bioavailable forms. 

Both Ag and Pb tend to be highly particle associated, while Ni is moderately water- 

soluble. The particle-associated nature of Ag and Pb suggests that these metals are 
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unlikely to be transported far from the source, whereas high Ni accumulation is probably 

related to dissolved phase exposure. 

Metals in the second and third groups, above, tend to show comparable I3AFs 

among species. Mercury and copper, like zinc, are very persistent, and are generally 

removed from the environment by particle adsorption and subsequent settlement to 

sediments. Mercury is well known to bioaccumulate in marine organisms, and has 

received considerable attention because of its toxicity relative to other metals (VVren ef 

al,, 1995). Manganese is generally characterized as moderately soluble in water, 

whereas Cr’3, the form of chromium most commonly observed in biological systems and 

likely to be the form measured in the present study, is generally insoluble in water. The 

bioavailability of metals with intermediate BAFs is most likely affected by a variety of 

processes, ranging from dissolved-particulate partitioning to internal metabolic 

regulation; therefore, bioaccumulation is the result of the exposure to the metals in both 

water and sediment. 

In summary, the observed bioavailability of metals in this study is consistent with 

the known behavior of metals with respect to mobility and solubility, and suggests that 

both species and habitat play an important role in controlling bioaccumulation of metals 

in target receptors. 

6.3.3. Trophic Transfer of CoCs to Avian Receptors 

, .-> Adverse effects to avian aquatic predators from the ingestion of contaminated 

food within the study area were assessed by comparison of prey concentrations and 

prey-derived CoC dosage to tvvo Toxicity Reference Values (TRV-Dose, TRV-E.xposure 

Point Concentration (EPC)) derived following the methods described in Opresko et a/. 

(1996). In this approach, dietary No-Observable-Adverse-Effects-Level (NOAEL) 

benchmarks were derived from data obtained primarily from laboratory tests with birds 
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and converted into values applicable to each avian receptor of concern (RoC) for the 

Derecktor Shipyard Marine ERA, assuming that the laboratory-based benchmarks are 

applicable to similar species of similar body size at other sites (Opresko et al., 1995). In 

the TRV-EPC approach, a “NOAEL-equivalent” prey concentration (Opresko et al., 

1995) was estimated and directly compared to measured prey concentrations (also 

mg/kg dry weight) as a screening procedure for CoC selection. In the TRV-Dose 

approach, a target species dosage model was employed to calculate uptake of CoCs 

as dependent upon exposure factors specific to the RoC (including size-dependent food 

consumption rate, foraging behavior, migratory behavior, and food preference) and 

compared to the NOAEL benchmark. 

6.3.3.1. Bird Dose Calculations 

The herring gull (Larus argenfafus) and great blue heron (Ardea herodias) are 

species representative of aquatic birds which feed on invertebrates and fish in 

nearshore marine areas such as Coddington Cove (Section 3). The herring gull may be 

considered omnivorous whereas great blue heron feeds primarily upon fish 

(U.S. EPA, 1993). The Oak Ridge National Laboratory (Sample and Suter, 1994) avian 

predator exposure model was used to estimate exposure to CoCs based on ingestion 

(dose): 

I) Dose = (EPC) * (FCR) * (a/fa) * (MF) * FF 

where: 

Dose = 

EPC = 

Bird dose of CoC contaminant (mg CoC/kg bird/day, dry weight); 

Exposure Point Concentration of contaminant in prey within on-site 

foraging area (mg CoC/kg prey, dry weight); 

FCR = Food Consumption Rate; (kg dry weight prey consumed/kg 

bird/day); 
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a/fa = 

MF= 

FF = 

on-site foraging area/total foraging area of a bird (km*/km*); 

Migration Factor; fraction of the year bird is in the area (yr/yr); and 

Feeding Fraction, or contribution of the prey type to the totail diet 

Wkg )- 

The model assumes that the intake of contaminants via other exposure routes, 

such as water ingestion, are minimal in comparison to intake via food ingestion. A daily 

dose of a given CoC was calculated assuming that: 

0 The receptor body weights are for adult specimens; 

0 The receptors food consumption rates are accurately predicted from body 

weight using the appropriate allometric relationships; 

0 The bird usage of the site, and therefore consumption of food from the 

site, are in proportion to the size of feeding habitat at the site relative to 

the home range size of the species (a/fa; Opresko et al., 1996). In this 

study, it is assumed that the avian predator lives and feeds exclusIively at 

the site (i.e. a/fa = 1). 

a The birds at the site undergo spring/fall migration as found for other east 

coast populations; 

0 The birds may feed exclusively on any of the target receptor prey (serving 

as suitable surrogates of prey species) for the ERA; 

Documentation of the avian aquatic receptor exposure factors for this ERA are 

.--. provided in Table 6.3-1. The three primary factors which discriminate the two avian 

predator species are body weight, lifestyle/habitat preference (wading vs. open water), 

x_  ̂
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and the total home range/foraging area. While the first two parameters are readily 

determined from the literature, the third parameter is typically site-specific. 

The great blue heron, has a specific habitat preference for shallow (0.5 m) water 

for wading while fishing. Hence, its home range in the open estuarine environment of 

Narragansett Bay is primarily restricted to intertidal areas. For this ERA, it is assumed 

that the great blue heron feeds exclusively at the site. This assumption is required 

because the habitat usage patterns for this species are not well known, and hence it is 

possible that individuals from a colony could heavily utilize habitats in Coddington Cove. 

For similar reasons, the effects assessment for the herring gull also assumes the 

receptor feeds exclusively at the site. 

Based on input data from the foraging models and other exposure factors 

identified in Table 6.3-l) the CoC-specific exposure factor (EF) for each avian aquatic 

receptor is calculated. Dose of CoCs to the receptor (mg CoC/kg-bird/day) is 

subsequently calculated as follows: 

Dose = EF (kg prey/kg bird/day) * EPC (mg CoC/kg prey). 

Section 6.3.3.2 discusses the procedure for determination of CoC dose threshold 

benchmarks for the contaminants for which potential adverse effects were assessed. 

These benchmarks, or Toxicity Reference Values (TRV), were calculated based on 

procedures discussed in Opresko ef a/., 1996). 

6.3.3.2. Toxicitv Reference Values for Avian Aquatic Receptors. 

The general method used in deriving screening benchmarks for receptors 

selected for this ERA was based on EPA methodology for deriving human toxicity 

values (e.g., Reference Values, Reportable Quantities, and unit risks for 
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carcinogenicity) from laboratory animal data. First, No Observed Adverse Effect Levels 

(NOAELs) and/or Lowest Observed Adverse Effect Levels (LOAELs) were identified 

from studies conducted exclusively on avian test species, which include data for 

domestic and wild birds. Where possible, aquatic bird test data were selected in 

preference over data for other bird species. The equivalent NOAEL for the receptor of 

concern (wildlife NOAEL) was obtained by scaling the laboratory data (test NOAEL) on 

the basis of differences in body size according to the following equation: 

NOAEL-Dose = test NOAEL x [test bw/wildlife bw]“3 (Opresko ef al., 19!35) 

where: wildlife bw = body weight of wildlife species in kg 

test bw = body weight of laboratory species in kg 

test NOAEL = experimental dose in mg CoC/kg RoClday 

In cases where only a LOAEL was available, the NOAEL was estimated as being 

equivalent to l/lOth of the LOAEL. If the only available data consisted of a NOAEL (or 

a LOAEL) for a subchronic exposure (approximately 10 weeks or less), then the 

equivalent NOAEL or LOAEL for a chronic exposure was estimated as being l/l 0th of 

the value for the subchronic exposure. If only acute exposure data (LD,,) were 

available, an acute-chronic ratio of 8:l (Shepard, 1995) was applied to first estimate the 

chronic (e.g. LOAEL) benchmark. This LOAEL value was then converted into tlhe 

corresponding NOAEL as described above, and used as the NOAEL-Dose TRV. 

The NOAEL-EPC TRV is defined as the concentration in food (in mg CoC/kg dry 

weight of food) which would result in a dose equivalent to the NOAEL (assuming no 

exposure through other environmental media), after Opresko et al., 1996. This 

benchmark is used as a screening tool, and has the advantage over the NOAE’L-Dose 

method in that a predator exposure model is not required. 
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The NOAEL-EPC TRV was calculated from the food factor f, which is the amount 

of food consumed per unit body weight per day: 

TRV-EPC = wildlife NOAEL/f (Opresko et al., 1996) 

Food factors for aquatic predators were derived from the Food Consumption 

Rate (FCR, in kg prey dry weight/day) and the receptor body weight (bw in kg): 

f = FCR/bw (Opresko et al., 1996). 

Food consumption rates (FCR) for herring gulls were estimated from the 

allometric regression model of Nagy (1987), while for great blue heron, the model of 

Kushlan (1978, as cited in U.S. EPA, 1993) was used (Table 6.3-l). 

Toxicity Reference Values (TRVs) calculated in the above manner are 

summarized in Table 6.3-2 for gulls and heron. Although TRV data are available for 

metals, Total PCBs and tributyltins, test data are available for only seven of eighteen 

PAHs, two of five pesticides and one of three butyltins measured in the present 

investigation. 

6.3.3.3. Adverse Effects to Avian Aquatic Receptors. 

The receptor-exposure pathway scenarios evaluated for herring gull and great 

blue heron include cunner, indigenous and deployed blue mussels, lobsters, and the 

hard clams Mercenaria mercenaria and Pitar morrhuana as prey. In reality, herring 

gulls and great blue herons are not likely to feed on all of the aforementioned species, 

but consumption of these surrogate prey species by avian aquatic predators has been 

modeled as part of a comprehensive and conservative approach in the assessment of 

potential risk. 
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Measured prey concentrations and calculated CoC doses to avian receptors 

* . . . 

/-._ 

. - 

were compared to EPC-based Toxicity Reference Values (TRV-EPC) and Dose-based 

TRVs (TRV-Dose) to estimate adverse effects for each avian target species frorn prey 

consumption. The exposure point concentrations of CoCs included six prey species 

(cunner, deployed mussels, indigenous mussels, lobster, Mercenaria and Pitar, 

Appendix Table A-l-3) collected from Coddington Cove, assuming that these species 

are surrogates for other organisms which might be part of the diet of gulls or herons, 

-, 

and that the predators consume their prey whole. (Note that the conversion of dry 

weight to wet tissue CoC concentrations was not required since the TRV endpoiints are 

expressed on a dry weight basis). While great blue heron are primarily piscivorous in 

habit, the literature suggests occasional invertebrate consumption. The herring gull is 

omnivorous (U.S. EPA, 1993). 

Station- and analyte-specific TRV-EPC and TRV-Dose Hazard Quotients for 

herring gull and great blue heron consuming prey in the Derecktor Shipyard/ 

Coddington Cove study area and the Jamestown Potter Cove and Castle Hill Cove 

reference locations are presented in Appendix Tables A-l-6.2 and A-l -6.3, 

respectively. Predator-specific Hazard Quotient rankings are presented in Table 6.3-3. 

For herring gull, the Hazard Quotients derived using prey concentration as the 

benchmark (HQ-EPCs) suggest that greatest adverse effects (HQ > 10) result from 

., 

.-” 

ingestion of PCBs in cunner at Stations DSY-28, DSY-29 and DSY-36 (Table 6.3-3A). 

Adverse effects were also apparent for metals, particularly As, Cr, Cu and Zn, but these 

were of lower magnitude in that HQs > 1 were frequently observed at both site and 

reference locations. In contrast, PAHs, pesticides, and tributyltin did not exhibit any 

evidence of adverse exposure. Using the dose-based TRV, a similar pattern but lower 

magnitude of apparent adverse effect was observed (Table 6.3-3B). For example, 

PCB-related adverse effects at Stations DSY-28, DSY-29 and DSY-36 were not as 

evident using the TRV-Dose benchmark, as those determined based on the TRV-EPC 

benchmark. 

.x1 
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Apparent adverse effects to great blue heron generally followed that of the 

herring gull; HQ-EPCs suggested that greatest adverse effects would result from 

ingestion of PCBs in cunner at Stations DSY-28, DSY-29 and DSY-36, while lesser 

adverse effects are apparent for metals (Table 6.3-3C). Similarly, the HQ-Dose values 

for heron suggest low adverse effects across the site, and, in general, the reference 

locations (Table 6.3-3D). The only CoC-prey pairs which indicated adverse effects at 

the site without adverse effects being apparent at the reference locations were PCBs 

and Cr in indigenous mussels (IBM) and Cu in lobster (LOB). 

The station- and analyte-specific rankings of potential adverse effects in Table 

6.3-3 A through D are brought forward into Table 6.3-4 to provide an overall adverse 

effect ranking for each avian predator by station. Assuming the maximum indicated 

adverse effect across all CoCs measured for prey species at a given station and 

subsequently the maximum of prey-specific adverse effects, the station-specific overall 

adverse effect ranking for the predator was obtained. Results show good agreement 

between the two avian receptors; PCBs in cunner at Station DSY-28 (herring gull) as 

well as Stations DSY-29 and DSY-36 (herring gull and great blue heron) appear to 

provide the most important CoC-receptor pathway of concern. These results are 

brought forward to the effects assessment summary in Table 6.6-2. 

The above effects analysis for CoC exposure to the gull and heron was based on 

the NOAEL benchmark, which is a factor of ten below the Lowest Observable Adverse 

Effect Level (LOAEL) benchmark typically representing a chronic or sub-chronic (non- 

lethal) endpoint. In addition, the assumption that the gull or heron would feed 

exclusively on prey species from Coddington Cove is highly improbable. This fact is 

demonstrated in Figure 6.3-4, where the available Coddington Cove habitat represents 

approximately 1.2% and 3.4% for gulls and heron, respectively, of the total available 

habitat within each species’ range. Hence, it is likely that the calculated HQs for CoCs 
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in prey species ofCoddington Cove, including PCBs, do not actually represent a high 

, 1 probability of adverse effect to the avian aquatic predators. 

6.4. ANALYSIS OF TOXICITY VERSUS CoC CONCENTRATIONS 

This section evaluates the relationship between the sediment and sediment 

elutriate CoC concentrations and the toxicity responses for two bioassay species, the 

amphipod and the sea urchin. The analysis of results focuses on elucidation of 

potential exposure-response relationships. For this assessment, the measurement 

endpoints evaluated included the following: 

0 Toxicity of bulk sediments to amphipod survival; 

0 Toxicity of elutriates to sea urchin normal larval development. 

,,-. Toxicity occurs when CoCs in the environment become bioavailable above 

concentrations which cannot be physiologically managed by the organism. In the 
c present investigation, tissue residues of laboratory bioassay species were not 

measured, hence the primary evidence to ascertain apparent toxicity and identify the 

potentially responsible CoCs was to examine the degree to which the measured CoC in 

sediments and elutriates exceeded a known benchmark or criteria, and assess the 

strength of relationships between the observed toxicity and the exposur,e 

concentrations measured in sediments and elutriates. 

. . 

As discussed in Section 6.1, divalent metal bioavailability may be predicted from 

sediment SEM and AVS relationships. In contrast, the bioavailability of organic CoCs is 

believed to be controlled by the partitioning between the organic carbon fraction of 

sediment/porewater and the lipid fraction of tissue. Hence potential CoC exposure - 
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toxicity relationships are considered in relation to the bulk sediment concentration as 

well as the Total Organic Carbon (TOC) normalized concentration, with the inherent 

assumption that high TOC sediments will have lower CoC bioavailability than low TOC 

sediments with the same unit CoC concentration. In addition, sediment TOC 

measurements are used in lieu of dissolved organic carbon data (not measured in this 

study) when assessing bioavailability CoCs in elutriate preparations with the 

assumption that sediment and elutriate TOC concentrations should be positively and 

linearly correlated. 

6.4.1. Amphipod Sediment Toxicity 

The amphipod toxicity response to bedded sediment was evaluated by 

comparison of relationships between survival versus 1) bioavailable metals (related to 

SEM and AVS concentrations), and 2) representative organic contaminants 

(Total PAHs, Total PCBs, p,p’-DDE, and tributyltin). 

Relationships between amphipod toxicity and three measures of metal 

bioavailability are presented in Figure 6.4-l. No relationship between survival and 

increasing SEM/AVS ratios was observed (Figure 6.4-IA). Further inspection of the 

data using the difference of SEM and AVS (SEM-AVS) as the indicator of metal 

bioavailability again suggested no apparent exposure-response relationship 

(Figure 6.4-l B). Because of the volatility of AVS in the presence of oxygen, and hence 

the possibility that some AVS could be lost during sampling or analysis, the relationship 

between amphipod toxicity vs. SEM metal concentration was investigated. The 

resulting relationship (Figure 6.4-l C) indicated a weak correlation between amphipod 

survival and SEM metals concentration, suggesting that metals at Stations DSY-27 and 

DSY-28 might be responsible for observed toxicity if AVS were actually lost prior to or 

during laboratory exposures. 
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Patterns observed for amphipod survival versus sediment concentrations of Total 

PAHs, Total PCBs, p,p’-DDE and tributyltins (Figure 6.4-2A), and versus the 

corresponding TOC-normalized sediment concentrations (Figure 6.4-2B) were not 

suggestive of exposure-response relationships. However, reduced amphipod survival 

was observed at Station DSY-27, which had the highest Total PCBs and p,p’-DDE 

“I 

concentrations, possibly implicating these CoCs in the observed effects. In addition, 

the highest TOC-normalized concentration of TBT was detected at Station DSY-28, for 

which reduced amphipod survival was also observed. Hence, there does exist :some 

evidence that reduced survival in amphipods at Stations DSY-27 and DSY-28 may be 

related to PCBs, p,p’-DDE and TBT. 

6.4.2. Sea Urchin Elutriate Toxicity 

Sea urchin toxicity responses were used to evaluate bioavailability of metal and 

-7”\ organic contaminants in sediment elutriates. The toxicity endpoint evaluated was 

normal larval development. The sea urchin fertilization response was also assessed, 

but as discussed in Section 5.2, this endpoint yielded uniformly high values (>9:2% of 

control) for all exposures. Hence, no exposure-response relationships were 

investigated for fertilization, since lack of variation in the toxicity results would n’ot 

support meaningful statistical analyses. However, the lack of observed effect for this 

endpoint is re-addressed in the synthesis of risks (Section 6.6). 

CoCs found to be below method detection limits in the elutriates included 

pesticides, butyltins and most metals except arsenic, lead, and copper. These CoCs 

were not evaluated further. 

Total PAHs in elutriate samples were highest at Station DSY-25 (872 nglL; 

Table 4.3-6). This concentration is well below the lowest available EPA ambient 

chronic salt water quality criterion for the PAH phenanthrene (4,600 ng/L), which is by 

,_-a 
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far the lowest criterion value of all PAH compounds. In comparison, the criterion for 

acenaphthene is 710,000 rig/L,, and that for fluoranthene is 16,000 rig/L.. Hence, it is 

apparent that PAHs are most likely not responsible for observed toxicity in elutriates, 

since measured concentrations are orders of magnitude below threshold concentrations 

for toxicity. 

The sea urchin larval development responses also were compared to metals 

concentrations measured in the elutriates. For copper, elutriate concentrations were 

above detection only at Station DSY-31 (5.1 pg/L). This level is above the EPA 

Ambient Water Quality Criteria-Acute concentration of 2.9 pg/L. The undiluted elutriate 

was marginally toxic to larvae (approximately 60% normal larval development), but was 

not toxic in the fertilization test (Table 5.2-l ). Hence, with the exception of sediments at 

Station DSY-31, it is unlikely that copper is an important CoC with regard to explaining 

observed reductions in larval development. 

The other CoCs found at concentrations of potential toxicological significance in 

elutriates were PCBs, lead and arsenic. Exposure-response relationships between 

elutriate toxicity and concentrations of these CoCs are shown in Figure 6.4-3. Elutriate 

toxicity is expressed as the IC,,, concentration, which is the percent elutriate 

concentration at which a 10% reduction in normal larval development is observed. CoC 

concentration is expressed in terms of the Hazard Quotient, which is the measured 

elutriate concentration divided by the EPA Water Quality Criteria-Saltwater Chronic 

Value. For Total PCBs, there was an apparent, but weak correlation (R* = 0.15) 

between the I& and the elutriate Hazard Quotient based on the saltwater chronic 

water quality criteria, with Stations DSY-25, DSY-29, and DSY-33 exhibiting greater 

toxicity at higher Total PCB Hazard Quotients (Figure 6.4-3A). A relationship between 

elutriate toxicity and Hazard Quotients for arsenic was not apparent, suggesting this 

CoC is not causing the observed reductions in sea urchin normal larval development. 
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In contrast to the above, a statistically significant inverse relationship was 

observed between elutriate toxicity and Hazard Quotients for Pb (R* = 0.54; 

Figure 6.4-3A). Further statistical analysis of the regression relationship suggested that 

when the (relatively) non-toxic Stations DSY-36 and DSY-40 were removed frorn 

consideration, the best fit line to the data was highly significant (y = -17.4x + 53;; 

R* = 0.84). TOC normalizations did not improve the above regressions, as generally 

similar IC,, vs. CoC concentrations were observed in each case (Figure 6.4-3B). 

-. Unfortunately, analytical data for metals were not obtained for the three 

potentially most toxic sediment elutriates (based on larval development responses), 

..“X. which were from Stations DSY-26, DSY-28 and DSY-29 (Table 5.2-l). However, based 

on the fact that sediment CoC concentrations (40.4, 77.7, and 185.9 us/g, respectively) 

r . . .._ and elutriate toxicity (I&, = 8.9, 3.3, and 9.4%, respectively) were higher than for 

corresponding values at Station DSY-33 (40.0 ug/g; I&, = 19.3%) it would appear 

reasonable to assume that Pb in elutriates may be responsible for toxicity observed at 

Stations DSY-26, DSY-28 and DSY-29. 

, .Lx( 

*.,, 

With regard to the absolute concentrations of Pb in elutriate expected to be toxic, 

the Pb AWQC-SC LC,, value (8.5 us/L) compares favorably with IC,,, IC,, and IC,, 

effects levels (3.7 + 0.9 ug/L (n=9), 7.0 & 2.1 ug/L (n=6) and 9.0 f 0.2 ug/L (n=Z!), 

respectively) that were measured in the present investigation. Notice, however, that the 

water quality criterion is based on a lethality endpoint ‘and the present data are based 

on a sub-lethal endpoint. The proximity between the water quality criterion and the IC 

values is perhaps not unexpected, since abnormal development at early larval stages 

would probably result in mortality. 

In summary, the results of amphipod and sea urchin toxicity data, when 

1. considered collectively, support the conclusion that metals, particularly Pb, may be 

primarily responsible for observed toxicity of sediments and sediment elutriates. The 

-.dj 
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slight effects observed on amphipods was best explained by SEM metals concentration 

in the sediment, although Stations DSY-27 and DSY-28 were also high in PCBs, 

p,p’-DDE, and TBT. Elutriate toxicity to sea urchin larval development was best 

explained by lead exposure, although PCBs, p,p’-DDE, and TBT may contribute the 

observed response. 

The differences in sensitivity between test endpoints may be partially explained 

by the fact that the sea urchin larval development test is typically considered a “metals- 

sensitive” test, because the short-term duration of the larval development exposure 

(48 hr) favors effects due to CoCs with higher solubility and membrane permeability 

(e.g., metals), In contrast, the amphipod test is expected to be responsive to both 

metals and organic CoCs when present in sufficient concentrations since the exposure 

duration (10 days) should permit larger compounds with lower solubility (e.g., organic 

compounds) to reach target organs. In addition, divalent metals bound by AVS in 

bedded sediments are likely to become more bioavailable when AVS is oxidized in the 

elutriate mixture, while similar increase in bioavailability may not necessarily occur for 

organic compounds. 

6.5. ANALYSIS OF CoC CONCENTRATION VERSUS EFFECTS MEASUREMENTS 

This section evaluates the relationships between CoC concentrations and 

specific field effects measurement endpoints. As in Section 6.4, the analysis focuses 

on elucidation of “exposure-response” relationships, i.e., whether increased levels of 

contamination are associated with increased effects to biota. As before, the CoC 

concentration range over which a relationship exists (if any) is also evaluated with 

respect to criteria, benchmarks or other relevant data that represent threshold levels for 

effects. 
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Measurement endpoints that are evaluated in this assessment include the 

following: 

0 infaunal community structure, 

0 biota condition of indigenous and deployed mussels, 

l hematopoietic neoplasia in indigenous mussels, 

*. 0 fecal pollution indicator concentrations in deployed mussels, and 

0 cytochrome P450 induction in fish. 

Correspondence of these measures with those of previous studies in the vicinity 

of Derecktor ShipyardlCoddington Cove and in the primary literature are discussed. 

6.5.1. Assessment of Derecktor Shipyard Impacts on Benthic Communities 

The analysis of benthic community metrics from the Derecktor Shipyard/ 

Coddington Cove study area and reference locations (presented in Section 5.3) was 

performed in order to identify potentially impacted benthic assemblages, using values 

obtained at the reference location as the threshold benchmark for adverse impacts. In 

the sections below, the analysis focuses on exposure-response relationships between 

CoC concentrations and benthic community metrics. Two approaches are employed: 

1) univariate (Pearson correlation) analysis of individual CoC/metric pairs and 

2) multivariate analysis of the combined benthic structure data set using a techniique 

called multidimensional scaling (MDS). 

. 

Univariate correlation analyses. The likelihood of changes in benthic community 

metrics being the result of sediment CoC concentrations was assessed by conducting 

Pearson correlation analyses, generating scatter plots and performing linear 

regressions for representative organic and inorganic contaminants. Because the 
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analysis is intended to elucidate those CoCs which may have adverse effects on 

benthic community structure, emphasis is placed on the discussion of regression results 

exhibiting exposure-response relationships between CoC concentrations and the metric 

index. For this discussion, results were considered relevant if regression slopes were 

statistically different from zero (P,I 0.05) and the regression fit explain > 50% of the 

variation in the data (i.e. ? > 0.50). Data for both silt- and sand-bottom communities 

were pooled for the overall regression analysis. Prior to analysis, data for each metric, 

with the exception of the Bray-Curtis Similarity Index, were normalized to corresponding 

habitat-specific reference values (Section 5.3.1) in an attempt to eliminate grain size as 

a covariate effect in the overall regression analysis. 

Results of these comparisons for the seven individual benthic community metrics 

as well as the overall bioassessment score discussed in Section 5.3 are shown in 

Figure 6.5-IA. The 95% confidence limits are indicated in the graphs; where the limits 

are not shown, it is because the confidence limits exceed the bounds of the graph. In 

general, the regression relationships were not statistically significant. Relevant 

exposure-response relationships were observed only with the metrics % dominant taxa 

and species evenness for As (r = 0.55, P, = 0.04 and r = -0.52, P, = 0.05, respectively) 

and Pb (r = 0.57, PF = 0.03 and r = -0.55, PF = 0.04, respectively). Note that although 

the % dominant taxa-CoC relationship is positive, it is inferred that an increase in single 

species dominance condition is not favorable to a stable benthic community. 

Further detail of the percent dominant taxa versus sediment Pb concentration is 

shown in Figure 6.5-l B. The range of dominance values observed was five-fold, while 

Pb concentrations varied 18-fold. The station with highest Pb station is Station 

DSY-29, which has concentrations approaching the ER-M value (218 pg/g dry weight), 

while Pb concentrations at Stations DSY-32 and DSY-27 were three- to four-fold 

greater than the ER-L value (46.7 us/g). In contrast, an exposure-response relationship 

for As is doubtful as concentrations varied only about two-fold and maximum values 
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were only marginally above the ER-L (see Figure 6.1-8). Thus, the results support the 

hypothesis that Pb in sediments may adversely impact benthic community structure at 

Station DSY-29, and possibly DSY-32 and DSY-27 as well. 

As discussed in Section 5.3, the overall habitat-specific bioassessment scores 

. 

* “._ 

indicate the highest probability of impacted benthic community at Station DSY-25, 

DSY-27, DSY-29, DSY-32 and DSY-41, with intermediate probability of impacts for 

Stations DSY-36, DSY-38, DSY-39 and DSY-40. Due to the complete absence of 

benthic organisms at Stations DSY-25 and DSY-41, these two stations were similar to 

each other and markedly different from both the JPC-1 reference station and the other 

stations of Coddington Cove. Defaunated conditions at Station DSY-25 may have been 

exacerbated by anoxia caused by overgrowth and suffocation by algae (Uva); it is 

.A.-- assumed that either local nutrient sources promoting algal growth or wind-driven rafting 

were responsible for this condition. Hypoxic conditions were also apparent in the inner 

,,1 

I\ 
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dock area, where the oxygenated layer was thin at Stations DSY-40 (0.2 cm) and 

DSY-41 (0.5 to 1 cm). This condition may have arisen from excessive nutrient 

enrichment, possibly from a source associated with high organic materials, despite the 

fact that these stations have sediments low in TOC content. Although high levels of 

organic matter may have been present at Stations DSY-40 and DSY-41 in the past, 

such levels were not observed during this investigation. This may potentially be the 

result of wave action and episodic flushing events in the enclosure area. 

The presence of the CoC-intolerant but eutrophication-tolerant species, 

Ampelisca at Station DSY-40 is consistent with this hypothesis. Total coliforms iin 

mussels deployed in this area were high, suggesting a recent exposure to fecal 

contamination (Table 5.3-5) and indicative of organic enrichment that would promote 

dissolved oxygen depletion. Thus, among the highly impacted stations, the reduced 

bioassessment scores for community structure at Station DSY-29, and to a lesser 

extent at Stations DSY-27 and DSY-32, are most likely relate to by Pb exposure. 
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Multivariate ana/yses. The two-dimensional MDS ordination of benthic 

community data (discussed in Section 5.3 and presented in Figure 5.3-2A and 5.3-2B) 

showed that, with the exception of Station DSY-29, the silt-bottom stations (~40% sand) 

had similar benthic communities. In contrast, sand-bottom stations (270% sand) 

clustered as several different groups, indicating that multiple factors may be responsible 

for the observed variation in benthic community composition within this bottom type. 

In order to explore potential exposure-response relationships between the 

benthic community data and various physical and chemical variables measured in this 

study (e.g., sediment TOC, grain size, contaminant concentrations, etc.), “bubble 

graphs” were used as companion plots to the benthic community results, in which the 

magnitude of the variable measured at each station is represented as a symbol on the 

graph in the same spatial orientation as the community data, but the size of the symbol 

is scaled to the magnitude of the measured variable (after Warwick et a/., 1990; Clarke 

and Ainsworth, 1993). The objective is to provide a simple, easily-understood visual 

representation of the association between benthic community structure and each 

measured variable. 

This presentation technique was applied to the grain size data used to classify 

the silt-bottom and sand-bottom communities discussed above. In Figure 6.52B, it can 

be seen that the stations with high silt-clay content are represented by larger circles 

and, with the exception of Station DSY-29, are grouped together, whereas stations with 

low silt-clay content are shown as smaller circles and are clearly separate from the 

larger circles. The circle at Station DSY-29 and circles at other silt-bottom stations are 

similar in size, which indicates that grain size does not explain the observed difference 

in benthic community structure between Station DSY-29 and the other silt-bottom 

stations. 
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The association between benthic community structure and sediment TOC 

(Figure 6.5-2C) is very similar to that for silt-clay, reflecting the co-variance of silt-clay 

content and TOC concentration typically found in marine sediments. There is some 

suggestion that TOC may at least partly explain the difference in the benthic community 

at Station DSY-29, as this station had the highest TOC concentration (demonstrated by 

the larger circle) of all those sampled. However, some fraction of the TOC at this 

station undoubtedly is attributed to the presence of organic contaminants, which may 

also be having a negative impact on the benthic community (discussed later). 

. ..\ 

The depth of the oxygenated layer (redox-potential discontinuity or RPD) in 

surface sediments can provide an indirect measure of the frequency/extent of low 

dissolved oxygen conditions (hypoxia) in overlying waters and can also serve to 

_“., indicate the degree of sediment organic enrichment, which in coastal environments is 

I.-. 

often linked to inputs from sources associated with fecal materials. In response to 

severe near-bottom hypoxia and/or at extreme levels of organic loading, the RPD can 

approach zero, indicating anoxic sediment conditions. The association between 

benthic community structure and RPD depth for Derecktor ShipyardKoddington Cove 

stations is shown in Figure 6.5-2D. Extremely shallow and/or zero RPD depths are 

associated with Stations DSY-25, DSY-29, DSY-40 and DSY-41, which had unique 

benthic community structure compared to other silt- or sand-bottom stations. Thus, 

near-bottom hypoxic conditions and/or organic enrichment appears to be playing a role 

in altering benthic community structure at these stations. The RPD depth at Station 

DSY-35 appears to fall within the range of RPD depths measured at other sand-bottom 

stations (DSY-26, DSY-33, and reference Station JPC-1). Therefore, hypoxia and 

organic enrichment are not viewed as likely explanations for the unique benthic 

community structure found at Station DSY-35. 

Figure 6.5-3B clearly illustrates that the unique benthic community at Station 

DSY-29 is associated with a relatively high concentration of Total PAH. Station DSY-29 
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is the only station with elevated Total PAH relative to the others (in particular the other 

silt-bottom stations), leading to the conclusion that high Total PAHs may be a primary 

explanation for the abnormal benthic community at this station. 

Although a full range of DDE concentrations was found at silt-bottom stations 

(large and small hexagons in the main silt-bottom station cluster in Figure 6.5-3C), all 

these stations except Station DSY-29 had similar benthic communities. Total DDE 

alone fails to explain the abnormal benthic community at Station DSY-29, because an 

equally high concentration was found at another silt-bottom station, which did not have 

an abnormal benthic community (Figure 6.5-3C). All of the sand-bottom stations had 

relatively low total DDE, leading to the conclusion that this CoC by itself does not 

appear to be responsible for between-station differences in benthic communities. 

There was also a lack of association between benthic community structure and 

sediment concentrations for Total PCBs and TBT (Figures 6.5-3D and 6.5-4A). For 

both contaminants, relatively low concentrations were found at both silt- and sand- 

bottom stations. Elevated Total PCB and TBT concentrations, found at only one of the 

silt-bottom stations, are not associated with any apparent difference in benthic 

community structure at this station compared to the other silt-bottom stations (Figures 

6.5-3D and 6.5-4A). 

The three metals found to account for the most numerous and largest 

exceedences of ER-L benchmarks were zinc, copper and lead; these three were 

therefore selected for further analysis by the MDS method. From Figure 6.5-48 to 

6.5-4D, it is clear that the sand-bottom stations all had relatively low concentrations of 

zinc, copper and lead. These CoCs therefore do not provide any explanation for the 

differences in benthic communities among these stations. Both high and low 

concentrations of zinc, copper and lead were found at the silt-bottom stations 

comprising the main station cluster (Figures 6.5-4B through 6.5-4D), indicating that 
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metal elevations are not resulting in benthic community differences among these 

stations. Copper and lead are both high at Station DSY-29 compared to other silt- 

bottom stations, which suggests that these metal contaminants may be contributing, 

along with Total PAH, to the abnormal benthic community structure at this station. 

Thus, with the exception of Station DSY-29, there is little evidence to suggest that the 

metal CoCs including zinc, copper and lead are responsible for between-station 

differences in benthic community structure. 

6.5.2. Bivalve Condition-Exposure Relationships 

Variation in biotic condition for bivalves was compared with tissue and sediment 

CoC concentrations by conducting Pearson correlation analyses, generating scatter 

plots and performing linear regressions for representative organic and inorganic 

contaminants. Results of these comparisons for both indigenous and deployed 

mussels are shown in Figures 6.5-5 and 6.5-6, respectively, with complete results 

presented in Appendix B-2-2. The 95% confidence limits are indicated in the graphs; 

where the limits are not shown, it is because the confidence limits exceed the bounds of 

the graph. 

Because the analysis is intended to elucidate those CoCs which may have 

adverse effects on biotic condition, emphasis is placed on the discussion of regression 

results exhibiting inverse (i.e. negative) relationships between the Condition Index (Cl) 

and CoC concentrations. However, all regressions which exhibited statistically 

significant relationships (i.e. non-zero slopes) are annotated (*) accordingly. 

Relationships between indigenous blue mussel condition indices and tissiue 

residue concentrations are shown in Figure 6.5-5A. In general, the regression 

relationships were not statistically significant. Statistically-significant adverse 
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(i.e., negative slope) exposure-response relationships were observed only for Total 

PCBs, where increasing PCB concentration in tissue was related to a decrease in both 

shell weight and the shell weight to length ratio. Interestingly, a similar analysis of Cl 

data vs. sediment concentrations did not find any negative correlations which were 

statistically significant (Figure 6.5-5B), suggesting that tissue residues for indigenous 

blue mussel may be a better predictor of CoC impacts on biotic condition for this 

species and habitat than are sediment concentrations. This observation is not 

unexpected, since the ultimate fate of CoCs exerting toxicity is in the tissue of the 

organism. 

Further detail of the indigenous mussel CVPCB residue relationship for Total 

PCBs is shown in Figure 6.5-5C. The range of shell weight/shell length ratios observed 

spans a factor of two, indicating that for the same length mussel, there is a two-fold 

difference in shell dry weight. PCB concentrations in the mussel tissue ranged up to 

> 1100 rig/g dry weight. Relatively little information is available on the PCB residue 

effect concentration on shell growth of mussels, or for bivalves in general. Nebeker and 

Pugliski (1974) reported reduced growth rate of oyster (Crassostrea virginica) spat at 

tissue residue concentrations of about 2800 ug/g dry weight (converted from 425 ug/g 

wet wt. assuming 85% water content). In the present study, tissue residues were less 

than 1.2 ug/g dry wt, or at least three orders of magnitude lower than the reported 

residue effects concentration. Hence there is‘considerable uncertainty whether PCBs 

are in reality causing the observed condition index response. 

Correlations of deployed mussel condition indices vs. CoC concentrations in 

tissue and sediment were performed as discussed above for indigenous mussels. For 

Cl - Tissue residue relationships, the strongest inverse relationship observed was for 

tissue dry weight to shell weight ratio vs. copper tissue concentration (Figure 6.5-6A), 

however the relationship was not statistically significant (r = -0.54, Pf = .08). No 

statistically-significant relationships were observed for the corresponding Cl regressions 
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against sediment or sediment elutriate concentrations (Figures 6.5-6B and 6.5-6C, 

respectively). One potentially suggestive relationship is observed upon closer 

examination of the Cl vs. elutriate Pb relationship, presented in Figure 6.5-6D, which 

reveals an inverse regression when Station DSY-31 is excluded (r = 0.95; P, = .014). 

The rationale for excluding the DSY-31 data is that another CoC may be responsible for 

the observed effect at this location; elutriate Cu concentrations at Station DSY-31 were 

unique in being both above detection and above the Marine Water Quality Criteria- 

Chronic Value (2.9 ug/L). The relationship suggests that exposure to resuspended Pb 

at Stations DSY-33 and DSY-39 may have affected processes promoting shell growth 

in mussels. Deployed mussels were also impacted at Station DSY-33 relative to 

reference as suggested from tissue weight-chlorophyll a relationships (Figure 5.3-9). In 

addition, sea urchin normal larval development was reduced at high Pb concentrations 

in laboratory exposures to sediment elutriates (Figure 6.4-3). 

Uncertainty exists with regard to Pb effects on mussel shell growth because, 

unlike the laboratory exposures, the deployed mussels are not likely to experience field 

concentrations at the elutriate levels, nor was Pb found to be elevated in deployed 

mussel tissues (Figure 4.3-9). However, the discrepancy may relate to the form1 in 

which Pb is measured versus the concentration that is actually bioavailable and most 

toxic; Pb is present primarily in divalent form but is most toxic in the methylated form 

((CH,),Pb; D’ltri, 1990). In sediments, methylated Pb is estimated to be less than 10% 

of total Pb, but this fraction may increase substantially in resuspended sediments 

(D’ltri, 1990). This fact, coupled with the high filtration efficiency of mussels for 

particles, may explain why bioaccumulation patterns are not correlated with exposure 

and effects information. 
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6.5.3. Hematopoietic Neoplasia-Exposure Relationships 

Incidence of hematopoietic neoplasia (Hn), including measures of affliction rate 

(% of affected population) and severity (% Hn cells/per animal) in indigenous blue 

mussels, was investigated for relationships with CoC exposure. Results are presented 

in a series of graphs similar to those for the two bivalve condition indices discussed 

above. Complete results are presented in Appendix B-2-3. No significant relationships 

were observed for either Hn vs. CoC tissue residue (Figure 6.5-7A) or CoC sediment 

concentration (Figure 6.5-7B). Because a previous study (SAIC, 1996) of soft shell 

clams (Mya arenaria) in Allen Harbor had found significant Hn incidence at PAH 

concentrations <900 rig/g Total PAH dry tissue wt. (converted from 85 nMol/g dry wt), 

this possibility was examined further for the mussels in the present study. The results, 

presented in Figure 6.5-7C, show a general increase in Hn with PAH concentration, and 

thus the finding, although not statistically significant, is not inconsistent with the 

hypothesis that Hn affliction rate is related in some way to PAH exposure. However, 

literature data implicating this (or any other) CoC class as the cause of this proliferative 

disease are lacking. 

6.5.4. Deployed Mussel Fecal Pollution Indicators - Exposure Relationships 

Fecal pollution indicator concentrations in deployed mussels were used to better 

characterize the pathways for CoCs and non-CoCs into the environment and, 

specifically, into target species. Complete results are presented in Appendix B-2-4. 

The analysis of bivalve condition index exposure data (Section 6.5-2) has identified 

possible impacts at Stations DSY-26, DSY-29 and DSY-33, while Hn-exposure 

relationships suggest CoC-related impacts at perhaps DSY-40. Fecal pollution 

indicator data (Table 5.3-3) were also highest at these four stations, suggesting spatial 

association between higher CoCs, higher fecal pollution indicator concentrations and 

possible effects on bivalves. Due to spatial proximity, fecal pollution indicator 
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concentrations at Station DSY-41 were assumed to be equivalent to those measured at 

Station DSY-40. Although direct effects from fecal pollution indicators are not expected, 

further elucidation of the above associations may help clarify sources, migration 

pathways and effects of CoCs on Coddington Cove biota. 

/,/” 

In order to assess the importance of the observed fecal pollution indicator 

densities in deployed mussel tissue, it is instructive to consider the sanitary quality of 

the environment at stations selected for mussel deployment. Benchmarks for bivalve 

indicator concentration are not available for this purpose; rather, water-based 

benchmarks are provided in the National Shellfish Sanitation Program for Shellfish 

^_ Growing Waters, Manual of Operations Part I (FDA, 1992). In this document, FDA 

recommends approval of shellfish (bivalve) growing areas when the sanitary survey 

_ ?/ verifies that median fecal coliform indicator concentrations across stations do not 

exceed 70 colony forming units (CFU) per 100 mL. 

..^ 

To apply this standard, the measured tissue fecal indicator concentrations must 

be converted to water concentrations. Here, data from Burkhardt (1991) are used 

which show that the fecal coliform Accumulation Factors (AF = tissue/water ratio) for 

Mercenaria mercenaria during early fall (11 “C) is 0.6. Similar results were observed for 

the oyster, Crassosfrea virginica. Assuming comparable AFs for Myths edulis ES for 

the above bivalves, and considering the highest observed fecal coliform indicator 

densities in the mussels (130 CFU/l OOg at DSY-29), equivalent water concentrations 

are estimated to be 217 CFU/lOO ml. Hence, the tissue data suggest that in the area of 

DSY-29, water concentrations of fecal coliforms may exceed the FDA standard Iby 

approximately three-fold. 

No exposure-response correlations were observed between fecal indicator 

concentrations and condition indices of deployed mussels. Possible correlations 

between fecal pollution indicators and CoCs also were tested. The only statistically- 
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significant correlations (P,< 0.05) observed were between fecal indicator 

concentrations and Low Molecular Weight PAH concentrations in mussel tissue 

(Figure 6.5-8). The strongest correlation was observed for Clostridium (r = 0.85; 

P, = 0.002). Burkhardt (1991) estimated an AF of 46 for Clostridium vs. an AF of 0.6 

for fecal coliforms, and the elimination rates (defined as time required to achieve 90% of 

the pre-exposure condition) for Clostridium perfringens and fecal coliforms were 50 and 

19 days, respectively. The differences in AFs and elimination rates may account for the 

generally higher tissue accumulation of Clostridium in the present study and the 

reduced variance in the results observed relative to the other indicators. 

These findings suggest potential common sources for the low molecular weight 

PAHs and fecal indicators. While mussels may accumulate Clostridium spores from 

resuspended sediments, this does not explain the accumulation of the more labile fecal 

indicators which do not accumulate in sediments because of salinity intolerance. It is 

also unlikely that the fecal indicators are derived from animal waste sources, since such 

sources do not contain high concentrations of PAHs. The PAH and fecal pollution 

indicator exposures are most likely recent, based on the relatively rapid elimination 

rates for fecal pollution indicators by mussels and the known exposure duration of the 

deployed mussels. Thus, it would appear that a sewage-related source of low-molecular 

weight PAHs may be contributing to the exposure of mussels to PAHs, and accordingly, 

the exposure of sediments at those locations where both PAHs and fecal indicators are 

highest. This finding, however, does not discount the likelihood that historical industrial 

practices at the shipyard have also contributed to PAH contamination, and mussels are 

probably also exposed to shipyard-related PAHs via resuspended sediments. 

6.5.5. Fish Cytochrome P450 Activity - CoC Exposure Relationships 

The cytochrome P450 assay was conducted on cunner samples from the 

Derecktor ShipyardKoddington Cove study area in order to detect potential PAH 
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exposure. Complete results are presented in Appendix B-2-5. PAH tissue residues in 

fish may be a less reliable indicator of PAH exposure because fish, unlike the 

invertebrate target species selected for the ERA, have the ability to metabolize and 

depurate these compounds. 

. . ., 

The cytochrome P-450 system includes several families of heme proteins that 

work as enzymes to catalyze detoxification reactions of foreign compound substrates, 

such as PAHs. During these reactions, apolar (lipid-soluble) chemicals are converted 

to more water-soluble and readily excretable metabolites. 

_,b 

>.-.. 

,... 

l.._l 

,. 

The response of this enzyme system in both freshwater and marine fish exposed 

to a variety of contaminants has been evaluated in a number of laboratory and field 

studies. In an investigation of PAH contaminated sediments, total cytochrome f>-450 

activity in the liver of spot (Leiostomus xanthrus), an Atlantic croaker fish, was observed 

to increase linearly (in relation to sediment concentration) above the lowest observed 

effect concentration (LOE(&,; 3.1 ppm) up to the maximum observed effect 

concentration (MOECP450; 96 ppm), while in the gut, the MOE&, was 16 ppm but 

reduced by 40% and 37% at 3.1 ppm and 43 ppm respectively (Van Veld et al ‘I 990). 

The authors concluded that, for spot, gut P450 measurements may be a more useful 

indicator of dietary exposure to PAHs than liver tissue measurements. 

These results suggest a bi-phasic exposure-response relationship whelrein the 

enzyme system responds rapidly at very low levels of exposure (e.g. 3.1 ppti~ 

sediment), then the enzyme system reaches maximum activity at intermediate exposure 

concentrations because an inhibition of activity occurs at higher exposure 

,_^” 

., “.. 

concentrations due to the direct effect of the CoC on the enzyme system itself (Hahn, 

1996). These results suggest two endpoints of potential ecological significance; 1) the 

CoC concentration threshold for P450 induction and 2) the CoC concentration ;at which 

maximum P450 activity levels occur. The P450 induction concentration indicates an 

_.,~. 
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exposure which initiates energy expenditure for detoxification, while the concentration 

related to the P450 maxima reflects the threshold for highest metabolic expenditures as 

well as adverse effects on detoxification capacity, hence the potential onset of greatest 

reductions in physiological fitness. 

The availability of fish in the Derecktor ShipyardKoddington Cove study area for 

P450 assay was limited. With the present data, it could only be concluded that the 

measured P450 activity in cunner collected at Station DSY-36 was at the low end of 

literature-reported P450 responses in other fish species (See Section 5.3.5). However, 

in order to extend the interpretation of possible PAH-related impacts on fish, the 

LOEG450 and MLOECP450 concentrations observed by Van Veld et al. (1990) were 

applied to the data, and results interpreted as follows: 

0 < LOECP450= baseline probability of effects (-); 

0 LOEG45cl to MOECP450 = low probability of effects (+); 

l > MOE&,, = intermediate probability of effects (++); and 

l > 2X MOECP450 = high probability of effects (+++). 

Results of this analysis are presented in Figure 6.5-9, where the total PAH 

concentration in surface sediments is plotted by station with respect to the above 

benchmarks. Stations which fall between the LOECP450 and MOECP450 include Stations 

DSY-25 through DSY-28, DSY-30 through DSY-32, DSY-36 and DSY-40, indicating a 

low probability of impacts related to P450 activation in cunner if exposed to sediments 

at those stations. Here, it is notable that the literature-based LOECP450 value for PAHs 

in sediments (3100 ng/g) is in good agreement with the measured P450 activity for 

cunner exposed to Station DSY-36 (sediment PAH = 3746 ng/g). In contrast, the PAH 
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sediment concentration at Station DSY-29 (>32,800 rig/g)) would appear to pose a high 

probability of adverse effects as the value was two-fold greater than the MOE&,,, 

benchmark. PAHs at other stations did not appear to pose any potential for adverse 

effects to cunner based on the P450 endpoint. These impact evaluations are carried 

forward to the effects-based weight of evidence summary presented in Section 6.6 

(Table 6.6-2). 

6.6. RISK SYNTHESIS 

The interpretation of ecological risk in this assessment is based on a weight of 

evidence approach. The weight of evidence is in turn based on the analysis of 

exposure and effects data, as represented by the endpoints discussed in the previous 

sections. 

The following categorization of ecological risks has been developed for the 

Derecktor Shipyard ERA: 

Baseline risk is defined as the probability of adverse exposure and/or ecological 

effects equivalent to that from contamination and other environmental conditions 

not associated with the site. 

A Low probability of ecological risks suggests possible, but minimal impacts 

based on some of the exposure or effects-based weights of evidence, while 

impacts are undetectable by the majority of exposure and effects-based weights 

of evidence. Conditions of low risk probability typically lack demonstrable 

exposure-response relationships. 
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An intermediate probability of ecological risk occurs for site conditions falling 

between high and low probabilities of risk. As such, the intermediate risk 

probability condition is typically characterized by multiple exposure or effects 

weights of evidence suggesting that measurable exposure or effects, but not 

both, are occurring at the site. Typically, quantitative exposure-response 

relationships are lacking. Intermediate risk probability may also be indicated if 

the spatial extent of apparent impact is highly localized (e.g., a single station), or 

if the impact occurs for periods of very limited duration. 

Conditions indicating High probability of ecological risk occurs when numerous 

weights of evidence suggest pronounced contaminant exposure and effects, the 

spatial extent of apparent impact is great, the impact is likely to be persistent 

over long periods of time, and the available data support demonstrable 

exposure-response relationships. 

The intent of the above risk categorizations is not to place rigorous boundaries 

on actions that risk managers may take with respect to the results of the study, but 

merely to provide definition and uniformity for the description of risks as discussed in 

the following section. 

In the exposure (Section 4.0) and effects (Section 5.0) sections of this ERA, as 

well as in risk characterization (Sections 6.1 through 6.5), the individual weights of 

evidence were interpreted and summarized using semi-quantitative ranking schemes so 

as to allow their inclusion into an analysis of the overall risk indicated for each of the 

primary weight of evidence categories. In Sections 6.6.1 and 6.6.2, below, the process 

of synthesizing information obtained on individual indicators and translating the result 

into an exposure/effects Weight of Evidence (WOE) ranking is presented. The primary 

exposure-based WOES are Sediment Hazard Quotients, Elutriate Hazard Quotients, 

SEM Bioavailability and Tissue Concentration Ratios, while Tissue Residue Effects, 

6-50 



Laboratory Toxicity, Field Effects Indicators, and Avian Predators are included as 

effects-based WOE. 

A single ranking strategy for the synthesis of WOE indicators to obtain the 

probability of adverse Exposure/Effect (E/E) WOE designation was adopted for the ERA 

in order to provide a consistent evaluation of the data in a manner consistent with the 

risk definitions discussed above, as follows: 

Baseline Adverse E/E Probability (6): Baseline E/E ranking for all indicators, 
or low (+) E/E ranking observed for only 
one indicator; 

. . n 

Low Adverse E/E Probability (L): Low (+) E/E ranking observed for two or 
more indicators, or intermediate (++) 

,.i”l E/E ranking for only one indicator; 

Intermediate Adverse E/E Probability (I): Intermediate (++) E/E ranking observed 
for two or more indicators, or high (+++) 
E/E ranking for one indicator; 

High Adverse E/E Probability (H): Intermediate (++) or greater E/E ranking 
observed for two or more indicators and ,- 
high (+++) E/E ranking for one or more 
indicators. 

The above ranking strategy was intended to characterize the extent and 

pervasiveness of CoC-related, exposure- or effect-specific WOES, for example, the 

extent to which CoC concentrations exceed benchmarks and how often this 

exposure/effect was observed among the individual WOE. The above rankings for 

exposure-based WOE do not consider exposure-response relationships; this information 

is incorporated into the effects-based WOE evaluation. 
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Results of the evaluations of the WOE data are presented in exposure and effect 

WOE summary tables in Sections 6.6.1 and 6.6.2, respectively. In Section 6.6.3, the 

findings of exposure and effects WOE are evaluated jointly in order to interpret the 

overall probability of adverse ecological risks by sampling station, as follows: 

Baseline Risk: No greater than Baseline (B) ranking for E/E WOE summaries; 

Low Risk: No greater than Low (L) ranking for E/E WOE summaries; 

intermediate Risk: Intermediate (I) risk ranking for both E/E WOE summaries, a High 
(H) ranking for one E/E WOE summary and no greater than Low (L) 
ranking for the other E/E WOE summary; 

High Risk: High (H) ranking for one E/E WOE summary and Intermediate (I) or 
greater ranking for the other E/E WOE summary. 

The synthesis of risk is supported by the information presented in Exposure and 

Effects summary tables, as well as equally important evaluations of the strength of 

exposure-response relationships and/or presence of confounding factors which could 

artificially mask or enhance perceived risks. 

This type of ranking scheme is intended only as a qualitative tool. The ranking 

approach is based on best professional judgement, since the “true” ecological risk of, 

for example, benchmark exceedence or observed toxicity, is not presently known. 

Hence, the risk manager is encouraged to keep in mind the nature of the risk ranking 

approach when evaluating the general outcome of the risk assessment. 

6.6.1. Exposure-Based Weight of Evidence 

Exposure-based weights of evidence include Hazard Quotients (HQs) for CoC 

sediment and elutriate contaminants, SEM metal bioavailability, and CoC residues in 
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target species relative to reference as assessed through Tissue Concentration Ratios 

” s< (TCRs). 

Sediment Hazard Quotients. Chemical concentrations of CoCs measureld in 

sediments are compared against benchmarks to elucidate potential adverse effects on 

target species from exposure to contaminant concentrations in surface sediments. 

Sediment HQs are summarized for five major chemical classes: PAHs (including all 

PAH analytes where individual benchmarks exist, as well as Low Molecular Weiight, 

High Molecular Weight and Total PAH summations), Total PCBs, the pesticide 

p,p’-DDE, tributyltin, and nine metals. These sediment HQs are ranked and sorted by 

station. Though ER-L and ER-M berichmarks are not available for tributyltin, thle 

alternate sediment concentration identified by Macauley et al. (1994), as discussed in 

.._/ Section 6.1, was applied, so as to include this CoC in the weight of evidence summary. 

The pattern observed in Sediment Hazard Quotient data (Table 6.6-1) reveals 

that stations in closest proximity to the middle and lower harborfront (DSY-27 through 

DSY-29) and piers (DSY-30 through DSY-32) have CoC concentrations which exceed 

ER-M values. CoC sediment concentrations exceed upper benchmarks by greater than 

two-fold at Station DSY-27 (PCBs), DSY-29 (PCBs and PAHs) and DSY-31 (TEST; 

Figure 6.6-IA). Concentrations in excess of ER-M were also noted for PCBs at 

Stations DSY-30, DSY-31, DSY-32, and for metals at Station DSY-27 (Figure 6;.6-1 B), 

while tributyltin at Stations DSY-28 and DSY-29 exceeded the upper benchmark. 

Various CoCs in sediments from outer harbor Stations DSY-33 through DSY-39 

exceeded the ER-L benchmark, but were below the ER-M benchmark. 

,.a-* Sediment Hazard Quotient Adverse Exposure Rankinq. The sediment HQ data 

suggests overall highest probability of adverse exposure at Station DSY-27, DSY-29 

.,.“e., and DSY-31. None of the stations were assigned to the intermediate adverse exposure 

category, since multiple CoCs above the ER-M benchmark were not observed. In three 

,” . ..-I 
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cases, a singular CoC exceeded the ER-M (Stations DSY-30 and DSY-32 for PCBs, 

and Station DSY-28 for tributyltin) but, according to the ranking criteria, the station was 

not assigned to the intermediate adverse exposure category. This decision is 

supported by the fact that the CoC-specific ER-M benchmark was developed from field 

data where multiple CoCs (possibly at higher concentrations) could have contributed to 

the observed adverse effect, and hence a given CoC (e.g. PCBs) is unlikely to have 

been singularly responsible for the observed effect. (This possibility, however, is further 

evaluated by exposure-response analysis in the effects-based WOE evaluation, such 

that a possible PCB effect will not go undetected as a result of the above assumption). 

The remaining low adverse exposure stations had multiple CoCs exceeding the ER-L 

but none exceeding the ER-M. Finally, baseline adverse exposure were assigned to 

Stations DSY-33, DSY-35 and DSY-41, and reference Stations JPC-1 and JPC-2, since 

no more than one CoC exceeded the ER-L benchmark. 

Nutriate Hazard Quotients. Sediment-water mixtures (elutriates) were prepared 

for most stations and chemically analyzed to predict worst-case impacts of sediment 

resuspension events on target species. Analysis of sediment elutriates found only a 

few CoCs at detectable concentrations, including As, Cu, Pb and Total PCBs. Due to 

spatial proximity, elutriate contaminant concentrations at Station DSY-41 were assumed 

to be equivalent to those measured at Station DSY-40. The Water Quality Criteria- 

Saltwater Acute (WQC-SA) criteria were exceeded at Station DSY-31 (Cu) near Pier 1 

and at offshore Station DSY-39 (As) even though the respective sediment 

concentrations were not above ER-L. Pb and PCB concentrations were above Water 

Quality Criteria-Saltwater Chronic (WQC-SC) criteria at the majority of stations for which 

elutriates were prepared. Inferred adverse exposure at these stations were generally 

comparable to the respective sediment-associated adverse exposure, which is not 

unexpected as both benchmarks were derived at comparable levels of protection (ER-L 

= no effect for 90% of species, WQC-SC = no effect for 95% of species). 
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Notable exceptions were observed for PCBs for Stations DSY-27 and DSY-29 

where sediment concentrations exceeded ER-M concentrations, but elutriate 

concentrations did not exceed WQC-SA criteria. This observation suggests that the 

release of PCBs to the water column during sediment resuspension events is not an 

important exposure pathway. However, the evaluations in this assessment address 

only current conditions and levels of activity at the site, and does not address potential 

future use scenarios involving fundamentally different conditions or activities at the site. 

In contrast, Pb in sediments at Stations DSY-25, DSY-33 and DSY-40/41 were not 

above ER-L benchmarks but the WQC-SC was exceeded in the corresponding 

Y.... 

elutriates, such that the release of Pb to the water column during sediment 

resuspension may be an important exposure pathway. These results point to thie utility 

of considering both sediment and elutriate evaluations as weights of evidence for 

” ,.a exposure characterization. 

‘-“* 

Elutriate Hazard Quotient Adverse Exposure Ranking. CoC concentrations 

measured in sediment elutriate preparations suggested lower overall probability of 

adverse exposure than that indicated by bulk sediment concentrations for each of the 

sampled stations (Figure 6.6-2). In two cases (Stations DSY-31 and DSY-39), one 

analyte was found to exceed Acute Water Quality Criteria while other analytes 

exceeded Chronic Water Quality Criteria (Table 6.6-l). This finding was deemed 

insufficient to merit an intermediate ranking for the station, given that it is highly unlikely 

that field concentrations for these CoCs during a resuspension event would approach 

concentrations obtained in the laboratory preparation. 

SEM Bioavailability. Simultaneously Extracted Metals (SEM) bioavailability is a 

measure of the simultaneous and cumulative impact of 5 divalent metals (Cu, Cr, Pb, Ni 

and Zn) on sediment toxicity. Overall, SEM bioavailability is of low concern throughout 

the study area and reference locations (Figure 6.6-2). 

6-55 



SEM Bioavailability Adverse Exposure Rankinq. Measures of sediment SEM 

bioavailability (total SEM, SEM/AVS and SEM-AVS; discussed in Section 6.4) 

suggested possible, but low adverse exposure from divalent metal exposure at Station 

DSY-27 through DSY-30 (high total SEM) and at Stations DSY-33, DSY-35, DSY-37 

and JPC-2 (SEM/AVS ratios greater than 0.5). At no stations did SEM concentrations 

exceed AVS concentrations (SEM-AVS) by more than 5 umol/g, the benchmark 

recommended by the EPA National Sediment Quality Inventory (U.S. EPA, 1996) for 

identifying sediments of concern. Thus, intermediate or higher adverse exposure due 

to divalent SEM metals was not generally evident for the Coddington Cove study area, 

and the majority of stations reflect baseline or low adverse exposure condition. 

Tissue Concentration Ratios. Tissue Concentration Ratios were calculated as 

the station-specific residue concentration at the site compared to the reference location 

for each CoC-receptor pair. The metric is intended to elucidate those CoCs and 

receptors which are chemically enriched at the site relative to regional background 

conditions. Hence, it is principally an indicator of chemical exposure but does not 

predict effects. 

CoC residues suggest high exposure of CoCs for indigenous mussels at Stations 

DSY-25 through DSY-27, while intermediate elevations in CoC residues (i.e., three-fold 

higher than reference values) were observed for cunner, deployed mussels and lobster 

collected from harborfront Stations DSY-25 through DSY-29 (Figure 6.6-3). Various 

other indications of intermediate TCRs were observed, including Station DSY-33 

(lobster), Station DSY-35 (Mercenaria), Station DSY-36, (lobster and cunner), and 

Station DSY-41 (Mercenaria). These residue elevations above reference were mainly 

due to bioaccumulation of various PAHs. As noted previously, TCR values for cunner 

may be underestimates because of PAH metabolism capabilities. This uncertainty is 

addressed further in Section 6.6.2. 
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Tissue Concentration Ratio Adverse Exposure Rankina. CoC elevations in 

target species relative to reference suggest the highest probability of adverse exposure 

for harborfront Stations DSY-25 through DSY-27, where high residues in indigenous 

mussels in conjunction with intermediate elevations in cunner, deployed mussels and/or 

lobster collected from the same location were at least three-fold higher than reference 

values. Comparable results for intermediate CoC elevations among cunner and lobster 

observed at DSY-28, DSY-29 and DSY-36 supports an intermediate adverse exposure 

assignment for the overall ranking. Intermediate elevations in indigenous mussels at 

DSY-24 was conservatively assumed to suggest intermediate overall adverse 

j - 

exposure, since data from another species was lacking to provide confirmation of the 

observed exposure. At three stations (DSY-33, DSY-35 and DSY-41), an intermediate 

elevation was observed in one species, but the result was not confirmed by comparable 

enrichment in another species such that a low adverse exposure ranking was assigned 

to these locations. The remaining stations had one or more species with slight CoC 

_rn” 

“., 

elevation in species tissues relative to reference suggesting a low probability of adverse 

exposure. 

--. 
6.6.2. Effects-based Weight of Evidence Summary 

Tissue Residues. As discussed in Section 6.2, possible impacts of CoC /residues 

on target species were assessed through Tissue Screening Concentration (TSC) and 

Critical Body Residue (CBR) Hazard Quotients. Results of these tissue residue-based 

effects estimates are summarized in Table 6.6-2. Data have been summarized by 

species to focus assessment of impacts on the target receptors. 

“.\ The highest probability of effects from tissue CoCs was suggested for lobster 

because of Cu residues in organisms collected at Stations DSY-25, DSY-27, DSY-29, 

,/Cl DSY-33, DSY-35, DSY-38 and DSY-39 as well as reference Stations JPC-1 and 
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CHC-1. In addition, residues in target species from two stations not in the above group 

also suggested an intermediate probability of effects (cunner at Stations DSY-26, 

DSY-28 and DSY-36; lobster at Station DSY-36; Mercenaria at DSY-41). 

Tissue Residue Adverse Effects Rankinas. Rankings for the two high adverse 

effects probability stations (DSY-27 and DSY-29) were due to bioaccumulation of Cu in 

lobster, accompanied by an intermediate probability of effects for cunner (at Station 

DSY-29) and for indigenous mussels (at Station DSY-27). The five stations assigned 

intermediate adverse effects (DSY-25, DSY-33, DSY-35, DSY-38 and DSY-39) were 

due to high Cu-related residues in lobster with at least one other low probability effect 

ranking for another target species. Stations with at most one intermediate effect 

indicator and at least one low effect indicators (DSY-24, DSY-26, DSY-28, DSY31, 

DSY-32, DSY-34, DSY-36, DSY-37, DSY-40 and DSY-41) were evaluated as low 

probability of adverse effects overall. 

Laboratory Toxicity. Toxicity endpoints allow assessment of both chemical 

exposure as well as potential impacts on target receptors, such as macrobenthos 

(amphipods) and epibenthic invertebrates (sea urchins). In this ERA, the sediment 

bioassays with amphipod, Ampelisca, and the elutriate bioassays with the sea urchin, 

Arbacia, are used to assess possible impacts from in-place and resuspended 

sediments, respectively. 

Laboratory toxicity results indicated sediment toxicity to amphipods only at 

Stations DSY-27 and DSY-28. Toxicity of resuspended sediments was not evident 

given successful fertilization of sea urchin eggs in sediment elutriates. However, 

evidence of possible impacts of resuspended sediments was observed from sea urchin 

larval development test results, particularly at Stations DSY-26, DSY-28 and DSY-29. 
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Laboratorv Toxicitv Adverse Effects Ranking. The overall station-specific 

laboratory toxicity ranking is summarized in Table 6.6-2 and Figure 6.6-4. In evaluating 

the ecological significance of the larval development results, it is apparent that there is 

a low probability that field CoC concentrations will reach the elutriate exposure 

concentrations obtained in the laboratory. Hence, the observation of high toxicity for 

the larval development endpoint without confirmation of a least intermediate prolbability 

of effect for another toxicity endpoint does not warrant a conclusion of high adverse 

effects for the station. Thus, in these cases (i.e., Stations DSY-26, DSY-28 and 

DSY-29), an overall intermediate adverse effects probability was assumed. Similarly, 

__ 

the observation of intermediate toxicity for the larval development endpoint without 

confirmation from another toxicity endpoint (i.e., Stations DSY-25, DSY-31 throuigh 

DSY-33, DSY-37 through DSY-39, and DSY-41) does not warrant assignment of 

intermediate adverse effects for the station; in these cases, a low adverse effects 

probability was assumed. Finally, for those stations where only low toxicity 

(i.e., DSY-36 and DSY-40) or no toxicity (i.e., Stations DSY-34 and DSY-35, and 

reference Stations JPC-1 and JPC-2) in the larval development test was observed, a 

classification of baseline adverse effects was assigned. In the case of Station DSY-27, 

the marginal toxicity observed for amphipods (79% survival), in lieu of a lack of elutriate 

toxicity, also does not suggest that adverse effects of CoCs are occurring (e.g. baseline 

adverse effects). 

Analysis of exposure-response relationships support the above conclusiions 

given that in was not possible to identify specific CoCs causing the slight toxicity to 

amphipods in sediments. Exposure-response relationships between Pb in elutriate and 

sea urchin larval development were observed, particularly at Stations DSY-33 a.nd 

DSY-37, where concentrations exceeded the EPA Water Quality Criteria-Saltwater 

Chronic Value for this CoC (Figure 6.4-3B), and by extrapolation from sediment 

concentrations, elutriate effects observed at Stations DSY-26, DSY-28 and DSY-29 as 
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well. Hence the observed effects are supported by plausible exposure-response 

relationships. 

field Effects. Field effects parameters, summarized in Table 6.6-2 and Figure 

6.6-4, include benthic community structure, bivalve condition indices, neoplasia, 

cytochrome P450 and tissue concentrations of fecal pollution indicators. 

Benthic Community Structure. From analyses of benthic community metrics 

discussed in Section 6.5.1, the highest probability of adverse effects were apparent at 

Stations DSY-25, DSY-27, DSY-29, DSY-32 and DSY-41, with intermediate adverse 

effects observed at Stations DSY-36, DSY-38, DSY-39, and DSY-40 (Table 6.6-2; 

Figure 6.6-4). The high adverse effects designation for Station DSY-29, and to a lesser 

extent for Stations DSY-27 and DSY-32, were supported by a plausible exposure- 

response relationship between Pb concentration in the sediment and the % dominant 

taxa measured at the station (Figure 6.5-l). Results of multivariate analyses suggested 

that defaunated communities at Stations DSY-25 and DSY-41 may be related in part to 

hypoxic sediments at these locations as the cause for the absence of a benthic 

community was not readily apparent from sediment CoC concentrations. Although the 

cause for this hypoxia is unclear, this condition may have been associated with past 

conditions of excessive nutrient enrichment and/or restricted circulation, which may 

have since subsided as a result of episodic flushing. Exposure-response relationships 

were most apparent for PAHs for Station DSY-29, although Pb- and Cu-related impacts 

were also suggested. Exposure-response relationships for other stations were not 

apparent. 

Bivalve Condition. Growth responses for deployed mussels (dry tissue weight 

vs. chlorophyll a) discussed in Section 5.3 (Figure 5.3-9) identified reductions in mussel 

condition at Stations DSY-26, DSY-29, DSY-31 and DSY-33, contributing to the 

intermediate probability of adverse effects shown in Table 6.6-2 and Figure 6.6-4. 
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Significant exposure-response relationships for deployed mussels were noted between 

shell length and Pb concentrations in sediment elutriates for Station DSY-33, providing 

some support of suspected effects. Elutriate measurements were not performed for 

Station DSY-26 and DSY-29, but corresponding sediments were high in Pb, hence 

elutriates would also be expected to be elevated. Growth responses at Station DSY-31 

were also somewhat reduced, but the observed effect was not attributable to Pb. 

, <.c.. 

Instead, concentrations of Cu in elutriate were unique at this station. Cu concentrations 

exceeded the EPA Water Quality Criteria-Saltwater Acute Value for this CoC by nearly 

two-fold. As Cu concentrations in elutriates from other stations were not detected, 

,._.~ 

exposure response relationships could not be developed. Thus, some effect of Pb on 

deployed mussels appears plausible but not sufficiently robust to warrant a conclusion 

of high adverse effects probability. Hence, the adverse effects ranking in Table 6.6-2 

was kept as intermediate for these stations, while no effect was concluded for the 

remainder of sampled locations. 

Significant exposure-response relationships were found between PCB 

concentrations in indigenous mussel tissue residues and the shell weight/length ratio 

condition index, with reduced condition occurring at higher PCB concentrations for 

Stations DSY-26 through DSY-28 (Figure 6.5-4C). However, literature data were 

lacking to support the suggested impact of PCBs on mussel shell growth. Hence, the 

adverse effects ranking as established for deployed mussel data was maintained. 

Hematoooietic Neoplasia. Station DSY-26 exhibited the highest Hn affliction rate 

(1 OO%), and was assigned an intermediate (“++“) adverse effects ranking 

(Table 5.3-3, Table 6.6-2). Stations DSY-29 and DSY-40, which exhibited a 70-90% 

*-a occurrence of Hn (Table 5.3-3) were given a low (“+I’) adverse effects ranking. 

Relationships between incidence of Hematopoietic neoplasia (Hn) in indigenous 

mussels (Figure 6.6-4) and CoC concentrations in sediments were examined alnd 

generally found to be absent. Although there did appear to be a tentative relationship 

/ .^ 
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between Hn and PAH concentrations in tissues at Stations DSY-26 and the strength of 

the relationship did not warrant an increase in the adverse effects ranking for these 

stations. 

Cytochrome P450 Activity. Data on Cytochrome P450 activity, used as an 

indicator of PAH exposure, was actually measured for cunner at only one station 

(Station DSY-36) and was found to be low relative to literature values. Because of the 

data limitation, however, the potential for P450 activity was further evaluated by 

application of sediment-based benchmarks for P450 induction to observed sediment 

PAH concentrations. The results show highest probability of activity and assumed 

impacts at Station DSY-29, but low or baseline probability at remaining stations 

(Table 6.6-2, Figure 6.6-4). 

Fecal Pollution Indicators. Fecal pollution indicators were measured in deployed 

mussel tissues as an indicator of potential contaminant transport pathways and 

sewage-related impacts on target species. Due to spatial proximity, fecal pollution 

indicator effects at Station DSY-41 were assumed to be equivalent to those measured 

at Station DSY-40 (these two stations are referred to jointly as DSY-40/41 in the fecal 

pollution indicator assessment). Evidence of high fecal pollution in the Derecktor 

Shipyard/ Coddington Cove study area was found for Stations DSY-26, DSY-33 and 

DSY-40/41, due to high values for both total coliforms and Clostridium perfringens in 

mussel tissue (Table 6.6-2, Figure 6.6-4). However, high values for these two 

parameters, particularly Clostridium, were also found at reference Stations JPC-1 and 

CHC-1. 

Relationships between fecal pollution indicator concentrations and deployed 

mussel condition were not observed, although statistically significant correlations were 

found between Low Molecular Weight PAH (LMW PAH) tissue concentration and fecal 

pollution indicator concentrations (Figure 6.5-8). Because non-sediment-associated 
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forms (coliforms and Streptococci) and Clostridium (commonly abundant in both 

sediment and water) were correlated suggests that the source of exposure was 

_ “ ,_  

occurring primarily through the water column. Hence, the data suggest that exp’osure 

via the water column is the primary transport pathway of LMW PAHs to this, and 

perhaps other, pelagic species. The sources of these PAHs is unknown, but adverse 

effects posed by this CoC class and transport pathway may be important, given that 

increased Hn incidence also appeared to be related to PAH exposure. 

Field Effects Rankinq. The overall adverse effects ranking for field effect:s 

suggested high adverse effects at Stations DSY-29, DSY-40 and DSY-41, and 

intermediate adverse effects were observed for DSY-25, DSY-26, DSY-27, DSY-32, 

and DSY-33 (Table 6.6-2). It is notable that stations with intermediate or greater overall 

adverse effects exhibited this response for three of four indicators. Low adverse effects 

were observed for Stations DSY-28, DSY-30, DSY-31, DSY-36, DSY-38 and DSY-39 

(Table 6.6-2). At the remaining stations, field effects indicators suggest no adverse 

effects to target species. 

Avian Predators. The food web modeling for avian aquatic predators assumed 

that the target bird species were feeding maximally on the most contaminated of prey 

items available at a given station. Despite the conservative assumptions employed, 

greater than intermediate adverse effects were not apparent (Table 6.6-2). Those 

station-CoC-prey receptor pairings which were above other site or reference values 

occurred for gulls consuming PCBs in cunner at Stations DSY-28, DSY-29 and DSY-36. 

Intermediate adverse effects were assigned to these three stations, although the 

conservative estimate of exclusive onsite and prey usage would suggest that thlis 

adverse effect estimate may be overly conservative. The remainder of stations were 

assigned to the low adverse effects category. 

c %./ 
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6.6.3. Synthesis of Exposure and Effects Weights of Evidence 

Discussion of each of the weights of evidence and applicable exposure-response 

relationships has been presented in the previous sections. The focus of this section is 

to elucidate concordance among exposure-based and effects-based weights of 

evidence, in order to characterize overall risk for the Derecktor ShipyardKoddington 

Cove study area. 

The summary of exposure-based and effects-based weights of evidence and 

characterization of risk for the Derecktor Shipyard Marine Ecological Risk Assessment 

is presented in Table 6.6-3. The classification of risk for the Derecktor Shipyard Marine 

ERA is grouped into four primary classes: baseline, low, intermediate, and high. 

High Risk Probabilify Stations. As described above, high ecological risk is that 

suggested by numerous weights of evidence, as well as demonstrable exposure- 

response relationships. In the present investigation, Stations DSY-27 and DSY-29 are 

categorized as high risk stations. 

intermediate Risk Probability Stations. Intermediate ecological risks are typically 

associated with multiple exposure- or effects-based weights of evidence suggesting are 

occurring at the site. However, quantitative exposure-response relationships are 

typically lacking. Intermediate risk probability may also be indicated by highly localized 

apparent impact, or impact of very limited duration. Stations which demonstrate 

intermediate exposure or effects include Stations DSY-24, DSY-25, DSY-26, DSY-28, 

DSY-31, DSY-33, DSY-40, DSY-41 and reference Station CHC-1. 

Low Risk Probability Stations. A low risk probability was indicated for the 

remainder of Coddington Cove stations not included in the high or intermediate risk 
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categories. The stations included Station DSY-30, DSY-32, and DSY-34 through 

,-.-, DSY-39, as well as reference Station JPC-1 . 

Baseline Risk Probability Stations. Baseline risk was assigned only for reference 

Station JPC-2. 

- .* 
In most cases, the Exposure WOE was the same or greater as the Effects WOE 

which is expected when the exposure pathway being evaluated is correct, i.e. sediment 

or sediment-associated CoCs are causing adverse exposure which results in adverse 

effects. In instances where this is not occurring, there exists greater possibility that 

some of the observed effect is not CoC-related. For example, Derecktor Enclosure 

Stations DSY-40 and DSY-41 were characterized by exposure rankings which were 

less than effects ranking; part of this response may be related to apparent localized 

hypoxia at these stations. The hydrographic study did detect a lack of circulation 

across the enclosed area where Stations DSY-40/41 are located, and high fecali 

pollution indicators and PAHs in deployed mussels also were found in this area 

(Station DSY-40), suggesting effluent sources of both CoCs and constituents which 

may consume oxygen. Although the dissolved oxygen model did not suggest the Cove 

was subject to anoxic conditions, nor was sediment oxygen demand higher than typical 

for temperate estuaries, isolated anoxic events are still deemed possible given that the 
..,. , 

approach was not designed to address highly localized hydrographic areas. 

Conditions at Station DSY-25, DSY-28 and DSY-33 are other cases where non- 

COG related impacts might be occurring or that CoCs may not be sediment-associated. 

In each case, tissue-related exposure exceeded that which was indicated from 

sediment, elutriate or SEM WOE, suggesting that CoCs reaching the target species may 

.” ,,_ 

be originating from non-sediment sources (e.g. through the water column). Thus, the 

significance and characteristics of CoC exposure pathways at these stations (inlcluding 
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DSY-40/41) are less certain than at other locations where exposure-based WOE rank is 

equivalent or greater than the respective effects-based WOE rank. 

6.7. RISK UNCERTAINTY 

Uncertainty Factors Related to Weights of Evidence (WOE). The weight of 

evidence in this assessment is dependent upon analyses of exposure and effects data, 

and their integration into risk characterization determinations. The purpose of the 

uncertainty analysis is to identify the potential uncertainty sources as well as their 

possible relationship to the true degree of adverse exposure or effects as inferred from 

field measurements and laboratory tests used to support the individual WOE. 

Depending on the nature of the test endpoint or its method of interpretation, the 

uncertainty may tend to either over- or underestimate the true degree of adverse 

impacts (e.g., “false positive” and “false negative” results, respectively). 

For the present investigation, lists of potential uncertainties believed to be 

important for exposure and effects measurement endpoints are summarized in 

Table 6.7-l and Table 6.7-2, respectively, and are discussed in the following sections. 

Uncertainties discussed in the exposure phase of this assessment (Section 4.3) 

included: 

0 Adequacy of CoC selection and behavioral characterization, 

0 Adequacy of fate and transport evaluations, including station selection, 

spatial (horizontal) and vertical (sediment layering) patterns, and sample 

representativeness, 
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0 Adequacy of characterization of temporal/spatial variability in CoC 

distribution, 

0 Reliability of exposure point estimation methods, including sampling 

methods for SEM and AVS and data utilization, and 

0 Specific areas of contamination identified in historic studies which were 

not addressed in the current investigation. 

Uncertainties discussed in the effects assessment phase (Section 5.5) included: 

._. ” 

0 

0 

0 

Adequacy of toxicity data, including comparability among test species and 

methods, 

Adequacy of biological investigations, including the appropriateness of the 

benthic community structure and condition endpoints measured, data 

analysis techniques, data availability limitations, taxonomic identification 

and inference as to the relative sensitivity of various species to pollutants, 

Appropriateness of chemical concentration benchmarks for tissue 

residues, 

Adequacy and availability of national criteria as benchmarks, and 

Appropriateness of the selected bioassay species as surrogates for the 

indigenous community. 
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These exposure and effects uncertainties compound one another, as exposure 

and effects data are integrated in the risk characterization. In addition to these 

uncertainties, there are additional uncertainties which have been identified during the 

risk characterization, including: 

0 Limited toxicological data for target receptor species, 

a incomplete knowledge of community ecology, including natural history 

(e.g., size of feeding range and site use) of many species, species 

sensitivities to contaminants, and trophic transfer of CoCs, and natural 

changes and variability in biological/ecological systems, and 

0 Adequacy of bioaccumulation and toxicological models. 

In the present ERA, tissue residues have been used as an indication of exposure 

and possible effects; however, their utility as weight of evidence in ecological risk 

assessments is currently limited since evidence linking ecological effects directly with 

contaminant concentrations in tissue is generally lacking. In addition, more complete 

understanding of bioaccumulation and trophic transfer is required to evaluate the role of 

tissue residues in the status of natural resources, and to provide data for evaluating 

risks to human health associated with seafood consumption. 

The utility of field effects indicators including community structure 

measurements, such as the relative abundance and numbers of species, has 

considerable uncertainty with regard to ecological significance. For instance, it is 

unclear whether an increase in species numbers is occurring at the detriment of total 

abundance, or whether the observed shifts in community composition have adversely 

impacted food web dynamics. In addition, the seasonal and temporal variation in 

sensitivity to pollutants has not been assessed, and leads to uncertainty given that, for 
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example, seasonal rainfall will affect CoC runoff or groundwater generation from the 

site, or various life stages present at different times may have differential chemical 

sensitivity. Possible effects have been inferred for cunner based on predicted 

activation of P450 enzyme systems due to sediment PAH exposure. However, the 

benchmarks were derived for another species, hence the degree to which the 

benchmark is applicable to cunner is highly uncertain. Also, the degree to which the 

estimated P450 activity exerts a true, adverse physiological effect that translates into 

reduced fitness of the population is unknown. 

There are seasonal changes in redox potential as well as the concentrations of 

sediment organic carbon and acid volatile sulfides. Redox depth was shallow during 

the measurement period; however, these data were not collected seasonally nor at a 

time period when these parameters are at seasonal minimums. Each of these factors 

has the potential to affect both the toxicity and bioaccumulation of the CoCs. 

The application of organic (BSAF) and inorganic (BAF) bioaccumulation models 

have several uncertainties. The BSAF model relies on an empirical assumption that 

porewater concentrations are in equilibrium with sediment concentrations. This may not 

be the case, especially at sites such as Derecktor Shipyard where CoC releases could 

(and likely are) episodic and variable tidally, and over the short- and long-term. 

Uncertainty with BAF models (e.g. species-specific bioaccumulation patterns folr various 

metals) is highly site-specific and may vary among species. 

Uncertainties associated with the calculated Hazard Quotients and Hazard 

Indices exist because they do not necessarily reflect all chemicals or activities of 

chemical mixtures. An additive approach to HQs was taken in order to integrate 

multiple contaminant effects, since information is very limited on the toxicity of 

simultaneous exposure to mixtures of contaminants. However, this estimation does not 
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incorporate potential synergistic or antagonistic interactions among chemicals, nor does 

it encompass risks from chemicals which were not measured. 

Given that Risk Characterization is a synthesis of findings from the Exposure and 

Effects Assessments, it follows that uncertainties associated with these components of 

the Risk Assessment can be nullifying, additive or even compounded. A prime example 

is in the application of Hazard Quotients and derived Indices, where the numerator and 

denominator each represent point concentrations with an unknown departure from the 

“true” concentration. Exposure-toxicity relationships suffer the same uncertainty; 

separate error in estimates of survival and exposure concentration, for example, can 

compound or obscure true dose-response relationships or falsely suggest others which 

are misleading or unfounded. 

The weight of evidence approach to characterization of risk is effective in 

reducing uncertainty because the probability that multiple exposure and effects 

indicators could spuriously suggest risk (or lack of it) decreases as the number of 

indicators in agreement increases. However, this approach in fact only reduces 

uncertainty with respect to the location and magnitude of risk. It does not specifically 

address the ultimate source of this risk (i.e., Derecktor Shipyard vs. other contaminant 

sources), nor does it address potential future use scenarios involving fundamentally 

different conditions or activities at the site. This uncertainty has been addressed in the 

present study through the inclusion of reference locations and the analysis of spatial 

trends in CoCs, exposure pathways, and other endpoints (e.g. pathogens) which might 

suggest alternative CoC sources; therefore, an attempt has been made to minimize this 

source of uncertainty to the maximal extent that time and resources permit. 

Estimation of Uncertainty in Risk Designations. At the high probability risk 

stations (DSY-29 and DSY-27) pronounced contaminant exposure and effects was 

suggested by numerous weights of evidence and exposure-response relationships 
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were well demonstrated. The nature of the contamination, being in the sediment, 

suggests the impact that the risk is likely to be persistent over a long period of tiime, 

although the spatial extent of apparent impact may be limited as nearby stations do not 

display similar levels of risk. This suggests that the overall uncertainty of the risk 

designation is low. 

At the low risk stations (Stations DSY-30, DSY-32, DSY-34 through DSY-39) the 

majority of exposure and effects-based weights of evidence were low, and few 

exposure-response relationships were observed between exposure and effects 

indicators. This also suggests that the overall uncertainty of the risk designation is low. 

r -./) 

Among the eight Coddington Cove stations assigned an intermediate prolbability 

of ecological risk (including harbor-front Stations DSY-24 through DSY-26 and DSY-28, 

as well as Stations DSY-31, DSY-33, DSY-40 and DSY-41), the data suggests that 

measurable (and occasionally high) exposure and/or effects were occurring, but not 

generally as high as for the high risk stations described above, and unlike the h:igh risk 

stations, quantitative exposure-response relationships are generally lacking. For some 

of the stations (i.e. Stations DSY-25, DSY-26, DSY-28 and DSY-33) elevated risks from 

CoC residues in target receptors is not accompanied by similarly high risk related to 

CoC concentrations in indicating that the contaminant distribution in sediments is highly 

localized (and was not adequately characterized) or may not be entirely sediment 

related, such that the responsible exposures may be of more limited duration (e.g. not 

as persistent as if sediments were the CoC reservoir). This suggests that the 

uncertainty of the risk designation is somewhat greater than that observed for low and 

high risk stations. 
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Figure 6.1-I. Concentrations (rig/g dry weight of sediment) of Total PCBs in surface 
sediments (O-18 cm) from the Derecktor ShipyardKoddington Cove study area and 
Jamestown Potter Cove (JPC) reference locations. Benchmarks = NOAA ER-L and 
ER-M (Long et a/., 1995). 
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Figure 6.1-2. Concentrations (rig/g dry weight of sediment) of p,p’-DDE in surface 
sediments (O-18 cm) from the Derecktor Shipyardlcoddington Cove study area and 
Jamestown Potter Cove (JPC) reference locations. Benchmarks = NOAA ER-L and 
ER-M (Long et al., 1995). 
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Figure 6.1-3. Concentrations &g/g dry weight of sediment) of Total PAHs in surface 
sediments (O-l 8 cm) from the Derecktor Shipyard/Coddington Cove study area and 
Jamestown Potter Cove (JPC) reference locations. Benchmarks = NOAA ER-L and 
ER-M (Long et al., 1995). 
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Figure 6.1-4. Concentrations (ng Sri/// dry weight of sediment) of tributyltin in surface 
sediments (O-18 cm) from the Derecktor ShipyardKoddington Cove study area and 
Jamestown Potter Cove (JPC) reference locations. Benchmarks taken from Macauley 
et a/., 1994). <MDL = less than Method Detection Limit. 
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Figure 6.1-5. Concentrations @g/g dry weight of sediment) of mercury in surface 
sediments (O-18 cm) from the Derecktor ShipyardICoddington Cove study area and 
Jamestown Potter Cove (JPC) reference locations. Benchmarks = NOAA ER-L and 
ER-M (Long et al., 1995). * = concentration less than Method Limit of Quantitation. 
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Figure 6.1-6. Concentrations (pg/g dry weight of sediment) of lead in surface 
sediments (O-l 8 cm) from the Derecktor ShipyardKoddington Cove study area and 
Jamestown Potter Cove (JPC) reference locations. Benchmarks = NOAA ER-L and 
ER-M (Long et al., 1995). 
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Figure 6.-l-7. Concentrations (pg/g dry weight of sediment) of copper in surface 
sediments (O-l 8 cm) from the Derecktor ShipyardKoddington Cove study area and 
Jamestown Potter Cove (JPC) reference locations. Benchmarks = NOAA ER-L and 
ER-M (Long ef al., 1995). 
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Figure 6.1-8. Concentrations @g/g dry weight of sediment) of arsenic in surface 
sediments (O-l 8 cm) from the Derecktor ShipyardKoddington Cove study area and 
Jamestown Potter Cove (JPC) reference locations. Benchmarks = NOAA ER-L and 
ER-M (Long et al., 1995). 
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Figure 6.1-9. Concentrations (pg/g dry weight of sediment) of nickel in surface 
sediments (O-l 8 cm) from the Derecktor Shipyard/Coddington Cove study area and 
Jamestown Potter Cove (JPC) reference locations. Benchmarks = NOAA ER-L and 
ER-M (Long et a/. , 1995). 
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Figure 6.1-10. Concentrations @g/g dry weight of sediment) of zinc in surface 
sediments (O-l 8 cm) from the Derecktor ShipyardKoddington Cove study area and 
Jamestown Potter Cove (JPC) reference locations. Benchmarks = NOAA ER-L and 
ER-M (Long et al., 1995). 
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Figure 6.1-11. Concentrations &g/g dry weight of sediment) of chromium in surface 
sediments (O-18 cm) from the Derecktor ShipyardKoddington Cove study area and 
Jamestown Potter Cove (JPC) reference locations. Benchmarks = NOAA EFL-L and 
ER-M (Long ef a/., 1995). 
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Figure 6.1-12. Concentrations @g/g dry weight of sediment) of cadmium in surface 
sediments (O-18 cm) from the Derecktor ShipyardKoddington Cove study area and 
Jamestown Potter Cove (JPC) reference locations. Benchmarks = NOAA ER-L and 
ER-M (Long ef al., 1995). 
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Figure 6.1-13. Concentrations @g/g dry weight of sediment) of silver in surface 
sediments (O-l 8 cm) from the Derecktor ShipyardKoddington Cove study area and 
Jamestown Potter Cove (JPC) reference locations. Benchmarks = NOAA ER-L and 
ER-M (Long et a/., 1995). 
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Figure 6.1-15. Hazard Quotients for A) Total PCBs, B) arsenic, and C) leatd in elutriate 
prepared from surface sediments collected from the Derecktor ShipyardKoddington 
Cove (DSY) study area and the Jamestown Potter Cove (JPC) reference location. 
Criteria = EPAAm bient Water Quality Criteria-Saltwater Chronic (AWQC-SC) Values 
(U.S. EPA 1992). Dashed line indicates HQ = 1. NA= Not analyzed. 
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Figure 6.3-l. Comparison of concentrations in indigenous blue mussel and deployed 
mussel tissues versus concentrations in surface sediments (O-18 cm) for A) Total PCBs 
and B) Total PAHs for eight stations in the Derecktor ShipyardKoddington Cove study 
area and Jamestwon Potter Cove reference location JPC-1 . 
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Figure 6.3-2. Box plots of Biota-Sediment Accumulation Factors (BSAFs) for organic 
contaminants and target species selected for the Derecktor Shipyard Marine 
Ecological Risk Assessment. The dashed lifie and number indicate the medilan value 
across species groups for each CoC class. Codes: IBM = Mytilus eduiis (indigenous 
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(deployed mussels). Refer to the text in Section 6.3.1 for explanations of box plot 
symbols. 
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Figure 6.3-3. Box plots of Bioaccumulation Factors (BAFs) for metals and target 
species for the Derecktor Shipyard Marine Ecological Risk Assessment. The dashed 
line and number indicate the median value across species groups for each metal. 
Codes: IBM = Mytilus e&/is (indigenous blue mussels); MM = Mercenatia mercenatia; 
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adspersus (cunner); DM = Mytilus edulis (deployed mussels). Refer to the text in 
Section 6.3.1 for explanations of box plot symbols. 
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Page 3 of 3 



iii 
5 

I 

J 

1 



v. 

. 

. 
.’ 

13;‘1, 



q ,a-, 

/. 

. ..-” 

_. 

1.2 

1 

0.8 

0.6 

0.4 

0.2 

0 I-- 

0 DSY-27 

0 I.5 2 2.5 
A. SEMIAVS 

I.2 _ 

' -cl o vzwa 

o&l--~ _____-___------------- ,o ------ 
- DSY-27 q DSY-28 

0.6------------------ - --______-_-_-e 

0.47 

0 I I ( I I1 , I I I, I, , / / , 1 I , I I I, / / / , 

-180 -160 -140 -120 -100 -80 -60 -40 -20 0720 

B. SEM-AVS 

- - - ,’ 
0 DSY -28 

0.6~-------------------------------- 

2 4 6 8 IO I2 I4 

C. SEM Concentration 
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Figure 6.4-2 (continued). Amphipod survival versus organic contaminants in bulk surface 
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the Derecktor ShipyardKoddington Co= (DSY) study area. Criteria = EPA 
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Figure 6.4-3 (continued). Elutriate IC, c versus elutriate Hazard Quotients for 

CoCs (elutriate concentration/water criterion) prepared from surface sediments 
collected from the Derecktor ShipyardKoddington Co* (DSY) study area. 
Criteria = EPAchronic water quality criteria. Dashed line indicates threslhold for 
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Figure 6.5-l (continued). Benthic Community Structure metrics for the Derecktor ShipyardKoddington Cove study area a 
Jamestown Potter Cove (JPC) and Castle Hill Cove (CHC) reference locations. Lines indicate regression fit f 95% 
confidence limits. LMWPAH=Low Molecular Weight PAHs; HMWPAH=High Molecular Weight PAHs; TOTPAH= 
Total PAHs; TOTPCB=Total PCBs; DDE-PP=p,p’-DDE; TRIBT=tributyltin; AS=arsenic; CU=copper; PB=lead; 
ZN=zinc; TOTSPP=total species; TOTlND=total individuals; DOMTAX=percent dominant taxa; SPPRCH=Margalef 
species richness; SW-DIV=Shannon-Weiner diversity; SPPEVN=Pielou’s eveness; BC-SlM=Bray-Curtis similarity 
index; SCORE=overall risk ranking score. 

B. Percent Dominant Taxa versus Pb concentration in sediments. 
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Figure 6.5-2. Two-dimensional Multidimensional Scaling (MDS) plots depicting the association 
between benthic community structure and measured environmental variables for the Derecktor 
ShipyardKoddington Cove study area and Jamestown Potter Cove reference locations. 
A) Plot of Bray-Curtis similarities from double square root transformed species abundance data 
at nineteen benthic community sampling stations, with cluster analysis results superimposed 
(Note: same as Figure 5.3-2A). B) Same MDS plot with superimposed circles of increasing size 
representing increasing proportions of silt-clay in the sediment. C) Same MDS plot with 
superimposed circles of increasing size representing increasing sediment TOC concentrations. 
D) Same MDS plot with superimposed circles of increasing size representing increasing depth 
of the oxygenated layer (Redox-Potential Discontinuity or RPD) in the sediment. 
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Figure 6.5-3. Two-dimensional Multidimensional Scaling (MDS) plots depicting the association 
between benthic community structure and measured environmental variables for the Derecktor 
ShipyardKoddington Cove study area and Jamestown Potter Cove reference locations. 
A) Plot of Bray-Curtis similarities from double square root transformed species abundance data 
at nineteen benthic community sampling stations, with cluster analysis results superimposed 
(Note: same as Figure 5.3-2A). B) Same MDS plot with superimposed hexagons of increasing 
size representing increasing sediment concentration of Total PAHs. C) Same MDS plot with 
superimposed hexagons of increasing size representing increasing sediment concentration of 
p,p’-DDE. D) Same MDS plot with superimposed hexagons of increasing size representing 
increasing sediment concentration of Total PCBs. 
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Figure 6.5-4. Two-dimensional Multidimensional Scaling (MDS) plots depicting the association 
between benthic community structure and measured environmental variables for the Derecktor 
ShipyardKoddington Cove study area and Jamestown Potter Cove reference locations. 
A) Same MDS plot as Figure 6.5-2.A with superimposed pick-ax symbols of increasing size 
representing increasing sediment concentration of TBT. B) Same MDS plot with superimposed 
pick-ax symbols of increasing size representing increasing sediment concentration of zinc. 
C) Same MDS plot with superimposed pick-ax symbols of increasing size representing 
increasing sediment concentration of copper. D) Same MDS plot with superimposed pick-ax 
symbols of increasing size representing increasing sediment concentration of lead. 



Figure 6.5-5. Condition Indices (Cl) for indigenous mussels from the Derecktor ShipyardXoddington Cove 
study area and Jamestown Potter Cove (JPC) and Castie Hill Cove (CHC) reference locations. Lines indicate 
regression fit f 95% confidence limits. LMWPAH=Low Molecular Weight PAHs; HMWPAH=High Molecular 
Weight PAHs; TOTPAH=Total PAHs; TOTPCB=Total PCBs; DDE-PP=p,p’-DDE; TRIBT=tributyltin; AS=arsenic; 
CU=copper; PB=lead; ZN=zinc; TISSWT=tissue weight; SHELLWT=shell weight; LENGTH=shell length; 
TISDRYLE=tissue dry weight to shell length ratio; TISDRYSH=tissue dry weight to shell weight ratio; SHELLWT= 
shell weight to length ratio. 

A. Cl vs. Indigenous Blue Mussel Tissue Residues. 
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Figure 6.5-5 (continued). Condition Indices (Cl) for indigenous mussels from the Derecktor ShipyardlCoddington 
Cove study area and Jamestown Potter Cove (JPC) and Castle Hill Cove (CHC) reference locations. Lines indicate 
regression fit f 95% confidence limits. LMWPAH=Low Molecular Weight PAHs; HMWPAH=High Molecular 
Weight PAHs; TOTPAH=Total PAHs; TOTPCB=Total PCBs; DDE-PP=p,p’-DDE; TRiBT=tributyltin; AS=arsenic; 
CU=copper; PB=lead; ZN=zinc; TISSWT=tissue weight; SHELLWT=shell weight; LENGTH=shell length; 
TlSDRYLE=tissue dry weight to shell length ratio; TiSDRYSH=tissue dry weight to shell weight ratio; SHELLVVT= 
shell weight to length ratio. 

B. Cl vs. Sediment Concentrations. 
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_“, Figure 6.55 (continued). Condition Indices (Cl) for indigenous blue mussels from the 
Derecktor ShipyardEoddington Cove study area and Jamestown Potter Cove (JPC) 
and Castle Hill Cove (CHC) reference locations. Lines indicate regression fit 2 95% 
confidence limits. 

C. Condition Index of Shell Weight&hell Length vs. Total PCBs in tissue 
residues of indigenous blue mussels. 
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Figure 6.56. Condition indices (Cl) for blue mussels deployed in the Derecktor Shipyard/Coddington Cove 
study area and Jamestown Potter Cove (JPC) and Castle Hill Cove (CHC) reference locations. Lines indicate 
regression fit f 95% confidence limits. LMWPAH=Low Molecular Weight PAHs; HMWPAH=High Molecular 
Weight PAHs; TOTPAH=Total PAHs; TOTPCB=Total PCBs; DDE-PP=p,p’-DDE; TRiBT=tributyltin; AS=arsenic; 
CU=copper; PB=iead; ZN=zinc; TiSSWT=tissue weight; SHELLWT=sheil weight; LENGTH=shell length; 
TISDRYLE=tissue dry weight to shell length ratio; TISDRYSH=tissue dry weight to shell weight ratio; SHELLWT= 
shell weight to length ratio. 

A. Cl vs. Deployed Blue Mussel Tissue Residues. 
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Figure 6.5-6 (continued). Condition Indices (Cl) for blue mussels deployed in the Derecktor ShipyardKoddington 
Cove study area and Jamestown Potter Cove (JPC) and Castle Hill Cove (CHC) reference locations. Lines indicate 
regression fit f 95% confidence limits. LMWPAH=Low Molecular Weight PAHs; HMWPAH=High Molecular 
Weight PAHs; TOTPAH=Total PAHs; TOTPCB=Total PCBs; DDE-PP=p,p’-DDE; TRIBT=tributyltin; AS=arsenic; 
CU=copper; PB=lead; ZN=zinc; TISSWT=tissue weight; SHELLWT=shell weight; LENGTH=shell length; 
TISDRYLE=tissue dry weight to shell length ratio; TISDRYSH=tissue dry weight to shell weight ratio; SHELLWT= 
shell weight to length ratio. 

B. Cl vs. Sediment Concentrations. 
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Figure 6.5-6 (continued). Condition Indices (Cl) for blue mussels deployed in the Derecktor Shipyard/Coddington 
Cove study area and Jamestown Potter Cove (JPC) and Castle Hill Cove (CHC) reference locations. Lines indicate 
regression fit f 95% confidence limits. LMWPAH=Low Molecular Weight PAHs; HMWPAH=High Molecular 
Weight PAHs; TOTPAH=Total PAHs; TOTPCB=Total PCBs; DDE-PP=p,p’-DDE; TRIBT=tributyltin; AS=arsenic; 
CU=copper; PB=lead; ZN=zinc; TlSSWT=tissue weight; SHELLWT=shell weight; LENGTH=shell length; 
TISDRYLE=tissue dry weight to shell length ratio; TISDRYSH=tissue dry weight to shell weight ratio; SHELLWT= 
shell weight to length ratio. 
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Figure 6.56 (continued). Condition Indices (Cl) for blue mussels deployed in the 
Derecktor ShipyardKoddington Cove study area and the Jamestown Potte;r Cove 
and Castle Hill Cove reference locations. Elutriates prepared from sediments 
collected in the Derecktor ShipyardKoddington Cove study area and the Jamestown 
Potter Cove reference station JPC-1. 

D. Condition Index of Length vs. Pb in Elutriates for deployed mussels. 
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Figure 6.5-7. Incidence of hematopoietic neoplasia (Hn) occurring in blue mussels indigenous to Derecktor 
ShipyardKoddington Cove study area vs. CoC concentrations. A) Hn vs. indigenous blue mussels CoC tissue 
residues, B) Hn vs. CoC sediment concentrations, and C) the condition index (Cl) parameter of affliction rate (%) 
vs. low molecular weight PAH tissue concentration (rig/g dry tissue). Lines indicate regression fit 5 95% confidence 
limits. Codes: LMWPAH=low molecular weight PAH; HMWPAH=high. molecular weight PAH; TOTPAH= 
Total PAHs; TOTPCB=Total PCBs; DDEPP=p,p’-DDE; TRIBT=tributyltin; AFFLICT=% of animals observed with 
Hn; SEVERITY=% number of cells with Hn per affected animal. 

A. Hn vs. Indigenous Blue Mussels CoC Tissue Residues 
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Figure 6.5-7 (continued). Incidence of hematopoietic neoplasia (Hn) occurring in blue mussels indigenous to 
Derecktor ShipyardKoddington Cove study area vs. CoC concentrations. A) Hn vs. indigenous blue mussels CoC 
tissue residues, B) Hn vs. CoC sediment concentrations, and C) the condition index (Cl) parameter of affliction rate 
(Oh) vs. low molecular weight PAH tissue concentration (rig/g dry tissue). Lines indicate regression fit k 95% 
confidence limits. Codes: LMWPAH=low molecular weight PAH; HMWPAH=high molecular weight PAH; TOTPAH= 
Total PAHs; TOTPCB=Total PCBs; DDEPP=p,p’-DDE; TRIBT=tributyltin; AFFLICT=% of animals observed with 
Hn; SEVERITY=% number of cells with Hn per affected animal. 

B. Hn vs. CoC Sediment Concentrations 
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Figure 6.5-7 (continued). Incidence of hematopoietic neoplasia (Hn) occurring in blue 
mussels indigenous to the Derecktor ShipyardlCoddington Cove (DSY) study area vs. 
CoC concentrations. A) Hn vs. indigenous blue mussel (CoC) tissue residues, B) Hn 
vs. CoC sediment concentrations, and C) the condition index (Cl) parameter of affliction 
rate (%) vs. low molecular weight PAH tissue concentration (rig/g dry tissue). Lines 
indicate regression fit 2 95% confidence limits. 

C. Affliction Rate (% affected population) vs. Low Molecular Weight PAH 
Tissue Concentration. 
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Figure 6.58. Fecal pollution indicators vs. Low Molecular Weight PAHs in blue mussels deployed in the Derecktor 
ShipyardKoddington Cove study area and the Jamestown Potter Cove and Caste1 Hill Cove reference locations. 
CFU = colony forming units. 
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Figure 6.6-IA. Hazard Quotients (HQs) and risk rankings for organic contaminants in surface 
sediments (O-18 cm) from the Derecktor ShipyardXoddington Cove study area and 
Jamestown Potter Cove (JPC) reference stations. PAH=Total PAHs; PCB=Total PCBs; 
PST=p,p’-DDE; TBT=Tributyltin. ND=no data. Benchmarks for PCBs, PAHs, and PST from 
NOAA ER-UER-M benchmarks (Long et al., 1995). TBT benchmark from Macauley et al., 
1994. Refer to Section 6.1 for discussion of the Sediment HQ weight of evidence and 
explanation of rankings. 
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Figure 6.6-l B. Hazard Quotients (HQs) and risk rankings for metals contaminants in 
surface sediments (O-18 cm) from the Derecktor ShipyardKoddington Cove study area 
and Jamestown Potter Cove (JPC) reference stations. As=arsenic; Cu=copper; Pb=lead; 
Hg=mercury; Ni=nickel; Zn=zinc. Hazard Quotients based on ER-L and ER-M 
benchmarks (Long et al., 1995). Refer to Section 6.1 for discussion of the Sediment HQ 
weight of evidence and explanation of rankings. 
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Figure 6.6-2. SEM Bioavailability and Hazard Quotients for elutriates prepared1 from 
sediments collected in the Derecktor ShipyardXoddington Cove study area and 
Jamestown Potter Cove (JPC) reference stations. Benchmarks for elutriates=EPA 
Water Quality Criteria- Saltwater Chronic and Saltwater Acute values. As=arsenic; 
Cu=copper; Pb=lead; PCB=Total PCBs. Refer to Section 6.1 for discussion of the 
sediment elutriate weight of evidence and explanation of rankings. Refer to Section 
6.4 for discussion of the Simultaneously Extractable Metals (SEM) Bioavailabiliity 
weight of evidence and explanation of rankings. *No data available for elutriate 
exposure at Station DSY-41; ranking assumed to be the same as for Station DSY-40 
due to spatial proximity. 
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Figure 6.6-3. Tissue Concentration Ratios and Tissue Residue Effects Hazard Quotients (HQs) 
for target species collected from the Derecktor ShipyardKoddington Cove study area and 
Jamestown Potter Cove (JPC) and Castle Hill Cove (CHC) reference stations. CN=cunner; 
DM=deployed mussels; IBM=indigenous blue mussels; LOB=lobster; MM=Mercenaria 
mercenaria; PM= Pifar motiuana. TCR=Tissue Concentration Ratio; TSC=Tissue Screening 
Concentration HQ; CBR=Critical Body Residue HQ. nd=no data; na=not applicable, values 
based on comparison to reference station values. Refer to Section 6.2 for discussion of Tissue 
Concentration Ratio and Tissue Residue Effects weights of evidence and explanation of 
rankings. 
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Figure 6.6-4. Field Effects Indicators and Overall Laboratory Toxicity results for the 
Derecktor ShipyardICoddington Cove study area and Jamestown Potter Cove (JPC) and Castle 
Hill Cove (CHC) reference stations. TOX=Overall Toxicity; BENTH=Benthic Comlmunity 
Structure; Cl=Bivalve Condition Indices; HN=Hematopoietic Neoplasia; P450=Cytochrome 
P450; FPI=Fecal Pollution Indicators. ND=no data; NA=not applicable, values based on 
comparison to reference station values. Refer to Sections 5.2 and 6.4 for discussion of 
Laboratory Toxicity weight of evidence and explanation of risk rankings. Refer to Sections 5.3 
and 6.5 for discussion of Field Effects weight of evidence and explanation of risk rankings. *No 
data available for fecal pollution indicator effects at Station DSY-41; ranking assumed to be the 
same as for Station DSY-40 due to spatial proximity. 



TABLE 6.1-1. Results of Simultaneously Extractable Metal (SEM) and Acid Volatile Sulfide (AVS) 

measurements in sediments and qualitative evaluation of divalent metal bioavailability for the Derecktor 

ShipyardXoddington Cove (DSY) study area and the Jamestown Potter Cove (JPC) reference locations. 
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- Mean of two replicates per station. 
2 - SEM Codes: SEM Cont. 5 5 pmollg = “+“; SEMJAVS > 0.5 = “+” ; SEM-AVS > 5 pmoWg = “+“, 
3 - Overall Risk Ranking: ‘$2’ = no exposure, “+” = exposure seen in one indicator, 
“++” = exposure seen in two indicators, “+++” = exposure in all indicators. 

,,,mrr 

., ‘,“. 

*-_ 

1 ,., 

-- 



+ + 
Ii+ 

+ !’ 
I 

I 

+ 
I 

i+ 
*++ 

+ 
8 

+ 
+ 

+ 

+ 
I 

I 
I 

I 

+++ I 
+ 

+ 
0 

I 

I 
, 

+ 

I 
4 

I 
I 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

- - I 
I 

- + 
4 

- $4 

$ 
: 

:: $ : 
’ 

+ 
’ 

+ $ 
’ 

+ 
’ 

$ i :: 

! 
+ 

/ 
I 

i+* 

I, 
+I 

b 
a+++ 

*++++ 

c 
’ 

+I+ 
’ 

I+ 
’ 

+ 
‘/+ 

c++++ 

r;- 
+I+ 

+ 
- 1 

+ 
$1: 

: 

+ 
$ 

I’; 
: 

: 
+ 

$‘$ 
+ 

o+$$+ 

$Z 
$ 

+ 
4 

+ 
+ 

’ 

l 
++ 

t$i,‘: + 
$1: 

+I 
: 

$’ 

+$+ l 
+ 

+j$.l 

+$+ 

$+ 

I 
,ii 

i. 

* 
+;+ I / 

+ 
+I. I 

+i+ 

,i 

.i. 

I+ 
+ 

:+ 
4 

c 
+ 

: 

:+, 

c 
+ 

4 

:+: 

+ 
4 

: 
+ 

1 

+ 

f 

+ + 

$+ 

I 
6 

, 

I 
+ 

I 

+ I 
+ + ’ 
+ 9 

I + 
) + 

./. 

.i :/. 
I 

+ 
# 

.++ 

. 
0 

: 
’ 

. 
1 

+ 

. 
+ 

+ 

I 
+ 

. 
+ 

+ 
4 



lwls~e~ 

ii35 

WASa 
LE-ASa 
5x-rsa 
SE-AStl 
vc-hsa 
cc-hsa 
ZE-ASCI 

whsa __~_. 
Lb-AS0 
SE-AS3 
6E-hsa 
whsa 
9vhsa 
SE-AS0 
EC-hsa 
6z-ASa 
,ez-hsa 
mhsa 

- - - 
T + 

” - + - 

+ + + 

_ - _ - ” ” - ” ” _ - - ” _ ” - 

+ 
+ + - - - - 

+ + + t + + + t + + + 

+ + 
+ - - + + - - - + + + - + t + t - t 

_ - _ - + - 
- - + 

” - - + _ ” - . 

+ + 

l 
+ - _ - + - _ _ - - _ _ - - l ” - - - 

+ + 

- _ + ” _ _ - ” ” _ _ - - _ - - - 

+ 
+ + _ - _ - 

+ + - - + + - + - + + 

i + - l - + - _ - + + + - - + + l + + + 
_I~---..-- -~ ~~._----.--___~---- 

G _ - + - + - + + + t ++ + + + + ++ ++ + + 

++ + - 
- + ” - 

++ - + + + ++ + + + + - + + - -. -- ~.__--~--.- __. -_--..--- 
; + - - + - + + + l 

_ - - ” ” 

+ l + + + - t + + + + 
" - - _ - 

+ 

++ t - - + + - + + + ++ + - tt ++ + 
+ - + - + + + + + - + - - + + 

++ - + + - + - + - + + + + ++ + + + + 

++ + l + + - - + + + + + ++ + + t+ + t+ 

++ + + ,+ +t + + tt +t 

++ + + - + - + t l t + .+ l + + t ++ +t + 
++ - + + - - + + + + + + ++ - ++ tt 

-. - - T T- 
I_~-.- .~ ___- 

+ + - + - + t - + + + - - + - - - t + 

+ + t - + - + - + + - t l - + - t t - - + - 

+ + - - - + + + - t + t t + t t - t t - t 

++ + - + + - t + + t tt + t + +t + t + t+ + 

I+4 + + - + + + + + ++ t + .+ +tt tt +t t+ + +++ +t + ++ t+ + 

F+, - + + t - t + ++ +tt ++ ++ +++ + +++ +++ +++ a++ +++ ++ 

b+, + - - t + + + ” _ + .+ t+ t+ ++ t++ t t++ +t +t ++ +tt t+ 

++ t + + - + ++ + - + + - _ - _ ” ” - _ _ " _ - vz-hsa -.~.- __------.. .- -- 

+ + 

- ” + - + - 

+ - ; 7 t l + -+ + + + + + + ov-hsa 
+ + _ - - + - + - + + - ” _ ” 

_ t - - + 6E-hsa 
+ - - - + + - + - + + ” - - _ - _ - - - _ 

ec-hsa 
+ + - _ - - + + + - t + - t 

” - 
+ cc-hsa 

+ + ” - _ _ - - - + + l t t - + + + + + whsa 
+ - l - _ ” + + - + + + + + + + + + t t - + ez-hsa 
+ + + - + + + + + - t + - + t + t - BZ-hsa 

++ + - + - + - + - + + ++ + tt + + +t ++ + + + + + 9z-hsa -...~ ---.. -. ____-- ~~ ~..--.- 
++ + - + - - + + - ii G - + t - + t +t 9vhsa 
l + + - + + - + + + b+ ++ - t ++ + tt + t* ++ ++ - ez-hsa 
++ + - - - + + t t ++ + + + - t+ l t+ - t+ I - ez-hsa 
+* 

?j -i; ; 

2 g z 
8 

J 
0 

3 I7 
0 

E 

2 
0 

‘ 

- - - - 

,sa!mds hq V&J=J aupeyy pJeAd!qs ~o)y~a~aa aI,fl~q sJo~da3a&j $aSJel Jo) s6uyue~ (831) o!iea uo!)eJ)ua3uo~ ansql ‘ql-z’g alqel 



Table 6.2-2. Tissue Screening Concentration (TSC) 
benchmarks for evaluation of CoC impacts on target 
species for the Derecktor Shipyard Marine ERA. 

Chemical 
Tissue’ 

Screening 
Class Analyte Cont., @g/g wet) 
Metals Arsenic 1.6 

Cadmium 0.042 
Chromium 0.18 
Copper 0.17 
Lead 0.064 
Mercury 0.12 
Nickel 0.33 
Silver 0.37 
Zinc 2.8 

PAHs Acenaphthene 126 
Acenaphthylene 4.5 
Anthracene 18 
Benzo(a)anthracene 173 
Benzo(a)pyrene 416 
Benzo(b)fluoranthene 419 
Benzo(g,h,i)perylene 1,009 
Benzo(k)fluoranthene 416 
Chrysene 173 
Dibenz(a,h)anthracene 167 
Fluoranthene 18 
Fluorene 11 
Indeno(l,2,bcd)pyrene 1,009 
Naphthalene 6.5 
Phenanthrene 12 
Pyrene 42 

PCBs 

Pesticides 

Sum PCB Congeners x 2 

Aldrin 
Hexachlorobenzene 
Mirex 
o,p’-DDE 
p,p’-DDE 

0.44 

0.71 
32 

0.018 
0.054 
0.054 

TBT Tributyltin 4.1E-03 

‘Shepard, (1995) 
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Table 6.2-3a. Tissue Screening Concentration Hazard Quotients (TSC-HQ) Rankings for Target Receptors foe the 

Derecktor Shipyard Marine ERA by Station’. 
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1 - SpecleslSlatton-spedsc Rankings: TSC-HO>40 = “++y TSC-“Q>,O I “++“: TSC-HQrl = “+1 TSCHPCl prTSCHQ=1 = -*- 

2 - Specaea: CN=cunner: DM=hphyed rnusse,s: ,6M=mdgemur blue mussaI,: LOS=Mbstw MMMatwnwV.¶ mSrCenanS: pM=Atar morr)rWtM 

3 - Rwk Rmkng = maximum of spaaerlstatwt-specxf= ranknga. 

4 _ CUMW measwmmtr nol awlable at JPC-1: valllea are fw mummlchog. 

TSC-HCl = CaC Tissue Wet WelghUTSC Sendmark. TSC Semkmatis are prerentW 117 Table 6.2-2 

DSY=Derecktor ShIpyard: JPC=Jamestown Potter Cove: CHC=Castla Hill Cove. 
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Table 6.2-3b. Tissue Screening Concentration Hazard Quotients (TSC-HQ) Rankings for Target Receptors for the 

Derecktor Shipyard Marine ERA by Species’. 

)SY-!J6 _ _ _ - - _ _ _ - _ _ - - - - 

CHC-, _ _ _ . - _ _ - _ _ _ - _ _ _ _ - - - + - ++ + - _ _ + 
3Sym26 DM _ _ _ _ _ _ _ _ _ _ _ - - _ - 1 - I - - + + + + . _ _ + 

3sy-23 - - _ - _ - _ - _ - - - - - - - - - + + + + - - + _ + 

)syq2g - _ _ _ _ - - . _ - - - - - - - - - - + + + + . + . + 

)SY-3, _ _ _ . - _ _ _ _ _ - _ _ - - - - - - + + + + . - - + 

DSy-33 - - _ _ _ . _ _ _ - _ . - - - 

pJY-38 - - _ _ _ - _ _ _ - _ _ - - - ! - ! - - + + + + - + - 

3sy-39 - - _ _ - _ _ - - - - - - - - - - + + - _ + . + 

DSY-40 - _ _ _ _ _ _ _ _ . - . _ _ - - - - - + + 4. + - + _ + 

JpCl -________---_.- - - - - + + + - - + -+ 

CHG, ___ -__ __-._---- - - + + ++ - +-+ 

DSY-24 IBM - _ _ _ _ _ _ _ - - - - - . - . - + + + + - + - + 

Dsy-25 - _ _ _ _ _ _ _ _ _ _ - _ . _ . - . - + + + - - - _ + 

DSy-26 0 _ _ _ _ _ _ _ _ _ m. e e - - - - - + + + - --- + 

DS,‘-27 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - . - + + ++ + - + _ + 

DSY-28 _ _ _ _ _ _ _ _ _ _ - _ _ - - . - -/- + + - - - - - + 

DSY-35 - . _ _ _ _ _ _ - _ - - - . - - - - - + + + + - - - + 

DSY-36 --______-m-- mm.- - - ++ + - _ + - + 

DSydt) - - _ _ _ _ _ _ _ _ - - - - - - + + + + - - - + 

JPC, _ . _ _ _ _ _ _ _ _ _ _ _ _ -. - - - + + + + e-v+ 

C,,Gf m. _ _ _ _ _ _ _ _ - e e _ - - - - - + + + + - + -+ 

DSY-25 LOB _ _ _ _ _ _ _ _ _ _ - _ . _ - - - / - + + + +++ - - - + + 

~sy-27 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - i - + - + +++ - - - + + 

DSY-28 - _ _ _ _ _ _ _ _ _ _ - - 

DSY-29 - _ - _ - _ _ _ _ _ - - - + +++ - - - + + 

DSy-33 - _ _ _ _ _ _ _ _ _ - - _ +++++ - - + + 

DSy-35 - _ _ _ _ _ _ _ _ _ - - - - + +++ + - - + + 

DSY-36 _ _ _ _ _ _ _ _ _ _ - _ _ + - + ++ - _ - l + 

DSy-38 - _ _ _ _ _ _ _ _ _ _ _ - + +++ - - - + + 

DSY-39 _ _ _ _ _ _ _ _ _ _ _ _ + +++ - - - - + 

JpCj _ _ _ _ _ _ _ _ _ _ - + +++ - - - - + 

C,,Gl _ _ _ _ _ _ _ _ _ _ _ - _ ++++- - - + + 

DSy-35 MM - _ _ _ _ _ _ _ _ _ _ - - - - - A- - + + + - - + - + 

Dsy-41 -___.___e_--e-e ;-.--+++++---+ 

JPC-1 - _ _ _ _ _ _ _ - _ - - - - _/_,_,_ - + + + + - - _ + 

DSy-31 PM - _ - _ - _ _ _ _ - - - - - - 

~sy-32 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ; _ ; - i - - + + + + - - - + 

DSy-33 _ _ _ _ _ _ _ _ _ _ - - - - - - i - / - - + - + - - - - + 

,,Sy-34 _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - / - / - - + + + + - - - + 

DSy-35 _ _ _ _ _ _ _ _ _ _ - _ - - 

DSy-36 - - _ _ - _ _ _ - - - - - - 

()sy-37 - _ _ _ _ _ - - - - - -,+lei- - - - + + - - - 4 

DSy-38 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ i - j - j - 1 - + + + - - - - 4 

DSY-41 - _ _ - _ _ _ _ _ - - - - - - ( - / - I - / - + + + - - - - 4 

Jpc-, _ _ _ _ _ _ _ _ _ _ - - _ - - -, - I - + + + + - - - 4 

t _ Speaes.Stabon-spwfic Rankngt: ~r$&iiQ>.$r~ i “+++“: TSC-“CHCI = “c+“: TSCHO>l = “+” TSC-HCM or TSC-HQ=i = “-* 

2 _ Speaes: CN=amner OM=dep(oysd “wsseb: ,f3,,1ti,genous blue murseb: LOB.labsler: MM=MB~nana “,@‘X”ana: PM=WfBf~Uana. 

3 . Risk Renkmg = maxnTUm of spaaas/sfatwn-speufic rankmgr. 

4 - Cunnef mea%xemMts ~4 avallabb 01 JPC-1: values are for mummlchog. 

TSC-HQ = CoC Tssue Wet WelghtrrSC Bendvnark. TSC Benchmarka are qesentad in Table 6.2-Z 

DSY=Demcktor Shipyard: JPC=Jamestown Potter Cove: CHC=Castls Hill Cove. 
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Table 6.2-4. Critical Body Residue (CBR) benchmarks used for assessment of risks to aquatic receptors 
from tissue residues for the Derecktor Shipyard Marine Ecological Risk Assessment.’ 

Compound 
Arsenic 
Cadmium 
Chromium 
Mercury 
Copper 
Lead 
Nickel 
Silver 
Zinc 

Total PAHs 

p,p’-DDE 

Tributyltin 

Total PCBs 
1 - converted 

Mol. wt 

WM’W 
74.9 
112.4 
52.0 

200.6 
63.6 
207.2 
58.7 
109.7 
6.7 

Test Species 
Daphnia magna 
f-/ya//e/a az teca 
Oaphnia magna 
Uyallela azteca 
Hya//e/a azteca 
Hya//e/a azteca 
Nean thes arenaceoden ta ta 
Corbicula tluminea 
Hyallela azteca 

Crustacean 
Group 

Amphipod 
Crustacean 
Amphipod 
Amphipod 
Amphipod 
polychaete worm 
bivalve mollusc 
Amphipod 

Effect 
10% density loss - 3wk 
80% mortality- 1Owk 
10% density loss - 3wk 
80% mortality- 1Owk 
71% mortality- 10wk 
69% mortality- 1Owk 
acute mortality- 1 Od 
50% reduced growth - 3wk 
65% mortality- 1Owk 

CBR Chronic 

(cIMol/g dry W 
2.3 
0.27 
5.4 

0.45 
1.4 

0.72 
1.8 
1.1 

62.5 

202.6 My/i/us edulis bivalve mollusc reduced feeding rate 

egg hatchability 

reduced feeding rate 

0.40 

318 Salmo truta fish 1.1 

325.50 Myti/us edulis bivalve mollusc 0.03 

347.5 Pimephales promelas Ifish reduced fecundity 0.20 

1 dry weight assuming CBRdWwt = CBRti ti x 5; 

(a) value reported on mass basis (e.g. pg/g) - converted to volume basis (pMol/g) 
(b) converted to chronic value assuming chronic CBR = acute CBR/lO. 
(c) Reported concentration = NOAEL, converted to LOAEL, assuming LOAEL= NOAEL x 10. 
References: 
1 - Enserink, Mass-Diepeveen and Van Leeuwen, 1991. 
2 - Borgmann et al. , 1991. 
3 - Borgmann, Norwood, and Clarke, 1993. 
4 - Pesch et a/., 1995. 
5 - Diamond et al., 1990. 

6 - Harkey, Kane-Driscoll and Landrum, 1995. 
7 - Arnold and Biddinger, 1995. 
8-Macetal., 1981. 
a - \nrjhhlc at a/ 1 mm ” - . . ““I..” “. .-.., .____ 
10 - USACE, 1995. 

Zomment 

(4 

(4 
(4 
(a) 
(b) 
(4 
(4 

(4 

W) 

(4 

(4 

F 

- 

?eferencc 
1 
2 
1 
3 
3 
3 
4 
5 
1 

7 

8 

9 

10 



Table 6.2~5a. Critical Body Residue Hazard Quotients (CBR-HQ) Rankings for Target Receptors for 
the Derecktor Shipyard Marine Ecological Risk Assessment by Station’. 

LOB 
NY-26 CN 

DM 

IBM 
DSY-41 MM 

PM 

JPC-1 CN’ 
DM 
IBM 
LOB 
MM 

DM --L IBM 
LOB 

- Analylbspeaf~~ Rank 

_i- -i- 
_I_ - I - 
_I_ _! 

- _ - 1 _ 

: CER-HO< I= .-I: CBR-HQ>l = + 

i : i : / : 1 1 
‘_I_ :i-i.ie’ 

- - - - - 
i - _/_ - - -/- 

: I - / ; 

:i:i:I; :j: 
: / ! / i 

- ; - / I_ - _,_ i- -I- I-(- - -j-,-,-j+ 

/ - 1 - ! - + - _(_j_ + 
_ - - _ - - I _/_ - - -,- :/: : 
_I_ - - _ - - - 
_ _ - - - - 
_ _ - - _ - :I: : 
_ _ _ - - - _ - + 
_i_ _ _ - _ _ - + 

_ - - i + I - I - ’ _ I - , + 

BR-,-IQ,3 I “++“: CBR+iQ>40 = “+++‘. 

+ 

+ 

- 

+ 

+ 
- 

+ 

+ 
- 

L 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ - 
+ - 
+ 
+ 
+ - 
+ 
+* 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
l 

- 

+ 

+ 

+ 

2 _ Species: CN=amner: DWdeployal mussels: iBM=indigenws blue mussels: LOS*lObst% 

MM=Mercanane menanara: PM=ma~l?m7iwam. 

3 - Critical B&y Rer~dues Bendmaha: See Table 62.3. 

4 - Species/Station-specittc Rankings: maxtmum ot anaiyltsapedflc rankings. 

5 - Gunner meamwnentt not available at JPC-1: valuea am for mummlchog. 

CBFWQ = measured CSR/CBR Benchmark. CSR Benchmarks pmented in Table 6.24. 

DSYWwec+ctor ShIpyard; JPC=Jamestown Potter Cove: CHC=CasUe l-4111 Cove. 



Table 6.2~5b. Critical Body Residue Hazard Quotients (CBR-HQ) Rankings for Target Receptors for 
the Derecktor Shipyard Marine Ecological Risk Assessment by Species’ 
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3 - critical Body Residues Benchmarks: See Table 6.23. 

4 - SpecleslStati~mpedfic Rankings: maamum of analytbrpaaflc rankmgs. 

5 - Cunnm measumants not avallabla at JPC-1: values are kx mUmmldWJ. 

CBR-HQ = measured CSRKXR Benchmark CSR Bencnmahs prerented in Table 6.24. 

OSY=DeFecktw Shward: JPC=Jamestwn Potter Cove: CHC-Castle Hill Cove. 
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Table 6.3-l. Documentation of Avian Aquatic Receptor Exposure Factors for the Derecktor Shipyard Marine ERA. 

Receptor Body Weight Food Consumption Rate On-site Feeding Area: Migration Feeding Fraction, FF Exposure Factor’ 
Group WY kg) (FCR; kg dry wt/day) Foraging Area Ratio (alfa) Factor (MF) (kg prey/kg total diet) (EF; kg dry wt/day: 

lerring gull 1.00 0.50 1.0 0.6 1.0 0.30 
(EPA, 1993) Estimated using Assumes receptor Spring/Fall Target receptors: 

allometric equation feeds exclusively at site. Feb. - Aug. Cunner 
specific for seabirds: NW Atlantic Deployed blue mussels 

FCR = 0.495Bti 7M populations Indigenous blue mussels 
(Nagy et al., 1987) (Burger, 1982) Lobster 

Mercenaria mercenaria 
Pifar morrhuana 

&eat Blue 
leron 

2.23 0.42 1.0 0.7 1.0 0.28 
(EPA, 1993) Estimated using Assumes receptor Spring/Fall Target receptors: 

allometric equation feeds exclusively at site. Mar. - Oct. Cunner 
specific for herons: Northern U.S. Deployed blue mussels 

Lo9 FCR=0.966’logBW - 0.64 (Palmer, 1962) Indigenous blue mussels 
(Kushlan, 1978, cited Lobster 

in EPA, 1993) Mercenaria mercenaria 
Pitar morrhuana 



Table 6.3-2. Documentation of Toxicity Reference Values (TRVs) used for calculation of risks to Avian Aquatic Receptors of Concern (RoC) consuming prey 
in the Derecktor ShipyardlCoddington Cove study area. 

RECEPTOR 
.hemrcal 
“ass RoC lb Target Analyte 0 RW’ 
IET Arsenics Gull 1 00 

AH 

CB 

ST 

T 

ltieron 
Cadmmmf Gull 

Heron 
Chrommms Gull 

Heron 
Copperu Gull 

Heron 
Lead’ Gull 

Heron 
Mercur# Gull 

Heron 
Nrckelk Gull 

Heron 
Sb3 Gull 

Heron 
ZmcL GUI1 

Heron 
1.6.7.Tnmethytnaphthalene 
1Methykmphthalene 
I-Melhylphenanthrene 
2,6Dimethylnaphthalene 
2-Melhylnaphthalene 

Acenaphthene 

Acenapthytene 

Anthracene 

Benz]a]anthracene 
Benzo[a]pyrene 
Eenzo[bpuoranthene 
Benzo(e)pyrene 
Benzo(Q.h.i)perylene 
Benzo[k]Ruoranthene 
Ehohenvl 

Gull 
Heron 
Gull 
Heron 
Gull 
Heron 
Gull 
Heron 

Clifyseite 
Dibenz[a.h]anthracene 
Nuoranthene 
Fluorene 

Indeno[l.2.3-cdlpyrene 
Naphlhalene 

Perylene 
Phenanthrene 

Pyrene 
Total PCBs (c) 

Aldrm 

Hexachlorobenzene 
Mirex 
o.p’-DDE 
p,p’-DDE 

Monobutyltin 
Drbulyltm 
Tnbutyttm 

Gull 
Heron 

Gull 1.00 
(Heron 2.23 

body weight. 2 - (mg C&/kg-w/day). 3 - Convenbn Esctor for r 
‘C=Expusure Point Canceniratob. A) Basd on Arochlor 1254 to> 

Gull 
Heron 

Gull 
Heron 

Gull 
Heron 

Gull 
Heron 

Gull 
Heron 

2 23 
1 00 
2 23 
1 00 
2 23 
1 00 
2.23 
1 00 
2 23 
1 00 
2 23 
1 00 
2 23 
1 00 
2 23 
100 
2 23 

1 00 
2 23 
1 00 
2 23 
1.00 
2.23 
1.00 
2.23 

1 00 
2 23 
0.08 
1 00 
2 23 

1 00 
2.23 

1 00 
2 23 

1 00 
2 23 

1.00 
2 23 

Test Species 
Mallard duck 
Mallard duck 
Mallard duck 
Mallard duck 

TEST SPECIES DATA 
Endooint 

E ( a) 
l”oO”o 

Endpoint vai eZ Reference 
Chronic NOAEL 5 14 

1 
Ooresko et al 1995 I 
ODrasko et al 1995 1 1 .ooo 

1 000 
1 000 
1.250 
1 250 
0 534 
0.534 
0 130 
0 130 
0 150 
0.150 
0 782 
0 782 
0 600 
0 600 
1.935 
1 935 

Chronic NOAEL 
Chronic NOAEL 
Chronic NOAEL 
Chronic NOAEL 
Chronic NOAEL 

5 14 
1 15 
1 15 
1 .oo 
1 00 
47.0 
47.0 
3.85 
3.85 
0.45 
0.45 
77.4 
77.4 
8.30 
8.30 
14.5 
14 5 

Black duck 
Black duck 

Chicken, I-70 day-e old 
Chicken, I-70 days old 

American kestrel 
American kestrel 
Japanese Quail 
Japanese Quail 

lallard duck, I-90 days 01 
lallard duck, I-90 days ol 
Mallard duck (juvenile) 
Mallard duck (juvenile) 
White Leghorn Hens 
White Leghorn Hens 

No Data 
No Data 
No Data 
No Data 

Mallard duck 
Mallard duck 

Red-winged blackbird 
Red-winged blackbird 
Red-winged blackbird 
Red-winged blackbird 
Red-winpad blackbird 
Red-winged blackbird 

No Data 
No Data 
No Data 
No Data 
No Data 
No Data 
No Data 
No Data 
No Data 
No Data 

Red-wnged blackbird 
Red-w$;a;xkbird 

Mallard duck 
Mallard duck 

Mallard duck 
Mallard duck 

No Data 
Rmg-necked pheasant 
Ring-necked pheasant 

ing-necked pheasant (JUV) 
mQ-nackN~ $;=mant Quv) 

No Data 
No Data 

Mallard duck 
Mallard duck 

No Data 
No Data 

Japenese Qua11 

1 000 1.5 yr. NOAEL 1 36 Heath et al. 1972 
1 .ooo 1.5 yr NOAEL 1.36 Heath et al 1972 

1 36 1.36 
1 36 1.04 

0.150 Chronic NOAEL 6 80 Van Vleet 1982 6.8 
Japanese Cluali 0 150 Chronic NOAEL 6.80 Van Vleet 1982 6.8 

Chrenk NOA6L drts; 4 - test specks NOAEqbw tsstmw Rot)‘“; see 8ectbn 6.3; 5 - Food Consumption Rate (k.9 prey/day); see Set 
1: e) NOAEL = No ObserveMa Effect Lwst (mg Cocng-RorXsy); C) NOAEL tsvst ror CcC eencentmtbn in food (mg CcCrk~ prey dry ( 
rids: 0) ersumed to be )n the form of Cr(+3); H) .wsumed to be h the form 01 copper oxk% I) assumed to be In the form d metal; J) as 

Chronic NOAEL 
Chronic NOAEL 
Chronic NOAEL 
Chronic NOAEL 
Chronic NOAEL 
Chronic NOAEL 
Chronic NOAEL 
Chronic NOAEL 

4 wk NOAEL 
4 wk. NOAEL 

Chronic NOAEL 
Chronic NOAEL 

Opresko et al 1995 
Opresko et al 1995 
Opresko et al. 1995 
Opresko et al 1995 
Opresko et al 1995 
Opresko et al. 1995 
Opresko et al. 1995 
Opresko et al 1995 
Opresko et al 1995 
Opresko et al 1995 
Opresko et al. 1995 
Opresko et al 1995 

Van Vleet 1982 
Van Vleet 1982 

Opresko et al 1995 
Opresko et al 1995 

1 000 
1 000 
0 065 
0 065 
0 065 
0.065 
0.065 
0.065 

7 mo LOAEL 

7A%%EL 
Acute LO: 
Acute LDw 
Acute LDw 
Acute LDsD 
Acute LDso 

600 See Naphthalene 
600 See Naphthalene 
101 Schafer et al 1983 
101 Schafer et al. 1983 
101 See Acenaphthene 
101 See Acenaphthene 
Ill Schafer et al 1983 
111 Schafer et al 1983 

0.065 Acute LDm 101 Schafer et al 1983 
0.065 Acute LDso 101 Schafer et al 1983 

1 000 7 mo LOAEL 
1 .ooo 7 mo LOAEL 

Eisler 1987 
Eisler 1987 

1.000 
1000 

1 000 
1 .ooo 

0 800 
0 800 

7 mo LOAEL 
7 mo LOAEL 

Chronic NOAEL 
Chronic NOAEL 

7 wk NOAEL 
7 wk NOAEL 

600 
600 

600 
600 

0 18 
0.18 

005 
005 

Ersler 1987 
Emler 1987 

Opresko et al 1995’ 
Opresko et al. 1995’ 

Hall et al 1971 
Halletal 1971 

, 

Safety Benchmat 
.acto~ NOAFL 

1 5 14 
5 14 
1 15 
1 15 
1 00 
1 .oo 
47.0 
47.0 
3.85 
3 85 
045 
0.45 
77.4 
77.4 
0.83 
0.83 
14.5 
14 5 

3.93 
1 15 
0.88 
1 08 
0 82 
38 1 
29 2 
1.95 
1 49 
024 
0 18 
71 3 
54 6 
0 70 
0 54 
18 1 
13 8 

EC& 
0 61 
1 07 
0 61 
1 07 
0 61 
107 
0 61 
1.07 
0 61 
1 07 
0 61 
1 07 
0 61 
107 
0.61 
1.07 
8.61 
1.07 

0 61 1 89 
0 48 1 83 
0 61 1 77 
0 48 1 72 
0 61 62 6 
0 48 60 7 
0 61 3 20 
0 48 3 11 
0 61 0 39 
0 40 0 30 
0 61 117 
0 48 114 
0 61 1 15 
0 48 1 11 
061 29.64 
0 40 28 77 

2 
1 26 
126 
1.26 
1.26 
1.39 
1.39 

60.0 0 61 0 61 98 4 
45.9 1 07 0 48 95 5 
0.51 0 61 0.61 0 83 
0 39 107 0 40 0 81 
0 51 0 61 0 61 0 63 
0 39 1 07 0.46 0 81 
0 56 0.61 0 61 0 92 
0 43 1.07 0 48 0 69 

1 26 0 51 0 61 0 61 0 83 
126 0 39 1 07 0 48 0 81 

60 
60 

60 
60 

0 18 
0 18 

0 005 
0 005 

60 0 
459 

60 0 
45 9 

0 18 
0 14 

0 005 
0 004 

061 0 61 98 4 
1 07 0 48 95 5 

0 61 
1 07 

98 4 
95.5 

0 61 
1 07 

061 
1 07 

061 
0 48 

081 
0 48 

061 
0.48 

0.61 061 
1.07 L 0 48 

061 061 
107 0 48 
c.zbod y weght: 7 -I .- x bancsm. E) assur 

0 30 
0 29 

0 008 
0 007 

2 23 
2 17 

ned I 

5 93 
5 75 

NOAWl. 
to be In the 



Table 6.3-3. Qualitative summary of CoC risks to Avian Aquatic Receptors consuming prey in 
the Derecktor ShipyardXoddington Cove (DSY) study area and Jamestown Potter Cove (JPC) 
and Castle Hill Cove (CHC) reference locations. 

A. Herring Gull HQ (Benchmark = TRV-EPC). 

Station 
XY-26 
ISY-28 
WY-29 
ZISY-36 
JPC-I 
CHC1 
XY-26 
ISY-28 
3SY-29 
JSY-31 
XY-33 
DSY-38 
DSY-39 
3SY-40 
JPC-1 
CHC-1 
WY-24 
DSY-25 
NY-26 
DSY-27 
DSY-28 
DSY-35 
DSY-?I6 
DSY-IO 
JPC-1 
CHC-1 
DSY-25 
DSY-27 
DsY-28 
DSY-29 
DSY-33 
DSY-35 
DSY-36 
DSY-38 
DSY-39 
JPC-I 
CHC-1 
DSY3! 
DSY-41 
JPC-I 

DSY-31 
DSY-3: 
DSY-3: 
DSY-3r 
DSY-3! 
DSY9t 
DSY-3 
DSY-31 
DSY-4’ 
JPC-1 

.RV = To> 

:I 
j j 

3 I 
7i 
31 
I i 

& 

CN 

CN 

CN 

CN 

CN 

CN 

DM 
DM 
DM 
DM 
DM 
DM 
DM 
DM 
DM 
DM 
IBM 
IBM 
IBM 
IBM 
IBM 
IBM 
iBM 
IBM 
IBM 
IBM 
LOB 
LOB 
LOB 
LOB 
LOB 
LOB 
LOB 
LOS 
LOB 
LOB 
LOB 
MM 
MM 

MM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 

r Refare 

c - + - - . - + + 

+ _ + - _ - - - + 

_ _ + - _ - - - + 

+ - + - - - - - + 

- - + - - - - + + 

+ _ + - - - - - + 

_ + - - - - - + 

- _ + - + - - - + 

_ - - - - + 

+ _ + - + - - - + 
+ _ + - - - - - + 
_ _ + - _ - - - l 

- _ + _ _ - - - + 

_ + _ _ - - - + 

_ _ + . - - - - + 

_ _ + - _ - - - + 

- - + _ _ - - - + 

+ - _ + - - - + + 

_ _ - - - + 

+ - _ + - - - + , 

+ - + + - + - + 1 

+ _ - + - - - + -I 

+ _ + - - . - + 4 

+ _ + + - . - + 4 

l _ + - - - - + 4 

+ * * + - - - + 4 

+ - _ + - + - - 4 

_ _ . _ _ _ - - i 

+ - _ + - - - + i 
_ _ + _ - - - - i 
_ _ _ - - - - + . 
- _ + - _ _ - _ . 
+ _ + _ . - _ - . 
_ _ _ - _ - _ + 
_ _ + - - _ - - 
+ - + _ _ _ _ _ 
+ _ + _ _ - - - 
- _ + _ - _ - - 
_ _ _ - - _ - - 
_ - + - _ _ - - 
_ - + - _ - - - 
+ _ + _ _ - - - 

Value: data ham Table6.3-2. EPC = Exposure POrntC 

x 
.? 

-2 . _ 
. - 
. _ 
. _ 
. _ 
_ _ 
_ _ 

_ _ 

_ _ 
_ _ 

I - 
” _ 
” _ 

_ _ 
_ _ 
_ _ 
- _ 
_ _ 

- - 

. - 

_ - 

. - 

_ - 

- . 

_ . 

_ . 

- 

HQ = Hazard Quobent = Pray EPUIRV.EPC: Risk Rmkmg: HQ>l = “em, W&IO = ‘*+“, HCWO = **+** 



Table 6.3-3 (continued). Qualitative summary of CoC risks to Avian Aquatic Receptors 
consuming prey in the Derecktor ShipyardKoddington Cove (DSY) study area and Jamestown 
Potter Cove (JPC) and Castle Hill Cove (CHC) reference locations. 

B. Herring Gull HQ (Benchmark = TRV-Dose). 

DSY-28 I LOB 

QSY-37 PM _ _ - _ _ _ - - + - - - - - - - 
DSY-38 PM _ _ _ _ _ _ - - + - - - - - - - 
DSY-4, PM _ _ _ _ _ - - - + _ - - - - - - _ - - 
JPC-1 PM _ _ _ _ _ _ _ _ + - _ - _ - - - _ _ - 

Risk Ranktg: HO1 = “+* 

? 
9 

i 

? 
L 
c 
+ 
+ 
+ 
+ 
+ 
F- 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
T 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
7 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

5 
+ 
+ 

5 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
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Table 6.3-3 (continued). Qualitative summary of CoC risks to Avian Aquatic Receptors 
consuming prey in the Derecktor ShipyardlCoddington Cove (DSY) study area and Jamestown 
Potter Cove (JPC) and Castle Hill Cove (CHC) reference locations. 

C. Great Blue Heron HQ (Benchmark = TRV-EPC). 

Station 
DSY-26 
DSY-28 
3SY-29 
DSY-36 
JPC-1 
CHC-1 
DSY-26 
DSY-28 
DSY-29 
DSY-31 
DSY-33 
DSY-36 
DSY-39 
DSY40 
JPC-1 
CHC-1 
DSY-24 
DSY-25 
DSY-26 
DSY-27 
DSY-26 
DSY-35 
DSY-36 
DSY40 
JPC1 
CHC-f 
DSY-25 
DSY-27 
DSY-20 
DSY-29 
DSY-33 
DSY-35 
DSY-36 
DSY-36 
DSY-39 
JPC-1 
CHC-1 
DSY-35 
DSY41 
JPCI 

DSY-31 
DSY-32 
DSY-33 
OSY-34 
DSY-35 
DSY-36 
DSY-37 
DSY-38 
DSY41 
JPC-1 

/ T j I I :I 
i 

1 ! I , 

peciet 
CN 

CN 

CN 

CN 

CN 

CN 

Oh4 
DM 
DM 
DM 
DM 
DM 
DM 
DM 
DM 
DM 
IBM 
IBM 
IBM 
IBM 
IBM 
IBM 
IBM 
IBM 
IBM 
IBM 
LOB 
LOB 
LOB 
LOB 
LOB 
LOB 
LOB 
LOB 
LOB 
LOB 
LOB 
MM 
MM 
MM 

PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 

_ _ _ _ _ - - + 

_ _ _ - _ _ _ _ 
_ - _ _ - _ - + 
_ - _ - - - - + 

- + - 
_ + _ - - _ - + 

+ - + - - - - + + 
+ _ + - - - - - + 

- + _ _ - - - + 
+ _ + - . - - - + 
- - + - - - - + + 
+ - + _ - - _ - l 

_ _ + - - - - - + 

- _ + _ . - - - + 

_ _ + _ - - - - + 
+ + + - + - - - + 
+ - + - - - - - + 
+ _ + _ _ - - - + 
_ _ + _ _ - - - + 
- _ + - - - - - + 
- _ + - - - - - + 
_ _ + _ _ - - - + 
_ _ + _ - - - - + 
_ _ + - + - - - + 
_ _ + _ - - - - + 
+ _ - + - - - + + 
+ - + + - + - + + 

+ _ - + - - - + + 
+ - l - - - - + + 

+ - + + - - - + + 

+ _ + - - - - + + 

+ - + + - - - + + 

+ _ - + - + * - + 

+ _ - + - - - + + 

- + - - - + + 

_ _ + - _ - - - + 
- _ + _ - - - + + 

- - - - + 
+ _ + - _ - - - + 

- _ + _ _ - - + 4 

_ - + - - - . - 4 

+ _ + - - - - - 4 

+ _ + _ - . - - 4 

_ _ + - - - - - 4 

- _ + - - - - - 4 

_ _ + _ - - - - 4 

_ _ + _ - - - - 4 

+ _ + - - - - - 4 

value: data mm Table 63.2. EPC = Exposure Pobm c 

_ _ - - - - - 
_ _ - - - - - 
_ - . - - - - 

_ _ _ - - - - 
_ _ _ - - - - 

_ _ - - 
_ _ - - - - - 
_ _ _ - - - - 
_ _ _ - - - - 
_ _ _ - - - - 
_ _ - _ - - - 

_ _ - - 
_ _ _ - - - - 

_ _ - - 
- - 

_ _ - - - - - 
- _ - - - - - 
. - _ - - - - 
- _ _ - - - - 
_ _ _ - - - - 

- _ - - 
- _ - - 

_ _ _ - - - - 
_ _ - - - - - 
_ _ - - - - - 
_ - _ - - - - 

_ _ - - - - - 
_ _ _ - - - - 
_ _ _ - - - - 
_ - _ - - - - 
_ _ - - - - - 
- - _ - - - - 
_ _ _ - - - - 

_ _ - - 
_ - _ - - - . 
_ - _ - - - . 
_ - _ _ - - . 

“umoil (Pray spaes conunmbM1): Da 

; > 
I 5 2. + 
H 
I+ 
H 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
7 
+ 
+ 
+ 
+ 
+ 
+ 
l 

* 

+ 

5 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ - 

- 

P 

! 

i 

L 
+ 

.+ 

+ 

-+ 

+ 

+ 

T 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

T 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

5 

+ 

+ 

+ 

+ 

+ 

+, 

4, 

4, 

4, 

4. 
-. 

47 

4 

4 
-. 

-, 

I 

4 

.t 

,, 

4 

1 

4 

w. 



Table 6.3-3 (continued). Qualitative summary of CoC risks to Avian Aquatic Receptors 
consuming prey in the Derecktor ShipyardKoddington Cove (DSY) study area and Jamestown 
Potter Cove (JPC) and Castle Hill Cove (CHC) reference locations. 

D. Great Blue Heron HQ (Benchmark = TRV-Dose). 

TRV = Toxlaty Rat- Valea: aan fmm Table 6.52. Data hum AppaM* AZ. 

HQ = HiU&d Owhsnt = F’my Lh.sa!lRVDose: Dose = pray cow~~d~at100 X 0.28: Risk Ranbng: HQz-1 = “*“, H&-l0 = *++*, Ha>20 = “+**“. 

D 
i 

i 

i 
i 
c 
+ 
+ 
+ 
t 
c 
;- 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
r 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
T 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
* 
-T 
+ 
+ 

5 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 



Table 6.3-4. Overall quaiitative summary of CoC risks to Avian Aquatic Receptors cons,uming 
prey in the Derecktor ShipyardKoddington Cove (DSY) study area and Jamestown Potter 
Cove (JPC) and Castle Hill Cove (CHC) reference locations. 

A. Herring Gull 

Cunner Deployed lenous Lobster 
me - ML r 

“a 
Ei 
4 a 
I 

+ 

+ 
+ 

+ 

+ 
+ 

5% 

“cn 
.$ 

i 
a 
Y 
.” 
IY - 

+ 

++ 
++ 

i Station 
DSY-24 
DSY-25 
DSY-26 
DSY-27 
DSY-26 
DSY-29 
DSY-30 
DSY-31 
DSY-32 
DSY-33 
DSY-34 
DSY-35 
DSY-36 
DSY-37 
DSY-36 
DSY-39 
DSY-40 
DSY-41 

Jpc-I4 
- 

+ + + 
CHC-1 + I + + I 
- HQ-El q i? see ble 

- 

2 - Ha-Dose = DoseTTRV-Dose; see Table 6.3-3. 
3 - Species-specific ranking = maximum of indicator-specific rankings. 
4 - Cunner measurements not available at JPC-1; values are for mummlchog. 
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- 
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Table 6.3-4 (continued). Overall qualitative summary of CoC risks to Avian Aquatic Receptors 
consuming prey in the Derecktor ShipyardEoddington Cove (DSY) study area and Jamestown 
Potter Cove (JPC) and Castle Hill Cove (CHC) reference locations. 

B. Great Blue Heron 

l- l- T 
P 
s 
2 
E! 
I 
8 
3 
= 
f 
ii 
+ 
+ 
+ 
+ 
+i 
++ 

+ 
+ 
+ 
+ 
+ 

+4 
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+ 
+ 
+ 
+ - 
+ 
+ 

l- Mercet?aria Pitar Cunner Lobster Deployed Indigenous 

P 
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E 
a 
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B 

+ 
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+ 

+ 

+ 
+ 
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+ 
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- 
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- 
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+ 
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+ 
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+ 
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+ 
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zz 

+ 
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6 
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* 
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+ 
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+ 

+ 
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+ 
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F 
a 
E 
a 
% 
g?- 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 

- 
+ 
+ - 

- 

P 
.z 
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.B 
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+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ - 
+ 

- 

T- 
I 

I 
I 
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/ 

Station 
DSY-24 
DSY-25 
DSY-26 
DSY-27 
DSY-28 
OSY-29 
DSY-30 
DSY-31 
DSY-32 
DSY-33 
DSY-34 
DSY-35 
DSY-36 
DSY-37 
DSY-38 
DSY-39 
DSY-40 
DSY41 
Jpc-14 
CHC-1 
- HQ-EF 

+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 

c - 
+ 
+ 

++ 
++ 

++ 

- 

+ 
+ 

* 

- 

i: 

2 - HQ-Dose = Dose/TRV-Dose; see Table 6.3-3. 
3 - Species-specific ranking = maximum of indicator-specific rankings. 
4 - Cunner measurements not available at JPC-1; values are for mummichog. 
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Table 6.6-3. Overall Summary of Exposure and Effects-based Weights of Evidence and 
Characterization of Risk for the Derecktor Shipyard Marine Ecological Risk Assessment. 

l- Sediment Hazard Quotient Risk Ranking: see Table 6.6-l. 
2- Elutriate Hazard Quotient Risk Ranking: see Table 6.6-l. 
3- SEM and AVS Risk Ranking: see Table 6.6-l. 
4- Tissue Concentration Ratios Risk Ranking: see Table 66-1. 
6- Tissuebased Risk Ranking: Based on Site vs. Reference Tissue Concentration Ratio (Table 6.6-l) 

Tissue Screening Concentration (Table 6.6-2) and Critical Body Residues (Table 6.62). 
6 Laboratory Toxicity Risk Ranking: see Table 6.6-2. 
7- Field Efb&a Ranking: Based on results of Condition Index, Benthic Community Structure, Hematopoietic neoplasia, 

cytochrome P450, and fecal pollution indicators; sea Table 6.6-2. 
6- Avian Predator effects ranking based on Toxicity Reference Value Hazard Quotients: see Table 6.62. 
9 Overall Exposure/Effects (E/E) Ranking: 
6 = Baseline Risk; L = Low Risk Probability; I = Intermediate Risk Probability: H = High Risk Probability. 
Rankings for stations for which only one WoE observation was available are equal to the WOE observation ranking. 

B = LOW (+) E/E ranking observed for only one indicator or baseline E/E ranking observed for all indicator& 
L = Intermediate (++) E/E ranking observed for only one indicator or low (+) UE ranking observed for two or more indicators; 
I = High (+++) E/E ranking observed for only one indicator or intermediate (++) E/E ranking observed for two or more indicators; 
H = Intermediate (++) or greater E/E ranking observed for two indicators includinqhigh (+++) E/E ranking observed for one indicator. 

10- Overall Risk Ranking (See also Section 6.6): 
Baseline = No greater than Baseline (B) ranking for E/E WOE summaries; 
Low = No greater than Low (L) ranking for E/E WOE summaries, s Intermediate (I) ranking for one WOE summary and 

no greater than Baseline (B) ranking for the other WOE summary; 
intermediate = No greater than Intermediate (I) ranking for E/E WOE summaries, g High (H) ranking for one WOE and 

no greater than Low (L) ranking for the other WOE summary; 
High = High (H) ranking for one WOE summary and Intermediate (I) or greater ranking for the other WOE summary. 



Table 6.7-l. Potential sources of uncertainty and relationship to true degree of adverse exposure as inferred 
from tests performed to support the Weight of Evidence (WOE) approach for the Derecktor Shipyard 
Marine Ecological Risk Assessment. 

exposure conditions: 
. Inadequate spatial and temporal representation of the evaluated habitat and site/reference zone by a 

limited number of sampling stations, and assoctated extrapolations (and assumptions) from point 

. The pesticides o.p’-DDE and aldtin were not quantified accurately due to anatytical interferences; 

. Sediment benchmarks used to derive Hazard Quotients and Indices were derived from data where 

. Other binding factors (e.g. organic carbon) may decrease metal bioavailability in conditions of low AVS. 

atlos . Reference tissue residue concentrations used as benchmarks are likely to be below the threshold for r 
adverse exposure. 

t = “false positive”, e.g. true degree of adverse exposure is likely to be overestimated by the test. 
L = “false negative”, e.g. true degree of adverse exposure is likely to be underestimated by the test. 
t& = true degree of adverse exposure may be either UndereStimated or overestimated by the test. 



Table 6.7-Z. Potential sources of uncertainty and relationship to true degree of adverse effects as inferred 
from tests performed to support the Weight of Evidence (WOE) approach for the Derecktor Shipyard 
Marine Ecological Risk Assessment. 

pOtential Synergistic or antagonistic impacts of GaC t& 

residue and station-specific CoC concentrations in sediments: 
. Variation in lipid content among target species as a factor governing bioavailability and potential effects; TJ 
s Limited number of Toxicity Reference Values (TRVs) available as benchmarks for assessment of tissue L 

residue impacts: 
. Extent to which metabolic activities in cunner reduce parent PAH tissue residue concentrations to 1 

unmeasured constituents of potential toxicological significance; 
. Lack of empirical evidence linking contaminant concentratfons in tissue with presumed effects. t1 

not accounted for in data interpretation: 
. Elutriate test specfes fertilization response affected by resuspended solids. t 

l Accuracy of indicators (e.g., diversity and numbers of species) for detection of effects is unknown: 

t1 

. Availability of historical data from quantitative benfhic community studies in the study area is lacking: 

. Relative sensitivity of observed species to various pollutants is unknown. :: 

bivalve Condition . Sensitivity of surrogate species may not be Comparable to indigenous species; 
. Sublethal indices may change with season, reproductive status, and age. ::: 

. Incomplete knowledge as to degree of natural variation in response; t1 

. Assumed relationship between neoplasia incidence and site-related CoC exposure may be spurious. t 

. P450 benchmarks for cunner derived from another SPeCies: t1 

. Degree to which estimated increases in P450 activity reflects a true, adverse physiological effect is t1 

recal Pollution 

ndicators (FPI) . Individual temporal variation and comparability among target receptor FPI tissue residue concentration i 

. Birds may not feed exclusively at the Site; 
edes used in modeling may not be adequate surrogates for other organisms in the diet of gulls 

.J = “false negative”, e.g. true degree of adverse effects is likely to be underestimated by the test. 



7.0. SUMMARY AND CONCLUSIONS 

This section summarizes the results of the marine Ecological Risk Assessment 

conducted for the Derecktor Shipyard, located at the Naval Education and Training 

Center (NETC) in Newport, RI. The U.S. EPA’s ERA Framework and applicable EPA 

Region I guidance were used to generate and interpret the data required to complete 

this risk assessment. The objectives of this study were to: 

a Assess ecological risks to the offshore environments of Coddington Cove 

and Narragansett Bay from chemical stressors associated with Derecktor 

Shipyard; 

a Develop information sufficient to support risk management decisions 

regarding site-specific remedial options; and 

0 Support communication to the public of the nature and extent of 

ecological risks associated with Derecktor Shipyard. 

The following sections present and discuss the findings of this Marine Ec:ological 

Risk Assessment (ERA), including Problem Formulation, Site Characterization, 

Exposure and Ecological Effects Assessments, Characterization of Ecological Risks, 

Risk Synthesis and Uncertainty Analysis. 

7.1. SYNTHESIS OF STUDY FINDINGS 

A summary of environmental risk for the Derecktor ShipyardKoddington Cove 

study area was presented in Table 6.6-3. The table includes a summary of the 
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measurement on exposure-based endpoints (i.e., Hazard Quotients based on chemical 

concentrations in sediments and elutriates, measures of SEM bioavailability, and tissue 

concentration ratios) and effects-based endpoints (i.e., tissue residue effects, laboratory 

toxicity tests, and field effects and effects on avian predators). The tissue data was 

used to represent a measurement endpoint for potential effects, as well as exposure 

point measures as related to food web transfers of contaminated prey to avian aquatic 

predators. 

The identified risks by station are based primarily upon summaries of each 

weight of evidence, with special attention paid to concordance between exposure- and 

effects-based weights of evidence. This evaluation of weights of evidence addresses 

only current conditions and levels of activity at the site, and does not address future use 

scenarios involving fundamentally different conditions and activities at the site. 

Estimated risks at the Derecktor Shipyard/ Coddington Cove stations were grouped into 

four primary classes: baseline, low, intermediate and high, based on definitions 

outlined in Section 6.6. 

High Risk Stations. In the present investigation, two stations (Stations DSY-27 

and DSY-29) were assigned to the high risk category. Risks to avian predators at 

Station DSY-29 ranked only as intermediate although the exposure assumptions used 

were highly conservative. Plausible exposure-response relationships were observed for 

some CoC-receptor pairings (e.g., .sediment PAHs with benthic community structure; 

sediment PCBs and indigenous mussel condition). 

intermediate Risk Stations. Intermediate ecological risks are those risks which 

are supported by multiple weights of evidence which clearly indicate that significant 

exposure and/or effects are occurring at the site. The presumption of intermediate risks 

should also be supported by suggestive, but perhaps not highly quantitative, exposure- 

response relationships, or appear to be restricted to areas of highly localized apparent 
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impact or very limited duration. Derecktor Shipyard stations which appear to show an 

association between exposure and effects and were included in the intermediate risk 

grouping include Stations DSY-24, DSY-25, DSY-26, DSY-28, DSY-31, DSY-33, 

DSY-40 and DSY-41. Reference Station CHC-1 was also identified as an intermediate 

risk station. Indication of CoC exposure was most evident from comparison of tissue 

concentrations to the reference stations values, while effects indicators include t:issue 

residue effects, laboratory toxicity and field effects (Table 6.6-3). Hence, intermediate 

risk is assigned for these stations, although there is considerable uncertainty as to the 

degree to which CoC-related impacts have contributed to observed effects at these 

stations. 

Low Risk Stations. Low risks are assigned to eight Coddington Cove stations, 

including pier Stations DSY-30 and DSY-32, and the outer harbor Stations DSY-34 

through DSY-39, as well as reference Station JPC-I . While these stations have CoC 

concentrations exceeding ER-L benchmarks, the weights of evidence are most notable 

for the observed Effects data, particularly tissue residue effects, but also some 

laboratory toxicity and field effects. 

Baseline Risk Stations. Baseline risk was assigned only for reference Station 

JPC-2. 

7.2. OTHER POTENTIAL SOURCES OF STRESS AND CoCs 

Ongoing CoC transport into Coddington Cove may be from surface water runoff 

via storm drains near the shipyard harborfront. It is also possible that groundwater 

percolating out of the shipyard area and entering Coddington Cove may be canying 

CoCs; however, this ERA did not collect any data to address the groundwater issue. 
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Contamination from other sources may potentially enter Coddington Cove via 

exchange with Narragansett Bay. The City of Newport sewage treatment plant outfall is 

located to the southwest of the site, and prevailing water circulation patterns would 

suggest the possibility of diluted effluent entering the cove during the flood tide. A 

bimodal trend in CoC tissue residue concentrations, where some offshore stations (e.g., 

DSY-38 and DSY-39) had sediment and biota CoC levels which were comparable in 

magnitude to harborfront areas, provides some evidence that the Newport sewage 

treatment plant outfall is a possible source of CoCs. 

This assessment found some evidence to suggest that CoC concentrations 

exceeding benchmarks extend > 140 cm into the sediment, and visual observations of 

oil sheen in cores taken in the vicinity of piers suggest the possibility of localized 

contamination near the piers. The existence of significantly elevated CoCs in 

subsurface sediment layers at certain stations (e.g. vibracore Stations V4 and V9) 

relative to surface sediments may represent an increased risk for indigenous biota 

should resuspension of these buried sediments occur, depending on future use 

scenarios. However, geophysical and hydrographic studies suggest that natural 

deposition/erosion patterns do not represent ecological risks from these buried CoCs 

under existing conditions within the cove. Hence, it is concluded that indigenous 

biological communities in the immediate vicinity of the harborfront are at risk primarily 

due to shipyard-related stressors, although uncertainty exists as to the partitioning of 

contaminants between sediment and water transport pathways. 

7.3. LIMITATIONS OF THE ASSESSMENT 

The conclusions drawn in this assessment are based on an extensive database 

of sediment and tissue chemistry, biological indicators, and toxicity evaluations, 

supported by geophysical and hydrographic information, with broad spatial and 
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temporal coverage. The data are internally consistent and supportive, and of high 

quality, meeting and exceeding, for example, detection limits as specified by the NOAA 

Status and Trends Program. Therefore, the values can be interpreted with confiidence 

for comparisons to commonly accepted guidelines, such as ER-L values (Long et a/., 

1995). 

r.. * 

The assessment of ecological risk is a process of minimizing uncertainty with 

regard to characterization of exposure and effects, and the integration of these data as 

cause-effect relationships. The risk conclusions reached in this study are basecl on 

weight of evidence; those areas exhibiting more numerous lines of evidence for or 

against adverse impact are associated with less uncertainty in the conclusion. This 

evaluation addresses only current conditions and levels of activity at the site, and does 

not address potential future use scenarios involving fundamentally different conditions 

and activities at the site. The present study provides extensive weights of evidence and 

spatial coverage for evaluation of risks in the Derecktor ShipyardKoddington Cove 

study area proper; however, localized small areas, such as immediately adjacent to or 

..-, directly beneath the piers have not been specifically addressed and are of unknown 

concern. In addition, the present investigation was synoptic, not seasonal in design, 

r. ‘.. and therefore uncertainty exists in that seasonal effects were not specifically 

considered. However, sediment chemical data results from the present study were 

generally comparable to that of a prior investigation (Quinn ef al., 1994), which 

suggests that interannual variability would not appear to introduce great uncertainty into 

this assessment. 

The present study was conducted under a comprehensive Work/Quality 

Assurance Plan, and data validation has been performed and found to meet the study 

i7 

requirements. Potential errors in the study design and protocols were minimized 

through peer review and evaluation. Data collection activities were reasonably 

complete, but perhaps limited by less than desirable abundances of fish for metals 

,__, 
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chemistry as well as biomarker (cytochrome P450) measurements both in Coddington 

Cove and at the reference site. However, the available site tissue CoC residue data for 

various species does suggest general similarity in chemical concentrations and 

bioaccumulation trends among species, particularly for organic contaminants. This 

finding reduces the uncertainty in the extrapolation of exposure and effects 

determinations for target receptor species which were directly measured to other 

resource species (e.g., winter flounder) whose present abundances did not permit 

collection. 

7.4. CONCLUSIONS AND RECOMMENDATIONS 

Based on the results of the Marine Ecological Risk Assessment for Derecktor 

ShipyardKoddington Cove, the following conclusions and recommendations are put 

forth for consideration in risk management: 

a In the assessment of marine ecological risks to aquatic species of concern 

(mussels, clams, lobster, cunner and seabirds), Stations DSY-27 and 

DSY-29 were determined to pose a high probability of ecological risk from 

shipyard-related Contaminants of Concern (CoCs). The principal CoCs 

responsible for this risk were organics (PCBs, PAHs and tributyltin) and 

metals (copper, lead and zinc). Seabirds (herring gull and great blue 

heron) were also at intermediate risk due to potential ingestion of PCBs in 

cunner at Station DSY-29. Based on the extent of adverse exposure and 

effects and demonstrable exposure-response relationships observed, the 

assigned degree of risk is considered unacceptable from an ecological 

perspective, and thus these locations should receive highest priority in the 

risk management decision process. 
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0 An intermediate probability of ecological risks was assigned to Staltions 

DSY-24, DSY-25, DSY-26, DSY-28, DSY-31, DSY-33, DSY-40, and 

DSY-41, as well as reference Station CHC-1. In general, the same 

aquatic receptors and CoCs as observed for high risk stations were of 

concern, but at lower levels. Exceptions included higher tributyltin in 

sediment at Station DSY-31, and higher PAHs in mussels at Stations 

DSY-25 and DSY-26. Seabirds continued to be at intermediate risk due 

to potential ingestion of PCBs in cunner at Station DSY-28. Given an 

indication of adverse exposure or effects but a lack of clear exposure- 

response relationships, the overall risk at these stations is considered 

acceptable from an ecological perspective. However, the associated 

uncertainty is sufficiently high as to merit the evaluation of these stations 

as priority areas in the risk management decision process. 

l A low probability of ecological risks was assigned to the remaining 

Coddington Cove stations (DSY-30, DSY-32, and DSY-34 through 

DSY-39), as well as the reference Station JPC-1. Although the data for 

these stations suggest possible adverse exposure or effects, CoC 

concentrations were generally low and definitive exposure-response 

relationships were not observed. Based on these observations, the 

observed risks at these stations are considered acceptable from am 

ecological perspective, and relatively low priority should be given ,to these 

locations in the risk management decision process. 

0 A baseline probability of risk was assigned to reference Station JPC-2, 

given a lack of evidence for adverse exposure or effects. Ecologi’cal risks 

at this location are considered not only acceptable but representative of 

relatively pristine environmental conditions for the general study area. 
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APPENDIX A-l -3. 
TISSUE DATA 



I 

MET Cadmum 
ME7 ChroMum 
MET copper 
UET lb" 
UET lead 
MET ManoaoeM 

,AH Pynm, 
>A” To!A PAM 
w loi((r33~~j~-~ 

_- 

XZB 105,233'4~) 
XB 118(23'44'5) 
'CB 128f22'3W4I 
XB iaei223445j 
-0 153(224455'J 
TCB lKl(22'33y45) 
XCB 18(22'5) 
XXI 150(2234455') 
XXI f87(2Y3355'61 
XXI 105(22'33y4'58) 
XII 206(22'33yI55~) 
FB 209(2Z33'44'55'667 
)cB 28(244'J 
x3 44(22'3S) 
U3 52f22551 
)CB 66 i2 3y4;J 
'CB B(Z4J 
FB PCB Sum of Cmw-ars 
'CB PCBSumofCCNwnen 
'Sf Nx- 

-- 

??, Hexachlombsnrsns 
'ST Mirer 
ZST o.P'-DDE 
JST P.P'-DDE 
tBf D,Li$G 
tBT Monobutllbn 
IBT Te(rabut~I6n 
IST Tnbutyltln 

i 

Appendix Table A-1-3.1. Results of fissue chemical analyses for the Derecklor Shipyard Marine Ecological Risk Assessment 
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ANT A,“m,num ..- ._ 
MET Arsenic 
MET Cadmium 
MET Chmnwm 
MET Copper 
MET kc," 
MET IBad 
MET Msnga"ese 
MET Merwy 
MET N&H 
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PAli i.e.7.TrimsmysaphihalPne 
Pm l.hbmyhqmmabm 
PAH I-lrlemyrphendu6iu 
PAH z.ucw3rnyln~p 
PAH 2.Memylnaphmderw 
PAH AwnapMhe~ 
PAH Acanaphmylene 
PAH Anthrace"e 
PAH Be"zo(a,a"m-"e 
PAH Be"zo,a)pyre"e 
PAH Benro(b.j.k)fkwanmene 
PAH BenZo,elpymM 
PAH Bnuo(p.h.i)perylene 
PA" Biphenti 
PAH Chrysene 
PA" Dbe,,z(a,h)anthrace"e 
PAH Ftuoranrnene 
PAH Fluwow 
PAH Hngh Molecular Weiphl PAHr 
PA" Inde~(I.2.5cd)py.ns 
PAH Low Mdewlar Weipht PAHI 
PA" N=phm&"e 
PAH Perytm 
PAH PhenantWena 
PAH PyretX 
PA" Total PAM 
PC3 iOl~(iza5~) ~- 
Pm 105 (2 3 34 4) 
PC6 118 (2 33 4% 
PCB 128 (2 z3 34 4') 
Pm 138 (2 2'3 4 4'5) 
PC.3 153 (2 zy 4'5 6) 
PCB 170 (2 z'3 Y4 45) 
PCE 18(22'5) 
PCB 160 (2 2'3 4 45 5') 
PCB 167 (2 2'3 45 56) 
Pal I95 (2 r3 T4 #5 6) 
Pa 208 (2 23 34 45 5%) 
PC6 209 (2 2'3 3‘4 45 w 8') 
PCB ZS(24C) 
PCB 4. (2 23 5.J 
PCB 52 (2 2'5 5) 
PCB 56(254c) 
PCE 6 (2 4) 
PCB PCB ?."rn Of con9snen 
PCB PC8 sum Of ConBwlen x 2 
PST Al&in--. 
PST Hexachl0mbsnrene 
PST Mirex 
PST o.P'-ODE 

g 
x 

&27 
2858 

047 
171 

IW 38 
27 96 

022 
1 74 
029 
1.7. 
584 

128 41 
-376 -4 

985 2 
78 63 

525 4 
14.88 2 

265 . 
289 4 
*MI 4 
338 4 

1309 
23 65 

96E 
1267 

570 . 
526 4 
049 4 

39 03 
1492 

130.71 5 
1057 
9093 5 
19.42 

350 4 
26 17 
69 48 

3uw 5 
-032 - 

331 2 
1489 

3S4 
25 91 
3.544 

8.52 
413 2 

I. 20 
1363 
4.29 
635 
5.71 
843 
0.34 2 

12 23 
1130 

235 . 
177.58 
35515 5 
-b13-5 

1.18 
107 
015 . 
631 

--3m 4 
3.50 4 
250 4 
300 4 

nks: MET 5 
:.I ,eslima,, 

:: x 
‘IS62 - 

521 
054 
229 
891 

195 32 
134 

12 91 
015 
2 07 

1.5EA 4 
163.69 
-3% 4 

567 4 
905 4 
525 4 
040 4 
2.65 4 
2.89 4 

33 41 
58.92 

362 4 
6930 
45.84 

Isa 4 
5.70 4 

3828 
048 1 

118.77 
195 1 

337.42 5 
154 4 

9283 ! 
188 4 
350 1 

4088 
117.37 
54265 ! 
36 ai-- 

1086 
45 33 
11.86 
87.25 
9588 

3.51 
325 4 

1588 
27 16 

195 
5B8 
4.70 
823 

15 97 
27.18 

386 4 
305 1 

392 65 
78570 5 
-b i3 .i 

0.15 4 
366 

15 18 
1454 

-3w Eli 
350 4 
250 4 

3 
i3ai x 

936 
0.76 
199 

1438 
18.52 

174 
II43 
0 14 
3.99 

15E.4 4 
07 34 

378 4 
567 4 

1 
5.25 4 
940 4 
2.65 4 
269 4 

3036 
132 63 

4499 
128 82 

390 4 
25 ?? 

570 4 
67 37 

049 4 
116 61 

195 4 
62149 5 

20.3 
1272 5 

168 4 
1 

23.60 
197 15 
mow 6 

2.: ~- 
1644 

487 
3680 
52 35 

5.73 
273 2 

18.30 
10 23 
2.29 
784 
6.44 

1177 
3.84 
903 

12 75 
235 4 

475.20 
OS051 5 
-B.iS -4 

0.97 
048 
303 
2.99 

-5Wi 
350 4 
250 4 

47 91 

H. PCB w 

z 
9 

.p 
6 92 
0 59 
174 

1092 
17701 

2 77 
1592 
0 I5 
2.17 
I 38 

11252 
--a76 4 

567 4 
go.78 

5.25 4 
040 4 
285 4 

1352 
27 53 
79.21 
4260 
94 37 

390 . 
3422 

570 4 
59 73 

049 4 
15226 

195 . 
51603 5 

a6 07 
65.40 5 

184 4 
1034 
28 75 

16173 
612W 5 
.-ia.i? 

1067 
1353 

352 
2855 
37 77 

8.20 
325 4 

1425 
1279 

148 
501 
481 

1248 
038 . 
811 

10.61 
235 4 

183 7s 
38750 5 

--I i3 ‘5 
034 
108 
015 4 
252 _._-.. .- 

9.50 

IlOdry~ L!iKz 
ISIMS). 3=NC (no, a!mlatod). 4=ND (r 

B 8 
.ivb@- 

12 43 

093 
2 53 
644 

288 26 
147 
5 72 
010 
1.74 

1.5E-4 4 
12184 

-576 4 
587 4 
905 , 
525 . 
940 4 
285 4 
289 . 
BOO 4 
336 4 
362 4 
e20 4 
390 4 
I.56 4 
570 4 
520 . 
049 4 

8734 
1.95 rl 

16645 5 
154 4 

3802 6 
168 4 
350 4 
945 4 

6638 
17512 5 

--33s- 
628 2 

39 23 
1034 
6001 
68 14 

3.73 
I45 2 

1537 
26 I8 

102 
185 
042 2 
525 
OS0 

1270 
3.88 4 
320 2 

319 03 
63nl6 5 

013-5 
015 4 
2 70 

10.28 
12.88 

-3w3 
350 4 
250 4 

2oSe 

wc;TBT. 
*teded); ! 

-3&i- 
22 25 

0 16 
I 99 

8035 
31 IS 

0.47 
3 II 
023 
I74 
3.43 

105 14 
-376 i 

1158 
6591 

525 4 
1377 a 

265 4 
289 4 
6W 4 
338 4 
382 4 

22 97 
1189 

158 1 
I424 

528 1 
049 1 

32 14 
I95 ( 

9801 ! 
1.54 1 

6430 ! 
35 20 

350 ( 
1954 
53 14 

30200 ! 

1% 
22.07 

427 
32 53 
,706 

552 
1.24 i 

1469 
14.15 
4 II 
646 
438 
379 
4 92 
4.81 

1031 
1.83 1 

234S4 
46903 5 
-bT3-i 

049 
155 
015 4 
8.64 

7i5Fi 
350 4 
250 4 
300 4 

snlg*u 
(Colcullte 

Page 2 Of 4 

f 
L2x 

566 
066 
165 
864 

19089 
2 5E-4 4 

I2 I2 
0 12 

2SE-4 4 
1.5E.4 4 
10173 
--97a -4 

587 4 
IS649 

6.25 4 
940 4 
283 2 
269 4 

1337 2 
35 25 
22 IO 
35 59 

3.90 4 
1325 

570 , 
42 27 

049 4 
57 18 

5 19 
21303 5 

878 
4966 6 

168 4 
531 2 

1431 a 
55 87 

47OW 5 
Ti33" 

3441 
1574 

354 
33.97 
5200 

771 
325 4 

20.03 
17 47 
405 
6.45 
s 18 

1101 
1179 
671 

12 21 
235 4 

281.87 
523.74 5 
a 133 

I 14 
088 
015 4 
3.80 

-5m-2 
3.50 4 
250 4 

5380 

ti allaw 

km) * 

5 
6 8 7i 33.- 

8.82 
071 
2 13 

10 14 
20162 

163 
1581 
0 12 
2.11 

1 SE-4 4 
92.42 

-5% 4 
587 4 

125 29 
525 4 
0.40 4 
285 . 
269 4 

1962 
4615 
2244 
48 85 

so0 4 
1120 

570 4 
24 42 

0.49 . 
73 39 

521 
24435 5 

789 
76.70 5 

164 4 
391 2 

351. 
7145 

WIW 5 
-7 65 - 

,075 
5 61 
150 

,883 
2358 

540 
325 4 

13.60 
IO 59 

I 7s 
8 41 
880 

2uB 
7 37 
501 
8.91 2 
235 4 

155 70 
31140 5 

-ai3-$ 
052 
058 
015 4 
152 2 

-3w-7 
350 4 
2% 4 

39 25 

(OQ ,=I 
sccde*: s 

1 
iTI 3 
ti x 

xl a5- 
623 
073 
2 22 
7 50 

204 63 
175 
2 72 
0 17 

2 564 4 
15E-4 4 
12960 

-3-i6'-4 
567 4 
989 2 

IO 25 
940 , 
285 4 
289 4 

25 4B 
31 II 

362 4 
6603 
5228 
14 15 

570 4 
40.24 

049 4 
10463 

,182 
25664 5 

10 38 
95.41 5 

169 . 
I 

41 71 
7658 

505.50 5 
-3364 - 

00s 2 
2852 
2025 
73 78 

103 67 
170 
325 4 

1126 
37 w 

040 4 
257 
285 
699 
827 

1049 
388 4 
219 2 

348.02 
8980. 5 
73 $3 -7 

015 4 
132 
Jo4 

12 15 
Tar7 

350 4 
250 4 
9 16 

emrems): 
Page 1. 

8 
i 
2 

x 
&2 7 

1623 
0.58 
2 16 

I28 39 
40 35 

0 76 
253 
027 
0 91 
8.54 

11005 
376-4 

I 
005 4 
5.25 4 

I 
265 4 
2.69 4 
311 1 
358 4 
382 4 
620 4 
3m 4 
158 4 
570 4 
528 4 
0.49 4 

32 60 
195 ‘ 

7020 5 
154 1 

23 76 ! 
1 

350 4 
1319 i 
24 59 
7.90 f 

-322~- 
363 1 

13.89 
245 

21 25 
30 59 

5 14 
10 73 
10 58 
10 21 
2W 
361 
3.07 
542 
668 
7.56 
660 2 
720 

15826 
31652 5 
a.13 7 

128 
059 
015 4 
480 

-5cr4 
3.50 4 
250 4 
300 4 

h 8 
32 38’- 

6.42 
064 
2 38 
6.42 

2% 72 
2 5s4 4 

II.62 
0 12 
2.92 

15M 4 
11065 
376 7 

567 4 
429 a 
5.25 4 
940 , 
265 4 
289 4 
600 4 

1572 
897 2 
917 2 
181 2 
156 4 
5.70 4 
882 2 
049 4 

47 51 
289 2 

1130S 5 
154 4 

4808 5 
1.66 4 

12 81 
1855 2 
3555 

162.W 5 
-333- 

194 2 
399 a 
098 2 
7 93 

17 13 
4 83 
325 4 

II 32 
687 
107 
4.67 
254 
127 2 
064 2 
281 2 
636 2 

1 
70 68 

15935 5 
-XT3 4 

015 1 
1 

111 
1.97 

-3w-4 
350 4 
2SO . 

39 10 

t 
4 
E x 
%- 

068 
2 01 
843 

I23 64 
166 

1993 
0 10 
1.55 

15E-4 4 
124.74 

-376~ 4 
se.7 4 

47.09 
525 4 
940 4 
2.85 4 
269 4 
860 2 

2153 
16 15 
16 37 

370 2 
I.58 . 
570 4 

1116 
0.49 4 

69 25 
549 

17352 5 
154 4 

57w 5 
166 4 

I8 13 
28 29 
5492 

297w 5 
1871 - 
409 4 

1426 
8.54 

3828 
53 09 

863 
325 4 

18.78 
2011 

304 
728 
820 

20.83 
1 16 

11.62 
15 55 
235 4 

242 05 
48409 5 
---i, is i 

071 
068 
015 4 
4 75 

I 
3 

ii 
0 x 
18.92 -- 
359 
097 
088 

1554 
49 24 

091 
1 73 
0 15 
I 43 

1.5E-4 4 
5469 
376 i 

1 
209 I3 

525 4 
1 

265 4 
269 4 
8W 1 

362 4 
620 4 
380 4 
156 1 
570 1 

049 1 
19 44 
1998 
7231 : 

154 1 
52.14 : 

1 
1044 
,865 ; 
46.77 

32600 ! 
caai ~- 

3209 
13403 
29 8o 

282 19 
43110 

83 07 
078 i 

167 97 
139 38 

856 
1742 

793 
480 
261 

3473 
45 10 

1 
wow 
12a.w 5 
aP? -- 

015 1 
1 

184 
5358 

--3 63 -i 
350 4 
250 4 

,257 

h a 0 cl 
a-458 -- 

815 
039 
264 
104 

197 32 
2.5E-4 4 

,127 
0 19 
4 33 

I5E-, 4 
8450 

--3.i% 4 
1 

879 2 
458 2 

1 
265 4 

IS30 
29w 
30 26 
12 53 
70 9s 
48 57 
1006 
570 4 

40 52 
049 4 

105 I, 
501 

27420 5 
599 

8027 5 
1 
1 

28 31 
85 29 

49824 5 
-39w 

638 2 
2923 
1987 

lW30 
144 40 

360 
325 4 

17 51 
46 02 

040 4 
2 92 
333 
681 
692 

1282 
386 4 
333 2 

44134 
69467 5 
--oi5 i 

015 4 
294 
485 
6 16 
3Ni 4 
350 4 
2% 4 

35 46 
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Appendix Table A-1-3.1 (continued) 

ii 
-1% -88 

6.1 
061 
271 
632 

245.29 
297 

1193 
0 13 
343 

1.5E-4 
11696 

-37a 
567 
905 

32 65 
B40 

13069 
49 67 
4oQ4 
42 12 

362 
620 

46 57 
156 
5 10 

22 76 
049 

144 05 
195 

33869 
154 

303 41 
188 
350 

68.80 
12386 
704 36 
-2ca2 

4 92 
24.16 
II 56 
53 63 
70 23 

539 
2 IQ 

1756 
2141 

250 
461 
101 
369 
639 

1142 

E e -giii.- 

2 16 
0,?2 
194 

1196 
106 71 
2.5M 1 

1284 
0.15 
186 

1 SE-4 6 
63 61 

--376 ? 
5.61 1 

1688 
525 4 
840 4 
au 
an 

1867 
.l 39 
17 34 
22 62 

3w i 
156 4 
570 4 

31 39 
049 4 

78.70 
195 

25348 f 
164 1 

7003 ! 
166 4 

13.51 
1635 i 
6317 

42800 5 
-74-- 

403 4 
7 33 
191 

21 59 
32 99 

4 37 
101 i 

1923 
1366 
284 
4 39 
343 
027 2 
22e 
5 02 
973 
2.35 4 

I37 08 
214.11 !I 
3 i57 

054 
044 
1.6l 
1.61 2 

4 
d 

6 a 

‘%F 
049 
195 

165 20 
29 11 

026 
431 
0 33 
Ia 
a 10 

11140 
-3Y6 i 

567 4 
905 4 
525 1 
940 4 
265 4 
269 4 
284 1 
338 4 
382 4 
620 4 
390 4 
150 4 
570 , 
526 , 
049 4 

16.55 i 
195 4 

38.32 ! 
in 4 

3148 ! 
166 4 
3% 4 

1008 i 
904 

-?g .! 

257 ; 
13 IO 

2.28 
2150 
32 23 

a IS 
325 1 

122, 
991 
211 
3 a1 
3 12 
4.28 
921 
524 

1059 
180 2 

145.33 
2we8 ! 
-75.15 -i 

058 
0.30 2 
015 , 

-:z& 
360 4 
2.s 4 
300 4 

*I(.TBT * = 
*team 

$ 2 

-L! 1068 
030 
184 

19669 
3029 

0.16 
4% 
041 
140 
0.82 

126 73 
-37r4 

567 4 
SO5 4 
525 4 
940 4 
265 4 
289 4 
1.w 2 
336 4 
362 4 
620 4 
390 4 
1.50 4 
5.10 4 
526 4 
049 4 
923 2 
195 4 

3252 5 
154 4 

2702 5 
188 4 
350 4 
146 2 

10.58 
2900 s 

4z.r 
264a 

558 
43 IO 
60 31 

709 
3.25 4 

18 78 
17 15 
2 55 
7.21 
516 

4OBo 
a 15 

13 10 
IS38 
235 4 

321.74 
a4347 5 
-6i5-4 

063 
0 61 
709 
2.39 

-3w3 
3.50 4 
250 4 

2 
$ 
ii 8 

;I% br- 
521 
063 
223 
6 99 

293 70 
244 

1538 
0 17 

25E-4 4 
1.5E-1 4 
10489 
-3x 3 

567 4 
805 4 
525 4 
940 4 
265 4 

2284 
34 I5 
24 86 

a24 2 
55 47 
41 w 

158 4 
510 4 

29 49 
0.9 4 

105 45 
16 34 

24782 5 
15-a 4 

15760 5 
1506 

1 
5934 
81.41 

49535 5 
-24 13 

1.91 2 
3514 
2300 
99 16 

138.33 
3.58 
326 4 

1959 
u 1. 

260 
3 51 
4 15 
8.91 
7Q4 

1335 
306 4 
274 2 

455.67 
91174 5 
-II 157 

015 1 
263 
5.69 

1031 
-3.xra 

3.56 4 
2.50 * 

31.70 

d g 
2% 62 - 

441 
Ob4 
201 
121 

9036 
25E-4 4 

9.62 
0 13 
308 

1 SE-4 4 
108.16 
7 76 4 

561 4 
005 4 
5.25 4 
640 4 

6439 
269 4 

21 72 
16 52 

362 4 
35 85 
3196 

1.58 4 
670 4 

1396 
049 4 

48 11 
195 4 

13920 5 
154 4 

12979 5 
166 4 
3% 4 

2177 
56 50 

31676 5 
25s 
59 72 
22 29 

9.16 
49 65 
7110 

395 
260 2 

14 23 
1933 

103 
3 24 
275 
4 02 
5 15 

1017 
368 4 
213 2 

30831 
51662 5 
7ii3-.4 

4 55 
2 10 
4.35 

-ET 
350 4 
266 4 

11 18 

f 
g i.3 

-iiTi.ra- 
740 
080 
176 

13 15 
13151 

1 a1 
1366 
0 12 

2.5E-4 4 
1 26 

65 15 
..-51.3 7 

567 4 
688 2 
525 4 
8.40 4 
a53 
456 2 

10.91 2 
1 

Ho9 
1326 
305 2 
3.7, 
570 4 

1 
0.49 4 

69 50 
362 2 

1.553 5 
154 4 

5022 5 
166 . 

12 41 
1331 2 
a5 47 

22300 5 
--a izc- 

550 2 
625 
4 37 

1466 
2280 
1121 

325 4 
12Q4 
149 
109 
.94 
191 
531 
204 
374 2 

11.04 
1 

125 43 
25066 5 
--mt-2 

015 1 
1 

015 4 

-22 
350 4 
260 4 

3061 

f 
.Q 

608 
082 
262 

11 u 
31117 

193 
15 65 
0 13 
291 
t 72 

ES 39 
‘-576 4 

1 
905 4 
636 2 

, 
265 4 

1189 
ll90 2 
14 19 
607 

326d 
50.16 

156 4 
570 4 

1.40 
049 4 

3698 
1.95 4 

11994 5 
1.54 4 

4681 5 
1 

IU 2 
IS46 2 
43 21 

23293 5 
3bib - 

5.82 2 
2.71 

001 
4816 
11 46 

4.47 
325 4 

12 I? 
20.67 

288 
496 

11 17 
a 39 
628 

1.09 
30a 4 
215 2 

274 50 
54901 5 
-6i5’7 

067 
554 
109 

-&.* 

350 4 
2.50 4 
832 

ST-WOI 
3,: 4=ND 11. 

z 

ii g 
-73bt’ 

?I3 
064 
173 
683 

12195 
29) 

1044 
0 15 
15) 
065 

Ion 16 
---3 11 .a 

905 : 
525 4 

1 
2.65 4 
269 4 

10.14 2 
5588 
23 14 
5600 

620 
26 3s 

570 4 
3183 

049 4 
74 79 

195 4 
27520 5 

154 4 
4502 5 

1 
25 a1 
2139 
63 17 

43006 5 
-iI ii--- 

513 2 
11.15 

508 
39.67 
58 I(1 

7 38 
1.86 2 

26 17 
2051 

3 12 
4 16 
506 
252 2 
062 
256 2 

10 15 
3 

21368 
427.37 5 --- 

3 
3 

020 2 
208 
293 

5 z J % x 
Xis.iki - 
6 77 
0 59 
244 
662 

303 87 
326 

2166 
0 17 

25E-4 4 
1.6&4 4 
92 83 
-3.76 . 

1 
905 4 
525 4 

1 
265 4 

,132 
1179 2 
,560 

781 
35 76 
26 39 

156 4 
610 4 

16 91 
049 4 

48 22 
646 

12219 5 
154 4 

4996 5 
1 
1 

1775 2 
34 99 

231 16 5 
-25 i3 .- 

352 2 
17 29 
961 

49 54 
60 29 

3 15 
106 2 

12 88 
25 13 

4 75 
424 
260 

1721 
661 

1263 
388 4 
667 

282 30 
66411 5 
-015 4 

015 4 
126 
3 i5 
a 11 

-3 m -4 
350 4 
250 4 
300 4 

- .,-- _-- 

HE1 ArstJtii@ 
MET CadnWm 
MET Chromium 
MET Copper 
UET Iron 
UET Lead 
UET Msn9a”e‘a 
UET Mercuq 
UET No&.,, 
UET Blve, 
UET Zmc 
aAn 1,6.?-tnti&$iiiphtiu~n~ 
%” l.Msmyinaptlthd*n9 
aAH I-Msmyiptwn~n- 
WH 2.a.Dimelhyhlphlwblle 
WI 2.Methybraph- 
“AH AunaphUme 
PI\” *~mylbn* 
‘AH A”suacene 
MH 0smqa,anmnlc5ns 
PA” sauo[a)pyrwm 
JAH Beruqb.i.kruwMJwm 
?A*H Eenro(~)pyfWe 
PA” Bmzq9.h.t)peiylaru 
WH fm.myl 
PA” Chrysene 
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Appendix TableA-I-3.1 kxmtinuedl 
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PA" H,sh Molecular Wei@ PAHl 
PAH I"deno(l.2.3cd)pY~ 
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PA" Naphdulti 
PAH Pely(ene 
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PAH PyrSne 
PAM ToLsl PAHr 
PC% ioii?~ifl-5ki ----- 
FCB 105 (2 3 3'4 4') 
PCS 116 (2 34 45) 
PC6 12s (2 23 34 4J 
PCB 138 (2 2'3 4 4'5) 
PCB 153 I2 24 4'5 5') 
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170 it T3 T4 4'5) 
PC8 19 (2 2'5) 
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PCB 167 (2 2'3 4'5 5'6) 
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PCB PCB Sum of Con~wU¶ 
PCB PCBSumdG?t?QmmrZ 
PST Ai& 
PST ,,sxachlw,b~~sw 
Psi Yireer 
PST o.p'-DDE 
PST p.p'-DDE P8t Dj~~~ .- ~.. ----- 

TBT MonobutyBn 
TBT Tsbab"Mb" 

Appendix Table A-l-3 1. Results of tissue chemical analyses for the Derecktor Shipyard Marcne Ecologcal Risk Assessment. 
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14 41 
0 13 
4 67 
1.18 

95 25 
-3 78 

567 
905 
525 
940 
265 
2 89 

236~3 
4226 

362 
76 66 
w79 

158 
5 70 

29 40 
049 

116.19 
195 

30659 
1% 

86 18 
168 
350 

4394 
11664 
sm 57 

-z 
36.93 
12 17 
65 70 
03 31 

3.59 
325 

1556 
25.35 

172 
497 
421 

1111 
1137 
1592 

366 
2 75 

344 55 
689.10 
ai5 

0 15 
3 02 

d...." 13uI 

--300 
3.50 
250 

11 cm 

z2 - ._ 

4 

*- 
4 
4 
4 
4 
4 
4 

4 

4 
4 

4 

4 
5 
4 
5 
4 
4 

s 1 

4 

4 
2 

5 I 

f 

:- 

1 

4 
4 

L3 
a 
2 g 

106 45 
288 
062 
254 
1 13 

107 80 
25E-4 4 
38.32 

014 
2.5E-4 4 
l.sE4 4 
120.65 
-3x 1 

557 4 
905 4 
525 4 
940 4 
265 4 

34 79 
68 19 
7177 
3368 

127 59 
107 90 

158 4 
570 4 

65 89 
049 4 

245 79 
25 14 

613.12 5 
154 4 

25569 5 
166 4 

1 
114.03 
175 34 
c+ooo 5 

642 2 
262s 
1156 
s390 

I in.08 
374 
325 4 

18.89 
3798 

2 97 
3.63 
830 
8.89 
595 

2195 
396 4 
188 2 

(0092 
was 5 
a757 

015 4 
369 
s $1 
7.30 

-ma7 
350 4 
250 4 

4908 

34 36 

376 4 
13 26 
63 72 
12 58 
1226 2 
265 4 
269 4 
415 2 

24 30 
24 95 
5637 
20 12 
11 71 
BOB 2 

38 59 
049 4 

7290 
195 4 

26491 5 
1.54 4 

69.07 5 
IZM 
Il.89 
32 15 

123.59 
W5M 5 -- 

lt67-- 
3821 
69 93 
12 39 
71 18 
99.11 
12 22 

353 2 
3424 
3150 

4.69 
697 
4 16 
452 
0.41 2 
924 

1521 
409 2 

430 27 
a6054 5 
-m-z 

116 
065 
015 4 
980 

--3.br5 
350 4 
2.50 4 
300 4 

8 
2 
9. 8 
2562- 

767 
115 
1 18 

2181 
6839 

091 
I 97 
017 
174 

15E-4 4 
2954 

776-i 
32 77 
32 58 

525 ‘ 
23 95 
39 49 

269 1 
615 2 
336 4 

1199 
26 97 

390 1 
156 4 
631 i 
526 4 
049 4 

36 51 
25 60 
8801 : 

1.54 4 
14727 5 

188 4 
323 2 

47 32 
3839 

331 M 5 
Ti973-- 

3699 
1U 23 

31 43 
260 07 
417.55 

92 39 
146 2 

209 88 
13165 

622 
12 41 

6SO 
440 
2 79 

3092 
5067 

1 
5aoM 
17OM 5 
ars- * 

015 1 
1 

320 
67 05 

3.M 4 
3% 4 
2.50 4 

34 52 

g g 
68 43 

8 94 
081 
2 02 
632 

118 23 
094 

lB62 
0 17 
2 97 

15E4 4 
74 94 

e-3t6 i 
567 4 
905 4 

47 15 
940 4 

15054 
3121 
40 24 
5366 

362 4 
70 97 
59 32 

158 4 
570 4 

37 35 
049 4 

170 79 
195 4 

42912 5 
154 4 

29237 5 
166 4 
350 4 

47 36 
163 22 
871.80 5 

--3i %2-- 
126M 

29 29 
1102 
59 89 
76 44 

4 31 
325 4 

1721 
23 93 

1 59 
365 
4 10 
6 52 

1054 
20 69 

366 4 
4 77 

433 92 
66783 5 
-3i5.2 

230 
208 

10 75 
1566 

3M 4 
350 4 
250 4 

1605 



Appendix Table A-l-3.1 (continued) 

&T .NLidnum- 
dET Arsen~ 
tiET Cadmium 
rlET Chmlll"rn 
r(ET Copper 
4ET lm" 
vlET Lead 
"ET Manganese 
IET Mwcwy 
"ET Nxkel 
4ET S,lver 
1ET Zinc 
%, i,E;?-Tri~~~~l~-~ph~al~n4 
'AH l-Ysalylnaphth~M 
'AH 1+.4eLhy@henanlbmtw 
'AH 2.Bhmethyhaphthalena 
'AH 2-Mamylnaphmalen 
'AH Acanaphmeru 
'AH Acanaphlbylone 
aAH A"thr~ca"a 
v." Belu.a,a,a"ulraca"e 
'AH t3emo(a,pyrew 
'A" Eemo(b.j.k)6uOrMhehens 
'AH Be"Zo(e,pymW 
IAH Benzo(g.h.i)perylene 
Gw Slphenyl 
'AH Ch,ywne 
=A" D,bwu(a.hjanthmcene 
SAH F,w,t,"ti"e 
JAH Fknrene 
'A" HQh Mc4ewfz.r Wetght PAHs 
'AH k-+dem(l.2,3-M)py78w 
>A" Lw Molewlar Mighl PAM 
>AH Naphtb&,ns 
'AH Perylane 
?&AH Phensnalrene 
aAH Pyrene 
JA" Tel PAM 
xx lOl'(22'355') '.-~ 
'CB 105(233'44') 
XB 118 (2 s4 45) 
xx 128 (2 2'3 34 4') 
xx3 138 (2 2'3 4 45) 
XII 153 (2 2y 45 5') 
'CB 170 (2 2'3 34 #5, 
-6 16(22'5) 
'CB 160(22'3445S) 
'CB 167 (2 2'3 45 5'8) 
'CB 195 (2 23 3y e5 6, 
w3 208 (2 2'3 54 45 5%) 
'CB 209 (2 2'3 3'4 45 56 8') 
'CB 26(244') 
)cB 44 (2 2'3 5') 
'CB 52 (2 2'5 5) 
'CB 66 (2 3'4 47 
'CL3 8,241 
'CB PC6 sum Of cangenen 
xx3 PC6 sum of congeMs x 2 
>ST A,d;"------ - 

>ST HexachlorDbenzene 
'ST Mvex 
YST o.p'.DDE 
'ST p,p'-DDE 
rBf L7&tgcm 
rBT Mondrutylu~ 
IBT Tetrabtdykin 
rw Tlib"tyHi" 

8 

ifi 

i x 
!nG-4 
2856 

047 
171 

lW38 
27 96 

022 
174 
029 
1.74 
584 

12941 
-3?8 1 

985 2 
76 03 

5.25 4 
14.66 2 

265 4 
269 4 
BW 4 
3% 4 

1309 
2385 

988 
1287 

570 4 
520 4 
0.49 4 

39 03 
14 92 

130.71 5 
10 57 
80.93 5 
19 42 

350 4 
26 17 
88 49 

344w 5 _-.. - 
9 32 
331 2 

I4 89 
3.54 

25 91 
35u 

652 
413 2 

,420 
1363 

4.29 
635 
571 
843 
024 2 

12 23 
1136 

235 4 
177.58 
35515 5 

-6 i3 î 
1 16 
107 
015 , 
8.31 

-m- 7 
350 4 
250 4 
3W 4 

nits: MET 
=, (esbmss 

P 
.&-,-i% 

521 
054 
229 
891 

195 32 
1.34 

1281 
0.15 
207 

1.5E-4 4 
183.89 
T187 

5.67 4 
906 4 
525 4 
9.40 4 
205 4 
2.69 4 

33 41 
58.92 

3.82 4 
89 %I 
4584 

158 4 
570 4 

39 26 
049 4 

11977 
185 4 

337.42 5 
1% 4 

92.88 5 
lea 4 
3M 4 

40.99 
117 37 
54265 5 
-a ai-- 

10 89 
45 33 
11.68 
67 25 
95.88 

3.51 
325 4 

15.80 
27 18 

1.95 
566 
4.70 
023 

1597 
27 16 

386 4 
305 2 

392 85 
78570 5 
--6i3 3 

015 4 
384 

15.16 
14 54 

'75r7 
350 4 
250 4 

9M 
PadaM: 
mkies,. 3=1 

8 

i 
x5iw 

9.36 
076 
198 

14.36 
184 52 

174 
1143 

0 14 
399 

1.5E.4 
67.34 

-3xr 
567 

525 
940 
285 
288 

3036 
132 66 
44% 

126 62 
390 

25 77 
5.70 

a7 37 
04@ 

178 61 
1.95 

62149 
2043 
72.72 

1% 

23.60 
197 15 
65000 
-I2164 
2u 43 

18 u 
467 

b80 
52 35 

5.73 
273 

16 30 
16 23 
2.28 
784 
a.44 

II 77 
384 
903 

12 75 
235 

47528 
993 51 -.. _ 

0 15 
0.97 
046 
383 

42 
350 
250 

47 91 

npce. 
cnbr CEk 

x 

4 

4.-- 
4 
1 
4 
4 
4 
4 

5 

2 

4 

5 
a 

T- 
4 
4 

f 
fj2$ 

492 
0 59 
1 74 

1092 
177 67 

2 77 
1592 

0 15 
2 I7 
136 

11252 
-~518-‘i 

567 4 
6078 

5.25 4 
940 4 
265 4 

1352 
27 53 
79 21 
4266 
9437 

390 4 
3422 

570 4 
59 73 

048 4 
152 26 

195 4 
51603 5 

28 67 
8549 5 

1% 4 
1034 
26 75 

18173 
6,200 5 
-iSit - 

10 07 
1353 

3.52 
26 55 
37 77 

620 
325 4 

14.25 
12 79 

146 
5 01 
461 

12 46 
036 4 
811 

1081 
235 4 

163 75 
307M 5 
-73 i3 I 

034 
108 
015 4 
2 52 __-- ~- 

ST=nglg 
I). 4=ND (I 

iz g mm- 
1243 

093 
2 53 
a44 

266 26 
147 
5 72 
0.10 
174 

1.5E-4 4 
121 a4 

-576.7 
567 4 
905 4 
525 4 
940 4 
265 4 
289 4 
800 4 
3.38 4 
382 4 
620 4 
396 4 
1% 4 
5.70 4 
526 4 
049 4 

6734 
195 4 

16n45 5 
154 4 

36.02 5 
188 4 
350 4 
945 4 

6836 
I7572 5 

-35 53 - 

628 2 
39 23 
1034 
0061 
88 14 

3 73 
1.45 2 

1537 
26 18 

102 
1 a5 
042 2 
525 
980 

1270 
368 4 
320 2 

31903 
63816 5 -.. -- 

013 , 
015 4 
270 

10 26 
1298 

-3.66 -T 
350 4 
2.50 4 

205a 

wt; la1 = 
detected,. ! 

.&382! 
22 25 

0 16 
199 

6035 
3115 

047 
3 11 
023 
1 74 
343 

105.14 
--x78~1 

11.58 
8891 

525 4 
1377 2 

265 4 
269 4 
aw 4 
3% 4 
382 4 

22 97 
1189 

1.58 4 
I4 24 

526 4 
049 4 

32.14 
195 4 

8601 5 
154 4 

84.30 5 
35 20 

350 4 
1984 
53 14 

30200 5 
-mu -- 

41 75 
22.07 

427 
32 53 
4706 

552 
I.24 2 

1489 
14 16 
4H 
848 
436 
379 
4.92 
461 

1031 
103 2 

23454 
48909 5 
-6 K-2 

049 
155 
015 4 
864 

--3m i 
350 4 
2.50 4 
3.00 4 

w3dry~ 
(izakalann 

x %-a- -- 

5.66 
068 
1 a5 
684 

190 89 
2.5E-4 4 

1272 
0.12 

2.5E.4 4 
1 SE-4 4 
101.73 
-m- 4 

567 4 
15649 

525 4 
940 4 
263 2 
2 a9 4 

,337 2 
35 25 
22.19 
35.59 

3% 4 
I3 25 

570 4 
42 27 

049 4 
57.16 

5 19 
213 03 5 

078 
4968 5 

I 66 4 
531 2 

14 31 2 
55 67 

470 w 5 
1a?x- 

3441 
1574 

3% 
33.97 
52.08 

771 
325 4 

20 03 
17.47 
405 
645 
5 18 

1101 
1179 

671 
1221 

235 4 

26187 
523 74 5 
-6 i3 7.-- 

1 14 
088 
016 4 
3.M 

-3-m 1~ - 
350 4 
250 4 

5380 39.25 

bata Qua liiim(W)- 1-l 
#uRs). spa*,md*r: I 

f 
ii 8 .&- 

862 
071 
2 I3 

10 14 
201 a2 

1% 
1581 

0 12 
2 II 

1.5f.4 4 
92 42 

-37s. 2 
567 4 

125 29 
525 4 
940 4 
265 4 
289 4 

19 82 
46 15 
22 44 
46 65 

39g 4 
1120 

570 4 
24 42 

049 4 
73 39 

621 
24435 5 

789 
7679 5 

166 4 
391 2 

35 14 
77 45 

MIW 5 
-7e3.- 

1075 
561 
150 

1683 
2359 

540 
325 4 

1368 
1058 

1 75 
841 
860 

24.09 
737 
5.01 
891 2 
235 4 

155 70 
31140 5 -_-~ 

015 I 
0 52 
0% 
015 4 
1.52 2 

-5w-3 
360 4 
2% 4 

% 

g g 

31 a5- 
623 
073 
222 
7 50 

2M.63 
175 
2 72 
OI7 

2 5E-4 4 
1.5E4 4 
129 80 

-3ir3 
507 4 
869 2 

18 25 
840 4 
265 4 
2.39 4 

25 48 
31 11 

382 4 
6803 
52 28 
14 15 

570 4 
40 24 

049 4 
104 83 

1162 
25664 5 

10% 
9541 5 

1.86 4 
1 

4171 
7858 

50550 5 
-sic.- 

605 2 
26 52 
20 25 
73 76 

103 67 
170 
325 4 

11.26 
37 00 

040 4 
2 57 
285 
899 
827 

1048 
388 4 
218 2 

34802 
896W 5 
ai3 -3 

015 4 
1 32 
394 

12 15 
366-T 

3.50 4 
250 4 
8 18 

#~WW3). 
page 1. 

$ 
2 
& 

1623 
0% 
2 16 

129 38 
40 35 

076 
258 
027 
091 
a54 

11005 -- 
3 7K 

905 
525 

265 
289 
3 11 
3.36 
362 
820 
380 
158 
5 70 
526 
0.48 

32 60 
l.S5 

70 20 
154 

23.76 

350 
13.18 
24 58 
74 00 

-.3.22 
303 

13.68 
245 

21 25 
30.59 

5.14 
1073 
10.58 
1021 

203 
361 
307 
542 
8% 
756 
860 
726 

15828 
316 52 
-375 

126 
059 
0 15 
4.69 

-mi 
350 
250 

300 

x 7 

1 
1 
4 
4 
1 
4 
4 
2 
4 
4 
4 
4 
4 
4 
4 
4 

4 
5 
4 
5 
1 
4 
2 

5- 

2 

2 

5 
4 

4 

-a- 
4 
4 
4 

f ii 
.&- 8 

ii 5 
~.d&- 8 

642 a.47 
084 OB8 
2 36 2 01 
a.42 643 

256 72 123 64 
2.5E.4 4 166 

,162 1993 
0 12 0 10 
292 I 155 

15E-4 4 1.5E-4 4 
110 a5 124.74 
7376~7 -776-7 

567 4 567 4 
4.29 2 47 09 
525 4 525 4 
9.40 4 940 4 
285 4 285 4 
269 4 288 4 
800 4 880 2 

,572 2153 
697 2 18 15 
917 2 16 37 
181 2 370 2 
156 4 1.56 4 
570 4 570 4 
an2 2 11 16 
0.48 4 04s 4 

47 51 69 25 
268 2 548 

11303 5 I7352 5 
154 4 164 4 

4608 5 5700 5 
188 4 168 4 

12 a1 18 13 
1655 2 28 29 
35 55 54 92 

162W 5 -5 jj - I .-7a7i 297.00 5 

194 2 409 4 
3.99 2 14 28 
086 2 854 
793 3828 

17.13 53.08 
483 683 
3.25 4 325 4 

11.32 18.76 
667 2011 
107 304 
407 720 
2 54 620 
1.27 2 20 63 
08-4 2 1.18 
261 2 1162 
838 2 15 55 

1 235 4 
79 aa 242 05 

159.35 5 48409 5 
70 ; -si5 071 4 

1 066 

6 
A 
iti e 
18.92‘ 

3 59 
0 97 
068 

1554 
48 24 

097 
173 
0 15 
143 

1.554 
5489 

376 

209 13 
5.25 

265 
269 
SW 

362 
820 
380 
158 
570 

049 
1844 
1998 
72 31 

1.54 
52 14 

10 44 
1665 
48 77 

326 w 
cc2 67 

32 09 
I3403 

29 88 
262 19 
431.10 

63 07 
078 

167 97 
139 36 

656 
1742 

793 
488 
261 

34 73 
45 10 

'56000 
113o.w 
-3 87 

0 15 

184 
53 58 

--3 w '. 
350 
250 

,257 

- 

g - . 

4 

--a- 
1 

4 
1 
4 
4 
4 

4 
4 
4 
4 
4 

4 

5 
4 
5 
1 

2 

5 

2 

1 

5 .- 

1 
1 

3 
4 
4 

1 
f4 

:‘, 0 
0 0 
T4 58 

a 15 
039 
264 
704 

197 32 
2 5s.4 r! 

II27 
0 19 
4 33 

15E-4 1 
84 58 

3.76 4 
1 

879 2 
456 2 

1 
265 4 

1530 
29w 
30 26 
I2 53 
70 95 
48 57 
,008 
570 4 

40 52 
049 4 

105 11 
501 

27420 6 
599 

6027 5 
1 
1 

26 31 
85 29 

49824 t ..~ 
39 90 

638 i 
29 23 
'19 97 

lW.30 
I44 40 

360 
325 4 

1751 
48 02 

0.40 4 
292 
333 
8 81 
8 92 

lZB2 
386 4 
333 2 

44734 
89467 5 

oi5 i 
015 4 
294 
465 
8 16 
3w 4 
350 4 
250 4 

35 48 
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P MLt Aluikintim f ,. _ _ ._ 
MET Aw.d 
MET CsdlslWll 
MET Chromium 
MET Copper 
MET Imn 
MET Lend 
MET Mangalurs 
MET Merauy 
MET Nckd 
MET S&or 
UET Zmc 
PA,, 1.6.?-Tnme!hyhPhthalti6 
PAH l-UemyInaphthalm 
PAH I-Msm~MlhmM 
PAH Z,BDim~6,yl".ph~n~ 
PAH 2-Memyklaphhd8n4 
PAH Aun4phUm~ 
PAH Ac."Pph!hylen~ 
PA" A"tMce"~ 
PA" Se"zD(a,a"blrncan4 
PAH Swlzo@)pymw 
PAH Senro(b.j.k)6UwUhsm 
PAH Be"zc+)pymn6 
PAH Bsnro(s.h.0wryylew 
PAH &phenyl 
PA" Chrysene 
PAH Dlbenz(a.h)anVwacene 
PA" Fluwan6mne 
PAH Fluoreno 
PA" "Q,, Mdewlar V.'e,gh, PAHa 
PAH Indeno(l.2.3cd)py~ 
PA" Low M&c&, Waqht PAHa 
PAH NapKhalem 
PA" Pe‘ylene 
PA" Phen="threne 
PAH Pymne 
PA" Tom1 PAHs 
PC8 101 (2 2'3 5 5') 
PC8 105 (2 3 Jy 4') 
PC6 116 (2 3y 45) 
PCB 126 (2 2'3 34 4) 
PCB 138 (2 23 4 45) 
PC* 153 (2 2y 45 57 
PCB 170 (2 2'3 34 4'5) 
PCS 16 (2 2'5) 
PC6 ,a0 (2 2'3 4 45 5') 
PCB 187 (2 2‘3 45 5'8) 
FCB 195 (2 2'3 3y 45 6, 
PCS 208 (2 2'3 34 45 5'8) 
PCB 209 (2 2'3 34 45 S6 8') 

PC6 26(244') 
PCS 44 (2 2'3 5) 
PCB 52 (2 2'5 5) 
PCB 66123'44') 
Pa at241 
pcB PC8 Sum 01 Conpewrs 
PCB PCSSumofcwl!36mnx2 
PSI- iii&n- 
PST Hexschlorobenzsm 

0.33 
I46 
297 

IlSce 
- 37e 

805 
525 

265 
269 
529 
336 
362 

3077 
390 
156 
5 70 
528 
049 

3665 
195 

84 52 
I54 

31 32 

350 
1654 
43 14 

138m 
-72 $4 
206 63 

33 35 
566 

36 25 
45 95 

795 
325 

1497 
12 30 

253 
465 
455 
4 01 
8 19 
724 

2.35 
419 66 
639 ?I 
7i5- 

042 
038 
359 
4 IO 

-3w 
350 
2.50 

iii% 
d (cram 

4 

4 
I 
4 
4 
I 
4 
4 
2 
4 
4 

: 
4 
4 
4 

4 
5 
4 
5 
I 

: 

5 

4 

4 

5 
i--- 

Jt 

4 
4 
4 

T=M 
Mad Y 

-$I 
0’: 
246 

IIW 
175.u 

2.16 
10.64 
0.16 
I.67 

1.5E-4 4 
12Qs4 
--576 4 

567 4 
120 22 

525 4 
940 4 
265 4 
269 4 

2999 
68 IS 
3232 
9062 

3.90 4 
1462 

570 4 
5124 

049 4 
124 32 

195 4 
38020 5 

1069 
6023 5 

168 4 
16 56 
3169 

11564 
70400 5 
-if67 

662 
14 13 

4 35 
4730 
5045 

860 
301 2 

2366 
20 21 

I 03 
em 
sea 
105 2 
403 
703 

22 32 
235 4 

246 31 
4S262 5 
-2iici 

262 
0.41 
290 
2.88 

-3z-4 
350 4 
256 4 

a r: 

<I,e 
74a 
064 
I 13 
893 

12195 
297 

10 44 
0 IS 
157 
065 

IW IO 
-- 37b 4 

$05 : 
5.25 4 

265 : 
269 4 

1014 2 
551 
23 14 
5608 

920 
2035 

570 4 
37 63 

049 4 
74 78 

185 4 
27520 5 

154 4 
4502 5 

I 
25.61 
27 39 
83 I? 

43wQ 5 
11 Ii 

__ 

513 2 
1115 

508 
38 07 
58 I6 

739 
lea 2 

26 17 
2051 

3 12 
4 16 
5.09 
252 2 
062 
256 2 

10.15 
3 

21366 
427.37 5 __.. 

3 
3 

0.20 2 
2.09 
2.93 -- 

&( 
668 
062 
262 

1144 
377 17 

I 93 
15 65 
0 13 
2 91 
I 72 

6939 
-3 76 

805 
638 

265 
II 68 
1190 
1479 
607 

32 66 
3075 

156 
570 

1440 
049 

36 98 
1.85 

119.94 
154 

46 67 

I 44 
1646 
432, 

232 83 
-26 i(1 

562 
2471 

601 
4676 
?I 46 

4 47 
325 

12 I? 
20 67 

266 
486 

11 I? 
6 39 
626 

1406 
366 
2.15 

274 50 
549 01 
-Dir 

0.67 
554 
IO9 

-fP 
350 
2% 

832 
ST=w 

Appendix Table A-1-3.1 (continued) 

4 
L 
ii E -&n-T 
mob 

049 
195 

165 20 
29 I7 

026 
437 
033 
1.m 
e 10 

17140 
-37&i 

567 4 
$05 1 
525 4 
940 4 
265 1 
269 4 
264 i 
536 1 
362 4 
620 4 
3.80 4 
I56 1 
570 1 
526 1 
049 1 

16.55 ; 
185 1 

3632 ! 
154 1 

3l.u) ! 
lea 1 
350 1 

10.05 i 
904 

-g7 .i 

257 : 
13 IO 

2.29 
2150 
32 23 

6 19 
325 1 

1224 
sei 
2 II 
3 81 
3 I2 
426 
7 21 
524 

1059 
1.60 2 

I45 33 
290.66 5 
-xii57 

050 
030 2 
0.15 4 

-Eii 
350 4 
2.50 4 
306 4 

zT% . 

&CW; 

0 32 
299 
6.59 

I43 cm Ie%38 
2x4 4 2.5E4 4 

15.96 13.41 
0 I? 014 

2.5E4 4 334 
I.SE-4 4 098 
I31 34 I3062 
-x76 4 ~-376"i 

567 4 667 4 
75 52 $05 4 

525 4 1309 
840 4 940 4 
559 67 41 
540 2 32.61 

1066 2 600 4 
45 70 I7 76 
20 67 3.62 4 
40 49 620 4 

390 4 4458 
1263 23.W 

570 4 570 4 
27 97 14 70 

049 4 3315 
43 50 4091 

474 195 4 
16157 5 158.44 5 

9.15 2766 
4665 5 13046 5 

lee 4 len 4 

3 726 
3 42oB 
3 58 59 
3 3 16 
3 325 4 
3 IO 23 
3 I5 6, 

5 42 
6.72 
6 76 

14 81 
366 4 
210 2 

$ 

f/ 

aTim 
18.68 
030 
164 

lee 69 
Jo28 

0 16 
454 
0 41 
146 
0.52 

I29 73 
--a ta 

567 
905 
525 
040 
265 
269 
150 
330 
362 
6.20 
390 
158 
5.70 
526 
048 
923 
I $5 

32 52 
154 

2762 
164 
360 
746 

1066 
2800 

778 
533 

2646 
558 

43 IO 
6031 

709 
3.25 

1678 
17 15 
255 
7 21 
576 

40 80 
6.75 

13 10 
1839 
235 

32174 
643 47 
-mB 

063 
061 
i.tis 
23s 

-mix 
350 
250 
300 

pa): 1 
s CGde.: 

1 -,& 5.w 
001 
271 
632 

245 29 
2 87 

II a3 
0 13 
343 

1.5E-4 4 I 
11693 
- 3 79 '2 

! 567 1 
805 4 I 

32 65 
940 4 I 

13066 
4a 67 
4094 
42 12 

362 1 I 
620 4 I 

45 57 
158 4 I 
570 4 I 

22 76 
049 1 I 

144 05 
195 1 I 

33699 ! , 
154 1 I 

30341 ! , 
166 1 I 
3M 1 I 

eew 
12366 
70436 ! 
-.%i32 

492 i 
24 16 
II 56 
53 63 
70 23 

5.39 
279 2 

,758 
2147 

250 
4.61 
7 01 
368 
639 

11 42 
366 4 
116 2 

276.17 
55634 5 I 
a-rs -a 

.- 
046 
224 
- *.. a .‘ 
9.88 

-r&l7 

--l 

350 4 
250 4 
3w 

Ml-1: 
'spe I. 

T 
2 
$ 
$ 8 

316 b?-- 
527 
063 
229 
ES8 

293 70 
244 

15 39 
0.11 

25E4 4 
15f-4 4 
104 88 
-37a 4 

567 4 
805 4 
525 4 
940 4 
255 4 

2264 
34 15 
24 66 

624 2 
55 47 
47M 

158 4 
570 4 

29 49 
049 4 

105 45 
I4 34 

24762 5 
154 4 

15760 5 
1509 

I 
59.34 
8147 

495.35 5 
AE-- 

791 2 
35 14 
2306 
9s 18 

13833 
356 
325 4 

1950 
44 74 

260 
3 51 
4 I5 
a VI 
794 

1335 
366 4 
214 2 

(55 67 
?ii 74 5 
-0X7 

0.15 4 
263 
5.63 

1037 
-3.60 

350 4 
2so 4 

3170 

f 
f 
ii _g__ .j 
101.4 

746 
090 
1.78 

I3 15 
13151 

1.61 
13.65 
0.12 

2.5E-4 d 
I.26 

65 75 

-:3: 

iii ; 
840 d 
653 
4% ; 

1081 : 

II 08 
1326 

305 ; 
371 
570 1 

049 4 
6850 

3.62 ; 
14553 ! 

154 a 
5022 ! 

168 1 
1241 
1331 : 
65 47 

22300 ! 
--Bu- 

550 ; 
625 
437 

14.66 
2260 
1121 
325 4 

12 a4 
749 
109 
494 
I VI 
5 31 
204 
374 2 

1104 
I 

125 43 
25066 6 
-am 

015 1 
I 

0;s 4 
433 

-m-s 
350 4 
2.50 4 

3061 

1 
4 
f 
fz 0 E 
w0i - 

2 lb 
0.72 
184 

1193 
10671 
2.5&4 1 

12.64 
0 I5 
186 

15E.4 . 
6367 

--378 i 
567 1 

7666 
525 1 
9.40 4 
644 
854 

1867 
4139 
1734 
22 62 

300 i 
156 1 
570 4 

3139 
049 1 

79.70 
795 

25346 5 
154 1 

7003 ! 
lee 1 

13 51 
16.35 i 
83 17 

426.00 I 
-7iiz-- 

409 4 
733 
I VI 

2159 
32 39 

4 37 
101 2 

1923 
1309 
264 
4 39 
343 
027 2 
226 
5 02 
9 73 
235 4 

13706 
274 II 5 
-o-i5 7 

0.56 
040 
I 62 
161 2 

r, 
g 

.24162 
442 
064 
2 01 
721 

8036 
2.5E-4 

8.62 
0.13 
309 

1x-4 
108 76 
-376 

567 
905 
525 
$40 

64 36 
269 

21 72 
(8 52 

362 
35 65 
31 se 

150 
5 70 

1398 
049 

46 II 
I 35 

139 20 
154 

129 79 
166 
350 

27 77 
5850 

316 76 
ZB3-s 
59 72 
22 29 

816 
49.85 
71 IO 

395 
260 

I4 23 
IQ 33 

I 03 
324 
2 75 
402 
5 15 

10 I? 
365 
2 73 

306 31 
616.62 -- 

0% 
455 
2 70 
435 

-$ g. 

350 
2.50 

II 18 

- 

8 -. 

4 

4 

4 
4 
4 
4 
4 

4 

4 

4 
4 

4 

4 
5 
4 
5 
4 
4 

5 

2 

4 
2 

5 
'3 -- 

1 
z 
g E 

%a-18 - 

0 77 
0 59 
244 
662 

303 8, 
326 

2188 
017 

2.5E4 
15E.4 1 
92 83 

.'376 8 

805 1 
525 . 

265 * 
1132 
I,?9 : 
I580 

7 81 
3s 76 
26 38 

156 2 
570 1 

IB VI 
049 1 

46 22 
646 

12218 ! 
154 A 

49.98 ! 

1775 : 
3498 

231 16 ! 
-25 iii -- 

352 : 
17 29 

981 
49 54 
60 29 

3 15 
108 : 

I268 
25 13 

4 75 
4 24 
260 

17 21 
667 

1263 
388 4 
667 

262 38 
56471 5 

0.15 4 
015 4 
126 
315 
671 

-3-w -4 
350 4 
250 4 
3w 4 
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Appendix Table A-l-3.1 (continued) 

mT .&la%6 
fi.. _ 

MET Anew 
MET CsdmKlm 
MET Chmmium 
MET copper 
MET Iron 
MET Lead 
MET Manqaness 
MET hlermry 
MET Nkkel 

PAH Acan~hthylens 
PAH Anlhmcane 
PA” EJewc+)anLhracsne 
PAH Benzo(a)pymnn 
PAH BenwXb .i.k)6wmntkn 
PAH Benzo(s)pyr.n. 
PAH Benz~6.h.@wykne 
PAH Biphwiyl 
PAH Chcy~ene 
PA” cib8nr(a,h)an!hracene 
PAH FluorwVi-nens 
PAH Ffuonn 
PAH HiOh MOleculsr Weiphl PAHs 
PA,, I”de~+l.2.3 
PAH Low Mokukar We@,: PAHs 
PAH Nz.ph,habw 
PA” Pe,yle”@ 
PA,, PheMn,hre”e 
PAH Pymne 
PAM Total PAHr 
Pcii ibTjf235 sj -~ - 
Pm 105 (2 3 34 C) 
PC8 116 (2 54 4%) 
PCB 128 12 23 34 4) 
PCB 136 (2 2’3 4 4’5) 
FCC, 153 (2 2y 4?i 9) 
P-2 170 (2 2’3 x4 45) 
PCB lB(22’5) 
Pa 160 (2 2’3 4 4’5 5’1 
PCB 187 12 2’3 45 S8) 
PCB 195 i2 2’3 3’4 4is) 
PCB 206 (2 2’3 r4 45 66) 
PCB 209 (2 2’3 3y 45 5’6 69 
PC6 28 (2 4 4’) 
PCB 44 (2 2’3 5’) 
PCE 52 (2 2’5 5) 
PCB 66(23’4#) 
PCB B(24) 
PCB PCB Sum of Conaermrr 

PST H*xach,omb%nzene 
PST tJ,,ex 
PST w-DDE 
PST p.p’-DDE 
fi3? bimgli7l 
TBT Monobuiyltin 
TBT TeMbuMUn 

8 
2 
$ 8 
33ibE.2 7 

19.43 
0 18 
166 

142 69 
36 89 

039 
3 12 
030 
I 39 
2 ia 

105 62 
-378-i 

507 4 
10458 

525 4 
840 4 
285 4 
269 4 
800 4 
336 4 
362 4 
620 4 
390 4 
158 4 
570 4 
526 4 
049 4 

1020 2 
12543 
3496 5 

154 4 
5271 5 

166 4 
350 4 

1554 2 
1205 

155W 5 
--tii - 

669 2 
1376 

5.56 
2145 
3135 

793 
25.83 
IO 55 
20 30 

040 4 
955 
634 

14 74 
209 
8 IO 
669 2 
235 4 

la6 56 
397 16 5 
--OiJ 3 

143 
0 99 
015 4 
4 11 
306 4 
350 4 
2% 4 
3w 4 

ils: MET Ul 
2-J (ertimat 

$ x -5aT7 
592 
1 16 
106 

22 74 
75 43 

043 
187 
0.11 
130 

15E-4 4 

2g4 

587 4 
905 4 
525 4 
940 4 
265 4 
269 4 
202 2 

1 
3.62 4 
620 4 
366 4 
158 4 
570 4 

1 
049 4 
655 4 

2736 
5561 5 

154 4 
55.10 5 

16-3 4 
350 4 
917 2 

4315 
6200 5 

-30 or- 
2158 
6063 
1952 

160 03 
263 80 

37 99 
273 2 

98 89 
62 la 

445 
561 
266 

1075 
376 

2132 
42 95 

1 
a49 21 

IWOW 5 
-ii?33 

015 1 
1 

5 74 
67 39 
-56&s 

3% 4 
250 4 
6.73 

91odwW; 
rakles). 3= 

3 
2 x i&r 

7 73 
0 71 
211 
667 

149 m 
2 12 

1763 
0 13 
I 32 

15E-4 4 
116.26 

-5n- a 
567 4 

29 57 
525 4 
940 4 
285 4 
262 2 
606 2 

1053 
420 2 
618 2 
1.05 2 
158 4 
570 4 
a.77 2 
049 4 

2164 
371 2 

6812 5 
154 4 

3200 5 
188 4 
424 2 
566 2 

2154 
127W 5 

-375 ~- 
141 2 
5.70 
121 

1055 
27 14 

4 27 
325 4 

$8 07 
10 53 

046 2 
284 
2 62 
182 2 
121 
261 2 
700 2 

1 
102 21 
20441 5 
ais- 

0.15 1 
1 

121 
3 14 

-.I# i 
350 4 
2.50 4 

13 35 

.H. PCS an 

f g 
-&- 

1104 
064 
2 16 

11 a? 
13692 

2 37 
8 12 
011 

2 5E-4 4 
1.5E-4 4 
12064 

--3x33 
567 4 

78 03 
525 4 
940 4 
285 4 
303 2 
814 2 

2046 
800 

,580 
197 2 
1% 4 
5.70 4 

,742 
049 4 

25 62 
318 2 

loa 5 
154 4 

3453 5 
186 4 
421 2 
645 2 

3122 
23000 5 

a%- 
235 2 
7 52 
106 

22 46 
30 89 

449 
1w 2 

1380 
1060 

170 
6 97 
503 
150 2 
205 
346 2 
a 01 
235 4 

133 33 
26666 5 
a%-5 

018 2 
042 
163 
2 59 

.3x8 3 
350 4 
250 4 

49 55 

ST=W$Ql 
(no, oldamd); 4=ND (n 
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!i! 8 %2- 
3.46 
094 
122 

1839 
6839 

064 
3.21 
0.17 

25E.4 4 
1.58 

2197 
-3.78 2 

8824 
IWOW 

1227 
aoQ6 
1001 

510 2 
600 4 

1 
376 2 
820 4 
390 4 
158 4 
711 2 

1 
049 4 
769 2 

13 65 
3618 5 

1.54 4 
17762 5 

3465 
743 

1540 2 
24 22 

naow 5 
4353- 
12 29 
6440 

744 
79 69 

147w 
1607 

208 2 
45 29 
35 22 

407 
550 
163 
4 85 
125 

1797 
16 73 

1 
97 26 

IOIOW 5 
--XT5 ;i 

015 1 
1 

2 61 
2119 

---3w 4 
350 4 

z g -&is- 
746 
0.74 
175 

1104 
156 as 

2 59 
4 95 
0 16 
411 

15E-4 4 
74.64 

2: a 
15.22 2 
7060 
55.42 
55 15 
38 89 
42 79 
45 39 
21 74 
946-l 
6750 

154 4 
570 4 

38 07 
2,,6 

103 33 
165 4 

31634 5 
154 4 

2217, 5 
168 4 

38 87 
30 63 
68 63 

64963 5 
16 BB-- 

350 2 
21 15 

956 
3444 
46.64 

326 
325 4 
892 

1153 
165 
165 
168 
783 
469 

14 17 
366 4 
205 2 

192 a6 
36693 5 

-3 55” 5 
056 
117 
4 77 
667 
3 orx 
3.60 4 
250 4 

40.88 
7 

c 

$ B 

?w2-- 

466 
059 
164 

II 93 
,a2 18 

078 
499 
0 18 
364 

1.5E-4 4 
91.66 

--m 5 
567 4 
905 4 

22 16 
940 4 
285 4 

1747 
25 OS 
47 31 
31 00 

109 63 
8611 
M40 

570 4 
49 49 

049 4 
64 89 
18 70 

20707 5 
1s 51 

10201 5 
166 4 

1 
290, 
73 69 

63867 5 
-ii? 38 -- 

343 2 
19 33 
13 22 
3192 
46 08 

167 
325 4 
4 85 

,402 
126 
361 
440 

18 39 
036 4 

12 76 
368 4 
234 2 

194 3, 
38662 5 
--ai 5 

015 4 
l&3 
144 
6 13 

-1321 
350 4 
250 4 

6Bw 
,Pla m8lln 

k? 2 
s x 

fiE-i 7 
2169 

023 
143 

101 a2 
25 42 

0 16 

023 
1 57 
364 

11898 
-.3 W -i 

567 4 
01.77 

525 4 
940 4 
265 4 
268 4 
636 2 
338 4 
362 4 
620 4 
360 4 
158 4 
570 4 
528 4 
049 4 

,446 2 
195 4 

4675 5 
154 4 

3938 5 
166 4 
350 4 

1445 2 
19 57 

137w 5 
-if?5 - 

562 ‘i 
11.16 

790 
,464 
22 IO 

411 
57 64 

3 a2 
3, 52 

040 4 
,?W 

072 4 
20 58 

038 4 
1146 
459 2 
235 4 

23050 
461w 5 
-0 i3 7 

523 
145 
954 
777 

‘3cF4 
3M 4 
2.60 4 
3w 4 

(Da): ,=I 
,cGder: 6 

2 
e s 

-1cc14 - 
3005 

050 
195 

12 16 
17662 

082 
429 
013 

2 5E.4 4 
146 

65 63 
376 4 

1 
905 4 
525 4 

1 
285 4 
269 4 
599 2 
336 4 
604 2 

1060 2 
13643 

9.58 4 
570 4 
526 4 
049 4 

1591 2 
6 I5 

4438 5 
154 4 

4765 5 
1 
1 

29 97 
1334 

10186 5 
-22 36.-- 

215 2 
464 2 
911 

1770 
17 76 

110 
223 2 
396 
6 37 
040 4 
645 
941 

14 10 
14 10 
14 75 

368 4 
235 4 

148 24 
29849 5 

-a 13 -5 
155 
3 15 
762 

1545 
3w 4 
350 4 
250 4 
3w 4 

WfWS”C8,: 
PaQe 1 



Appendix Table A-l -3.2. Results of tissue lipid analyses for the Derecktor Shipyard Marine ERA. 

Station 

DSY-24 
DSY-25 
DSY-26 
DSY-27 
DSY-28 
DSY-29 
DSY-31 
DSY-32 
DSY-33 
DSY-34 
DSY-35 
DSY-36 
DSY-37 
DSY-38 
DSY-39 
DSY-40 
DSY-41 
JPC-1 
CHC-1 
TO-DM 

Cunner 
Deployed 
Mussels 

9.09 6.89 

11.4 
8.69 

6.19 
6.92 
5.73 

6.07 2.51 

8.37 

5.85 
5.94 
7.37 

11.8 
7.66 
6.10 
6.92 

Indigenous 
Blue Mussels 

5.41 
4.44 

Lobster Mummichog 

2.53 

6.77 
5.40 

2.33 
2.83 
2.44 

5.00 2.36 
5.37 1.79 

2.57 
2.02 

6.31 

6.07 2.53 
4.28 2.28 

12.5 

Mercenaria Pitar 
mercenaria morrhuana 

2.01 

2.79 
3.25 
3.21 
3.69 
2.40 
2.40 
1.10 
4.03 

2.14 2.11 
2.59 0.93 

Units: % = decigram/g dry weight 
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i ; 

Appendix A-1-4.1. Summary of Simultaneously Extractable Metals (SEM) concentrations in sediments for the Derecktor Shipyard 
Marine Ecological Risk Assessment. 

I 
DSY-25 

DSY-26 

DSY-27 

DSY-28 

DSY-29 

DSY-29 FD’ 

DSY-30 

DSY-31 

DSY-32 

DSY-33 

DSY-34 

DSY-35 

DSY-35 RP’ 

DSY-36 

DSY-37 

DSY-37 RP2 

DSY-38 

DSY-39 

DSY40 

DSY-41 

JPC-1 

JPC-2 

Depth 

(cm) 

o-12 

O-18 

o-17 

O-18 

O-18 

O-18 

O-18 

O-18 

O-18 

o-14 

O-18 

o-14 

o-14 

O-l 8 

O-18 

O-18 

O-18 

O-18 

o-14 

o-13 

o-14 

O-16 

20.79 110.79 26.50 37.86 0.14 

19.85 46.27 17.66 5.34 co.09 

2.31 864.67 169.59 12.05 1.13 

152.20 324.63 71.95 61.95 co.09 

12.75 436.86 122.16 43.92 0.98 

49.74 429.74 106.32 63.68 1.32 

I .26 86.24 38.38 3.56 0.33 

26.39 141.75 52.78 12.93 0.30 

27.22 96.34 53.08 31.54 0.18 

27.07 44.46 19.98 9.29 co.09 

16.03 67.21 32.31 7.98 0.12 

5.05 22.22 3.92 6.16 co.09 

3.72 14.06 3.12 3.22 co.09 

38.01 94.87 52.18 13.76 0.11 

33.43 72.81 35.49 10.99 0.12 

19.82 51.99 32.69 4.70 0.13 

46.53 93.20 37.49 12.85 co.09 

31.63 91.50 34.82 13.49 co.09 

9.23 91.49 27.03 9.15 0.23 

3.70 20.36 5.77 5.40 co.09 

15.09 34.52 12.20 5.32 0.09 

Replicate 1 Metals @g/g) -- 
Cu mph-1.. ----Ni-/CdICd%Q3j 

3.86 1 21.191 40.851 20.161 6.271 - 

HgQ- 

3.54 

<2 

2.57 

8.50 

9.07 

14.88 

<2 

2.39 

<2 

3.36 

<2 

<2 

<2 

<2 

2.60 

<2 

3.31 

2.02 

c2 

2.08 

<2 

2.03 

iiT@ 

B 

B 

B 

B 

B 

B 

B 

B 

B 

l- Replicate 2 Metals (ug 

C-n Pb Ni [--Cd- 

21.88 126.81 28.61 31.53 0.21 

20.93 43.87 16.21 5.20 CO.09 

1.99 566.26 189.08 13.69 0.78 

97.50 225.50 67.00 50.50 0.25 

ND 387.41 105.19 27.04 0.93 

62.44 447.32 126.59 52.44 1.22 

3.11 88.40 38.66 4.76 0.40 

37.13 183.28 54.81 14.48 0.30 

24.76 98.46 53.44 8.46 0.22 

29.83 44.11 20.34 9.88 0.02 

11.90 64.33 31.43 7.42 0.12 

7.47 22.60 3.28 6.55 CO.09 
4.83 13.47 2.92 3.53 co.09 

40.81 92.35 50.74 13.53 co.09 

44.57 100.10 35.30 35.10 0.10 
20.68 52.30 32.99 4.33 0.13 

34.10 84.16 38.98 26.45 co.09 

30.19 98.32 35.20 14.39 co.09 
10.34 96.58 26.36 9.48 0.27 

2.86 36.49 6.60 3.13 co.09 

11.29 28.68 11.18 5.46 CO.09 

3.84 24.79 40.36 18.88 7.71 

) 
Cd DC!s -Hg4 .~ 

4.07 

<2 

2.67 

14.39 

8.63 

20.53 

<2 

2.74 

2.31 

2.66 

2.31 

<2 

<2 

2.62 

2.59 

<2 

3.20 

2.51 

12 

<2 

<2 

<2 

HgbQ? 

1 - FD designates field duplicate. 

2 - RP designates replicate analysis. 

3 - Data qualifiers apply only to cadmium and mercury. B = estimated values. 

4 - Concentrations for Hg in rig/g.. 

“< ” designates concentrations below the Method Limit of Quantitation (MLQ). 
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Appendix A-l-4.2. Summary of Acid Volatile Sulfide (AVS) concentrations in 
sediments for the Derecktor Shipyard Marine Ecological Risk Assessment. 

I Sample ID Depth (cm) Dry Weight (g) AVS @m/g dry) RPD3 

DSY-25 Replicate 1 O-l 2 1.40 23.80 
DSY-25 Replicate 2 o-12 1.44 25.36 
DSY-26 Replicate 1 O-l 8 4.61 4.22 
DSY-26 Replicate 2 O-l 8 4.75 3.93 
DSY-27 Replicate 1 o-17 1.95 174.99 
DSY-27 Replicate 2 o-17 2.06 177.86 
DSY-28 Replicate 1 O-18 0.41 59.65 
DSY-28 Replicate 2 O-18 0.40 66.25 
DSY-29 Replicate 1 O-l 8 0.51 185.74 
DSY-29 Replicate 2 O-l 8 0.54 180.58 
DSY-29 FD’ Replicate 1 O-l 8 0.38 161.81 
DSY-29 FD’ Replicate 2 O-l 8 0.41 180.25 
DSY-30 Replicate 1 O-l 8 3.96 25.76 
DSY-30 Replicate 2 O-18 4.24 24.26 
DSY-31 Replicate 1 O-18 2.63 51.90 
DSY-31 Replicate 2 O-18 2.68 48.22 
DSY-32 Replicate 1 O-18 2.73 17.07 
DSY-32 Replicate 2 O-18 2.73 17.34 
DSY-33 Replicate 1 o-14 4.10 0.80 
DSY-33 Replicate 2 o-14 4.14 0.77 
DSY-34 Replicate 1 O-18 2.47 31.36 
DSY-34 Replicate 2 O-18 2.52 27.68 
DSY-35 Replicate 1 O-l 4 5.23 1.55 
DSY-35 Replicate 2 O-14 5.30 1.14 
DSY-35 RP* Replicate 1 O-14 4.97 1.13 
DSY-35 RP* Replicate 2 O-14 5.07 0.87 
DSY-36 Replicate 1 O-18 2.71 36.18 
DSY-36 Replicate 2 O-l 8 2.72 35.71 
DSY-37 Replicate 1 O-l 8 3.24 2.88 
DSY-37 Replicate 2 O-l 8 3.00 1.89 
DSY-37 RP* Replicate 1 O-l 8 3.87 2.78 
DSY-37 RP* Replicate 2 O-18 3.95 3.24 
DSY-38 Replicate 1 O-18 2.91 28.65 
DSY-38 Replicate 2 O-18 2.93 30.92 
DSY-39 Replicate 1 O-18 3.07 20.65 
DSY-39 Replicate 2 O-18 3.21 22.69 
DSY40 Replicate 1 o-14 3.90 18.33 
DSY-40 Replicate 2 o-14 4.07 19.24 
DSY-41 Replicate 1 O-13 4.78 4.56 
DSY-41 Replicate 2 O-l 3 4.76 4.48 
JPC-1 Replicate 1 o-14 4.40 1.95 
JPC-1 Replicate 2 O-l 4 4.41 1.89 
JPC-2 Replicate 1 O-l 6 3.86 0.70 
JPC-2 Replicate 2 O-16 3.84 0.80 

6.3 

7.1 

1.6 

10.5 

2.8 

10.8 

6.0 

7.4 

1.6 

3.8 

12.5 

30.5 

26.0 

1.3 

41.5 

15.3 

7.6 

9.4 

4.8 

1.8 

3.1 

13.3 

1 - FD designates field duplicate. 
2 - RP designates replicate analysis. 
3 - RPD = Redox Potential Depth. 
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Appendix A-l-4.3. Summary of SEM/AVS ratios in sediments for the Derecktor Shipyard Marine Ecological Risk Assessment. 

Sample Depth 

Name (cm) 

DSY-25 

DSY-26 

DSY-27 

DSY-28 

DSY-29 

DSY-29FD' 

DSY-30 

DSY-31 

DSY-32 

DSY-33 

DSY-34 

DSY-35 

DSY-35RP* 

DSY-36 

DSY-37 

DSY-37 RP2 

DSY-38 

DSY-39 

DSY40 

DSY41 

JPC-1 

JPC-2 

o-12 23.80 25.36 6.3 

O-18 4.22 3.93 7.1 

o-17 174.99 177.86 1.6 

O-18 59.65 66.25 10.5 

O-18 185.74 180.58 2.8 

O-18 161.81 180.25 10.8 

O-18 25.76 24.26 6.0 

O-18 51.90 48.22 7.4 

O-18 17.07 17.34 1.6 

o-14 0.80 0.77 3.8 

O-18 31.36 27.68 12.5 

o-14 1.55 1.14 30.5 

o-14 1.13 0.87 26.0 

O-18 38.18 35.71 6.7 

O-18 2.88 1.89 41.5 

O-18 2.78 3.24 15.3 

O-18 28.65 30.92 7.6 

O-18 20.65 22.69 9.4 

o-14 18.33 19.24 4.8 

o-13 4.56 4.48 1.8 

o-14 1.95 1.89 3.1 

O-16 0.70 0.80 13.3 

AVS(umc 

Rep.1 
3 dry se4 

Rep.2 

Percent 

Diff. F Replicate 1 (umol/g dry sample) Replicate 2 (umolle dry sample) / SEM/AVS 1 

0.327 1.695 0.128 

0.312 0.708 0.085 

0.036 13.227 0.819 

2.395 4.966 0.347 

0.201 6.683 0.590 

0.000 5.926 0.508 

0.983 6.843 0.611 

0.049 1.352 0.187 

0.584 0.568 0.885 

0.390 1.506 0.258 

0.469 0.675 0.098 

0.187 0.984 0.152 

0.118 0.346 0.016 

0.076 0.206 0.014 

0.642 1.413 0.245 

0.701 1.531 0.170 

0.326 0.800 0.159 

0.537 1.287 0.188 

0.475 1.504 0.170 

0.163 1.478 0.127 

0.045 0.558 0.032 

0.1781 0.4391 

Ni 

--F 
0.645 0.001 

0.091 5.8E-04 

0.205 0.010 

1.055 0.002 

0.748 0.009 

0.461 0.008 

0.893 0.011 

0.081 0.004 

0.934 0.129 

0.144 0.002 

0.168 2.1E-04 

0.126 0.001 

0.112 1.7E-04 

0.060 1.8E-04 

0.230 6.5E-04 

0.598 8.9E-04 

0.074 0.001 

0.451 6.1E-04 

0.245 5.5E-04 

0.162 0.002 

0.053 7.5E-04 

0.093 6.1E-04 

Hg Cu 
2;mm., -Fb:: 

1.8E-05 0.344 1.940 0.138 

4.6E-06 0.329 0.671 0.078 

1.3E-05 0.031 8.662 0.913 

4.2E-05 1.534 3.450 0.323 

4.5E-05 0.000 5.926 0.508 

7.4E-05 0.983 6.843 0.611 

4.OE-06 0.049 1.352 0.187 

1.2E-05 0.584 2.804 0.265 

4.9E-06 0.390 1.506 0.258 

1.7E-05 0.469 0.675 0.098 

6.1E-06 0.187 0.984 0.152 

7.1E-06 0.118 0.346 0.016 

6.3E-06 0.076 0.206 0.014 

9.OE-06 0.642 1.413 0.245 

1.3E-05 0.701 1.531 0.170 

7.3E-06 0.326 0.800 0.159 

1.7E-05 0.537 1.287 0.188 

l.OE-05 0.475 1.504 0.170 

4.OE-06 0.163 1.478 0.127 

l.OE-05 0.045 0.558 0.032 

7.3E-06 0.178 0.439 0.054 

l.OE-05 0.060 0.379 0.195 

0.537 0.002 2.OE-05 0.117 

0.089 5.6E-04 6.3E-06 0.284 

0.233 0.007 1.3E-05 0.082 

0.860 0.002 7.2E-05 0.1471 

0.461 0.008 4.3E-05 0.044 

0.893 0.011 l.OE-04 0.043 

0.081 0.004 6.3E-06 0.363 

0.247 0.003 1.4E-05 0.032 

0.144 0.002 1.2E-05 0.182 

0.168 2.1E-04 1.3E-05 2.875 

0.126 0.001 1.2E-05 0.045 

0.112 1.7E-04 7.3E-06 0.936 

0.060 1.8E-04 6.2E-06 0.523 

0.230 6.5E-04 1.3E-05 0.009 

0.598 8.9E-04 1.3E-05 0.879 

0.074 0.001 6.7E-06 1.080 

0.451 6.1E-04 1.6E-05 0.047 

0.245 5.5E-04 1.3E-05 0.119 

0.162 0.002 8.1E-06 0.131 

0.053 7.5E-04 6.5E-06 0.424 

0.093 6.1E-04 6.OE-06 0.353 

0.322 0.069 8.9E-06 1.092 

Ha / Reo.1 ! Reo.2 I 

0.117 

0.297 

0.05: 

0.092 

0.03E 

0.052 

0.06: 

0.081 

0.132 

I ,832 

0.052 

0.516 

0.41c 

0.071 

1.585 

0.42C 

0.08C 

0.106 

0.100 

0.154 

I - FD designates field duplicate. 

2 - RP designates replicate analysis. 

SEM = Simultaneously Extractable Metals; AVS = Acid Volatile Sulfides. 
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APPENDIX A-1 -5. 
GRAIN SIZE/TOG DATA 



Appendix A-l -5.1. Sediment grain size analysis for the Derecktor Shipyard Marine 
Ecological Risk Assessment. 

SAMPLE 

NAME 

DSY-25 

DSY-26 

DSY-27 

DSY-26 

DSY-29 

DSY-29 FD' 

DSY-30 

DSY-31 

DSY-32 

DSY-33 

DSY-34 

DSY-35 

DSY-36 

DSY-37 

DSY-38 

DSY-39 

DSY-40 

DSY-41 

JPC-1 

JPC-2 

DSY-28 

DSY-28 

DSY-29 

DSY-29 

DSY-30 

DSY30 

DSY-31 

DSY-31 

DSY-34 

DSY-34 

DSY-36 

DSY-36 

DSY-V4 

DSY-V4 

DSY-V9 

DSY-V9 

Depth (cm) 

o-12 

O-18 

o-17 

O-l 8 

O-l 8 

O-l 8 

O-l 8 

O-18 

O-18 

o-14 

O-l 8 

o-14 

O-l 8 

O-l 8 

O-l 8 

O-l 8 

o-14 

o-1 3 

o-14 

O-16 

24-34 

76-86 

16-26 

44-54 

18-28 

68-78 

45-55 

100-110 

20-30 

70-80 

40-50 

90-I 00 

105-115 

130-140 

zo-act 

39-45 

Dry Weight(g) % Vol % Vol 

>63 ~63 >3.9u / .15.6u ' i % Sand , % Silt 
j 

1.8554 0.4686 99.31 70.43 1 79.8 20.0 
2.1438 0.5008 98.93 55.171 81.1 18.7 
0.1240 1.1578 99.98 55.38 9.7 90.3 
0.0220 1.1944 99.99 1 55.91 1.8 98.2 
0.1768 0.7905 98.23 54.43 18.3 80.3 

0.1949 0.7757 99.99 48.66 20.1 79.9 

0.4398 1.1823 99.25 61.73 27.1 72.3 

0.1872 1.4015 99.99 60.09 11.8 88.2 

0.1769 1.4271 99.30 59.45 11.0 88.3 

1.7221 0.7330 j 98.85 64.18 70.1 29.5 

0.2267 1.4745 j 99.37 65.94 13.3 86.1 

2.8754 0.0312/ 99.92 54.51 98.9 1.1 

0.1713 0.9846 / 99.99 54.80 14.8 85.2 

1.0336 1.0353 i 99.70 69.32 50.0 49.9 

0.2604 1.3570 / 99.51 67.39 16.1 83.5 

0.8464 I .3505 j 98.69 62.37 38.5 60.7 

1.8590 0.5720 j 99.99 57.82 76.5 23.5 

2.9240 0.11271 98.68 51.13 96.3 3.7 

2.3120 0.3122/ 100.0 66.42 88.1 11.9 

1.5526 0.7769 / 99.47 69.85 66.6 33.2 

0.1499 1.21551 99.98 53.27 11.0 89.0 

0.0612 1.1980' 99.99 52.16 4.9 95.1 

2.3430 0.5383 95.56 66.81 81.3 17.9 

3.1072 0.0981 j 99.25 65.711 96.9 3.0 

1.7655 0.9373 / 99.85 81.521 65.3 34.6 

0.9596 1.5439 / 99.67 38.3 61.5 

0.9571 1.3569 i 

76.52 / 

99.49 72.62 ( 41.4 58.3 

1.8889 0.91251 99.68 73.78 67.4 32.5 

0.7625 1.9358 99.82 79.51 28.3 71.6 

0.1977 2.2745 99.66 73.22 8.0 91.7 

0.0410 1.2845 99.98 54.49 3.1 96.9 

2.6215 0.6011 99.50 68.96 81.3 18.6 

2.5698 0.5587 99.73 78.74 82.1 17.8 

2.4108 0.5901 99.55 77.16 80.3 19.6 

0.2983 1.4068 98.93 56.02 17.51 81.6 

2.87211 0.46561 99.141 62.92) 86.1/ 13.8 0.11 8.81 5.21 

0.1 14.2 6.0 
0.2 10.4 8.5 

0.0 50.0 40.3 
0.0 54.9 43.3 
1.4 44.5 37.2 
0.0 38.9 41.0 
0.5 45.0 27.9 
0.0 53.0 35.2 

0.6 52.9 36.1 

0.3 19.2 10.7 

0.5 57.2 29.5 

0.0 0.6 0.5 

0.0 46.7 38.5 

0.2 34.7 15.4 

0.4 56.5 27.4 

0.8 38.3 23.1 

0.0 13.6 9.9 

0.0 1.9 1.8 

0.0 7.9 4.0 

0.2 23.3 10.1 

0.0 47.4 41.6 

0.0 49.6 45.5 

0.8 12.5 6.2 

0.0 2.0 1.0 

0.1 28.3 6.4 

0.2 47.2 14.5 

0.3 42.6 16.1 

0.1 24.0 8.5 

0.1 57.0 14.7 

0.3i 67.4 24.6 

0.01 52.8 44.1 

0.1 j 12.9 5.8 

0.0 14.1 3.8 

0.1 15.2 4.5 

0.9 46.2 36.3 

1 - FD designates field duplicate. 
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Appendix A-l -5.2. Sediment Total Organic Carbon analysis for the Derecktor Shipyard 
Marine Ecological Risk Assessment. 

SAMPLE 
NAME 

DSY-25 
DSY-26 
DSY-27 
DSY-28 
DSY-29 

DSY-29 FD’ 
DSY-30 
DSY31 
DSY-32 
DSY-33 
DSY-34 
DSY-35 
DSY-36 
DSY-37 
DSY-38 
DSY-39 
DSY-40 
DSY-41 
JPC-1 
JPC-2 

DSY-28 
DSY-28 
DSY-29 
DSY-29 
DSY30 
DSY30 
DSY-31 
DSY31 
DSY-34 
DSY-34 
DSY-36 
DSY-36 
DSY-V4 
DSY-V4 
DSY-V9 
DSY-V9 

Depth 
(cm) 

Crucible 
wt (cl) wet 

Dry WC 
1 ooc 

Iht k.0 
55oc 

- 
I 

% water 
Total Organic 

Matter (%) 
Total Organic 
Carbon (%) 

o-12 4.520 1.281 5.341 5.307 35.9 4.1 1.8 
O-l 8 4.721 1.434 5.776 5.740 26.4 3.4 1.5 
o-1 7 4.258 1.110 4.733 4.692 57.2 8.6 3.7 
O-l 8 4.733 1.285 5.196 5.153 64.0 9.3 4.0 
O-l 8 4.278 1.002 4.583 4.540 69.6 14.1 6.1 
O-l 8 4.707 1.139 5.049 5.002 70.0 13.7 5.9 
O-l 8 4.578 1.095 5.102 5.056 52.1 8.8 3.8 
O-l 8 4.183 1.343 4.745 4.695 58.2 8.9 3.8 
O-18 4.063 1.449 4.680 4.629 57.4 8.3 3.6 
o-14 4.696 1.767 5.945 5.897 29.3 3.8 1.7 
O-l 8 4.703 1.330 5.341 5.294 52.0 7.4 3.2 
o-14 4.466 1.611 5.740 5.722 20.9 1.4 0.6 
O-l 8 4.699 1.168 5.186 5.146 58.3 8.2 3.5 
O-18 4.846 1.342 5.608 5.569 43.2 5.1 2.2 
O-l 8 4.868 1.248 5.444 5.403 53.8 7.1 3.1 
O-18 4.663 1.087 5.272 5.236 44.0 5.9 2.6 
o-14 4.243 1.794 5.441 5.400 33.2 3.4 1.5 
o-13 4.103 1.757 5.487 5.461 21.2 1.9 0.8 
o-14 4.709 1.990 6.256 6.218 22.3 2.5 1.1 
O-16 4.805 1.704 5.941 5.896 33.3 4.0 1.7 

24-34 4.875 1.210 5.355 5.312 60.3 9.0 3.9 
76-86 4.547 1.360 5.055 5.014 62.6 8.1 3.5 
16-26 4.742 1.779 6.051 6.006 26.4 3.4 1.5 
44-54 4.605 1.825 6.094 6.077 18.4 1.1 0.5 
18-28 4.645 1.871 6.044 5.995 25.2 3.5 1.5 
68-78 4.247 1.611 5.322 5.279 33.3 4.0 1.7 
45-55 4.226 1.626 5.299 5.258 34.0 3.8 1.7 

100-110 4.922 1.434 5.975 5.937 26.6 3.6 1.6 
20-30 4.527 1.334 5.410 5.379 33.8 3.5 1.5 
70-80 4.629 1.847 5.906 5.859 30.9 3.7 1.6 
40-50 4.956 1.236 5.455 5.403 59.6 10.4 4.5 
90-I 00 5.007 1.870 6.530 6.499 18.6 2.0 0.9 
105-115 4.106 2.033 5.846 5.819 14.4 1.6 0.7 
130-140 4.244 2.101 6.096 6.064 11.9 1.7 0.7 
20-act 4.280 1.498 5.058 4.991 48.1 8.6 3.7 
39-45 4.237 2.174 6.102 6.059 14.2 2.3 1.0 - 

1 - FD designates field duplicate. 
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APPENDIX A-2. 
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APPENDIX A-2-l. 
SEDIMENT HAZARD QUOTIENTS 
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Appendix A-2-l .2. Hazard Quotients and Hazard indices of CoCs in sediments for the Derecktor Shipyard Marine Ecological 
Risk Assessment. Benchmark = NOAA ER-M. 
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See Appendix A-l-l for sediment concentrations. 
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Appendix A-2-l .2 (continued). Hazard Quotients and Hazard Indices of 
CoCs in sediments for the Derecktor Shipyard Marine Ecological 
Risk Assessment. Benchmark = NOAA ER-M. 
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APPENDIX A-2-2. 
ELUTRIATE HAZARD QUOTIENTS 



Appendix A-2-2.1. Hazard Quotients for CoCs in sediment elutriates for the 
Derecktor Shipyard Marine Ecological Risk Assessment. Benchmark = EPA 
Ambient Water Quality Criteria - Saltwater Chronic (AWQC-SC) value. 

4 WQC-SC2 
DSY-25 
DSY-27 
DSY-29 
DSY31 
DSY-32 
DSY-33 
DSY-36 
DSY-37 
DSY-38 
DSY-39 
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JPC-1 = Jamestown Potter Cove reference station 

See Appendix A-l-2 for elutriate concentrations. 

1 - AWQC-SC value for copper not available; chronic HQs for copper not calculated. 

2 - AWQC-SC data from EPA, 1986. Units are pglL. 
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Appendix A-2-2.2. Hazard Quotients for CoCs in sediment elutriates for the 
Derecktor Shipyard Marine Ecological Risk Assessment. Benchmark = EPA 
Ambient Water Quality Criteria - Saltwater Acute value. 
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Appendix A-2-3.3. Site vs. reference tissue concentration ratios in hard clams collected for the Derecktor Shipyard 
Marine Ecological Risk Assessment. Benchmark = CoC concentration at reference. 
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Appendix A-2-4.1. Dry tissue weight to wet tissue weight ratio for biota collecte 
Derecktor Shipyard Marine Ecological Risk Assessment. 

DSY-24 ~ 0.089 I ~ 
l.T._ Q 

DSY-25 ! 0.088 / 0.153 

+- 

DSY-26 0.154 0.117 j i 0.126 
DSY-27 : 0.130 j 0.148 ~ 
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DSY-29 0.156 0.143 j I I 0.139 1 
DSY-31 0.106 
DSY-32 

I 0.091 
I 0.108 

DSY-33 0.114 i 0.167 / 0.089 
DSY-34 0.095 
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DSY-41 1 0.154 0.123 
JPC-1 0.137 0.108 0.123 0.174 0.182 0.087 
CHC-1 0.146 0.128 0.105 0.129 

T-O 0.070 
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Appendix Table A-2-4.2. Dose of CoCs to Herring Gull consuming prey in the Derecktor Shipyard/ 
Coddington Cove (DSY) study area and the Jamestown Potter Cove (JPC) and Castle Hill Cove (CHC) 
reference locations. 
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28.58 36.20 
2.82 2.82 3.6E 
0.80 0.80 0.8C 
0.87 10.4 0.87 
7.10 20.5 I.25 
0.59 7.54 0.5: 
0.50 0.50 3.6C 
13.2‘ 34.2 9.6: 
207 241 25E 

4.5E-2 4.5E-2 4.5E-i 
2.19 2.94 

2.841 12.11 233 68.01 81.741 6.021 

T -r 

2.361 
4.061 

>N=cunner; DM=deployed mussels; IBM=indigenous blue mussels; LOB=lobster; MF=mummichog; 
MM=Mercenaria mercenaria; PM=Pifar morrhuana. See Appendix A-l-3 for tissue concentrations. 
Dose = prey tissue concentration X exposure factor. Exposure factor for herring gull = 0.30 (Table 6.3-l). 
Units: MET = pg CoClkg bird/day; PAH, PCB, PST, TBT = ng CoClkg bird/day. 

- 

0.30 

2.30 
0.35 
0.35 
6.54 
0.27 

5.OE-2 
0.52 

4.5E-5 
8.56 
7.18 
11.8 
0.87 
1.85 
7.74 
0.50 
14.2 
951 

4.5E-2 
20.1 
10.4 
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txposure Factor 

MET Arsenic 
MET Cadmium 
MET Chromium 
MET Copper 
MET Lead 
MET Mercury 
MET Nickel 
MET Silver 
MET Zinc 
PAH 2-MethiTi*ihal&ie 
PAH Acenaphthene 
PAH Acenaphthylene 
PAH Anthracene 
PAH Fluorene 
PAH Naphthalene 
PAH Phenanthrene ____~ 
PCB Total PCBs 
PST Aldrin --- 
PST p,p’-DDE 
TBT yiibutyltin 

Appendix Table A-2-4.2 (continued). Dose of CoCs to Herring Gull consuming prey in the Derecktor Shipyard/ 
Coddington Cove (DSY) study area and the Jamestown Potter Cove (JPC) and Castle Hill Cove (CHC) 
reference locations. 

6 4 4 f ? 6 4 
I 

F G ? ;;;; G 2 % k 5 2 5 2 + s $ zi 4 ? I c 4 G : 5l 3 z s s E 2 ti i 2 E 
0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 

2.68 8.57 1.56 2.81 1.48 3.73 6.68 1.76 2.59 1.87 4.87 1.93 2.54 
0.24 0.14 0.16 0.23 0.18 0.28 4.8E-2 0.20 0.21 0.22 0.17 0.19 0.20 
0.61 0.51 0.69 0.59 0.52 0.76 0.60 0.56 0.64 0.67 0.65 0.71 0.60 
1.90 30.1 2.67 4.31 3.28 2.53 18.1 2.59 3.04 2.25 38.52 1.93 2.53 
0.28 6.6E-2 0.40 0.52 0.83 0.44 0.14 7.5E-5 0.50 0.53 0.23 7.5E-5 0.50 

51E-2 8.6E-2 4.4E-2 4.lE-2 4.6E-2 3.1E-2 6.8E-2 3.7E-2 3.6E-2 5.OE-2 8.OE-2 3.6E-2 3.OE-2 
0.86 0.52 0.62 1.20 0.65 0.52 0.52 7.5E-5 0.63 7.5E-5 0.27 0.88 0.47 

4.5E-5 1.75 4.5E-5 4.5E-5 0.41 4.5E-5 1.03 4.5E-5 4.5E-5 4.5E-5 1.96 4.5E-5 4.5E-5 
22.5 38.8 49.2 26.2 33.8 36.6 31.5 30.5 27.7 38.9 33.0 33.3 37.4 
2.82 4.47 2.82 2.82 2.82 2.82 4.13 2.82 2.82 2.82 2.82 2.82 
45.2 0.80 0.80 0.80 0.80 0.80 0.80 0.85 0.80 0.80 0.80 0.80 0.80 
9.36 0.87 0.87 0.87 4.06 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 
12.1 2.40 10.0 9.11 8.26 2.40 2.40 4.01 5.95 7.64 0.93 2.40, 1.98 
0.59 4.47 0.59 0.59 0.59 0.59 0.59 1.56 1.56 3.48 0.59 0.87 1.65 
0.50 5.83 0.50 0.50 0.50 0.50 10.56 0.50 0.50 0.50 0.50 0.50 
14.2 8.45 12.3 7.14 8.63 2.84 5.95 4.29 10.5 12.51 3.96 5.57 8.49 

-~~~~-~~~ 107 236 285 110 191 

--- 
__. 

4~E-K~~--7Ti~- 93.4 209 95.0 47.8 

.-... .- 

y-=g 260 -.. 4.zJ 141 ‘sz 157 -4;gi. ~.::-‘y; 145 

CN=cunner; DM=deployed mussels; IBM=indigenous blue mussels; LOB=lobster; MF=mummichog; 
MM=Mercenaria mercenaria; PM=Pitarmo&uana See Appendix A-l-3 for tissue concentrations. 
Dose = prey tissue concentration X exposure factor. Exposure factor for herring gull = 0.30 (Table 6.3-4). 
Units: MET = pg CoClkg bird/day; PAH, PCB, PST, TBT = ng CoClkg bird/day. 
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MET 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PCB 
PST 
PST 
TBT 

txposure Factor 

Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Silver 
Zinc 
P-Methylnaphthalene 

Appendix Table A-2-4.2 (continued). Dose of CoCs to Herring Gull consuming prey in the Derecktor Shipyard/ 
Coddington Cove (DSY) study area and the Jamestown Potter Cove (JPC) and Castle Hill Cove (CHC) 
reference locations. 

0.30 0.30 0.30 0.30 

1.08 1.85 5.95 2.2: 
0.29 0.12 7.5E-5 0.26 
0.26 0.85 0.59 0.74 
4.66 2.11 14.7 3.5s 
0.29 7.5E-5 0.10 0.6! 

4.4E-2 5.7E-2 0.10 4.5E-; 
0.43 1.30 0.44 0.5t 

4.5E-5 4.5E-5 0.86 4.5E-L 
16.5 25.4 34.5 36.: - ____~ ~. -~,~f 

0.80 0.80 0.80 0.8( 
0.87 4.59 0.87 0.8: 
2.40 8.70 1.59 8.9: 
5.99 1.50 0.59 0.5: 

0.5( 
5.59 8.49 5.56 9.5’ 
939 268 252 14l 

0.29 4.5E-2 -4.5E-2 45E-: 
16.1 2.45 1.23 0.8i 
3.77 10.6 0.90 20.V 

;N=cunner; DM=deployed mussels; IBM=indit 

0.30 0.30 

2 23 
0:19 

1.82 
0.19 

0.52 0.79 
2.68 3.43 
0.89 0.58 

4.6E-2 3.8E-2 
0.47 0.87 
0.20 0.52 
31.8 26.8 

0.80 0.80 
0.87 3.57 
3.04 3.57 
0.59 0.59 

8.22 5.54 
128 165 

4.5E-2 
0.88 2.65 

2.50 
nous blue mussels; LC 

4 
: 5 

4 2 zl 
d 2 

z 
L-9 2 ? s 8 * 
2 2 E ii i 2 2 ii 

0.30 0.30 0.30 0.30 0.30 0.30 0.30 

7.82 1.82 2.68 5.60 1.79 1.58 2.21 
0.15 0.18 0.10 9.OE-2 0.18 0.19 0.2; 
0.59 0.55 0.90 0.49 0.81 0.67 0.5: 
49.6 3.13 2.58 59.1 1.90 2.10 3.9! 

7.8E-2 7.5E-5 7.5E-5 5.4E-2 0.89 0.73 0.4f 
0.10 5.OE-2 4.2E-2 0.12 3.9E-2 5.OE-2 3.6E-2 
0.56 7.5E-5 1 .oo 0.44 1.03 7.5E-5 7.5E-f 
1.83 4.5E-5 0.29 0.25 4.5E-5 4.5E-5 0.3t 
51.4 39.4 39.2 38.6 35.09 31.47 19.7: 
2.82 2.82 2.82 2.82 2.82 2.82 2.8; 
0.80 1.67 20.2 0.80 39.3 0.80 1.91 
0.87 1.62 9.75 0.87 14.9 6.79 1.3i 
0.85 3.20 2.40 0.54 12.3 10.2 3.2i 

~~~~~:~:4 

=lobster; MF=mummichog; 
MM=Mercenaria mercenaria; PM=Pitar morrtwana. See Appendix A-l-3 for tissue concentrations. 
Dose = prey tissue concentration X exposure factor. Exposure factor for herring gull = 0.30 (Table 6.3-1). 
Units: MET = pg CoClkg bird/day; PAH, PCB, PST, TBT = ng CoClkg bird/day. 
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Appendix Table A-2-4.2 (continued). Dose of CoCs to Herring Gull consuming prey in the 
Derecktor ShipyardKoddington Cove (DSY) study area and the Jamestown Potter Cove (JPC) 
and Castle Hill Cove (CHC) reference locations. 

z 
7 4 % 4 4 4 z t% 

5 
7 7 ‘; ‘; 7 -7 G 7 : ‘; 7 

I-” 2 4 4 4 t E 4 ; 8 : p 0 
Exposure Factor 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 

MET IArsenic 0.65 1.33 2.03 5.83 1.78 2.32 3.31 1.04 2.24 1.40 6.5( 
MET Cadmium 1.8E-1 0.05 0.35 0.21 0.19 0.28 0.17 6.9E-: 
MET Chromium 0.73 0.50 0.32 0.63 0.65 0.37 0.55 0.4: 
MET Copper 2.6 42.81 6.82 2.06 3.59 5.52 3.58 30.t 
MET Lead 0.98 0.12 1.3E-1 0.64 0.71 0.25 0.23 5.4E-: 
MET Mercury 5.1E-2 9.OE-2 3.4E-2 3.8E-2 3.4E-2 5.1E-2 5.5E-2 6.8E-: 
MET Nickel 7.5E-5 0.42 0.39 0.40 7.5E-5 7.5E-5 1.15 0.4; 
MET Silver 4.5E-5 6.6E-1 4.5E-5 4.5E-5 4.5E-5 0.47 4.5E-5 l.l! 
MET Zinc 27.8 31.7 10.2 34.9 36.2 6.6 27.5 35.; 
PAH 2-Methylnaphthalene 2.82 2.82 2.82 2.82 27.3 2.82 2.8; 
PAH Acenaphthene 0.80 0.80 0.8 0.80 0.80 3.00 0.80 0.8( 
PAH Acenaphthylene 3.39 0.87 0.87 0.79 0.91 ’ 1.53 5.24 0.8; 
PAH Anthracene 3.54 2.40 0.61 1.82 1.84 2.40 7.53 1.9’ 
PAH Fluorene 1.94 3.77 8.19 1.11 0.95 4.09 5.01 0.55 
PAH Naphthalene 0.50 0.50 0.50 0.50 10.4 0.50 0.5( 
PAH Phenanthrene 8.70 4.3r 

~~~ 
PCB Total PCBs ___ 
PST Aldrin 
PST p,p’-DDE 
TBT Tributyltin 

__~.. .- ~-~~~t~~~~ 4.~~~~~~~~~~~~~~~ 4.z524 

CN=cunner; DM=deployed mussels; IBM=indigenous blue mussels; LOB=lobster; MF=mummichog; 
MM=Mercenaria mercenaria; PM=Pitar moniwana. See Appendix A-l-3 for tissue concentrations. 
Dose = prey tissue concentration X exposure factor. Exposure factor for herring gull = 0.30 (Table 6.3-1). 
Units: MET = pg CoClkg bird/day; PAH, PCB, PST, TBT = ng CoClkg bird/day. 

0.22 
0.58 
3.57 

7.5E-5 
4.5E-2 

0.56 
4.5E-5 

I 
25.1 
2.82 
1.93 
2.56 
5.90 
2.39 
0.50 
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Appendix Table A-2-4.4. TRV-EPC Hazard Quotients for Herring Gull consuming prey in the Derecktor ShipyardEoddington Cove 
(DSY) study area and Jamestown Potter Cove (JPC) and Castle Hill Cove (CHC) reference locations. 

I 

Station Specie! 

TRV Benchmark’ 

DSY-26 
DSY-28 
DSY-29 
DSY-36 
JPC-1 
CHC-1 
DSY-26 
DSY-28 
DSY-29 
DSY-31 
DSY-33 
DSY-38 
DSY-39 
DSY-40 
JPC-1 
CHC-1 

DSY-24- 
DSY-25 
DSY-26 
DSY-27 
DSY-28 
DSY-35 
DSY-36 
DSY-40 
JPC-1 
CHC-I 

‘RV = Toxicib 
- Units dry \n 

-- 

CN 
CN 
CN 
CN 
CN 
CN 
DM 
DM 
DM 
DM 
DM 
DM 
DM 
DM 
DM 
DM __ ~. 
IBM 
IBM 
IBM 
IBM 
IBM 
IBM 
IBM 
IBM 
IBM 
IBM 

_ _ 

8.42 1.89 1.77 62.6 3.20 0.39 117 1.15 29.6 

0.43 0.44 0.79 0.28 0.25 0.33 8.7E-3 0.45 1.40 
0.58 0.58 0.53 0.24 7.8E-5 0.26 l.lE-2 0.27 0.89 
0.91 0.61 0.67 0.35 0.28 0.43 1.5E-2 1.3E-4 0.96 
0.43 0.51 0.49 0.25 0.30 0.37 1.2E-2 1.3E-4 1.85 
0.52 0.29 1.65 0.12 7.8E-5 0.34 2.6E-2 1.3E-4 3.60 
0.41 0.50 0.69 0.29 0.26 0.43 2.1E-6 1.38 0.74 
0.63 0.50 1.22 0.21 0.43 0.41 1.6E-2 1.3E-4 3.47 
2.00 0.41 1.35 0.18 7.8E-5 0.34 4.2E-2 1.03 3.21 
1.06 0.43 1.14 0.10 0.29 0.43 2.5E-2 1.3E-4 2.53 
0.62 0.29 1.30 0.14 0.42 0.37 1.8E-2 1.3E-4 5.53 
1.48 0.49 1.43 0.13 0.46 0.26 1.5E-2 1.3E-4 4.11 
0.72 0.33 1.48 0.18 0.60 0.33 2.5E-2 1.50 3.02 
1.06 0.17 1.69 0.14 7.8E-5 0.36 2.9E-2 0.85 4.41 
0.71 0.32 1.53 0.10 0.93 0.33 2.9E-2 1.3E-4 3.95 
0.80 0.31 1.38 0.14 1.03 0.43 2.lE-6 1.3E-4 3.13 
0.89 0.39 0.99 0.18 0.81 0.41 3.5E-2 1.3E-4 2.52 
1.21 0.99 1.78 6.6E-2 1.82 0.71 4.7E-2 1.3E-4 2.57 
1.49 0.64 1.70 0.19 7.8E-5 0.45 2.9E-2 1.3E-4 3.79 
0.98 0.39 1.38 0.12 7.8E-5 0.30 2.1E-6 1.3E-4 3.07 
0.79 0.41 1.62 0.24 0.94 0.38 4.1E-2 1.3E-4 4.80 
0.32 0.33 1.44 1.8E-2 7.8E-5 0.37 2.1E-6 1.3E-4 4.07 
0.74 0.39 1.26 0.12 0.55 0.42 2.1E-6 1.3E-4 4.37 
0.73 0.21 1.61 0.11 7.8E-5 0.48 3.7E-2 1.3E-4 2.85 
0.63 0.33 1.26 0.11 0.76 0.42 2.lE-6 1.3E-4 3.54 
2.31 0.10 0.95 2.28 0.12 0.76 1.2E-2 1.91 3.56 

0.56 0.31 1.04 0.19 0.24 0.47 3.3E-2 1.3E-4 3.09 

<ererence Value. EPC = Exposure Point Concentration (prey tissue concentration 
ght: metals = ug CoClg prey (= mg CoC/kg prey); organics = ng CoC/g prey. Se 

I ! 

4 
e 

Xi435 833 833 915 833 98435 98435 295 

L5E-5 3.5E-2 3.5E-3 8.7E-3 2.9E-2 1.7E-5 4.1E-4 7.45 
1.4E-4 5.5E-2 4.7E-3 6.5E-3 4.5E-2 1.7E-5 3.1E-4 13.11 
L4E-4 4.7E-2 3.5G3 6.7E-3 3.lE-2 1.7E-5 4.8E-4 10.73 

3.2E-3 3.5E-3 8.7E-3 2.4E-2 1.9E-4 10.60 
3.5E-5 7.7E-2 3.5E-3 2.4E-2 2.3E-3 1.7E-5 2.8E-4 2.09 
3.2E-4 1.2E-2 6.lE-3 8.7E-3 1.6E-2 3.5E-4 1.6E-4 3.42 
3.5E-5 8.1E-2 5.9E-2 7.1E-2 2.3E-3 1.7E-5 7.9E-4 6.03 
3.5E-5 3.2E-3 3.5E-3 2.6E-2 2.3E-3 1.7E-5 4.5E-4 2.33 
3.5E-5 0.18 3.7E-2 4.4E-2 2.3E-3 1.7E-5 4.8E-4 2.94 
3.5E-5 3.2E-3 3.5E-3 3.7E-2 2.3E-3 1.7E-5 4.2E-4 2.66 
3.5E-5 3.2E-3 3.5E-3 8.7E-3 2.3E-3 1.7E-5 9.6E-5 2.16 

3.2E-3 1.4E-2 1.3E-2 2.3E-3 ’ 1.9E-4 1.86 
3.5E-5 8.1E-2 3.9E-2 8.7E-3 2.3E-3 1.7E-5 9.6E-5 1.56 
3.5E-5 0.16 6.OE-2 4.5E-2 2.3E-3 1.7E-5 7.0E-4 1.88 

3.2E-3 1.4E-2 1.3E-2 7.8E-3 1.8E-4 1.91 
5.6E-4 6.6E-2 4.8E-2 4.7E-2 2.3E-3 1.7E-5 

3.2E-3 1.4E-2 1.9E-2 8.3E-3 
2.9E-4 1.9E-2 8.9E-2 0.20 3.6E-2 1.4E-3 1.5E-3 1 1.79 
3.5E-5 3.2E-3 0.11 0.26 4.OE-2 1.9E-3 2.3E-3 2.81 
3.5E-5 3.2E-3 7.1E-2 0.18 4.7E-2 1.7E-5 2.8E-3 3.89 
3.5E-5 3.2E-3 4.2E-2 7.5E-2 3.OE-2 1.7E-5 1.2E-3 2.72 
3.5E-5 3.2E-3 3.5E-3 2.8E-2 1.4E-2 1.7E-5 4.2E4 2.36 

3.2E-3 1.8E-2 3.2E-2 6.OE-3 2.9E-4 3.03 
3.5E-5 3.2E-3 2.7E-2 3.7E-2 1.7E-2 1.5E-4 6.OE-4 3.09 
3.5E-5 3.2E-3 3.5E-3 8.7E-3 1.5E-2 1.7E-5 1.6E-4 1.34 
3.5E-5 3.2E-3 2.1E-2 2.7E-2 2.OE-2 1.7E-5 2.9E-4 1.32 
HQ = Hazard Quotient = Prey EPWTRV-EPC (Table 6.3-2 for - 

ippendix A-l-3 for tissue concentrations. 

7.61 2231 

5.3E-2 1.3E-2 
2.OE-2 2.OE-; 
2.OE-2 3.OE-2 
0.13 2.4E-: 

2.OE-2 3.6E-: 
2.OE-2 9.5E-: 
2.OE-2 5.6E-: 
2.OE-2 
2.OE-2 7.OE-: 
2.OE-2 6.5E-: 
2.OE-2 5.8E-: 
2.OE-2 4.OE-: 
2.OE-2 4.4E-: 
2.OE-2 4.5E-: 
2.OE-2 3.OE-: 
2.OE-2 3.9E-: 
2.OE-2 3.5E-: 
2.OE-2 2.2E-: 
2.OE-2 3.4E-: 
2.OE-2 5.3E-: 
2.OE-2 3.3E-: 
2.OE-2 5.4E-: 
2.OE-2 3.7E-: 
2.OE-2 4.6E-: 
2.OE-2 1.8E-: 
2.OE-2 2.7E-: 
!V benchmark5 

.s = x 
5 
n 

kL- 

5928 

I .8E-: 
L6E-Z 
L8E-2 
!.I E-: 
I .9E-: 
+.4E-: 
j.5E-: 
I .9E-: 
LOE-: 
I .6E-: 
3.5E-: 
I .4E-: 
I .6E-: 
5.1 E-r 
j.lE-d 
3.9E-: 
!.3E-: 
1.2E-: 
3.4E-: 
0.16 

3.3E-: 
I .5E-: 
LOE-: 
j.3E-1 
j.lE-l 
I.lE-; 

5.). 
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Appendix Table A-2-4.4 (continued). TRV-EPC Hazard Quotients for Herring Gull consuming prey in the Derecktor Shipyard/ 
Coddington Cove (DSY) study area and Jamestown Potter Cove (JPC) and Castle Hill Cove (CHC) reference locations. 

TRV Benchmark’ 

DSY-25 
DSY-27 
DSY-28 
DSY-29 
DSY-33 
DSY-35 
DSY-36 
DSY-36 
DSY-39 
JPC-1 
CHC-1 
DSY-35 
DSY-41 
JPC-1 

DSY-BI 
DSY-32 
DSY-33 
DSY-34 
DSY-35 
DSY-36 
DSY-37 
DSY-38 
DSY-41 
JPC-1 

-iit’ = TOxiCii 

- Units dry \ 

LOB 
LOB 
LOB 
LOB 
LOB 
LOB 
LOB 
LOB 
LOB 
LOB 
LOB 
MM 
MM 
MM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 

. * 

8.42 1.89 1.77 62.6 3.20 0.39 117 1.15 29.6 

3.40 0.19 0.94 2.42 4.9E-2 0.67 1.3E-2 4.76 2.96 
2.04 0.14 1.19 2.67 2.2E-2 1 .I6 l.OE-2 5.98 3.80 

3.39 0.25 0.97 1.60 6.9E-2 0.73 1.5E-2 5.08 4.37 
2.64 8.5E-2 1.13 0.96 0.15 0.58 1.5E-2 2.99 3.55 
1.93 0.30 1.22 2.05 0.24 0.68 7.8E-3 5.69 3.71 
2.36 1.3E-4 1.11 0.79 0.11 0.84 1.2E-2 2.50 3.88 
3.10 0.26 1.10 2.64 8.1E-2 0.84 1.6E-2 5.31 5.78 
2.21 0.16 0.93 3.15 5.6E-2 1.05 1.2E-2 0.71 4.34 
0.70 0.63 0.61 0.36 0.13 0.29 l.lE-2 1.3E-4 1.15 
2.57 0.12 0.81 1.63 5.6E-2 0.58 1.3E-2 3.34 4.01 
0.76 0.34 1.35 0.10 7.8E-5 0.31 2.5E-2 1.3E-4 3.74 
0.89 0.48 1.00 0.21 0.50 0.30 2.1E-6 1.10 2.22 
0.92 0.38 1.19 0.11 0.66 0.33 l.lE-2 1.3E-4 3.92 __._~ 
1.11 0.41 1.12 0.23 0.54 0.35 3.4E-2 1.3E-4 2.95 

0.58 0.31 0.98 0.17 0.87 0.39 1.9E-2 1.20 3.80 

0.70 0.35 1.05 0.14 7.8E-5 0.31 2.1E-6 1.3E-4 3.43 
1.02 0.38 1.21 0.16 0.52 0.30 1.8E-2 1.3E-4 3.12 
1.01 0.35 1.14 0.13 0.52 0.26 1.3E-2 1.3E-4 4.21 

0.88 0.44 1.39 0.19 0.68 0.38 1.6E-2 1.3E-4 4.08 

0.88 0.34 0.98 0.14 0.93 0.39 1.3E-2 0.57 3.58 

0.72 0.31 I .04 0.17 7.8E-5 0.43 2.1E-6 1.3E-4 4.43 

0.26 0.38 1.10 0.19 7.8E-5 0.38 1.6E-2 1.3E-4 2.82 

1.31 0.34 1.22 0.19 0.74 0.29 2.1E-6 1.3E-4 4.07 
.---_---_ \,^I..^ i~,e,e,,Gcz YcI,“I. C--r--n-- E)rh4 P~nrsn+r-3+inn Inmw ticcnm .-nn~antrstinrr EPC = L+wJU” I “,,I, ““II-II.IP,IYII \pu, U.s..“I ““I...., ,..I . . ..“I 

Jht: metals = ug CoC/g prey (= mg CoClkg prey); organics = ng CoC@ prey. Ser 

98435 833 833 915 833 98435 98435 

9.5E-5 3.2E-3 3.5E-3 8.7E-3 2.3E-3 1.7E-5 9.6E-5 
7.8E-5 3.9E-2 3.5E-3 9.OE-3 2.3E-3 1.2E-4 2.OE-4 
1.2E-4 3.2E-3 3.5E-3 4.5E-3 2.3E-3 1.2E-4 3.3E-4 
1.5E-4 3.2E-3 3.5E-3 8.7E-3 1.8E-2 2.OE-4 2.9E4 
1.4E-4 3.2E-3 3.5E-3 8.7E-3 2.3E-3 3.6E-4 2.OE-Q 

3.2E-3 3.5E-3 3.4E-3 2.3E-3 1.3E-4 
3.2E-3 3.5E-3 5.8E-3 2.3E-3 1.9E-4 

9.5E-5 3.2E-3 3.5E-3 3.1E-3 2.3E-3 1.7E-5 l.OE-4 
9.5E-5 3.2E-3 3.5E-3 2.OE-3 2.3E-3 1.7E-5 7.6E-5 
9.5E-5 3.2E-3 35E-3 2.2C3 3.3E-2 1.7E-5 9.3E-5 
9.5E-5 3.2E-3 3.5E-3 7.OE-3 2.3E-3 1.7E-5 1.5E-4 
9.5E-5 3.2E-3 3.5E-3 8.7E-3 3.5E-3 1.7E-5 1.9E-4 
9.5E-5 7.8E-3 5.5E-3 1.2E-2 4.6E-3 1.7E-5 1.4E-4 
9.5G5 3.2E-3 3.1E-3 6.6E-3 4.5E-3 1.7E-5 6.OE-5 
9.5E-5 3.2E-3 3.5E-3 3.3E-2 2.3E-3 1.7E-5 2.4E-4 
9.5E-5 3.2E-3 1.6E-2 3.OE-2 2.3E-3 1.7E-5 2.9E-4 
9.5E-5 3.4E-3 3.5E-3 1.5E-2 6.2E-3 1.7E-5 1.5E-Q 
9.5E-5 3.2E-3 3.5E-3 2.2E-2 6.3E-3 1.7E-5 3.6E-4 
9.5E-5 3.2E-3 3.5E-3 7.2E-3 6.6E-3 1.7E-5 2.9E-4 
9.5E-5 3.2E-3 3.5E-3 3.3E-2 2.3E-3 1.7E-5 3.2E-4 

3.2E-3 3.5E-3 l.lE-2 2.3E-3 2.8E-4 
9.5E-5 6.7E-3 6.5E-3 1.2E-2 5.7E-3 1.7E-5 9.3E-5 
9.5E-5 7.7E-3 l.OE-2 2.1E-2 9.5E-3 1.7E-5 1.7E-4 
9.5E-5 3.2E-3 3.6E-3 6.7E-3 3.8E-3 1.7E-5 8.6G5 

He = l-h7cwi Anw-itinnt = prey EpC,~F7\.1-Ep~ fT&!e 5. * . . . . . ..A... \..“.I”.,. 

ippendix A-l-3 for tissue concentrations. 

7.61 2231 5928 

1.58 2.OE-2 2.6E-3 5.1E-4 
2.53 2.OE-2 3.8E-3 5.1E-4 
2.91 2.OE-2 4.4E-3 5.1 E-4 
1.20 2.OE-2 2.8E-3 5.1E-4 
1.59 2.OE-2 3.OE-3 5.1 E-4 
1.07 2.OE-2 2.2E-3 5.1 E-4 
2.84 2.OE-2 1.8E-3 5.1 E-4 
0.98 2.OE-2 3.2E-3 5.1 E-4 
2.18 2.OE-2 l.lE-3 5.1E-4 
6.43 2.OE-2 3.OE-2 1.5E-3 
1.56 2.OE-2 3.5E-3 5.1E-4 
0.54 2.OE-2 8.8E-4 6.6E-3 
0.85 2.OE-2 1.9E-3 5.2E-3 
0.69 2.OE-2 1.4E-3 2.3E-3 
3.22 2.OE-2 1.3E-3 8.1E-3 
1.24 2.OE-2 l.lE-3 
1.77 2.OE-2 1.7E-3 9.1 E-3 
1.05 2.OE-2 6.8E-4 6.6E-3 
1.64 2.OE-2 2.1 E-3 
1.67 2.OE-2 1.3E-3 l.lE-2 
1.45 1.3E-3 

0.93 
0.90 

2for-l 

2.OE-2 8.1 E-4 
2.OE-2 1.2E-3 8.4E-3 
!\I benchmarks\ . . I -. . -. . . . -. .- , 
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Appendix Table A-2-4.5. TRV-Dose Hazard Quotients for Herring Gull consuming prey in the Derecktor ShipyardICoddington Cove 
(DSY) study area and Jamestown Potter Cove (JPC) and Castle Hill Cove (CHC) reference locations. 

Station / Specie 

TRV Benchmark’ 

DSY-26 
DSY-28 
DSY-29 
DSY-36 
JPC-1 
CHC-1 
DSY-26 
DSY-28 
DSY-29 
DSY-31 
DSY-33 
DSY-38 
DSY-39 
DSY40 
JPC-1 
CHC-1 
DSY-24 
DSY-25 
DSY-26 
DSY-27 
DSY-28 
DSY-35 
DSY-36 
DSY40 
JPC-1 
CHC-1 

‘RV = Toxicit! 

-I- 

-- 

CN 
CN 
CN 
CN 
CN 
CN 
DM 
DM 
DM 
DM 
DM 
DM 
DM 
DM 
DM 
DM 
IBM 
IBM 
IBM 
IBM 
IBM 
IBM 
IBM 
IBM 
IBM 
IBM 
_ 

5.14 1.15 1.08 

0.21 0.22 0.39 
0.29 0.28 0.26 
0.45 0.30 0.33 
0.21 0.25 0.24 
0.26 0.14 0.81 
0.20 0.25 0.34 
0.31 0.25 0.60 
0.98 0.20 0.66 
0.52 0.21 0.56 
0.30 0.14 0.64 
0.73 0.24 0.70 
0.36 0.16 0.73 
0.52 8.3E-2 0.83 
0.35 0.16 0.75 
0.40 0.15 0.68 

38.1 1.95 

0.14 0.12 
0.12 3.8E-5 
0.17 0.14 
0.12 0.15 

5.7E-2 3.8E-5 
0.14 0.13 
0.10 0.21 

8.6E-2 3.8E-5 
5.OE-2 0.14 
7.OE-2 0.21 
6.6E-2 0.23 
9.OE-2 0.30 
6.8E-2 3.8E-5 
5.OE-2 0.46 
6.8E-2 0.50 
8.7E-2 0.40 
3.3E-2 0.89 
9.4E-2 3.8E-5 
6.1 E-2 3.8E-5 

0.12 0.46 
8.9E-3 3.8E-5 
5.9E-2 0.27 
5.5E-2 3.8C5 
5.5E-2 0.38 

1 .I2 6.OE-2 

0.24 71.3 0.70 18.1 

0.16 4.3E-3 0.22 0.69 
0.13 5.4E-3 0.13 0.44 
0.21 7.3E-3 6.4E-5 0.47 
0.18 6.OE-3 6.4E-5 0.91 
0.17 1.3E-2 6.4E-5 1.77 
0.21 l.lE-6 0.68 0.36 
0.20 7.7E-3 6.4E-5 1.71 
0.17 2.OE-2 0.51 1.58 
0.21 1.2E-2 6.4E-5 1.24 
0.18 8.7E-3 6.4E-5 2.72 
0.13 7.3E-3 6.4E-5 2.02 
0.16 1.2E-2 0.74 1.48 
0.18 1.4E-2 0.42 2.17 
0.16 1.4E-2 6.4E-5 1.94 
0.21 l.lE-6 6.4E-5 1.54 
0.20 1.7E-2 6.4E-5 1.24 ~- 
0.35 2.3E-2 6.4E-5 1.27 
0.22 1.4E-2 6.4E-5 1.87 
0.15 l.lE-6 6.4E-5 1.51 
0.19 2.OE-2 6.4E-5 2.36 
0.18 l.lE-6 6.4E-5 2.00 
0.21 l.lE-6 6.4E-5 2.15 
0.24 1.8E-2 6.4E-5 1.40 
0.21 l.lE-6 6.4E-5 1.74 
0.37 5.8E-3 0.94 1.75 

0.44 0.19 0.49 -- 
0.60 0.49 0.88 
0.73 0.32 0.84 
0.48 0.19 0.68 
0.39 0.20 0.80 
0.16 0.16 0.71 
0.36 0.19 0.62 
0.36 0.10 0.79 
0.31 0.16 0.62 
1.14 4.7E-2 0.47 
0.27 0.15 0.51 9.4E-2 0.12 0.23 1.6E-2 6.4E-5 1.52 

{eference Value. HQ = Hazard Quotient = Prey Dose/TRV-Dose; Dose = prey tis: 

2.7E-5 1.7E-2 1.7E-3 4.3E-3 1.4E-2 8.4E-6 2.OE-4 

1.2E-4 2.3E-2 1.7E-3 3.3E-3 15E-2 8.4E-6 2.4E-4 

1.7E-5 3.8E-2 1.7E-3 1.2E-2 1.2E-3 8.4E-6 1.4E-4 

180 

3.67 
6.45 
5.28 
5.22 
1.03 

2.5E-4 5.9E-3 3.OE-3 4.3C3 8.1E-3 1.7E-4 7.7E-5 1.68 ~-- ___-___ 
I 1.7E-5 4.OE-2 2.9E-2 3.5E-2 1.2E-38.4E-6 3.9E-4 2.97 

1.7E-5 1.6E-3 1.7E-3 1.3E-2 1.2E-3 8.4E-6 2.2E-4 1 .I5 
1.7E-5 8.9E-2 1.8E-2 2.2E-2 1.2E-3 8.4E-6 2.4E-4 1.45 
1.7E-5 1.6E-3 1.7E-3 1.8E-2 1.2E-3 8.4E-6 2.OE-4 1.31 
1.7E-5 1.6E-3 1.7E-3 4.3E-3 1.2E-3 8.4E-6 4.7E-5 1.06 

1.6E-3 7.OE-3 6.4E-3 1.2E-3 9.2E-5 0.92 
1.7E-5 4.OE-2 1.9E-2 4.3E-3 1.2E-3 8.4E-6 4.7E-5 0.77 
4.7E-5 7.7E-2 2.9E-2 2.2E-2 1.2E-3 8.4E-6 3.4E-4 0.93 

1.6E-3 6.7E-3 6.3E-3 3.8E-3 8.9E-5 0.94 
!.8E-4 3.3E-2 2.4E-2 2.3E-2 1.2E-3 8.4E-6 1.5E-4 0.64 

1.6E-3 6.8E-3 9.5E-3 4.1E-3 1.2E-4 1.03 
1.4E-4 9.3E-3 4.4E-2 0.10 1.8E-2 6.8E4 7.6E-4 0.88 
4.7E-5 1.6E-3 5.3E-2 0.13 2.OE-2 9.2E-4 l.lE-3 1.39 
%.7E-5 1.6E-3 3.5E-2 9.OE-2 2.3E-2 8.4E-6 1.4E-3 1.92 
1.7E-5 1.6E-3 2.1E-2 3.7E-2 1.5E-2 8.4E-6 5.7E-4 1.34 
4.7E-5 1.6E-3 1.7E-3 1.4E-2 6.9E-3 8.4E-6 2.1E-4 1.16 

1.6E-3 9.OE-3 1.6E-2 3.OE-3 1.4E-4 1.49 
%.7E-5 1.6E-3 1.3E-2 1.8E-2 8.5E-3 7.5E-5 3.OE-4 1.52 
1.7E-5 1.6E-3 1.7E-3 4.3E-3 7.4E-3 8.4E-8 7.8E-5 0.66 
1.7E-5 1.6E-3 l.OE-2 1.3E-2 9.9E-3 8.4E-6 1.5E-41 0.65 
e concentration X 0.30 (Table 6.3-2). See Appendix Table A-2-d 

1 - Units dry weight: metals = ug CoC/g prey (= mg CoC/kg prey); organics = ng CoC/g prey. See Appendix A-i-3 for tissue concentrations. 
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4.64 1360 

2.6E-2 6.4E-3 
9.7E-3 9.9E-3 
9.7E-3 1.5E-2 
6.2E-2 1.2E-2 
9.7E-3 1.8E-3 
9.7E-3 4.7E-3 
9.7E-3 2.8E-3 
9.7E-3 
9.7E-3 3.5E-3 
9.7E-3 3.2E-3 
9.7E-3 2.9E-3 
9.7E-3 2.OE-3 
9.7E-3 2.2E-3 
9.7E-3 2.2E-3 
9.7E-3 1.5E-3 
9.7E-3 1.9E-3 
9.7E-3 1.7E-3 
9.7E-3 1 .I E-3 
9.7E-3 1.7E-3 
9.7E-3 2.6E-3 
9.7E-3 1.6E-3 
9.7E-3 2.7E-3 
9.7E-3 1.8E-3 
9.7E-3 2.3E-3 
9.7E-3 9.1 E-4 
9.7E-3 1.4E-3 

.E 

f 
e 

-!l-.- 

3613 

8.8E-4 
2.8E-3 
2.9E-3 
1 .OE-3 
9.3E-4 
2.1E-3 
2.7E-3 
9.1E-4 
1.5E-3 
7.9E-4 
1.7E-3 
6.9E-4 
8.OE-4 
2.5E-4 
2.5E-4 
3.4E-3 
i.lE-3 
2.1E-3 
1.7E-3 
8.1E-2 
4.1E-3 
7.6E-4 
2.9E-3 
2.6E-3 
2.5E-4 
5.5E-3 

! for dose concentration 
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Appendix Table A-2-4.5 (continued). TRWDose Hazard Quotients for Herring Gull consuming prey in the Derecktor Shipyard/ 
Coddington Cove (DSY) study area and Jamestown Potter Cove (JPC) and Castle Hill Cove (CHC) reference locations. 

Station 1 Specie5 

TRV Benchmark’ 

DSY-25 
DSY-27 
DSY-28 
DSY-29 
DSY-33 
DSY-35 
DSY-36 
DSY-38 
DSY-39 
JPC-1 
CHC-1 ~.. --~~ 
DSY-35 
DSY41 
JPC-1 

DSY-31 
DSY-32 
DSY-33 
DSY-34 
DSY-35 
DSY-36 
DSY-37 
DSY-38 
DSY41 
JPC-1 

‘p.\/ = Toxic&~ 

LOB 
LOB 
LOB 
LOB 
LOB 
LOB 
LOB 
LOB 
LOB 
LOB 
LOB 
MM 
MM 
MM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 

L 

5.14 1.15 1.08 38.1 1.95 0.24 71.3 0.70 18.1 

1.67 9.4E-2 0.46 1.19 2.4E-2 0.33 6.4E-3 2.34 1.46 
1.00 6.8E-2 0.59 1.31 l.lE-2 0.57 5.OE-3 2.94 1.87 

1.67 0.12 0.48 0.79 3.4E-2 0.36 7.3E-3 2.50 2.15 
1.30 4.2E-2 0.55 0.47 7.2E-2 0.28 7.3E-3 1.47 1.75 
0.95 0.15 0.60 1 .Ol 0.12 0.33 3.8E-3 2.80 1.83 
1.16 6.5E-5 0.55 0.39 5.2E-2 0.41 6.1E-3 1.23 1.91 
1.52 0.13 0.54 1.30 4.OE-2 0.41 7.9E-3 2.61 2.85 
1.09 7.8E-2 0.46 1.55 2.8E-2 0.51 6.1 E-3 0.35 2.14 
0.35 0.31 0.30 0.18 6.6E-2 0.14 5.5E-3 6.4E-5 0.57 
1.27 6.OE-2 0.40 0.80 2.8E-2 0.29 6.6E-3 1.65 1.98 -- 
0.38 0.17 0.66 5.1E-2 3.8E-5 0.15 1.2E-2 6.4E-5 1.84 

0.44 0.23 0.49 0.10 0.25 0.15 l.lE-6 0.54 1.09 
0.45 0.19 0.59 5.4E-2 0.33 0.16 5.6E-3 6.4E-5 1.93 
0.55 0.20 0.55 0.11 0.27 0.17 1.7E-2 6.4E-5 1.45 

0.29 0.15 0.48 8.6E-2 0.43 0.19 9.1 E-3 0.59 1.87 

0.34 0.17 0.52 6.8E-2 3.8E-5 0.15 1.1 E-6 6.4E-5 1.69 

0.50 0.19 0.59 8.OE-2 0.26 0.15 8.9E-3 6.4E-5 1.53 

0.49 0.17 0.56 6.6E-2 0.26 0.13 6.5E-3 6.4E-5 2.07 

0.43 0.22 0.69 9.4E-2 0.34 0.19 7.9E-3 6.4E-5 2.01 

0.43 0.17 0.48 7.OE-2 0.46 0.19 6.6E-3 0.28 1.76 

0.36 0.15 0.51 8.2E-2 3.8E-5 0.21 l.lE-6 6.4E-5 2.18 

0.13 0.19 0.54 9.4E-2 3.8E-5 0.19 7.9E-3 6.4E-5 1.39 
0.64 0.17 0.60 9.4E-2 0.36 0.14 l.lE-6 6.4E-5 2.00 

leference Value. HQ = Hazard Quotient = Prey DoseITRV-Dose; Dose = prey tis! 3 

60000 508 508 558 508 60000 60000 

4.7E-5 1.6E-3 1.7E-3 4.3E-3 1.2E-3 8.4E-6 4.7E-5 
3.8E-5 1.9E-2 1.7E-3 4.4E-3 1.2E-3 6.OE-5 1.OE-Q 
%lE-5 1.6E-3 1.7E-3 2.2E-3 1.2E-3 6.OE-5 1.6E-4 
7.4E-5 1.6E-3 1.7E-3 4.3E-3 8.8E-3 9.7E-5 1.4E-4 
5.9E-5 1.6E-3 1.7E-3 4.3E-3 1.2E-3 1.8E-4 9.9E-5 

1.6E-3 1.7E-3 1.7E-3 1.2E-3 6.6E-5 
1.6E-3 1.7E-3 2.8G3 1.2E-3 9.3E-5 

4.7E-5 1.6E-3 1.7E-3 1.5E-3 1.2E-3 8.4E-6 5.OE-5 
4.7E-5 1.6E-3 1.7E-3 9.7E-4 1.2E-3 8.4E-6 3.7E-5 
4.7E-5 1.6E-3 1.7E-3 1 .lE-3 1.6E-2 8.4E-6 4.6E-5 
4.7E-5 1.6E-3 1.7E-3 3.4E-3 1.2E-3 8.4E-6 7.2E-5 
4.7E-5 1.6E-3 1.7E-3 4.3E-3 1.7E-3 8.4E-6 9.3E-5 
4.7E-5 3.9E-3 2.7E-3 5.9E-3 2.3E-3 8.4E-6 6.7E-5 
4.7E-5 1.6E-3 1.5E-3 3.3E-3 2.2E-3 8.4E-6 2.9E-5 
4.7E-5 1.6E-3 1.7E-3 1.6E-2 1.2E-3 8.4E-6 1.2E-4 
4.7E-5 1.6E-3 8.OE-3 1.5E-2 1.2E-3 8.4E-6 1.4E-4 
4.7E-5 1.7E-3 1.7E-3 7.2E-3 3.1E-3 8.4E-6 7.2E-5 
4.7E-5 1.6E-3 1.7E-3 l.lE-2 3.1E-3 8.4E-6 1.8E-4 
4.7E-5 1.6E-3 1.7E-3 3.6E-3 3.2E-3 8.4E-6 1.4E-Q 
4.7E-5 1.6E-3 1.7E-3 l.6E-2 1.2E-3 8.4E-6 1.6E-4 

1.6E-3 1.7E-3 5.5E-3 1.2E-3 1.4E-4 
4.7E-5 3.3E-3 3.2E-3 5.7E-3 2.8E-3 8.4G6 4.6E-5 
4.7E-5 3.8E-3 5.OE-3 l.lE-2 4.7E-3 8.4E-6 8.2E-5 
4.7E-5 1.6E-3 1.8E-3 3.3E-3 1.9E-3 8.4E-6 4.2E-5 
e concentration X 0.30 (Table 6.3-2). See Appendix Tal 

In 
z 7ii 8 L 
180 

0.78 
1.25 
1.43 
0.59 
0.78 
0.53 
1.40 
0.48 
1.07 
3.17 
0.77 -- 
0.27 
0.42 
0.34 
1.58 
0.61 
0.87 
0.52 
0.81 
0.82 
0.71 

.g _’ E! CL 
a d 

4.64 1360 

9.7E-3 1.3E-3 
9.7E-3 1.9E-3 
9.7E-3 2.2E-3 
9.7E-3 1.4E-3 
9.7E-3 1.5E-3 
9.7E-3 1.1 E-3 
9.7E-3 9.OE-4 
9.7E-3 1.6E-3 
9.7E-3 5.3E-4 
9.7E-3 1.5E-2 
9.7E-3 1.7E-3 
9.7E-3 4.4E-4 
9.7E-3 9.6E-4 
9.7E-3 6.9E-4 
9.7E-3 6.6E-4 
9.7E-3 5.6E-4 
9.7E-3 8.4E-4 
9.7E-3 3.4E-4 
9.7E-3 1 .OE-3 
9.7E-3 6.4E4 

6.5E-4 

0.46 9.7E-3 4.OE-4 
0.44 9.7E-3 5.7E-4 

! A-2- ! for dose cone 

.E = 
0 3 
0 

k 

3613 

2.5E-4 
2.5E-4 
2.5E-4 
2.5E-4 
2.5E-4 
2.5E-4 
2.5E-4 
2.5E-4 
2.5E-4 
7.2E-4 
2.5E-4 
3.2E-3 
2.5E-3 
l.lE-3 
4.OE-3 

4.5E-3 
3.3E-3 

5.6E-3 

4.1E-3 
ntratior 

- Units dry weight: metals = pg CoC/g prey (= mg CoClkg prey); organics = ng CoC/g prey. See Appendix A-l-3 for tissue concentrations. 
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Appendix Table A-2-4.6. TRV-EPC Hazard Quotients for Great Blue Heron consuming prey in the Derecktor ShipyardEoddington 
Cove (DSY) study area and Jamestown Potter Cove (JPC) and Castle Hill Cove (CHC) reference locations. 

Station 1 Specie 

TRV Benchmark’ 

DSY-26 
DSY-28 
DSY-29 
DSY-36 
JPC-1 
CHC-1 
DSY-26 
DSY-28 
DSY-29 
DSY31 
DSY-33 
DSY-38 
DSY-39 
DSY-40 
JPC-1 
CHC-1 
DSY-24 
DSY-25 
DSY-26 
DSY-27 
DSY-28 
DSY-35 
DSY-36 
DSY40 
JPC-1 
CHC-1 

-RV = Toxicii 
1 - Units dry I 

CN 
CN 
CN 
CN 
CN 
CN 
DM 
DM 
DM 
DM 
DM 
DM 
DM 
DM 
DM 
DM 
IBM 
IBM 
IBM 
IBM 
IBM 
IBM 
IBM 
IBM 
IBM 
IBM 
. 

8.18 1.83 1.72 60.7 3.11 0.38 114 1.11 28.8 95532 808 808 888 808 95532 95532 

0.44 0.45 0.81 0.29 0.25 0.34 9.OE-3 0.47 1.44 9.8E-5 3.6E-2 3.6E-3 9.OE-3 3.OE-2 1.8E-5 4.2E-4 
0.60 0.60 0.55 0.25 8.lE-5 0.27 l.lE-2 0.28 0.92 1.5E-Q 57E-2 4.8E-3 6.7E-3 4.7E-2 1.8E-5 3.2E-4 
0.94 0.63 0.69 0.36 0.29 0.44 1.5E-2 1.3E-4 0.99 2.5E-4 4.9E-2 3.6E-3 6.9E-3 3.2E-2 1.8E-5 5.OE-4 
0.44 0.53 0.50 0.26 0.31 0.38 1.3E-2 1.3E-4 1.91 3.3E-3 3.6E-3 9.OE-3 2.5E-2 2.OE-4 
0.72 0.64 0.63 0.37 0.14 0.30 l.lE-2 1.3E-4 1.18 9.8E-5 3.3E-3 3.6E-3 2.3E-3 3.4E-2 1.8E-5 9.6E-5 
0.43 0.51 0.71 0.30 0.27 0.45 2.2E-6 1.42 0.76 9.5E-4 1.2E-2 6.3E-3 9.OE-3 1.7E-2 3.6E-4 1.6E-4 
0.65 0.51 1.26 0.22 0.44 0.43 1.6E-2 1.3E-4 3.58 9.8E58.3E-2 6.1E-2 7.3E-2 2.4E-3 1.8E-5 8.1E-4 
2.06 0.42 1.39 0.18 8.1E-5 0.35 4.3E-2 1.06 3.31 9.8E-5 3.3G3 3.6E-3 2.7E-2 2.4E-3 1.8E-5 4.6E-4 
1.09 0.44 1.18 0.10 0.30 0.44 2.5E-2 1.3E-4 2.60 9.8E-5 0.19 3.9E-2 4.5E-2 2.4E-3 1.8E-5 5.OE-4 
0.64 0.29 1.34 0.15 0.43 0.38 1.8E-2 1.3E-4 5.70 9.8E-5 3.3E-3 3.6E-3 3.8E-2 2.4E-3 1.8E-5 4.3E-4 
1.52 0.51 1.48 0.14 0.47 0.27 1.5E-2 1.3E-4 4.24 9.8E-5 3.3E-3 3.6E-3 9.OE-3 2.4E-3 1.8E-5 9.9E-5 
0.74 0.34 1.53 0.19 0.62 0.34 2.6E-2 1.54 3.11 3.3E-3 1.5E-2 1.3E-2 2.4E-3 1.9E-4 
1.09 0.17 1.74 0.14 8.lE-5 0.37 2.9E-2 0.88 4.54 9.8E-5 8.3E-2 4.OE-2 9.OE-3 2.4E-3 1.8E-5 9.9E-5 
0.73 0.33 1.58 0.10 0.96 0.34 3.OE-2 1.3E-4 4.07 9.8E-5 0.16 6.lE-2 4.6E-2 2.4E-3 1.8E-5 7.2E-4 
0.54 0.29 1.70 0.12 8.lE-5 0.35 2.7E-2 1.3E-4 3.71 9.8E-5 8.OE-2 3.6E-3 2.4G2 2.4E-3 1.8E-5 2.9E-4 
0.91 0.40 1.02 0.18 0.83 0.42 3.6E-2 1.3E-4 2.59 5.8E-4 6.8E-2 4.9E-2 4.8E-2 2.4E-3 1.8E-5 3.2E-4 
1.25 1.02 1.84 6.9G2 1.87 0.73 4.8E-2 1.3E-4 2.65 3.3E-3 1.4E-2 2.OE-2 8.5E-3 2.5E-4 
1.53 0.66 1.75 0.20 8.1 E-5 0.46 3.OE-2 1.3E-4 3.91 2.9E-4 1.9E-2 9.2E-2 0.21 3.7E-2 1.4E-3 1.6E-3 
1 .oo 0.40 1.42 0.13 8.1E-5 0.31 2.2E-6 1.3E-4 3.16 9.8E-5 3.3E-3 0.11 0.27 4.lE-2 1.9E-3 2.4E-3 
0.82 0.42 1.67 0.25 0.97 0.39 4.2E-2 1.3E-4 4.95 9.8E-5 3.3E-3 7.3E-2 0.19 4.8E-2 1.8E-5 2.9E-3 
0.33 0.34 1.48 1.9E-2 8.lE-5 0.38 2.2E-6 1.3E-4 4.19 9.8E-5 3.3E-3 4.3E-2 7.7E-2 3.lE-2 1.8E-5 l.?E-3 
0.76 0.40 1.29 0.12 0.56 0.44 2.2E-6 1.3E-4 4.50 9.8E-5 3.3E-3 3.6E-3 2.9E-2 1.4E-2 1.8E-5 4.4E-4 
0.75 0.21 1.66 0.12 8.lE-5 0.50 3.8E-2 1.3E-4 2.94 3.3E-3 1.9E-2 3.3E-2 6.2E-3 3.OE-Q 
0.64 0.34 1.30 0.12 0.79 0.43 2.2E-6 1.3E-4 3.65 9.8E-5 3.3E-3 2.8E-2 3.8E-2 1.8E-2 1.6E-4 6.2E-4 
0.83 0.32 1.42 0.14 1.06 0.45 2.2E-6 1.3E-4 3.23 3.3E-3 1.4E-2 1.3E-2 8.OE-3 1.9E-4 

0.57 0.32 1.07 0.20 0.25 0.48 3.4h2 1.3E-4 3.19 

:ererence Value. EPC = Exposure Point Concentration (prey tissue concentration 

9.8E-5 3.3E-3 2.2E-2 2.8E-2 2.lE-2 1.8E-5 3.OE-4 
HQ = Hazard Quotient = Prey EPCIT’RV-EPC (Table 6. 

tn 

H 

i+ 
5 

I- 

287 

7.68 
13.50 
11.06 
10.92 
6.63 
3.52 
6.21 
2.40 
3.03 
2.74 
2.23 
1.92 
1.61 
1.94 
2.15 
1.35 
2.15 
1.84 
2.90 
4.01 
2.80 
2.43 
3.12 
3.18 
1.97 
1.36 

2for’ 

-- 

.-- 

TF 

.= 
+! -A 
a ti 

7.39 2165 

5.5E-2 1.3E-: 
2.OE-2 2.1 E-: 
2.OE-2 3.1 E-: 

0.13 2.5E-; 
2.OE-2 3.1 E-: 
2.OE-2 9.8E-: 
2.OE-2 5.8E-: 
2.OE-2 
2.OE-2 7.2E-: 
2.OE-2 6.7E-: 
2.OE-2 6.OE-: 
2.OE-2 4.1 E-: 
2.OE-2 4.5E-: 
2.OE-2 4.6E-: 
2.OE-2 3.7E-: 
2.OE-2 4.OE-: 
2.OE-2 3.6E-: 
2.OE-2 2.2E-: 
2.OE-2 3.5E-: 
2.OE-2 5.5E-: 
2.OE-2 3.4E-: 
2.OE-2 56E-: 
2.OE-2 3.8E-: 
2.OE-2 4.8E-: 
2.OE-2 3.1 E-: 
2.OE-2 2.8E-: 
W benchmark: 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
ii). 

5 
c z 
0 

L 

5753 

1.8E-: 
5.8E-: 
6.OE-: 
2.2E-: 
1.5E-: 
4.5E-: 
5.7E-: 
1.9E-: 
3.1E-: 
1.7E-: 
3.6E-: 
1.4E-: 
1.7E-: 
5.2E-1 
1.9E-: 
7.1E-: 
2.4E-: 
4.4E-: 
3.5E-: 

0.17 
8.5E-: 
1.6E-: 
6.2E-: 
5.5E-: 
5.2E-1 
1.2E-; 

ght: metals = ug CoC/g prey (= mg CoC/kg prey); organic-s = ng CoC/g prey. See Appendix A-l-3 for tissue concentrations. 
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Appendix Table A-2-4.6 (continued). TRV-EPC Hazard Quotients for Great Blue Heron consuming prey in the Derecktor 
ShipyardEoddington Cove (DSY) study area and Jamestown Potter Cove (JPC) and Castle Hill Cove (CHC) reference locations. 

Station / Specie5 

TRVBenchmark' 8.18 1.83 1.72 60.7 3.11 0.38 114 1.11 28.8 

3.50 0.20 0.97 2.50 5.1E-2 0.69 1.3E-2 4.91 3.05 
-I- 

DSY-25 
DSY-27 2.10 0.14 .23 2.75 2.2E-2 1.19 l.lE-2 6.16 3.92 
DSY-28 
DSY-29 3.49 0.26 .oo 1.65 7.1E-2 0.75 1.5E-2 5.24 4.50 
DSY-33 2.72 8.7E-2 1 .I6 0.99 0.15 0.60 1.5E-2 3.08 3.65 
DSY-35 1.98 0.31 .26 2.11 0.24 0.70 8.OE-3 5.87 3.83 
DSY-36 2.42 1.4E-4 1 .I5 0.81 0.11 0.86 1.3E-2 2.57 4.00 
DSY-38 3.19 0.27 .I4 2.72 8.4E-2 0.86 1.7E-2 5.47 5.96 
DSY-39 2.28 0.16 0.96 3.24 5.8E-2 1.08 1.3E-2 0.74 4.47 
JPC-1 2.37 0.10 0.98 2.35 0.13 0.78 1.2E-2 1.96 3.67 

CHC-1 2.65 0.13 0.83 1.68 5.8E-2 0.60 1.4E-2 3.45 4.14 
DSY-35 0.78 0.35 1.39 0.11 8.1E-5 0.32 2.6E-2 1.3E-4 3.85 

DSY41 0.91 0.49 1.03 0.22 0.52 0.31 2.2E-6 1.13 2.29 

JPC-1 0.94 0.39 1.23 0.11 0.68 0.34 1.2E-2 1.3E-4 4.04 _-. - 
DSY-31 1.14 0.43 1.15 0.24 0.56 0.36 3.5E-2 1.3E-4 3.04 
DSY-32 0.60 0.32 1.01 0.18 0.89 0.41 1.9E-2 1.24 3.91 

DSY-33 0.72 0.36 1.08 0.14 8.1E-5 0.32 2.2E-6 1.3E-4 3.54 

DSY-34 1.05 0.39 1.24 0.17 0.53 0.31 1.9E-2 1.3E-4 3.21 

DSY-35 1.03 0.36 1.17 0.14 0.53 0.26 1.4E-2 1.3E-4 4.34 

DSY-36 0.91 0.45 1.43 0.20 0.70 0.39 1.6E-2 1.3E-4 4.20 

DSY-37 0.91 0.35 1.01 0.15 0.96 0.40 1.4E-2 0.58 3.69 

DSY-38 0.74 0.32 1.07 0.17 8.1E-5 0.44 2.2E-6 1.3E-4 4.57 

DSY41 0.26 0.39 1.13 0.20 8.1E-5 0.39 1.7E-2 1.3E-4 2.91 

JPC-I I 
-e3\1- T,“i+l E I,” - ,“I\,“, J * 

- Units dry weight: metals = pg CoC/g prey (= mg CoClkg prey); organics = ng CoC/g prey. Set 

LOB 
LOB 
LOB 
LOB 
LOB 
LOB 
LOB 
LOB 
LOB 
LOB 
LOB 
MM 
MM 
MM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 

. - 
I .35 0.35 1.26 0.20 0.76 0.29 2.2E-6 1.3E-4 4.19 

U.+-IPWP \MIIP \~,~,..,,- . ...“_. FPf? = Fmnc~wcr Point Cnnrentratinn brev tissue ~ncentratior -. - -,.r ---.- . -...- __..__.._.-..-.. ,r ., 

95532 808 808 888 808 95532 95532 

3.8E-5 3.3G3 3.6E-3 9.OE-3 2.4E-3 1.8E-5 9.9E-5 
B.OE-5 4.OE-2 3.6E-3 9.2E-3 2.4E-3 1.3E-4 2.1E4 
1.3E-4 3.3E-3 3.6E-3 4.7E-3 2.4E-3 1.3E-4 3.4E-4 
1.6E-4 3.3E-3 3.6E-3 9.OE-3 1.8E-2 2.OE-4 2.9E-4 
1.4E-4 3.3G3 3.6G3 9.OE-3 2.4E-3 3.7E-4 2.1E-4 

3.3E-3 3.6G3 3.5E-3 2.4E-3 1.4E-4 
3.3E-3 3.6E-3 6.OE-3 2.4E-3 1.9E-4 

9.8E-5 3.3E-3 3.6E-3 3.2E-3 2.4E-3 1 .BE-5 l.lE-4 
9.8E-5 3.3E-3 3.6E-3 2.OE-3 2.4E-3 1.8E-5 7.8E-5 
9.8E-5 3.3E-3 3.6E-3 9.OE-3 1.6E-2 1.8E-5 1.6E-4 
9.8E-5 3.3E-3 3.6E-3 7.2E-3 2.4E-3 1.8E-5 1.5E-Q 
9.8E-5 3.3E-3 3.6E-3 9.OE-3 3.6E-3 1.8E-5 1.9E-4 
9.8E-5 8.1E-3 5.6E-3 1.2E-2 4.7E-3 1.8E-5 1.4E-4 
9.8E-5 3.3E-3 3.2E-3 8.8E-3 4.6E-3 1.8E-5 6.2E-5 
9.8E-5 3.3E-3 3.6E-3 3.4E-2 2.4E-3 1.8E-5 2.5E-4 
9.8E-5 3.3E-3 1.7E-2 3.1E-2 2.4E-3 1.8E-5 3.OE-4 
9.8E-5 3.5E-3 3.6E-3 1.5E-2 6.4E-3 1.8E-5 1.5E-4 
9.8E-5 3.3E-3 3.6E-3 2.2E-2 6.5E-3 1.8E-5 3.7E-4 
9.8E-5 3.3E-3 3.6E-3 7.4E-3 6.8E-3 1.8E-5 3.OE4 
9.8E-5 3.3E-3 3.6E-3 3.4E-2 2.4E-3 1.8E-5 3.3E-4 

3.3E-3 3.6E-3 l.lE-2 2.4G3 2.9E-4 
9.8E-5 6.9E-3 6.7E-3 1.2E-2 5.9E-3 1.8E-5 9.6E-5 
9.8E-5 8.OE-3 l.lE-2 2.2E-2 9.8E-3 1.8E-5 1.7E-4 
9.8E-5 3.3E-3 3.8E-3 6.9E-3 3.9E-3 1.8E-5 8.8E-5 
HQ = Hazard Quotient = Prey EPCTTRV-EPC (Table 6. 

ippendix A-l-3 for tissue concentrations. 
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1.63 
2.61 
3.00 
1.24 
1.64 
1.10 
2.93 
1.01 
2.25 
1.39 
1.61 --- 
0.56 
0.88 
0.71 
3.32 
1.28 
1.83 
1.09 
1.69 
1.72 
1.49 

2.OE-2 2.7E-3 
2.OE-2 3.9E-3 
2.OE-2 4.5E-3 
2.OE-2 2.9E-3 
2.OE-2 3.1 E-3 
2.OE-2 2.3E-3 
2.OE-2 1.9E-3 
2.OE-2 3.3E-3 
2.OE-2 1 .I E-3 
2.OE-2 1.9E-3 
2.OE-2 3.6E-3 
2.OE-2 9.1 E-4 
2.OE-2 2.OE-3 
2.OE-2 1.5E-3 
2.OE-2 1.4E-3 
2.OE-2 1.2E-3 
2.OE-2 1.8E-3 
2.OE-2 7.OE-4 
2.OE-2 2.2E-3 
2.OE-2 1.3E-3 

1.4E-3 

0.96 Z.OE-2 8.4E-4 
0.93 Z.OE-2 1.2E-3 

2forl :V benchmarks 

5.2E-4 
5.2E-4 
5.2E-4 
5.2E-4 
5.2E-4 
5.2E-4 
5.2E-4 
5.2E-4 
5.2E-4 
5.2E-4 
5.2E-4 
6.8E-3 
5.3E-3 
2.3E-3 
8.3E-3 

9.4E-3 
6.8E-3 

1.2E-2 

8.6G3 
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Appendix Table A-2-4.7. TRWDose Hazard Quotients for Great Blue Heron consuming prey in the Derecktor ShipyardEoddington Co 
(DSY) study area and Jamestown Potter Cove (JPC) and Castle Hill Cove (CHC) reference locations. 

Station 1 Specie5 

TRV Benchmark’ 

DSY-26 
DSY-28 
DSY-29 
DSY-36 
JPC-1 
CHC-1 

-Dm 
WY-28 
DSY-29 
DSY-31 
DSY-33 
DSY-38 
DSY-39 
DSY-40 
JPC-1 
CHC-1 0.53 0.24 0.59 0.11 0.49 0.24 2.lE-2 7.8E-5 1.51 ___- .-~ 
DSY-24 0.73 0.59 1.07 4.OE-2 1.09 0.43 2.8E-2 7.8E-5 1.55 
DSY-25 0.89 0.38 1.02 0.11 4.7E-5 0.27 1.8E-2 7.8E-5 2.28 
DSY-26 0.59 0.23 0.83 7.4E-2 4.7E-5 0.18 1.3E-6 7.8E-5 1.84 

DSY-27 0.48 0.24 0.97 0.14 0.57 0.23 2.4E-2 7.8E-5 2.88 

DSY-28 0.19 0.20 0.86 1 .lE-2 4.7E-5 0.22 1.3E-6 7.8E-5 2.44 

DSY-35 0.44 0.23 0.75 7.2E-2 0.33 0.25 1.3E-6 7.8E-5 2.62 

DSY-36 0.44 0.12 0.96 6.8E-2 4.7E-5 0.29 2.2E-2 7.8E-5 1.71 

DSY-40 0.38 0.20 0.76 6.7E-2 0.46 0.25 1.3E-6 7.8E-5 2.12 

JPC-1 1.38 5.7E-2 0.57 1.37 7.3E-2 0.46 7.lE-3 1.14 2.14 

CHC-1 IBM 11 0.33 0.18 0.62 0.11 0.15 0.28 2.OE-2 7.8E-5 1.86 

TRV = Toxicit teference Value. HO = Hazard Quotient = Prey DoseITRV-Dose; Dose = prey tis: 
1 - Units: metals = pg CoClg prey (= mg CoClkg prey); organics = ng CoC/g prey. See Appendix A-l-3 for tissue concentrations. 

CN 
CN 
CN 
CN 
CN 
CN 
DM 
DM 
DM 
DM 
DM 
DM 
DM 
DM 
DM 
DM 
IBM 
IBM 
IBM 
IBM 
IBM 
IBM 
IBM 
IBM 
IBM 

3.93 0.88 0.82 29.2 1.49 0.18 54.6 0.54 13.8 

0.26 0.26 0.47 0.17 0.15 0.20 52E-3 0.27 0.84 
0.35 0.35 0.32 0.15 4.7E-5 0.16 6.6E-3 0.16 0.54 
0.55 0.37 0.40 0.21 0.17 0.26 8.9E-3 7.8E-5 0.58 
0.26 0.31 0.29 0.15 0.18 0.22 7.3E-3 7.8E-5 1.11 
0.31 0.17 0.99 6.9E-2 4.7E-5 0.21 1.6E-2 7.8E-5 2.16 
0.25 0.30 0.41 0.18 0.16 0.26 1.3E-6 0.83 0.44 _____~._~. -. -~~ 
0.38 0.30 0.73 0.13 0.26 0.25 9.3E-3 7.8E-5 2.08- 
1.20 0.24 0.81 0.11 4.7E-5 0.20 2.5E-2 0.62 1.93 
0.64 0.26 0.69 6.lE-2 0.18 0.26 1.5E-2 7.8E-5 1.52 
0.37 0.17 0.78 8.5E-2 0.25 0.22 i.lE-2 7.8E-5 3.32 
0.88 0.30 0.86 8.lE-2 0.28 0.16 8.9E-3 7.8E-5 2.47 
0.43 0.20 0.89 0.11 0.36 0.20 1.5E-2 0.90 1.81 
0.64 0.10 1.02 8.2E-2 4.7E-5 0.22 1.7E-2 0.51 2.64 
0.42 0.19 0.92 6.lE-2 0.56 0.20 1.8E-2 7.8G5 2.37 
0.48 0.19 0.83 8.3E-2 0.62 0.26 1.3E-6 7.8E-5 1.88 

45925 389 389 427 389 45925 45925 

5.7E-5 2.lE-2 2.1E-3 5.2E-3 1.7E-2 l.OE-5 2.5E-4 
3.6E-5 3.3E-2 2.8E-3 3.9E-3 2.7E-2 l.OE-5 1.9E-4 
1.5E-4 2.8E-2 2.lE-3 4.OE-3 1.9E-2 l.OE-5 2.9E-4 

1.9E-3 2.lE-3 5.2E-3 1.4E-2 l.lE-4 
5.7E-5 4.6E-2 2.lE-3 1.4E-2 1.4E-3 l.OE-5 1.7E-4 
5.5E-4 7.2E-3 3.7E-3 5.2E-3 9.8E-3 2.1E-4 9.4E-5 
5.7E-5 4.9E-2 3.6E-2 4.3E-2 1.4E-3 l.OE-5 4.7E-4 
5.7E-5 1.9E-3 2.lE-3 1.6E-2 1.4E-3 l.OE-5 2.7E-4 
5.7E-5 0.11 2.2E-2 2.6E-2 1.4E-3 l.OE-5 2.9E-4 
5.7E-5 1.9E-3 2.lE-3 2.2E-2 1.4E-3 l.OE-5 2.5E-4 
5.7E-5 1.9E-3 2.lE-3 5.2E-3 1.4E-3 l.OE-5 5.8E-5 

1.9E-3 8.6E-3 7.8E-3 1.4E-3 l.lE-4 
5.7E-5 4.9E-2 2.3E-2 5.2E-3 1.4E-3 l.OE-5 5.8E-5 
5.7E-5 9.4E-2 3.6E-2 2.7E-2 1.4E-3 l.OE-5 4.2E-4 

1.9E-3 8.2E-3 7.7E-3 4.7E-3 l.lE-4 
3.4E-4 4.OE-2 2.9E-2 2.8E-2 1.4E-3 l.OE-5 1.9E-4 

1.9E-3 8.3E-3 1.2E-2 5.OE-3 1.5E-4 
1.7E-4 l.lE-2 5.4E-2 0.12 2.1E-2 8.3E-Q 9.2E-4 
5.7E-5 1.9E-3 6.5E-2 0.16 2.4E-2 l.lE-3 1.4E-3 
5.7E-5 1.9E-3 4.3E-2 0.11 2.8E-2 l.OE-5 1.7E-3 
5.7E-5 1.9E-3 2.5E-2 4.5E-2 1.8E-2 l.OE-5 7.OE-4 
5.7E-5 1.9E-3 2.lE-3 1.7E-2 8.4E-3 1 .OE-5 2.5E-4 

1.9E-3 1 .lE-2 1.9E-2 3.6E-3 1.7E-4 
5.7E-5 1.9E-3 1.6E-2 2.2E-2 l.OE-2 9.2E-5 3.6E-4 
5.7E-5 1.9E-3 2.lE-3 5.2E-3 9.OE-3 l.OE-5 9.5E-5 
5.7E-5 1.9E-3 1.3E-2 1.6E-2 1.2E-2 i.OE-5 1.8E-4 
e concentration X 0.28 (Table 6.3-2). See Appendix Tal 
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4.47 
7.86 
6.44 
6.36 
1.25 
2.05 
3.62 
1.40 
1.76 
1.60 
1.30 
1.12 
0.94 
1.13 
1.15 
0.78 
1.25 
1.07 
1.69 
2.34 
1.63 
1.41 
1.82 
1.85 
0.81 
0.79 

! A-2-4 1. 

3.55 1041 

3.2E-2 7.8E-3 
I .2E-2 1.2E-2 
I .2E-2 1.8E-2 
7.6E-2 1.4E-2 
I .2E-2 2.1 E-3 
I .2E-2 5.7E-3 
I .2E-2 3.4E-3 
I .2E-2 
I .2E-2 4.2E-3 
I .2E-2 3.9E-3 
I .2E-2 3.5E-3 
I .2E-2 2.4E-3 
I .2E-2 2.6E-3 
I .2E-2 2.7E-3 
I .2E-2 1.8E-3 
I .2E-2 2.3E-3 
I .2E-2 2.1 E-3 
I .2E-2 1.3E-3 
I .2E-2 2.OE-3 
I .2E-2 3.2E-3 
I .2E-2 2.OE-3 
I .2E-2 3.3E-3 
I .2E-2 2.2E-3 
I .2E-2 2.8E-3 
1.2E-2 i.lE-3 
I .2E-2 1.6E-3 
for dose cone :E 

; 
b 3 
0 

L 

2766 

l.lE-3 
3.4E-3 
3.5E-3 
1.3E-3 
l.lE-3 
2.6E-3 
3.3E-3 
l.lE-3 
1.8E-3 
3.6E-4 
LIE-3 
3.4G4 
3.8E-4 
3.0E-4 
3.OE-4 
$.lE-3 
I .4E-3 
!.5E-3 
LOE-3 
0.10 

LOE-3 
3.3E-4 
3.6E-3 
3.2E-3 
LOE-4 
j.7E-3 
ltration 



Appendix Table A-2-4.7 (continued). TRV-Dose Hazard Quotients for Great Blue Heron consuming prey in the Derecktor Shipyard/ 
Coddington Cove (DSY) study area and Jamestown Potter Cove (JPC) and Castle Hill Cove (CHC) reference locations. 

Station / Specil 

TRV Benchmark’ 

DSY-25 
DSY-27 
DSY-28 
DSY-29 
DSY-33 
DSY-35 
DSY-36 
DSY-38 
DSY-39 
JPC-1 
CHC-1 

DSY-35 
DSY41 
JPC-1 

DSY-31 
DSY-32 
DSY-33 
DSY-34 
DSY-35 
DSY-36 
DSY-37 
DSY-38 
DSY41 
JPC-1 

‘$&/ = Toxici:’ 

LOE 
LOE 
LOE 
LOE 
LOE 
LOE 
LOE 
LOE 
LOE 
LOE 
LOE 
MM 
MM 
MM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 

r 

3.93 0.88 0.82 29.2 1.49 0.18 54.6 0.54 13.8 

2.04 0.11 0.56 1.45 2.9E-2 0.40 7.8E-3 2.86 1.78 
1.22 8.3E-2 0.72 1.60 1.3E-2 0.69 6.2E-3 3.59 2.28 

5.7E-5 1.9E-3 2.lE-3 5.2E-3 1.4E-3 l.OE-5 5.8E-5 0.95 I 
I 1.7E-5 2.3E-2 2.1E-3 5.4E-3 1.4E-3 7.3E-5 1.2E-4 1.52 
I 7.5E-5 1.9E-3 2.1E-3 2.7E-3 1.4E-3 7.3E-5 2.OE-4 1.75 
I 2.03 0.15 0.58 0.96 4.1E-2 0.44 8.9E-3 3.05 2.62 3.1E-5 1.9E-3 2.1E-3 5.2E-3 l.lE-2 1.2E-4 1.7E-4 0.72 
I 1.58 5.1E-2 0.68 0.58 8.8E-2 0.35 8.9E-3 1.79 2.13 3.4E-5 1.9E-3 2.1E-3 5.2E-3 1.4E-3 2.lE-4 1.2E-4 0.95 
I 1.16 0.18 0.73 1.23 0.14 0.41 4.7E-3 3.42 2.23 1.9E-3 2.1E-3 2.OE-3 1.4E-3 8.OE-5 0.64 
I 1.41 8.OE-5 0.67 0.47 6.4E-2 0.50 7.5E-3 1.50 2.33 1.9E-3 2.1E-3 3.5E-3 1.4E-3 1.1E-Q 1.71 
1 1.86 0.16 0.66 1.58 4.9E-2 0.50 9.6E-3 3.19 3.47 5.7E-5 1.9E-3 2.1E-3 1.9E-3 1.4E-3 l.OE-5 6.1E-5 0.59 
I 1.33 9.5E-2 0.56 1.89 3.4E-2 0.63 7.5E-3 0.43 2.61 5.7E-5 1.9E-3 2.1E-3 1.2E-3 1.4E-3 l.OE-5 4.5E-5 1.31 
I 0.42 0.38 0.37 0.22 8.1E-2 0.17 6.7E-3 7.8E-5 0.69 5.7E-5 1.9E-3 2.1E-3 1.3E-3 2.OE-2 l.OE-5 5.6E-5 3.86 
I 1.54 7.3E-2 0.49 0.98 3.4E-2 0.35 8.1E-3 2.01 2.41 5.7E-5 1.9E-3 2.1E-3 4.2E-3 1.4E-3 l.OE-5 8.8E-5 -- 

0.46 0.20 0.81 6.2E-2 4.7E-5 0.19 1.5E-2 7.8E-5 2.24 5.7E-5 1.9E-3 2.1E-3 5.2E-3 2.1E-3 l.OE-5 l.lE-4 
0.53 0.29 0.60 0.13 0.30 0.18 1.3E-6 0.66 1.33 5.7E-5 4.7E-3 3.3E-3 7.2E-3 2.8E-3 
0.55 0.23 0.72 6.6E-2 0.40 0.20 6.8E-3 7.8E-5 2.35 5.7E-5 1.9E-3 1.9E-3 4.OE-3 2.7E-3 
0.67 0.25 0.67 0.14 0.33 0.21 2.OE-2 7.8E-5 1.77 5.7E-5 1.9E-3 2.1E-3 2.OE-2 1.4E-3 
0.35 0.19 0.59 0.10 0.52 0.24 l.lE-2 0.72 2.28 5.7E-5 1.9E-3 9.7E-3 1.8E-2 1.4E-3 
0.42 0.21 0.63 8.3E-2 4.7E-5 0.19 1.3E-6 7.8E-5 2.06 5.7E-5 2.OE-3 2.1E-3 8.8E-3 3.7E-3 

0.61 0.23 0.72 0.10 0.31 0.18 l.lE-2 7.8E-5 1.87 5.7E-5 1.9E-3 2.1E-3 1.3E-2 3.8E-3 
0.60 0.21 0.68 8.1E-2 0.31 0.15 8.OE-3 7.8E-5 2.53 5.7E-5 1.9E-3 2.1E-3 4.3E-3 4.OE-3 

0.53 0.26 0.84 0.11 0.41 0.23 9.6E-3 7.8E-5 2.45 5.7E-5 1.9E-3 2.1E-3 2.OE-2 1.4E-3 

0.53 0.20 0.59 8.6E-2 0.56 0.24 8.1E-3 0.34 2.15 1.9E-3 2.1E-3 6.7E-3 1.4E-3 

0.43 0.19 0.62 0.10 4.7E-5 0.26 1.3E-6 7.8E-5 2.66 5.7E-5 4.OE-3 3.9E-3 7.OE-3 3.4E-3 l.OE-5 5.6E-5 
0.15 0.23 0.66 0.11 4.7E-5 0.23 9.6E-3 7.8E-5 1.69 5.7E-5 4.6E-3 6.2E-3 1.3E-2 5.7E-3 
0.79 0.20 0.73 0.11 0.44 0.17 1.3E-6 7.8E-5 2.44 1 5.7E-5 1.9E-3 2.2E-3 4.OE-3 2.3E-3 1 .OE-5 5.2E-51 0.54 

~~e.ranrn \I~~WS ,TITl*ll- 1 I”... I”, = bi~~nrrl hrdia-d = prpy n~g&!W-Dnse; !&se , ,..-...- \--...e..- = nrev tissue concentration X 0.28 (Table 6.3-2). See Appendix Table A-24 (r--a -.----- 
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.c _* 
0 a 
a d 

3.55 1041 

1.2E-2 1.6E-3 
1.2E-2 2.3E-3 
1.2E-2 2.6E-3 
1.2E-2 1.7E-3 
1.2E-2 1.8E-3 
1.2E-2 1.3E-3 
1.2E-2 l.lE-3 
1.2E-2 1.9E-3 
1.2E-2 6.4E-4 
1.2E-2 1.8E-2 
1.2E-2 2.1 E-3 
1.2E-2 5.3E-Q 
1.2E-2 1.2E-3 
1.2E-2 8.5E-4 
1.2E-2 8.OE-4 
1.2E-2 6.8E-4 
1.2E-2 1 .OE-3 
1.2E-2 4.1 E-4 
1.2E-2 1.3E-3 
1.2E-2 7.8E-4 

7.9E-4 

1.2E-2 4.9E-4 
1.2E-2 7.OE-4 

2766 

3.0E-4 
3.OE-4 
3.OE-4 
3.OE-4 
3.OE-4 
3.OE-4 
3.0E-4 
3.OE-4 
3.0E-4 
8.8E-4 
3.0E-4 
4.6E-3 
3.1E-3 
1.4E-3 
4.9E-3 

5.4E-3 
4.OE-3 

6.8E-3 

5.OE-3 
. . 

! for dose concentration 

1 - Units: metals = pg CoC/g prey (= mg CoClkg prey); organics = ng CoC/g prey. See Appendix A-l-3 for tissue concentrations. 
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-“A ,‘ APPENDIX A-2-5. 
TISSUE SCREENING CONCENTRATION 

“., .1 HAZARD QUOTIENTS 



MET Arsenic 
MET Cadmium 
MET Chromium 
MET Copper 

I 

MET Lead 
MET Mercury 
MET Nickel 
MET Silver 

PAH Acenaphthylene 
PAH Anthracene 
PAH Benzo(a)anthracene 
PAH Benzo(a)pyrene 
PAH Benzo(b,j,k)fluoranthene 
PAH Benzo(g,h,i)perylene 
PAH Chrysene 
PAH Dibenz(a,h)anthracene 
PAH Fluoranthene 
PAH Fluorene 
PAH Indeno(l,2,3cd)pyrene 
PAH Naphthalene 
PAH Phenanthrene 
PAH Pyrene 
PCB Sum PCBs X 2 
PST Aldrin 
PST Hexachlorobenzene 
PST Mirex 
PST o,p’-DDE 
PST p,p’-DDE 
TBT Tributviiin 

Appendix A-2-5. Tissue Screening Concentration Hazard Quotients for the Derecktor Shipyard Marine 
Ecological Risk Assessment. 

3.95 2.53 1.31 3.04 2.62 2.18 2.38 0.92 4.36 1.98 1.55 
1.56 1.46 1.41 1.19 1.41 1.70 2.06 1.73 0.88 1.43 1.49 
2.19 6.17 136.70 15.83 9.15 5.68 11.37 145.10 15.11 6.98 0.70 
8.11 3.43E-04 0.38 1.90 2.49 4.9lE-04 6.12 0.16 656E-04 4.22E-04 4.llE-04 
0.21 0.13 0.34 0.17 0.16 0.12 0.16 0.56 0.14 0.12 0.13 
1.47 0.91 0.71 0.48 0.65 952E-05 1.86 0.54 0.66 1.60 7.98E-05 

3.62E-05 356E-05 2.27 0.22 4.75E-05 5.09E-05 5.26E-05 2.75 0.14 0.34 4.27&05 
2.43 3.53 4.81 2.28 4.31 4.08 6.59 5.96 1.59 3.68 4.54 .-- 

l.l6E-05 559E-05 2.20E-06 2.72E-06 1.88E-06 l.O9E-05 3.22E-06 3.53E-05 6.26E-05 2.64E-06 2.73E-06 3.82E-Of 
1.65E-04 l.l3E-03 4.06E-04 8.29E-05 2.28E-04 1.45E-03 9.83E-05 9.87E-05 1.29E-03 2.50E-03 1.70E-03 9.48E-0: 
6.48E-05 3.04E-04 1.46E-04 4.57E-05 8.79E-05 8.98E-04 6.81 E-05 6.84E-05 4.23E-04 1.65E-03 1.20E-03 6.74E-0: 

3.35E-05 2.86E-05 2.51E-06 7.87E-06 1.42E-04 2.98E-06 l.l3E-05 5.12E-05 7.55E-04 2.17E-04 2.48E-0: 
1.32E-06 6.68E-06 7.80E-06 l.l2E-06 1.70E-06 2.42E-05 1.33E-06 7.07E-06 l.O2E-06 1.66E-04 2.28E-05 l.O2E-Of 
2.17E-06 2.9lE-05 2.76E-05 1.93E-06 9.29G06 l.l6E-04 2.28E-06 1.78E-05 3.37E-05 6.98E-04 1.23E-04 2.17E-O! 
2.25E-07 1.97E-07 3.15E-06 1.99E-07 1.84E-06 4.19E-06 2.36E-07 2.98E-06 1.8lE-07 1.84E-05 3.75E-06 1.20E-OE 

2.66E-05 2.99E-05 3.93E-06 l.O7E-05 1.53E-04 4.66E-06 1.37E-05 4.64E-05 4.54E-04 2.23E-04 2.63E-0: 
4.28E-07 1.62E-05 3.07E-07 3.80E-07 4.24E-06 7.12E-06 4.50E-07 4.52E-07 344E-07 3.74E-05 3.81 E-07 4.34E-07 
6.23E-05 734E-04 4.94E-04 l.O4E-04 2.92E-04 3.62E-03 8.56E-04 2.72E-04 2.23E-03 9.14E-03 8.36C03 7.10E-04 
1.8lE-04 2.27E-05 1.59E-04 2.29E-05 5.59G05 2.37E-04 2.72E-05 3.37E-04 2.08E-05 3.8lE-04 4.62E-04 2.62E-OE 
2.22E-07 1.95E-07 1.6lE-06 1.97E-07 l.O5E-06 3.09E-06 234E-07 2.17E-06 1.79E-07 1.51 E-05 3.44E-06 1.27E-OE 
7.78E-04 3.30E-05 2.7lE-05 3.34E-05 1.83E-03 3.96E-05 3.98E-05 3.03G05 3.54E-03 3.35E-05 2.73E-04 
1.87E-04 3.28E-04 2.53E-04 1.56E-04 1.78E-04 1 .I 1 E-03 1.21 E-04 5.17E-04 7.59E-04 2.37E-03 2.94E-03 2.47E-04 
8.40E-05 2.70E-04 1.84E-04 6.03E-05 l.O3E-04 l.O6E-03 3.13E-04 7.81 E-05 7.55E-04 3.11 E-03 2.53E-03 3.30E-04 - 

B 
5 
2 

0.75 
4.27 
1.02 

19.99 
2.22 
0.22 
0.82 

6.32E-05 
1.59 

6.09E-05 
1.46E-04 
5.55E-05 
4.16E-05 
6.37E-07 
2.50E-06 
2.59E-07 
3.12E-05 
4.92E-07 
2.32E-04 
5.77E-04 
2.56E-07 
4.34E-05 
4.30E-04 
9.89E-05 

1.48 
3.55E-05 
7.87E-07 

1.70E-02 
0.14 
1.37 

LOB=lobster; MF=mummichog; MM=Mercenaria mercenaria; PM=Pitar morrhuana. 
TSC-HO = CoC Tissue Wet WeighbTSC Benchmark. 
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Appendix A-2-5 (continued). 

PAH Acenaphthylene 
PAH Anthracene 
PAH Benzo(a)anthracene 
PAH Benzo(a)pyrene 
PAH Benzo(bJ,k)fluoranthene 
PAH Benzo(g,h,i)perylene 
PAH Chr-ysene 
PAH Dibenz(a,h)anthracene 
PAH Fluoranthene 
PAH Fluorene 
PAH Indeno(l,2,3cd)pyrene 
PAH Naphthalene 
PAH Phenanthrene 
PAH Pvrene 

0.80 2.48 
---. 

0.33 0.51 
2.76 1.55 1.40 1.61 
1.61 1.32 0.91 1.13 
5.32 82.02 4.52 5.68 
2.10 0.48 1.23 3.47E-04 2.47 
0.20 0.33 0.32 9.12E-02 9.44E-02 
1.24 0.73 0.88 6.74E-05 0.61 l.O5E-04 

5.80E-05 2.19 4.31E-05 3.69E-05 0.40 4.61 E-05 1.55 3.6lE-05 3.86E-05 5.61E-05 
3.83 6.42 3.23 3.15 

2.27E-06 2.22E-06 1.9iE-06 2.27E-06 2.39E-06 3.52E-06 2.OOE-06 2.OOE-Of 
6.93E-05 8.14E-04 5.83E-05 3.24E-04 7.30E-05 l.O7E-04 5,70E-05 6.1 IE-05 
1.42E-04 3.99E-04 1.53E-04 1.65E-04 5.06E-05 7.44E-05 6.6OE-05 l.O5E-04 
264E-05 4.37E-05 6.99E-05 4.94E-05 2.21 E-06 3.25G06 1.8lE-05 2,54E-05 
9.39E-07 8.57E-06 9.84E-06 1 .lOE-05 9.89E-07 1.45E-06 4.74E-061 5.14E-Of 
1.99E-05 3.23E-05 2.82E-05 2.45E-05 1.70E-06 9.24E-06 7.61E-06 1 .I 1 E-05 
1.67E-07 1.62E-07 1.57G06 2.40E-07 2.20E-07 1.74E-06 1.64E-07 2.32E-06 3.66E-06 1.75E-07 2.58E-07 l.l7E-06 l.O6E-OE 
1.84E-05 5.23E-05 3.02E-05 4.74E-06 3.09E-05 4.22E-06 2.35E-05 3.54E-05 3.72E-05 3.46E-06 5.09E-06 2.17E-051 1.35E-OE 
3.17E-07 3.09E-07 3.97E-07 4.57E-07 4.20E-07 4.08E-07 3.12E-07 2.67E-07 3.16E-07 3.34E-07 4.91E-07 2.61E-07! 2.80E-07 
6.98E-04 1.44E-03 5.48E-04 3.33E-04 1.36E-03 3.01 E-04 7.01 E-04 9.02E-04 9.12E-04 552E-04 2.99E-04 2.82E-04 3.89E-04 
1.92E-05 2.41E-04 2.40E-05 3.65E-04 2.54E-05 1.88E-04 1.88E-05 1.61E-05 1.91E-05 2.02E-05 2.97E-05 4.19E-05 4.52E-OE 
1.65E-07 1.61E-07 2.07E-07 2.38E-07 2.18E-07 1.45E-06 1.62E-07 1.84E-06 2.87E-06 1.74E-07 2.55E-07 7.74E-07 7.46E-07 
2.79E-05 2.72E-05 2.50E-04 4.03E-05 3.70E-05 4.15E-04 2.74E-05 2.35E-05 2.79E-05 2.94E-05 
396E-04 1 .OOE-03 3.63E-04 6.14E-04 5.64E-04 3.26E-04 3.63E-04 1.80E-04 2.58E-04 
3.00E-04 4.40E-04 3.99E-04 1.35E-04 5.56C04 2.30E-04 2.97E-04 4.27E-04 4.66E-04 

0.17 0.19 0.26 1.12 0.28 0.11 0.19/ 0.20 9.00E-02 
2.28E-05 2.23E-05 2.86&05 3.29E-05 3.02E-05 2.93E-05 2.24E-05 1.92E-05 2.28E-05 
5.07E-07 4.94E-07 4.89E-06 7.30E-07 l.O3E-05 502E-06 4.98E-07 2.75E-06 l.l3E-06 
1.82E-02 2.16E-02 4.91E-03 1.64E-02 8.23G03 2.16E-02 2.43E-03 6.36E-03 
2.6OE-02 l.l3E-02 3.76E-04 9.22E-03 2.85E-02 3.86E-04 2.99E-02 6.45E-03 2.99E-04 

1.42E-02 2.46E-02 0.19 4.15E-02 1.62E-02 2.86E-02 5.03E-03 5.04E-03 
0.29 1.26 9.91 E-02 1.31 0.63 0.10 0.251 1.06 

ipecies codes: CN=cunner; DM=deployed mussels; IBM=indigenous blue mussels; 
LOB=lobster; MF=mummichog; MM=Mercenaria mercenaria; PM=Pitar morrhuana. 
TSC-HQ = CoC Tissue Wet WeightfTSC Benchmark. 



Appendix A-2-5 (continued). 

MET Arsenic 
MET Cadmium 
MET Chromium 
MET Copper 
MET Lead 
MET Mercury 
MET Nickel 
MET Silver 
MET Zinc -___ 
PAH Acenaphthene 
PAH Acenaphthylene 
PAH Anthracene 
PAH Benzo(a)anthracene 
PAH Benzo(a)pyrene 
PAH Benzo(b,j.k)fluoranthene 
PAH Benzo(g,h,i)perylene 
PAH Chrysene 
PAH Dibenz(a,h)anthracene 
PAH Fluoranthene 
PAH Fluorene 
PAH Indeno(l,2,3cd)pyrene 
PAH Naphthalene 
PAH Phenanthrene 
PAH Pyrene ~.._____ 
PCB Sum PCBs X 2 -- 
PST Aldrin 
PST Hexachlorobenzene 
PST Mirex 
PST o,p’-DDE 
PST p,p’-DDE 

-- 
TBT Tributvlhn 

-- .__~~ ~~ 
0.34 1.68 0.35 0.13 0.49 1.86 0.39 0.67 ~0172 
3.51 1.10 8.08E-04 1.49 0.43 1.89 1.33 1.45 0.91 1.09 2.25 2.12' 3.30 
0.73 1.87 1.49 1.03 0.27 1.86 1.24 1.05 1.99 1.40 2.34 1.75 1.51 

13.87 4.90 39.26 5.30 1.48 8.61 111.10 6.32 6.04 177.35 5.77 5.82 11.92 
2.30 4.62E-04 0.72 2.56 1.31 3.86 0.46 4.02E-04 4.67E-04 0.43 7.20 5.40 3.87 
0.18 0.19 0.37 9.4OE;02 3.62E-02 0.14 0.31 0.14 0.14 0.52 0.17 0.19 0.15 
0.66 1.55 0.60 0.43 0.13 1.13 0.65 7.79E-05 1.21 0.68 1.61 l.O7E-04 l.l7E-04 

6.15E-05 4.80E-05 1.05 3.05E-05 4.97E-02 0.59 1.88 4.17E-05 0.32 0.34 6.29E-05 5.74G05 0.52 
2.98 3.58 5.58 3.25 1.07 4.09 7.00 4.83 5.58 7.04 6.48 5.30 3.62 ____.~~ 

2.91E-06 3.17E-06 3.00E-06 244E-06 3.19E-06 2.49E-06 2.86E-06 1.58E-06 5.94E-07 2.69E-06 2.40E-06 4.56E-06 6.40605 
8.87E-05 9.65E-05 9.15E-05 7.43E-05 9.73E-05 4.02E-04 8.71 E-05 4.83E-05 1.81 E-05 3.38E-04 7.33E-05 ,.23E-04 8.64G04 
1.96E-04 2.60E-05 6.34E-05 4.25E-05 6.75E-05 1.91 E-04 3.99E-05 1.25E-04 1.59E-05 8.46E-05 ,.80E-05 6.09E-05 532E-05 
2.49E-05 2.92E-06 1.30E-05 1.44E-05 2.07E-05 2.64E-06 2.88E-05 9.15E-06 l.O9E-05 2.22E-06 2.72E-05 1.23E-05 
1.20E-06 1.31 E-06 2.39E-06 4.50E-06 1.32E-06 3.57E-06 I. 18E-06 5.85E-06 1.57E-06 2.48E-06 9.94E-07 5.11 E-06 l.O4E-06 
2.20E-05 2.24E-06 3.15E-06 4.56E-06 2.26E-06 2.02E-05 1 .OOE-05 1.64E-05 3.95E-06 1 .OOE-05 1.70E-06 1 .OOE-05 1.78E-06 
1.94E-06 2.32E-07 2.20E-07 1.79E-07 2.34E-07 l.l8E-06 2.09E-07 l.O9E-06 7.38E-07 1.97E-07 1.76E-07 1.31E-06 2.74E-06 
3.22E-05 4.58E-06 5.62E-06 7.49G06 2.77E-05 4.13E-06 2.23E-05 6.15E-06 l.O7E-05 3.48E-06 1.66E-05 1.36E-05 
4.06E-07 4.42E-07 4.19E-07 3.40E-07 4.45E-07 3.47E-07 3.98E-07 2.21E-07 8.29E-08 3.75E-07 3.35E-07 3.02E-07 2.37E-05 
8.05E-04 2.75E-04 3.76E-04 4.46E-04 1.64E-04 6.91 E-04 2.92E-04 52OE-04 l.l7E-04 2.77E-04 l.O5E-04 2.49E-04 2.72E-04 
,.46E-04 2.67E-05 3.75E-05 5.79E-05 2.75E-04 5.39E-05 2.41 E-05 1.33E-05 5.01 E-06 2.27E-05 2.03E-05 4.43E-05 2.12E-05 
,.42E-06 2.30E-07 2.18E-07 1.77E-07 2.32E-07 7.03E-07 2.07E-07 8.13E-07 4.31E-08 1.95E-07 1.74E-07 9.33E-07 3.3OE-06 
3.57E-05 3.69E-05 3.00E-05 1.95E-05 2.95E-05 2.66E-05 3.09E-05 
4.81E-04 1.66E-04 2.21E-04 2.73E-04 2.36E-04 2.79G04 2.10E-04 1.99E-04 6.45E-05 1.97E-04 9.58E-05 7.88E-05 9.42E-05 
2.59E-04 8.81 E-05 1.21 E-04 1.52E-04 1.76E-04 2.40E-04 1.39E-04 2.07E-04 5.60E-05 1.32E-04 2.46E-05 l.O6E-04 1.23E-04 ..~~~~ 

0.22 O.ri 5.17E-02 0.13 1.08 0.24 0.26 8.43E-02 2.75E-02 0.16 7.55E-02 0.13 
2,92E-05 3:f8E-05 3.01E-05 -245E-05 2.66E-04 250E-05 2.87E-05 1.59E-05 2.70E-05 2.42G05 2.53E-05 

ipecies codes: CN=cunner; DM=deployed mussels; IBM=indigenous blue mussels; 
LOB=lobster; MF=mummichog; MM=Mercenaria mercenaria; PM=Pitar morrhuana. 
TSC-HQ = CoC Tissue Wet WeighVTSC Benchmark. 



Appendix A-2-5 (continued). 

MEf Aiseiz--.L- __- 

MET Cadmium 
MET Chromium 
MET Copper 
MET Lead 
MET Mercury 
MET Nickel 
MET Silver 
MET Zinc 
PAH Acenaphthene 
PAH Acenaphthylene 
PAH Anthracene 
PAH Benzo(a)anthracene 
PAH Benzo(a)pyrene 
PAH Benzo(b,j,k)fluoranthene 
PAH Benzo(g,h,i)per-ylene 
PAH Chrysene 
PAH Dibenz(a,h)anthracene 
PAH Fluoranthene 
PAH Fluorene 
PAH Indeno(l,2,3cd)pyrene 
PAH Naphthalene 
PAH Phenanthrene 
PAH Pvrene 
PCB Sum PCBs X 2 ii&&F=== 
PST Hexachlorobenzene 
PST Mirex 
PST o,p’-DDE 
PST p,p’-DDE 
TBT Tributyltin 

__- 

0.17 0.38 
L 

0.46 
2.10 1.76 1.52 
1.32 2.22 1.47 
8.59 5.82 5.49 

4.79E-04 536E-04 5.55 
0.15 0.15 0.15 
0.70 1.28 8.20E-05 

4.98E-05 5.56E-05 4.39E-05 
3.67 5.23 3.59 

3.22E-06 1.61 E-04 2.98E-06 
9.82E-05 1.71 E-03 7.12E-04 
1.53E-05 3.53E-04 2.68E-04 
2.97E-06 3.78E-05 2.02E-05 
1.33E-06 1.35E-06 2.12E-06 
2.28E-06 2.31E-06 1.89E-05 
2.36E-07 2.39E-07 2.18E-07 
4.66E-06 2.04E-05 2.41E-05 
4.49E-07 4.55E-07 4.15E-07 
7.86E-05 1.24E-03 8.29E-04 
2.71E-05 2.75E-05 1.85E-04 
2.34E-07 2.37E-07 2.16E-07 
3.96E-05 4.01E-05 3.28E-04 
9.52E-05 8.91E-04 7.00E-04 
3.85E-05 4.58E-04 2.75E-04 

0.22 0.20 0.29 
3.24E-05 3.28E-05 2.99E-05 
3.01 E-06 2.35E-06 6.63E-07 
6.93E-03 1.93E-02 2.06E-02 
2.01 E-02 1.56E-02 1.49E-02 

1.49 0.65 
0.53 4.90 
1.15 1.05 

103.30 23.33 
0.75 1.17 
0.31 0.17 
0.52 0.69 
0.73 7.07E-05 
4.64 2.12 

7.99E-06 6.28E-06 
1.56E-04 2.33E-04 
9.34E-05 1.34E-04 

2.94E-05 
4.10E-06 512E-06 
4.91 E-06 6.73E-06 
567E-07 1.89E-07 

2.23E-05 
4.52E-07 3.60E-07 
5.86E-04 5.43E-04 
5.35E-05 8.87E-05 
2.35E-07 1.87E-07 
3.98E-05 3.17E-05 
1.71E-04 1.67E-04 
2.40E-04 2.43E-04 
8.78E-02 7.65E-02 
3.25E-05 2.59E-05 
7.22E-07 2.21E-06 

2.70E-03 
4.28E-04 4.15E-03 

6.76E-03 2.86E-02 2.72E-02 1.24E-02 4.1 IE-03 7mhTl ----ml& 
ipecies codes: CN=cunner; DM=deployed mussels; IBM= figenous blue mussek 

LOB=lobster; MF=mummichog; MM=Mercenaria mercenaria; PM=Pitar morrhuana. 
TSC-HQ = CoC Tissue Wet WeightrrSC Benchmark. 

, .-__.- 
0.88 0.60 
3.07 1.32 
2.13 1.04 
7.35 6.12 
6.02 3.22 
0.19 8.09E-02 
0.73 6.58E-05 

7.37E-05 3.52E-05 
7.55 3.74 

7.01E-05 2.28E-06 
8.79E-05 2.72E-04 
1.65G04 7.09E-05 
1.31 E-05 9.88E-06 
1 .I 9E-06 2.03E-06 
1 .I 8E-05 9.30E-06 
2.11 E-07 1.67E-07 
l.llE-05 l.O6E-05 
4.02E-07 3.18E-07 
3.67G04 2.78E-04 
2.43E-05 6.35E-05 
2.09E-07 1.65E-07 
3.54E-05 
3.17E-04 1.60E-04 

5 7 x 
0.32 
3.26 
0.99 

15.77 
1.91 
0.21 

1 .l OE-04 
0.62 
1.14 

2.59E-06 
7.89&05 
5.47E-05 
2.39E-06 
l.O7E-06 
1.83E-06 
1.90E-07 
3.74E-06 
3.61 E-07 
6.97E-05 
1.40E-04 
1.88E-07 
3.18E-05 
1.59E-04 
3.53E-05 

0.11 -__- 
2.60E-05 
5.50E-06 
6.80E-03 
3.42E-04 
9.36E-03 
9.01E-62 

-__- ..~~ ~~ 
0.60 0.31 1.7: 
2.25 1.45 0.71 
1.24 1.07 1.0: 
8.30 7.35 77.57 
5.17 1.28 0.3E 
0.17 0.16 0.2! 
1.59 1.22 0.62 

5.18E-05 4.24E-05 1.34 
3.41 3.43 5.5c 

3.67E-06 3.82E-06 1.83E-OE 
1 .I 2E-04 l.O6E-04 5.85E-Of 
1.95E-05 6.12E-05 2.96E-0: 

l.llE-05 1.33E-OE 
1.52E-06 1.84E-06 1.67E-OE 
2.60E-06 2.70E-06 3.32E-06 
2.69E-07 2.80E-07 1.34E-07 

l.O3E-05 8.75E-05 
5.12E-07 5.33E-07 2.55E-07 
8.29E-05 2.18E-04 1.25E-04 
4.33E-04 6.13E-05 2.51 E-05 
2.66E-07 2.77E-07 1.33E-07 
4.51 E-05 4.70E-05 2.24E-05 
1.33E-04 8.91 E-05 6.11 E-05 
1.79E-04 9.32E-05 6.46E-05 

0.75 8.44E-02 5.26E-02 
3.69E-05 3.84E-05 1.83E-05 
8.18E-07 8.52E-07 4.76E-07 

2.04E-03 
1.85E-02 4.08E-03 2.95E-03 

0.22 l.O6E-02 4.16E-03 

Pi OfL 
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Appendix A-2-6. Critical Body Residue Hazard Quotients for Target Receptors for the Derecktor 
Shipyard Marine Ecological Risk Assessment. 

ln 
-ii 

E .a, 2 
‘Z 
5 

tii 5 
a 

0 v) 
5 

DSY-24 IBM &z 
DSY-25 IBM 1.8E-2 

LOB 3.2E-4 
DSY-26 CN 1.6E-3 

DM %2E-3 
IBM 1.5E-2 -~ 

DSY-27 IBM 2.OE-2 
LOB 2.5E-3 

DSY-28 CN 7.4E-3 
DM 2.5E-3 
IBM j.4E-3 
LOB 2.8E-3 

DSY-29 CN 1.6E-3 
DM $.3E-3 
LOB I .7E-3 

DSY-31 DM !.7E-3 
PM 1.2E-3 

DSY-32 PM $.OE-3 
DSY-33 DM 3.7E-4 

LOB 1.5E-3 
PM !.3E-3 

DSY-34 PM !.5E-3 -- 
DSY-35 IBM !.5E-3 

LOB 3.7E-4 
MM 3.0E-4 
PM I .5E-3 

DSY-36 CN I .6E-3 
IBM !.5E-3 
LOB j.7E-4 
PM 3.5E-3 

WY-37 PM !.l E-3 
DSY-38 DM l.lE-3 

LOB 1.9E-4 
PM I .8E-3 

DSY-39 DM I .8E-3 
LOB I .4E-4 

DSY-40 DM 3.5E-3 
IBM !.4E-3 

DSY-41 MM l.lE-3 
PM 2.1 E-3 

JPC-1 MF t.OE-4 
DM I .6E-3 
IBM l.lE-3 
LOB 7.7E-4 
MM 5.3E-4 
PM l.lE-3 

CHC-1 CN j.8E-3 
DM 1.2E-3 
IBM 3.2E-3 

1 LOB j.8E-4 ^ -. 
- speaes: LN =cunner. I 

R -3 
ul 

i 
z 
‘ii 

& 
1.8E-3 
1.5E-3 
1.3E-3 
6.3E-3 
5.1 E-3 
2.4E-3 
3.3E-3 
2.2E-3 
l.lE-2 
2.OE-3 
2.3E-3 
2.5E-3 
9.1 E-3 
2.5E-3 
1 .OE-3 
2.3E-3 
2.7E-3 
l.lE-3 
1.8E-3 
1.3E-3 
1.5E-3 
9.0E-4 
2.OE-3 
9.1E-4 
4.6E-4 
1.4E-3 
9.OE-3 
2.6E-3 
2.4E-3 
1.4E-3 
1.2E-3 
1.6E-3 
8.4E-4 

1.3E-3 
1.9E-3 
1.6E-3 
2.6E-3 
7.2E-4 
7.9E-4 
55E-3 
1.8E-3 
1.6E-3 
l.lE-3 
5.9E-4 
7.7E-4 
2.9E-3 
l.lE-3 
l.lE-3 

3.1 E-5 
7.5E-6 
3.1 E-5 
3.3E-5 
1.4E-5 
5.7E-6 
2.1E-4 
2.5E-5 
2.1 c-5 
1.3E-5 
9.9E-6 
8.1E-6 
6.7E-5 
2.7E-5 
1.9E-5 
2.4E-5 1.3E-3 1 1 9.2E-6 1 0.29 j 2.OE-3 1 

._ 

2.3E-2 
3.9E-2 
3.3E-2 
4.4E-2 
3.8E-2 
3.3E-2 
4.9E-2 
3.8E-2 
3.6E-2 
4.1E-2 
4.3E-2 
4.2E-2 
4.6E-2 
3.9E-2 
1.7E-2 
5.5E-2 
3.8E-2 
4.7E-2 
3.3E-2 
5.OE-2 
3.8E-2 
3.5E-2 
5.8E-2 
3.2E-2 
5.2E-2 
4.3E-2 
3.4E-2 
3.7E-2 
2.1E-2 
5.6E-2 
4.7E-2 
3.2E-2 
4.lE-2 
4.2E-2 
2.3E-2 
3.4E-2 
3.5E-2 
2.8E-2 

rw=aepioyea mussels, IBM=indigenous blue mussel: 

nits 

0 
0 
.g 

$ 
a 
2.5E-5 
1.5E-5 
1.8E-5 
9.2E-5 
3.9E-5 
2.4E-5 
3.7E-5 
2.6E-5 
1.4E-4 

2.3E-5 
3.1 E-5 
2.1E-4 
4.9E-5 
2.OE-5 
4.6E-5 
9.4E-6 
7.9E-6 
4.1E-5 
2.lE-5 
1.2E-5 
4.8E-6 
3.8E-5 
1.5E-5 
6.2E-6 
1.5E-5 
1.7E-4 
2.6E-5 
1.3E-5 
9.1 E-6 
9.2E-6 
2.8E-5 
2.2E-5 

9.2E-6 0.38 1 3.2E-3 
3.2E-5 4.9E-2 / 7.4E-3 
1 .OE4 7.1 E-2 / 8.4E-3 
6.1E-5 

c 

0.11 ’ 6.5E-3 
3.OE-3 8.9E-2 i 6.8E-3 

-1pIizzp 
6.3E-5 0.17 8.3E-3 
9.2E-6 0.30 1 1.4E-3 
1.7E-4 7.8E-2 5.9E-3 
1.2E-4 0.12 6.3E-3 
2.8E-5 8.3E-2 6.5E-3 
9.2E-6 0.22 5.OE-3 
1.2E-4 8.6E-2 5.7E-3 

0.11 5.9E-3 
3.9E-5 4.8E-2 8.6E-3 
l.lE-4 8.2E-2 3.5E-3 
9.2E-6 0.26 2.2E-6 
2.1E-4 0.10 7.4E-3 

0.10 5.7E-3 
2.6E-5 8.1 E-2 5.5E-3 
9.2E-6 0.35 4.4E-3 

+-+T= 3.OE-5 0.12 2.8E-3 
9.2E-61 0.25 / 2.7E-3 
9.2E-6 1 8.OE-2 j 5.4E-3 

E 
.2 
E 
e 

A-. 
6.1 E-2 
5.8E-2 
3.2E-2 
2.7E-2 
4.2E-2 
4.7E-2 
5.5E-2 
4.1E-2 
1.8E-2 
4.6E-2 
4.9E-2 

MM=Mercenatia met-cenaria, MF=mummichog fish, PM=Pitar morrhuana. 
CBR-HQ = CBRKBR Benchmark. 
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$ B s 
%5E-2 
0.19 
2.39 
0.28 
0.21 
0.12 
0.23 
2.62 
0.24 
0.17 

1.8E-2 

x 
b, 

-I 
2.8E-2 
1.2E-6 
7.6E-Q 
3.8E-3 
6.6E-3 
1.2E-6 
1.5E-2 
3.3E-4 
1.2E-6 
1.2E-6 
1.2E-6 

0.34 4.4E-3 
0.10 4.5E-3 
1.58 l.lE-3 
0.14 6.5E-3 
0.23 8.4E-3 
0.17 1.3E-2 
0.13 7.lE-3 
0.95 2.3E-3 
0.14 1.2E-6 
0.16 8.OE-3 
0.12 8.4E-3 
2.02 3.7E-3 
0.10 1.2E-6 
0.13 8.OE-3 
0.24 4.7E-3 
0.11 1.2E-6 
0.77 1.6E-3 
0.19 l.lE-2 
0.14 1.4E-2 
0.18 9.3E-3 
2.60 1.3E-3 
0.16 1.2E-6 
0.14 1.2E-6 
3.10 8.7E-4 
0.10 1.4E-2 
0.11 1.2E-2 
0.21 7.8E-3 
0.19 1.2E-6 
0.36 2.1 E-3 
0.11 1.2E-6 
0.14 1.6E-2 
2.25 1.9E-3 
0.11 1 .OE-2 
0.19 l.lE-2 
0.29 4.1 E-3 
0.17 1.3E-2 
0.19 3.8E-3 
1.60 8.7E-4 

-OB=lc ster, 

Metals 

P 
3 
$ 

1.4E-3 
8.7E-4 
1.3E-3 
6.4E-4 
8.1 E-4 
5.9E-4 
7.4E-4 
2.3E-3 
5.1E-4 
6.7E-4 
7.2E-4 

8.4E-4 
8.4E-4 
1.4E-3 
7.2E-4 
6.8E-Q 
7.7E-4 
5.1 E-4 
l.lE-3 
6.1E-4 
5.9E-4 
8.3E-4 
1.3E-3 
6.OE-4 
5.OE-4 
7.2E-4 
9.4E-4 
1.6E-3 
7.5E-4 
7.7E-4 
6.4E-Q 
1.6E-3 
8.4E-4 
7.OE-4 
2.OE-3 
6.4E-4 
8.2E-4 
6.OE-4 
7.4E-4 
5.7E4 
6.7E-4 
8.5E-4 
1.5E-3 
6.4E-Q 
5.6E-4 
8.5E-4 
7.9E-Q 
9.2E-4 
l.lE-3 

2 g 
9.3E-2 
5.8E-2 
2.6E-2 
1.7E-2 
3.lE-2 
4.3E-6 
8.1 E-2 
2.OE-2 
2.2E-2 
8.3E-2 
4.3E-6 

3.OE-2 
4.9E-2 
3.OE-2 
3.5E-2 
6.8E-2 
3.7E-2 
3.OE-2 
3.OE-2 
4.3E-6 
3.6E-2 
4.3E-6 
1.6E-2 
5.OE-2 
2.6E-2 
2.4E-2 
7.4E-2 
2.5E-2 
3.2E-2 
2.7E-2 
5.OE-2 
3.2E-2 
4.3E-6 
5.7E-2 
2.5E-2 
5.8E-2 
4.3E-6 
4.3E-6 
3.2E-2 
2.2E-2 
5.2E-2 
4.3E-6 
2.4E-2 
2.2E-2 
4.3E-6 
4.3E-6 
7.OE-2 
6.5E-2 
2.7E-2 

F = 
v)- 
1.4E-6 __- 
1.4E-6 
5.OE-2 
4.7E-3 
1.4E-6 
1.4E-6 --- 
1.4E-6 
6.3E-2 ~- 
2.8E-3 
1 .I E-2 
1.4E-6 

__- 
1.4E-6 
1.4E-6 
5.3E-2 __- 
1.4E-6 
1.4E-6 __- 
1.3E-2 __- 
1.4E-6 
3.1 E-2 
1.4E-6 -- 
1.4E-6 __- 
1.4E-6 
6.OE-2 
1.4E-6 
1.4E-6 
1.4E-6 
1.4E-6 
2.6E-2 
1.4E-6 -- 
5.9E-3 __- 
1.6E-2 
5.6E-2 
1.4E-6 -- 
8.9E-3 
7.5E-3 -- 
1.4E-6 
1.4E.-6 -- 
l.lE:-2 
1,4E:-6 
1.4E-6 
1.4E:-6 
1.4E:-6 
2.OEi-2 
1.4E-6 
1.4E-6 ~- 
1.4E-2 
1.4E-6 
1.4E-6 
3.5Ei-2 -- 

2 .- 
N 
1.17 
1.72 
1.34 
0.64 
1.57 
1.39 
2.18 
1.72 
0.40 
1.46 
1.85 

0.44 
1.15 
1.98 
2.51 
1.34 
1.72 
1.86 
1.61 
1.56 
1.41 
1.98 
1.68 
1.70 
1.91 
0.84 
1.29 
1.76 
1.85 
1.62 
1.37 
2.62 
2.01 
2.00 
1.97 
1.79 
1.60 
1.01 
1.28 
0.52 
1.63 
1.42 
1.62 
1.78 
1.85 
0.34 
1.14 
1.40 
1.82 
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