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Table 1. Summary of Aquatic Benthic Invertebrate Sediment Thresholds 

Sediment COI 
Sediment Threshold 

Source of Selected Sediment Thresholds TECa TELb PECa PEL
Metals (mg/kg dw) 

b 
          

Arsenic 9.79 5.9 33 17 Smith et al. (1996) 

Cadmium 0.99 0.596 4.98 3.53 Smith et al. (1996) 

Chromium 43.4 37.3 111 90 Smith et al. (1996) 

Copper 31.6 35.7 149 197 MacDonald et al. (2000) 

Lead 35.8 35 128 91.3 Smith et al. (1996) 

Mercury 0.18 0.174 1.06 0.486 Smith et al. (1996) 

Nickel 22.7 18 48.6 36 Smith et al. (1996) 

Zinc 121 123 459 315 MacDonald et al. (2000); Smith et al. (1996) 

PAHs (µg/kg dw) 
    

  

Anthracene 57.2 na 845 na MacDonald et al. (2000) 

Benzo(a)anthracene 108 31.7 1,050 385 Smith et al. (1996) 

Benzo(a)pyrene 150 31.9 1,450 782 Smith et al. (1996) 

Chrysene 166 57.1 1,290 862 Smith et al. (1996) 

Dibenzo(a,h)anthracene 33 na na na MacDonald et al. (2000) 

Fluoranthene 423 111 2,230 2,355 Smith et al. (1996); MacDonald et al. (2000) 

Fluorene 77.4 na 536 na MacDonald et al. (2000) 

Naphthalene 176 na 561 na MacDonald et al. (2000) 

Phenanthrene 204 41.9 1,170 515 Smith et al. (1996) 

Pyrene 195 53 1,520 875 Smith et al. (1996) 

Total PAHs 1,610 na 22,800 na MacDonald et al. (2000) 

PCBs(µg/kg dw) 
    

  

Total PCBs 59.8 34.1 676 277 Smith et al. (1996) 

Pesticides (µg/kg dw) 
    

  

2,4'-DDD 4.88 3.54 28 8.51 Smith et al. (1996) 

4,4'-DDD 4.88 3.54 28 8.51 Smith et al. (1996) 

4,4'-DDE 3.16 1.42 31.3 6.75 Smith et al. (1996) 

Total DDTs 5.28 7 572 4,450 MacDonald et al. (2000) 

Chlordane 3.24 4.5 17.6 8.9 MacDonald et al. (2000); Smith et al. (1996) 

Dieldrin 1.9 2.85 61.8 6.67 MacDonald et al. (2000); Smith et al. (1996) 

Endrin 2.22 na 207 62.4 MacDonald et al. (2000); Smith et al. (1996) 

Lindane (gamma-BHC) 2.37 0.94 4.99 1.38 Smith et al. (1996) 

Heptachlor epoxide 2.47 0.6 16 2.74 Smith et al. (1996) 

a TECs and PECs reported by MacDonald et al. (2000). 
b

BHC – benzene hexachloride 
 TELs and PELs reported by Smith et al. (1996). 

COI – contaminant of interest 
DDD – dichlorodiphenyldichloroethane 
DDE – dichlorodiphenyldichloroethylene 
DDT – dichlorodiphenyltrichloroethane 

dw – dry weight 
na – not available  
PAH – polycyclic aromatic hydrocarbon  
PCB – polychlorinated biphenyl 
PEC – probable effects concentration 

PEL – probable effects level 
SSL – soil screening level 
SVOC – semivolatile organic compound  
TEC – threshold effects concentration 
TEL – threshold effects level 

Bold indicates selected soil thresholds (i.e., the lower of the TEC and TEL and the lower of the PEC and PEL). 
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Table 2. Summary of Surface Water Thresholds 

Water COI 
Water Threshold   

Chronic  Acute  Source 
Metals (µg/L)      

Arsenic (dissolved) 150 340 EPA AWQC (EPA 2009) 

Barium (total) 4 110 Tier II (Suter and Tsao 1996) 

Copper (dissolved) 1.3 1.6a EPA AWQC (EPA 2009) a 
VOCs (µg/L) 

  

 

Acetone 1,500 28,000 Tier II (Suter and Tsao 1996) 

a AWQC values were hardness-adjusted based on the average Force Lake hardness (10.7 mg/L CaCO3

AWQC – ambient water quality criteria 
). 

COI – contaminant of interest 
EPA – US Environmental Protection Agency 
VOC – volatile organic compound 

 

Table 3. Summary of Terrestrial Invertebrate Soil Thresholds 

Soil COI 

Soil Threshold Source 

Source of Selected Soil Threshold 
EPA  

Eco-SSLa ORNLb DEQ 2001
Metals (mg/kg dw) 

c 

   
  

Aluminum na na 600 DEQ (2001) 

Antimony 78 na na Ecological-SSL (EPA 2005a) 

Arsenic na 60 60 DEQ (2001); Efroymson et al. (1997)  

Barium 330 na 3,000 Ecological-SSL (EPA 2005b) 

Beryllium 40 na na Ecological -SSL (EPA 2005c) 

Cadmium 140 20 20 DEQ (2001); Efroymson et al. (1997)  

Chromium na 0.4 0.4d DEQ (2001); Efroymson et al. (1997)  d 

Cobalt na na 1,000 DEQ (2001) 

Copper 80 50 50 DEQ (2001); Efroymson et al. (1997)  

Lead 1,700 500 500 DEQ (2001); Efroymson et al. (1997)  

Manganese 450 na 100 DEQ (2001) 

Mercury na 0.1 0.1e DEQ (2001); Efroymson et al. (1997) e 

Nickel 280 200 200 DEQ (2001); Efroymson et al. (1997) 

Selenium 4.1 70 70 Ecological-SSL (EPA 2007c) 

Silver na na 50 DEQ (2001) 

Zinc 120 200 200 Ecological-SSL (EPA 2007d) 
PAHs (µg/kg dw) 

   
  

Total LPAHs 29,000 na na Ecological-SSL (EPA 2007b) 

Total HPAHs 18,000 na na Ecological-SSL (EPA 2007b) 
Other SVOCs (µg/kg dw) 

  
  

1,4-Dichlorobenzene na 20,000 20,000 DEQ (2001); Efroymson et al. (1997)  

Hexachlorobenzene na na 1,000,000 DEQ (2001) 

Pentachlorophenol 31,000 6,000 4,000 DEQ (2001) 
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Table 3. Summary of Terrestrial Invertebrate Soil Thresholds 

Soil COI 

Soil Threshold Source 

Source of Selected Soil Threshold 
EPA  

Eco-SSLa ORNLb DEQ 2001
Phenol 

c 
na 30,000 30,000 DEQ (2001); Efroymson et al. (1997)  

a Based on EPA Ecological SSL for soil invertebrates  (EPA 2007a). 
b Based on ORNL soil thresholds for earthworms (Efroymson et al 1997). 
c Based on DEQ soil thresholds for invertebrates (DEQ 2001). 
d The soil TRV for chromium (0.4 mg/kg dw) as reported in DEQ (2001) and Efroymson et al. (1997) was 

determined from the LOEC of 2 mg/kg dw using a safety factor of 5. Per consultation with EPA, safety factor-
adjusted TRVs are not recommended for use in the Harbor Oil baseline ERA; therefore the non-adjusted LOEC 
of 2 mg/kg dw was selected for evaluation in the baseline ERA.  

e

COI – contaminant of interest 

 The soil TRV for mercury (0.1 mg/kg dw) as reported in DEQ (2001) and Efroymson et al. (1997) was determined 
from the LOEC of 0.5 mg/kg dw using a safety factor of 5. Per consultation with EPA, safety factor-adjusted 
TRVs are not recommended for use in the Harbor Oil baseline ERA; therefore the non-adjusted LOEC of 0.5 
mg/kg dw was selected for evaluation in the baseline ERA. 

DEQ – Oregon Department of Environmental Quality  
dw – dry weight 
EPA – US Environmental Protection Agency 
ERA – ecological risk assessment  
HPAH - high-molecular-weight polycyclic aromatic 

hydrocarbon 

LPAH - low-molecular-weight polycyclic aromatic hydrocarbon 
na – not available  
ORNL – Oak Ridge National Laboratory 
PAH – polycyclic aromatic hydrocarbon 
SSL – soil screening level 
SVOC – semivolatile organic compound 

Bold indicates selected soil threshold. 
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Table 4.  Summary of Acceptable Toxicity Studies for the Selection of Fish Tissue-Residue TRVs 

Chemical  Chemical Form Test Species 
NOAEL 

(µg/kg ww) 
LOAEL 

(µg/kg ww) 
Exposure 

Mode 
Exposure 
Duration Endpoint Endpoint Effect Source 

Mercury  mercuric chloride guppy 200 nv sediment 
and water 20 days survival  no effect on survival Kudo and Mortimer 

(1979) 

Mercury  methylmercury golden shiner 230 nv food 90 days survival predator avoidance Webber and 
Haines (2003) 

Mercury  methyl-mercuric 
chloride mummichog 200 470 water 42 days survival male survival Matta et al. (2001) 

Mercury  mercuric chloride fathead 
minnow 0.8 1,310 food 60 days growth body weight Snarski and Olson 

(1982) 

Mercury  methyl-mercuric 
chloride 

rainbow trout 
(fingerling)  2,280 nv water 24 days growth body weight Phillips and Buhler 

(1978) 

Mercury  methylmercury brook trout  2,700 3,400 water 756 days reproduction reduced number of 
viable eggs produced McKim et al. (1976) 

Mercury  mercuric chloride fathead 
minnow 2,750 4,180 water 60 days survival mortality Snarski and Olson 

(1982) 

Mercury  mercuric chloride fathead 
minnow 2,840 4,470 water 287 days reproduction  reproduction Snarski and Olson 

(1982) 

Mercury  methylmercury rainbow trout 
(juvenile)  5,000 nv water 84 days growth, 

survival 
no effect on growth or 
survival Lock (1975) 

Mercury  methylmercury goldfish nv 5,600 water 2 days survival  mortality Heisinger et al. 
(1979) 

Mercury  methyl-mercuric 
chloride 

rainbow trout 
(fingerling)  5,670 nv water 24 days growth  no effect on growth Phillips and Buhler 

(1978) 

Mercury  methyl-mercuric 
chloride 

bluegill 
(juvenile) nv 6,500 water 12.5 days survival  mortality Cember et al. 1978 

Mercury  methyl-mercuric 
chloride 

rainbow trout 
(fingerling)  8,630 nv water 24 days growth  no effect on growth Phillips and Buhler 

(1978) 

Mercury  unspecified brook trout  9,400 nv water 756 days growth, 
survival 

reduced juvenile 
weight McKim et al. (1976) 

Mercury  methylmercury rainbow trout 
(fingerling)  nv 10,000 food 84 days growth 

reduced growth and 
final body weight (after 
84 days) 

Rodgers and 
Beamish (1982) 

Mercury  methylmercury fathead 
minnow 10,900 nv water 336 days growth, 

survival 
no effect on growth or 
survival Olson et al. (1975) 

Mercury  methyl-mercuric 
chloride mummichog 1,100 11,000 food 42 days reproduction F1 fertilization success Matta et al. (2001) 
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Table 4.  Summary of Acceptable Toxicity Studies for the Selection of Fish Tissue-Residue TRVs 

Chemical  Chemical Form Test Species 
NOAEL 

(µg/kg ww) 
LOAEL 

(µg/kg ww) 
Exposure 

Mode 
Exposure 
Duration Endpoint Endpoint Effect Source 

Mercury  methyl-mercuric 
chloride rainbow trout  12,000 nv water 75 days growth, 

survival body weight Niimi and Lowe-
Jinde (1984) 

Mercury  methyl-mercuric 
chloride mummichog 12,000 nv food 42 days reproduction 

F1 hatchability, 
survival, fecundity, F2 
larval survival 

Matta et al. (2001) 

Mercury  methyl-mercuric 
chloride mummichog 12,000 nv food 42 days reproduction 

fecundity, fertilization 
success, offspring 
weight, female survival 

Matta et al. (2001) 

Mercury  unspecified rainbow trout 
(fingerling)  29,000 nv   84 days survival no effect on survival Rodgers and 

Beamish (1982) 

Total PCBs Aroclor 1260 common barbel 104 520 a maternal 
exposure  50 days reproduction reduced fecundity Hugla and Thome 

(1999) 

Total PCBs Aroclor 1254 
juvenile 
Chinook 
salmon 

980 nv food 4 weeks growth, 
survival 

no effect on growth or 
survival  Powell et al. (2003) 

Total PCBs Aroclor 1260 common barbel 520 2,640 maternal 
exposure  75 days reproduction 

lack of spawning in first 
reproductive season; 
egg and larval mortality 

Hugla and Thome 
(1999) 

Total PCBs Aroclor 1254 rainbow trout  8,000 nv food 32 weeks growth, 
survival 

no effect on growth or 
survival  Lieb et al. (1974) 

Total PCBs Aroclor 1254 sheepshead 
minnow  1,900 9,300 

maternal 
exposure 
water 

28 days reproduction 
decreased fry survival 
in the first week after 
hatch 

Hansen et al. 
(1974a) 

Total PCBs Aroclor 1254 pinfish nv 14,000 water 20 days survival reduced survival Hansen et al. 
(1971) 

Total PCBs Aroclor 1242 channel catfish nv 14,300 food 20 weeks growth 40% reduction in body 
weight gain 

Hansen et al. 
(1976) 

Total PCBs Aroclor 1268 mummichog  15,000 nv food 6 weeks reproduction, 
survival 

no effect on 
fertilization, hatching, 
or larval survival 

Matta et al. (2001) 

Total PCBs Clophen A50 
Phoxinus 
phoxinus 
(minnow) 

nv 25,000 food 

45 days; 
observation 
for 355 
additional 
days 

reproduction increased fry mortality; 
delayed spawning Bengtsson (1980) 
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Table 4.  Summary of Acceptable Toxicity Studies for the Selection of Fish Tissue-Residue TRVs 

Chemical  Chemical Form Test Species 
NOAEL 

(µg/kg ww) 
LOAEL 

(µg/kg ww) 
Exposure 

Mode 
Exposure 
Duration Endpoint Endpoint Effect Source 

Total PCBs Aroclor 1254 spot 27,000 46,000 water 20 days survival reduced survival Hansen et al. 
(1971) 

Total PCBs Aroclor 1248, 
1260 mixture 

fathead 
minnow 25,000 50,000 water 30 days growth 

reduced weight of 
second-generation fish 
at 30 days 

DeFoe et al. (1978) 

Total PCBs Aroclor 1254 brook trout 
(embryos) 31,000 71,000 water 

128 days (10 
days prior to 
hatch and 118 
days after) 

growth reduced fry growth Mauck et al. (1978) 

Total PCBs Aroclor 1016 sheepshead 
minnow  110,000 nv water 4 weeks reproduction 

no effect on fertilization 
success, survival of 
embryos, or fry survival 

Hansen et al. 
(1975) 

Total PCBs Aroclor 1016 pinfish  nv 106,000 water 33 days survival 50% mortality Hansen et al. 
(1974b) 

Total PCBs Aroclor 1254: 
1260 mixture 

rainbow trout 
(juvenile)  120,000 nv water 90 days survival no effect on survival Mayer et al. (1985) 

Total PCBs Aroclor 1254: 
1260 mixture 

rainbow trout 
(juvenile)  70,000 120,000 water 90 days growth reduced growth Mayer et al. (1985) 

Total PCBs Aroclor 1254 brook trout 
(embryos) 71,000 125,000 water 

128 days (10 
days prior to 
hatch and 118 
days after) 

survival reduced fry survival Mauck et al. (1978) 

Total PCBs Aroclor 1016 sheepshead 
minnow (fry) 57,000 200,000 water 4 weeks survival reduced fry survival Hansen et al. 

(1975) 

Total PCBs Clophen A50 goldfish nv 250,000 water 21 days survival reduced survival Hattula and Karlog 
(1972) 

Total PCBs Aroclor 1254 fathead 
minnow nv 429,000 

(female) water 8 months reproduction reduced spawning Nebeker et al. 
(1974) 

Total PCBs Aroclor 1242, 
1254, or 1260 

fathead 
minnow  nv 1,860 – 

749,000  water 100 to 300 
hours  

range of lethal body 
burdens (concentration 
associated with 
mortality of individuals) 

van Wezel et al. 
(1995) 

Total DDTs DDT mixture golden shiner 25 nv food 6-15 days survival  no effect on survival Courtney and Reed 
(1971) 
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Table 4.  Summary of Acceptable Toxicity Studies for the Selection of Fish Tissue-Residue TRVs 

Chemical  Chemical Form Test Species 
NOAEL 

(µg/kg ww) 
LOAEL 

(µg/kg ww) 
Exposure 

Mode 
Exposure 
Duration Endpoint Endpoint Effect Source 

Total DDTs DDT mixture cutthroat trout 1,800 1,800 water 

612 days 
(mortality 
observed at 
111 days) 

survival  mortality Allison et al. (1964) 

Total DDTs Total DDT brook trout  
(juvenile) 1,920 nv  food 120 days survival  no effect on survival Macek and Korn 

(1970) 

Total DDTs Total DDT cutthroat trout  1,200 2,000 water 

20 mo 
(mortality 
observed at 4 
mo)  

survival survival Allison et al. (1963) 

Total DDTs Total DDT brook trout  nv 2,800 - 
3,000 food 156 days reproduction offspring (sac-fry and 

embryo) mortality Macek (1968b) 

Total DDTs Total DDT chinook salmon 620 3,650 food 40 days survival  Buhler et al. (1969) 

Total DDTs Total DDT rainbow trout  4,670 nv food 140 days growth, 
survival survival, growth Macek et al. (1970) 

Total DDTs Total DDT killifish nv 5,200 water 24 hrs survival 25% mortality at 24 hrs Crawford and 
Guarino (1976) 

Total DDTs DDT mixture cutthroat trout 3,900 5,500 food 612 days survival survival Allison et al. (1964) 

Total DDTs DDT mixture pinfish nv 5,600 food 21 days survival 35% mortality at 21 
days Butler (1969) 

Total DDTs DDT mixture pinfish nv 7,890 food 2 days survival 63.5% mortality Butler (1969) 

Total DDTs Total DDT brook trout (fry) 7,600 nv food 156 days growth, 
survival survival, growth Macek (1968b) 

Total DDTs Total DDT brook trout  11,200 nv food 31 wks growth increased growth Macek (1968a) 
Total DDTs Total DDT chinook salmon  11,400 12,100 food 40 days survival survival Buhler et al. (1969) 

Total DDTs Total DDT brook trout  nv 20,200 - 
45,800 food 26 wks survival reduced survival during 

stress (starvation) Macek (1968a) 

Total DDTs Total DDT green sunfish/ 
pumpkin-seed nv 24,000 water 90 days survival survival Hamelink et al. 

(1971) 

Total DDTs DDT mixture Atlantic 
menhaden 24,000 nv food 48 (109)a growth growth Warlen et al. 

(1977) 

Total DDTs Total DDT mosquito fish nv 26,500 water 16 days survival survival Pillai et al. (1977) 

Total DDTs Total DDT fathead 
minnow 40,000 nv food and 

water 266 days survival survival Jarvinen et al. 
(1976, 1977) 
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Table 4.  Summary of Acceptable Toxicity Studies for the Selection of Fish Tissue-Residue TRVs 

Chemical  Chemical Form Test Species 
NOAEL 

(µg/kg ww) 
LOAEL 

(µg/kg ww) 
Exposure 

Mode 
Exposure 
Duration Endpoint Endpoint Effect Source 

Total DDTs Total DDT sailfin molly 51,400 92,700 water 21 days growth, 
survival survival, growth Benton et al. 

(1994) 

Total DDTs Total DDT coho salmon 16,600 69,600 food 60 days survival survival Buhler et al. (1969) 

Total DDTs Total DDT goldfish 130,000 200,000 food and 
water 38 to 58 days survival survival Rhead and Perkins 

(1984) 
a

DDT – dichlorodiphenyltrichloroethane 
  NOAEL estimated from a chronic LOAEL using an uncertainty factor of 5.  

LOAEL – lowest-observed-effect concentration 
NOAEL – no-observed-effect concentration 
nv – no value 

PCB – polychlorinated biphenyl  
TRV – toxicity reference value 
ww – wet weight  
 

BOLD represents selected NOAEL and LOAEL TRVs.
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Table 5.  Summary of Acceptable Toxicity Studies for the Selection of Fish Dietary TRVs 

Chemical Chemical Form Test Species 

NOAELa 
(mg/kg 
bw/day) 

LOAELa 
(mg/kg 
bw/day) Exposure Route 

Exposure 
Duration Endpoint 

Effect  
Endpoint Source 

Arsenic disodium arsenate 
heptahydrate 

rainbow trout 
(juvenile) nv 0.50 food (prepared diet) 24 days growth body weight Cockell et al. 

(1991) 

Arsenic sodium arsenite rainbow trout 
(juvenile) 0.40 0.60 food (prepared diet) 8 weeks growth body weight Oladimeji et al. 

(1984) 

Arsenic disodium arsenate 
heptahydrate 

rainbow trout 
(juvenile) 0.12 0.62 food (prepared diet) 16 days growth body weight Cockell et al. 

(1991) 

Arsenic disodium arsenate 
heptahydrate 

rainbow trout 
(juvenile) 0.63 nv food (prepared diet) 24 days growth body weight Cockell et al. 

(1991) 

Arsenic disodium arsenate rainbow trout 
(juvenile) nv 1.0 food (prepared diet) 4 weeks growth body weight Cockell and Bettger 

(1993) 

Arsenic disodium arsenate 
heptahydrate 

rainbow trout 
(juvenile) 0.55 1.0 food (prepared diet) 12 weeks growth body weight Cockell et al. 

(1992) 

Arsenic disodium arsenate 
heptahydrate 

rainbow trout 
(juvenile) nv 1.4 food (prepared diet) 8 weeks growth body weight Cockell et al. 

(1992) 

Arsenic arsenic trioxide  rainbow trout 
(juvenile) nv 1.7 food (prepared diet) 8 weeks growth body weight Cockell and Hilton 

(1988) 

Arsenic disodium arsenate 
heptahydrate 

striped bass 
(juvenile) 0.52 1.9 food (prepared diet) 6 weeks growth body weight Blazer et al. (1997) 

Arsenic disodium arsenate rainbow trout 
(juvenile) nv 2.9 food (prepared diet) 8 weeks growth body weight Cockell and Hilton 

(1988) 

Cadmium  cadmium nitrate rockfish (juvenile) 0.0020 0.010b,c food (prepared diet) c 60 days growth 
reduced body weight and 
length, growth rate, and 
condition factor 

Kim et al. (2004); 
Kang et al. (2005) 

Cadmium  cadmium chloride guppy (adult) 1.2 nv food (midge larvae) 2 months reproduction 

no effect on number of 
live fry, fry survival, or 
premature release of 
embryos 

Hatakeyama and 
Yasuno (1987) 

Cadmium  cadmium chloride guppy  
(60 days old) 1.6 nv food (midge larvae) 30 days growth no effect on body weight Hatakeyama and 

Yasuno (1987) 

Cadmium  cadmium nitrate rockfish 2.5 nv food (prepared diet) 60 days survival no effect on survival  Kim et al. (2004) 

Cadmium  cadmium chloride guppy  
(30 days old) 3.2 4.6d food (midge larvae) d 7 months reproduction reduced cumulative 

number of fry produced 
Hatakeyama and 
Yasuno (1987) 

Cadmium  cadmium chloride rainbow trout  4.1 nv food (brine shrimp) 
and water 60 days survival no effect on survival Mount et al. (1994) 
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Table 5.  Summary of Acceptable Toxicity Studies for the Selection of Fish Dietary TRVs 

Chemical Chemical Form Test Species 

NOAELa 
(mg/kg 
bw/day) 

LOAELa 
(mg/kg 
bw/day) Exposure Route 

Exposure 
Duration Endpoint 

Effect  
Endpoint Source 

Cadmium  cadmium nitrate rainbow trout 5.9 nv food (prepared diet) 15 to 30 days survival, 
growth 

no effect on specific 
growth rate, survival 

Baldisserotto et al. 
(2005) 

Cadmium  cadmium chloride guppy 1.0 nv food (Moina 
macrocoipa) 10 to 30 days growth no effect on growth Hatakeyama and 

Yasuno (1982) 

Cadmium  cadmium nitrate rainbow trout 9.4 nv food (prepared diet) 28 days survival, 
growth 

no effect on growth rate 
or survival 

Franklin et al. 
(2005) 

Cadmium  cadmium chloride guppy  
(30 days old) nv 9.4 food (midge larvae) 7 months survival, 

growth 
reduced female growth 
and survival  

Hatakeyama and 
Yasuno (1987) 

Cadmium  cadmium nitrate rainbow trout 
(juvenile) 16 28 food (prepared diet) 36 days survival reduced survival Szebedinsky et al. 

(2001) 

Cadmium  cadmium sulfate rainbow trout 
(juvenile) nv 68 food (prepared diet) 28 days survival reduced survival Handy (1992) 

Chromium chromium (III) grey mullet 9.42 nv food and sediment 8 weeks growth body weight  Walsh et al. (1994) 

Copper  copper sulfate channel catfish 
(fingerling) 0.24 0.48 food (prepared diet) 16 weeks growth reduced growth Murai et al. (1981) 

Copper  copper sulfate rockfish (juvenile) 1.0 2.0 food (prepared diet) 60 days growth reduced growth rate Kang et al. (2005) 

Copper  copper sulphate rainbow trout  2.2 nv food (prepared diet) 32 days survival no effect on survival  Handy (1992) 

Copper  copper sulphate 
pentahydrate rainbow trout  6.8 nv food (prepared diet) 16 weeks growth no effect on growth Lanno et al. (1985b) 

Copper  copper sulfate rainbow trout  13 nv food (prepared diet) 42 days growth no effect on growth Miller et al. (1993) 

Copper  copper sulphate 
pentahydrate 

Atlantic salmon 
(parr) 17 nv food (prepared diet) 4 weeks growth no effect on body weight, 

length, or condition factor  
Berntssen et al. 
(1999b) 

Copper  copper sulphate 
pentahydrate rainbow trout  17 nv food (prepared diet) 24 weeks survival, growth no effect on growth or 

survival  Lanno et al. (1985b) 

Copper  copper sulphate 
pentahydrate rainbow trout  18 nv food (prepared diet) 8 weeks survival no effect on survival Lanno et al. (1985b) 
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Table 5.  Summary of Acceptable Toxicity Studies for the Selection of Fish Dietary TRVs 

Chemical Chemical Form Test Species 

NOAELa 
(mg/kg 
bw/day) 

LOAELa 
(mg/kg 
bw/day) Exposure Route 

Exposure 
Duration Endpoint 

Effect  
Endpoint Source 

Copper  copper sulphate 
pentahydrate rainbow trout  nv 18 food (prepared diet) 8 weeks growth reduced growth Lanno et al. (1985b) 

Copper  copper sulphate 
pentahydrate rainbow trout  nv 20 food (prepared diet) 

and water 16 weeks growth reduced growth Lanno et al. (1985a) 

Copper  copper sulfate 
pentahydrate 

Atlantic salmon 
(fry) 14 20 food (prepared diet) 3 months growth reduced growth Lundebye et al. 

(1999) 

Copper  copper sulphate Atlantic salmon 20 28 food (prepared diet) 3 months growth reduced growth Berntssen et al. 
(1999a) 

Copper  copper sulphate 
pentahydrate rainbow trout  42 nv food (prepared diet) 28 days survival, growth no effect on growth or 

survival 
Kamunde et al. 
(2001) 

Copper  copper chloride rainbow trout (fry) 26 50 food (brine shrimp) 
and water 60 days survival reduced survival Mount et al. (1994) 

Copper  copper chloride rainbow trout (fry) 60 nv food (brine shrimp) 
and water 60 days growth no effect on body weight 

and length Mount et al. (1994) 

Copper  copper sulphate 
pentahydrate grey mullet nv 60 food (prepared diet) 67 days growth reduced growth Baker et al. (1998) 

Copper  copper sulphate rainbow trout  69 nv food (prepared diet) 28 days survival no effect on survival Handy (1993) 

Lead  lead nitrate rainbow trout 12.6 nv food (brine shrimp) 60 days survival, growth 
no effect on body weight 
and length; 100% 
survival 

Mount et al. (1994) 

Lead  unspecified  rainbow trout 134 nv food (prepared diet) 191 days growth no effect on growth Goettl et al. (1976) 

Silver silver sulfide rainbow trout 70 nv food (prepared 
diet) 58 days growth reduced body weight Galvez and Wood 

(1999) 

Vanadium sodium 
orthovanadate 

rainbow trout 
(juvenile) 0.039 0.19 e food (prepared 

diet) 12 weeks growth reduced body weight Hilton and Bettger 
(1988) 

Zinc  unspecified  rainbow trout  19 38 food (prepared 
diet) 6 weeks growth reduced growth Takeda and 

Shimma (1977) 
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Table 5.  Summary of Acceptable Toxicity Studies for the Selection of Fish Dietary TRVs 

Chemical Chemical Form Test Species 

NOAELa 
(mg/kg 
bw/day) 

LOAELa 
(mg/kg 
bw/day) Exposure Route 

Exposure 
Duration Endpoint 

Effect  
Endpoint Source 

Zinc  zinc chloride rainbow trout 114 nv food (brine shrimp) 60 days survival, 
growth 

no effect on body weight 
and length; 97% survival Mount et al. (1994) 

Benzo(a)pyrene benzo(a)pyrene English sole 
(juvenile) 0.66 1.4 food (worms) 10 to 12 days growth reduced daily growth 

rate Rice et al. (2000) 

Benzo(a)pyrene benzo(a)pyrene rainbow trout 
(juvenile) nv 3.7 food (prepared 

diet) 53 days survival, 
growth 

reduced body weight; no 
effect on survival 

Hendricks et al. 
(1985) 

Benzo(a)pyrene benzo(a)pyrene rainbow trout 
(juvenile) 1.9 19 food (prepared 

diet) 18 months growth reduced body weight Hart and Heddle 
(1991) 

Benzo(a)pyrene benzo(a)pyrene grouper 13 nv food (prepared 
diet) 4 weeks survival, 

growth 

no effect on survival or 
growth (body weight and 
total length) 

Wu et al. (2003) 

Total PAHs PAH mixture English sole nv 0.12 
food (worms 

contaminated with 
field sediment) 

10-12 days growth reduced daily growth 
rate Rice et al. (2000) 

Total PAHs PAH mixture Chinook salmon 
(juvenile) 5.0 nv food (prepared 

diet) 7 weeks survival, 
growth 

no effect on body 
weight, length, or 
condition factor 

Palm et al. (2003) 

Total PAHs PAH mixture Chinook salmon 
(juvenile) 5.0 nv food (prepared 

diet) 4 weeks survival c no impact to disease 
resistance Palm et al. (2003) 

Total PAHs PAH mixture Chinook salmon 
(juvenile) 6.1 18 food (prepared 

diet) 53 days growth reduced body weight (as 
dry body weight) 

Meador et al. 
(2006) 

a  NOAEL and LOAEL TRVs, expressed as a dietary dose (mg/kg bw/day), were calculated from literature studies based on body weight, ingestion rate, and dietary concentrations.  
b  NOAEL estimated from a chronic LOAEL using an uncertainty factor of 5.  
c Selected NOAEL and LOAEL for the screening-level risk assessment.  
d Selected NOAEL and LOAEL for the baseline risk evaluation.  
e 

bw – body weight 
NOAEL estimated from a chronic LOAEL using an uncertainty factor of 5. 

LOAEL – lowest-observed-effect concentration 
nv – no value 
NOAEL – no-observed-effect concentration  

PAH – polycyclic aromatic hydrocarbon 
TRV – toxicity reference value 

BOLD identifies the selected NOAEL and LOAEL TRVs. 
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Table 6.  Summary of Acceptable Toxicity Studies for the Selection of Bird Dietary TRVs 

Chemical Chemical Form Test Species 

NOAELa 
(mg/kg 
bw/day) 

LOAELa 
(mg/kg 
bw/day) 

Exposure 
Route 

Exposure 
Duration Endpoint Endpoint Effect Source 

Metals          

Aluminum aluminum citrate Japanese 
quail 90 nv food 

65 days and 
through 

reproduction 

reproduction, 
growth body weight Wolff and Phillips 

(1990) 

Aluminum aluminum sulfate ring dove 157 nv food 4 months reproduction, 
growth 

adult growth, fertility, 
hatchability, egg 
permeability 

Carriere et al. 
(1986) 

Arsenic sodium arsenate mallard 6.1 nv food 10 weeks growth, 
survival female Camardese et al. 

(1990) 

Arsenic sodium arsenate mallard 10 40 food 115-128 days reproduction 

delayed egg laying; 
depressed egg weight 
and shell thinning; 
decrease offspring body 
weight and production 

Stanley et al. (1994) 

Arsenic sodium arsenite mallard - 
young 25 50 food 154 days survival survival USFWS (1964) 

Cadmium cadmium 
chloride 

mallard young 
(females) 1.5  nv food 12 weeks growth body weight Cain et al. (1983) 

Cadmium cadmium sulfate leghorn hen 0.73 2.9 food 48 weeks reproduction egg production, shell 
thickness Leach et al. (1979) 

Cadmium cadmium 
chloride 

Japanese 
quail (chicks)  nv 4.0 food 6 weeks growth male body weight Richardson et al. 

(1974) 

Cadmium cadmium 
chloride mallard 19  nv food 90 days survival no effect on survival White and Finley 

(1978a) 

Cadmium cadmium 
chloride mallard 20 nv  food 30-90 days survival, 

growth 
body weight, adult 
survival 

White and Finley 
(1978b) 

Cadmium cadmium 
chloride mallard 1.5 20 food 30-90 days reproduction egg production  White and Finley 

(1978b) 

Cadmium cadmium 
chloride 

leghorn 
chicks  nv 24 food 21 days growth male body weight Freeland and 

Cousins (1973) 

Cadmium cadmium 
chloride 

leghorn 
chicks  nv 40 food 20 days growth male body weight Pritzl et al. (1974) 

Cadmium cadmium 
chloride mallard 16 47 food 42 days growth body weight DiGiulio and 

Scanlon (1984) 
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Table 6.  Summary of Acceptable Toxicity Studies for the Selection of Bird Dietary TRVs 

Chemical Chemical Form Test Species 

NOAELa 
(mg/kg 
bw/day) 

LOAELa 
(mg/kg 
bw/day) 

Exposure 
Route 

Exposure 
Duration Endpoint Endpoint Effect Source 

Chromium copper sulfate white leghorn 
layers (hens) 0.10  nv food 28 days reproduction egg weight and shell 

thickness Lien et al. (2004) 

Chromium 
chromium 
potassium 
sulfate 

black duck 1.0 5.0 food 
10 months (and 

critical 
lifestage) 

reproduction duckling survival Haseltine et al. 
(unpublished) 

Chromium sodium chromate Nochols 
chicks 7.7 nv food 22 days growth, 

survival 
male adult survival, male 
body weight 

Romoser et al. 
(1961) 

Cobalt cobalt chloride broiler chicks 2.31b 23.1 food 14 days growth body weight, survival Diaz et al. (1994) 

Copper 
copper sulfate, 
copper amino 
acid complex 

broiler chicks 2.1 nv food 17 days growth, 
survival body weight, survival Dozier et al. (2003) 

Copper copper sulfate 
(hydrous) 

hisex-brown 
hens 11.2  nv food 90 days reproduction, 

survival 
damaged egg ratio, egg 
weight and survival 

Balevi & Coskun 
(2004) 

Copper copper sulfate chicks, day-
old 16 29 food 25 days growth growth Smith (1969) 

Copper copper sulfate chicks 21 41 food 4 weeks growth growth and gizzard 
erosion 

Poupoulis and 
Jensen (1976) 

Copper copper chloride chicks nv  66 food 8-22 days growth body weight Persia et al. (2004) 

Copper copper oxide chicks 47 62 food 10 weeks growth/ 
survival growth, survival Mehring et al. 

(1960) 

Copper copper sulfate white leghorn 
layers (hens) 15 nv  food 28 days reproduction egg weight and shell 

thickness Lien et al. (2004) 

Lead lead nitrate mallards, first-
year 2.5  nv food 12 weeks survival survival Finley et al. (1976) 

Lead metallic lead 
powder 

American 
kestrel 5.82  nv food 5-7 months survival/ 

reproduction 

survival, fertility, egg 
production, eggshell 
thinning  

Pattee (1984) 

Lead lead acetate Japanese 
quail 2.0 20 food 12 weeks reproduction egg hatchability Edens et al. (1976) 

Lead lead acetate Japanese 
quail (chicks) 5.5 28 food 6 weeks growth body weight Morgan et al. 

(1975) 

Mercury methylmercury 
chloride 

great egret, 
one day old 0.018c 0.091 food 14 weeks growth growth Spalding et al. 

(2000) 

Mercury methylmercury 
chloride mallard 0.50 nv food >60 days reproduction eggshell thickness Heinz (1980) 
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Table 6.  Summary of Acceptable Toxicity Studies for the Selection of Bird Dietary TRVs 

Chemical Chemical Form Test Species 

NOAELa 
(mg/kg 
bw/day) 

LOAELa 
(mg/kg 
bw/day) 

Exposure 
Route 

Exposure 
Duration Endpoint Endpoint Effect Source 

Mercury methylmercury 
chloride 

Japanese 
quail (chicks 
at hatching) 

nv 0.9 food 5 days survival hatchling survival (16%) Hill and Soares 
(1987) 

Mercury methylmercury 
chloride zebra finch 0.72 1.4 food 76 days survival survival Scheuhammer 

(1988) 

Mercury methylmercury 
chloride 

northern 
bobwhite, 12 
day old 

0.43 1.6 food 6 weeks survival survival Spann et al. (1986) 

Mercury mercuric chloride 
Japanese 
quail, one day 
old 

0.80 1.6 food 10 weeks reproduction eggshell thickness Stoewsand et al. 
(1971) 

Mercury dimethyl mercury American 
kestrel 5.24 nv food 3 months survival eggshell thickness Peakall and Lincer 

(1972) 

Mercury mercuric chloride  
Japanese 
quail (chicks 
at hatching) 

nv 62 food 5 days survival hatchling survival (12%) Hill and Soares 
(1987) 

Nickel nickel sulfate broiler chicks 15  nv food 4 weeks growth body weight gain Weber and Reid 
(1968) 

Nickel nickel sulfate broiler chicks nv  33 food 4 weeks growth reduced body weight Weber and Reid 
(1968) 

Nickel nickel acetate broiler chicks 17 nv food 4 weeks growth body weight gain Weber and Reid 
(1968) 

Nickel nickel acetate broiler chicks nv 38 food 4 weeks growth reduced body weight Weber and Reid 
(1968) 

Nickel nickel sulfate mallard  77 107 food 90 days survival, 
growth survival, body weight Cain and Pafford 

(1981) 

Nickel nickel sulfate mallard 132  nv food 90 days 
survival, 
growth, 
reproduction 

adult survival; body 
weight; hatchling weight 

Eastin and O'Shea 
(1981) 

Selenium sodium selenite, 
sel-plex 50 broiler chicks 0.025 nv  food ~40 days growth, 

survival body weight Choct et al. (2004) 

Selenium seleno-
methionine mallard 0.42 0.82 food ~100 days reproduction offspring growth/survival Heinz et al. (1989) 

Selenium sodium selenite 
Na2SeO3 

mallard 0.50 1.0 food 
4 weeks before 
laying to 3 wks 
after hatching 

reproduction embryo abnormalities Heinz et al. (1987) 
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Table 6.  Summary of Acceptable Toxicity Studies for the Selection of Bird Dietary TRVs 

Chemical Chemical Form Test Species 

NOAELa 
(mg/kg 
bw/day) 

LOAELa 
(mg/kg 
bw/day) 

Exposure 
Route 

Exposure 
Duration Endpoint Endpoint Effect Source 

Selenium sodium selenite mallard 1.0  2.5 food 
4 weeks before 
laying to 3 wks 
after hatching 

growth adult growth Heinz et al. (1987) 

Selenium seleno-
methionine mallard 1.6 nv  food ~100 days survival, 

growth 
body weight; adult 
survival  Heinz et al. (1989) 

Selenium seleno-
methionine screech owl 1.0 3.2 food ~ 3 months growth, 

reproduction 

body weight, hatching 
success,  5 days 
survival, clutch size, egg 
size and mass 

Wiemeyer and 
Hoffman (1996) 

Selenium sodium selenite mallard 4.6 10 food 42 days survival   Heinz et al. (1988) 
Selenium sodium selenite mallard 2.1 4.6 food 42 days growth body weight Heinz et al. (1988) 

Selenium sodium selenite mallard 2.5 10 food 
4 weeks before 
laying to 3 wks 
after hatching 

survival adult survival Heinz et al. (1987) 

Vanadium ammonium 
metavanadate 

white leghorn 
hens 1.2 2.3 food 4 weeks growth body weight Ousterhout and 

Berg (1981) 

Vanadium vanadium sulfate mallard 11.4 nv food 12 weeks growth, 
survival body weight, survival White and Dieter 

(1978) 

Zinc 
copper sulfate, 
copper amino 
acid complex 

broiler chicks 17 nv food 17 days growth, 
survival body weight, survival Dozier et al. (2003) 

Zinc 
zinc oxide, zinc 
sulfate, or zinc 
carbonate 

white rock 
chicks 82 124 food 5 weeks growth growth Roberson and 

Schaible (1960) 

Zinc zinc sulfate white leghorn 
hens 133 nv food and 

supplements 44 weeks reproduction egg hatchability Stahl et al. (1990) 

Zinc zinc carbonate mallard (7 
wks old)  nv 300 food 60 days survival survival, leg paralysis Gasaway and Buss 

(1972) 

Zinc zinc acetate Hubbard 
broiler chicks 330 659 food 5 weeks growth/ 

survival survival, reduced growth Oh et al. (1979) 

Zinc zinc chloride chicks nv 344 food 8-22 days growth body weight Persia et al. (2004) 

PAHs          

Benzo(a)pyrene benzo(a)pyrene pigeons 0.28c 1.4 
weekly 

intramuscular 
injection 

5 months reproduction fertility, ovarian 
appearance Hough et al. (1993) 
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Table 6.  Summary of Acceptable Toxicity Studies for the Selection of Bird Dietary TRVs 

Chemical Chemical Form Test Species 

NOAELa 
(mg/kg 
bw/day) 

LOAELa 
(mg/kg 
bw/day) 

Exposure 
Route 

Exposure 
Duration Endpoint Endpoint Effect Source 

Benzo(a)pyrene benzo(a)pyrene white rock 
chicken 33 nv food 30 days growth body weight gain Rigdon and Neal 

(1963) 

Total PAHs 

aromatic 
hydrocarbon 
mixture including 
individual PAHs 

mallard 8 40 food 7 months growth little change in body 
weight 

Patton and Dieter 
(1980) 

Total PAHs 

petroleum 
hydrocarbon 
mixture including 
PAHs) 

mallard 400 nv food 7 months survival survival Patton and Dieter 
(1980) 

Phthalates          

BEHP BEHP ringed turtle-
dove 1.45 nv  food 4 weeks reproduction eggshell thickness Peakall (1974) 

BEHP BEHP European 
starling 67.8 nv  food 30 days growth growth, food 

consumption 
O'Shea and 
Stafford (1980) 

BEHP BEHP chicken 65.8c 329 food 230 days reproduction cessation of egg laying, 
abnormal ovaries Ishida et al. (1982) 

Hexachlorobenzene hexachloro-
benzene 

Japanese 
quail 1.1 nv food 90 days reproduction, 

survival hatchability, survival Vos et al. (1971) 

Hexachlorobenzene hexachloro-
benzene 

Japanese 
quail 1.2 nv  food 90 days growth body weight Schwetz et al. 

(1974) 

Hexachlorobenzene hexachloro-
benzene 

Japanese 
quail nv  1.2 food 90 days reproduction chicks hatched and 

survival 
Schwetz et al. 
(1974) 

Hexachlorobenzene hexachloro-
benzene 

Japanese 
quail nv  4.5 food 90 days reproduction hatchability Vos et al. (1971) 

Hexachlorobenzene hexachloro-
benzene 

Japanese 
quail nv 5 food 90 days survival no effect on survival Vos et al. (1971) 

Pentachlorophenol pentachloro-
phenol chicks 22 63 food 8 weeks growth body weight Prescott et al. 

(1982) 

PCBs          

Total PCBs Aroclor 1248 American 
kestrel  nv 0.35 food 5.5 months reproduction eggshell weight and 

thickness 
Lowe and Stendell 
(1991) 
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Table 6.  Summary of Acceptable Toxicity Studies for the Selection of Bird Dietary TRVs 

Chemical Chemical Form Test Species 

NOAELa 
(mg/kg 
bw/day) 

LOAELa 
(mg/kg 
bw/day) 

Exposure 
Route 

Exposure 
Duration Endpoint Endpoint Effect Source 

Total PCBs Aroclor 1248 screech owl 0.49 nv food 2 generations reproduction 

eggshell thickness, egg 
production, hatching 
success, fledging 
success 

McLane and 
Hughes (1980) 

Total PCBs Aroclor 1242 Japanese 
quail  nv 0.60 food 45 days reproduction eggshell thinning Hill et al. (1976) 

Total PCBs Aroclor 1254 ringed turtle-
dove nv  1.4 food 2 generations reproduction hatching success in 

second generation 

Peakall et al. 
(1972); Peakall and 
Peakall (1973) 

Total PCBs Aroclor 1254 mallard 2.5  nv food ~ 1 month reproduction Reproductive success Custer and Heinz 
(1980) 

Total PCBs Aroclor 1254 mallard 3.9  nv food 4 months reproduction egg production, eggshell 
thinning 

Risebrough and 
Anderson (1975) 

Total PCBs 
1:1:1 ratio of 
Aroclor 
1248:1254:1260 

American 
kestrel nv  5 to 7 food 100 days until 

eggs hatched reproduction 

egg laying in second 
generation (exposed in 
ovo); also some effect 
on clutch size and 
fledgling success  

Fernie et al. (2000; 
2001) 

Total PCBs 
1:1:1 ratio of 
Aroclor 
1248:1254:1260 

American 
kestrel  nv 5 to 7 food 

1 mo prior to 
pairing until 

anticipated egg 
hatching 

reproduction cracked eggs, embryo 
abnormalities;  

Fernie et al. 
(2003b) 

Total PCBs 
1:1:1 ratio of 
Aroclor 
1248:1254:1260 

American 
kestrel  nv 7 food 100 days reproduction offspring survival and 

offspring body weight 
Fernie et al. 
(2003a) 

Total PCBs Aroclor 1242 mallard  nv 15 food 12 weeks reproduction 
hatchability, embryo 
survival, egg viability, 
embryo abnormalities 

Haseltine and 
Prouty (1980) 

Pesticides          

DDTsd p,p'-DDT quail nv 0.15 food 26 wks+12 
days reproduction eggshell thickness Stickel and Rhodes 

(1970) 

DDTsd p,p'-DDT mallard  0.19 nv  food 11 months reproduction eggshell weight and 
thickness 

Davison and Sell 
(1974) 

DDTsd DDE barn owls 0.064c 0.32 food 2 years (2 
nestings) reproduction 

eggshell breakage/ 
thickness; nestling 
survival 

Mendenhall et al. 
(1983) 



  BASELINE ECOLOGICAL RISK ASSESSMENT FOR THE HARBOR OIL STUDY AREA 
 

DECEMBER 30, 2011 20 WINDWARD ENVIRONMENTAL LLC 
 

Table 6.  Summary of Acceptable Toxicity Studies for the Selection of Bird Dietary TRVs 

Chemical Chemical Form Test Species 

NOAELa 
(mg/kg 
bw/day) 

LOAELa 
(mg/kg 
bw/day) 

Exposure 
Route 

Exposure 
Duration Endpoint Endpoint Effect Source 

DDTsd DDE American 
kestrel  nv 0.35 food 14 days reproduction eggshell thinning, egg 

permeability Peakall et al. (1973) 

DDTsd technical DDD mallard  nv  0.90 food 2 years reproduction hatchling survival, 
production Heath et al. (1969) 

DDTsd p,p'-DDE mallard  nv 0.90 food 2 years reproduction 
% cracked, hatchling 
survival/production, shell 
thickness, embryonation 

Heath et al. (1969) 

DDTsd p,p-DDE black duck  nv 1.0 food 7 months reproduction 
shell thickness, egg 
weight, hatchability, 
duckling survival 

Longcore and 
Samson (1973) 

DDTsd DDE mallard  nv  1.0 food 30 days reproduction eggshell thinning Kolaja (1977) 
DDTsd DDT mallard   nv 1.0 food 30 days reproduction eggshell thinning Kolaja (1977) 

DDTsd p,p' DDE American 
kestrel nv 1.0 food 1 year (2 

clutches) reproduction eggshell thickness 

Wiemeyer and 
Porter (1970); 
Porter and 
Wiemeyer (1972) 

gamma- HCH gamma- HCH domestic 
mallard 1.6 3.6 oral intubation 8 weeks reproduction eggshell thickness, size, 

quality; clutch size 

Chakravarty and 
Lahiri (1986); 
Chakravarty et al. 
(1986) 

gamma- HCH gamma- HCH domestic 
mallard 20 nv oral intubation 8 weeks survival, 

growth survival, body weight Chakravarty et al. 
(1986) 

Methoxychlor technical 
methoxychlor 

zebra finch 
(chicks at 5-
11 days old) 

34.6 346 oral gavage 1 weeks reproduction number of eggs hatched, 
broken/missing eggs Gee et al. (2004) 

Methoxychlor methoxychlor zebra finch 
chicks 34.6 346 oral gavage 1 weeks survival survival Millam et al. (2002) 

Methoxychlor technical 
methoxychlor four species 831 nv food 5 days survival survival Hill et al. (1975); 

Heath et al. (1972) 

VOCs          

Acetone acetone four species 6,647 nv food 5 days survival survival Hill et al. (1975) 

a  NOAEL and LOAEL TRVs, expressed as a dietary dose (mg/kg bw/day), were calculated from literature studies based on body weight, ingestion rate, and dietary concentrations.  
b  NOAEL estimated from a chronic LOAEL using an uncertainty factor of 10.  
c NOAEL estimated from a chronic LOAEL using an uncertainty factor of 5. 
d Only the results of the nine studies with the lowest reported effects concentrations for any form of DDT are presented.  



  BASELINE ECOLOGICAL RISK ASSESSMENT FOR THE HARBOR OIL STUDY AREA 
 

DECEMBER 30, 2011 21 WINDWARD ENVIRONMENTAL LLC 
 

bw – body weight 
LOAEL – lowest-observed-effect concentration 
BEHP – bis(2-ethylhexyl)phthalate 
DDD – dichlorodiphenyldichloroethane 
DDE – dichlorodiphenyldichloroethylene 
DDT – dichlorodiphenyltrichloroethane 
HCH – hexachlorocyclohexane  

NOAEL – no-observed-effect concentration 
nv – no value  
PAH – polycyclic aromatic hydrocarbon 
PCB – polychlorinated biphenyl 
TRV – toxicity reference value 
VOC – volatile organic compound 

BOLD represents selected NOAEL and LOAEL TRVs.



  BASELINE ECOLOGICAL RISK ASSESSMENT FOR THE HARBOR OIL STUDY AREA 
 

DECEMBER 30, 2011 22 WINDWARD ENVIRONMENTAL LLC 
 

Table 7.  Summary of Acceptable Toxicity Studies for the Selection of Mammal Dietary TRVs 

Chemical  Chemical Form 
Test 

Species 

NOAELa  
(mg/kg 
bw/day) 

LOAELb 
(mg/kg 
bw/day) 

Exposure 
Route 

Exposure 
Duration Endpoint Effect Endpoint Source 

Metals          

Aluminum aluminum 
chloride mouse 34.3 nv food multiple 

generations reproduction 
body weight, number of 
litters, number of offspring 
per litter 

Ondreicka et al. 
(1966) 

Aluminum aluminum lactate mouse nv 75.8 food gestation growth maternal and offspring 
body weight and length Golub et al. (1987) 

Aluminum aluminum lactate mouse 137 nv food 8 weeks growth body weight and length Golub and Keen 
(1999) 

Antimony antimony trioxide rat 1,489 nv food 90 days growth, survival body weight Hext et al. (1999) 

Arsenic sodium arsenite rat 2.6 5.4 food 2 years growth female body weight Byron et al. (1967) 

Cadmium cadmium chloride beagle 
dog 0.88 nv  food 3 months growth  female body weight Loeser and Lorke 

(1977b) 

Cadmium cadmium chloride rat 3.0 nv  food 3 months survival, growth  adult survival, growth Loeser and Lorke 
(1977a) 

Cadmium cadmium chloride rat 3.5 13 food 10 days 
(pregnancy) growth maternal body weight Machemer and 

Lorke (1981) 

Cadmium cadmium chloride rat 13 nv food 10 days survival, reproduction  
adult survival; fertility, fetus 
weight/survival/ 
malformations 

Machemer and 
Lorke (1981) 

Cadmium cadmium chloride shrew 115  nv food 12 weeks growth female body weight Dodds-Smith et al. 
(1992) 

Cadmium cadmium chloride shrew  nv 115 food 12 weeks growth male body weight Dodds-Smith et al. 
(1992) 

Cadmium unspecified 
chemical form rat  nv 189 food 12 weeks growth, reproduction pup birth weight; adult 

body weight 
Pond and Walker 
(1975) 

Chromium chromium 
picolinate rat 0.14 nv  food 12 weeks growth body weight and growth 

rate Hasten et al. (1997) 

Chromium 

chromium(III) 
chloride/ 
chromium 
picolinate 

rat 8.3 nv food 20 weeks growth, survival no effect on growth, 
survival 

Anderson et al. 
(1997) 

Chromium chromic oxide 
green rat 1,292 nv food 90 days growth, reproduction 

body weight, litter size, 
pregnancy rate, pup 
malformation 

Ivankovic and 
Preussman (1975) 

Chromium chromic oxide 
green rat 1,466 nv  food 2 years growth, survival  body weight Ivankovic and 

Preussman (1975) 
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Table 7.  Summary of Acceptable Toxicity Studies for the Selection of Mammal Dietary TRVs 

Chemical  Chemical Form 
Test 

Species 

NOAELa  
(mg/kg 
bw/day) 

LOAELb 
(mg/kg 
bw/day) 

Exposure 
Route 

Exposure 
Duration Endpoint Effect Endpoint Source 

Cobalt cobalt chloride rat 0.1b 1.0 diet 4 weeks growth body weight Chetty et al. (1979) 

Cobalt cobalt sulfate guinea pig nv 1.4 diet 5 weeks survival  no effect on survival Mohiuddin et al. 
(1970) 

Cobalt cobalt sulfate guinea pig 1.4  nv diet 5 weeks growth no effect on body weight Mohiuddin et al. 
(1970) 

Cobalt cobalt chloride hooded 
rat 1.9 10 diet 3 days growth body weight Wellman et al. 

(1984) 

Copper copper sulfate mink 18 26 food 357 days reproduction kit survival, litter mass Aulerich et al. 
(1982) 

Copper copper sulfate mink 43  nv food 153-657 days growth body weight Aulerich et al. 
(1982) 

Copper copper sulfate rat 137 nv  food 13 weeks survival  no effect on survival NTP (1993) 

Copper copper sulfate rat 67 137 food 13 weeks growth body weight NTP (1993) 

Copper copper sulfate rat 93 197 food 2 weeks growth body weight NTP (1993) 

Copper copper chloride shrew 267  nv food weanlings for 
12 weeks survival, growth  body weight Dodds-Smith et al. 

(1992) 
Copper copper sulfate rat 305  nv food 2 weeks survival  no effect on survival NTP (1993) 

Copper copper sulfate mouse 467  nv food 13 weeks survival  no effect on survival NTP (1993) 

Copper copper sulfate mouse 227 467 food 13 weeks growth body weight NTP (1993) 

Copper copper sulfate mouse 749  nv food 2 weeks survival, growth   no effect on survival or 
growth NTP (1993) 

Lead lead acetate mouse 7.35 nv food 

second and 
third 
generation 
through 
puberty 

reproduction no effect on litter size Iavicoli et al. (2006) 

Lead lead acetate rat 11 90 food 2 years growth offspring weight and 
kidney damage Azar et al. (1973) 

Mercury methylmercuric 
chloride rat 0.0017c 0.0084 food 3 generations growth reduced growth Verschuuren et al. 

(1976) 

Mercury methylmercuric 
chloride rat 0.19 nv  food 3 generations survival, reproduction  no effect on survival or 

reproduction 
Verschuuren et al. 
(1976) 

Mercury methylmercuric 
chloride mink 0.16 0.25 food 93 days growth, survival reduced growth; 40% 

mortality  
Wobeser et al. 
(1976) 
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Table 7.  Summary of Acceptable Toxicity Studies for the Selection of Mammal Dietary TRVs 

Chemical  Chemical Form 
Test 

Species 

NOAELa  
(mg/kg 
bw/day) 

LOAELb 
(mg/kg 
bw/day) 

Exposure 
Route 

Exposure 
Duration Endpoint Effect Endpoint Source 

Mercury methyl-mercury mink nv  0.64 food 2 months growth, survival reduced growth; 100% 
mortality  

Aulerich et al. 
(1974) 

Nickel nickel chloride rat 20 nv  food 14 days + 61 
days untreated growth body weight Nation et al. (1985) 

Nickel unspecified 
chemical form rat  nv 20 food 3 generations reproduction increased number of 

stillborns in F1 generation 
Ambrose et al. 
(1976) 

Nickel nickel sulfate rat 8.4 87 food 2 years growth body weight Ambrose et al. 
(1976) 

Nickel nickel acetate mouse nv 169 food 4 weeks growth body weight Weber and Reid 
(1969) 

Nickel nickel acetate mouse 210 313 food weanling thru 
reproduction reproduction number of pups weaned Weber and Reid 

(1969) 

Nickel nickel sulfate rat 230 nv food 2 years survival  no effect on survival Ambrose et al. 
(1976) 

Nickel nickel sulfate beagle 
dog 2500 nv food 2 years survival  no effect on survival Ambrose et al. 

(1976) 

Selenium sodium selenite rat 0.055 0.080 food 6 weeks growth body weight Halverson et al. 
(1966) 

Selenium sodium selenite rat 0.13 0.14 food 6 weeks survival survival Halverson et al. 
(1966) 

Selenium L-seleno-
methionine rat  nv 0.16 food 110 days growth body weight Behne et al. (1992) 

Selenium selenite rat 0.16 nv food 110 days growth body weight Behne et al. (1992) 

Selenium 
Na2SeO3, Nano-
Se, or organic 
selenium 

rat 0.17 0.28 food 13 weeks growth body weight Jia et al. (2005) 

Selenium selenomethionine hamster 0.36 0.76 food 21 days growth body weight Julius et al. (1983) 

Selenium Na2SeO3 hamster  nv 3.4 food 21 days growth body weight Julius et al. (1983) 

Selenium Na2SeO3 hamster  nv 5.8 food 21 days survival female survival Julius et al. (1983) 

Vanadium sodium meta-
vanadate rat 0.27b 2.7 food 10 weeks growth body weight Adachi et al. (2000) 

Vanadium sodium meta-
vanadate rat nv  6.5 food reproduction 

period growth, reproduction 
maternal body weight, 
offspring body weight gain 
and survival 

Elfant and Keen 
(1987) 

Zinc zinc oxide rat 160 320 food gestation reproduction fetal growth, number of 
resorptions 

Schlicker and Cox 
(1968) 
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Table 7.  Summary of Acceptable Toxicity Studies for the Selection of Mammal Dietary TRVs 

Chemical  Chemical Form 
Test 

Species 

NOAELa  
(mg/kg 
bw/day) 

LOAELb 
(mg/kg 
bw/day) 

Exposure 
Route 

Exposure 
Duration Endpoint Effect Endpoint Source 

Zinc zinc oxide ferret 149 433 food 2 weeks – 
6 months growth reduced body weight Straube et al. 

(1980) 

Zinc zinc carbonate rat 400 799 food gestation  growth body weight Sutton and Nelson 
(1937) 

PAHs          

2-methylnaphthalene 2-methyl-
naphthalene mouse 54 114 food 81 weeks growth body weight Murata et al. (1997) 

Benzo(a)pyrene benzo(a)pyrene mouse 2.0c 10 gavage gestation 
(10 days) reproduction pup body weight, testes 

weight 
MacKenzie and 
Angevine (1981) 

Benzo(a)pyrene benzo(a)pyrene mouse 33.3 nv  food up to 115 days  survival survival Neal and Rigdon 
(1967) 

Naphthalene naphthalene mouse 133  nv gavage 90 days survival, growth  body weight, adult survival Shopp et al. (1984) 

Naphthalene naphthalene mouse  nv 300 gavage 8 days of 
pregnancy survival, reproduction  maternal survival; litter 

size 
Plasterer et al. 
(1985) 

Phthalates          

BEHP BEHP mouse 44 91 food 17 days 
(pregnancy) reproduction fetal abnormalities 

increased Tyl et al. (1988) 

BEHP BEHP guinea pig 93  nv food 1 year survival, growth life expectancy, body 
weight 

Carpenter et al. 
(1953) 

BEHP BEHP mouse 14 136 food >24 weeks (2 
generations) reproduction number of litters, viability Lamb et al. (1987) 

BEHP BEHP mouse 70 190 food 18 days 
(pregnancy) reproduction fetal death Shiota et al. (1980) 

BEHP BEHP mouse 91 191 food 17 days 
(pregnancy) growth maternal body weight Tyl et al. (1988) 

Butyl benzyl phthalate butyl benzyl 
phthalate rat 250 750 food 

multi-
generational (2 
generations) 

growth, reproduction 

body weight, reduced no. 
live pups/litter and no. 
implantations, reduced 
offspring body weight, 
delayed onset of puberty 

Tyl et al. (2004) 

Butyl benzyl phthalate butyl benzyl 
phthalate rat 831 nv food 14 days growth male body weight Agarwal et al. 

(1985) 

Butyl benzyl phthalate butyl benzyl 
phthalate rat  nv 845 food 11 days 

(pregnancy) reproduction maternal weight; post- 
implantation embryo loss Ema et al. (1994) 

Butyl benzyl phthalate butyl benzyl 
phthalate rat 991 nv food 20 days 

(pregnancy) survival maternal mortalities Ema et al. (1992a; 
1992b) 
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Table 7.  Summary of Acceptable Toxicity Studies for the Selection of Mammal Dietary TRVs 

Chemical  Chemical Form 
Test 

Species 

NOAELa  
(mg/kg 
bw/day) 

LOAELb 
(mg/kg 
bw/day) 

Exposure 
Route 

Exposure 
Duration Endpoint Effect Endpoint Source 

Butyl benzyl phthalate butyl benzyl 
phthalate rat  nv 991 food 20 days 

(pregnancy) reproduction 
fetal death, fetal weight, 
malformations and 
resorptions 

Ema et al. (1992a) 

Butyl benzyl phthalate butyl benzyl 
phthalate rat nv 1325 food 14 days growth male body weight Agarwal et al. 

(1985) 

Butyl benzyl phthalate butyl benzyl 
phthalate rat 1570 nv food 14 days survival male survival Agarwal et al. 

(1985) 

Di-n-butyl phthalate di-n-butyl 
phthalate rat 16c 80 food ~24 weeks (2 

gen) reproduction fertility, pup weight, pup 
viability, mating Wine et al. (1997) 

Di-n-butyl phthalate di-n-butyl 
phthalate rat 641 nv food ~24 weeks (2 

gen) survival   Wine et al. (1997) 

Di-n-butyl phthalate di-n-butyl 
phthalate rat 320 641 food ~24 weeks (2 

gen) growth body weight Wine et al. (1997) 

Di-n-butyl phthalate di-n-butyl 
phthalate mouse 660 nv  food 18 days 

(pregnancy) growth maternal weight Shiota et al. (1980) 

Di-n-butyl phthalate di-n-butyl 
phthalate mouse 350 660 food 18 days 

(pregnancy) reproduction decrease in male fetal 
weight Shiota et al. (1980) 

Di-n-butyl phthalate di-n-butyl 
phthalate rat 200 999 food 1 year survival   Smith (1953) 

Other SVOCs          

Benzoic acid benzoic acid rat 80 nv diet 18 months survival, growth body weight, survival 
Ignat'ev 1965 (as 
cited in IRIS (EPA 
2006)) 

Benzoic acid benzoic acid rat  50 750 diet long-term growth body weight 
Marquardt 1980 (as 
cited in IRIS (EPA 
2006)) 

Benzoic acid sodium benzoate hamster 300 nv diet   survival, reproduction  no maternal toxicity or fetal 
toxicity 

FDRL 1972 (as 
cited in IRIS (EPA 
2006)) 

Biphenyl biphenyl rat 50 250 diet 3-generation survival longevity 
Ambrose et al. 
1960 (as cited in 
IRIS (EPA 2006)) 

Hexachlorobenzene hexachloro-
benzene 

mink, 
ferret 0.026c 0.13 food 331 days reproduction birth weight Bleavins et al. 

(1984) 

Hexachlorobenzene hexachloro-
benzene rat  nv 0.80 food 4 generation reproduction weanling weight Grant et al. (1977) 
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Table 7.  Summary of Acceptable Toxicity Studies for the Selection of Mammal Dietary TRVs 

Chemical  Chemical Form 
Test 

Species 

NOAELa  
(mg/kg 
bw/day) 

LOAELb 
(mg/kg 
bw/day) 

Exposure 
Route 

Exposure 
Duration Endpoint Effect Endpoint Source 

Hexachlorobenzene hexachloro-
benzene rat 1.28  nv food >120 days reproduction, 

behavior 
number of pups and 
weights 

Lilienthal et al. 
(1996) 

Hexachlorobenzene hexachloro-
benzene rat 3.2  nv food 2 generation survival, growth   Arnold et al. (1985) 

Hexachlorobenzene hexachloro-
benzene rat 0.64 3.2 food 2 generation reproduction decreased viability Arnold et al. (1985) 

Hexachlorobenzene hexachloro-
benzene rat  nv 4.8 food ~200 d days reproduction pup survival Kitchin et al. (1982) 

Hexachlorobenzene hexachloro-
benzene rat 11 nv  food > 100 days survival, growth   Kitchin et al. (1982) 

Hexachlorobenzene hexachloro-
benzene 

mink, 
ferret 3.2 16 food 331 days survival   Bleavins et al. 

(1984) 

Hexachlorobenzene hexachloro-
benzene rat 13 26 food 4 generation survival   Grant et al. (1977) 

Phenol phenol rat 60 120 gavage gestational 
days 6 - 15 growth maternal body weight  

Argus Research 
Laboratories 1997 
(as cited in IRIS 
(EPA 2006)) 

Phenol phenol rat 60 120 gavage  not specified reproduction decreased fetal body 
weight 

Charles River 
Laboratories 1988 
and  NTP 1983a 
(as cited in IRIS 
(EPA 2006)) 

Phenol phenol mouse 140 280 gavage gestational 
days 6 - 15 survival, growth survival and reduced body 

weight  

NTP 1983b (as 
cited in IRIS (EPA 
2006)) 

PCBs          

Total PCBs Clophen A50 mink 0.045d,e 0.089e food 18 months reproduction kit growth Brunström et al. 
(2001) 

Total PCBs  Aroclor 1254 mink  nv 0.13 food 6 months reproduction reduced kit growth rate Wren et al. (1987) 

Total PCBs  Aroclor 1254 mink  nv 0.22 food 
4 and 9 
months prior to 
giving birth 

reproduction 
number of offspring per 
female, decrease in pup 
body weight 

Ringer (1983) 

Total PCBs  Aroclor 1254 mink 0.13 0.26 food 4 months reproduction Number of kits born alive 
(0% at 4 weeks) 

Aulerich and Ringer 
(1977) 

Total PCBs Aroclor 1254 mink nv 0.39 food 88-102 days reproduction number of kits whelped 
and born alive (0%) 

Aulerich et al. 
(1985) 
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Table 7.  Summary of Acceptable Toxicity Studies for the Selection of Mammal Dietary TRVs 

Chemical  Chemical Form 
Test 

Species 

NOAELa  
(mg/kg 
bw/day) 

LOAELb 
(mg/kg 
bw/day) 

Exposure 
Route 

Exposure 
Duration Endpoint Effect Endpoint Source 

Total PCBs 
mixture 
composition not 
reported 

mink nv 0.51 food 66 days reproduction number of kits born alive  Jensen et al. (1977) 

Total PCBs  Aroclor 1242 mink nv 0.65 food 8 months reproduction reproductive failure  Bleavins et al. 
(1980) 

Total PCBs Aroclor 1254 mouse 0.13b,f 1.3f food 7.5 to 18 
months  reproduction offspring survival, offspring 

body weight Linzey (1987, 1988) 

Total PCBs Aroclor 1254 mink nv 1.31 food 4 weeks weight gain in adults weight gain in adults Hornshaw et al. 
(1986) 

Total PCBs Aroclor 1254 mink nv 1.64 food 3 months reproduction all whelps stillborn Kihlstrom et al. 
(1992) 

Total PCBs  Aroclor 1254 mink 1.2 1.8 food 28 days growth female growth Aulerich et al. 
(1986) 

Total PCBs  Clophen A50 mink nv  2.0 food 3 months reproduction all whelps stillborn Kihlstrom et al. 
(1992) 

Total PCBs  Aroclor 1254 mink 1.5 2.4 food 28 days growth male and female growth Aulerich et al. 
(1986) 

Total PCBs  Aroclor 1016 mink nv 2.6 food 8 months reproduction/survival 
birth weight and growth 
rate of kits, and 25 % adult 
female survival  

Bleavins et al. 
(1980) 

Total PCBs Aroclor 1254 rat 3.7 7.5 food 10 days during 
gestation reproduction offspring body weight Spencer  (1982) 

Organochlorine Pesticides         

beta-HCH  beta-HCH  rat 5.7 31 food 13 weeks growth, survival  body weight, survival Van Velsen et al. 
(1986) 

beta-HCH  beta-HCH  rat 64 nv food 2 weeks growth body weight Srinivasan et al. 
(1991) 

DDT o,p'-DDT rat 0.24 nv food 2 generation reproduction litter size and weight and 
uterine involution Duby et al. (1971) 

DDT p,p'-DDT mouse 0.6 nv food 5 generation survival, growth, 
reproduction 

adult survival, growth, 
number of pregnancies, 
number of births, litter size, 
pup growth/survival 

Tarjan and Kemeny 
(1969) 

DDT p,p'- DDT rat 1.0 nv food 2 generation reproduction litter size and weight and 
uterine involution Duby et al. (1971) 

Total DDT technical DDT rat 1.2 nv food 2 generations reproduction litter size and weight and 
uterine involution Duby et al. (1971) 
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Table 7.  Summary of Acceptable Toxicity Studies for the Selection of Mammal Dietary TRVs 

Chemical  Chemical Form 
Test 

Species 

NOAELa  
(mg/kg 
bw/day) 

LOAELb 
(mg/kg 
bw/day) 

Exposure 
Route 

Exposure 
Duration Endpoint Effect Endpoint Source 

Total DDT 
form not 
specified, likely 
DDT mixture 

mouse 1.3 nv food 120 days survival  no effect on survival Ware and Good 
(1967) 

Total DDT 
form not 
specified, likely 
DDT mixture 

mouse  nv 1.3 food 120 days reproduction litter size Ware and Good 
(1967) 

Total DDT technical DDT rat 1.6  nv food 23 months growth, survival, 
reproduction 

adult survival, growth, 
viable litter size, 
reproductive life-span 

Ottoboni (1972) 

Total DDT technical DDT rat  nv 2.0 food 7.5 weeks reproduction fertility Nickerson and 
Sniffen (1973) 

Total DDT 
form not 
specified, likely 
DDT mixture 

rat 0.8 4.0 food 2 years reproduction 

number of young surviving 
to weaning (63% vs. 87% 
lower dose and 88% in 
control) 

Fitzhugh (1948) 

Total DDT technical DDT rat 6.7 13.4  food 36 weeks reproduction litter size, mating and 
reproductive success  

Jonsson et al. 
(1976) 

DDT p,p'-DDT rat 1.6 16 food 6 months reproduction offspring growth Clement and Okey 
(1974) 

Total DDT 
form not 
specified, likely 
DDT mixture 

white lab 
mouse  nv 37 food 

F0 mating, 
gestation and 
weaning+F1 
breeding 

survival  no effect on survival Cannon and 
Holcomb (1968) 

Total DDT technical DDT Oldfield 
mouse 2.4 nv  food 15 months survival, reproduction  adult survival, litter size, 

litters per pair Wolfe et al. (1979) 

DDT o,p'-DDT rat 4.0 nv  food 18-23 weeks reproduction offspring survival, fertility, 
fecundy, growth Wrenn et al. (1971) 

Total DDT technical DDT mouse 9.2 46 food 6 generation survival, reproduction  lifespan, pup survival Turusov et al. 
(1973) 

Total DDT technical DDT rat 13 nv food 37 weeks survival  no effect on survival Jonsson et al. 
(1976) 

Total DDT 
technical DDT 
(DDD, DDE, 
DDT) 

rat 16 nv food 3 generation survival, growth, 
reproduction 

adult survival, growth, 
fertility, viability, stillbirths, 
litter size, abnormalities, 
pup survival 

Ottoboni (1969) 

DDT p,p'-DDT mouse 18 nv food 2 years survival  no effect on survival Thorpe and Walker 
(1973) 

Total DDT pp'-DDT, '-DDD, -
DDE  rat 21 nv food 6 weeks growth, survival survival, body weight 

(males only) 
Banerjee et al. 
(1996) 
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Table 7.  Summary of Acceptable Toxicity Studies for the Selection of Mammal Dietary TRVs 

Chemical  Chemical Form 
Test 

Species 

NOAELa  
(mg/kg 
bw/day) 

LOAELb 
(mg/kg 
bw/day) 

Exposure 
Route 

Exposure 
Duration Endpoint Effect Endpoint Source 

Methoxychlor methoxychlor rat  nv 56 food 

gestation day 
0 to postnatal 
day 22 (adult); 
postnatal day 
28 to 100 
(young) 

growth, reproduction 
body weight; offspring 
growth rate, litter size, sex 
development of offspring 

You et al. (2002) 

Methoxychlor methoxychlor rat 17 86 food 
gestation day 
15, postnatal 
day 10 

reproduction, growth 
maternal body weight, 
offspring body weight, 
delayed onset of puberty 

Masutomi et al. 
(2003) 

Methoxychlor technical 
methoxychlor rat  nv 80 food 

parents 
treated, 
weanlings 
treated 8 
weeks thru 
mating 

reproduction % mated, % littered Harris et al. (1974) 

Methoxychlor technical 
methoxychlor rat  nv 168 food pre-mating 

thru weaning reproduction % mated, litter production 
and size Harris et al. (1974) 

VOCs          

Acetone acetone, 99% 
pure rat 1,650 3,259 drinking 

water 2 or 13 weeks growth body weight Dietz et al. (1991) 

Ethylbenzene ethylbenzene rat 250 750 gavage 13 weeks growth reduced body weight Mellert et al. (2007) 

a NOAEL and LOAEL TRVs, expressed as a dietary dose (mg/kg bw/day), were calculated from literature studies based on body weight, ingestion rate, and dietary concentrations.  
b NOAEL estimated from a chronic LOAEL using an uncertainty factor of 10.  
c NOAEL estimated from a chronic LOAEL using an uncertainty factor of 5. 
d NOAEL estimated from a chronic LOAEL using an uncertainty factor of 2. 
e Selected NOAEL and LOAEL for the screening-level risk assessment.  
f 

bw – body weight 
Selected NOAEL and LOAEL for the baseline risk evaluation.  

LOAEL – lowest-observed-effect concentration 
BEHP – bis(2-ethylhexyl)phthalate 
DDD – dichlorodiphenyldichloroethane 
DDE – dichlorodiphenyldichloroethylene 
DDT – dichlorodiphenyltrichloroethane 
HCH – hexachlorocyclohexane  

NOAEL – no-observed-effect concentration 
nv – no value  
PAH – polycyclic aromatic hydrocarbon 
PCB – polychlorinated biphenyl 
TRV – toxicity reference value 
SVOC - semivolatile organic compound 
VOC – volatile organic compound 

BOLD represents selected NOAEL and LOAEL TRVs. 



  BASELINE ECOLOGICAL RISK ASSESSMENT FOR THE HARBOR OIL STUDY AREA 
 

DECEMBER 30, 2011  31 WINDWARD ENVIRONMENTAL LLC 
 

References 
Adachi A, Asai K, Koyama Y, Matsumoto Y, Okano T. 2000. Subacute vanadium 
toxicity in rats. J Health Sci 46(6):503-508. 

Agarwal DK, Maronpot RR, Lamb IV JC, Kluwe WM. 1985. Adverse effects of 
butyl benzyl phthalate on the reproductive and hematopoietic systems of male 
rats. Toxicology 35:189-206. 

Allison D, Kallman BJ, Cope OB, Van Valin C. 1963. Insecticides: effects on 
cutthroat trout of repeated exposure to DDT. Science 142(3594):958-961. 

Allison DT, Kollman BJ, Cope OB, Van Valin C. 1964. Some chronic effects of 
DDT on cutthroat trout. Research report 64. Bureau of Sport Fisheries and 
Wildlife, US Fish and Wildlife Service, Washington, DC. 

Ambrose AM, Larson PS, Borzelleca JF, Hennigar Jr GR. 1976. Long term 
toxicologic assessment of nickel in rats and dogs. J Food Sci Technol 13(4):181-
187. 

Anderson RA, Bryden NA, Polansky MM. 1997. Lack of toxicity of chromium 
chloride and chromium picolinate in rats. J Am Coll Nutr 16(3):273-279. 

Arnold DL, Moodie CA, Charbonneau SM, Grice HC, McGuire PF, Bryce FR, 
Collins BT, Zawidzka ZZ, Krewski DR, Nera EA, Munro IC. 1985. Long-term 
toxicity of hexachlorobenzene in the rat and the effect of dietary vitamin A. Food 
Chem Toxicol 23(9):779-793. 

Aulerich RJ, Ringer RK. 1977. Current status of PCB toxicity to mink, and effect 
on their reproduction. Arch Environ Contam Toxicol 6:279-292. 

Aulerich RJ, Ringer RK, Iwamoto S. 1974. Effects of dietary mercury on mink. 
Arch Environ Contam Toxicol 2(1):43-51. 

Aulerich RJ, Ringer RK, Bleavins MR, Napolitano A. 1982. Effects of 
supplemental dietary copper on growth, reproductive performance and kit 
survival of standard dark mink and the acute toxicity of copper to mink. J Anim 
Sci 55(2):337-343. 

Aulerich RJ, Bursian SJ, Breslin WJ, Olson BA, Ringer RK. 1985. Toxicological 
manifestations of 2,4,5,2',4',5'-, 2,3,6,2',3',6'-, and 3,4,5,3',4',5'- 
hexachlorobiphenyl and Aroclor 1254 in mink. J Toxicol Environ Health 5:63-79. 

Aulerich RJ, Ringer RK, Safronoff J. 1986. Assessment of primary vs secondary 
toxicity of Aroclor 1254 to mink. Arch Environ Contam Toxicol 15:393-399. 

Azar A, Trochimowicz HJ, Maxfield ME. 1973. Review of lead studies in animals 
carried out at Haskell Laboratory-two-year feeding study and response to 
hemorrhage study. In: Barth D, ed, Environmental Health Aspects of Lead, 
International Symposium, Amsterdam, the Netherlands. Commission of 
European Communities, pp 199-210. 

Baker RTM, Handy RD, Davies SJ, Snook JC. 1998. Chronic dietary exposure to 
copper affects growth, tissue lipid peroxidation, and metal composition of the 
grey mullet, Chelon labrosus. Mar Environ Res 45(4/5):357-365. 



  BASELINE ECOLOGICAL RISK ASSESSMENT FOR THE HARBOR OIL STUDY AREA 
 

DECEMBER 30, 2011  32 WINDWARD ENVIRONMENTAL LLC 
 

Baldisserotto B, Chowdhury MJ, Wood CM. 2005. Effects of dietary calcium and 
cadmium on cadmium accumulation, calcium and cadmium uptake from the 
water, and their interactions in juvenile rainbow trout. Aquat Toxicol 72:99-117. 

Balevi T, Coskun B. 2004. Effects of dietary copper on production and egg 
cholesterol content in laying hens. Brit Poult Sci 45(4):530-534. 

Banerjee BD, Ray A, Pasha ST. 1996. A comparative evaluation of 
immunotoxicity of DDT and its metabolites in rats. Ind J Exper Biol 34:517-522. 

Behne D, Kyriakopoulos A, Gessner H, Walzog B, Meinhold H. 1992. Type I 
iodothyronine deiodinase activity after high selenium intake, and relations 
between selenium and iodine metabolism in rats. J Nutr 122(7):1542-1546. 

Bengtsson B-E. 1980. Long-term effects of PCB (Clophen A50) on growth, 
reproduction and swimming performance in the minnow, Phoxinus phoxinus. Wat 
Res 14:681-687. 

Benton MJ, Nimrod AC, Benson WH. 1994. Evaluation of growth and energy 
storage as biological markers of DDT exposure in sailfin mollies. Ecotox Environ 
Saf 29:1-12. 

Berntssen MHG, Lundebye AK, Maage A. 1999a. Effects of elevated dietary 
copper concentrations on growth, feed utilization and nutritional status of Atlantic 
salmon (Salmo salar L.) fry. Aquaculture 174:167-181. 

Berntssen MHG, Hylland K, Bonga SEW, Maage A. 1999b. Toxic levels of 
dietary copper in Atlantic salmon (Salmo salar L.) parr. Aquat Toxicol 46:87-99. 

Blazer VS, Fournie JW, Weeks-Perkins BA. 1997. Macrophage aggregates: 
biomarker for immune function in fishes? In: Dwyer FJ, Doane TR, Hinman ML, 
eds, Environmental toxicology and risk assessment: Modeling and risk 
assessment. Vol 6. STP 1317. American Society for Testing and Materials, 
Philadelphia, PA, pp 360-375.  

Bleavins MR, Aulerich RJ, Ringer RK. 1980. Polychlorinated biphenyls (Aroclors 
1016 and 1242): Effects on survival and reproduction in mink and ferrets. Arch 
Environ Contam Toxicol 9:627-635. 

Bleavins MR, Aulerich RJ, Ringer RK. 1984. Effects of chronic dietary 
hexachlorobenzene exposure on the reproductive performance and survivability 
of mink and European ferrets. Arch Environ Contam Toxicol 13:357-365. 

Brunström B, Lund BE, Bergman A, Asplund L, Athanassiadis I, Athanasiadou M, 
Jensen S, Örberg J. 2001. Reproductive toxicity in mink (Mustela vison) 
chronically exposed to environmentally relevant polychlorinated biphenyl 
concentrations. Environ Toxicol Chem 20(10):2318-2327. 

Buhler DR, Rasmusson ME, Shanks WE. 1969. Chronic oral DDT toxicity in 
juvenile coho and chinook salmon. Toxicol Appl Pharmacol 14:535-555. 

Butler PA. 1969. Significance of DDT residues in estuarine fauna. In: Miller MW, 
Berg GG, eds, Chemical fallout: current research on persistent pesticides. 
Charles C. Thomas, Springfield, IL, pp 205-220.  

Byron WR, Bierbower GW, Brouwer JB, Hansen WH. 1967. Pathologic changes 
in rats and dogs from two-year feeding of sodium arsenite or sodium arsenate. 
Toxicol Appl Pharmacol 10:132-147. 



  BASELINE ECOLOGICAL RISK ASSESSMENT FOR THE HARBOR OIL STUDY AREA 
 

DECEMBER 30, 2011  33 WINDWARD ENVIRONMENTAL LLC 
 

Cain BW, Pafford EA. 1981. Effects of dietary nickel on survival and growth of 
mallard ducklings. Arch Environ Contam Toxicol 10:737-745. 

Cain BW, Sileo L, Franson JC, Moore J. 1983. Effects of dietary cadmium on 
mallard ducklings. Environ Res 32:286-297. 

Camardese MB, Hoffman DJ, LeCaptain LJ, Pendleton GW. 1990. Effects of 
arsenate on growth and physiology in mallard ducklings. Environ Toxicol Chem 
9:785-795. 

Cannon MS, Holcomb LC. 1968. The effect of DDT on reproduction in mice. Ohio 
J Sci 68(1):19-24. 

Carpenter CP, Weil CS, Smyth Jr HF. 1953. Chronic oral toxicity of di(2-
ethylhexyl) phthalate for rats, guinea pigs, and dogs. Arch Indus Hyg Occup Med 
8:219-227. 

Carriere D, Fischer K, Peakall D, Angehrn P. 1986. Effects of dietary aluminum in 
combination with reduced calcium and phosphorous on the ring dove 
(Streptopelia risoria). Wat Air Soil Pollut 30:757-764. 

Chakravarty S, Lahiri P. 1986. Effect of lindane on eggshell characteristics and 
calcium level in the domestic duck. Toxicology 42:245-258. 

Chakravarty S, Mandal A, Lahiri P. 1986. Effect of lindane on clutch size and 
level of egg yolk protein in domestic duck. Toxicology 39:93-103. 

Chetty KY, Rau S, Drummond L, Desaiah D. 1979. Cobalt induced changes in 
immune response and adenosine triphosphatase activities in rats. J Environ Sci 
Health B14(5):525-544. 

Choct M, Naylor AJ, Reinke N. 2004. Selenium supplementation affects broiler 
growth performance, meat yield and feather coverage. Brit Poult Sci 45(5):677-
683. 

Clement JG, Okey AB. 1974. Reproduction in female rats born to DDT-treated 
parents. Bull Environ Contam Toxicol 12:373-377. 

Cockell KA, Bettger WJ. 1993. Investigations of the gallbladder pathology 
associated with dietary exposure to disodium arsenate heptahydrate in juvenile 
rainbow trout. Toxicology 77:233-248. 

Cockell KA, Hilton JW. 1988. Preliminary investigation on the comparative 
chronic toxicity of four dietary arsenicals to juvenile rainbow trout (Salmo 
gairdneri R.). Aquat Toxicol 12:73-82. 

Cockell KA, Hilton JW, Bettger WJ. 1991. Chronic toxicity of dietary disodium 
arsenate heptahydrate to juvenile rainbow trout (Oncorhynchus mykiss). Arch 
Environ Contam Toxicol 21:518-527. 

Cockell KA, Hilton JW, Bettger WJ. 1992. Hepatobiliary and hematological 
effects of dietary disodium arsenate heptahydrate in juvenile rainbow trout 
(Oncorhynchus mykiss). Comp Biochem Physiol 103C(3):453-458. 

Courtney CH, Reed JK. 1971. Accumulation of DDT from food and from water by 
golden shiner minnows, Notemigonus crysoleucas. In: Webb J, ed, Proceedings 
of the 25th Annual Conference, Southeastern Association of Game and Fish 
Commissioners, Charleston SC. Southeastern Association of Game and Fish 
Commissioners, Frankfort, KY, pp 426-431. 



  BASELINE ECOLOGICAL RISK ASSESSMENT FOR THE HARBOR OIL STUDY AREA 
 

DECEMBER 30, 2011  34 WINDWARD ENVIRONMENTAL LLC 
 

Crawford RB, Guarino AM. 1976. Effects of DDT in Fundulus: studies on toxicity, 
fate, and reproduction. Arch Environ Contam Toxicol 4:334-348. 

Custer TW, Heinz GH. 1980. Reproductive success and nest attentiveness of 
mallard ducks fed Aroclor 1254. Environ Pollut 21:313-318. 

Davison KL, Sell JL. 1974. DDT thins shells of eggs from mallard ducks 
maintained on ad libitum or controlled-feeding regimens. Arch Environ Contam 
Toxicol 2(3):222-232. 

DeFoe DL, Veith GD, Carlson RW. 1978. Effects of Aroclor 1248 and 1260 on 
the fathead minnow (Pimephales promelas). J Fish Res Bd Can 35:997-1002. 

DEQ. 2001. Guidance for ecological risk assessment: level II screening update. 
Waste Management and Cleanup Division, Oregon Department of Environmental 
Quality, Portland, OR. 

Diaz GJ, Julian RJ, Squires EJ. 1994. Lesions in broiler chickens following 
experimental intoxication with cobalt. Avian Dis 38(2):308-316. 

Dietz DD, Leininger JR, Rauckman EJ, Thompson MB, Chapin RE, Morrissey 
RL, Levine BS. 1991. Toxicity studies of acetone administered in the drinking 
water of rodents. Fund Appl Toxicol 17:347-360. 

DiGiulio RT, Scanlon P. 1984. Sublethal effects of cadmium ingestion on mallard 
ducks. Arch Environ Contam Toxicol 13:765-771. 

Dodds-Smith ME, Johnson MS, Thompson DJ. 1992. Trace metal accumulation 
by the shrew Sorex araneus. I. Total body burden, growth, and mortality. Ecotox 
Environ Saf 24:102-117. 

Dozier WA, III, Davis AJ, Freeman ME, Ward TL. 2003. Early growth and 
environmental implications of dietary zinc and copper concentrations and 
sources of broiler chicks. Brit Poult Sci 44(5):726-731. 

Duby RT, Travis HF, Terrill CE. 1971. Uterotropic activity of DDT in rats and mink 
and its influence on reproduction in the rat. Toxicol Appl Pharmacol 18:348-355. 

Eastin WC, Jr, O'Shea TJ. 1981. Effects of dietary nickel on mallards. J Toxicol 
Environ Health 7:883-892. 

Edens FW, Benton E, Bursian SJ, Morgan GW. 1976. Effect of dietary lead on 
reproductive performance in Japanese quail, Coturnix coturnix japonica. Toxicol 
Appl Pharmacol 38:307-314. 

Efroymson RA, Will ME, Suter GW, II. 1997. Toxicological benchmarks for 
contaminants of potential concern for effects on soil and litter invertebrates and 
heterotrophic process: 1997 revision. ES/ER/TM-126/R2. Oak Ridge National 
Laboratory, US Department of Energy, Oak Ridge, TN. 

Elfant M, Keen CL. 1987. Sodium vanadate toxicity in adult and developing rats. 
Biol Trace Elem Res 14:193-207. 

Ema M, Itami K, Kawasaki H. 1992a. Effect of period of exposure on the 
developmental toxicity of butyl benzyl phthalate in rats. J Appl Toxicol 12(1):57-
61. 

Ema M, Itami T, Kawasaki H. 1992b. Embryolethality and teratogenicity of butyl 
benzyl phthalate in rats. J Appl Toxicol 12(3):179-183. 



  BASELINE ECOLOGICAL RISK ASSESSMENT FOR THE HARBOR OIL STUDY AREA 
 

DECEMBER 30, 2011  35 WINDWARD ENVIRONMENTAL LLC 
 

Ema M, Kurosaka R, Amano H, Ogawa Y. 1994. Embryolethality of butyl benzyl 
phthalate during early pregnancy in rats. Reprod Toxicol 8(3):231-236. 

EPA. 2005a. Ecological soil screening levels for antimony. Interim final. OSWER 
Directive 9285.7-61. Office of Solid Waste and Emergency Response, US 
Environmental Protection Agency, Washington, DC. 

EPA. 2005b. Ecological soil screening levels for barium. Interim final. OSWER 
Directive 9285.7- 63. Office of Solid Waste and Emergency Response, US 
Environmental Protection Agency, Washington, DC. 

EPA. 2005c. Ecological soil screening levels for beryllium. Interim final. OSWER 
Directive 9285.7- 64. Office of Solid Waste and Emergency Response, US 
Environmental Protection Agency, Washington, DC. 

EPA. 2006. Integrated Risk Information System (IRIS) database [online]. US 
Environmental Protection Agency, Washington, DC.  [Cited 1/2006.] Available 
from: http://www.epa.gov/iris/. 

EPA. 2007a. Ecological soil screening levels (Eco-SSL) [online]. US 
Environmental Protection Agency, Washington, DC. Updated 8/14/07. Available 
from: http://www.epa.gov/ecotox/ecossl/. 

EPA. 2007b. Ecological soil screening levels for polycyclic aromatic 
hydrocarbons (PAHs). Interim final. OSWER Directive 9285.7-78. Office of Solid 
Waste and Emergency Response, US Environmental Protection Agency, 
Washington, DC. 

EPA. 2007c. Ecological soil screening levels for selenium. Interim final. OSWER 
Directive 9285.7-72. Office of Solid Waste and Emergency Response, US 
Environmental Protection Agency, Washington, DC. 

EPA. 2007d. Ecological soil screening levels for zinc. Interim final. OSWER 
Directive 9285.7-73. Office of Solid Waste and Emergency Response, US 
Environmental Protection Agency, Washington, DC. 

EPA. 2009. National recommended water quality criteria table [online]. Office of 
Water, US Environmental Protection Agency, Washington, DC. Updated 6/24/09. 
[Cited 8/19/09.] Available from: 
http://www.epa.gov/waterscience/criteria/wqctable/. 

Fernie K, Smiths J, Bortolotti G. 2003a. Developmental toxicity of in ovo 
exposure to polychlorinated biphenyls: I. Immediate and subsequent effects on 
first-generation nestling American kestrels (Falco sparverius). Environ Toxicol 
Chem 22(3):554-560. 

Fernie K, Bortolotti G, Smits J. 2003b. Reproductive abnormalities, teratogenicity, 
and developmental problems in American kestrels (Falco sparverius) exposed to 
polychlorinated biphenyls. J Toxicol Environ Health A 66:2089-2103. 

Fernie KJ, Bortolotti GR, Smits JE, Wilson J, Drouillard KG, Bird DM. 2000. 
Changes in egg composition of American kestrels exposed to dietary 
polychlorinated biphenyls. J Toxicol Environ Health Part A, 60:291-303. 

Fernie KJ, Smits JE, Bortolotti GR, Bird DM. 2001. In ovo exposure to 
polychlorinated biphenyls: reproductive effects on second-generation American 
kestrels. Arch Environ Contam Toxicol 40:544-550. 

http://www.epa.gov/iris/�
http://www.epa.gov/ecotox/ecossl/�
http://www.epa.gov/waterscience/criteria/wqctable/�


  BASELINE ECOLOGICAL RISK ASSESSMENT FOR THE HARBOR OIL STUDY AREA 
 

DECEMBER 30, 2011  36 WINDWARD ENVIRONMENTAL LLC 
 

Finley MT, Dieter MP, Locke LN. 1976. Sublethal effects of chronic lead ingestion 
in mallard ducks. J Toxicol Environ Health 1:929-937. 

Fitzhugh OG. 1948. Use of DDT insecticides on food products. Ind and Eng 
Chemistry 40(4):704-705. 

Franklin NM, Glover CN, Nicol JA, Wood CM. 2005. Calcium/cadmium 
interactions at uptake surfaces in rainbow trout: waterborne versus dietary routes 
of exposure. Environ Toxicol Chem 24(11):2954-2964. 

Freeland JH, Cousins RJ. 1973. Effect of dietary cadmium on anemia, iron 
absorption, and cadmium binding protein in the chick. Nutr Rep Internat 8(5):337-
347. 

Galvez F, Wood CM. 1999. Physiological effects of dietary silver sulfide exposure 
in rainbow trout. Environ Toxicol Chem 18(1):84-88. 

Gasaway WC, Buss IO. 1972. Zinc toxicity in the mallard duck. J Wildl Manage 
36:1107-1117. 

Gee JM, Craig-Veit CB, Millam JR. 2004. Posthatch methoxychlor exposure 
adversely affects reproduction of adult zebra finches, Taeniopygia guttata. Bull 
Environ Contam Toxicol 73:607-612. 

Goettl JP, Davies PH, Sinley JR. 1976. Water pollution studies. Colorado 
Fisheries Research Review 1972-1975. CO Div Wildlife Rev 8:68-75. 

Golub MS, Keen CL. 1999. Effects of dietary aluminum on pubertal mice. 
Neurotoxicol Teratol 21(5):595-602. 

Golub MS, Gershwin ME, Donald JM, Negri S, Keen CL. 1987. Maternal and 
developmental toxicity of chronic aluminum exposure in mice. Fund Appl Toxicol 
8(5):346-357. 

Grant DL, Phillips WEJ, Hatina GV. 1977. Effect of hexachlorobenzene on 
reproduction in the rat. Arch Environ Contam Toxicol 5(2):207-216. 

Halverson AW, Palmer IS, Guss PL. 1966. Toxicity of selenium to post-weanling 
rats. Toxicol Appl Pharmacol 9:477-484. 

Hamelink JL, Waybrant RC, Ball RC. 1971. A proposal: exchange equilibria 
control the degree chlorinated hydrocarbons are biologically magnified in lentic 
environments. Trans Am Fish Soc 100(2):207-213. 

Handy RD. 1992. The assessment of episodic metal pollution. II. The effects of 
cadmium and copper enriched diets on tissue contaminant analysis in rainbow 
trout (Oncorhynchus mykiss). Arch Environ Contam Toxicol 22:82-87. 

Handy RD. 1993. The effect of acute exposure to dietary Cd and Cu on organ 
toxicant concentrations in rainbow trout, Oncorhynchus mykiss. Aquat Toxicol 
27:1-14. 

Hansen D, Schimmel SC, Forester J. 1974a. Aroclor 1254 in eggs of 
sheepshead minnows: effect on fertilization success and survival of embryos and 
fry. Proceedings of 27th Annual Conference, Southeastern Association of Game 
and Fish Commissioners, Hot Springs, AR, pp 420-426. 



  BASELINE ECOLOGICAL RISK ASSESSMENT FOR THE HARBOR OIL STUDY AREA 
 

DECEMBER 30, 2011  37 WINDWARD ENVIRONMENTAL LLC 
 

Hansen DJ, Parrish PR, Lowe JL, Wilson AJ, Jr, Wilson PD. 1971. Chronic 
toxicity, uptake, and retention of Aroclor 1254 in two estuarine fishes. Bull 
Environ Contam Toxicol 6:113-119. 

Hansen DJ, Parrish PR, Forester J. 1974b. Aroclor 1016: Toxicity to and uptake 
by estuarine animals. Environ Res 7:363-373. 

Hansen DJ, Schimmel SC, Forester J. 1975. Effects of Aroclor 1016 on embryos, 
fry, juveniles, and adults of sheepshead minnows (Cyprinodon variegates). Trans 
Am Fish Soc 104:584-588. 

Hansen LG, Wiekhorst WB, Simon J. 1976. Effects of dietary Aroclor 1242 on 
channel catfish (Ictalurus punctatus) and the selective accumulation of PCB 
components. J Fish Res Bd Can 33:1343-1352. 

Harris SJ, Cecil HC, Bitman J. 1974. Effect of several dietary levels of technical 
methoxychlor on reproduction in rats. J Agr Food Chem 22(6):969-973. 

Hart DR, Heddle JA. 1991. Micronucleus assays in peripheral blood of rainbow 
trout: Timing of response and chemical mutagen sensitivity. Can Tech Rep Fish 
Aquat Sci 1774(2):993-1010. 

Haseltine SD, Prouty RM. 1980. Aroclor 1242 and reproductive success of adult 
mallards (Anas platyrhynchos). Environ Res 23:29-34. 

Haseltine SD, Sileo L, Hoffman DJ, Mulhern BD. unpublished. Effects of 
chromium on reproduction and growth in black ducks. As cited in Sample BE, 
Opresko DM, Suter GW. 1996. Toxicological benchmarks for wildlife. 1996 
revision. ES/ERM-86/R3. Office of Environmental Management, US Department 
of Energy, Washington, DC. 

Hasten DL, Hegsted M, Keenan MJ, Morris GS. 1997. Dosage effects of 
chromium picolinate on growth and body composition in the rat. Nutr Res 
17(7):1175-1186. 

Hatakeyama S, Yasuno M. 1982. Accumulation and effects of cadmium on guppy 
(Poecilia reticulata) fed cadmium-dosed Cladocera (Moina macrocopa). Bull 
Environ Contam Toxicol 29:159-166. 

Hatakeyama S, Yasuno M. 1987. Chronic effects of Cd on the reproduction of the 
guppy (Poecilia reticulata) through Cd-accumulated midge larvae (Chironomus 
yoshimatsui). Ecotox Environ Saf 14:191-207. 

Hattula ML, Karlog O. 1972. Toxicity of polychlorinated biphenyls (PCBs) to 
goldfish. Acta Pharmacol Toxicol 31:238-240. 

Heath RG, Spann JW, Kreitzer JF. 1969. Marked DDE impairment of mallard 
reproduction in controlled studies. Nature 224:47-48. 

Heath RG, Spann JW, Hill EF, Kreitzer JF. 1972. Comparative dietary toxicities 
of pesticides to birds. Wildlife no. 152. Patuxent Wildlife Research Center, 
Bureau of Sport Fisheries and Wildlife, Laurel, MD. 

Heinz GH. 1980. Eggshell thickness in mallards fed methylmercury. Bull Environ 
Contam Toxicol 25:498-502. 

Heinz GH, Hoffman DJ, Krynitsky AJ, Weller DMG. 1987. Reproduction in 
mallards fed selenium. Environ Toxicol Chem 6:423-433. 



  BASELINE ECOLOGICAL RISK ASSESSMENT FOR THE HARBOR OIL STUDY AREA 
 

DECEMBER 30, 2011  38 WINDWARD ENVIRONMENTAL LLC 
 

Heinz GH, Hoffman DJ, Gold LG. 1988. Toxicity of organic and inorganic 
selenium to mallard ducklings. Arch Environ Contam Toxicol 17:561-568. 

Heinz GH, Hoffman DJ, Gold LG. 1989. Impaired reproduction of mallards fed an 
organic form of selenium. J Wildl Manage 53(2):418-428. 

Heisinger JF, Hansen CD, Kim JH. 1979. Effect of selenium dioxide on the 
accumulation and acute toxicity of mercuric chloride in goldfish. Arch Environ 
Contam Toxicol 8:279-283. 

Hendricks JD, Meyers TR, Shelton DW, Casteel JL, Bailey GS. 1985. 
Hepatocarcinogenicity of benzo[a]pyrene to rainbow trout by dietary exposure 
and intraperitoneal injection. J Nat Cancer Inst 74:839-851. 

Hext PM, Pinto PJ, Rimmel BA. 1999. Subchronic feeding study of antimony 
trioxide in rats. J Appl Toxicol 19:205-209. 

Hill EF, Soares JH, Jr. 1987. Oral and intramuscular toxicity of inorganic and 
organic mercury chloride to growing quail. J Toxicol Environ Health 20:105-116. 

Hill EF, Heath RG, Spann JW, Williams JD. 1975. Lethal dietary toxicities of 
environmental pollutants to birds. Wildlife no. 191. US Fish and Wildlife Service, 
Laurel, MD. 

Hill EF, Heath RG, Williams JD. 1976. Effect of dieldrin and Aroclor 1242 on 
Japanese quail eggshell thickness. Bull Environ Contam Toxicol 16(4):445-453. 

Hilton JW, Bettger WJ. 1988. Dietary vanadium toxicity in juvenile rainbow trout: 
a preliminary study. Aquat Toxicol 12:63-71. 

Hornshaw TC, Safronoff J, Ringer RK, Aulerich RJ. 1986. LC50 test results in 
polychlorinated biphenyl-fed mink: age, season, and diet comparisons. Arch 
Environ Contam Toxicol 15:717-723. 

Hough JL, Baird MB, Sfeir GT, Pacini CS, Darrow D, Wheelock C. 1993. 
Benzo(a)pyrene enhances atherosclerosis in white carneau and show racer 
pigeons. Arterioscler Thromb 13:1721-1727. 

Hugla JL, Thome JP. 1999. Effects of polychlorinated biphenyls on liver 
ultrastructure, hepatic monooxygenases, and reproductive success in the barbel. 
Ecotox Environ Saf 42:265-273. 

Iavicoli I, Carelli G, Stanek EJ, Castellino N, Li Z, Calabrese A. 2006. Low doses 
of dietary lead are associated with a profound reduction in the time to onset of 
puberty in female mice. Reprod Toxicol 22:586-590. 

Ishida M, Suyama K, Adachi S, Hoshino T. 1982. Distribution of orally 
administered di-ethylhexyl phthalate in laying hens. Poult Sci 61:262-267. 

Ivankovic S, Preussman R. 1975. Absence of toxic and carcinogenic effects after 
administration of high doses of chromic oxide pigment in subacute and long-term 
feeding experiments in rats. Food Cosmet Toxicol 13:347-351. 

Jarvinen AW, Hoffman MJ, Thorslund TW. 1976. Toxicity of DDT food and water 
exposure to fathead minnows. EPA-600/3-76/114. US Environmental Protection 
Agency, Duluth, MN. 



  BASELINE ECOLOGICAL RISK ASSESSMENT FOR THE HARBOR OIL STUDY AREA 
 

DECEMBER 30, 2011  39 WINDWARD ENVIRONMENTAL LLC 
 

Jarvinen AW, Hoffman MJ, Thorslund TW. 1977. Long-term toxic effects of DDT 
food and water exposure on fathead minnows (Pimephales promelas). J Fish 
Res Bd Can 34:2089-2103. 

Jensen S, Kihlstrom JE, Olsson M, Lundberg C, Orberg J. 1977. Effects of PCB 
and DDT on mink (Mustela vison) during the reproductive season. Ambio 
6(4):239. 

Jia X, Lia N, Chen J. 2005. A subchronic toxicity study of elemental nano-Se in 
Sprague-Dawley rats. Life Sci 76:1989-2003. 

Jonsson JT, Jr, Keil JE, Gaddy RG, Loadholt CB, Hennigar GR, Walker Jr EM. 
1976. Prolonged ingestion of commercial DDT and PCB; Effects on progesterone 
levels and reproduction in the mature female rat. Arch Environ Contam Toxicol 
3:479-490. 

Julius AD, Davies MH, Birt DF. 1983. Toxic effects of dietary selenium in the 
Syrian hamster. Ann Nutr Metab 27:296-305. 

Kamunde CN, Grosell M, Lott JNA, Wood CM. 2001. Copper metabolism and gut 
morphology in rainbow trout (Oncorhynchus mykiss) during chronic sublethal 
dietary copper exposure. Can J Fish Aquat Sci 58:293-305. 

Kang J-C, Kim S-G, Jang S-W. 2005. Growth and hematological changes of 
rockfish, Sebastes schlegeli (Hilgendorf) exposed to dietary Cu and Cd. J World 
Aquacult Soc 36(2):188-195. 

Kihlstrom JE, Olsson M, Jensen S, Johansson A, Ahlbom J, Bergman A. 1992. 
Effects of PCB and different fractions of PCB on the reproduction of the mink 
(Mustela vison). Ambio 2(8):563-569. 

Kim S-G, Kim J-W, Kang J-C. 2004. Effect of dietary cadmium on growth and 
haematological parameters of juvenile rockfish, Sebastes schlegeli (Hilgendorf). 
Aquacult Res 35:80-86. 

Kitchin KT, Linder RE, Scotti TM, Walsh D, Curley AO, Svendsgaard D. 1982. 
Offspring mortality and maternal lung pathology in female rats fed 
hexachlorobenzene. Toxicology 23:33-39. 

Kolaja GJ. 1977. The effects of DDT, DDE and their sulfonated derivatives on 
eggshell formation in the mallard duck. Bull Environ Contam Toxicol 17:697-701. 

Kudo A, Mortimer DC. 1979. Pathways for mercury uptake by fish from bed 
sediments. Environ Pollut 13(1979):239-245. 

Lamb JC, Chapin RE, Teague J, Lawton AD, Reel JR. 1987. Reproductive 
effects of four phthalic acid esters in the mouse. Toxicol Appl Pharmacol 88:255-
269. 

Lanno RP, Slinger SJ, Hilton JW. 1985a. Effect of ascorbic acid on dietary 
copper toxicity in rainbow trout (Salmo gairdneri Richardson). Aquaculture 
49:269-287. 

Lanno RP, Slinger SJ, Hilton JW. 1985b. Maximum tolerable and toxicity levels of 
dietary copper in rainbow trout (Salmo gairdneri Richardson). Aquaculture 
49:257-268. 



  BASELINE ECOLOGICAL RISK ASSESSMENT FOR THE HARBOR OIL STUDY AREA 
 

DECEMBER 30, 2011  40 WINDWARD ENVIRONMENTAL LLC 
 

Leach RM, Jr, Wang KW-L, Baker DE. 1979. Cadmium and the food chain: the 
effect of dietary cadmium on tissue composition in chicks and laying hens. J Nutr 
109:437-443. 

Lieb AJ, Bills DD, Sinnhuber RO. 1974. Accumulation of dietary polychlorinated 
biphenyls (Aroclor 1254) by rainbow trout (Salmo gairdneri). J Agr Food Chem 
22:638-642. 

Lien TF, Chen KL, Wu CP, Lu JJ. 2004. Effects of supplemental copper and 
chromium on the serum and egg traits of laying hens. Brit Poult Sci 45(4):535-
539. 

Lilienthal H, Benthe C, Heinzow B, Winneke G. 1996. Impairment of schedule-
controlled behavior by pre- and postnatal exposure to hexachlorobenzene in rats. 
Arch Toxicol 70:174-181. 

Linzey AV. 1987. Effects of chronic polychlorinated biphenyls exposure on 
reproductive success of white-footed mice (Peromyscus leucopus). Arch Environ 
Contam Toxicol 16:455-460. 

Linzey AV. 1988. Effects of chronic polychlorinated biphenyls exposure on 
growth and reproduction of second generation white-footed mice (Peromyscus 
leucopus). Arch Environ Contam Toxicol 17:39-45. 

Lock RAC. 1975. Uptake of methylmercury by aquatic organisms from water and 
food. In: Koeman JH, Strik JJTWA, eds, Sublethal effects of toxic chemicals on 
aquatic organisms. Elsevier Press, Amsterdam, the Netherlands, pp 61-79.  

Loeser E, Lorke D. 1977a. Semichronic oral toxicity of cadmium. 1. Studies on 
rats. Toxicology 7:215-224. 

Loeser E, Lorke D. 1977b. Semichronic oral toxicity of cadmium. 2. Studies on 
dogs. Toxicology 7:225-232. 

Longcore JR, Samson FB. 1973. Eggshell breakage by incubating black ducks 
fed DDE. J Wildl Manage 37(3):390-394. 

Lowe TP, Stendell RC. 1991. Eggshell modifications in captive American kestrels 
resulting from Aroclor 1248 in the diet. Arch Environ Contam Toxicol 20:519-522. 

Lundebye AK, Berntssen MHG, Bonga WSE, Maage A. 1999. Biochemical and 
physiological responses in Atlantic salmon (Salmo salar) following dietary 
exposure to copper and cadmium. Mar Pollut Bull 39:137-144. 

MacDonald DD, Ingersoll CG, Berger TA. 2000. Development and evaluation of 
consensus-based sediment quality guidelines for freshwater ecosystems. Arch 
Environ Contam Toxicol 39(5):20-31. 

Macek KJ. 1968a. Growth and resistance to stress in brook trout fed sublethal 
levels of DDT. J Fish Res Bd Can 25(11):2443-2451. 

Macek KJ. 1968b. Reproduction in brook trout (Salvelinus fontinalis) fed 
sublethal concentrations of DDT. J Fish Res Bd Can 25(9):1787-1796. 

Macek KJ, Korn S. 1970. Significance of the food chain in DDT accumulation by 
fish. J Fish Res Bd Can 27(8):1496-1498. 



  BASELINE ECOLOGICAL RISK ASSESSMENT FOR THE HARBOR OIL STUDY AREA 
 

DECEMBER 30, 2011  41 WINDWARD ENVIRONMENTAL LLC 
 

Macek KJ, Rodgers CR, Stalling DL, Korn S. 1970. The uptake, distribution and 
elimination of dietary 14C-DDT and 14

Machemer L, Lorke D. 1981. Embryotoxic effect of cadmium on rats upon oral 
administration. Toxicol Appl Pharmacol 58:438-443. 

C-Dieldrin in rainbow trout. Trans Am Fish 
Soc 99:689-695. 

MacKenzie KM, Angevine DM. 1981. Infertility in mice exposed in utero to 
benzo(a)pyrene. Biol Reprod 24:183-191. 

Masutomi N, Shibutani M, Takagi H, Uneyama C, Takahashi N, Hirose M. 2003. 
Impact of dietary exposure to methoxychlor, genestein, or diisononyl phthalate 
during the perinatal period on the development of the rat endocrine/reproductive 
systems in later life. Toxicology 192:149-170. 

Matta MB, Linse J, Cairncross C, Francendese L, Kocan RM. 2001. 
Reproductive and transgenerational effects of methylmercury or Aroclor 1268 on 
Fundulus heteroclitus. Environ Toxicol Chem 20(2):327-335. 

Mauck WL, Mehrle PM, Mayer FL. 1978. Effects of the polychlorinated biphenyl 
Aroclor 1254 on growth, survival, and bone development in brook trout 
(Salvelinus fontinalis). J Fish Res Bd Can 35:1084-1088. 

Mayer KS, Mayer FL, Witt A, Jr. 1985. Waste transformer oil and PCB toxicity to 
rainbow trout. Trans Am Fish Soc 114(6):869-886. 

McKim JM, Olson GF, Holcombe GW, Hunt EP. 1976. Long-term effects of 
methylmercuric chloride on three generations of brook trout (Salvelinus 
fontinalis): Toxicity, accumulation, distribution, and elimination. J Fish Res Bd 
Can 33:2726-2739. 

McLane MAR, Hughes DL. 1980. Reproductive success of screech owls fed 
Aroclor 1248. Arch Environ Contam Toxicol 9:661-665. 

Meador JP, Sommers FC, Ylitalo GM, Sloan CA. 2006. Altered growth and 
related physiological responses in juvenile chinook salmon (Oncorhynchus 
tshawytscha) from dietary exposure to polycyclic aromatic hydrocarbons (PAHs). 
Can J Fish Aquat Sci 63:2364-2376. 

Mehring AL, Brumbaugh JH, Sutherland AJ, Titus HW. 1960. The tolerance of 
growing chickens for dietary copper. Poult Sci 39:713-719. 

Mellert W, Deckardt K, Kaufmann W, van Ravenzwaay B. 2007. Ethylbenzene: 
4- and 13-week rat oral toxicity. Arch Toxicol 81:361-370. 

Mendenhall VM, Klaas EE, McLane MAR. 1983. Breeding success of barn owls 
(Tyto alba) fed low levels of DDE and dieldrin. Arch Environ Contam Toxicol 
12:235-240. 

Millam JR, Craig-Veit CB, Batchelder ME, Viant MR, Herbeck TM, Woods LW. 
2002. An avian bioassay for environmental estrogens: the growth response of 
zebra finch (Taeniopygia guttata) chick oviduct to oral estrogens. Environ Toxicol 
Chem 21(12):2663-2668. 

Miller PA, Lanno RP, McMaster ME, Dixon DG. 1993. Relative contributions of 
dietary and waterborne copper to tissue copper burdens and waterborne-copper 
tolerance in rainbow trout (Oncorhynchus mykiss). Can J Fish Aquat Sci 
5(8):1683-1689. 



  BASELINE ECOLOGICAL RISK ASSESSMENT FOR THE HARBOR OIL STUDY AREA 
 

DECEMBER 30, 2011  42 WINDWARD ENVIRONMENTAL LLC 
 

Mohiuddin SM, Taskar PK, Rheault M, Roy P-E, Chenard J, Morin Y. 1970. 
Experimental cobalt cardiomyopathy. Amer Heart J 80(4):532-543. 

Morgan GW, Edens FW, Thaxton P, Parkhurst CR. 1975. Toxicity of dietary lead 
in Japanese quail. Poult Sci 54:1636-1642. 

Mount DR, Barth AK, Garrison TD, Barten KA, Hockett JR. 1994. Dietary and 
waterborne exposure of rainbow trout (Oncorhynchus mykiss) to copper, 
cadmium, lead and zinc using a live diet. Environ Toxicol Chem 13(12):2031-41. 

Murai T, Andrews JW, Smith RG, Jr. 1981. Effects of dietary copper on channel 
catfish. Aquaculture 22:353-357. 

Murata Y, Denda A, Maruyama H, Nakae D, Tsutsumi M, Tsujiuchi T, Konishi Y. 
1997. Chronic toxicity and carcinogenicity studies of 2-methylnaphthalene in 
B6C3F1 

Nation JR, Hare MF, Baker DM, Clark DE, Bourgeois AE. 1985. Dietary 
administration of nickel: effects on behavior and metallothionein levels. Physiol 
Behav 34:349-353. 

mice. Fund Appl Toxicol 36:90-93. 

Neal J, Rigdon RH. 1967. Gastric tumors in mice fed benzo(a)pyrene: a 
quantitative study. Tex Rep Biol Med 25(4):553-557. 

Nebeker AV, Puglisi FA, DeFoe DL. 1974. Effect of polychlorinated biphenyl 
compounds on survival and reproduction of the fathead minnow and flagfish. 
Trans Am Fish Soc 103:562-568. 

Nickerson SC, Sniffen CJ. 1973. Effects of DDT on growth and reproduction in 
the rat. Res in Life Sci 20:1-6. 

Niimi AJ, Lowe-Jinde L. 1984. Differential blood cell ratios of rainbow trout 
(Salmo gairdneri) exposed to methylmercury and chlorobenzenes. Arch Environ 
Contam Toxicol 13:303-311. 

NTP. 1993. National Toxicology Program  technical report on toxicity studies of 
cupric sulfate (CAS no. 7758-99-8) administered in drinking water and feed to 
F344/N rats and B6C3F1

O'Shea TJ, Stafford CJ. 1980. Phthalate plasticizers: accumulation and effects 
on weight and food consumption in captive starlings. Bull Environ Contam 
Toxicol 25:345-352. 

 mice. NIH publ. 93-3352. National Toxicology Program 
Toxicity Report Series no. 29, National Institutes of Health, Research Triangle 
Park, NC. 

Oh SH, Nakaue H, Deagen JT, Whanger PD, Arscott GH. 1979. Accumulation 
and depletion of zinc in chick tissue metallothioneins. J Nutr 109: 1720-1729. 

Oladimeji AA, Qadri SU, DeFreitas ASW. 1984. Long-term effects of arsenic 
accumulation in rainbow trout, Salmo gairdneri. Bull Environ Contam Toxicol 
32:732-741. 

Olson GF, Mount DI, Snarski VM, Thorslund TW. 1975. Mercury residues in 
fathead minnows, Pimephales promelas Rafinesque, chronically exposed to 
methylmercury in water. Bull Environ Contam Toxicol 14(2):129-134. 

Ondreicka R, Ginter E, Kortus J. 1966. Chronic toxicity of aluminium in rats and 
mice and its effects on phosphorus metabolism. Brit J Industr Med 23:305-312. 



  BASELINE ECOLOGICAL RISK ASSESSMENT FOR THE HARBOR OIL STUDY AREA 
 

DECEMBER 30, 2011  43 WINDWARD ENVIRONMENTAL LLC 
 

Ottoboni A. 1969. Effect of DDT on reproduction in the rat. Toxicol Appl 
Pharmacol 14:74-81. 

Ottoboni A. 1972. Effect of DDT on the reproductive life-span in the female rat. 
Toxicol Appl Pharmacol 22:497-502. 

Ousterhout LE, Berg LR. 1981. Effects of diet composition on vanadium toxicity 
in laying hens. Poult Sci 60:1152-1159. 

Palm RC, Jr, Powell DG, Skillman A, Godtfredsen K. 2003. Immunocompetence 
of juvenile chinook salmon against Listonella anquillarum following dietary 
exposure to polycyclic aromatic hydrocarbons. Environ Toxicol Chem 
22(12):2986-2994. 

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

Patton JF, Dieter MP. 1980. Effects of petroleum hydrocarbons on hepatic 
function in the duck. Comp Biochem Physiol 65C:33-36. 

Peakall DB. 1974. Effects of di-n-butylphthalate and di-2-ethylhexylphthalate on 
the eggs of ring doves. Bull Environ Contam Toxicol 12:698-702. 

Peakall DB, Lincer JL. 1972. Methyl mercury: its effect on eggshell thickness. 
Bull Environ Contam Toxicol 3(2):89-90. 

Peakall DB, Peakall ML. 1973. Effect of a polychlorinated biphenyl on the 
reproduction of artificially and naturally incubated dove eggs. J Appl Ecol 10:863-
868. 

Peakall DB, Lincer JL, Bloom SE. 1972. Embryonic mortality and chromosomal 
alterations caused by Aroclor 1254 in ring doves. Environ Health Perspect 1:103-
104. 

Peakall DB, Lincer JL, Risebrough RW, Pritchard JB, Kinter WB. 1973. DDE-
induced eggshell thinning; structural and physiological effects in three species. 
Comp Gen Pharmac 4:305-313. 

Persia ME, Baker DH, Parsons CM. 2004. Tolerance for excess basic zinc 
chloride and basic copper chloride in chicks. Brit Poult Sci 45(5):672-676. 

Phillips GR, Buhler DR. 1978. The relative contributions of methylmercury from 
food or water to rainbow trout (Salmo gairdneri) in a controlled laboratory 
environment. Trans Am Fish Soc 107(6):853-861. 

Pillai MKK, Agarwal HC, Yadav DV. 1977. Tolerance, uptake and metabolism of 
DDT in Gambusia affinis. Ind J Exper Biol 15:40-41. 

Plasterer MR, Bradshaw WS, Booth GM, Carter MW. 1985. Developmental 
toxicity of nine selected compounds following prenatal exposure in the mouse: 
naphthalene, p-nitrophenol, sodium selenite, dimethyl phthalate, 
ethylenethiourea, and four glycol ether derivatives. J Toxicol Environ Health 
15:25-38. 

Pond WG, Walker EF, Jr. 1975. Effect of dietary Ca and Cd level of pregnant rats 
on reproduction and on dam and progeny tissue mineral concentrations. Proc 
Soc Exper Biol Med 148:665-668. 



  BASELINE ECOLOGICAL RISK ASSESSMENT FOR THE HARBOR OIL STUDY AREA 
 

DECEMBER 30, 2011  44 WINDWARD ENVIRONMENTAL LLC 
 

Porter RD, Wiemeyer SN. 1972. DDE at low dietary levels kills captive American 
kestrels. Bull Environ Contam Toxicol 8(4):193-199. 

Poupoulis C, Jensen LS. 1976. Effect of high dietary copper on gizzard integrity 
of the chick. Poult Sci 55:113-121. 

Powell DB, Palm RC, Jr, Skillman A, Godtfredsen K. 2003. Immunocompetence 
of juvenile chinook salmon against Listonella anguillarum following dietary 
exposure to Aroclor 1254. Environ Toxicol Chem 22(2):285-295. 

Prescott CA, Wilkie BN, Hunter B, Julian RJ. 1982. Influence of purified grade of 
pentachlorophenol on the immune response of chickens. Am J Vet Res 
43(3):481-487. 

Pritzl MC, Lie YH, Kienholz EW, Whiteman CE. 1974. The effect of dietary 
cadmium on development of young chickens. Poult Sci 53:2026-2029. 

Rhead MM, Perkins JM. 1984. An evaluation of the relative importance of food 
and water as sources of p,p´-DDT to the goldfish, Carassius auratus (L.). Wat 
Res 18(6):719-725. 

Rice CA, Myers MS, Willis ML, French BL, Casillas E. 2000. From sediment 
bioassay to fish biomarker – connecting the dots using simple trophic 
relationships. Mar Environ Res 50:527-533. 

Richardson ME, Fox MRS, Bry BE, Jr. 1974. Pathological changes produced in 
Japanese quail by ingestion of cadmium. J Nutr 104:323-338. 

Rigdon RH, Neal J. 1963. Fluorescence of chickens and eggs following the 
feeding of benzpyrene crystals. Tex Rep Biol Med 21(4):558-566. 

Ringer RK. 1983. Toxicology of PCBs in mink and ferrets. In: D'Itri FM, Kamrin 
MA, eds, PCBs: human and environmental hazards. Butterworth Publishers, 
Boston, pp 227-240.  

Risebrough RW, Anderson DW. 1975. Some effects of DDE and PCB on 
mallards and their eggs. J Wildl Manage 39(3):508-513. 

Roberson RH, Schaible PJ. 1960. The tolerance of growing chicks for high levels 
of different forms of zinc. Poult Sci 39:893-895. 

Rodgers DW, Beamish FWH. 1982. Dynamics of dietary methylmercury in 
rainbow trout, Salmo gairdneri. Aquat Toxicol 2(1982):271-290. 

Romoser GL, Dudley WA, Machlin LJ, Loveless L. 1961. Toxicity of vanadium 
and chromium for the growing chick. Poult Sci 40:1171-1173. 

Scheuhammer AM. 1988. Chronic dietary toxicity of methylmercury in the zebra 
finch, Poephila guttata. Bull Environ Contam Toxicol 40:123-130. 

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

Schwetz BA, Norris JM, Kociba RJ, Keeler PA, Cornier RF, Gehring PJ. 1974. 
Reproduction study in Japanese quail fed hexachlorobutadiene for 90 days. 
Toxicol Appl Pharmacol 30:255-265. 

Shiota K, Chou MJ, Nishimura H. 1980. Embryotoxic effects of di-2-ethylhexyl 
phthalate (DEHP) and di-n-butyl phthalate (DBP) in mice. Environ Res 22:245-
253. 



  BASELINE ECOLOGICAL RISK ASSESSMENT FOR THE HARBOR OIL STUDY AREA 
 

DECEMBER 30, 2011  45 WINDWARD ENVIRONMENTAL LLC 
 

Shopp GM, White Jr KL, Holsapple MP, Barnes DW, Duke SD, Anderson AC, 
Condie Jr LW, Hayes JR, Borzelleca JF. 1984. Naphthalene toxicity in CD-1 
mice: general toxicology and immunotoxicology. Fund Appl Toxicol 4:407-419. 

Smith CC. 1953. Toxicity of butyl stearate, dibutyl sebacate, dibutyl phthalate, 
and methoxyethyl oleate. Arch Indus Hyg Occup Med 7(4):310-318. 

Smith MS. 1969. Responses of chicks to dietary supplements of copper sulphate. 
Brit Poult Sci 10:97-108. 

Smith SL, MacDonald DD, Keenleyside KA, Ingersoll CG, Field LJ. 1996. A 
preliminary evaluation of sediment quality assessment values for freshwater 
ecosystems. J Great Lakes Res 22:624-638. 

Snarski VM, Olson GF. 1982. Chronic toxicity and bioaccumulation of mercuric 
chloride in the fathead minnow (Pimephales promelas). Aquat Toxicol 2:143-156. 

Spalding MG, Frederick PC, McGill HC, Bouton SN, McDowell LR. 2000. 
Methylmercury accumulation in tissues and its effects on growth and appetite in 
captive great egrets. J Wildl Dis 36(3):411-422. 

Spann JW, Heinz GH, Camardese B, Hill EF, Moore JF, Murray HC. 1986. 
Differences in mortality among bobwhite fed methylmercury chloride dissolved in 
various carriers. Environ Toxicol Chem 5:721-724. 

Spencer F. 1982. An assessment of the reproductive toxic potential of Aroclor 
1254 in female Sprague-Dawley rats. Bull Environ Contam Toxicol 28:290-297. 

Srinivasan K, Mahadevappa KL, Radhakrishnamurty R. 1991. Toxicity of beta-
and gamma-hexachlorocyclohexane in rats of different ages. Bull Environ 
Contam Toxicol 47:623-627. 

Stahl JL, Greger JL, Cook ME. 1990. Breeding-hen and progeny performance 
when hens are fed excessive dietary zinc. Poult Sci 69:259-263. 

Stanley TR, Jr, Spann JW, Smith GJ, Rosscoe R. 1994. Main and interactive 
effects of arsenic and selenium on mallard reproduction and duckling growth and 
survival. Arch Environ Contam Toxicol 26:441-451. 

Stickel LF, Rhodes LI. 1970. The thin eggshell problem. In: Gillett JW, ed, 
Proceedings of the symposium, The Biological Impact of Pesticides in the 
Environment. Oregon State University, Corvallis, OR, pp 31-35.  

Stoewsand GS, Anderson JA, Gutenmann WH, Bache CA, Lisk DJ. 1971. 
Eggshell thinning in Japanese quail fed mercuric chloride. Science 173:1030-
1031. 

Straube EF, Schuster NH, Sinclair AJ. 1980. Zinc toxicity in the ferret. J Comp 
Path 90:355-361. 

Suter GW, Tsao CL. 1996. Toxicological benchmarks for screening potential 
contaminants of concern for effects on aquatic biota: 1996 revision. Prepared for 
U.S. Department of Energy Office of Environmental Management. Risk 
Assessment Program, Health Sciences Research Division. 

Sutton WR, Nelson VE. 1937. Studies on zinc. Proc Soc Exper Biol Med 36:211-
213. 



  BASELINE ECOLOGICAL RISK ASSESSMENT FOR THE HARBOR OIL STUDY AREA 
 

DECEMBER 30, 2011  46 WINDWARD ENVIRONMENTAL LLC 
 

Szebedinsky C, McGeer JC, McDonald DG, Wood CM. 2001. Effects of chronic 
Cd exposure via the diet or water on internal organ-specific distribution and 
subsequent gill Cd uptake kinetics in juvenile rainbow trout (Oncorhynchus 
mykiss). Environ Toxicol Chem 20(3):597-607. 

Takeda H, Shimma Y. 1977. Effects of toxic amounts of dietary zinc on the 
growth and body components of rainbow trout at two levels of calcium. Bull 
Freshw Fish Res 27:103-109. 

Tarjan R, Kemeny T. 1969. Multigeneration studies on DDT in mice. Food Chem 
Toxicol 7:215-222. 

Thorpe E, Walker AIT. 1973. The toxicology of dieldrin (HEOD). II. Comparative 
long-term oral toxicity studies in mice with dieldrin, DDT, phenobarbitone, beta-
BHC and gamma-BHC. Food Chem Toxicol 11:433-442. 

Turusov VS, Day NE, Tomatis L, Gati E, Charles RT. 1973. Tumors in CF-1 mice 
exposed for six consecutive generations to DDT. J Nat Cancer Inst 51(983-998). 

Tyl RW, Price CJ, Marr MC, Kimmel CA. 1988. Developmental toxicity evaluation 
of dietary di(2-ethylhexyl) phthalate in Fischer 344 rats and CD-1 mice. Fund 
Appl Toxicol 10:395-412. 

Tyl RW, Myers CB, Marr MC, Fail PA, Seely JC, Brine DR, Barter RA, Butala JH. 
2004. Reproductive toxicity evaluationof dietary butyl benzyl phthalate (BBP) in 
rats. Reprod Toxicol 18:241-264. 

USFWS. 1964. Pesticide-wildlife studies, 1963: a review of Fish and Wildlife 
Service investigations during the calendar year. Circular 199. Fish and Wildlife 
Service, US Department of the Interior, Washington, DC. 

Van Velsen FL, Danse LHJC, van Leeuwen FXR, Dormans JAMA, van Logten 
MJ. 1986. The subchronic oral toxicity of the beta-isomer of 
hexachlorocyclohexane in rats. Fund Appl Toxicol 6:697-712. 

van Wezel AP, Sijm DTHM, Seinen W, Opperhuizen A. 1995. Use of lethal body 
burdens to indicate species differences in susceptibility to narcotic toxicants. 
Chemosphere 31(5):3201-3209. 

Verschuuren HG, Kroes R, Den Tonkelaar EM, Berkvens JM, Helleman PW, 
Rauws AG, Schuller PL, Van Esch GJ. 1976. Toxicity of methylmercury chloride 
in rats. II. Reproduction study. Toxicology 6:97-106. 

Vos JG, van der Maas HL, Musch A, Ram E. 1971. Toxicity of 
hexachlorobenzene in Japanese quail with special reference to porphyria, liver 
damage, reproduction, and tissue residues. Toxicol Appl Pharmacol 18:944-957. 

Walsh AR, O'Halloran J, Gower AM. 1994. Some effects of elevated levels of 
chromium (III) in sediments to the mullet Chelon labrosus (R). Ecotox Environ 
Saf 27:168-176. 

Ware GW, Good EE. 1967. Effects of insecticides on reproduction in the 
laboratory mouse. II. Mirex, telodrin, and DDT. Toxicol Appl Pharmacol 10:54-61. 

Warlen SM, Wolfe DA, Lewis CW, Colby DR. 1977. Accumulation and retention 
of dietary 14C-DDT by Atlantic menhaden. Trans Am Fish Soc 106(1):95-104. 



  BASELINE ECOLOGICAL RISK ASSESSMENT FOR THE HARBOR OIL STUDY AREA 
 

DECEMBER 30, 2011  47 WINDWARD ENVIRONMENTAL LLC 
 

Webber HM, Haines TA. 2003. Mercury effects on predator avoidance behavior 
of a forage fish, golden shiner (Notemigonus crysoleucas). Environ Toxicol Chem 
22(7):1556-1561. 

Weber CW, Reid BL. 1968. Nickel toxicity in growing chicks. J Anim Sci 95:612-
616. 

Weber CW, Reid BL. 1969. Nickel toxicity in young growing mice. J Anim Sci 
20:620-623. 

Wellman PJ, Watkins PA, Nation JR, Clark DE. 1984. Conditioned taste aversion 
in the adult rat induced by dietary ingestion of cadmium or cobalt. Neurotoxicol 
5(2):81-90. 

White DH, Dieter MP. 1978. Effects of dietary vanadium in mallard ducks. J 
Toxicol Environ Health 4:43-50. 

White DH, Finley MT. 1978a. Effects of dietary cadmium in mallard ducks. In: 
Hemphill DD, ed, Trace substances in environmental health - XII. University of 
Missouri, Columbia, MO, pp 220-223.  

White DH, Finley MT. 1978b. Uptake and retention of dietary cadmium in mallard 
ducks. Environ Res 17:53-59. 

Wiemeyer SN, Hoffman DJ. 1996. Reproduction in eastern screech-owls fed 
selenium. J Wildl Manage 60(2):332-341. 

Wiemeyer SN, Porter RD. 1970. DDE thins eggshells of captive American 
kestrels. Nature 227:737-738. 

Wine RN, Li LH, Barnes LH, Gulati DK, Chapin RE. 1997. Reproductive toxicity 
of di-n-butylphthalate in a continuous breeding protocol in Sprague-Dawley rats. 
Environ Health Perspect 105:101-107. 

Wobeser G, Nielsen NO, Schiefer B. 1976. Mercury and mink II. Experimental 
methyl mercury intoxication. Can J Comp Med 40:34-45. 

Wolfe JL, Esher RJ, Robinson KM, Yarbrough JD. 1979. Lethal and reproductive 
effects of dietary mirex and DDT on old-field mice, Peromyscus polionotus. Bull 
Environ Contam Toxicol 21:397-402. 

Wolff BG, Phillips RE. 1990. Effects of dietary aluminum on reproduction in 
Japanese quail Coturnix coturnix japonica. Wat Air Soil Pollut 50:293-299. 

Wren CD, Hunter DB, Leatherland JF, Stokes PM. 1987. The effects of 
polychlorinated biphenyls and methylmercury, singly and in combination on mink. 
II: Reproduction and kit development. Arch Environ Contam Toxicol 16:449-454. 

Wrenn TR, Weyant JR, Fries GF, Bitman J. 1971. Effect of several dietary levels 
of o,p'-DDT on reproduction and lactation in the rat. Bull Environ Contam Toxicol 
6:471-480. 

Wu RSS, Pollino CA, Au DWT, Zheng GJ, Yuen BBH, Lam PKS. 2003. 
Evaluation of biomarkers of exposure and effect in juvenile areolated grouper 
(Epinephelus areolatus) on foodborne exposure to benzo(a)pyrene. Environ 
Toxicol Chem 22(7):1568-1573. 

You L, Casanova M, Bartolucci EJ, Fryczynski MW, Dorman DC, Everitt JI, 
Gaido KW, Ross SM, Heck HD. 2002. Combined effects of dietary phytoestrogen 



  BASELINE ECOLOGICAL RISK ASSESSMENT FOR THE HARBOR OIL STUDY AREA 
 

DECEMBER 30, 2011  48 WINDWARD ENVIRONMENTAL LLC 
 

and synthetic endocrine-active compound on reproductive development in 
Sprague-Dawley rats: genistein and methoxychlor. Toxicol Sci 66:91-104. 

 

 



DECEMBER 30, 2011 1 WINDWARD ENVIRONMENTAL LLC 

ATTACHMENT 2: METHODS FOR ESTIMATING 
TISSUE CONCENTRATIONS 

Tissue data were not collected from the Harbor Oil Superfund Study Area for 
chemistry analysis. In order to conduct the ecological risk assessment (ERA), 
chemical concentrations in various tissue types were estimated from abiotic 
concentrations. Estimated tissue concentrations were used to assess risks to fish 
via fish tissue residues and to assess risks to various ecological receptors via 
dietary exposures.  

Aquatic species (i.e., benthic invertebrates and fish) tissue concentrations were 
estimated from sediment using biota-sediment accumulation factors (BSAFs), 
and terrestrial species (i.e., terrestrial plants, invertebrates [earthworms] and 
small mammals) concentrations were estimated from soil using bioaccumulation 
factors (BAFs). BSAFs and BAFs represent the steady-state relationship 
between chemical concentrations in sediment or soil and tissue. Other 
assumptions (i.e., tissue-specific moisture and lipid content, sediment organic 
carbon [OC] content) were also used to calculate biota tissue-residue 
concentrations.   

Equations 1 and 2 present how BSAFs are commonly derived as a ratio for 
inorganic (metals) and organic compounds, respectively.  

dw,sed

dw,tiss

C
C

BSAF =  Equation 1 

Where: 

BSAF ratio chemical - and species-specific biota-sediment accumulation 
factor 

C mg/kg dw tiss,dw dry weight concentration in tissue 
C mg/kg dw sed,dw dry weight concentration in sediment 

sed
sed

tiss
tissue

OC
C

Lipid
C

BSAF =  Equation 2 

Where: 

BSAF ratio chemical - and species-specific biota-sediment accumulation 
factor 

C mg/kg ww tiss,ww wet weight concentration in tissue 
Lipid fraction tiss lipid content in tissue (expressed as a fraction)  
C mg/kg dw sed,dw dry weight concentration in sediment 
OC fraction sed organic carbon content in sediment (expressed as a fraction)  

 

Aquatic benthic invertebrate and fish tissue concentrations (Ctiss) used in the 
ERA were derived from Force Lake surface sediment concentrations (Csed) by 
algebraically rearranging Equations 1 and 2 and using literature-based BSAFs 
and generic assumptions regarding moisture content and lipid content (Table 1). 
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Moisture content was needed to convert BSAF-estimated dry weight tissue 
concentrations (for metals) into wet weight tissue concentrations. For organic 
compounds, Force Lake sediment concentrations were OC-normalized using the 
sample-specific total organic carbon (TOC) value (Table 2), and tissue 
concentrations were converted from lipid-normalized concentrations to wet 
weight concentrations using an average receptor-specific lipid content. 

 

Table 1. Assumptions Used to Estimate Tissue Concentrations Using 
BSAFs 

Parameter Assumption Source 
Sediment total organic carbon see Table 2 Force Lake data 
Moisture content – benthic invertebrates 79% EPA (1993) 
Moisture content – fish 72% EPA (1993) 
Lipid content – benthic invertebrates 1.2% EPA (2008)
Lipid content – fish 

a 
3.7% EPA (2008)

Lipid content – pumpkinseed 

b 
3.1% EPA (2008)

Lipid content – brown bullhead 

c 
2.6% EPA (2008)d 

a Average reported lipid content for all benthic invertebrates. 
b Average reported lipid content for pumpkinseed, carp, and brown bullhead. 
c Average reported lipid content for pumpkinseed. 
d

BSAF – biota-sediment accumulation factor 
 Average reported lipid content for brown bullhead. 

EPA – US Environmental Protection Agency 
 

Table 2. TOC Data Used to Estimate Organic 
Compound Concentrations in Fish Tissue 

Surface Sediment 
Sampling Location TOC (%) 

SE-01 6.71 
SE-02 5.1 
SE-03 6.54 
SE-04 10.4 
SE-05 6.02 
SE-06 10.6 
SE-07 13.1 
SE-08 3.02 
SE-09 8.44 
SE-10 7.07 
SE-11 1.34 

TOC – total organic carbon 
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For metals, the following equation was used to estimate dry weight aquatic 
benthic invertebrate and fish tissue concentrations on a sample-by-sample basis:  

 BSAFCC dw,seddw,tiss ×=  Equation 3 

Where: 

C mg/kg dw tiss,dw 
sample- and receptor-specific estimated dry weight tissue 
concentration 

C mg/kg dw sed, dw sample-specific dry weight Force Lake sediment concentration  
BSAF ratio chemical and receptor-specific biota-sediment accumulation factor 

 

Metal dry weight tissue concentrations were then converted into wet weight 
tissue concentrations using the following equation and percent moisture 
assumptions:  

 ( )tissdw,tissww,tiss M1CC −×=  Equation 4 

Where: 

C mg/kg ww tiss,ww 
sample- and receptor-specific estimated wet weight tissue 
concentration 

C mg/kg dw tiss,dw sample- and receptor-specific estimated dry weight tissue 
concentration 

M fraction tiss 
receptor-specific moisture content in tissue (expressed as a 
fraction); Mtiss = 0.79 for aquatic benthic invertebrates, and Mtiss

 

 = 
0.72 for fish (Table 1) 

For organic compounds, the following equation and assumptions were used to 
derive wet weight aquatic benthic invertebrate and fish tissue concentrations:  

 tiss
sed

dw,sed
ww,tiss LipidBSAF

OC
C

C ×







×=  Equation 5 

Where: 

C mg/kg ww tiss,ww 
sample- and receptor-specific estimated wet weight tissue 
concentration 

C mg/kg dw sed, dw sample-specific dry weight Force Lake sediment concentration 
OC fraction sed sample-specific TOC in sediment (expressed as a fraction)  
BSAF ratio chemical and receptor-specific biota-sediment accumulation factor 

Lipid fraction tiss 

receptor-specific lipid content in tissue (expressed as a fraction); 
Lipidtiss = 0.012 for aquatic benthic invertebrates, Lipidtiss = 0.031 
for pumpkinseed, and Lipidtiss

 
 = 0.026 for brown bullhead (Table 1) 

Equation 6 presents how BAFs are commonly derived as a ratio for both 
inorganic (metals) and organic compounds.  

soil

tissue

C
C

BAF =  Equation 6 

Where: 
BAF ratio chemical - and species-specific bioaccumulation factor 
C mg/kg dw tiss,dw dry weight concentration in tissue 
C mg/kg dw sed,dw dry weight concentration in soil 
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Terrestrial plant, terrestrial invertebrate (earthworms), and small mammal tissue 
concentrations (Ctiss) used in the ERA were derived from wetland surface soil 
concentrations (Csed

Table 3. Assumptions Used to Estimate Tissue Concentrations Using BAFs 

) by algebraically rearranging Equation 6 and using 
literature-based BAFs and generic assumptions regarding moisture content 
(Table 3). Moisture content was needed to convert BAF-estimated dry weight 
tissue concentrations into wet weight tissue concentrations.  

Parameter Assumption Source 
Moisture content – terrestrial plants 79% EPA (1993) 
Moisture content – terrestrial invertebrates 71% EPA (1993) a 
Moisture content – small terrestrial mammals 68% EPA (1993) 

a

BAF – bioaccumulation factor 
 Moisture content was based on the average earthworm percent moisture.    

EPA – US Environmental Protection Agency 
 

The following equation and assumptions were used to estimate dry weight 
terrestrial species tissue concentrations on a sample-by-sample basis:  

 BAFCC dw,soildw,tiss ×=  Equation 7 

Where: 

C mg/kg dw tiss,dw 
sample- and receptor-specific estimated dry weight tissue 
concentration 

C mg/kg dw soil, dw sample-specific dry weight wetland soil concentration  
BAF ratio chemical- and receptor-specific biota accumulation factor 

 

Dry weight tissue concentrations were then converted into wet weight tissue 
concentrations using the following equation and percent moisture assumption:  

 ( )tissdw,tissww,tiss M1CC −×=  Equation 8 

Where: 

C mg/kg ww tiss,ww 
sample- and receptor-specific estimated wet weight tissue 
concentration 

C mg/kg dw tiss,dw sample- and receptor-specific estimated dry weight tissue 
concentration 

M fraction tiss 
receptor-specific moisture in tissue (expressed as a fraction); 
Mtiss = 0.79 for terrestrial plants, Mtiss = 0.71 for terrestrial 
invertebrates, and Mtiss

A search for benthic invertebrate and fish literature-based BSAF was conducted 
for all sediment contaminants of interest (COIs) (i.e., chemicals with detected 
concentrations in Force Lake surface sediment). BSAFs were selected from a 
variety of compilation sources; their availability varied depending on the chemical 
class and modeled species. BSAFs were selected based on the following 
hierarchy: 

 = 0.68 for small mammals (Table 3) 

• Fish and invertebrate BSAFs for organic compounds were based on US 
Environmental Protection Agency’s (EPA’s) BSAF database (EPA 2008) 
when available.  
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• Benthic invertebrate BSAFs for inorganic chemicals (i.e., metals) were 
based on mean BSAFs reported by the Oak Ridge National Laboratory 
(ORNL) (1998).  

• Fish BSAFs were derived as the mean BSAF reported in the collection of 
BSAFs compiled by PTI (1995a, b). 

• A surrogate BSAF was used for some related chemicals (e.g., bis(2-
ethylhexyl) phthalate [BEHP] was used as a surrogate for other 
phthalates with no BAF).   

• A default value of 1 was used for all sediment COIs with no published 
value from the above sources. The use of this default value assumed that 
sediment and tissue concentrations were equal, which is a conservative 
assumption for chemicals that are regulated by fish or benthic 
invertebrates (e.g., metals) or do not accumulate (e.g., VOCs) and would 
therefore have BSAFs lower than 1. The default BSAF assumption of 1 
could underestimate risks for bioaccumulative chemicals; however, 
literature-based BSAFs are available for the key known bioaccumulative 
chemicals, such as PCBs and DDTs. 

The US Army Corps of Engineers (USACE) BSAF database (2008) was 
searched to obtain BSAFs; however, units for BSAFs in this database are not 
clearly presented (i.e., whether BSAFs for organic compounds were expressed 
as lipid- and OC-normalized tissue and sediment concentrations, respectively), 
and thus these BSAFs were not used.  

A search for terrestrial plant, invertebrate (earthworm), and small mammal 
literature-based BAFs was conducted for all soil COIs (i.e., all chemicals with 
detected concentrations in wetland soil). BAFs were selected from a variety of 
compilation sources based on the following hierarchy: 

• BAFs for terrestrial plants, terrestrial invertebrates, and small terrestrial 
mammals were selected from the available literature from ORNL (Bechtel 
Jacobs 1998; Lockheed-Martin Energy Systems 1998a, b) when 
available. 

• The guidance for ecological soil screening levels (EPA 2007) was used to 
develop plant, invertebrate, and small mammals BAFs for those COIs for 
which no ORNL BAF was available.   

• BAFs for terrestrial plants were derived from regressions reported in 
Travis and Arms (1988) and using chemical-specific KOW 

• A PCB BAF for small mammals was developed based on Moore et al. 
(2003). 

values.  

• A surrogate BAF was used for some related chemicals (e.g., BEHP was 
used as a surrogate for other phthalates with no BAF). 

• A default value of 1 was used for all soil COIs with no published value 
from the above sources. The use of this default value assumed that soil 
and tissue concentrations were equal, which is a conservative 
assumption for chemicals that are regulated (e.g., metals) or do not 
accumulate (e.g., VOCs) and would therefore have BAFs lower than 1. 
The default BAF assumption of 1 could underestimate risks for 
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bioaccumulative chemicals; however, literature-based BAFs are available 
for the key known bioaccumulative chemicals, such as PCBs and DDTs. 

Tables 4 and 5 present the aquatic invertebrate and fish BSAFs used in the ERA. 
Tables 6 through 8 present the terrestrial plant, earthworm, and small mammal 
BAFs that were used in the ERA. Table 9 presents the KOW

 

 values that were used 
to derive some terrestrial plant BAFs.  
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Table 4. Aquatic Invertebrate BSAFs Used in the ERA 

Chemical BSAF Source of and Details on Selected Value a  

Metals (dw/dw)   

Aluminum 1 No invertebrate BSAF was available from the literature; default value was used. 

Antimony 1 No invertebrate BSAF was available from the literature; default value was used. 

Arsenic 0.240 Based on non-depurated mean BSAF reported by ORNL (1998); mean was based on 49 BSAFs ranging from 0.018 to 
0.889 compiled from multiple sources; median BSAF was 0.127. 

Barium 1 No invertebrate BSAF was available from the literature; default value was used. 

Beryllium 1 No invertebrate BSAF was available from the literature; default value was used. 

Cadmium 3.438 Based on non-depurated mean BSAF reported by ORNL (1998); mean was based on 88 BSAFs ranging from 0.049 to 
41.55 compiled from multiple sources; median BSAF was 0.614. 

Chromium 0.206 Based on non-depurated mean BSAF reported by ORNL (1998); mean was based on 26 BSAFs ranging from 0.015 to 
1.101 compiled from multiple sources; median BSAF was1.108. 

Cobalt 1 No invertebrate BSAF was available from the literature; default value was used. 

Copper 2.14 Based on non-depurated mean BSAF reported by ORNL (1998); mean was based on 74 BSAFs ranging from 0.032 to 
16.63 compiled from multiple sources; median BSAF was1.647. 

Lead 0.331 Based on non-depurated mean BSAF reported by ORNL (1998); mean was based on 83 BSAFs ranging from 0.004 to 
7.08 compiled from multiple sources; median BSAF was 0.066. 

Mercury 1.204 Based on non-depurated mean BSAF reported by ORNL (1998); mean was based on 13 BSAFs ranging from 0.286 to 
2.868 compiled from multiple sources; median BSAF was 1.081. 

Nickel 1.313 Based on non-depurated mean BSAF reported by ORNL (1998); mean was based on 16 BSAFs ranging from 0.397 to 
5.746 compiled from multiple sources; median BSAF was 0.818. 

Selenium 1 No invertebrate BSAF was available from the literature; default value was used. 

Vanadium 1 No invertebrate BSAF was available from the literature; default value was used. 

Zinc 3.473 Based on non-depurated mean BSAF reported by ORNL (1998); mean was based on 84 BSAFs ranging from 0.026 to 
14.512 compiled from multiple sources; median BSAF was 2.33 

PAHs (lipid/OC)   

2-Methylnaphthalene 3.194 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all aquatic invertebrate species; mean was 
based on 17 BSAFs ranging from 0.00369 to 29.42. 

Acenaphthene 0.252 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all aquatic invertebrate species; mean was 
based on 42 BSAFs ranging from 0.00048 to 1.43. 
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Table 4. Aquatic Invertebrate BSAFs Used in the ERA 

Chemical BSAF Source of and Details on Selected Value a  

Acenaphthylene 0.508 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all aquatic invertebrate species; mean was 
based on 52 BSAFs ranging from 0.00105 to 5.07. 

Anthracene 0.659 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all aquatic invertebrate species; mean was 
based on 63 BSAFs ranging from 0.00030 to 23.7. 

Benzo(a)anthracene 0.545 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all aquatic invertebrate species; mean was 
based on 66 BSAFs ranging from 0.00014 to 11.8. 

Benzo(a)pyrene 0.383 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all aquatic invertebrate species; mean was 
based on 64 BSAFs ranging from 0.00016 to 9.51. 

Benzo(b)fluoranthene 1.45 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all aquatic invertebrate species; mean was 
based on 8 BSAFs ranging from 0.00144 to 8.03. 

Benzo(g,h,i)perylene 0.691 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all aquatic invertebrate species; mean was 
based on 55 BSAFs ranging from 0.00013 to 16.8. 

Benzo(k)fluoranthene 2.09 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all aquatic invertebrate species; mean was 
based on 6 BSAFs ranging from 0.00226 to 11.0. 

Chrysene 0.554 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all aquatic invertebrate species; mean was 
based on 43 BSAFs ranging from 0.00713 to 7.30. 

Dibenzo(a,h)anthracene 1.89 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all aquatic invertebrate species; mean was 
based on 28 BSAFs ranging from 0.00004 to 37.1. 

Fluoranthene 0.431 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all aquatic invertebrate species; mean was 
based on 70 BSAFs ranging from 0.00044 to 4.54. 

Fluorene 0.628 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all aquatic invertebrate species; mean was 
based on 56 BSAFs ranging from 0.00053 to 10.7. 

Indeno(1,2,3-cd)pyrene 1.02 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all aquatic invertebrate species; mean was 
based on 47 BSAFs ranging from 0.00006 to 19.6. 

Naphthalene 0.588 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all aquatic invertebrate species; mean was 
based on 22 BSAFs ranging from 0.00043 to 3.15. 

Phenanthrene 0.496 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all aquatic invertebrate species; mean was 
based on 65 BSAFs ranging from 0.00016 to 8.86. 

Pyrene 0.318 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all aquatic invertebrate species; mean was 
based on 70 BSAFs ranging from 0.00037 to 3.33. 

Total PAHs 0.924 Based on the mean of the average BSAFs for individual PAHs reported in EPA’s BSAF database (EPA 2008) for all 
aquatic invertebrates; individual PAH BSAFs ranged from 0.00004 to 37. 
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Table 4. Aquatic Invertebrate BSAFs Used in the ERA 

Chemical BSAF Source of and Details on Selected Value a  

PCBs (lipid/OC)   

Total PCBs 2.57 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all aquatic invertebrate species; mean was 
based on 155 BSAFs ranging from 0.00715 to 27.9. 

Phthalates (lipid/OC)   

BEHP 7.75 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all aquatic invertebrate species; mean was 
based on 3 BSAFs ranging from 0.81 to 14.0. 

Butyl benzyl phthalate 7.75 Based on the BEHP BSAF. 

Di-n-butyl phthalate 7.75 Based on the BEHP BSAF. 

Other SVOCs (lipid/OC)   

Hexachlorobenzene 1 No invertebrate BSAF was available from the literature; default value was used. 

Phenol 1 No invertebrate BSAF was available from the literature; default value was used. 

Pentachlorophenol 1 No invertebrate BSAF was available from the literature; default value was used. 

Pesticides (lipid/OC)   

2,4'-DDD 4.32 Based on the 4,4’-DDD BSAF. 

4,4'-DDD 4.32 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all aquatic invertebrate species; mean was 
based on 19 BSAFs ranging from 0.0343 to 45.0. 

4,4'-DDE 5.94 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all aquatic invertebrate species; mean was 
based on 74 BSAFs ranging from 0.393 to 48.5. 

Total DDTs 5.21 
Based on the weighted average BSAF for the three DDT components detected in Force Lake: 16% 2,4′-DDD (mean 
BSAF of 4.32 from EPA (2008)), 29% 4,4′-DDD (mean BSAF of 4.32 from EPA (2008)), and 55% 4,4'-DDE (mean BSAF 
of 5.94 from EPA (2008)); DDT metabolite BSAFs ranged from 0.034 to 49. 

delta-BHC 1 No invertebrate BSAF was available from the literature; default value was used. 

Methoxychlor 1 No invertebrate BSAF was available from the literature; default value was used. 

Ethylbenzene 1 No invertebrate BSAF was available from the literature; default value was used. 

VOCs (lipid/OC)   

Acetone 1 No invertebrate BSAF was available from the literature; default value was used. 

Carbon disulfide 1 No invertebrate BSAF was available from the literature; default value was used. 

Methyl ethyl ketone 1 No invertebrate BSAF was available from the literature; default value was used. 
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Table 4. Aquatic Invertebrate BSAFs Used in the ERA 

Chemical BSAF Source of and Details on Selected Value a  

Toluene 1 No invertebrate BSAF was available from the literature; default value was used. 

Acetone 1 No invertebrate BSAF was available from the literature; default value was used. 
a

BEHP – bis(2-ethylhexyl) phthalate 

 All metal BSAFs are expressed as the ratio of tissue concentration (in dry weight) over sediment concentration (in dry weight); all BSAFs for organic 
compounds are expressed as the ratio of tissue concentration (as a lipid-normalized concentration) over sediment concentration (as an OC-normalized 
concentration). 

BHC – benzene hexachloride 
BSAF – biota-sediment accumulation factor 
DDD – dichlorodiphenyldichloroethane 
DDE – dichlorodiphenyldichloroethylene 

DDT – dichlorodiphenyltrichloroethane  
dw – dry weight 
EPA – US Environmental Protection Agency 
ERA – ecological risk assessment  
OC – organic carbon 

ORNL – Oak Ridge National Laboratory  
PAH – polycyclic aromatic hydrocarbon 
PCB – polychlorinated biphenyl 
SVOC – semivolatile organic compound 
VOC – volatile organic compound 
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Table 5. Fish BSAFs Used in the ERA 

Chemical BSAF Source of and Details on Selected Value a  

Metals (dw/dw)   

Aluminum 1 No fish BSAF was available from the literature; default value was used. 

Arsenic 0.12 This was the only fish BSAF presented in PTI (1995b). 

Barium 1 No fish BSAF was available from the literature; default value was used. 

Cadmium 0.785 Based on the mean BSAF reported by PTI (1995b); mean was based on 9 BSAFs ranging from 0.043 to 2.0 compiled 
from one location. 

Chromium 0.043 This was the only fish BSAF presented in PTI (1995b). 

Cobalt 1 No fish BSAF was available from the literature; default value was used. 

Copper 1 No fish BSAF was available from the literature; default value was used. 

Lead 0.180 Based on the mean BSAF reported by PTI (1995b); mean was based on 9 BSAFs ranging from 0.028 to 0.43 
compiled from one location.  

Mercury 0.38 Only fish BSAF value presented in PTI (1995b) 

Nickel 1 No fish BSAF was available from the literature; default value was used. 

Vanadium 1 No fish BSAF was available from the literature; default value was used. 

Zinc 1.83 Based on the mean BSAF reported by PTI (1995b); mean was based on 10 BSAFs ranging from 0.13 to 5.0 compiled 
from two locations.  

PAHs (lipid/OC)   

2-Methylnaphthalene 0.147 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all fish species; mean was based on 14 
BSAFs ranging from 0.0109 to 0.972. 

Acenaphthene 0.0313 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all fish species; mean was based on 11 
BSAFs ranging from 0.00484 to 0.0602. 

Acenaphthylene 0.0138 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all fish species; mean was based on 11 
BSAFs ranging from 0.00032 to 0.0287. 

Anthracene 0.0078 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all fish species; mean was based on 15 
BSAFs ranging from 0.00020 to 0.0148. 

Benzo(a)anthracene 0.0135 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all fish species; mean was based on 8 
BSAFs ranging from 0.00030 to 0.0941. 

Benzo(a)pyrene 0.0021 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all fish species; mean was based on 4 
BSAFs ranging from 0.00023 to 0.0040. 
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Table 5. Fish BSAFs Used in the ERA 

Chemical BSAF Source of and Details on Selected Value a  

Benzo(b)fluoranthene 0.0025 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all fish species; mean was based on 5 
BSAFs ranging from 0.00022 to 0.0043. 

Benzo(g,h,i)perylene 0.0250 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all fish species; mean was based on 3 
BSAFs ranging from 0.00118 to 0.0699. 

Benzo(k)fluoranthene 0.0023 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all fish species; mean was based on 5 
BSAFs ranging from 0.00021 to 0.0041. 

Chrysene 0.0100 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all fish species; mean was based on 8 
BSAFs ranging from 0.00032 to 0.0636. 

Dibenzo(a,h)anthracene 0.0022 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all fish species; mean was based on 5 
BSAFs ranging from 0.00031 to 0.0043. 

Dibenzofuran 0.0259 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all fish species; mean was based on 12 
BSAFs ranging from 0.00211 to 0.0496. 

Fluoranthene 0.0056 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all fish species; mean was based on 15 
BSAFs ranging from 0.00008 to 0.0383. 

Fluorene 0.0626 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all fish species; mean was based on 16 
BSAFs ranging from 0.00058 to 0.5256. 

Indeno(1,2,3-cd)pyrene 0.0144 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all fish species; mean was based on 6 
BSAFs ranging from 0.00021 to 0.0756. 

Naphthalene 0.135 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all fish species; mean was based on 11 
BSAFs ranging from 0.0123 to 0.813. 

Phenanthrene 0.0237 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all fish species; mean was based on 17 
BSAFs ranging from 0.00021 to 0.161. 

Pyrene 0.0158 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all fish species; mean was based on 8 
BSAFs ranging from 0.00025 to 0.0638. 

Total PAHs 0.0300 Based on the mean of average BSAFs for individual PAHs reported in EPA’s BSAF database (EPA 2008) for all fish 
species. 
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Table 5. Fish BSAFs Used in the ERA 

Chemical BSAF Source of and Details on Selected Value a  

PCBs (lipid/OC)   

Total PCBs 6.45 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008) for all fish species; mean was based on 285 
BSAFs ranging from 0.00375 to 258. 

Other SVOCs (lipid/OC)   

Pentachlorophenol 1 No fish BSAF was available from the literature; default value was used. 

Pesticides (lipid/OC)   

2,4'-DDD 0.045 Based on the geometric mean BSAF reported by PTI (1995a). 

4,4'-DDD 0.83 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008).; 

4,4'-DDE 5.00 Based on the mean BSAF reported in EPA’s BSAF database (EPA 2008). 

Total DDTs 3.0 
Based on the weighted average BSAFs for the three DDT components detected in Force Lake:16% 2,4′-DDD 
(geometric mean BSAF of 0.045 from PTI (1995a)), 29% 4,4′-DDD (mean BSAF of 0.83 from EPA (2008)), and 
55%4,4'-DDE (mean BSAF of 5.00 from EPA (2008)) 

VOCs (lipid/OC)   

Acetone 1 No fish BSAF was available from the literature; default value was used. 

Carbon disulfide 1 No fish BSAF was available from the literature; default value was used. 

Methyl ethyl ketone 1 No fish BSAF was available from the literature; default value was used. 

Toluene 1 No fish BSAF was available from the literature; default value was used. 
a

BEHP – bis(2-ethylhexyl) phthalate 

 All metal BSAFs are expressed as the ratio of tissue concentration (in dry weight) over sediment concentration (in dry weight); all BSAFs for organic 
compounds are expressed as the ratio of tissue concentration (as a lipid-normalized concentration) over sediment concentration (as an OC-normalized 
concentration). 

BHC – benzene hexachloride 
BSAF – biota sediment accumulation factor 
DDD – dichlorodiphenyldichloroethane 
DDE – dichlorodiphenyldichloroethylene 

DDT – dichlorodiphenyltrichloroethane  
dw – dry weight  
EPA – US Environmental Protection Agency  
ERA – ecological risk assessment  
OC – organic carbon 

PAH – polycyclic aromatic hydrocarbon 
PCB – polychlorinated biphenyl 
SVOC – semivolatile organic compound 
VOC – volatile organic compound 
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Table 6. Terrestrial Plant BAFs Used in the ERA 
Chemical BAF (dw/dw) Source of and Details on Selected Value 

Metals   
Aluminum 1.0 No plant BAF was available from the literature; default value was used. 
Antimony Cplant = e Based on the BAF reported in EPA (2007). (0.938*LN(Csoil)-3.233) 

Arsenic 0.454 Based on the mean BAF reported by Bechtel Jacobs (1998); mean was based on 122 BAFs ranging 
from 0.00006 to 9.074 compiled from multiple sources; median BAF was 0.0375. 

Cadmium 1.359 Based on the mean BAF reported by Bechtel Jacobs (1998); mean was based on 207 BAFs ranging 
from 0.0087 to 22.879 compiled from multiple sources; median BAF was 0.586. 

Chromium 0.041 Based on the BAF reported in EPA (2007). 
Cobalt 0.0075 Based on the BAF reported in EPA (2007). 

Copper 0.341 Based on the mean BAF reported by Bechtel Jacobs (1998); mean was based on 180 BAFs ranging 
from 0.0011 to 7.4 compiled from multiple sources; median BAF was 0.124. 

Lead 0.245 Based on the mean BAF reported by Bechtel Jacobs (1998); mean was based on 189 BAFs ranging 
from 0.00011 to 10.601 compiled from multiple sources; median BAF was 0.0389. 

Mercury 1.481 Based on the mean BAF reported by Bechtel Jacobs (1998); mean was based on 145 BAFs ranging 
from 0.00145 to 12.23 compiled from multiple sources; median BAF was 0.652. 

Nickel 0.749 Based on the mean BAF reported by Bechtel Jacobs (1998); mean was based on 111 BAFs ranging 
from 0.00217 to 22.214 compiled from multiple sources; median BAF was 0.018. 

Selenium 2.253 Based on the mean BAF reported by Bechtel Jacobs (1998); mean was based on 158 BAFs ranging 
from 0.02 to 77compiled from multiple sources; median BAF was 0.672. 

Vanadium 0.00485 The plant BAF of 0.00485 was based EPA (2007). The variability in vanadium BAFs from the literature 
is unknown. 

Zinc 1.021 Based on the mean BAF reported by Bechtel Jacobs (1998); mean was based on 220 BAFs ranging 
from 0.00855 to 34.286 compiled from multiple sources; median BAF was 0.366. 

PAHs   
2-Methylnaphthalene 12.2 Based on the naphthalene BAF. 
Benzo(a)pyrene Cplant = e Based on the BAF reported in EPA (2007). (0.975*LN(Csoil)-2.0615) 
Naphthalene 12.2 Based on the BAF reported in EPA (2007). 

Total PAHs 6.15 
Based on the average BAF of the two individual PAHsa

Phthalates 

 with BAFs (benzo[a]pyrene and naphthalene) 
reported in EPA (2007); the benzo(a)pyrene BAF (0.103) was estimated using the maximum 
benzo(a)pyrene soil concentration (4,000 µg/kg dw) and the BAF equation reported by EPA (2007). 

  
BEHP 0.00179 BAF was calculated using the following equation reported in Travis and Arms (1988): log BAFplant = 
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Table 6. Terrestrial Plant BAFs Used in the ERA 
Chemical BAF (dw/dw) Source of and Details on Selected Value 

1.588 – (0.578 log Kow)b

Butyl benzyl phthalate 

. 

0.00179 Based on the BEHP BAF. 

Di-n-butyl phthalate 0.128 BAF was calculated using the following equation reported in Travis and Arms (1988): log BAFplant = 
1.588 – (0.578 log Kow)b

Other SVOCs 
. 

  
Benzoic acid 1.0 No plant BAF was available from the literature; default value was used. 
Biphenyl 1.0 No plant BAF was available from the literature; default value was used. 

Hexachlorobenzene 0.0189 BAF was calculated using the following equation reported in Travis and Arms (1988): log BAFplant = 
1.588 – (0.578 log Kow)b

Pentachlorophenol 
. 

1.0 No plant BAF was available from the literature; default value was used. 

Phenol 5.55 BAF was calculated using the following equation reported in Travis and Arms (1988): log BAFplant = 
1.588 – (0.578 log Kow)b

PCBs 
. 

  

Total PCBs 0.00519 BAF was calculated using the following equation reported in Travis and Arms (1988): log BAFplant = 
1.588 – (0.578 log Kow)b

Pesticides 
. 

  
Total DDTs Cplant = e Based on the BAF reported in EPA (2007). (0.7524*LN(Csoil)-2.5119) 

delta-BHC 0.157 BAF was calculated using the following equation reported in Travis and Arms (1988): log BAFplant = 
1.588 – (0.578 log Kow)b

Methoxychlor 

. 

0.0585 BAF was calculated using the following equation reported in Travis and Arms (1988): log BAFplant = 
1.588 – (0.578 log Kow)b

VOCs 
. 

  

Acetone 53.3 BAF was calculated using the following equation reported in Travis and Arms (1988): log BAFplant = 
1.588 – (0.578 log Kow)b

Ethylbenzene 

. 

0.348 BAF was calculated using the following equation reported in Travis and Arms (1988): log BAFplant = 
1.588 – (0.578 log Kow)b. 

a Average BAF of naphthalene (12.2) and benzo(a)pyrene (0.103). Benzo(a)pyrene BAF was estimated using the maximum soil concentration (4,000 mg/kg dw).  
b Log Kow

BAF – bioaccumulation factor 
 values are presented in Table 6.  

BEHP – bis(2-ethylhexyl) phthalate 
BHC – benzene hexachloride 
DDT – dichlorodiphenyltrichloroethane  

dw – dry weight 
EPA – US Environmental Protection Agency  
ERA – ecological risk assessment  
PAH – polycyclic aromatic hydrocarbon 

PCB – polychlorinated biphenyl 
SVOC – semivolatile organic compound 
VOC – volatile organic compound 
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Table 7. Earthworm BAFs Used in the ERA 
Chemical BAF (dw/dw) Source and Details on Selected Value 

Metals    
Aluminum 1 No invertebrate BAF was available from the literature; default value was used. 
Antimony 1 Based on EPA (2007), where concentration in earthworm is equivalent to the concentration in soil. 

Arsenic 0.258 
Based on the mean BAF reported by Lockheed-Martin Energy Systems (1998a); mean was based on 53 BAFs 
ranging from 0.006 to 0.925 compiled from multiple sources; median BAF was 0.224. 

Cadmium 17.105 
Based on the mean BAF reported by Lockheed-Martin Energy Systems (1998a); mean was based on 226 BAFs 
ranging from 0.253 to 190 compiled from multiple sources; median BAF was 7.708. 

Chromium 1.099 
Based on the mean BAF reported by Lockheed-Martin Energy Systems (1998a); mean was based on 67 BAFs 
ranging from 0.021 to 11.416 compiled from multiple sources; median BAF was 0.306. 

Cobalt 0.122 Based on the BAF reported by reported in EPA (2007). 

Copper 0.754 
Based on the mean BAF reported by Lockheed-Martin Energy Systems (1998a); mean was based on 197 BAFs 
ranging from 0.002 to 5.492 compiled from multiple sources; median BAF was 0.515. 

Lead 3.342 
Based on the mean BAF reported by Lockheed-Martin Energy Systems (1998a); mean was based on 245 BAFs 
ranging from 0 to 228.261 compiled from multiple sources; median BAF was 0.266. 

Manganese 0.064 
Based on the mean BAF reported by Lockheed-Martin Energy Systems (1998a); mean was based on 36 BAFs 
ranging from 0.012 to 0.228 compiled from multiple sources; median BAF was 0.054. 

Mercury 5.231 
Based on the mean BAF reported by Lockheed-Martin Energy Systems (1998a); mean was based on 30 BAFs 
ranging from 0.030 to 33 compiled from multiple sources; median BAF was 1.693. 

Nickel 1.656 
Based on the mean BAF reported by Lockheed-Martin Energy Systems (1998a); mean was based on 31 BAFs 
ranging from 0.033 to 7.802 compiled from multiple sources; The median BAF was 1.059. 

Selenium 1.798 
Based on the mean BAF reported by Lockheed-Martin Energy Systems (1998a); mean was based on 14 BAFs 
ranging from 0.300 to 13.733 compiled from one study; median BAF was 0.985. 

Vanadium 0.042 Based on the BAF reported by reported in EPA (2007).  

Zinc 5.766 
Based on the mean BAF reported by Lockheed-Martin Energy Systems (1998a) ; mean was based on 244 BAFs 
ranging from 0.025 to 49.51 compiled from multiple sources; median BAF was 3.201. 

PAHs   
2-Methylnaphthalene 4.4 Based on the naphthalene BAF. 
Benzo(a)pyrene 1.33 Based on the BAF reported by reported in EPA (2007). 
Naphthalene 4.4 Based on the BAF reported by reported in EPA (2007). 

Total PAHs 2.87 
Based on the average BAF of the two individual PAHs with BAFs (benzo[a]pyrene and naphthalene) reported in EPA 
(2007).  
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Table 7. Earthworm BAFs Used in the ERA 
Chemical BAF (dw/dw) Source and Details on Selected Value 

Phthalates   
BEHP 1 No invertebrate BAF was available from the literature; default value was used. 
Butyl benzyl phthalate 1 No invertebrate BAF was available from the literature; default value was used. 
Di-n-butyl phthalate 1 No invertebrate BAF was available from the literature; default value was used. 

Other SVOCs   
Benzoic acid 1 No invertebrate BAF was available from the literature; default value was used. 
Biphenyl 1 No invertebrate BAF was available from the literature; default value was used. 
Hexachlorobenzene 1 No invertebrate BAF was available from the literature; default value was used. 
Pentachlorophenol 1 No invertebrate BAF was available from the literature; default value was used. 
Phenol 1 No invertebrate BAF was available from the literature; default value was used. 

PCBs   

Total PCBs 8.909 
Based on the mean BAF reported by Lockheed-Martin Energy Systems (1998a); mean was based on 32 BAFs 
ranging from 0 to 65.227 compiled from multiple sources; median BAF was 6.667. 

Pesticides   
Total DDTs 11.2 Based on the BAF reported by reported in EPA (2007).  
delta-BHC 1 No invertebrate BAF was available from the literature; default value was used. 
Methoxychlor 1 No invertebrate BAF was available from the literature; default value was used. 

VOCs   
Acetone 1 No invertebrate BAF was available from the literature; default value was used. 
Ethylbenzene 1 No invertebrate BAF was available from the literature; default value was used. 

 

BAF – bioaccumulation factor 
BEHP – bis(2-ethylhexyl) phthalate 
BHC – benzene hexachloride 
DDT – dichlorodiphenyltrichloroethane 

dw – dry weight 
EPA – US Environmental Protection Agency  
ERA – ecological risk assessment  
PAH – polycyclic aromatic hydrocarbon 

PCB – polychlorinated biphenyl 
SVOC – semivolatile organic compound 
VOC – volatile organic compound 
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Table 8. Small Mammal BAFs Used in the ERA 
Chemical BAF (dw/dwa Source and Details on Selected Value ) 

Metals   
Aluminum 1.0 No small mammal BAF was available from the literature; default value was used. 

Arsenic 0.0063 
Based on the mean BAF reported by Lockheed-Martin Energy Systems (1998b); mean was based on 72 BAFs 
compiled from multiple sources, ranging from 0 to 0.071; median BAF was 0.0025. 

Barium 0.0696 
Based on the mean BAF reported by Lockheed-Martin Energy Systems (1998b); mean was based on 14 BAFs 
ranging from 0.0144 to 0.253 compiled from multiple sources; median BAF was 0.0566. 

Cadmium 1.9902 
Based on the mean BAF reported by Lockheed-Martin Energy Systems (1998b); mean was based on 99 BAFs 
ranging from 0.0153 to 69.561 compiled from multiple sources; median BAF was 0.3333. 

Chromium 0.1382 
Based on the mean BAF reported by Lockheed-Martin Energy Systems (1998b); mean was based on 38 BAFs 
ranging from 0.0314 to 0.8 compiled from multiple sources; median BAF was 0.846. 

Cobalt 0.0371 
Based on the mean BAF reported by Lockheed-Martin Energy Systems (1998b); mean was based on 15 BAFs 
ranging from 0.0101 to 0.18 compiled from multiple sources; median BAF was 0.0205. 

Copper 0.42 
Based on the mean BAF reported by Lockheed-Martin Energy Systems (1998b); mean was based on 76 BAFs 
ranging from 0.0044 to 1.398 compiled from multiple sources; median BAF was 0.1963. 

Lead 0.1615 
Based on the mean BAF reported by Lockheed-Martin Energy Systems (1998b); mean was based on 138 BAFs 
ranging from 0.0031 to 2.659; compiled from multiple sources; median BAF was 0.1054. 

Mercury 0.1244 
Based on the mean BAF reported by Lockheed-Martin Energy Systems (1998b); mean was based on 18 BAFs 
ranging from 0.0183 to 1.046 compiled from multiple sources; median BAF was 0.0543. 

Nickel 0.2799 
Based on the mean BAF reported by Lockheed-Martin Energy Systems (1998b); mean was based on 43 BAFs 
ranging from 0 to 1.143 compiled from multiple sources; median BAF was 0.2488. 

Selenium 0.3464 
Based on the mean BAF reported by Lockheed-Martin Energy Systems (1998b); mean was based on 35 BAFs 
ranging from 0 to 1.754 compiled from multiple sources; median BAF was 0.1619. 

Vanadium 0.0123 Based on BAF reported in EPA (2007). 

Zinc 1.3352 
Based on the mean BAF reported by Lockheed-Martin Energy Systems (1998b); mean was based on 103 BAFs 
ranging from 0.0051 to 16.364 compiled from multiple sources; median BAF was 0.7717. 

PAHs   
Benzo(a)pyrene 0.001 Based on EPA (2007) which reported that uptake of PAHs is assumed to be negligible
Total PAHs 

 . 
0.001 Based on EPA (2007) which reported that uptake of PAHs is assumed to be negligible. 

Phthalates   
BEHP 1.0 No small mammal BAF was available from the literature; default value was used. 
Butyl benzyl phthalate 1.0 No small mammal BAF was available from the literature; default value was used. 
Di-n-butyl phthalate 1.0 No small mammal BAF was available from the literature; default value was used. 
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Table 8. Small Mammal BAFs Used in the ERA 
Chemical BAF (dw/dwa Source and Details on Selected Value ) 

Other SVOCs   
Hexachlorobenzene 1.0 No small mammal BAF was available from the literature; default value was used. 
Pentachlorophenol 1.0 No small mammal BAF was available from the literature; default value was used. 
Phenol    

PCBs   

Total PCBs 0.45

Based on data presented in Moore et al. (2003); the small-mammal BAF (needed to estimated COPC 
concentrations in red-tailed hawk prey) was calculated as a weighted average of the mean reported short-tailed 
shrew BAF (1.2) and white-footed mouse BAF (0.2) using the following equation: BAF

b 
mammal  = ([BAFmouse x 

0.75]+[BAFshrew  

Pesticides 
x 0.25]). 

  

Total DDTs 
Cmammal = ([Cplant x 

0.75]+[Cinvert x 
0.25]) x 4.83

Based on data presented in EPA (2007); EPA (2007) reported an uptake factor of 4.83 from prey concentrations 
to the concentration in mammal tissue. The concentration in mammals was calculated assuming 75% plant-
eating mammals and 25% invertebrate-eating mammals based on the assumption that the red-tailed hawk small 
mammal diet is primarily plant-eating mammals (Csuti et al. 2001; EPA 1993; Marshall et al. 2003). 

e 

delta-BHC 1.0 No small mammal BAF was available from the literature; default value was used. 
Methoxychlor 1.0 No small mammal BAF was available from the literature; default value was used. 

VOCs   
Acetone 1.0 No small mammal BAF was available from the literature; default value was used. 

a All BAFs are expressed as the ratio of tissue concentration (in dry weight) over soil concentration (in dry weight), except where noted.  
b

BAF – bioaccumulation factor 
 For this BAF, tissue concentration is expressed as wet weight and soil is expressed as dry weight.  

BEHP – bis(2-ethylhexyl) phthalate 
BHC – benzene hexachloride 
DDT – dichlorodiphenyltrichloroethane  

dw – dry weight 
EPA – US Environmental Protection Agency  
ERA – ecological risk assessment  
PAH – polycyclic aromatic hydrocarbon 

PCB – polychlorinated biphenyl 
SVOC – semivolatile organic compound 
VOC – volatile organic compound 

 



BASELINE ECOLOGICAL RISK ASSESSMENT FOR THE HARBOR OIL STUDY AREA 

DECEMBER 30, 2011  21 WINDWARD ENVIRONMENTAL LLC 

Table 9. Log KOW

Chemical 

 Values Used to Derive Plant 
BAFs 

Log KOW

BEHP 

a 
7.5 

Di-n-butyl phthalate 4.29 
Hexachlorobenzene 5.73 
Phenol 1.46 
Total PCBs 6.7
delta-BHC 

b 
4.14 

Methoxychlor 4.88 
Acetone -0.24 
Ethylbenzene 3.54 

a Log KOW based on ATSDR (2006).   
b Log KOW

BAF – bioaccumulation factor 
 based on average of PCB Aroclors 1254 and 1260. 

BEHP – bis(2-ethylhexyl) phthalate 
BHC – benzene hexachloride 
PCB – polychlorinated biphenyl 

 



BASELINE ECOLOGICAL RISK ASSESSMENT FOR THE HARBOR OIL STUDY AREA 

DECEMBER 30, 2011  22 WINDWARD ENVIRONMENTAL LLC 

References 
ATSDR. 2006. Toxicological profiles [online]. Agency for Toxic Substances and Disease 

Registry, US Department of Health and Human Services, Atlanta, GA. Available from: 
http://www.atsdr.cdc.gov/. 

Bechtel Jacobs. 1998. Empirical models for the uptake of inorganic chemicals from soil by 
plants. BJC-OR-133. Prepared for Office of Environmental Information, US Department 
of Energy. Bechtel Jacobs Company LLC, Oak Ridge, TN. 

Csuti B, O'Neil TA, Shaughnessy MM, Gaines EP, Hak JC. 2001. Atlas of Oregon wildlife: 
distribution, habitat, and natural history. 2nd ed. Oregon State University Press, 
Corvallis, OR. 

EPA. 1993. Wildlife exposure factors handbook. EPA/600/R-93/187a. Office of Research and 
Development, US Environmental Protection Agency, Washington, DC. 

EPA. 2007. Attachment 4-1: Guidance for developing ecological soil screening levels (Eco-
SSLs). Exposure factors and bioaccumulation models for derivation of wildlife Eco-SSLs. 
OSWER Directive 92857-55. Issued November 2003; revised October 2005 and April 
2007 [online]. US Environmental Protection Agency, Washington, DC. [Cited 8/1/09.] 
Available from: http://rais.ornl.gov/homepage/ecossl.pdf. 

EPA. 2008. BSAF (biota-sediment accumulation factor) data set [online]. Mid-Continent Ecology 
Division, US Environmental Protection Agency, Duluth, MN. Updated 1/25/08. [Cited 
7/15/09.] Available from: http://www.epa.gov/med/Prods_Pubs/bsaf.htm  

Lockheed-Martin Energy Systems. 1998a. Development and validation of bioaccumulation 
models for earthworms. ES/ER/TM-220. Prepared for Office of Environmental 
Information, US Department of Energy. Lockheed-Martin Energy Systems, Oak Ridge, 
TN. 

Lockheed-Martin Energy Systems. 1998b. Development and validation of bioaccumulation 
models for small mammals. ES/ER/TM-219. Prepared for Office of Environmental 
Information, US Department of Energy. Lockheed-Martin Energy Systems, Oak Ridge, 
TN. 

Marshall DB, Hunter MG, Contreras AL, eds. 2003. Birds of Oregon. Oregon State University 
Press, Corvallis, OR. 

Moore ML, Salatas JH, Sauvage RJ, Ginn TC. 2003. Differential uptake of PCBs by various 
small mammal species. Austin, TX. Poster presentation at SETAC 24th annual meeting, 
Austin, TX, 9-13 November 2003. 

ORNL. 1998. Biota sediment accumulation factors for invertebrates: review and 
recommendations for the Oak Ridge Reservation. BJC/OR-112. Oak Ridge National 
Laboratory, Oak Ridge, TN. 

PTI. 1995a. Analysis of BSAF values for nonpolar organic compounds in finfish and shellfish. 
Prepared for Washington Department of Ecology. PTI Environmental Services, Bellevue, 
WA. 

PTI. 1995b. Bioaccumulation factor approach analysis for metals and polar organic compounds. 
Prepared for Washington Department of Ecology. PTI Environmental Services, Bellevue, 
WA. 

http://www.atsdr.cdc.gov/�
http://rais.ornl.gov/homepage/ecossl.pdf�
http://www.epa.gov/med/Prods_Pubs/bsaf.htm�


BASELINE ECOLOGICAL RISK ASSESSMENT FOR THE HARBOR OIL STUDY AREA 

DECEMBER 30, 2011  23 WINDWARD ENVIRONMENTAL LLC 

Travis CC, Arms AD. 1988. Bioconcentration of organics in beef, milk, and vegetation. Environ 
Sci Technol 22:271-274. 

USACE. 2008. BSAF database [online]. US Army Corps of Engineers Environmental 
Laboratory, Vicksburg, MS. Updated June 2008. [Cited 6/6/08.] Available from: 
http://el.erdc.usace.army.mil/bsaf/bsaf.html  

 

 

http://el.erdc.usace.army.mil/bsaf/bsaf.html�


 

DECEMBER 30, 2011 1 WINDWARD ENVIRONMENTAL LLC 

ATTACHMENT 3: EXPOSURE POINT 
CONCENTRATIONS 

Exposure point concentrations (EPCs) in tissue and sediment were calculated in 
order to estimate exposure concentrations (as tissue residues or dietary doses) 
for fish and wildlife receptors of concern (ROCs). Sediment and soil EPCs 
(EPCsed and EPCsoil) were represented by a upper confidence limit on the mean 
(UCL) concentration calculated using ProUCL 4.00.04 (EPA 2009), which 
includes provisions for handling non-detected values (EPA 2007) if sufficient data 
(i.e., six or more detected concentrations) are available. The UCL recommended 
by ProUCL was used as the EPCsed or EPCsoil for the risk assessment, unless the 
UCL was greater than the maximum concentration. If the UCL was greater than 
the maximum concentration, then the maximum concentration was used to 
represent the EPCsed or EPCsoil for the risk assessment. If sufficient data were 
not available to calculate a UCL using ProUCL 4.00.04, the EPCsed or EPCsoil 
was set equal to one-half of the maximum reporting limit (RL) (if no detected 
results were available) or set equal to the maximum detect or one-half the 
maximum RL, whichever was greater. Tables 1 and 2 present the summary 
statistics and selected EPCsed or EPCsoil values. These values were used to 
estimate tissue concentrations (EPCprey

 

) using biota-sediment accumulation 
factors (BSAFs) or bioaccumulation factors (BAFs), and receptor-specific 
assumptions. Details on how BSAFs, BAFs, and assumptions were selected are 
presented in Attachment 2.  
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Table 1. Wetland Soil EPCs and Summary Statistics for the Baseline ERA  

COPC Unit 

Detection 
Frequency 

(ratio) 
Maximum 
Detection 

Maximum 
RL 

Mean 
Detect 

Mean 
Valuea EPCsoil Selected Statistic 

Metals         
Aluminum mg/kg dw 5/5 12,100 na 9,500 9,500 12,000 Maximum detect 
Arsenic mg/kg dw 71/71 53.1 na 8 8 9.3 95% H-UCL 
Cadmium mg/kg dw 63/71 4 0.4 U 1 0.9 1 95% KM (BCA) UCL 
Cobalt mg/kg dw 71/71 34.3 na 10 10 12 95% modified-t UCL 
Copper mg/kg dw 71/71 1,240 J na 72 72 150 95% Chebyshev (Mean, Sd) UCL 
Lead mg/kg dw 71/71 320 na 60 60 78 95% H-UCL 
Mercury mg/kg dw 64/71 0.4 0.26 U 0.2 0.1 0.16 95% KM (BCA) UCL 
Nickel mg/kg dw 71/71 48 na 20 20 24 95% approximate gamma UCL 
Selenium mg/kg dw 3/71 1.1 3 U 0.8 0.5 1.5 half maximum RL 
Vanadium mg/kg dw 71/71 148 na 70 70 74 95% approximate gamma UCL 
Zinc mg/kg dw 71/71 748 na 200 200 240 95% H-UCL 

PAHs         
Total PAHs µg/kg dw 70/71 69,000 2,770 U 4,000 3,000 8,300 95% KM (Chebyshev) UCL 

PCBs         
Total PCBs µg/kg dw 46/71 4,200 990 U 500 300 680 95% KM (Chebyshev) UCL 

Pesticides         
Total DDTs µg/kg dw 70/71 46,000 130 U 3,000 3,000 8,500 97.5% KM (Chebyshev) UCL 

a

BCA – bias-corrected accelerated 
 The mean value is equal to the average of all detected values and one-half of the RL for all non-detect values. 

COPC – contaminant of potential concern 
DDT – dichlorodiphenyltrichloroethane  
dw – dry weight 
EPC – exposure point concentration 
ERA – ecological risk assessment 
J-qualifier – estimated concentration 
 

KM – Kaplan-Meier  
na – not applicable 
PAH – polycyclic aromatic hydrocarbon 
PCB – polychlorinated biphenyl 
RL – reporting limit 
UCL – upper confidence limit on the mean 
U-qualifier – not detected at given concentration 
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Table 2. Sediment EPCs and Summary Statistics for the Baseline ERA  

COPC Unit 

Detection 
Frequency 

(ratio) 
Maximum 
Detection 

Maximum 
RL 

Mean 
Detect 

Mean 
Valuea EPCsed Selected Statistic 

Metals         
Arsenic mg/kg dw 11/11 7 na 6 6 6.4 95% Student's-t UCL 
Cadmium mg/kg dw 8/11 2 0.7 U 2 2 2 maximum detectb 
Cobalt mg/kg dw 11/11 15 na 13 13 14 95% Student's-t UCL 
Copper mg/kg dw 11/11 72 na 53 53 72 maximum detectc 

Lead mg/kg dw 11/11 56 na 40 40 56 maximum detectd 
Mercury mg/kg dw 1/11 0.2 J 0.3 U 0.2 0.2 0.2 maximum detect 
Nickel mg/kg dw 11/11 31 na 24 24 27 95% Student's-t UCL 
Vanadium mg/kg dw 11/11 74 na 60 60 67 95% Student's-t UCL 
Zinc mg/kg dw 11/11 229 na 200 200 200 95% Student's-t UCL 

PAHs         
Total PAHs 

µg/kg dw 11/11 1,060 na 560 560 740 95% Student's-t UCL 
mg/kg OC 11/11 19.8 na 8.9 8.9 12 95% Student's-t UCL 

PCBs         
Total PCBs 

µg/kg dw 7/11 131 49 U 110 80 120 95% KM (percentile bootstrap) UCL 
mg/kg OC 7/11 1.83 2.5 U 1.4 1.1 1.4 95% KM (percentile bootstrap) UCL 

Pesticides         
Total DDTs 

µg/kg dw 11/11 250 na 160 160 200 95% Student's-t UCL 
mg/kg OC 11/11 3.7 JN na 2.3 2.3 2.7 95% Student's-t UCL 

a The mean value is equal to the average of all detected values and on-half of the RL for all non-detect values. 
b All detected values were equal, and thus there were too few unique values for use in ProUCL. 
c ProUCL recommended UCL (78) is greater than the maximum detected concentration, therefore the maximum concentration was selected as the EPCsed. 
d ProUCL recommended UCL (62) is greater than the maximum detected concentration, therefore the maximum concentration was selected as the EPCsed

COPC – contaminant of potential concern 
. 

DDT – dichlorodiphenyltrichloroethane  
dw – dry weight 
EPC – exposure point concentration 
ERA – ecological risk assessment 
J-qualifier – estimated concentration 
N-qualifier – tentative identification 

na – not applicable 
OC – organic carbon 
PAH – polycyclic aromatic hydrocarbon 
PCB – polychlorinated biphenyl 
RL – reporting limit 
UCL – upper confidence limit on the mean 
U-qualifier – not detected at given concentration 
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ATTACHMENT 4: BACKGROUND AND 
REFERENCE AREA CONCENTRATIONS 
1.0 Introduction 

US Environmental Protection Agency (EPA) guidance discusses two types of 
background concentrations, natural and anthropogenic. Natural background is 
defined as “naturally occurring substances present in the environment in forms 
that have not been influenced by human activity.” Anthropogenic background is 
defined as “natural and human-made substances present in the environment as 
a result of human activities (not specifically related to the Comprehensive 
Environmental Response, Compensation, and Liability Act [CERCLA] site in 
question)” (EPA 2002). As recommended in EPA (2002) guidance, background 
concentrations of contaminants of potential concern (COPCs) at the Harbor Oil 
Study Area (when available) are discussed in the ecological risk assessment 
(ERA).  

This attachment discusses background concentrations for metals as available 
from Oregon Department of Environmental Quality (DEQ) and reference area 
concentrations for organic compounds. The term reference area is used instead 
of background for organic compounds because no specific background 
concentrations that are representative of anthropogenic background have been 
selected or approved by EPA. Instead, concentrations from reference areas 
(urban areas within the vicinity of the Study Area) are presented for comparison 
with Study Area concentrations. 

This attachment presents the background or reference area concentrations of 
COPCs identified in the ERA. Sources of background or reference area 
concentrations for the Harbor Oil ERA include the following:  

• DEQ’s Memorandum from Toxicology Workgroup to DEQ Cleanup 
Program Managers Regarding Default Background Concentrations for 
Metals (DEQ 2002): This memorandum presents regional soil background 
concentrations for metals, including arsenic, cadmium, chromium, copper, 
lead, mercury, nickel, selenium, and zinc. 

• DEQ’s Guidance for Assessing Bioaccumulative Chemicals of Concern in 
Sediment (DEQ 2007). This document presents regional soil and 
sediment background concentrations for metals, including arsenic. 

• Natural Background Soils Metals Concentrations in Washington State 
Toxics Cleanup Program (Ecology 1994): This document presents 
regional soil background concentrations from Washington State for 
various metals, including metals not included in DEQ (2002) (e.g., 
aluminum and manganese). 

• US Geological Survey (USGS) national background concentrations for 
metals (USGS 2001): For two metal COPCs (i.e., barium and vanadium), 
no regional background values were presented in DEQ (2002) or Ecology 
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(1994), so the median national soil background values reported by the 
USGS (2001) were used. National background values for twenty 
additional metals are also presented in this document.  

• Radio Tower Site (URS 2000): Five samples were collected as part of a 
preliminary soil investigation at the Radio Tower Site across N Force 
Avenue from the Study Area. One of these samples was designated as a 
“background location” for the sampling event, but because concentrations 
at this location were generally similar to the other four samples, all 
samples from the Radio Tower Site were used to represent reference 
area concentrations for the ERA. Samples were analyzed for 
hydrocarbons, metals, pesticides, herbicides, and semi-volatile organic 
compounds (SVOCs). 

• DEQ’s Columbia Slough Sediment Project (DEQ 2005): Baseline 
sediment concentrations for the Columbia Slough, which drains over 
30,000 acres of urban land in the City of Portland, were used to represent 
reference area concentrations for the ERA. These baseline maxima 
concentrations are calculated values meant to reflect the upper end of the 
range of concentrations throughout the slough (i.e., maximum 
concentrations excluding those associated with a particular source). 
These concentrations are relevant because they indicate the 
concentrations of chemicals present in the watershed associated with 
historical and current land uses (e.g., urban activities such runoff from 
roads, agricultural runoff). Concentrations were developed from samples 
taken since the early 1990s, and are available for volatile organic 
compounds (VOCs), phthalates, polycyclic aromatic hydrocarbons 
(PAHs), polychlorinated biphenyls (PCBs), pesticides, and metals.   

The Radio Tower Site and the Columbia Slough are shown on Figure 1 to 
provide information regarding the proximity of these regional sources to the 
Harbor Oil Study Area. 
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Figure  1. Loca tions  of reg iona l s tud ies  used to define reference area concentrations  
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Background or reference area concentrations in the ERA were used only for 
wildlife COPCs with lowest-observed-apparent-effects level (LOAEL) hazard 
quotients (HQs) greater than 1.0 and for benthic invertebrate COPCs with 
probably effects concentration (PEC) or probable effects level (PEL) 
exceedances greater than 1.0. Background or reference area concentrations of 
all terrestrial invertebrate COPCs were evaluated. These included 13 metals (i.e., 
aluminum, arsenic, barium, cadmium, chromium, copper, lead, manganese, 
mercury, nickel, selenium, vanadium, and zinc), 6 individual PAHs (i.e., 
benzo[a]anthracene, benzo[a]pyrene, chrysene, fluoranthene, phenanthrene, and 
pyrene), total high-molecular-weight polycyclic aromatic hydrocarbons (HPAHs), 
total polychlorinated biphenyls (PCBs), 2,4'-dichlorodiphenyldichloroethane 
(DDD), 4,4'-DDD, 4,4'-dichlorodiphenyldichloroethylene (DDE), and total 
dichlorodiphenyltrichloroethanes (DDTs). Table 1 presents all of the selected 
background or reference area concentrations and sources of concentrations 
used in the ERA. Sections 2.0 through 5.0 present additional details on the 
selected background and reference area values.   

Table 1. Summary of Selected Soil and Sediment Background or Reference Area 
Concentrations Used in the ERA 

COPC 
Unit 
(dw) 

Background or Reference 
Area Concentration

Source 

a 

Soil  Sediment 

Metals 
 

 
  

Aluminum mg/kg 37,200 37,200b Ecology (1994)   
Arsenic mg/kg 7 7 – 7.9 DEQ (2002, 2007) 
Barium mg/kg 502 502 USGS – 50th percentile (2001) b 
Cadmium mg/kg 1 0.5 – 1 DEQ (2002, 2007) 
Chromium mg/kg 42 30 DEQ (2002) 
Copper mg/kg 36 12 DEQ (2002) 
Lead mg/kg 17 2.0 – 17 DEQ (2002, 2007) 
Manganese mg/kg 1,100 1,100b Ecology (1994)   
Mercury mg/kg 0.07 0.07 – 0.2 DEQ (2002, 2007) 
Nickel mg/kg 38 20 DEQ (2002) 
Selenium mg/kg 2 0.4 – 2 DEQ (2002, 2007) 
Vanadium mg/kg 67.3 67.3 USGS – 50th percentile (2001) b 
Zinc mg/kg 86 53 DEQ (2002) 

PAHs 
 

 
 

Benzo(a)anthracene µg/kg 4.5 – 33 72 – 87 URS (2000); DEQ (2005) 
Benzo(a)pyrene µg/kg 5.3 – 39 90 – 100 URS (2000); DEQ (2005) 
Chrysene µg/kg 6.7 – 51 103 – 129 URS (2000); DEQ (2005) 
Fluoranthene µg/kg 7.3 – 53 132 – 144 URS (2000); DEQ (2005) 
Phenanthrene µg/kg 14 – 25 80 – 88 URS (2000); DEQ (2005) 
Pyrene µg/kg 8.4 – 67 196 – 196 URS (2000); DEQ (2005) 
Total HPAHs µg/kg 54 – 388  1,010 – 1,243 URS (2000); DEQ (2005) 
Total PAHs µg/kg 68 – 427  1,073 – 1,078 URS (2000); DEQ (2005) 
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Table 1. Summary of Selected Soil and Sediment Background or Reference Area 
Concentrations Used in the ERA 

COPC 
Unit 
(dw) 

Background or Reference 
Area Concentration

Source 

a 

Soil  Sediment 

PCBs 
 

 
 

Total PCBs µg/kg 23 – 24c 23 – 24   DEQ (2005) 
Pesticides 

 
 

 
2,4'-DDD µg/kg 5 – 15 6.1 – 6.7 d URS (2000); DEQ (2005) 
4,4'-DDD µg/kg 5 – 15 6.1 – 6.7 d URS (2000); DEQ (2005) 
4,4'-DDE µg/kg 5 – 110 7 – 9.8 d URS (2000); DEQ (2005) 
Total DDTs µg/kg 15 – 355 16 – 19 c URS (2000); DEQ (2005) 

a Concentrations for metals are representative of background concentrations, and 
concentrations for organic compounds are representative of reference area concentrations. 

b No sediment background value is available; sediment background value is based on soil. 
c No soil background value is available; soil background value is based on sediment. 
d

COPC – contaminant of potential concern 

 The low end of this range is the reporting limit; the concentration was not detected. 

dw – dry weight 
DDD – dichlorodiphenyldichloroethane 
DDE – dichlorodiphenyldichloroethylene 
DDT – dichlorodiphenyltrichloroethane  
DEQ – Oregon Department of Environmental Quality 
Ecology – Washington State Department of Ecology 

ERA – ecological risk assessment 
HPAH – high-molecular-weight polycyclic 

aromatic hydrocarbon 
PAH – polycyclic aromatic hydrocarbon 
PCB – polychlorinated biphenyl 
USGS – US Geological Survey 
 

 
In addition, a surface water background concentration of 9 µg/L was selected for 
copper based on the reported default freshwater background concentration 
reported by DEQ (2002). 

2.0 Metals 
Background metals concentrations in soil and sediment were primarily based on 
values reported in DEQ’s Memorandum from the Toxicology Workgroup to DEQ 
Cleanup Program Managers Regarding Default Background Concentrations for 
Metals (DEQ 2002). For mercury, the soil background value (0.07 mg/kg dw) was 
based on DEQ (2002). A range of sediment concentrations (0.07 to 0.2 mg/kg 
dw) was used to represent mercury sediment background concentrations at the 
Study Area based on the DEQ (2002) (regional background sediment value was 
0.2 mg/kg dw), and DEQ (2007) (regional background sediment value was 0.07 
mg/kg dw).  

For metals that had no regional values reported in that DEQ (2002), including 
aluminum and manganese, background soil concentrations reported in Natural 
Background Soils Metals Concentrations in Washington State Toxics Cleanup 
Program (Ecology 1994) were used to represent soil and sediment background 
concentrations. For two metals COPCs, barium and vanadium, no regional 
background values were presented in DEQ (2002) or Ecology (1994), so the 
median (50th percentile) national soil background values reported in USGS 
national background concentrations for metals (USGS 2001) were used to 
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represent soil and sediment background concentrations. Based on the maps 
presented in USGS (2001), the Portland regional levels of barium and vanadium 
were actually greater than the national 50th

3.0 PAHs 

 percentile values; therefore, the 
selected background values for barium and vanadium are conservative 
background values for the Portland regional area.  

Reference area sediment PAH concentrations were available from several 
sources:  

• A range of PAH concentrations reported for all PAH COPCs from DEQ’s 
Columbia Slough Sediment Project (2005), which represents calculated 
baseline maxima concentrations meant to reflect the upper end of the 
range of sediment concentrations throughout the slough that are not 
associated with a particular source. 

• A range of PAH concentrations reported for all individual PAH COPCs 
from five samples taken at the Radio Tower Site (URS 2000). 

A range of PAH concentrations reported in the two above sources was used to 
represent reference area sediment and soil PAH concentrations at the Study 
Area for each PAH COPC. Table 2 presents the range of PAH COPC 
concentrations reported in the two sources. Specific background concentrations 
for PAHs have not been established by EPA or DEQ. 

Table 2. Summary of PAH Reference Area Concentrations  

COPC 

Range of Concentrations (µg/kg dw) 

Sediment  
(Columbia Slough)

Soil  
(Radio Tower Site)a b

Benzo(a)anthracene 

  

72 – 87 4.5 – 33 
Benzo(a)pyrene 90 – 100 5.3 – 39 
Chrysene 103 – 129 6.7 – 51 
Fluoranthene 132 – 144 7.3 – 53 
Phenanthrene 80 – 88 14 – 25 
Pyrene 196 – 196 8.4 – 67 
Total HPAHs 1,010 – 1,243 54– 388
Total PAHs 

c 
1,073 – 1,078 68 – 427c  

a DEQ (2005). 
b URS (2000). 
c

COPC – contaminant of potential concern 
 Non-detected values were treated as one-half the reporting limits for calculating sums.  

DEQ – Oregon Department of Environmental 
Quality 

dw – dry weight 

HPAH – high-molecular-weight polycyclic 
aromatic hydrocarbon 

na – not available  
PAH – polycyclic aromatic hydrocarbon 
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4.0 PCBs 
Reference area concentrations for total PCBs are available from one source, 
DEQ’s Columbia Slough Sediment Project (2005). A range of 23 to 24 μg/kg dw 
(Aroclor 1254) was calculated from the data, which represents calculated 
baseline maxima concentrations meant to reflect the upper end of the range of 
sediment concentrations throughout the slough that are not associated with a 
particular source. This range was used to represent reference area sediment and 
soil total PCB concentrations for comparison to Harbor Oil data. Total PCBs were 
not analyzed in the samples collected from the Radio Tower Site. Specific 
background concentrations for total PCBs have not been established by EPA or 
DEQ. 

5.0 DDTs 
Reference area sediment concentrations for total DDTs were available from 
several sources, as noted below:   

• A range of DDD, DDE, and total DDT concentrations reported DEQ’s 
Columbia Slough Sediment Project (2005), which represents calculated 
baseline maxima concentrations meant to reflect the upper end of the 
range of sediment concentrations throughout the slough that are not 
associated with a particular source. 

• A range concentrations for 4,4'-DDD, 4,4'-DDE, and total DDTs from five 
samples collected at the Radio Tower Site were reported in the 
preliminary soil investigation for that site (URS 2000). The range of total 
DDTs was 15 to 355 µg/kg dw. It should be noted that the maximum 
value (355 µg/kg dw) was substantially higher than the next highest 
concentration (55 µg/kg dw). However, because of the patchy nature of 
DDT concentrations in the region and because there was no indication 
that the maximum concentration was linked to a specific source, all fives 
samples were determined to be acceptable to represent total DDT 
reference area concentrations in the ERA. 

A range of DDT concentrations reported in the two above sources were used to 
represent reference area sediment and soil DDT concentrations at the Study 
Area for each of the DDT COPCs: 2,4'-DDD, 4,4'-DDD, 4,4'-DDE, and total 
DDTs. Table 3 presents the range of DDT COPC concentrations reported in the 
two sources. Specific background concentrations for DDD, DDE, or total DDTs 
have not been established by EPA or DEQ. 

Table 3. Summary of DDT Reference Area Concentrations 

COPC 

Range of Concentrations (µg/kg dw) 

Sediment  
(Columbia Slough)

Soil  
(Radio Tower)a 

2,4'-DDD 

b  

6.1 – 6.7 5c d – 15
4,4'-DDD 

e 

6.1 – 6.7 5c d

4,4'-DDE 
 – 15 

7 – 9.8 5f d – 110 
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Table 3. Summary of DDT Reference Area Concentrations 

COPC 

Range of Concentrations (µg/kg dw) 

Sediment  
(Columbia Slough)

Soil  
(Radio Tower)a 

Total DDTs 

b  

16 – 19 15d – 355 
a DEQ (2005). 
b URS (2000). 
c Reference area concentrations for 2,4'-DDD and 4,4'-DDD are based on reported DDD 

concentration.  
d The low end of this range is the reporting limit; the concentration was not detected.  
e Reference area concentration for 2,4'-DDD is based on 4,4'-DDD reference area 

concentration.  
f

COPC – contaminant of potential concern 
 Reference area concentration for 4,4'-DDE is based on reported DDE concentration.  

DDD – dichlorodiphenyldichloroethane 
DDE – dichlorodiphenyldichloroethylene 
DDT – dichlorodiphenyltrichloroethane  

DEQ – Oregon Department of Environmental 
Quality 

dw – dry weight 
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