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Figure 6.1-1. Water Quality Screening Criteria Value Selection Process and
Associated Data Qualifiers.
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Ribbed Mussel Tissue Concentration, g/dg TOC

1200

] Total PAHs °
1100 1
1 y=-0.0025x+ 872
] #=0.1239 ®
1000 1 - -
900 §-
800 1
700 1
600 - . .
1e+2 1e+3 1e+4 1e+5
260 ;
240 ] TOtal PCBs o °
{y=-0.0788x + 178 °
220 { /" = 0.0072
200
180
160 -
140
120 3 .
100 °
80 .
10 100
30 1
{ Total DDTs ®
o5 ] V=-1.43x+17.7
{ #=0.1139
20 ] ®

Sediment Concentration, ng/kg dry weight

Figure 6.2-1. Comparison of concentrations in ribbed mussels versus concentrations
in surface sediments for Total PCBs, Total PAHs, and Total DDTs in the Raymark study area.
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Figure 6.2-2. Comparison of lipid normalized concentrations in ribbed mussels versus
TOC normalized concentrations in surface sediments for Total PCBs, Total PAHs, and
Total DDTs in the Raymark study area. Note: Only measured tissue concentrations used.
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Figure 6.2-3. Comparison of trace metal concentrations in ribbed mussels
versus surface sediments from the Raymark study area.



Amphipod Survival (Percent Control as Decimal Fraction)
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Figure 6.4-1. Amphipod (Ampelisca) survival versus Organic Sediment ER-M Hazard
Quotients for CoCs in bulk surface sediments from the Raymark study area. Dashed

lines indicate interpretive threshold values for possible (80%) and probable (60%) impact

on amphipod survival. A) sediment HQs of Total PAHs, Total PCBs, p,p'-DDD, Dioxin-Fish
(2,3,7,8 TCDD Equivalent Conc. (WHO, 1998)) and B) their concentrations normalized to TOC.
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Figure 6.4-1 (continued). Amphipod (Ampelisca) survival versus Organic Sediment ER-M
Hazard Quotients for CoCs in bulk surface sediments from the Raymark study area.
Dashed lines indicate interpretive threshold values for possible (80%) and probable (60%)
impact on amphipod survival. A) sediment HQs of Total PAHs, Total PCBs, p,p'-DDD,
Dioxin-Fish (2,3,7,8 TCDD Equivalent Conc. (WHO, 1998)) and B) their concentrations
normalized to TOC.
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Figure 6.4-2. Amphipod (Ampelisca) survival versus Inorganic Sediment ER-M Hazard
Quotients for CoCs in bulk surface sediments from the Raymark study area. Dashed lines
indicate interpretive threshold values for possible (80%) and probable (60%) impact on
amphipod survival.
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Figure 6.4-3. Amphipod (Ampelisca) survival versus A) SEM Concentration,

B) SEM-AVS, and C) SEM-AVS/foc (umol/g) in whole sediments collected from

the Raymark study area. Dashed lines indicate interpretive threshold values

for possible (80%) and probable (60%) impact on amphipod survival (see Text Section 6.4).
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Figure 6.4-4. Amphipod (Ampelisca) survival versus Organic Sediment Porewater WQC-SA Hazard
Quotients for CoCs in bulk surface sediments from the Raymark study area. Dashed lines indicate
interpretive threshold values for possible (80%) and probable (60%) impact on amphipod survival.
Note: Dioxin-Fish = 2,3,7,8 TCDD Equivalent Conc. (WHO, 1998).
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Figure 6.4-5. Amphipod (Ampelisca) survival versus Inorganic Sediment Porewater
WQC-SA Hazard Quotients for CoCs in bulk surface sediments from the Raymark
study area. Dashed lines indicate interpretive threshold values for possible (80%)
and probable (60%) impact on amphipod survival.



Table 6.0-1. Indicator-specific and Overall Weight of Evidence Rankings for Exposure Characterization.

Bedded Sediment
Weight of Evidence Sediment HQs SEM Bioavailability Porewater HQs Bioconcentration
Indicator/ .
Test Baseline Sediment Conc. < ER-L SEM Conc. < 5 pmol/g; Porewater Conc. < WQC-SC Tissue Conc. < Reference
> " (ERL-HQ < 1) SEM:AVS < 0 pmol/g (WQC-SC HQ < 1) (TCR<23)
Specific
Rankings i
g Low Sediment Conc. Between SEM Conc. > 5 pmollg; Porewater Conc. Between Tissue Conc. > Reference
o ER-L and ER-M X WQC-SC and WQC-SA
"+ (ERL-HQ > 1) SEM:AVS > 0 ymol/g (WQC.SC HQ > 1) (TCR> 3)

Intermediate

Sediment Conc. > ER-M

SEM Conc. > 10 pmol/g;

Porewater Conc. > WQC-SA

Tissue Conc. > 10X Reference

Overall
Exposure
Rankings

("++") (ERM-HQ > 1) SEM:AVS > 5 pmol/g (WQC-SAHQ > 1) (TCR > 10)
High Sediment Conc. > 2X ER-M SEM Conc. > 20 pmol/g; | Porewater Conc. > 2X WQC-SA | Tissue Conc. > Reference
("+++") (ERM-HQ > 1) SEM:AVS > 10 pmol/g (WQC-SAHQ > 1) (TCR > 40)
Baseline Low (+) exposure observed for Low (+) exposure observed for
" . only one analyte or baseline (-) | Same as Sediment HQ. Same as Sediment HQ. only one analyte or baseline (-)
=) exposure for all analytes. exposure for all analytes.
Low (+) exposure observed for Low (+) exposure observed for
Low two or more analyte or . . two or more analytes or
"+") intermediate (++) exposure for Same as Sediment HQ. Same as Sediment HQ. intermediate (++) exposura for
one analyte. one analyte.
Intermediate (++) exposure Intermediate (++) exposure
Intermediate observed for two or more . - observed for two or more
"++") analytes or high (+++) exposure Same as Sediment HQ. Same as Sediment HQ. analytes or high (+++)
for one analyte. exposure for one analyte.
High High (+++) exposure observed in ' . High (+++) exposure observed
("4 two or more analytes. Same as Sediment HQ. Same as Sediment HQ. in two or more analyte.

WQC-SC = Water Quality Criteria-Saltwater Chronic
WQC-SA = Water Quality Criteria-Saltwater Acute
TCR = Tissue Concentration Ratio




Table 6.0-2. Indicator-specific and Overall Weight of Evidence Rankings for Effects Characterization.

Weight of Evidence Sediment Toxicity Tissue Residue Effects Trophic Transfer Effects
Indicator/
Tissue Conc. < Benchmark TSC-
Test Baseline |\ pelisca Survival > 80% of Control] HQ/ICBR-HQ < 1 or TSC-HQ/CBR- TRV HQ < 1
Specific (") HQ =1
Rankings
Low Ampelisca Survival Between 60 and TSC-HQ > 1
("4 80% of Control CBR-HQ > 1 TRVHQ> 1
Intermediate | Ampelisca Survival Between 20 and TSC-HQ > 10
(44" 60% of Control CBR-HQ >3 TRVHQ > 10
High . . o TSC-HQ > 40
("+++") Ampelisca Survival < 20% of Control CBR-HQ > 10 TRV HQ > 40
Overall
tfect Low (+) effect observed for only one | Low (+) effect observed for only one
RE ki S Baflel!lne Baseline (-) effect observed. analyte or baseline (-) effect for all |species or baseline (-) effect for both
ankings (") analytes. species.
Low Low (+) effect observed for two or | Low (+) effect observed for one or
("+" Low (+) effect observed. more analytes or intermediate (++) | more species or intermediate (++)
+) effect for one analyte. effect for one species.

Intermediate
(ll++“)

Intermediate (++) effect observed.

Intermediate (++) effect observed for
two or more analytes or high (+++)
eftect for one analyte.

Intermediate (++) effect observed for
one or more species or high (+++)
effact for one species.

High
(II*++II

High (++4+) effect observed.

High (+++) effect observed in two or
more analytes.

High (+++) effect observed in one or
more species.

CBR = Critical Body Residue

TCR = Tissue Concentration Ratio



Table 6.1-1. Summary of Hazard Quotients for Sediments for the Raymark Phase IlI Ecological Risk Assessment lnvestigation"z.
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1 - See Table 3.3-1 for Metals, PCBs, PAHs and PST Benchmarks.

2 - Hazard Quotient Codes for Sadiment Exposure: < ER-L = *-*; ER-L to ER-M = *+* ; >zER-M = “+4% >=2x ER-M = "+44",
3 - Reference Station - GMOB (SAIC, 1998).

4 - Sum of High Molecular Weight PAHs - B

py , Chrysene, Dibenz(a,h)anthracene, Fluoranthene, and Parylene; Perylene not available lor reference.

5 - Sum of Low Molecular Weight PAHs - 2-Msthy A pl , aphthy Anthracene, Fluorene, Naphthalens, and Phenanthrene.
6 - Total PCBs = Sum of Congeners x 2.
7 - 2,37.8-TCDD equival for of impacts on fish (WHO, 1998).
8 - Exposure Ranking:
Baseline (*-") - Low (+) exposure observed for only one analyte or (-) exp for an y
Low ("+”) - Low (+) exposure obsarved for two or more analytes or intermediate (++) exposure for one analyte;
[ R fate (++) for two or more analyles or high (+++) exposure for one analyte; and

High (*++4+7) - High (+++) exposure observed in two or more analyles.




Table 6.1-2. Summary of Kow and Koc values used in calculations of organic contaminant concentrations

in porewaters by equilibrium partitioning for the Raymark Phase Hl Ecological Risk Assessment Investigation.

Lklas Analyte CAS No. Full Analyte Name LogioKow Source' LogoKoc’ Koc
JPAH T235NAP 2245387 1,6,7-Trimethyinaphthalene

M1NAPH 90120 1-Methyinaphthalene 3.97 b 3.90 7994
M1PHEN 832699 1-Methylphenanthrene 5.08 b 4.99 98610
D26NAPH 581420 2,6-Dimethyinaphthalene 4.61 b 4.53 34034
ACENAPL 208968 Acenaphthylene 4.05 b 3.98 9581
ANTHRAC 120127 Anthracene 4.55 a 4.47 29712
BENAAN 56553 Benzo{a)anthracene 5.70 a .60 401218
BENAPYR 50328 Benzo(a)pyrene 6.11 a 6.01 1014869
BENBFLU+BENKFLU Benzo(b+k)fiuoranthene 6.20 a 6.09 1244171
BENEPYR 192972 Benzo(e)pyrene 6.11 b 6.01 1014869
BGHIPER 191242 Benzo(g,h,i)perylene 6.70 a 6.59 3858158
CHRYSEN 218019 Chrysene §.70 a 5.60 401218
DBAHANT 53703 Dibenz(a,h)anthracene 6.69 a 6.58 3771812
FLUORAN 206440 Fluoranthene 5.12 a 5.03 107954
HMW PAHs 999999484 HMW PAHs® 5.88 d 5.78 596218
1123CDP 193395 indeno(1,2,3-cd)pyrene 6.65 a 6.54 3445323
LMW PAHSs 999999502 LMW PAHs® 4.05 d 3.98 9581
PERYL 198550 Perylene 6.05 b 5.95 885992
PHENAN 85018 Phenanthrene 4,55 a 4.47 29712
PYRENE 129000 Pyrene 5.11 a 5.02 105538
TOTPAH NA Total PAHs* 4.96 d 4.88 75582

PCB PCB3 2051618 3 (4) 4.69 c 4.61 40790
PCBB 34883437 8(24) 5.07 c 4.98 96403
PCB15 2050682 154 4) 5.30 c 5.21 162248
PCB18 37680652 18 (2 25) 5.24 c 5.15 141645
PCB28 7012375 28 (24 4" 5.67 c 5.57 374878
PCB29 15862074 29 (24 5) 5.60 c 551 319948
PCB44 41464395 44(2235) 5.75 c 5.65 449293
PCBS0 62796650 50 (22 4 6) 5.63 c 5.53 342429
PCBS2 35693993 52 (225 5) 5.84 c 5.74 550808
PCB66 32598100 66 (234 4) 6.20 c 6.09 1243171
PCB87 38380028 87(22'345) 6.29 c 6.18 1525281
PCB101 37680732 101(22455) 6.38 c 6.27 1869907
PCB105 32598144 105 (2334 4) 6.65 c 6.54 3445323
PCB114 74472370 114 (234 4'5) 6.65 c 6.54 3445323
PCB118 31508006 118 (234 4'5) 6.74 c 6.63 4223767
PCB123 65510443 123(2344'S) 6.74 c 6.63 4223767
PCB126 57465288 126 (334 4'5) 6.89 c 6.77 5931301
PCB128 39380073 128 (22334 4) 6.74 c 6.63 4223767
PCB138 35065282 138 (22'3 4 4'5) 6.83 c 6.71 5178095
PCB153 35065271 153(22'44'5 5) 6.92 c 6.80 6348045
PCB156/157 NA 7.18 c 7.06 11434574
PCB167 52663726 167(23'44'55) 7.27 c 7.5 14018127
PCB169 32774166 169(33'44'55) 7.42 c 7.29 19685208
PCB170 35065306 170 (22334 4'5) 7.27 c 7.15 14018127
PCB180 35065293 180(22'34 4'5 5 7.36 c 7.24 17185414
PCB187 52663680 187 (223 4'5 5'6) 747 c 7.05 11178667
PCB188 74487857 188(22'34'566) 6.82 c 6.70 5062208
PCB189 39635319 189(233'44'S5) 7.71 c 7.58 37949844
PCB195 52663782 195 (22334 4'56) 7.56 c 7.43 27024645
PCB200 40186718 200(2233'4566) 7.27 c 715 14018127
PCB206 40186729 206 (2 23 3'4 4'5 5'6) 8.09 c 7.95 89691234
PCB209 2051243 209 (22334 4’556 6) 8.18 c 8.04 109956270

Oioxins 2,3,7,8-TCDD Equivalent |NA 7.00 e 6.88 7608166

Pesticides DDE_OP 3424826 0,p™-DDE 6.76 a 6.65 4419366
DDD_PP 72548 p.p-DDD 6.10 a 6.00 992156
DDE_PP 72559 p.p-DDE 6.76 a 6.65 4419366
DDT_PP 50293 p.p-DDT 6.53 a 6.42 2625851

—_—

1 - Literature source of Log,oKow values:

a - Karickhoff and Long, 1995;
b - Karickhoff et a/., 1989;

¢ - Hawker and Connell, 1988;
d - Calculated value; and

e -U.S. EPA, 1993d.

2 - logyoKoc = 0.00028 + 0.983"10g,0Kow: Karickhoff et al., 1989.

3 - Sum of High Molecular Weight PAHs - Benzo{a)anthracene, Benzo(a)pyrene, Chrysene, Dibenz(a,h)anthracene,

Fluoranthene, and Perylene;

Sum of Low Molecular Weight PAHs - 2-Methyinaphthalene, Acenaphthene, Acenaphthylene, Anthracene, Fluorene,

Naphthalene, and Phenanthrene;
LMW PAH, HMW PAH log,cKow = median of analyte specific Kow.

4 - Total PAH Log10Kow = median of LMW L0Q:oKow and HMW PAHS L0G1oKow (NOAA, 1991).

5 - Sum of Congeners X 2.
NA= not applicable



Table 6.1-3. Water Quality Screening Values used as benchmarks for porewater Hazard Quotient development.

Chemical EPA Water Quality Criteria’ Sediment waQsv'?
Class Analyte WQC-FA  WQC-FC  WQC-SA WQC-SC | Benchmark® | Conc.
Metals Cadmium 4.30 2.20 42.00 9.30 1.20 9.30
Chromium 16.00 11.00 1100 50.00 81.00 50.00
Copper 13.00 9.00 4.80 3.10 34.00 3.10
Lead 65.00 2.50 210 8.10 46.70 8.10
Mercury 1.40 077 1.80 0.94 0.15 0.94
Nickel 470 52.00 74.00 8.20 20.90 8.20
Zinc 120 120 90.00 81.00 150 81.00
IPAHSs 1,6,7-Trimethylnaphthalene

1-Methylnaphthalene
1-Methylphenanthrene
2,6-Dimethyinaphthalene

z2zzz2 g
mmmmg£EE>>>>>>>3

Acenaphthylene 44.00 0.46
Anthracene 85.30 0.29
Benzo(a)anthracene 261 0.07
Benzo(a)pyrene 430 0.04
Benzo(b)fluoranthene NA
Benzo(e)pyrene NA
Benzo(g,h,i)perylene NA
Chrysene 384 0.10 E
Dibenz(a,h)anthracene 63.40 1.68E-03 E
Fluoranthene 6200 5.74 G
HMW PAHs® 1700 0.29 E
Indeno(1,2,3-cd)pyrene NA
LMW PAHs® 552 5.76 E
Perylene NA
Phenanthrene 1800 6.06 G
Pyrene 665 0.63 E
Total PAHs* 4022 5.32 E
PCBs Total PCBs 2.00 0.01 10.00 0.03 22.70 0.03 A
Djoxins Mammals 1.00E-03 2.50 1.00E-03 A
' Fish 1.00E-03 60.00 1.00E-03 A
Birds 1.00E-03 21.00 1.00E-03 A
Pesticides  o,p-DDE® 0.13 1.00E-03 2.20 1.00E-03 A
p.p-DDD® 0.13 1.00E-03 1.58 1.00E-03 A
p.p-DDE® 0.13 1.00E-03 2.2 1.00E-03 A
p'-DDT 0.13 1.00E-03 1.58 1.00E-03 A

DQ = Data Qualifier (see Figure 6.1-1).
WQC-FA = Water Quality Criteria = Freshwater Acute Value.

WQC-FC = Water Quality Criteria = Freshwater Chronic Value.

WQC-SA = Water Quality Criteria = Saltwater Acute Value.

WQC-SC = Water Quality Criteria = Saltwater Chronic Value.

WQSV = Water Quality Screening Value. :

WQSV CODES:

NA= Benchmark not available to derive Screening Value;

A- WQC-SC VALUE;

E- EqP PARTITIONING OF SEDIMENT BENCHMARK INTO POREWATER AT 1% TOC:

G - EqP PARTITIONING OF EPA SEDIMENT QUALITY CRITERIA (U.S. EPA, 1993a,b,c);

1 - Units: pg/L.

2 - See text and Figure 6.1-1 for WQSV derivation process.

3 - LMW PAH = six 2-ring & 3-ring PAHs; HMW-PAH = seven 4-ring and 5-ring PAHs;

Sum of NOAA High Molecular Weight PAHs - Benzo(a)anthracene, Benzo(a)pyrene, Chrysene, Dibenz(a,h)anthracene, Fluoranthene, and Perylene;
Sum of NOAA Low Molecular Weight PAHs - 2-Methylnaphthalene, Acenaphthene, Acenaphthylene, Anthracene, Fluorene, Naphthalene,
and Phenanthrene; and

LMW PAH, HMW PAH log,,Kow = median of analyte specific Kow, Total PAH Kow = mean of LMW, HMW PAH Kow.

4 - Total PAH = median of LMW and HMW PAHs (NOAA, 1991).

5 - Assumed to be the same as DDT.

6 - Majority of values are NOAA ER-Ls, refer to Table 3.3-1 for benchmarks.



Table 6.1-4. Summary of Hazard Quotients for Porewater for the Raymark Phase Il Ecological Risk Assessment Investigation"z.

Metals PAHs PCBs PST Dioxins
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C-1-SED-SMP : : . - - - - . - .
C-2-SED-SMP ° ) - - - - - - - - - - .
C-3-SED-SMP 3 - - " - - - - - - - - - - - . . . . .
D-1-SED-SMP ) : ” : - - - - - - - - - - .
D-2-SED-SMP ° - N N - - - - . . - - - - .
D-3-SED-SMP - haad - - - + | 4 + + + - ++ | +es + + ++ | o+ - - - - - 444
D-4-SED-SMP N - ° N : - - - - - - + - - N - - -
D-5-SED-SMP ) : : - - N - + + + - + + + + + + - - + +
D-8-SED-SMP - B - * : N - . - - B - - + . - . . . . - .
E-1-SED-SMP : R haadl B - - - - - - - - - - R - . . . R P
E-2-SED-SMP A B e B4 -] - - - - |- - - . . . . .-
€-3-SED-SMP N L IR B + + + + + + - + + - - + - - - - - - .
E-4-SED-SMP N - - - + - - - - - . - . - - - - . .
F-1-SED-SMP N : - - - - - + + + + + + - + + - + . . . . . +
F-2-SED-SMP I R IR M « |- - - |- . . N U R .
F-3-SED-SMP ° - - - - N - + + + + . + - + s . + + - . . . .
Reference . - ++4+ - + 44 . + - - - - - - + - . . . . . -

1 - Benchmark lor Metals, PCBs, PAHs, PST = WQSV (WQS-SC equivalent concentration) (Tabila 8.1-3).
2 - Hazard Quotient Codes for Porawater Exposure: < WQC-Chronic = *-* ; WQC-Chronic to Acute = "+” ; > WQC-Acute = *+4°;
3 - Reference Station - GMOS8 (SAIC, 1998).

“+44+" = > 2 X WQC-Acute.

4 - Sum of High Molecular Weight PAHSs - B {a}anth B {a)pyrene, Chrysene, Dibenz(a.h) Fl th
8 - Sum of Low Molecular Weight PAHSs - 2-Mathy A , Acenaphthylene, , Fluorene, Nap
6 - Total PCBs = Sum of Congeners x 2.

7-2,3.7.8-TCDD squivak lon for prediction of impacts on fish (WHO, 1998).

8 - Exposure Ranking:

Baseline ("-°) - Low (+) exposure observed for only one analyte or baseline (-) axposure for ail analytes;

Low ("+°) - Low (+) exposure observed for two or more analytes or (++) oxp for one analyte;
[ ciate - (*++°) | diate (++} exp b d for two or more analytes or high {+++) exposurs for one analyte; and
High - {*+++°) High {+++) exposura observed in two or more analytes.

, and Phenanthrene.

and Perytene; Perylene not available for reference.




Table 6.1-5. Summary of Bedded Sediment Exposure Indices for the Raymark
Phase Il Ecological Risk Assessment Investigation.

CHEMICAL
SOURCE BEDDED SEDIMENT
Station Bulk Sediment'” | SEM:AVS'™® Porewater'® Ranking® |

C-1 + - . R
Cc-2 + - . .
C-3 ++ - - +
D-1 - - - -
D-2 + - - -
D-3 4+ + 44 -+
D-4 + - - -
D-5 +++ - + ++
D-6 + - - R
E-1 +++ + ++ ++
E-2 ++ + ++ ++
E-3 +++ + + ++
E-4 ++ - -
F-1 ++ + + +
F-2 +++ + + ++
F-3 +4+ ++ + ++

Reference +4 - 4+ ++

1A - Sediment HQs; see Table 6.1-1.

1B - SEM:AVS exposure rankings; see Table 4.3-1.

1C - Porewater HQss; see Table 6.1-4.

2 - Exposure Ranking: Baseline ("-) - Low (+) exposure observed for only one indicator or baseline (-) exposure for all indicators;
Low ("+") - Low (+) exposure observed for two or more indicators or intermediate (++) exposure for one indicator:

Intermediate ("++") - Intermediate (++) exposure observed for two or more indicators or high (+++) exposure for one indicator; and
High ("+++") - High (+++) exposure observed in two or more indicators.



Table 6.2-1. Tissue Concentration Ratio (TCR) Rankings for Target Receptors for the Raymark Phase Il Ecological Risk Assessment Investigation'.
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C-1-TISS-SMP MUs - - - - - - - - - . - - - - - + - . ++ - +
C-2.TISS-SMP| MUS - - - - + + - +
C-3-TISS-SMP Mus - - - - + - ++ - +
0-1-TISS-SMP| MUS - - . - - - + + - +
D-2-TISS-SMP|  MUS . - - - + + 3 - +
D-3-TISS-SMP MUs - - - - - - - - + . -+ + +
0-4-TISS.SMP| MusS . . . . . . . . . - . . . + . < | ee - +
05 Prodicted | - - - - - - - - - - 4 | e + ++ ++ - + 4 4+ | e RN R2
oeusssmp| wmus | - | .| .| .| ... I P A A . . . N N .
E-1 Predicted B - B - . . - - . - - . + + . s - +
E2 Predicted | - . . . . . . . . . . . . - - - . ] e - +
Ea Predicted | - - - - - . - - - - | e . ++ - 4 a4+ | e . " ++
E4 Predicted | - - - - - - - - - - - - - - - - | +e .
F1 Predicted | - . - . . - - - - - s | ae - + - - ++ 44 | 4e + | eee - -+
F-2 Predicted | - - - + - - + - - - + - . . + - . . B - -
F-3 Predicted | - - - - - . - - - o 1 oee | oes ] o ++ ++ 44 +4 | ee | o | eee - ] e+
TCR = ratio of CoC tion in an org: stthe ing location to the same organism et the rsference location.

1 - Species/Station-apecific Rankings: TCR>40 = *+44" TCR>10 = *++" TCR>3 = “+°; TCR<3 or TCR=3 = “-*; see Appendix D-4.
2 - Species: Ribbed Mussels
Tissue conc. predicted for stations: D-6, E-1 to E-4, F-1 to F-3, and Ref (GMO8) (see Appendix D-3-5).

3 - Sum of High M ‘Waeight PAHs - B ) B, Py Chrysene, Dbenz(a,h)anthracene, Fluoranthene, and Perylene.
4 - Sum of Low Molecuiar Weight PAMs - 2- A ) Fluorene, and Ph

§ - Total PCBs = Sum of Congeners x 2.

6-223,7,8TCDD of impacts on fish (WHO, 1998),

for
7 - Sample-specific Tissue Residus Exposure Ranking:
Baseline ("-") - Low (+) exposure obsarved for only one snalyte or basetine (-) exposure for all analytes;
I.w(‘o‘)-Low(‘)owommmammuuhlmu(n)cwmmm analyte;
I Cae) e diate (++) ! for two or more analytes of high (+++) exposure for one snalyts; and
High ("++4%) - High (+++) exposure observed in two or more analytes.




Table 6.2-2. Tissue Screening Concentration (T SC) benchmarks for evaluation of CoC
impacts on target species for the Raymark Phase Ili Ecological Risk Assessment Investigation.

Acute Tissue
Chemical wasv! Criterion Chronic BCF® Screening
Class Analyte (pgl) Basis’ Ratio (L/kg) Conc.*, (pg/g wet)
Metals Cadmium 9.30 WQcC-sC 64.00 0.60
Chromium 50.00 waQc-sC 16.00 0.80
Copper 3.10 WQcC-sC 200 0.62
Lead 8.10 wac-sc 49.00 0.40
Mercury 0.94 waQc-sc 4994 4.69
Nickel 8.20 waQc-sC 47.00 0.39
Zinc 81.00 WQC-SC 47.00 3.81
PAHs 1,6,7-Trimethylnaphthalene NA
1-Methylnaphthalene NA
1-Methylphenanthrene NA
2,6-Dimethylnaphthalene NA
Acenaphthene 520 FC 3.1 242 126
Acenaphthylene 300 PAHMA 8 119 4.46
Anthracene 300 PAHMA 8 478 17.93
Benzo(a)anthracene 300 PAHMA 8 4620 173
Benzo(a)pyrene 300 PAHMA 8 11100 416
Benzo(b+k)fluoranthene 300 PAHMA 8 11100 416
Benzo(e)pyrene NA
Benzo(g,h,i)perylene 300 PAHMA 8 26900 1009
Chrysene 300 PAHMA 8 4620 173
Dibenz(a,h)anthracene 300 PAHMA 8 4460 167
Fluoranthene 16 MC 1150 18.40
Fluorene 300 PAHMA 8 282 10.58
HMW PAHs NA
Indeno(1,2,3-cd)pyrene 300 PAHMA 8 26900 1009
LMW PAHs NA
Perylene NA
Phenanthrene 46 MC 2630 12.10
Pyrene 300 PAHMA 8 1110 41.63
Total PAHs NA
IPCBs Sum PCB Congeners x 2 0.01 FC 31200 0.44
[pioxins®  [Dioxin-Mammal 0.70
Dioxin-Fish 50.00
Dioxin-Bird 6.00
Pesticides |o,p'-DDE 1.00E-03 FC 53600 0.05
p.p'-DDD 1.00E-03 FC 53600 0.05
p.p'-DDE 1.00E-03 FC 53600 0.05
p,p'-DDT 1.00E-03 FC 53600 0.05

1 - Water Quality Screening Value: For Metals see Table 6.1-3; Organics derived from Shepard, 1998.

2 - WQC-SC - Water Quality Criteria Saltwater Chronic (Table 6.1-3); FA - Freshwater acute criterion; FC - Freshwater chronic
criterion; MA - Marine acute criterion; MC - Marine chronic criterion; PAHMA - Polycyclic aromatic hydrocarbon marine

acute criterion.

3 - BCF - Bioconcentration factor.

4 - TSC=WQSV x BCF. Shepard, 1995 and 1998.

5 - U.S. EPA, 1993d.



Table 6.2-3. Tissue Screening Concentration Hazard Quotients (TSC-HQ) Rankings for Target Receptors for the Raymark Phase lI
Ecological Risk Assessment Investigation'.
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C-1-TISS-SMP Mus - - + - - - + - . . - . . - . . . . . . N . . . . . - .
C-2-TISS-SMP MUs - - + - - . - - -
C-3-TIS8-8MP MUS - - + - - + -
D-1-TI88-SMP Mus . - + - + - -
D-2-TISS-SMP MUS - + - +
paTssswe | mus | - .- I .
D4-TISS-SMP MUS . + - + -
05 Predicted - + - - + . -
0-8-TISS-SMP MUS - - + - +
E-1 Predicted . - ++ + - - + . - . - -
E-2 Predicied - - + * - + -
€3 |Prodoed| - | - . . .
€4 Predicted . - + + - - + . - -
P Pedcea] - | - |+ | s | -1 - 1 + 1
F-2 Prodicted . + 4+ + + ++ - - -
Fa Predicled - - +4 + - - + - - - - - . . - . . -
Refecence Predicted |  + + +44 + - + ++ - . - . - . -
- O % (Appendix B-6-7). TSC Benchmarks are pres Yool 6.22.
1-8p $pociic Rankings: TSC-HQ>40 = "+++% TSC-HO>10 = *»+"; TSC-HQ>1 = *+"; TSC-HQ! of TSC-HQa1 = *,
2- Species: Ribbed Mussal
Tissua conc. predicted for stations: D-5, E-1 1o E-4, F-1 1o F-3, and Reference (sse Appendix 0-3-5).
3- Sumof High Weight PAHS - yrene, Chrysane, Dbercz(a F and Perytena.
- Sum of Low Weight PAHS - 2.Methyl Acenaphihylens, Fluorene, and

5 - Total PCBs = Sum of Congeners x 2.

6 - Sample-specific Tissus Residue Effects ranking = "+++” = higher effect (+++) observed for two of more analytes;
“++" = high (+++) effect obsarved for one snalyte; *+* = intermediate (++) etfect observed for one or more analytes; and
*-* = no effect for all analytes. See text in Section 6.8.



Table 6.2-4. Critical Body Residue (CBR) benchmarks used for assessment of risks to aquatic receptors
from tissue residues for the Raymark Phase Il Ecological Risk Assessment Investigation'.

CBR Chronic
Mol. wt {uMol/g dry
Compound | (pg/pMol) | Test Species Group Effect wt) Comment | Reference
Cadmium 112.4 |Hyallela azteca Amphipod 80% mortality- 10wk 0.27 2
Chromium 52.0 |Daphnia magna Crustacean 10% density loss - 3wk 5.4 1
Copper 63.6 |Hyallela azteca Amphipod 71% mortality- 10wk 14 (a) 3
Lead 207.2 |Hyallela azteca Amphipod 69% mortality- 10wk 0.72 (a) 3
Mercury 200.6 |Hyallela azteca Amphipod 80% mortality- 10wk 0.45 (a) 3
Nickel 58.7 |Neanthes arenaceodentatipolychaete worm |acute mortality- 10d 1.8 (b) 4
Zinc 65.4  |Hyallela azteca Amphipod 65% mortality- 10wk 62.5 (a) 1
Total PAHs 202.6 |Mytilus edulis bivalve mollusc |reduced feeding rate 0.40 (a) 5
p,p'-DDE 318 Salmo truta fish egg hatchability 1.1 (a,c) 6
Total PCBs 347.5 | Pimephales promelas fish reduced fecundity 0.20 (a) 7

1 - Converted to dry weight assuming CBRgyy wt = CBRyetw X 5:
(a) value reported on mass basis (e.g., pg/g) - converted to molar basis (uMol/g);

(b) converted to chronic value assuming chronic CBR = acute CBR/10; and

(c) Reported concentration = NOAEL, converted to LOAEL, assuming LOAEL= NOAEL x 10.

References:
1 - Enserink et al., 1991;
2 - Borgmann et al., 1991;

3 - Borgmann, Norwood, and Clarke, 1993;

4 - Pesch et al., 1995;

5 - Arnold and Biddinger, 1
6 - Mac et al., 1981; and
7 - U.S. ACE, 1995.

995;




Table 6.2-5. Critical Body Residue Hazard Quotients (CBR-HQ) Rankings for Target
Receptors for the Raymark Phase Ill Ecological Risk Assessment Investigation'.

Metals Organics®

: 2| 8 £

g Bl 2|2 s e | _ 2| w |3
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C-1-TISS-SMP| MUS - - - - - - - - - . N

C-2-TISS-SMP| MUS - - - - - - - . - - B
C-3-TISS-SMP| MUS - - - - - - .
D-1-TISS-SMP| MUS - - - - . - - - - N
D-2-TISS-SMP| MUS - - - - - - - - . .
D-3-TISS-SMP| MUS - - - - - - - - - -
D-4-TISS-SMP| MUS - - - - - - - - . .
D-5 Predicted - - - - - - - - . B
D-6-TISS-SMP| MUS - - - - - - - - - -
E-1 Predicted - - + - - - - - . N
E-2 Predicted - - - - - - - - - ~
E-3 Predicted - - - - - - - - . .
E-4 Predicted - - - - - - - - . .
F-1 Predicted] - - - - - - - - - -
F-2 Predicted - - + - - - - - - -
F-3 Predicted| - - - - - - - - - -

Reference | Predicted - - + - - - - - -

1 - CBR-HQ = measured CBR/CBR Benchmark (Appendix D-7-ta). CBR Benchmarks presented in Table 6.2-4.

2 - Species: Ribbed Mussel

Tissue conc. predicted for stations: D-5, E-1to E-4, F-1 to F-3, and Reference; see Appendix D-3-5.

3 - Analyte-specific Rankings: CBR-HQ< 1= *-*; CBR-HQ>1 = +; CBR-HQ>3 = "++"; CBR-HQ>10 = "+++".

4 - Species/Station-specific Rankings = "+++° = higher effect (+++) observed for two or more analytes;

"++" = high (+++) eifect observed for one analyte; "+" = intermediate (++) effect observed for one or more analytes; and
*.* = no effect for all analytes; see text in Section 6.6.



Table 6.2-6. Tissue Residue Effects Rankings for species collected
from the Raymark Phase Ill Ecological Risk Assessment Investigation.
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C-1-TISS-SMP MUS - - -
C-2-TISS-SMP MUS - - -
C-3-TISS-SMP MUS - - -
D-1-TISS-SMP MUS - - -
D-2-TISS-SMP MUS - - -
D-3-TISS-SMP MUS - - -
D-4-TISS-SMP MUS - - -
D-5 Predicted - - -
D-6-TISS-SMP MUS - - -
E-1 Predicted + - +
E-2 Predicted - - -
E-3 Predicted - - -
E-4 Predicted - - -
F-1 Predicted - - -

F-2 Predicted ++ - ++
F-3 Predicted + - +

Reference Predicted ++ - ++

1 - Species: Ribbed Mussel

Tissue conc. predicted for stations: D-5, E-1 to E-4, F-1 to F-3, and Ref.; see Appendix D-3-5.
2 - TSC-HQ = Tissue Screening Concentration Hazard Quotients; see Table 6.2-3.

3 - CBR-HQ = Critical Body Residue Hazard Quotients; see Table 6.2-5.

4 - Species-specific Tissue Residue Effects ranking =

Maximum of indicator-specific rankings.



Table 6.3-1a. Food web exposure parameters for the Raymark Phase Il Ecological Risk Assessment Investigation.

DIETARY INTAKE PARAMETERS
BODY ORGANISM Sampled INCIDENTAL
Waight Total Food® FISH Fraction SEDIMENT WATER’ HOME BIOAVAILABILITY
SPECIES (g) (g/daydry) | %Diet? | gidaydry® (%) %Diat g/day dry® (L/day) RANGE FACTOR
Black-crowned night heron 883 536 52.5% 28.2 52.5% 5.0% 27 0.05 1 COC specific
adjusted ration® ’ 100% 53.6 1
Raccoon 6000 299.7 2.3% 6.9 2.3% 9.4% 282 0.50 1 COC specific
I adjusted ration® 100% 299.7 1

1- Dry weight dietary requirements derived from body weight-dependent equations presented in Section 6.3.

2- Dietary fractions obtained from literature; see Section 6.3.

3- Dry weight diet fraction (Intake Factor) calculated as Total Food requirement x % diet.

4- Intake adjusted to obtain full dietary requirement (= [100%/percent sampled fraction] * prey-specific intake).
5- Water intake requirements derived from body weight-dependent equations of Nagy presented in Section 6.3.




Table 6.3-1b. Percent occurrence of food items in the diet of the raccoon and black-crowned night heron.

Food ltem (%)

Animal Season | Crustacean Insects Fish Other Reference
Raccoon Spring 37 40 3 20 Llewellyn and Uhler, 1952

Summer 8 39 2 51

Fall 3 18 trace 79
Winter 9 12 2 77

A Average 14.3 27.3 2.3 56.8
Black-crowned
night herons | Average 21 1.5 52.5 NOAA, 1998a




Table 6.3-2a. Documentation of Toxicity Reference Values used for calculation of risks to black-crowned night heron
for the Raymark Phase |l Ecological Risk Assessment Investigation.

Test Species a = |
Endpoint Value - ===
Condition  (mg CoC/kg-dw Extrapolation Test NOAEL
IContaminant of Concem Test Species BW, kg' Evaluated? dievday)’ Endpoint Reference Factor (mg/kg bw/day)® | RoC TRV®?
lCadmium® mallard  1.15 R 1.45 ChLZ"..'f.JLC’EL White and Finley, 1978 1.00 145 1450
IChromium® black duck 1.25 R 1.00 Chronic NOEL Haseltine ef a/,, unpub, 1.00 1.00 1000
Coppert chicken  0.53 GM 28.13 C“m‘f‘ma Mehring ef al., 1960 1.00 28.13 28130
Lead® American 0.1 A 2.05 Pattee, 1984 1.00 2.08 2050
Mercury® mallard 1.00 R 0.06 LOEL unbounded Heinz, 1979 0.50 0.03 32.00
Nicker™ mallard  0.78 MG 77.40 Chionic NOEL  Gain and Patford, 1981 1.00 77.40 77400
Zinc' chicken 1.90 M 11.30 Chronic NOEL Gasaway and Buss, 1972 1.00 11.30 11300
1,6,7-Trimethyinaphthalene mallard 1.30 M 338 Chronic LOEL Pation and Dieter, 1980 0.10 33.80 3.38E+07
1-Methyinaphthalene mailard 1.30 M 338 Chronic LOEL Patton and Dieter, 1980 0.10 33.80 3.38€+07
1-Methyiphenanthrene mallard 1.30 M 338 Chronic LOEL Patton and Dieter, 1980 0.10 33.80 3.38E+07
E,B-Dlme(hyinaphlhalene mallard 1.30 M 338 Chronic LOEL Patton and Dieter, 1980 0.10 33.80 3.38E407
IAcenaphthene maliard 1.30 M 338 Chronic LOEL Patton and Dieter, 1980 0.10 33.80 3.38E+07
Acenapthylene mallard 1.30 M 338 Chronic LOEL Patton and Dieter, 1980 0.10 33.80 3.38E+07
Anthracene mallard 1.30 M 338 Chronic LOEL Pation and Dieter, 1980 0.10 33.80 3.38E+07
[Benz{a]anthracene mallard 1.30 M 338 Chronic LOEL Pation and Dieter, 1980 0.10 33.80 3.38E+07
Benzo(a)pyrene mallard 1.30 M 338 Chronic LOEL Patton and Dieter, 1860 0.10 33.80 3.38E+07
Benzo(b+k)fluoranthene mallard 1.30 M 338 Chronic LOEL Patton and Dieter, 1980 0.10 33.80 3.38E+07
Benzo{e)pyrene mallard 1.30 M 338 Chronic LOEL Patton and Dieter, 1980 0.10 33.80 3.38E+407
Benzo(g,h,i)perylene mallard 1.30 M 338 Chronic LOEL Patton and Dieter, 1980 0.10 33.80 3.38E407
[Chrysene mallard 1.30 M 338 Chronic LOEL Patton and Dieter, 1980 0.10 33.80 3.38E407
Dibenz(a,h)anthracene mallard 1.30 M 338 Chronic LOEL Patton and Dieter, 1980 0.10 33.80 3.3BE+07
Fluoranthene mallard 1.30 M 338 Chronic LOEL Patton and Dieter, 1980 0.10 33.80 3.38E+07
Fluorene mallard 1.30 M 338 Chronic LOEL Pation and Dieter, 1980 0.10 33.80 3.38E+07
{indeno(1,2,3-cd)pyrene maliard 1.30 M 338 Chronic LOEL Patton and Dieter, 1980 0.10 33.80 3.38E4+07
Perylene mallard 1.30 M 338 Chronic LOEL Patton and Dieter, 1980 0.10 33.80 3.38E4+07
Phenanthrene mallard 1.30 M 338 Chronic LOEL Patton and Dieter, 1980 0.10 33.80 3.38E407
jPyrene mallard 1.30 M 338 Chronic LOEL Patton and Dieter, 1980 0.10 33.80 3.38E+07
Sum PAHs
Total Aroclor® pheasant 1.00 R 1.80 Chronic LOEL U.S. EPA, 1993e 0.10 0.18 1.80E+05
k.az.e-1co0 'm‘::g‘ 1.00 R 140805 Cione NOEL Noesek of al., 1992 1.00 1.40E-05 1.40E+04
oo :e'l‘:c'::' 3.50 R 0.03 Chronic LOEL U.S. EPA, 1893e 0.10 2.80E-03 2.80E+03
oDE* ;:c"":‘ 3.50 R 0.03 Chronic LOEL U.S. EPA, 1993e 0.10 2.80€-03 2.80E+03
joDT ;ﬁ‘ 3.50 R 0.03 Chronic LOEL U.S. EPA, 1893¢ 0.10 2.80€-03 2.80E+03

1 - BW = body weight.

2 - M: mortalty; A: reproduction; G: growth.

3 - mg CoC/kg-dw diet/day.

4- U.S. EPA, 1993e: LOEL to NOEL factor of two, rather than ten, was used for Hg because the LOEL appeared to be near the threshold tor dietary effects.
§ « NOAEL = No Observabie Effect Level (mg CoC/kg-RoC/day); NOAEL level for CoC concentration in food {mg CoC/kg diet dry weight); and
Benchmark NOAEL * Extrapolation factor.
6 - NOAEL of tesi species = NOAEL of RoC; Sample and Arenal, 1998.
Benchmark NOAEL * (Test spacies BW/ Receptor of Concern BW).
A) Based on Arochlor 1254 toxicity;
C} assumed to be in the form of cadmium chioride;
D) assumed to be in the form of Cr{+3); E} assumed to be in the form of copper oxide;

F) assumed to be in the form of metal; G) assumed to be in the form of mercuric chioride;
H) assumed to be in the form of nickel sultate; 1) assumed to be in the form of zinc sulfate.
7 - Toxicity Reference Value. Units: Metals - ug CoC/kg RoC/day; Organics - ng CoG/kg RoC/day; Dioxins - P9 CoC/ikg RoC/day.

8 - DDT used for DDD and DDE.




Table 6.3-2b. Documentation of Toxicity Reference Values used for calculation of risks to raccoons for the
Raymark Phase Il Ecological Risk Assessment Investigation.

Test Species Receptor Extrapolation
Condition Extrapoiation | Test NOAEL
IContaminant of Concem Test Species BW, kg' Evaluated’ Endpoint Value® Endpoint Reference Factor*  {(mg/kg bw/day)’| RoC TRV®’
ICadmium® Rat 0.35 R 1.00 Chronic NOAEL Sample at. al., 1996 1.00 1.00 1000
jchromium® Rat 0.35 G 3.28 Chronic NOAEL Sample of. al., 1996 1.00 3.28 3280
CoppeyE Mink 1.00 R 1nn Chronic NOAEL Sample ot. af., 1996 1.00 11N 11710
Lead” Rat 0.35 R 8.00 Chronic NOAEL Sample ef. af., 1996 1.00 8.00 8000
IMercury® Ral 0.35 R 0.03 Chronic NOAEL Sample at. al., 1996 1.00 0.03 32.00
INicke!™ Rat 0.35 A 40,00 Chronic NOAEL Sample o, al., 1996 1.00 40.00 40000
Zinc' Rat 0.35 R 160 Chronic NOAEL Sample of, ai., 1996 1.00 160 160000
1,6,7-Trimethyinaphthalene 0.00E+00
1-Methylnaphthalene Mouse 0.03 G 425 13 Wk, LOAEL Murata ef. a/., 1993 1.00 425 4.25E408
1-Methylphenanthrene 0.00€+00
JZ,B-Dimclhylnapmhalene 0.00E+00
Acenaphthene Mouse 0.35 R 350 13 wk. NOAEL ATSDR, 1993 0.50 175 1.75€+08
[Acenapthylene Rat 0.35 M 5140 10 Day NOAEL See Acenaphthene 0.50 25.70 2.57E+07
lAnthracene Mouse 0.35 R 1000 13 wk. NOAEL ATSOR, 1993 0.50 500 5.00E+08
Benz{a]anthracene Mouse 0.03 ] 1.50 S wk. LOAEL ATSDR, 1993 0.30 0.45 4.50E+05
Bgnzo(n]pyrgne‘] Mouse 0.03 R 1.00 Chronic NOAEL Sample ot. af., 1996 1.00 1.00 1.00E+06
Benzo(b+kjfluoranthene™ 0.00E+00
Benzo{e)pyrene 0.00E+00
Benzo(g,h,i)perylene 0.00E+00
IChrysene! 0.00E+00
[Dibenz{a,hlanthracene Ral 0.38 M 15.40 10 Day NOAEL ATSDR, 1993 0.50 7.70 7.70E+06
[Fluoranthene™ Rat 0.35 R 500 13 wk. NOAEL ATSDR, 1935 0.10 §0.00 5.00E+07
Fluorene Mouse 0.35 R 500 13 wk. NOAEL ATSDR, 1993 0.50 250 2.50E+08
Indeno(1,2,3-cdlpyrene 0.00E+00
Perylene 0.00E+00
Phenanthrene Rat 0.35 M 514 10 Day NOAEL ATSDR, 1993 0.50 257 2.57E408
Pyrene Rat 0.35 M 437 10 Day NOAEL ATSOR, 1893 0.50 219 2.19E+08
Sum PAHs
Total Aroclor* Mink 1.00 A 0.14 Chronic NOAEL Sample et. ai., 1896 1.00 0.14 1.40E+05
2,3,7,8-TCOD Rat 0.35 R 1.00E-03 Chronic NOAEL ATSDR, 1997 1.00 1.00E-03 1.00E+06
DOD? Dog 12.70 M 50.00 14 Day LD50 Cueto, 1970 0.50 25.00 2.50€+07
DDE® Mouse 0.03 R 19.00 78 wk. LOAEL ATSDR, 1992 0.50 9.50 9.50E+06
DOT Rat 0.35 R 3.75 36 Wk LOAEL Jonsson et. al., 1876 1.50 5.63 5.63E+06

1 - BW = body weight.

2 - M: mortality; R: reproduction; G: growth; and C: Carcinogenic

3 - mg CoC/kq dry weight in diet.

4 - Conversion factor for non-Chronic NOAEL data:

125 Day NOAEL = 1.0 * Chronic NOAEL,

10 Day NOAEL = 0.5 * Chronic NOAEL;

78 Wk LOAEL = 0.5 * Chronic NOAEL

5 Wk LOAEL = 0.3 * Chronic NOAEL; and

Acute LDy EDjp, ECgo = 0.1 * Chronic NOAEL.

S - NOAEL = No Observabie Effect Level (mg CoC/kg-RoC/day); NOAEL level for CoC concentration in food (mg CoCrkg diet dry weight); and
Benchmark NOAEL * Extrapolation factor.

6 - NOAEL of lest species = NOAEL of RoC; Sample and Arenal, 1998,

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

A) Based on Aroclor 1254 toxicity; Aulerich and Ringer, 1977;

C) assumed 1o be in the form of cadmium chloride; Sutou ef al., 1980;

D) assumed to be in the form of Cr(+6); MacKenzie et al., 1958; E) assumed to be in the form of copper sulfate; Aulerich et al., 1982;

F) assumed to be in the form of lead acetate; Azar ot al., 1973; G) assumed 10 be in the form of methyl mercury chloride; Verschuuren of al., 1976;
H) assumed 1o be in the form of nickel sulfate hexahydrate; Ambrose af a/., 1976; |) assumed fo be in the form of zinc oxide; Schlicker and Cox, 1968;
J) MacKenzie and Angevine, 1981; K} No Data; McCann and Ames, 1975;

L) No Data; McCann and Ames, 1875; M) Kingsbury et a/., 1879.

7'- Toxicity Referance Vailue. Units: Metals - ug CoC/kg RoC/day; Organics - ng CoC/kg RoC/day; Dioxins - pg CoC/kg RoC/day.




Table 6.3-3a. Qualitative summary of CoC risks to the Black-crowned night heron for the Raymark Phase il Ecological Risk Assessment.

Black -crowned night heron HQ (Benchmark = TRV-Dose)’.

tion
+ |Cadmium
+ [Chromium
« |Copper
+ |Lead
+ Mercury
+ |Nickel
+ [1.6.7-Trimethyinaphthaiene
. [1-Methyinaphthalene
+ {1-Methyiphenanthrene
« |2,6-Dimethyinaphthalene
+ |Acenaphthene
+ |Acenaphthylene

' |Zine

+ |Anthracene

. IBanzo(- )anthracene

. IBenzo(a)pyrana

. IBenzo(e)pyreno

HMW PAHs?

LMW PAHS®

[Total PAHs

«+ |Benzo(g,h.i)peryiene

« [Chrysene

- |Dibenzo(a,hjanthracens

+ |Fluoranthene

« [Fluorene

+ findeno(1,2,3-cd)pyrene

+ |Perylene

+ |Phenanthrene

« [Total PCBs*

. |op-0DE

+ |p.p-ODD

+ |p.p"-DDE

' [pp-0OT

« |Dioxin-Bird®

+ |Risk Ranking®

I .IBenzo(b»k)ﬂuomm

F1 1 -1 -1 -1 -71-
F2 A O B O
F3 I I A B I

e +

Reference - + - - + -

*le o+

TRV = Toxicity Reference Vaiue; data from Table 6.3-2a. Data from Appendix A-3.
1 - HQ = Hazard Quotient = Total /TRV; Total
Risk Ranking: HQ>1 = *+7, HQ>10 = *++*, HO>40 = “+++" (Appendix D-5-3).
2 - sum of High Molecular Weight PAHs -
3 - sum of Low Molecuiar Weight PAHs - 2-M,

Y Chrysene, Dbenz(a,hjanthracans, Fluoranthena, and Perylana.

4 - Total PCBs = Sum of Congeners x 2.

5-223,7,8-TCOD equ for p of impacts on birds (WHO, 1998).
8- Risk Aanking: “+++° = intermediate (++) or higher exposure obsarved for twa

of more analytes, one of which indicates high (+++) exposure;

"4+ = inf {++) by for two or more analytes of high (++4+)
xposure for one analyte; *+* = low (+) exposure observed for two or mors anatytes

of intermadiate (++) exposure for one analyte; and *-" = low (+) exposure observed for only
ona analyte o no exposurs for all analytes. See laxt In Section 8.5,

and

= {(Heron Sed Diatary Intake + Heron Mussel Diet Intake) x BloavaHiabiity Factor x Home Range FactoryBody Weight;




Table 6.3-3b. Qualitative summary of CoC risks to Raccoons consuming prey for the Raymark Phase lll Ecological Risk Assessment Investigation.

Raccoon HQ (Benchmark = TRV-Dose)'.
o
H
3 o | £ § 2 2
£ o °
51822 5 8 § E : )
S1215 8.2 gleld3lelg 5 8 o 1.
HHHHBEH I R HHRHAR IR EAP 1k
s8], > EIE (5|2 82|85 e|gl2 |2l |2 elc|.12/8|a|alulald]|s:
A AR RN A R AR AR AR AR AR AR AR AR AR SR AR AR RN R AR AR SR AR RN R R AR SRR AR T
a |8|ls13|&8|3|s|8je|2|2 (4|2 2|z |&8|&8|8|8|8|s5(|a || |2 |23 |s|e|el2[p|8 |0 2 [8|&8]¢E
D1 - . - - - - - - - . - - - - - - - - - -
D-2 R - . . . . . -
0-3 N I . B . -
D-4 . . . . . - . . . - - . - -
D5 - - - - - - - . . - - - - . .
D-6 - - - - - - - - - - -
E-1 - - - + - - - - -
€2 N I . N
€-4 . . . N N . . . . . . . . . .
F-2 - - + - - - - - - - - - - - - - . .
F3 o - |- - - - - . - |- - I e - -
Reference - - + - + - - - - - - - - - - - -
TRV = Toxicity Reference Vaiue; data from Table 8.3-2b. Data from Appendix A-3.
1 - HQ = Hazard Quotient = Total TRV; Total = ((Raccoon Sed Dietary Intake + Raccoon Mussel Diet intake) x Bioavallabitty Factor x Home Ranga FactoryBody Welght;

Rigk Ranking: HQ>1 = *+*, HQ>10 = *+4°, HQ>40 = “++4+° (Appendix D-5-4).

2 - sum of High Molecular Weight PAHs - Y Chrysens, Dibenz(a, h)anthracene, Fluoranthene, and Perylene.
3 - sum of Low Molecular Weight PAHs - 2 phthy Fluorene, and F
4 - Total PCBs = Sum of Congeners x 2.

5-23,7,8-TCDD oq forp of impacts on mammals (WHO, 1998).

6 - Risk Ranking: “+++° = intermediate (++) or higher exposure observed for two

or more analytes, one of which indicates high (+++) exposwra;

“ee" = (++) for two or more analytes or high (+++)

@xposura for one analyte; “+* = low (+) 8xposure observed for wo or more anatytes

of Intermediate (++) @xposure for ona anafyte; and *-* = low (+) exposure observed for onty

one anayte or no exposure for all analytes. See text in Section 8.5.




Table 6.3-4. Summary of Trophic Transfer Effects for the
Raymark Phase |l Ecological Risk Assessment Investigation.

Trophic Transfer Etfect Indicators’
N

2 o o

3 (<} £

g ot =

a o o

-— hd o

] a
s £ 2
o c 3]
5 § g ks
n = < w
C-1 - - -
c-2 - - -
C-3 -

D-1 - - -
D-2 - - -
D-3 - - -
D-4 - - -
D-5 - + +
D-6 - - -
E-1 + + +
E-2 - - -
E-3 - - -
E-4 - ) -
F-1 - - -
F-2 - + +
F-3 - + +
Reference + + +

Eftects rankings for stations for which only one indicator observation was

available are equal to the indicator observation ranking.

1 - Reduced fitness in field species exposed to sediments or sediment porewaters.

2 - Toxicity Reference Value Hazard Quotient (TRV-HQ); see Table 6.3-3a and 6.3-3b.
3 - Effects Ranking: "+++" = higher effect (+++) observed for one or more indicators;
"++" = intermediate (++) effect observed for one or more indicators;

"+" = low (+) effect observed for one or more indicators; and

"." = no effect observed for both indicators; see text in Section 6.6.



Table 6.5-1. Overall Summary of Exposure and Effects-based Weights of Evidence and Characterization of Risk
for the Raymark Phase Il Ecological Risk Assessment Investigation.

WEIGHT OF EVIDENCE SUMMARY
CHEMICAL EXPOSURE BIOLOGICAL EFFECTS RISK PROBABILITY
Tissue Trophic
Bedded Sediment Residue Transfer
Station Sediment' | Bioconcentration® ||  Ranking® Toxicity’ Effects’ Effects” Ranking® _ Ranking’
C-1 - + L ++ - - | Intermediate
C-2 . - + L ++ - - | Intermediate
C-3 + + L +4++ - - H Intermediate
D-1 - + L + - - L Low
D-2 - + L ++ - - | Intermediate
D-3 +H+ + H ++ . - | High
D-4 + L + - - L Low
D-5 ++ ++4+ H + - + L Intermediate
D-6 - + L +++ - - H Intermediate
E-1 ++ ++ | + + + L Intermediate
E-2 ++ + 1 + - - L Intermediate
E-3 ++ ++ | + - - L Intermediate
E-4 + + L ++ - - | Intermediate
F-1 + ++ | ++ - - 1 Intermediate
F-2 ++ ++ ! - ++ + ] Intermediate
F-3 ++ ++ | + + + L Intermediate
Reference ++ [ + ++ + U Intermediate

1 - Bedded Sediment Exposure Ranking based on sediment Hazard Quotients (HQs), SEM:AVS, and porewater HQs; see Table 6.1-5.
2 - Bioconcentration Ranking based on Tissue Concentration Ratios for ribbed mussels; see Table 6.2-1.
3 - Sediment Toxicity Risk Ranking based on sediment toxicity tests: see Table 5.2-1.
4 - Tissue-based Risk Ranking: Based on risks of CoCs in tissues to aquatic receptors; See Table 6.2-6.
5 - Trophic Transfer Effects Ranking: Based on results of avian and mammalian predator exposures; see Table 6.3-4.
6 - Exposure/Effects (E/E) Ranking: B = Baseline Risk; L = Low Risk Probability; | = Intermediate Risk Probability; H = High Risk Probability.
Rankings for stations are equal to the maximum of individual WoE ranking.
7 - Overall Risk Ranking:
Baseline = Baseline (B) ranking for E/E WoE summaries;
Low = No greater than Low (L) ranking for E/E WoE summaries, or Intermediate (I} ranking for one WoE summary and
no greater than Low (L) ranking for the other WoE summary;
Intermediate = No greater than Intermediate (1) ranking for E/E WoE summaries, or High (H) ranking for one WoE and
Low (L) ranking for the other WoE summary; and
High = High (H) ranking for both WoE summaries or High (H) ranking for one WoE and
Intermediate (1) for the other WoE summary.



Table 6.6-1. 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 Raymark Phase |lI
Ecological Risk Assessment Investigation.

EWelght of Evidence Sources of Uncertainty Code
General
» Some proximal and distal contaminant sources, as well as potential sensitive receptors, may not be T
accounted for in conceptual exposure pathways.
« Knowledge of the chemical behavior of the CoCs is incomplete; test results may not refiect true CoC T
exposure conditions.
« Inadequate spatial and temporal representation of the evaluated habitat and site/reference zone by a ™
limited number of sampling stations, and associated extrapolations (and assumptions) from point
measurements to broader spatial areas.
* Representativeness of target analyte list leading to CoC selection may be inadequate, potentially resulting d
in an incomplete characterization of potentially significant adverse chemical exposure.
e The sediment sampling plan, including station selection, spatial (horizontal) and vertical (sediment T
layering) patterns, and sample representativeness may inadequately characterize true CoC distributions.
Bedded Sediment
Sediment Hazard « Hazard Quotients for sediment and porewater not developed for ail CoCs due to limited availability of {
Quotients benchmarks.
« Sediment benchmarks used to derive Hazard Quotients were derived from data where T
potential synergistic or antagonistic interactions among contaminants may have been present.
H(F;orewater Hazard « Organic concentrations are predicted from EqP. T
uotients + Porewater Hazard Quotients for mercury not quantified. I
« Bioavailability of CoCs in porewater may be less than would occur in laboratory, water-only tests. T
SEM and AVS « Concentration of AVS may be reduced by sampling procedurs, increasing apparent metal bioavailability. T
« Other binding factors (e.g. organic carbon) may decrease metal bioavailability in conditions of low AVS. T
» Seasonality in AVS concentration may alter metal availability.
Bioconcentration
¢ Reference tissue residue concentrations used as benchmarks reflect generally urbanized conditions. l
» Predicted residue concentrations used to fill spatial data gaps. T
Codes: 1 = false positive”, e.g., true degree of adverse exposure is likely to be overestimated by the test.
A

= "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 6.6-2. 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 Raymark Phase Il
Ecological Risk Assessment Investigation.

or herons.

Codes:

T
l

Weight of Evidence Sources of Uncertainty Code
IGeneral
« Appropriateness of selected bioassay and target species as surrogates for the indigenous community. ™
e Limited toxicological data for target receptor species. T
» Incomplete knowledge of community ecology and of potential synergistic or antagonistic impacts of CoCs. ™
Sediment Toxicity
(Ampelisca) o Sampling/test procedures may modify CoC bioavailability. T
¢ Non-CoC responses (e.g. Ammonia) obscuring exposure-response relationships. T
* Responses observed may not represent potential for chronic effects. T
» Differences in CoC bioavailability and species/endpoint sensitivity between stations ™
not fully accounted for in data interpretation.
Tissue Residue
[Effects ¢ Variation in lipid content among target species as a factor governing bioavailability and potential effects. ™
« Limited number of Toxicity Reference Values (TRVs) available as benchmarks for assessment of tissue d
residue impacts.
¢ Extent to which metabolic activities in fish reduce parent PAH tissue residue concentrations to l
unmeasured constituents of potential toxicological significance.
o Lack of empirical evidence linking contaminant concentrations in tissue with presumed effects. T
Trophic Transfer
Avian and Mammalian| e Intake of contaminants via other exposure routes such as water and sediment ingestion not considered. l
Predators ¢ Birds may not feed exclusively at the site. T
o Prey species used in modeling may not be adequate surrogates for other organisms in the diet of raccoons ™

= "false positive™, e.g., true degree of adverse effects is likely to be overestimated by the test.
= "false negative", e.g., true degree of adverse effects is likely to be underestimated by the test.

Tl =true degree of adverse effects may be either underestimated or overestimated by the test.




7.0. SUMMARY AND CONCLUSIONS

This section summarizes information collected for evaluation of potential risks
“from contaminants associated with Raymark to ecological receptors at the site. The
U.S. EPA's ERA Framework (1992a) and applicable U.S. EPA, and EPA Region |
guidance were used to generate and interpret the data required to complete this risk
assessment (1997a, 1998a). The objectives of this ERA are as follows:

° Assess potential ecological risks to the aquatic environments of Areas C-F from
chemical stressors associated with the Raymark Site;

. 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 potential
ecological risks associated with the Raymark site.

The following sections present and discuss the findings of this Marine Ecological
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 potential ecological risk for Raymark Areas C-F was presented in
Table 6.5-1. The table includes a summary of the measurement on exposure-based
endpoints. Estimated potential risks were grouped into four primary classes: baseline,
low, intermediate and high, based on definitions outlined in Section 6.0.

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.

High Risk Probability Stations. In the present investigation, only Station D-3 is
categorized as a high risk station, given both high exposure and high effects
rankings. In addition, some support for exposure-response relationships were
observed given that toxicity was observed and PCB concentrations in sediment
were well above ER-M thresholds.

Intermediate Risk Probability Stations. Stations which the WoE demonstrate
intermediate risks include Stations C-1 to C-3, D-2, D-5, D-6, E-1 to E-4, F-1 to
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F-3, and the reference. Multiple exposure- or effects-based weights of evidence
were observed in the data, resulting in an intermediate Exposure and/or Effects
ranking. However, quantitative exposure-response relationships were found to
be lacking.

Low Risk Probability Stations. A low risk probability was indicated for the
remaining Raymark stations (D-1 and D-4). Minimal impacts are suggested by
the majority of exposure and effects-based weights of evidence, and no
exposure response relationships were evident.

Baseline Risk Probability Stations. Baseline risk was not assigned for any of the
Raymark stations.

7.2. Other Potential Sources of Stress and CoCs

Ongoing CoC transport into the Raymark study areas may occur from surface
water runoff via storm drains from residential areas. It is also possible that Housatonic
River water (via groundwater or surface water during floods) may carry CoCs into the
study area. This ERA did not collect any data to address this possibility.

Contamination from other sources may potentially enter various Raymark areas
via exchange with the Housatonic River. The City of Stratford sewage treatment plant
outfall is located to the west of the site, and prevailing water circulation patterns would
suggest the possibility of diluted effluent exposing Areas C and D, particularly during
the flood tide. No contamination gradient was found along the Housatonic Boat Club
banks or areas north and south of the site, even though elevated concentrations was
observed (SAIC, 1999b). This provides some evidence that the river is a likely source
of some CoCs in the study area.

Previous assessments have found evidence from core samples to suggest that
high CoC concentrations exist at depths > 100 cm into the sediment. The existence of
increasing concentrations of metals in subsurface sediment layers at certain relative to
surface sediments may represent an increased potential risk for indigenous biota
should resuspension of these buried sediments occur, depending on future use
scenarios.

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
temporal coverage. The data are intemally consistent and supportive, and of high
quality, meeting and exceeding, for example, detection limits as specified by the NOAA
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Status and Trends Program. Therefore, the values can be interpreted with confidence
for comparisons to commonly accepted guidelines, such as ER-L values
(Long et al., 1995).

The assessment of potential 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 based 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 potential risks in the
Raymark study area proper; however, localized small areas, such as immediately
adjacent to or directly beneath piers or bridges have not been specifically addressed
and are of unknown concern. In addition, the present investigation was synoptic, not
seasonal in design, and therefore uncertainty exists in that seasonal effects were not
specifically considered.

7.4. Conclusions and Recommendations

Based on the results of the Marine Ecological Risk Assessment for Raymark
Areas C-F, the following conclusions and recommendations are put forth for
consideration in risk management:

° In the assessment of potential marine ecological risks to aquatic species of
concern (mussels, oyster, fish, raccoon and seabirds), Station D-3 was
determined to pose a high probability of ecological risk from Raymark-related
Contaminants of Concem (CoCs). The principal CoCs responsible for elevated
exposure rankings were PAHs in bedded sediments, copper and PAHSs in pore
water, and PCBs in mussel tissue. Based on the extent of adverse exposure
and measured effects (sediment toxicity) and some support for exposure-
response relationships observed, the assigned degree of potential risk is
considered unacceptable from an ecological perspective, and thus this location
should receive highest priority in the risk management decision process.

° Stations which the WoE demonstrate intermediate potential risks include
Stations C-1 to C-3, D-2, D-5, D-6, E-1 to E-4, F-1 to F-3, and the reference. In
general, the same aquatic receptors and CoCs as observed for high risk stations
were of concern, but at lower levels. For Areas C and D, with the exception of D-
5, risks are largely attributable to elevated concentrations of Cu, Hg, PAHSs, and
PCBs in sediment and reduced survival in sediment toxicity tests. At D-5, high
sediment PCB and dioxin concentrations, PAHs, PCBs, and dioxins in porewater
were predicted to cause high tissue concentration ratios for Total PCB and dioxin
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exposure. In the remaining stations, a combination of exposure and effects
indicators (i.e., bedded sediment concentrations, tissue concentration ratios, and
sediment toxicity) identified risks from PAHs, Total PCBs, copper, zinc. Given an
indication of adverse exposure or effects but a lack of clear exposure-response
relationships, the overall potential risk at these stations may be considered
acceptable from an ecological perspective. However, the associated uncertainty
is sufficiently high as to merit the evaluation of these stations in the risk
management decision process.

° A low risk probability was indicated for the remaining Raymark stations (D-1 and
D-4). 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
potential 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.

° A baseline probability of risk was not assigned to any of the stations examined in
this study since none of the locations, including reference stations, can be
considered to representative of relatively pristine environmental conditions. This
is attributed to the fact that the Raymark study areas are in a location which is
affected by many contaminants and other stressor sources, such as the
Housatonic River, Stratford outfall, stormwater outfalls, and
industrial/recreational operations in nearby Stratford.

Final Raymark Phase Il ERA.doc 7-4



8.0. REFERENCES

Abernethy, S., A.M. Bobra, W.Y. Shiu, P.G.Wells and D. MacKay, 1986. Acute lethal
toxicity of hydrocarbons and chlorinated hydrocarbons to two planktonic crustaceans:
the key role of organism-water partitioning. Aqua. Tox., 8:163-174.

Adams, W.J., R.A. Kimerle and J.W. Barmett, Jr., 1992. Sediment Quality and Aquatic
Life Assessments. Environ. Sci. Technol., 26(10): 1865-1875.

Albergoni, V. and E. Piccinni, 1983. Biological response to trace metals and their
biochemical effects. In: Trace Element Speciation in Surface Waters and its Ecological
Implications (G.G. Leppard, ed.), NATO Conference Series 1, Ecology, Vol. 6, pp. 159-
175.

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

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

Anderson, B.S., D.P. Middaugh, J.W. Hunt and S.L. Turpen, 1991. Copper toxicity to
sperm, embryos, and larvae of topsmelt, Atherinops affinis, with notes on induced
spawning. Mar. Environ. Res., 31:17-35.

Ankley, G.T., G.L. Phipps, E.N. Leonard, D.A. Benoit, V.R. Mattson, P.A. Kosian, A.M.
Cotter, J.R. Dierkes, D.J. Hansen and J.D.Mahony, 1991. Acid-volatile sulfide as a
factor mediating cadmium and nickel bioavailability in contaminated sediments.
Environ. Sci. Tech., 10:1299-1307.

Armstrong, F.A.J., 1979. Effects of mercury compounds on fish. In The
biogeochemistry of mercury in the environment, J.O. Nriagu (ed.), pp. 657-670.
Elsevier/North-Holland Biomedical Press, New York.

Arnold, W.R. and G.R. Biddinger, 1995. Probabilistic Ecological Risk Assessment of
Selected PAHs in Sediments Near a Petroleum Refinery. Abstract. Second SETAC
World Congress, 5-9 November 1995.

ASTM, 1990. Standard Guide for Conducting 10-day Static Sediment Toxicity Tests
with Marine and Estuarine Amphipods. Annual Book of ASTM Standards. Volume
11.04:1052-1067.

ATSDR, 1988. Draft Toxicological Profile for Lead. Prepared by Life Systems, Inc.,
Oak Ridge National Laboratory, Oak Ridge, TN.

Final Raymark Phase |Il ERA.doc 8-1



ATSDR, 1989. Draft Toxicological Profile for Naphthalene and 2-Methylnaphthalene.
Prepared at Oak Ridge National Laboratory, Oak Ridge, TN.

ATSDR, 1993. Toxicological Profile for Polycyclic Aromatic Hydrocarbons (PAHs)
(Draft). U.S. Public Health Service, Washington, D.C.

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

Aulerich, R.J., R.K. Ringer and M.R. Bleavins, 1982. Effects of supplemental dietary
copper on growth, reproduction performance and kit survival of standard dark mink and
the acute toxicity of copper to mink. J. Animal Sci., 55: 337-343.

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

Babukutty, Y. and J. Chacko, 1995. Chemical partitioning and bioavailability of lead
and nickel in an estuarine system. Environ. Toxicol. Chem., 14:427-434.

Battelle Ocean Sciences, 1994. Off-Shore investigation of the Site 01 - McAllister Point
Landfill, Site 02 - Melville North Landfill, and Site 09 - Old Fire Fight Training Area at the
Naval Education and Training Center (NETC). Newport RI: Assessment of Chemical
Contamination. Final report submitted to the U.S. Navy, July 31, 1994, 139 pp and
appendices.

Beaubien, S., J. Nriagu, D. Blowes and G. Lawson, 1994. Chromium speciation and
distribution in the Great Lakes. Environ. Sci. Technol., 28:730-736.

Becker, D.S. and G.N. Bigham, 1995. Distribution of mercury in the aquatic food web
of Onondaga Lake, New York. Water, Air, Soil Pollut. 80:563-571. In Mercury as a
Global Pollutant, D.B. Porcella, J.W. Huckabee, and B. Wheatley (eds.), pp. 563-571.
Kluwer Academic Publishers.

Beckvar, N., J. Field, S. Salazar and R. Hoff, 1996. Contaminants in aquatic habitats at
hazardous waste sites: Mercury. National Oceanic and Atmospheric Administration and
EVS Consultants, Seattle, WA.

Berry, W.J., M.G. Cantwell, P.A. Edwards, J.R. Serbst and D.J. Hansen, 1999.

Predicting toxicity of sediments spiked with silver. Environ. Toxicol. and Chem., 18:40-
48.

Final Raymark Phase Il ERA.doc 8-2



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

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

Biddinger, G.R. and S.P. Gloss, 1984. The importance of trophic transfer in the
bioaccumulation of chemical contaminants in aquatic ecosystems. Residue Rev.,
91:103-145.

Blus, L.J., 1996. DDT, DDD, and DDE in birds. Pp. 49-71. In Environmental
Contaminants in Wildlife. W. N. Beyer, G.H. Heinz, and A.W. Redmon-Norwood (eds.).
Lewis Publishers, Boca Raton, FL.

Bolger, M., 1993. Overview of PCB toxicology. p. 37-53. In Proceedings of the U.S.
Environmental Protection Agency’s National Technical Workshop on PCBs in Fish
Tissue. 1993. EPA/823-R-93-003. U.S. Environmental Protection Agency,
Washington, DC.

Borgmann, U., W.P. Norwood and |.M. Babirad, 1991. Relationship between chronic
toxicity and bioaccumulation of cadmium in Hyalella azteca. Canadian Joumal of Fish.
and Aqua. Sci., Vol. 28, no. 6, pp. 1055-1060.

Borgmann, U., W.P. Norwood and C. Clarke, 1993. Accumulation, regulation and
toxicity of copper, zinc, lead and mercury in Hyalella azteca. Hydrobiol., 259:79-89.

Bougis, P., 1965. Effect of copper on growth of the pluteus of the sea urchin
(Paracentrotus lividius). C.R. Hebd. Seanc. Academy of Science. Paris 260: 2929

Braune, B.M., 1987. Mercury accumulation in relation to size and age of Atlantic
Herring Clupea harengus harengus from the southwestern Bay of Fundy Canada.
Arch. Environ. Contam. Toxicol., 16:217-224.

Braune, B.M. and R.J. Norstrom, 1989. Dynamics of organochlorine compounds in
herring gulls: Ill. Tissue distribution and bioaccumulation in Lake Ontario Gulls.
Environ. Toxicol. Chem., 8:957-968.

Brooke, L., 1994. Memorandum to Walter Berry. Summary of results of acute and
chronic exposures of fluoranthene without and with ultraviolet (UV) light to various
freshwater organisms. December 3.

Bruner, K.A., S.W. Fisher and P.F. Landrum, 1994. The role of the zebra mussel,
Dreissena polymorpha, in contaminant cycling: 1. The effect of body size and lipid
content on the bioconcentration of PCBs and PAHs. Great Lakes Res., 20:725-734.

Final Raymark Phase Il ERA.doc 8-3



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

Casas, A.M. and E.A. Crecelius, 1994. Relationship between acid volatile sulfide and
the toxicity of zinc, lead and copper in marine sediments. Environ. Toxicol. Chem.,
13:529-536.

Charles, M.J. and R.A. Hites, 1987. Sediments as archives. In: Hites, R.A. and S.J.
Eisenreich (eds.), Sources and fates of aquatic pollutants. American Chemical Society.
Advances In Chemistry Series 216:365-389. Washington, DC.

Chou, S.F.J. and R.A. Griffin, 1986. Sediment quality criteria from the sediment quality
triad: An example. Environ. Toxicol. Chem., 5:965-976.

Clayton, J.R., S.P. Pavlou and N.F. Breitner, 1977. Polychlorinated biphenyls in
coastal marine zooplankton: Bioaccumulation by equilibrium partitioning. Environ. Sci.
and Technol., 11:676-682.

Clements, W.H., J.T. Oris and T.E. Wissing, 1993. Accumulation and food chain
transfer of fluoranthene and benzo[a]pyrene in Chironomus riparius and Lepomis
macrochirus. Arch. Environ. Contam. Toxicol., 26:261-266.

Clifford, P.A., D.E. Barchers, D.F. Ludwig, R.L. Sielken, J.S. Klingensmith, R.V.
Graham and M.l. Banton, 1995. An Approach to Quantifying Spatial Components of
Exposure For Ecological Risk Assessment. Environ. Toxicol. and Chem., Vol 14, No. 5
pp 895-906.

Cueto, C., 1970. Cardiovascular effects of o’p’DDD. Ind. Med., 39:55-56.

DeWitt, T.H., R.C. Swartz and J.O. Lamberson, 1989. Measuring the acute toxicity of
estuarine sediments. Environ. Toxicol. Chem., 8:1035-1048.

Diamond, J.M., D.G. Mackier, M. Collins and D. Gruber, 1990. Derivation of a
freshwater silver criteria for the New River, Virginia using representative species.
Environ. Toxicol. Chem., 9:1425-1434.

DiToro, D.M., J.D. Mahony, D.J. Hansen, K.J. Scott, M.B. Hicks, S.M. Mayr and M.S.
Redmond, 1990. Toxicity of cadmium in sediments: the role of acid volatile sulfide.
Environ. Toxicol. Chem., 9:1487-1502.

DiToro, D.M,, C.S. Zarba, D.J. Hansen, W.J. Berry, R.C. Schwartz, C.E. Cowan, S. P.
Pavlou, H.E. Allen, N.A. Thomas and P.R. Paquin, 1991. Technical basis for
establishing sediment quality criteria for non-ionic organic chemicals using equilibrium
partitioning. Environ. Toxicol. and Chem., 10:1541-1586.

Final Raymark Phase il ERA.doc 8-4



DiToro, D.M., J.D. Mahoney, D.J. Hansen, K. J.Scott, A.R. Carlson and G.T. Ankley,
1992. Acid Volatile Sulfide Predicts the Acute Toxicity of Cadmium and Nickel in
Sediments. Environ. Sci. and Tech., 26:96-101.

Driscoll S.K., L. Schaffnerm and R. Dickhut, 1996. Bioaccumulation and critical body
burden of fluoranthene in estuarine amphipods. Abstract at Annual SETAC Meeting,
Washington DC.

Dubroski, C.J., Jr. and Epifanio, 1980. Accumulation of benzo[a]pyrene in a larval
bivalve via trophic transfer. Can. J. Fish. Aquat. Sci., 37:2318-2322.

Eisler, R., 1985. Cadmium hazards to fish, wildlife, and invertebrates: a synoptic
review. Biological report 85(1.2), Contaminant Hazard Reviews Report No. 2, Fish and
Wildlife Service, Laurel, MD.

Eisler, R., 1986. Polychlorinated biphenyl hazards to fish, wildlife, and invertebrates: A
synoptic review. U.S. Fish Wildl. Serv. Biol. Rep., 85(1.7).

Eisler, R., 1987a. Mercury hazards to fish, wildlife, and invertebrates: A synoptic
review. U.S. Fish Wildl. Serv. Biol. Rep., 85(1.10). p. 90.

Eisler, R., 1987b. Polycyclic Aromatic Hydrocarbon Hazards to Fish, Wildlife, and
Invertebrates: A Synoptic Review. U.S. Fish. Wildl. Serv. Biol. Rep., 85(1.17). 72 pp.

Eisler, R., 1993. Zinc hazards to fish, wildlife, and invertebrates: a synoptic review.
Biological Report 10, Contaminant Hazard Reviews Report No. 26, Fish and Wildlife
Service, Laurel, MD.

Elliott, J.E., A.M. Scheuhammer, F.A. Leighton and P.A. Pearce, 1992 H’eavy metal
and metallothionein concentrations in Atlantic Canadian seabirds. Arch. Environ.
Contam. Toxicol., 22:63-73.

Enserink, E.L., J.L. Mass-Diepeveen and C.J. Van Leeuwen, 1991. Combined effects
of metals; an ecotoxicological evaluation. Wat. Res., 25:679-687.

Erickson, M.D., 1993. Introduction to PCBs and analytical methods. Pp. 3-9. In
Proceedings of the U.S. Environmental Protection Agency’s National Technical
Workshop on PCBs in Fish Tissue. 1993. EPA/823-R-93-003. U.S. Environmental
Protection Agency, Washington, DC.

Field, L.J. and R.N. Dexter, 1988. A discussion of PCB target levels in aquatic

sediments. Unpublished report. Prepared by National Oceanic and Atmospheric
Administration and EVS Consultants, Seattle, WA. January 11.

Final Raymark Phase Il ERA.doc 8-5



Fingerman, S. E. and M. Fingerman, 1977. Effects of a polychlorinated biphenyl and a
polychlorinated dibenzofuran on molting of the fiddler crab, Uca pugilator. Bull.
Environ. Contam. Tox., 18: 138-142.

Fisher, N. S., E. J. Carpenter, C. C. Remsen and C. F. Wurster, 1974. Effects of PCB
on interspecific competition in natural and gnotobiotic phytoplankton communities in
continuous and batch cultures. Micro. Ecol., 1: 39-50.

Fisher, J.B., R.L. Petty, and W. Lick, 1983. Release of polychlorinated biphenyls from
contaminated lake sediments: Flux and apparent diffusivities of four individual PCBs.
Environ. Pollut., 5B:121-132.

Fortner, A.R. and L.V. Sick, 1985. Simultaneous accumulations of naphthalene, a PCB
mixture and benzo(a)pyrene by the oyster, Crassostrea virginica. Bull. Environ. Contam.
Toxicol., 34:256-264.

Fuji, T. and L.J. Weber, 1995. A comparison of the accumulation of phenanthrene by
marine amphipods in waters versus sediment. (Abstract for 16th Annual SETAC
Meeting).

Gardner, G. R. and G. LaRoche, 1973. Copper induced lesion in estuarine teleosts.
Jour. of the Fish. Res. B. of Can., 30: 363-368.

Gasaway, W.C., and 1.0. Buss. 1972. Zinc toxicity in the mallard. J. Wildl. Manage.,
36:1107-1117.

Gentile, J.H., K.J. Scott, S.M. Lussier and M.S. Redmond, 1987. The Assessment of
Black Rock Harbor Dredged Material Impacts on Laboratory Population Responses.
Technical Report D-87-3, U.S. Army Engineer Waterways Experiment Station,
Vicksburg, MS.

Goddard, K.A., R.J. Schultz, and J.J. Stegeman, 1987. Uptake, toxicity, and distribution
of benzo[a]pyrene and monooxygenase induction in the topminnows Poeciliopsis
monacha and Poeciliopsis lucida. Drug. Metab. Disp., 15:449-455.

Gustafsson, O., F. Haghseta, C. Chan, J. MacFarlane and P.M. Gschwend, 1997.
Quantification of the dilute sedimentary soot phase: Implications for PAH speciation and
bioavailability, Environ. Sci. and Tech., 31: 203-209.

Hammond, P.B. and R.P. Beliles, 1980. Metals. Pages 409-467. In: Toxicology, the
Basic Science of Poisons, Second Edition (J. Doull and C. D. Klaassen, editors).
Macmillan Publishing Co., Inc., New York, NY.

Hansen, D.J., S.C. Schimmel and J. Forester, 1974. Aroclor 1254 in eggs of
sheepshead minnows: effect on fertilization success and survival of embryos and fry.

Final Raymark Phase Ill ERA.doc 8-6



Proceedings of the 27th Annual Conference of the South East Association of the Fish
and Game Commission, pp. 420-426.

Harkey, G.A., P.F. Landrum and S.J. Klaine, 1994. Comparison of whole-sediment,
elutriate and pore-water exposures for use in assessing sediment-associated organic
contaminants in bioassays. Environ. Toxicol. Chem., 13:1315-1329.

Harkey, G.A., S. Kane-Driscoll and P. Landrum, 1997. Effect of feeding in 30-day
bioaccumulation assays using Hyalella azteca in fluoranthene-dosed sediment.
Environ. Toxicol. Chem., 16:762-769.

Haseltine, S.D., L. Sileo, D.J. Hoffman and B.D. Mulhern, 1985. Effects of chromium
on reproduction and growth in black ducks.

Hawker, D.W. and D.W. Connell, 1988. Octanol-water partition coefficients of
polychlorinated biphenyl congeners. Environ. Sci. Technol., 22:382-387.

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

Hodson, P.V., D.M. Whittle, P.T.S. Wong, U. Borgmann, R.L. Thomas, Y.K. Chau, J.O.
Nriagu and D.J. Hallett, 1984. Lead contamination of the Great Lakes and its potential
effects on aquatic biota. Chapter 16, In Toxic Contaminants in the Great Lakes, ed. J.O.
Nriagu and M.S. Simmons. Adv. Environ. Sci. Technol., Wiley and Sons, Toronto.

Honda, K., J.E. Marcovecchio, S. Kan, R. Tatsukawa and H. Ogi, 1990. Metal
concentrations in pelagic seabirds from the north Pacific Ocean. Arch. Environ.
Contam. Toxicol., 19:704-711.

Huckabee, JW., S.A. Janzen, B.G. Blaylock, Y. Talmi and J.J. Beauchamp, 1978.
Methylated mercury in brook trout (Salvelinus fontinalis). Absence of in vivo
methylating process. Trans. Amer. Fish. Soc., 107:848-852.

Ingersoll, C.G. and M.K. Nelson, 1990. Testing sediment toxicity with Hyalella azteca
(amphipoda) and Chironomus riparius (diptera). Aquat. Toxicol. and Risk Assessment:
ASTM STP 1096. eds. W.G. Landis and W.H. van der Schalie. 93-109.

Johnson, H.E. and C. Pecor, 1969. Coho salmon mortality and DDT in Lake Michigan.
Transactions of the 34th North American Wildlife Conference.

Jones, P.D., J.P. Giesy, T.J. Kubiak, D.A. Verbrugge, J.C. Newstead, J.P. Ludwig, D.E.

Tillit, R. Crawford, N. De Galan and G.T. Ankley, 1993. Biomagnification of bioassay-
derived 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin equivalents. Chemo., 26:1203-1212.

Final Raymark Phase Il ERA.doc 8-7



Jonsson, H., J. Keil and R. Gaddy, 1976. Prolonged injection of commercial DDT and
PCB: effects on progesterone levels and reproduction in the mature female rat. Arch.
Environ. Contam. Toxicol. 3:479-490.

Kane-Driscoll, S. and A.E. McElroy, 1996. Bioaccumulation and metabolism of
benzo[a]pyrene in three species of polychaete worms. Environ. Toxicol. Chem.,
15:1401-1410.

Karbe, L., 1972. Marine hydroiden als testorganismen zur prufung der toxizitat von
abwasserstoffen. Die wirkung von schwermetallen auf kolonien von Eirene viridula.
Mar. Biol., 12: 316.

Karickhoff, S.W., L. A. Carreira, C. Melton, V. K. McDaniel, A. N. Vellino and D. E.
Nate, 1989. Computer prediction of chemical reactivity. The ultimate SAR. EPA
600/M-89-017. U. S. Environmental Protection Agency, Athens, GA.

Karickhoff, S.W. and J.M. Long, 1995. Intermal Report on Summary of Measured,
Calculated and Recommended Log K, Values. Environmental Research Laboratory,
U.S.EPA-Athens.

Karlog, O. and B. Clausen, 1983. Mercury and methylmercury in liver tissue from
ringed herring gulls collected in three Danish localities. Nord. Vet. Med., 35:245-250.

Kay, S.H., 1984. Potential for biomagnification of contaminants within marine and
freshwater food webs. Technical Report D-84-7, U.S. Army Corps of Engineers,
Waterways Experiment Station, Vicksburg, MS.

Kay, S.H., 1985. Cadmium in aquatic food webs. Residue Rev., 96:13-43.

Kerndorff, H. and M. Schnitzer, 1980. Sorption of metals on humic acid. Geochim.
Cosmochim. Acta., 44:1701-1708.

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

Klerks, P.L. and P.R. Bartholomew, 1991. Cadmium accumulation and detoxification in
a Cd-resistant population of the oligochaete Limnodrilus hoffmeisteri. Aquatic Toxicol.,
19:97-112.

Kraak, M.H.S., D. Lavy, W.H.M. Peeters and C. Davids, 1992. Chronic ecotoxicity of
copper and cadmium to the zebra mussel Dreissena polymorpha. Arch. Environ.
Contam. Toxicol., 23:363-369.

Krantzberg, G. and D. Boyd, 1992. The biological significance of contaminants in
sediment from Hamilton Harbor, Lake Ontario.

Final Raymark Phase 1l ERA.doc 8-8



Kucera, E., 1983. Mink and otter as indicators of mercury in Manitoba waters. Canad.
J. Zool., 61:2250-2256.

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

Landrum, P.F., 1989. Bioavailability and toxicokinetics of polycyclic aromatic
hydrocarbons sorbed to sediments for the amphipod Pontoporela hoyi. Environ. Sci.
Technol., 23:588-595.

Landrum, P.F., B.J. Eadie and W.R. Faust, 1991. Toxicokinetics and toxicity of a
mixture of sediment-associated polycyclic aromatic hydrocarbons to the amphipod
Diporeia spp. Environ. Toxicol. Chem., 10:35-46.

Landrum, P.F., W.S. Dupuis and J. Kukkonen, 1994. Toxicokinetics and toxicity of
sediment associated pyrene and phenanthrene in Diporeia spp.: examination of
equilibrium-partitioning theory and residue-based effects for assessing hazard. Environ.
Toxicol. Chem., 13:1769-1780.

Landrum, P.F., B.J. Eadie and W.R. Faust, 1992. Variation in the bioavailability of
polycyclic aromatic hydrocarbons to the amphipod Diporeia (spp.) with sediment aging.
Environ. Toxicol. Chem., 11:1197-1208.

Lech, J.J., and R.E. Peterson, 1983. Biotransformation and persistence of
polychlorinated biphenyls (PCBs) in fish. In PCBs: Human and environmental hazards,
F.M. D'ltri and M.A. Kamrin (eds), pp. 187-201. Ann Arbor Science Publishers, Inc.,
Ann Arbor, MI.

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

Long, E.R., M.F. Buchman, S.M. Bay, R.J. Bretler, R.S. Carr, P.M. Chapman, J.E.
Hose, A.L. Lissner, J. Scott and D.A. Wolfe, 1990. Comparative evaluation of five
toxicity tests with sediments from San Francisco Bay and Tomales Bay, Califomia.
Environ. Toxicol. and Chem., 9:1193-1214.

Long, E.R. and L.G. Morgan, 1990. The Potential for Biological Effects of Sediment-
Sorbed Contaminants Tested in the National Status and Trends Program.
NOS OMA 52. National Oceanic and Atmospheric Administration.

Long, E. R., D. D MacDonald, S. L. Smith and F. D. Calder, 1995. Incidence of

Adverse Biological Effects Within Ranges of Chemical Concentrations in Marine and
Estuarine Sediments. Environ. Manage., Vol. 19, (1), pp 81-97.

Final Raymark Phase Il ERA.doc 8-9



Lussier, S.M. and W.S. Boothman, 1995. Derivation of Conversion Factors for
Dissolved Saltwater Aquatic Life Criteria for Metals. U.S. Environmental Protection
Agency, Environmental Research Laboratory, Narragansett, RI, with Sherry Poucher,
Denise Chapman, and Andrea Helmstetter, SAIC, Narragansett, RI.

Lynch, T.R. and H.E. Johnson, 1982. Availability of hexachlorobiphenyl isomer to
benthic amphipods from experimentally contaminated sediments. In Aquatic
Toxicology and Hazard Assessment: Fifth Conference, ASTM STP 766, J.G. Pearson,
R.B. Foster, and W.E. Bishop (eds.), pp. 273-287. American Society of Testing and
Materials, Philadelphia, PA.

Mac, M.J.., W.H. Berlin, and D.V. Rottiers. 1981. Comparative hatchability of lake trout
eggs differing in contaminant burden and incubation conditions. U.S. Fish Wildlife
Service Technical Paper 105. pp. 8-10.

MacKay, D. and Shin W., 1977. Weast handbook of chemistry and physics, 68th
edition, 1987-1988, B-73 (cited in: U.S. EPA, 1995. Hazardous Substances Data Bank
(HSDB). National Library of Medicine online (TOXNET). U.S. Environmental Protection
Agency, Office of Health and Environmental Assessment, Environmental Criteria and
Assessment Office, Cincinnati, OH. September).

MacKenzie, K.M. and D.M. Angevine, 1981. Inferttility in mice exposed in utero to
benzo(a)pyrene. Biol. Reprod., 24:183-191.

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

Martin, 1977. Copper toxicity experiments in relation to abalone deaths observed in a
power plant's cooling waters. Calif. Fish. and Game, 63:95.

Mathers, R. and P. Johansen, 1985. The effects of feeding ecology on mercury
accumulation in walleye (Stizostedion vitreum) and pike (Esox lucius) in Lake Simcoe.
Can. J. Zool., 63:2006-2012.

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

McCarthy, J.F., 1983. Role of particulate organic matter in decreasing accumulation of
polynuclear aromatic hydrocarbons by Daphnia magna. Arch. Environ. Contam.
Toxicol., 12:559-568.

McCarty, L.S., D. MacKay, A.D. Smith, G.W. Ozburn, and D.G. Dixon, 1992. Residue-
based interpretation of toxicity and bioconcentration QSARs from aquatic bioassays:
Neutral narcotic organics. Environ. Toxicol. And Chem., 11:917-930.

Final Raymark Phase Ill ERA.doc 8-10



McCarty, L.S. and D. MacKay, 1993. Enhancing ecotoxicological modeling and
assessment. Environ. Sci. Technol., 27:1719-1728.

McElroy, A.E. and J.D. Sisson, 1989. Trophic transfer of benzo[a]pyrene metabolites
between benthic marine organisms. Mar. Environ. Res., 28:265-269.

McKenney, C.L., Jr. and J.D. Costlow, Jr., 1981. The effects of salinity and mercury on
developing megalopae and early crab stages of the blue crab Callinectes sapidus
Rathbun. In Biological monitoring of marine pollutants, F.J. Vemberg, A. Calabrese,
F.P. Thurberg, and W.B. Vernberg (eds.), pp. 241-262. Academic Press, New York.

McKinney, J., 1993. Metals bioavailability and disposition kinetics research needs
workshop. July 18-19, 1990. Toxicol. Environ. Chem., 38:1-71.

Meador, J.P., E.Casillas, C.A. Sloan and U. Varanasi, 1995. Comparative
bioaccumulation of polycyclic aromatic hydrocarbons from sediments by two infaunal
invertebrates. Mar. Ecol. Prog. Ser., 123: 107-124.

Mearns, A.J., M. Matta, G. Shigenaka, D. MacDonald, M. Buchman, H. Harris, J. Golas
and G. Lauenstein, 1991. Contaminant trends in the Southern California Bight:
Inventory and assessment. Technical Memorandum NOAA ORCA 62. National
Oceanic and Atmospheric Administration. Seattle, WA.

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

Mosser, J. L.. N. S. Fisher, and C. F. Wurster, 1972. Polychlorinated biphenyls and
DDT alter species composition in mixed cultures of algae. Sci., 176: 533-535.

Muir, D.C.G., R.J. Nordstrom and R.J. Simon, 1988. Organochlorine contaminants in
arctic marine food chains: accumulation of specific polychlorinated biphenyls and
chlordane-related compounds. Environ. Sci. Technol., 22:1071-1079.

Muirhead, S.J. and R.W. Furness, 1988. Heavy metal concentrations in the tissues of
seabirds from Gough Island South Atlantic Ocean. Mar. Pollut. Bull., 19:278-283.

Munns, Jr., W.R., D.E. Black, T.R. Gleason, K. Salomon, D. Bengston and R. Gutjahr-
Gobell, 1997. Evaluation of the effects of dioxin and PCBs on Fundulus heteroclitus
populations using a modeling approach. Environ. Toxicol. and Chem., 16(5):1074-
1081.

Murata, Y., et.al., 1993. Chronic toxicity and mutagenicity studies of 1-
methyinapthalene in B6C3F1 mice. Fundam. Appl. Toxicol., 21:44-51.

Final Raymark Phase Il ERA.doc 8-11



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

National Research Council of Canada, 1983. Effects of PAHs in the Canadian
Environment. NRCC Publication number NRCC 15391, 349 pp.

National Oceanic and Atmospheric Administration (NOAA) Technical Memorandum,
1991. The Potential for Biological Effects of Sediment-Sorbed Contaminants Tested in
the National Status and Trends Program. NOAA NOS OMA 52, Seattle WA, 175 pp.
and appendices.

National Oceanic and Atmospheric Administration (NOAA), 1998. Raymark Industries,
Inc. Phase Il Final Ecological Risk Assessment. May 1998. Prepared for U.S. EPA
Region |.

Neft, J.M., 1979. Polycyclic Aromatic Hydrocarbons in the Aquatic Environment:
Sources, Fates and Biological Effects, Applied Science Publishers, Ltd., London, 262

Pp.

Neff, J.M., 1984. Bioaccumulation of organic micropollutants from sediments and
suspended particulates by aquatic animals. Fres. Z. Anal. Chem., 319:132-136.

Neff, J.M., 1995. Water quality criterion tissue level approach for establishing tissue
residue criteria for chemicals. Report to the U.S. Environmental Protection Agency.

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

Norheim, G., L. Somme and G. Holt, 1982. Mercury and persistent chlorinated
hydrocarbons in Antarctic birds from Bouvetoya and Dronning Maud Land. Environ.
Pollut., 28A:233-240.

Norstrom, R.J., A.F. McKinnon and A.S.W. DeFreitas, 1976. A bioenergetics based
model for pollutant bioaccumulation by fish: Simulation of PCB and methylmercury
residues in Ottawa River perch (Perca flavescens). J. Fish. Res. Board Can., 33:248-
267.

Nriagu, J.O., 1979. Global cycle and properties of nickel. In: Nickel in the environment.
Wiley, New York:1-26.

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

Final Raymark Phase Il ERA.doc 8-12



Oliver, B.G. and A.J. Niimi, 1988. Trophodynamic analysis of polychlorinated bipheynl
congeners and other chlorinated hydrocarbons in the Lake Ontario ecosystem.
Environ. Sci. Technol., 22:388-397.

Paine, D.J., 1995. Lead in the Environment. In: Hoffman, D.J., B.A. Rattner, G.A.
Burton Jr., and J. Cairns, Jr. (eds.) Handbook of Ecotoxicology. Lewis Publishers, Ann
Arbor.

Palawski, D., J.B. Hunn and F.J. Dwyer, 1985. Sensitivity of young striped bass to
organic and inorganic contaminants in fresh and saline waters. Trans. Am. Fish. Soc.,
114:748-753. '

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

Parker, J.G., 1979. Toxic effects of heavy metals upon cultures of Uronema marinum
(Ciliophora: Uronematidae). Mar. Biol., 54:17-24.

Parrish, R.P., J.l. Lowe, A.J. Wilson Jr. and J.M. Patrick Jr., 1972. Effects of Aroclor
1254, a PCB, on oysters, Crassostrea virginica (Bivalvia: Protobranchia: Ostreidae).
ASB Bulletin, 19:90.

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

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

Pavlou, S.P. and R.N. Dexter, 1979. Distribution of polychlorinated biphenyls (PCB) in
estuarine ecosystems: Testing the concept of equilibrium partitioning in the marine
environment. Environ. Sci. Technol., 13:65-71.

Pavlou, S., R. Kadeg, A. Tumer and M. Marchlik, 1987. Sediment quality criteria
methodology validation: Uncertainty analysis of sediment normalization theory for
nonpolar organic contaminants. Work Assignment 56, Task 3. Battelle, Washington,
DC.

Pearlman, R.S. et af, J. Phys Chem Ref Data 13; 555-562 (1984) as cited in U.S. EPA;

Health and Environmental Effects Profile for Benzo(ghi)perylene; p.1 (1987) EPA/600/x-
87/395 (cited in: U.S. EPA, 1995. Hazardous Substances Data Bank (HSDB). National
Library of Medicine online (TOXNET). U.S. Environmental Protection Agency, Office of
Health and Environmental Assessment, Environmental Criteria and Assessment Office,
Cincinnati, OH. September).

Final Raymark Phase Ill ERA.doc 8-13



Pesch, C.E., D.J. Hansen, W.S. Boothman, W.J. Berry and J.D. Mahoney, 1995. The
role of acid-volatile sulfide and interstitial water metal concentrations in determining
bioavailability of cadmium and nickel from contaminated sediments to the marine
polychaete Neanthes arenaceodentata. Environ. Toxicol. Chem., 14:129-141.

Phillips, D.J.H., 1986. Use of organisms to quantify PCBs in marine and estuarine
environments. In PCBs and the environment, J.S. Waid (ed.), pp. 127-182. CRC
Press, Inc., Boca Raton, FL.

Phillips, G.R., T.E. Lenhart and R.W. Gregory, 1980. Relation between trophic position
and mercury accumulation among fishes from the Tongue River, Montana. Environ.
Res.,22:73-80.

Pruell, R.J., J.L. Lake, W.R. Davis and J.G. Quinn, 1986. Uptake and depuration of
organic contaminants by blue mussels (Mytilus edulis) exposed to environmentally
contaminated sediments. Mar. Biol., 91:497-508.

Pruell, R.J. and J.G. Quinn, 1987. Availability of PCBs and PAHs to Mytilus edulis from
artificially resuspended sediments. In Oceanic Process in Marine Pollution. Volume 1.
ed. J.H. Capuzzo and D.R. Kester. Robert E. Kriger Publishing Co., Malabor, FL.

PTI Environmental Services, 1988. Sediment quality values refinements: Task 3 and 5-
1988 update and evaluation of Puget Sound AET. EPA Contract No. 68-02-4341 to
Tetra Tech, Inc. Seattle, WA: United States Environmental Protection Agency Region
10. pp. 127.

Rasmussen, J.B., D.J. Rowan, D.R.S. Lean and J.H. Carey, 1990. Food chain
structure in Ontario lakes determines PCB levels in lake trout (Salvelinus namaycush)
and other pelagic fish. Can. J. Fish. Aquat. Sci., 47:2030-2038.

Reish, D.J., 1964. Toxicity of copper and chromium in the marine environment. In:
International Conference on Water Pollution Research, September 1962, Pergamon
Press, pp. 284-290.

Rodgers, D.W. and F.W.H. Beamish, 1981. Uptake of waterborne methylmercury by
rainbow trout (Salmo gairdneri) in relation to oxygen consumption and methylmercury
concentration. Can. J. Fish. Aquat. Sci., 38:1309-1315.

Rodgers, D.W. and S.U. Qadri, 1982. Growth and mercury accumulation in yearling
yellow perch, Perca flavescens, in Ottawa River, Ontario. Environ. Biol. Fish., 7:377-
383.

Roy, S., J. Pellinen, C.K. Sen and O. Hanninen, 1994. Benzo(a)anthracene and
benzo(a)pyrene exposure in the aquatic plant Fontinalis antipyretica: uptake,

Final Raymark Phase 1Il ERA.doc 8-14



elimination, and the responses of biotransformation and antioxidant enzymes.
Chemosphere, 29:1301-1311.

Rule J.H and R.W. Alden lll, 1996. Interactions of Cd and Cu in anaerobic estuarine
sediments. Il. Bioavailability, body burdens and respiration effects as related to
geochemical partitioning. Environ. Toxicol. and Chem., 15:466-471.

St. Louis, V., J.W.M. Rudd, C.A. Kelly, K.G. Beaty, N.S. Bloom and R.J. Flett, 1994.
Importance of wetlands as sources of methyl mercury to boreal forest ecosystems.
Can. J. Fish. Aquat. Sci., 51.

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

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

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

Sawhney, B.L., 1986. Chemistry and properties of PCBs in relation to environmental
effects. pp. 47-65. In PCBs and the Environment, J.S. Waid (ed.). CRC Press, Inc.,
Boca Raton, FL.

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

Schmitt, C.J. and S.E. Finger, 1987. The effects of sample preparation on measured
concentrations of eight elements in edible tissues of fish from streams contaminated by
lead mining. Arch. Environ. Contam. Toxicol., 16:185-207.

Schubauer-Berigan, M.K., J.R. Dierkes, P.D. Monson and G.T. Ankley, 1993. pH-
dependent toxicity of Cd, Cu, Ni, Pb, and Zn to Ceriodaphnia dubia, Pimephales
promelas, Hyalella azteca, and Lumbriculus variegatus. Environ. Toxicol. Chem.,
12:1261-1266.

Science Applications Intermational Corporation (SAIC), 1990a. Results of Sediment
Toxicity Tests with Ampelisca, EMAP, Summer 1990. SAIC Contribution No. 1006.
U.S. EPA Environmental Research Laboratory, Narragansett, Rl.

Final Raymark Phase Ill ERA.doc 8-15



Science Applications Intemational Corporation (SAIC), 1990b. Data Report on
Sediment Toxicity Tests Conducted on Calcasieu River Samples. SAIC Contribution
No. 1001. U.S. EPA Environmental Research Laboratory, Narragansett, RI.

Science Applications International Corporation (SAIC), 1991. EMAP Virginian Province:
1991 Sediment Toxicity. SAIC Contribution No. 1013. U.S. EPA Environmental
Research Laboratory, Narragansett, RI.

Science Applications International Corporation (SAIC), 1992a. EMAP Virginian
Province: 1992 Sediment Toxicity Test Results. SAIC Contribution No. 1014. U.S.
EPA Environmental Research Laboratory, Narragansett, RI.

Science Applications Intemational Corporation (SAIC), 1992b. Survey of Sediment
Toxicity in the Hudson/Raritan Bay Estuary. SAIC Contribution No. 1011. U.S. EPA
Office of Water Enforcement and Permits, Washington, DC.

Science Applications Intemational Corporation (SAIC), 1992c. Survey of Sediment
Toxicity in Tampa Bay, Florida: Final Report. SAIC Contribution No. 1039. National
Oceanic and Atmospheric Administration, Seattle, WA.

Science Applications Interational Corporation (SAIC), 1992d. Survey of Sediment
Toxicity in Long Island Sound Final Report. SAIC Contribution No. 1012, National
Oceanic and Atmospheric Administration, Rockville, MD.

Science Applications Intemational Corporation (SAIC), 1993a. EMAP Virginian
Province: 1992 Sediment Toxicity Test Results. SAIC Contribution No. 1069. U.S.
EPA Environmental Research Laboratory, Narragansett, Rl.

Science Applications Intemational Corporation (SAIC), 1993b. Sediment Toxicity in the
Hudson Estuary Final Toxicity Report. SAIC Contribution No. 1016. National Oceanic
and Atmospheric Administration, Seattle, WA.

Science Applications International Corporation (SAIC), 1994a. Assessment of
Sediment Quality of the New York/New Jersey Harbor System (REMAP 1993) Toxicity
Test Results. SAIC Contribution No. 1049. Hudson River Foundation, New York, NY.

Science Applications Intermational Corporation (SAIC), 1994b. Sediment Toxicity in
Boston Harbor Final Report. SAIC Contribution No. 1020. National Oceanic and
Atmospheric Administration, Seattle, WA.

Science Applications Intemnational Corporation (SAIC), 1995. Assessment of Sediment
Quality of the New York/New Jersey Harbor System (REMAP 1994) Toxicity Test
Results. SAIC Contribution No. 1049. Hudson River Foundation, New York, NY.

Final Raymark Phase Il ERA.doc 8-16



Science Applications International Corporation (SAIC), 1998. Evaluation of Raymark
Superfund Data for PRG Development. Draft.

Science Applications Intemational Corporation (SAIC), 1999a. Workplan for Ecological
Risk Characterization of Areas C-F. Raymark Superfund Site Ferry Creek Stratford,

CT. SAIC Report to U.S. ACE and U.S. EPA. Modification to DACW3396D0004 D.O.
NO.9.

Science Applications International Corporation (SAIC), 1999b. Interim Data Deliverable
for the Raymark Phase Il Ecological Risk Assessment Report. Submitted to
Christopher Keyworth of ENSR on 18 June.

Scott, K.J., 1998. Relationship between Ampelisca sediment toxicity test response and
parameters of benthic community condition. 19" annual SETAC meeting, Charlotte,
NC.

Scott, K. J. and M. S. Redmond, 1989. The Effects of a Contaminated Dredged
Material on Laboratory Populations of the Tubicolous Amphipod Ampelisca abdita. In:
Aquatic Toxicology and Hazard Assessment: 12th Volume, ASTM STP 1027. U.M.
Cowgill and L.R. Williams, Eds., American Society for Testing and Materials,
Philadelphia, pp 289-303.

Sheffy, T.B. and J.R. St. Amant, 1982. Mercury burdens in furbearers in Wisconsin. J.
Wildl. Manage., 46:1117-1120.

Shepard, B.K., 1995. Tissue Screening Concentration Values for Assessing Ecological
Risks of Chemical Residues in Aquatic Biota. URS Consultants, Seattle, Washington.

Shepard, B. K., 1998. Quantification of ecological risks to aquatic biota from
bioaccumulated chemicals. National Sediment Bioaccumulation Conference. EPA
823-R-98-002, pp. 2-31 to 2-52.

Sims, R.C. and M.R. Overcash. Res Rev 88: 1-68 (1983). (cited in: U.S. EPA, 1995.
Hazardous Substances Data Bank (HSDB). National Library of Medicine online
(TOXNET). U.S. Environmental Protection Agency, Office of Health and Environmental
Assessment, Environmental Criteria and Assessment Office, Cincinnati, OH.
September).

Slooff, W., P.F.H. Bont, M. van Ewijk and J.A. Janus, 1991. Exploratory report
mercury. National Institute of Public Health and Environmental Protection Bilthoven
The Netherlands. Report no. 710401006.

Smith, R.M. and C.F. Cole, 1973. Effects of egg concentrations of DDT and dieldrin on
reproduction in winter flounder (Pseudopleuronectes americanus). J. Fish. Res. Board
Can. 30:1894-1898.

Final Raymark Phase Il ERA.doc 8-17



Snedecor, G.W. and W.G. Cochran, 1980. Statistical Methods. lowa State University
Press, Ames, |A.

Stegeman, J.J. and P.J. Kloepper-Sams, 1987. Cytochrome P-450 isozymes and
monooxygenase activity in aquatic animals. Environ. Health Persp., 71:87-95.

Stehly, G.R., P.F. Landrum, M.G. Henry and C. Klemm, 1990. Toxicokinetics of PAHs
in Hexagenia. Environ. Toxicol. Chem., 12:155-165.

Stephenson, M. and G.L. Mackie, 1989. A laboratory study of the effects of waterbormne
cadmium, calcium, and carbonate concentrations on cadmium concentrations in
Hyalella azteca (Crustacea:Amphipoda). Aquat. Toxicol., 15:53-62.

Suedel, B.C., J.H. Rodgers, Jr. and P.A. Clifford, 1993. Bioavailability of fluoranthene
in freshwater sediment toxicity tests. Environ. Toxicol. Chem., 12:155-165.

Suter,G.W., 1990. Ecological risk assessment. Lewis Publishers, Inc., Chelsea, MI.

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

Swartz, R.C., 1991. Acenaphthene and phenanthrene files. Memorandum to David J.
Hansen. June 26.

Swartz, R.C., P.F. Kemp, D.W. Schults, G.R. Ditsworth and R.J. Ozretich, 1989. Acute
toxicity of sediment from Eagle Harbor, Washington, to the infaunal amphipod
Rhepoxynius abronius. Environ. Toxicol. Chem., 8:215-222.

Swartz, R.C, D.W. Schults, R.J. Ozretich, J.O. Lamberson, F.A. Cole, T.H. DeWitt, M.S.
Redmond and S.P. Ferraro, 1995. Y PAH: A model to predict the toxicity of polynuclear
aromatic hydrocarbon mixtures in field-collected sediments. Environ. Toxicol. Chem.,
14(11):1977-1987.

Swartz, R.C., S.P Ferraro, J.O. Lamberson, F.A. Cole, R.J. Ozretich, B.L. Boese, D.W.
Schults, M. Behrenfeld and G.T. Ankley, 1997. Photoactivation and toxicity of mixtures
of polycyclic aromatic hydrocarbon compounds in marine sediment. Environ. Toxicol.
Chem., 16(10):2151-2157.

Tanabe, S., R. Tatsukawa and D.J.H. Phillips, 1987. Mussels as bioindicators of PCB

pollution: A case study on uptake and release of PCB isomers and congeners in green-
lipped mussels (Perna viridis) in Hong Kong waters. Environ. Pollut., 47:41-62.

Final Raymark Phase Il ERA.doc 8-18



Tanacredi, J.T. and R.R. Cardenas, 1991. Biodepuration of polynuclear aromatic

hydrocarbons from a bivalve mollusc Mercenaria mercenaria L. Environ. Sci. Technol.,
25:1453-1461.

TetraTech, 1999. Draft Area | Remedial Investigation Raymark - Ferry Creek -
Operable Unit No. 3 Raymark Industries, Inc. Site Stratford, CT. Response Action
Contract (RAC), Region 1 for U.S. EPA, Contract No. 68-W6-0045.

Thomann, R.V., 1989. Bioaccumulation model of organic chemical distribution in
aquatic food chains. Environ. Sci. Technol., 23:699.

Thompson, D.R., 1996. Chapter 14: Mercury in birds and terrestrial mammals. In
W.N. Beger, G.H. Heniz, and A.W. Redmon-Norwood (eds.) Environmental
Contaminants in Wildlife: Interpreting tissue concentrations. Lewis Publishers, Boca
Raton, FL. pp. 341-356.

Thompson, D.R. and R.W. Furness, 1989. The chemical form of mercury stored in
south Atlantic seabirds. Environ. Pollut., 60:305-317.

Thursby, G.B., J. Heltshe and J. Scott, 1997. Revised approach to toxicity test
acceptability criteria using a statistical performance assessment. Environ. Toxicol.
Chem., 16(6):1322-1329.

Timmermans, K.R., E. Spijkerman and M.Tonkes, 1992a. Cadmium and zinc uptake by
two species of aquatic invertebrate predators from dietary and aqueous sources. Can.
J. Fish. Aquat. Sci., 49:655-662.

Timmermans, K.R., W. Peeters and M. Tonkes, 1992b. Cadmium, zinc, lead, and
copper in Chironomus riparius (Meigen) larvae (Diptera, Chironomidae): Uptake and
effects. Hydrobiologia, 241:119-134.

Tracey, G. A. and D. J. Hansen, 1996. Use of Biota-Sediment Accumulation Factors to
Assess Similarity of Non-ionic Organic Chemical Exposure to Benthically-coupled
Organisms of Differing Trophic Mode. Arch. of Environ. Contam. Toxicol., 30 (4): 467-
475.

Trucco, R.G., N.R. Engelhardt and B. Stacey, 1983. Toxicity, accumulation, énd
clearance of aromatic hydrocarbons in Daphnia pulex. Environ. Pollut., 31:191-202.

United States Army Corps of Engineers (U.S. ACE), 1989. New Bedford Harbor

Superfund Pilot Study: Evaluation of dredging and dredged materials disposal. New
England Division, Interim Report.

United States Army Corps of Engineers (U.S. ACE), 1995. Trophic transfer and
biomagnification potential of contaminants in aquatic ecosystems. Environmental

Final Raymark Phase Ill ERA.doc 8-19



Effects of Dredging, Technical Notes EEDP-01-33. U.S. Army Corps of Engineers,
Waterways Experiment Station, Vicksburg, MS.

United States Department of Health and Human Services, 1993. Toxicological profile
for lead. Agency for Toxic Substances and Disease Registry, TP -92/12.

United States Environmental Protection Agency (U.S. EPA), 1980a. Ambient Water
Quality Criteria Document: Polynuclear Aromatic Hydrocarbons (cited in: U.S. EPA,
1995. Hazardous Substances Data Bank (HSDB). National Library of Medicine online
(TOXNET). U.S. Environmental Protection Agency, Office of Health and Environmental
Assessment, Environmental Criteria and Assessment Office, Cincinnati, OH.
September).

United States Environmental Protection Agency (U.S. EPA), 1980b. Ambient water
quality criteria for DDT. U.S. EPA440/5-80-038. U.S. Environmental Protection Agency,
Office of Water Regulations and Standards, Criteria and Standards Division,
Washington, DC.

United States Environmental Protection Agency (U.S. EPA), 1980c. Ambient water
quality criteria for polychlorinated biphenyls. EPA 440/5-80-068. U.S. Environmental
Protection Agency, Office of Water Regulations and Standards, Criteria and Standards
Division, Washington, DC.

United States Environmental Protection Agency (U.S. EPA), 1984. AQUIRE: Aquatic
Information Retrieval Toxicity Data Base. Environmental Research Laboratory, EPA-
600/-84/021, Duluth, MN.

United States Environmental Protection Agency (U.S. EPA), 1985. Ambient water
quality criteria for mercury - 1984. EPA 440/5-84-026. U.S. Environmental Protection
Agency, Office of Water, Washington, DC.

United States Environmental Protection Agency (U.S. EPA), 1986. Quality Criteria for
Water 1986. Office of Water Regulations and Standards, U.S. EPA, Washington, DC
20460, EPA #440/5-86-001.

United States Environmental Protection Agency (U.S. EPA), 1987a. Ambient water
quality criteria for silver. 9/24/87 Draft, U.S. Environmental Protection Agency,
Washington, D.C.

United States Environmental Protection Agency (U.S. EPA), 1987b. Acute Toxicity

Handbook of Chemicals to Estuarine Organisms. Environmental Research Laboratory,
Gulf Breeze, Fl, 32561, EPA/600/8-87/017.

Final Raymark Phase IIl ERA.doc 8-20



United States Environmental Protection Agency (U.S. EPA), 1989a. Supplemental Risk
Assessment Guidance for the Superfund Program. Part 2 - Guidance for ecological
risk assessments. Region |, EPA 901/5-89-011, Boston, MA.

United States Environmental Protection Agency (U.S. EPA), 1989b. Risk Assessment
Guidance for Superfund, Volume I Environmental Evaluation Manual EPA/540/1-
89/001.

United States Environmental Protection Agency (U.S. EPA), 1989¢c. Chemical fate rate
constants for SARA section 313 chemicals and Superfund Health Evaluation Manual
chemicals. Prepared by Chemical Hazard Assessment Division, Syracuse Research
Corporation, for U.S. Environmental Protection Agency, Office of Toxic Substances,
Exposure Evaluation Division, Washington, DC, and Environmental Criteria and
Assessment Office, Cincinnati, OH. August 11.

United States Environmental Protection Agency (U.S. EPA), 1989d. Evaluation of the
Apparent Effects Threshold (AET) Approach for Assessing Sediment Quality. Report to
the Sediment Criteria Subcommittee, Science Advisory Board. SAB-EETFC-89-027.

United States Environmental Protection Agency (U.S. EPA), 1989¢e. Briefing Report to
the EPA Science Advisory Board on the Equilibrium Partitioning Approach to
Developing Sediment Quality Criteria. EPA 440/5-89-002. Washington, D.C.

United States Environmental Protection Agency (U.S. EPA), 1989f.

United States Environmental Protection Agency (U.S. EPA), 1991a. Ecological
Assessment of Superfund Sites: An Overview, ECO-Update 1 (2). December 1991.
Publication 9345.0-051. EPA, Office of Solid Waste and Emergency Response.
Hazardous Site Evaluation Division (05-230).

United States Environmental Protection Agency (U.S. EPA), 1991b. Workshop Report
on Toxicity Equivalency Factors for Polychlorinated Biphenyl Congeners. EPA/625/3-
91/020. Eastern Research Group, Inc., Arlington, MA.

United States Environmental Protection Agency (U.S. EPA), 1992a. Framework for
Ecological Risk Assessment. Risk Assessment Forum. Washington, D.C.

United States Environmental Protection Agency (U.S. EPA), 1992b. Quality Criteria for
Water, Washington, D.C.

United States Environmental Protection Agency (U.S. EPA), 1993a. Sediment quality
criteria for the protection of benthic organisms: Fluoranthene. EPA 822/R/93/012.
Office of Science and Technology, Washington, DC.

Final Raymark Phase |ll ERA.doc 8-21



United States Environmental Protection Agency (U.S. EPA), 1993b. Sediment quality
criteria for the protection of benthic organisms: Acenaphthene. EPA 822/R/93/013.
Office of Science and Technology, Washington, DC.

United States Environmental Protection Agency (U.S. EPA), 1993c. Sediment quality
criteria for the protection of benthic organisms: Anthracene. EPA 822/R/93/014. Office
of Science and Technology, Washington, DC.

United States Environmental Protection Agency (U.S. EPA), 1993d. Interim report on
data and methods for assessment of 2,3,7,8-tetrachlorodibenzo-p-dioxin risks to
aquatic life and associated wildlife. U.S. Environmental Protection Agency, Office of
Research and Development, Washington, DC, EPA/600/R-93/055.

United States Environmental Protection Agency (U.S. EPA), 1993e. Wildlife Exposure
Factors Handbook, Volumes | and Il, Office of Research and Development,
Washington, D.C., EPA/600/R093187a. December, 1993.

United States Environmental Protection Agency (U.S. EPA), 1994, Methods for
Assessing the Toxicity of Sediment-Associated Contaminants with Estuarine and
Marine Amphipods. EPA 600/R-94/025.

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

United States Environmental Protection Agency (U.S. EPA), 1995. Hazardous
Substances Data Bank (HSDB). National Library of Medicine online (TOXNET). U.S.
Environmental Protection Agency, Office of Health and Environmental Assessment,
Environmental Criteria and Assessment Office, Cincinnati, OH. September).

United States Environmental Protection Agency (U.S. EPA), 1996. Hazardous
Substances Data Bank (HSDB). National Library of Medicine online (TOXNET). U.S.
Environmental Protection Agency, Office of Health and Environmental Assessment,
Environmental Criteria and Assessment Office, Cinncinati, OH. February).

United States Environmental Protection Agency (U.S. EPA), 1997a. Ecological Risk
Assessment Guidance for Superfund: Process for Designing and Conducting Ecological
Risk Assessments, Interim Final. Environmental Response Team, Edison, New Jersey.
EPA540-R-97-006. June 5, 1997.

United States Environmental Protection Agency (U.S. EPA), 1997b. Integrated Risk
Information System (IRIS). National Library of Medicine online (TOXNET). U.S.
Environmental Protection Agency, Office of Health and Environmental Assessment,
Environmental Criteria and Assessment Office, Cincinnati, OH. January.

Final Raymark Phase Ill ERA.doc 8-22



U.S. Environmental Protection Agency (U.S. EPA), 1998a. Guidelines for Ecological
Risk Assessment. Office of Research and Development, Risk Assessment Forum,
Washington, D.C. EPA/R-95/002f. May 1998.

United States Environmental Protection Agency (U.S. EPA), 1998b. National
recommended water quality criteria; notice; republication. Federal Register, Thursday,
December 10, 1998.

Van der Putte, |. and P. Part, 1982. Oxygen and chromium transfer in perfused gills of
rainbow trout (Salmo gairdneri) exposed to hexavalent chromium at two different pH
levels. Aquat. Toxicol.,, 2:31-45.

Varanasi, U., W.L. Reichert, J.E. Stein, D.W. Brown and H.R. Sanborn, 1985.
Bioavailability and biotransformation of aromatic hydrocarbons in benthic organisms
exposed to sediment from an urban estuary. Environ. Sci. Technol., 19:836-841.

Verschuuren, H.G., R. Kroes, E.M. Den Tonkelaar, J.M. Berkvens, P.W. Hellerman,
A.G. Rauws, P.L. Schuller and G.J. Van Esch, 1976. Toxicity of methyl mercury
chloride in rats. Il. Reproduction study. Toxicol., 6:97-106.

Weis, J.S. and P. Weis, 1993. Trophic transfer of contaminants from organisms living
by chromated-copper-arsenate (CCA)-treated wood to their predators. J. Exp. Mar.
Biol. Ecol., 168:25-34.

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

Widdows, J., K.A. Burns, N.R. Menon, D.S. Page and S. Soria, 1990. Measurement of
physiological energetics (scope for growth) and chemical contaminants in mussels
(Arca zebra) transplanted along a contamination gradient in Bermuda. J. Exp. Mar.
Biol. Ecol., 138:99-117.

Wiemeyer, S.N., C.M. Bunc and C.J. Stafford, 1993. Environmental contaminants in
bald eagle eggs, 1980-84, and further interpretations of relationships to productivity and
shell thickness. Arch. Environ. Contam. Toxicol., 24:213-227.

Wiener, J.G. and D.J. Spry, 1996. Toxicological significance of mercury in freshwater
fish. In Interpreting concentrations of environmental contaminants in wildlife tissues, G.
Heinz and N. Beyer (eds.), pp. 297-339. Lewis Publishers, Chelsea, Ml.

Wiener, J.G. and P.M. Stokes, 1990. Enhanced bioaccumulation of mercury, cadmium

and lead in low-alkalinity waters: An emerging regional environmental problem.
Environ. Toxicol. Chem., 9(7):821-823.

Final Raymark Phase Ill ERA.doc 8-23



Wild, E., R. Nagel, and C.E.W. Steinberg, 1994. Effects of pH on the bioconcentration
of pyrene in the larval midge, Chironomus riparius. Water Res., 28:2553-2559.

Woodward, D.F., W.G. Brumbaugh, A.J. DeLonay, E.E. Little and C.E. Smith, 1994.
Effects on rainbow trout fry of a metals-contaminated diet of benthic invertebrates from
the Clark Fork River, Montana. Tran. Amer. Fish. Soc., 123:51-62.

World Health Organization (WHOQO), 1998. Toxic equivalency factors (TEFs) for PCBs,
PCDDs, PCDFs for humans and wildlife. Environ. Health Perspect., 106(12):775-792.

Wren, C.D., H.R. MacCrimmon and B.R. Loescher, 1983. Examination of
bioaccumulation and biomagnification of metals in a Precambrian shield lake. Water,
Air, Soil Pollut., 19:277-291.

Wren, C.D., S. Harris and N. Harttrup, 1995. Ecotoxicology of mercury and cadmium.
In: Hoffman, D.J., B.A. Rattner, G.A. Burton Jr., and J. Caims, Jr. (eds.) Handbook of
Ecotoxicology. Lewis Publishers, Ann Arbor, pp. 392-423.

Xun, L., N.E.R. Campbell and J.W.M. Rudd, 1987. Measurements of specific rates of
net methylmercury production in the water column and surface sediment of acidified
circumneutral lakes. Can. J. Fish. Aquat. Sci., 44:750-757.

Young, L.G. and L. Nelson, 1974. The effect of heavy metal ions on the motility of sea
urchin spermatoza. Biol. Bull., 147-236.

Final Raymark Phase Ill ERA.doc 8-24



	gsgfsdgfg: 


