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1.0 INTRODUCTION 
Section 7.2 of the baseline ecological risk assessment (BERA) presents the dietary 
assessment for fish. This attachment presents the details and sources for the exposure 
parameters and effects thresholds (i.e., toxicity reference values [TRVs]) presented in 
Sections 7.2.2 and 7.2.3, respectively, of the BERA. Section 2.0 of this attachment presents 
the details of the exposure assumptions, and Section 3.0 presents the details of the selected 
fish diet TRVs.  
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2.0 DIETARY ASSESSMENT EXPOSURE ASSUMPTION DETAILS 
Section 7.2 of the BERA presents a summary of the fish exposure parameters used in the 
dietary assessment for fish. Table 2-1 presents the exposure parameters used in the fish 
dietary risk calculations. Body weights were based on the average body weights measured 
in individual fish from the Rounds 1, 2, and 3 sampling efforts. Measured food ingestion 
rates were not available for the fish receptors and were estimated using the equation 
presented in Arnot and Gobas (2004): 

  Equation 2-1 )T*06.0(85.0 exp)BW022.0(FIR ××=

Where: 

FIR = food ingestion rate (mg/kg bw/day) 
BW = body weight (kg) 
exp = 2.71828 
T = temperature (degrees Celsius) 

Dietary fish ingestion rates were estimated using Equation 2-1 and assuming a temperature 
of 13.4 ºC, which was based on the average data collected by the Oregon Department of 
Environmental Quality (ODEQ) from a station within the Study Area (SP&S Railroad 
Bridge) from 1995 to 2005 (ODEQ 2005). Per US Environmental Protection Agency’s 
(EPA’s) Problem Formulation (Attachment 2), fish food ingestion rates were also 
calculated using the high-end water temperature (16.2 ºC). A comparison of calculated 
ingestion rates and the impact on hazard quotient (HQ) calculations is presented in the fish 
dietary assessment of the BERA. 

Table 2-1.  Exposure Parameters use for Fish Dietary Risk Calculations 

Receptor 
BW  
(kg)a 

FIR 
(kg ww/day)b 

SI  
(%)c 

SIR  
(kg dw/day)d 

% Moisture 
in Prey SUF 

Exposure 
Scale 

Largescale sucker 0.79 0.040 8% 0.00048 85%e 1.0 Site-wide
Juvenile white 
sturgeon  

7.6 0.28 8%; 
56%f 

0.0033; 0.023f 85%e 1.0 Site-wide

Juvenile Chinook 
salmon 

0.012 0.0011 1% 0.0000024 79%g 1.0 Site-wide

Peamouth 0.10 0.0072 5% 0.000075 79%g 1.0 Site-wide
Sculpin 0.020 0.0017 5% 0.000018 79%g 1.0 0.1 mile 

Smallmouth bass 0.40 0.022 1% 0.000058 74%h 1.0 1 mile 
Northern 
pikeminnow 

0.56 0.030 1% 0.000078 74%h 1.0 1 mile  

a Body weights are based on field-collected data (including Round 3 data). 
b FIR was calculated based on the equation from Arnot and Gobas (2004): FIR (ww) = (0.022 x BW0.85) x (exp(0.06 x T)); 

where exp = 2.71828 and T = 13.4°C (average of temperatures collected by ODEQ from 1995 to 2005 from a station 
near the SP&S Railroad Bridge). 

c Percent of incidental sediment ingestion of the dry diet. 
d SIR = FIR x SI. The SIR was calculated as a percent of the FIR on a dw basis. The dw FIR was calculated based on 

the following equation: FIR (dw) = FIR (ww) x (1 – moisture content of diet). 
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e Average percent moisture of invertebrate tissue analyzed from the Study Area. 
f Two SI scenarios (8% and 56%) were evaluated for juvenile white sturgeon. 
g Average percent moisture of invertebrate tissue (excluding laboratory-exposed clams and crayfish) analyzed from the 

Study Area. 
h Average percent moisture of fish tissue analyzed from the Study Area. 
BW – body weight 
dw – dry weight 
FIR – food ingestion rate 
ODEQ – Oregon Department of Environmental Quality 
SI – sediment ingestion 
SIR – sediment ingestion rate 
SUF – site use factor 
ww – wet weight 
 

Tables 2-2 and 2-3 present the dietary prey assumptions used to derive risk estimates based 
on the ingestion of individual and multiple prey species. Details on how prey assumptions 
were used are presented in the BERA.  

Table 2-2.  Receptor-Specific Prey Species Used to Derive Risk Estimates Based on Single Prey 
Consumption 

Prey Species 

Large-
scale 

Sucker 

Juvenile 
White 

Sturgeon 

Juvenile 
Chinook 
Salmon Sculpin Peamouth 

Smallmouth 
Bass 

Northern 
Pike-

minnow 

Invertebrates  
Clam Xa Xa Xa Xa Xa  

Worm X X X X X X X

Crayfish X X 
Mussel X  
Epibenthic invertebrates X X  

Fish  
Largescale sucker  X 
Carp  X 
Peamouth  X 

Sculpin X X X X 
Northern pikeminnow  X 

Stomach Contents  

Juvenile white sturgeon X  
Juvenile Chinook salmon X  

a Both laboratory clam tissue and field-collected tissue concentrations were evaluated based on single prey 
consumption. 

COPC – chemical of potential concern 
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Table 2-3. Receptor-Specific Prey Species and Portions Used to Derive Risk Estimates Based on 
Multiple Prey Consumption 

Prey Species 

Large-
scale 

Suckera 

Juvenile 
White 

Sturgeona 

Juvenile 
Chinook 
Salmonb Sculpinc Peamouth 

Small-
mouth 
Bass 

Northern 
Pike-

minnow 
Invertebrates        
Clamd 1.0and 

0 
1.0 and 

0 
0.30 

and 1.0 
1.0 

and 0 
0.25   

Worme 1.0 
and 0 

1.0   
and 0 

0.40 
and 1.0 

1.0 
and 0 

0.25 0.05f 0.25f

Crayfish      0.05g 0.30g 
Epibenthic invertebrates   0.30h

and 1.0 
 0.40h   

Fish        
Largescale sucker       0.05i

Carp       0.05 
Peamouth       0.05i 
Sculpin    1.0 

and 0 
0.10 0.90 0.25j

Northern pikeminnow       0.05i 
a Two scenarios were evaluated for largescale sucker and juvenile white sturgeon: one based on the ingestion of clams 

and one based on the ingestion on worms.  
b Two scenarios were evaluated for juvenile Chinook salmon: one based on the ingestion of 30% clams, 40% worms, 

and 30% epibenthic invertebrates, one based on 100% ingestion of epibenthic invertebrates. 
c Sculpin prey were each evaluated individually on a sample-by-sample basis. 
d HQs were calculated using field clam tissue only. Tissues from field clams are more representative of field conditions 

in the Study Area than are tissues from laboratory-exposed clams.  
e HQs were calculated using laboratory-exposed worms. 
f Crayfish were used as a surrogate when no worm tissue data were available. 
g Worms were used as a surrogate when no crayfish tissue data were available. 
h Clams and worms were used as a surrogate when no epibenthic inverterbrate tissue data were available. 
i Sculpin were used as a surrogate when no largescale sucker, peamouth, or northern pikeminnow tissue data were 

available. 
j Carp was used as a surrogate when no sculpin tissue data were available. 
 

The following subsections present the receptor-specific exposure assumptions used in the 
dietary line of evidence (LOE) for fish for each receptor. 

2.1 LARGESCALE SUCKER 

This section provides the rationale for largescale sucker-specific exposure parameters, as 
summarized in Tables 2-1 and 2-2.  

2.1.1 Body Weight and Daily Food Ingestion Rate 
The average body weight reported for individual largescale suckers collected in Round 1 
sampling was 794 g. This body weight was used with Equation 2-1 to estimate a food 
ingestion rate of 0.041 kg ww/day for largescale sucker.  
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2.1.2 Incidental Sediment Ingestion Rate 
The largescale sucker prefers to remain close to the bottom in shallow waters, both as a 
juvenile and as an adult, and is primarily a bottom-feeder. This native fish is known to 
consume large amounts of sediment during feeding as an adult (CBFWA 1996), and 
sediment was noted in the stomach content analyses of four largescale suckers collected 
during Round 1 sampling (Attachment B8 of Appendix B of the programmatic work plan 
[Integral et al. 2004]). Up to 30% of the gut content was unidentified organic matter from a 
largescale sucker from Lake Roosevelt, Washington (Spotts et al. 2002). Charles Lee, a 
biologist who analyzed the stomach contents of largescale sucker, estimated that based on 
his observation, 10% or less of the unidentified organic material was likely to be sediment 
(Lee 2006). Based on the information from Lee (2006) and Spotts et al. (2002), 3% of total 
diet is a conservative estimate of the dietary sediment fraction. Because sediment 
consumption has not been measured but large quantities of sediment have been noted in 
largescale sucker diets, an incidental sediment ingestion of 8% of the dry diet ingestion rate 
was conservatively assumed. Using the calculated food ingestion rate and an assumption of 
85% moisture in the diet (average percent moisture of invertebrate tissue analyzed from the 
Study Area), the estimated sediment ingestion rate for largescale sucker was 0.00048 kg 
dw/day.  

2.1.3 Diet Composition 
Largescale suckers live in close proximity to sediment, and benthic invertebrates are a 
primary component of their diet. Adult largescale suckers almost exclusively consume 
benthic organisms, detritus, and plant material associated with the bottom, including 
macrophytes, algae, diatoms, detritus and organic material, crustaceans, aquatic insects, and 
small mollusks (Carl 1936; CBFWA 1996; Spotts et al. 2002). The stomach contents of 
four largescale suckers collected during Round 1 sampling were analyzed, and prey items 
included bivalves (Corbicula sp.), chironomids, oligochaetes, bryozoans, gastropods, algae, 
sediment, and detritus (Attachment B8 of the programmatic work plan [Integral et al. 
2004]). Field benthic invertebrate tissue data were collected from the Study Area (i.e., 
clams), and benthic invertebrate tissue chemical concentrations were measured in 
laboratory bioaccumulation tests using Study Area sediment. Plant and algae tissue are not 
available in the BERA dataset.  

For the evaluation of individual prey, the exposure of largescale sucker via dietary ingestion 
was modeled using field-collected clam tissue, as well as clam and worm tissue from the 
bioaccumulation testing (based on surface sediment collected from within the Study Area). 
In the evaluation of multiple prey species, individual prey portions were not assigned to 
each of the representative prey for largescale sucker because both clam and worms are 
meant to be representative of benthic invertebrate prey that suckers may ingest. Instead, the 
dietary exposure of largescale sucker was modeled separately using 100% ingestion of field 
clam tissue1 and 100% ingestion of worm tissue from the bioaccumulation testing. 

                                                 
1 Field clams were assumed to be more representative of chemical concentrations in bivalves from the Study Area 
than lab clams. 
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There is some uncertainty associated with the use of the available benthic prey items as the 
only prey for largescale sucker, inasmuch as suckers also feed on plant material. Dietary 
prey estimated concentrations may be over or underestimated for largescale sucker. The use 
of clam and worm tissue chemical concentrations based on 28-day laboratory 
bioaccumulation testing as representative of benthic prey living in the Study Area is also 
uncertain. Field and steady-state conditions may not be represented by tissue chemical 
concentrations measured in laboratory testing conditions. Clam and worm tissue 
concentrations of neutral organic chemicals of potential concern (COPCs) were adjusted to 
reflect steady-state concentrations using the process in the Inland Testing Manual (EPA and 
USACE 1998). Attachment 3 presents the methods used to derive steady-state 
concentrations. As with the use of any model, the equations (based on McFarland (1995) 
and assumptions (i.e., KOW value) associated with the steady-state adjusted concentrations 
are uncertain, and adjusted worm tissue chemical concentrations may over or underestimate 
steady-state concentrations expected in worms in the Study Area.   

2.1.4 Scale of Exposure Areas 
The Study Area encompasses approximately a 10-mile (16 km) reach from approximately 
RM 2.0 to RM 12. This site-wide scale is a reasonable assumption for fish with home 
ranges larger than or approximately equal to the Study Area (i.e., largescale sucker). 
Largescale suckers have been recorded to have home ranges up to 37 miles (60 km), and 
many Columbia River largescale suckers are found to be transients (Dauble 1986). 

2.2 JUVENILE WHITE STURGEON 

This section provides the rationale for juvenile white sturgeon-specific exposure 
parameters, as summarized in Tables 2-1 and 2-2.  

2.2.1 Body Weight and Daily Food Ingestion Rate 
The average body weight reported for individual juvenile (pre-breeding) white sturgeon 
collected in Round 3 sampling was 7.6 kg. This body weight was used with Equation 2-1 to 
estimate a food ingestion rate of 0.27 kg ww/day.  

2.2.2 Incidental Sediment Ingestion Rate 
White sturgeon are benthic feeders and are in frequent contact with sediments. Sturgeon 
identify prey on the bottom surface using their long barbels and then extend their mouths 
and suck up the prey item (USFWS 1961). In a study of 42 juvenile sturgeon (ranging from 
8.66 to 32.3 inches [22 to 82 cm] fork length) from the lower Columbia River, sand mixed 
with unidentifiable body parts of invertebrate prey items accounted for about 56% of the 
total wet mass of stomach contents (Romano et al. 2002). Juvenile sturgeon collected from 
the Study Area were larger, ranging from 35.8 to 43.3 inches (91 to 110 cm) in fork length. 
Based on expert judgment, an incidental sediment ingestion rate of 8% was selected.  

Based on the above, two sediment ingestion scenarios were developed. In Scenario 1, it was 
estimated that white sturgeon ingest sediment equal to 8% of the volume of food typically 
ingested. In Scenario 2, it was estimated that white sturgeon ingest sediment equal to 56% 
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of the volume of food typically ingested. Using the food ingestion rate and an assumption 
of 85% moisture in the diet (average percent moisture of invertebrate tissue analyzed from 
the Study Area), the estimated sediment ingestion rates for pre-breeding white sturgeon 
were 0.0033 and 0.023 kg dw/day for Scenarios 1 and 2, respectively.  

2.2.3 Diet Composition 
White sturgeon are opportunistic benthic feeders and may feed on crustaceans (e.g., 
crayfish), shrimp, mollusks, insects and insect larvae, annelids, and small fish (USFWS 
1961; Radtke 1966; Beamesderfer and Farr 1997; Wydoski and Whitney 1979). Juvenile 
white sturgeon feed on amphipods and mysid shrimp (McCabe et al. 1993; Radtke 1966).  

Columbia River white sturgeon have been reported to feed almost exclusively on 
amphipods (primarily on Corophium spp.) (Romano et al. 2002). In another study, 
Columbia River white sturgeon were found to prey on small bottom-dwelling mollusks, 
snails, insect larvae, and crustaceans (Bajkov 1949). Larger sturgeon have been found to 
feed on fish (Bajkov 1949), including large fish such as full-grown sockeye salmon, 
northern pikeminnow, and sucker (USFWS 1961). Immature white sturgeons in the Lower 
Columbia River feed primarily on amphipods and occasionally on bivalves (Corbicula 
fluminea), chironomid larvae, and fish eggs (McCabe et al. 1993). In the Bonneville and 
The Dalles pools of the Columbia River, amphipods (almost exclusively Corophium sp.) 
made up 78 and 72% of subyearling and yearling stomach contents, respectively, based on 
weight, reported in Beamesderfer and Nigro (1992). In the same study, mysids (Neomysis 
mercedis) made up 15%, and mollusks (Corbicula sp.) made up 12% of the yearling white 
sturgeon stomach contents by weight. Other items in yearling and subyearling white 
sturgeons included aquatic insects, oligochaetes, and unidentifiable digested material. 

The stomach contents of juvenile sturgeon collected from the Study Area during Round 3 
sampling were removed, and prey items and digestive material were examined. Prey items 
in the stomachs were identified to the lowest taxonomy possible. Stomach contents also 
underwent chemical analysis to estimate chemical concentrations in prey items. Seven of 
the fifteen sturgeon had identifiable prey remains in their stomachs.2 Shrimp were the most 
commonly observed item; they were observed in five of the seven stomachs. Crayfish 
remains were observed in two of the stomachs, one of which contained the remains of 15 
crayfish. Additional prey items included fish remains (observed in three stomach samples), 
aquatic insects (i.e., Chironomid sp. and stoneflies) (observed in three stomach samples), 
and amphipods (e.g., Corophium sp.) (observed in two stomach samples); and other 
crustaceans (mysids) (observed in one stomach sample). 

Benthic invertebrate tissue data, including bivalve tissue (Corbicula sp.) and worm tissue, 
were collected in Round 2 sampling; however, other benthic prey tissue such as insect 
larvae and amphipods are not available in the BERA dataset. For the evaluation of 
individual prey, the pre-breeding white sturgeon diet was modeled using worm tissue from 
the bioaccumulation testing (to represent benthic invertebrates living in sediments), field 

                                                 
2 Two of the fifteen sturgeon had empty stomachs, and six of the fifteen had unidentifiable remains or biofluid. 
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clams and clam tissue from the bioaccumulation testing, and mussels to estimate dietary 
exposure concentrations. Juvenile sturgeon stomach tissues were also used to represent 
dietary exposure concentrations. In the evaluation of multiple prey species, individual prey 
portions were not assigned to each of the representative prey for juvenile white sturgeon 
because both clam and worms are meant to be representative of benthic invertebrate prey 
that juvenile sturgeon may ingest. Instead, dietary exposure of juvenile white sturgeon was 
modeled separately using 100% ingestion of field clam tissue3 and 100% ingestion of worm 
tissue from the bioaccumulation testing.  

There is some uncertainty associated with the use of the available benthic prey items as the 
only prey for juvenile sturgeon because sturgeon also feed on various other organisms. 
Dietary prey estimated concentrations may be over or underestimated for juvenile sturgeon. 
The use of clam and worm tissue chemical concentrations based on 28-day laboratory 
bioaccumulation testing as representative of benthic prey living in the Study Area is also 
uncertain. Field and steady-state conditions may not be represented by tissue chemical 
concentrations measured in laboratory testing conditions. Clam and worm tissue 
concentrations of neutral organic COPCs were adjusted to reflect steady-state 
concentrations using the process in the Inland Testing Manual (EPA and USACE 1998). 
Attachment 3 presents the methods used to derive steady-state concentrations. As with the 
use of any model, the equations (based on McFarland (1995)) and assumptions (i.e., KOW 
value) associated with the steady-state adjusted concentrations are uncertain, and adjusted 
worm tissue chemical concentrations may over or underestimate steady-state concentrations 
expected in worms in the Study Area.   

2.2.4 Scale of Exposure Areas 
Some studies suggest that sturgeon can show strong site fidelity (Veinott et al. 1999), while 
other studies indicate individual sturgeon can have large ranges (DeVore and Grimes 1993). 
Juvenile (pre-breeding) white sturgeon were targeted for collection from the Study Area 
based on the assumption that sturgeon in the juvenile lifestage would have the longest 
exposure time of any sturgeon lifestage because they are migratory fish. The average age of 
sturgeon collected from the Study Area during Round 3 was 13 years old (ages ranged from 
7 to 26 years).4 The median age at sexual maturity for white sturgeon in the lower 
Columbia River is 24 years (DeVore et al. 1995). 

Although none of the Round 3 pre-breeding sturgeon caught from the Study Area were 
passive integrated transponder (PIT) tagged, one legal-sized sturgeon that was collected and 
analyzed from the Study Area in March 2007 as part of Round 3 sampling had been 
previously captured by Washington Department of Fish and Wildlife (WDFW) and was 
tagged with a spaghetti wire. The age of this tagged sturgeon based on a pectoral fin ray 
sample was 7 years old. Per WDFW (2007), the sturgeon was originally tagged on June 6, 
2006, at Rocky Point, which is located along the west shore of Grays Bay near the 

                                                 
3 Field clams were assumed to be more representative of chemical concentrations in bivalves from the Study Area 
than lab clams. 
4 Age analysis of juvenile sturgeon was determined by Ruth Farr and Michele Weaver at ODFW using pectoral fin 
ray samples following ODFW protocols (Beamesderfer et al. 1998). 
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Pacific/Wahkiakum Counties border on the Washington side of the Columbia River. The 
initial tagging location was approximately 72 miles (116 km) from the location where the 
sturgeon was collected in the Study Area, supporting a much larger home range assumption 
for juvenile sturgeon than the 10-mile (16 km) stretch of the Study Area.  

The entire 10-mile (16 km) reach of the Study Area was assumed to represent the exposure 
scale for juvenile sturgeon. However, there is uncertainty with this assumption due to the 
large home range of sturgeon, even during the juvenile lifestage, as indicated by the 
literature and by the tagged sturgeon collected during Round 3. Estimated dietary exposure 
concentrations may be over or underestimated for juvenile sturgeon. Their exposure area is 
likely much greater than the Study Area, and they may be exposed to additional 
contaminants outside of the Study Area. 

2.3 JUVENILE CHINOOK SALMON 

This section provides the rationale for juvenile Chinook salmon-specific exposure 
parameters, as summarized in Tables 2-1 and 2-2.  

2.3.1 Body Weight and Daily Food Ingestion Rate 
The average body weight reported for individual juvenile Chinook salmon collected in 
Round 1 sampling was 12 g. This body weight was used with Equation 2-1 to estimate a 
food ingestion rate of 0.0011 kg ww/day for juvenile Chinook salmon.  

2.3.2 Incidental Sediment Ingestion Rate 
Low numbers of benthic invertebrates have been reported in the diet of subyearling 
Chinook salmon, suggesting that they are likely feeding in the water column (Vile et al. 
2005) and are thus infrequently exposed to sediments. In addition, stomach content analysis 
of large numbers of juvenile Chinook salmon show no evidence of sediment ingestion 
(Cordell 2001). However, it was conservatively estimated that juvenile Chinook salmon 
may incidentally ingest sediment equal to 1% of the volume of food typically ingested. 
Using the food ingestion rate and an assumption of 79% moisture in the diet (average 
percent moisture of invertebrate tissue [excluding laboratory-exposed clams and crayfish] 
and small fish analyzed from the Study Area), the estimated sediment ingestion rate for 
juvenile Chinook salmon was 0.0000024 kg dw/day.  

2.3.3 Diet Composition 
Based on the stomach contents of juvenile Chinook salmon collected in the Lower 
Willamette River (LWR) (n = 346), water fleas (Daphnia sp.), fish, and amphipods 
(Corophium sp.) made up 43, 32, and 12%, respectively, of their diet based on wet weight 
(Vile et al. 2005). LWG Round 2 juvenile Chinook stomach content data (n = 20) showed 
that juvenile Chinook prey principally on daphnids, terrestrial insects, and chironomid 
larvae (Integral and Windward 2006). In the Columbia River, the diet of juvenile Chinook 
salmon in riverine habitats is predominately aquatic insects, including midges and 
caddisflies (CBFWA 1996; Rondorf et al. 1990). Daphnid and amphipod tissue are not 
available from the ERA dataset; however, multiplate samplers were used to collect 
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invertebrates, and amphipods (Corophium sp.), chironomids, and daphnids (Daphnia sp.) 
were included in the multiplate tissue analysis and were used to represent juvenile Chinook 
diets in this analysis.  

Because juvenile Chinook salmon are primarily pelagic feeders, exposure concentrations in 
their diet were estimated using multiplate tissue. The analytical results of juvenile Chinook 
salmon stomach tissues were also used to evaluate dietary exposure. In addition, per EPA 
(2008), worm and clams were used to estimate dietary exposure concentrations for juvenile 
Chinook salmon. Thus, for the evaluation of individual prey species, three representative 
prey species (i.e., epibenthic tissue, worm, and clams) and stomach content tissues were 
used to estimate dietary exposure concentrations for juvenile Chinook salmon.   

In the evaluation of multiple prey species, the dietary portions were assigned to represent a 
more realistic dietary scenario. Multiplate samplers were used to collect epibenthic 
invertebrates (including amphipods [Corophium sp.], chironomids, and daphnids [Daphnia 
sp.]) that were composited and analyzed to support the dietary evaluation. These tissue data 
likely best represent juvenile Chinook prey tissue chemical concentrations, and epibenthic 
tissue was selected to represent 100% of the diet. Clams and worms are likely not 
representative of the pelagic prey or feeding habits of juvenile Chinook salmon; however, 
per EPA(2008), the following prey portions, in which epibenthic invertebrates, worms, and 
field-collected clams5 each made up 30%, 40%, and 30% of the diet, respectively, were 
also evaluated in a second dietary scenario for juvenile Chinook salmon. 

                                                

There is uncertainty associated with the use of benthic organisms to represent the diet of a 
pelagic feeding fish. The use of benthic tissue as prey may overestimate dietary exposures 
of juvenile Chinook salmon to sediment-associated contaminants. The use of worm tissue 
chemical concentrations based on 28-day laboratory bioaccumulation testing as 
representative of benthic prey living in the Study Area is also uncertain. Field and steady-
state conditions may not be represented by tissue chemical concentrations measured in 
laboratory testing conditions. Worm tissue concentrations of neutral organic COPCs were 
adjusted to reflect steady-state concentrations using the process in the Inland Testing 
Manual (EPA and USACE 1998). Attachment 3 presents the methods used to derive steady-
state concentrations. As with the use of any model, the equations (based on McFarland 
(1995)) and assumptions (i.e., KOW value) associated with the steady-state adjusted 
concentrations are uncertain, and adjusted worm tissue chemical concentrations may over 
or underestimate actual steady-state concentrations expected in worms in the Study Area.   

2.3.4 Scale of Exposure Areas 
The Study Area encompasses approximately a 10-mile (16 km) reach from approximately 
RM 2.0 to RM 12. This site-wide scale was considered to be a representative exposure area 
for migrating juvenile Chinook salmon.  

 
5 Field clams were assumed to be more representative of chemical concentrations in bivalves from the Study Area 
than lab clams. 
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There is some uncertainty associated with the duration of exposure of migrating juvenile 
Chinook salmon to Study Area contaminants. Migration rates for juvenile Chinook salmon 
through the LWR from Willamette Falls to the mouth of the Columbia River ranged from 2 
days to 2 months, based on calendar year 2001 Oregon Department of Fish and Wildlife 
(ODFW) studies (North et al. 2002). Beach seining data collected in 2001 shows that the 
migration rate of sub-yearling fall Chinook salmon is slower than that of yearling spring 
Chinook salmon. Preliminary radio telemetry studies found that the range of residence 
times for sub-yearling fall Chinook was 1.2 to 6.8 days from RM 9.5 to RM 3.5 and 1.6 to 
26.8 days from RM 18.5 to RM 3.5 (Ellis Ecological 2001). Residence time of smaller 
juvenile salmon (<4.25 inches[108 mm]) has not been measured and may vary somewhat 
from those reported here. Periods of adult salmonid migration through Portland Harbor are 
not as well documented as downstream movements (Ellis Ecological 2001).  

2.4 PEAMOUTH 

This section provides the rationale for peamouth-specific exposure parameters, as 
summarized in Tables 2-1 and 2-2.  

2.4.1 Body Weight and Daily Food Ingestion Rate 
The average body weight reported for individual peamouth collected in Round 1 sampling 
was 104 g. This body weight was used to estimate the food ingestion rate. Using Equation 
2-1, the estimated food ingestion rate for peamouth was 0.0072 kg ww/day. 

2.4.2 Incidental Sediment Ingestion Rate 
Peamouth consume some benthic species; and while feeding, they may incidentally ingest 
sediment. However, benthic species make up only a part of the peamouth diet. Peamouth 
spend a significant portion of time in the pelagic zone and are not likely to have substantial 
direct contact with sediment. Therefore, it was estimated that peamouth incidentally ingest 
sediment equal to 1% of the volume of food typically ingested. Using the food ingestion 
rate and an assumption of 79% moisture in the diet (average percent moisture of 
invertebrate tissue [excluding laboratory-exposed clams and crayfish] and small fish 
analyzed from the Study Area), the estimated sediment ingestion rate for peamouth was 
0.000075 kg dw/day.  

2.4.3 Diet Composition 
Peamouth prey on both benthic and pelagic species. Adult peamouth predominately feed on 
benthic invertebrates, crustaceans, and small fish (Wydoski and Whitney 1979). Peamouth 
in the mid-Columbia River were reported to prey most frequently (based on percent 
occurrence) on periphyton, snails, caddisfly larvae, and midges (Gray and Dauble 2001). 
Larger peamouth occasionally feed on mollusks but rarely on small fish such as small 
sculpin (Carl et al. 1959). Terrestrial and aquatic insects were observed in the stomach 
contents of five peamouth collected and analyzed in Round 1 sampling (Attachment B6 of 
the programmatic work plan [Integral et al. 2004]). Filamentous algae, sediment, fish 
remains, bryozoans, and statoblasts were also found in Round 1 peamouth stomach 
contents.  
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Based on this analysis, peamouth in the Study Area likely feed on a mixture of benthic 
invertebrates, pelagic invertebrates, and small fish. For the evaluation of individual prey 
species, the peamouth diet was modeled using the following species: multiplate tissue 
(representing pelagic invertebrates), worms and clams (representing benthic invertebrates), 
and sculpin (representing small fish). 

In the evaluation of multiple prey species, the dietary portions were assigned to represent a 
more realistic dietary scenario. Peamouth likely feed on a mixture of benthic invertebrates, 
pelagic invertebrates, and small fish; and the following prey portions were assigned to 
estimate the peamouth diet using multiple prey items: 40% epibenthic invertebrate tissue, 
25% field-collected clams,6 25% laboratory exposed worms, and 10% sculpin. 

There is some uncertainty associated with the use of the available prey items for the diverse 
diet of peamouth. Dietary prey estimated concentrations may be over or underestimated for 
peamouth. The use of clam and worm tissue chemical concentrations based on 28-day 
laboratory bioaccumulation testing as representative of benthic prey living in the Study 
Area is also uncertain. Field and steady-state conditions may not be represented by tissue 
chemical concentrations measured in laboratory testing conditions. Clam and worm tissue 
concentrations of neutral organic COPCs were adjusted to reflect steady-state 
concentrations using the process in the Inland Testing Manual (EPA and USACE 1998). 
Attachment 3 presents the methods used to derive steady-state concentrations. As with the 
use of any model, the equations (based on McFarland (1995)) and assumptions (i.e., KOW 
value) associated with the steady-state adjusted concentrations are uncertain, and adjusted 
worm tissue chemical concentrations may over or underestimate steady-state concentrations 
expected in worms in the Study Area.   

2.4.4 Scale of Exposure Areas 
The Study Area encompasses approximately a 10-mile (16 km) reach from approximately 
RM 2.0 to RM 12. Peamouth are assumed to have a large home range, moving in and out of 
the Study Area. A site-wide scale was identified as the appropriate exposure scale for 
peamouth.   

2.5 SCULPIN 

This section provides the rationale for sculpin-specific exposure parameters, as summarized 
in Tables 2-1 and 2-2.  

2.5.1 Body Weight and Daily Food Ingestion Rate 
The average body weight reported for individual sculpin collected in Rounds 1 and 3 
sampling was 20 g. This body weight was used with Equation 2-1 to estimate the food 
ingestion rate of 0.0017 kg ww/day for sculpin. 

                                                 
6 Field clams were assumed to be more representative of chemical concentrations in bivalves from the Study Area 
than lab clams. 
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2.5.2 Incidental Sediment Ingestion Rate 
Sculpin are small predatory fish that live in close proximity to sediment and are primarily 
benthic feeders. As adults, sculpin can burrow up to 14.2 inches (36 cm) into gravel to 
forage (Wydoski and Whitney 1979). Londi Tomaro, a biologist who studied prickly 
sculpin in Alaska, noted that although she has not measured sediment in stomachs, in her 
experience quantifying prickly sculpin stomach contents, a very small proportion of sculpin 
had sediment in their stomachs; and those that did had a very small amount (ODFW 2006). 
Prickly sculpin are a common sculpin species in the LWR. Based on this information, it 
was estimated that sculpin incidentally ingest sediment equal to 5% of the volume of food 
typically ingested. Using the food ingestion rate an assumption of 79% moisture in the diet 
(average percent moisture of invertebrate tissue [excluding laboratory-exposed clams and 
crayfish] and small fish analyzed from the Study Area), the estimated sediment ingestion 
rate for sculpin was 0.000018 kg dw/day.  

2.5.3 Diet Composition 
Adult sculpin consume crustaceans, aquatic insects, snails, fish, fish eggs, and mollusks, 
while juvenile sculpin feed on aquatic insect larvae (Wydoski and Whitney 1979). Sculpin 
may also prey on other sculpin (Armstrong et al. 1995; Pfister 2003). The stomach contents 
of eight sculpin collected during Round 1 sampling were analyzed; and aquatic insects, as 
well as amphipods, gastropods, and bryozoans, were the predominant prey items present 
(Attachment B6 of the programmatic work plan [Integral et al. 2004]). Northcote et al. 
(1954) studied prickly sculpin in British Columbia lakes. All fish analyzed were less than 
3.43 inches (87 mm), and fish (redside shiner) constituted more than 75% of the prickly 
sculpin diet by volume. Tomaro (2006) observed prickly sculpin that were larger than 4.02 
inches (102 mm) from Auke Lake in Alaska, and noted that 40% of the fish fed on aquatic 
insects, 37% fed on fish, 35% fed on mollusks, and 25% fed on plant matter, however, the 
proportions of food items in gut contents were not quantified. The amount of fish consumed 
by sculpin increased with the size of the sculpin; and Dolly Varden, stickleback, and small 
sculpin were the principal fish prey of large sculpins (> 5.08 inches [129 mm] in length).  

Sculpin analyzed in Round 1 and Round 3 tissue samples ranged from 3.27 to 6.89 inches 
(83 to 175 mm) in length; thus, sculpin in the Study Area are likely to feed on a mixture of 
benthic invertebrates and small fish. However, fish were not a dominant prey item present 
in the sculpin stomach contents analyzed from the Study Area. For the evaluation of 
individual prey species, exposure concentrations in the sculpin diet were estimated using 
the following prey items: worms (to represent benthic invertebrates living in sediments), 
clam, and sculpin. Because of the small exposure area scale for sculpin (see Section 2.5.4), 
each of the individual prey species were evaluated only on a sample-by-sample basis in the 
BERA.   

The use of clam and worm tissue chemical concentrations based on 28-day laboratory 
bioaccumulation testing as representative of benthic prey living in the Study Area is also 
uncertain. Field and steady-state conditions may not be represented by tissue chemical 
concentrations measured in laboratory testing conditions. Clam and worm tissue 
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concentrations of neutral organic COPCs were adjusted to reflect steady-state 
concentrations using the process in the Inland Testing Manual (EPA and USACE 1998). 
Attachment 3 presents the methods used to derive steady-state concentrations. As with the 
use of any model, the equations (based on McFarland (1995)) and assumptions (i.e., KOW 
value) associated with the steady-state adjusted concentrations are uncertain, and adjusted 
worm tissue chemical concentrations may over or underestimate steady-state concentrations 
expected in worms in the Study Area.    

2.5.4 Scale of Exposure Areas 
Foraging ranges reported in the literature support small home ranges for sculpin. Sculpin 
movements of less than 30 feet to more than 200 feet were reported in the literature (Hill 
and Grossman 1987; Natsumeda 1998, 1999, 2001; Petty and Grossman 2004; Cunjak et al. 
2005), and an exposure area of 0.1 mile (500 ft [161 m]) was assumed to be representative 
of the home range of sculpin. This exposure scale was assumed to be roughly equivalent to 
the scale over which composite samples were collected. 

2.6 SMALLMOUTH BASS 

This section provides the rationale for smallmouth bass-specific exposure parameters, as 
summarized in Tables 2-1 and 2-2.  

2.6.1 Body Weight and Daily Food Ingestion Rate 
The average body weight reported for individual smallmouth bass collected from within the 
Study Area during Rounds 1 and 3 was 400 g. This body weight was used to estimate the 
food ingestion rate. Using the body weight and Equation 2-1, the estimated food ingestion 
rate for smallmouth bass was 0.022 kg ww/day.  

2.6.2 Incidental Sediment Ingestion Rate 
Smallmouth bass consume benthic prey and may incidentally consume some sediment. Like 
peamouth, smallmouth bass spend a significant portion of time in the pelagic zone and are 
not likely to have substantial direct contact with sediment. Therefore, it was estimated that 
smallmouth bass may incidentally ingest sediment equal to 1% of the volume of food 
typically ingested. Using the food ingestion rate and an assumption of 74% moisture in the 
diet (average percent moisture of fish tissue analyzed from the Study Area), the estimated 
sediment ingestion rate for smallmouth bass was 0.000058 kg dw/day.  

2.6.3 Diet Composition 
As a benthopelagic species, smallmouth bass consume fish, crayfish and other crustaceans, 
mollusks, and worms as adults and insect larvae and zooplankton as juveniles (George and 
Hadley 1979; Turner 1966; Wydoski and Whitney 1979). In the main stem of the 
Willamette River, the following proportions (by volume) of prey items were reported based 
on the identification of the stomach contents of 114 bass (primarily smallmouth bass): 50% 
sculpin, 26% crayfish, 18% other fish, 2% insects, < 1% salmonids, and 4% other prey 
items, including snails, worms, and vegetation (ODFW 2001). One study reported stomach 
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contents of smallmouth bass in fish collected in 2002 and 2003 from the LWR (Pribyl et al. 
2005; Vile and Friesen 2005). Crayfish and fish (sculpin) made up 62 and 35% (by wet 
weight), respectively, of the stomach contents of 48 juvenile smallmouth bass (< 3.94 
inches [100 mm]) (Vile and Friesen 2005). Fish (primarily sculpin) made up approximately 
90% of the stomach contents of 17 adult smallmouth bass (> 7.87 inches [200 mm]) (by wet 
weight); and shrimp and crayfish made up 7 and 3%, respectively, of the stomach contents 
(Pribyl et al. 2005). Crayfish remains were the dominant prey item in the stomach contents 
of four smallmouth bass collected in Round 1 (Attachment B6 of the programmatic work 
plan [Integral et al. 2004]). In addition, juvenile Chinook salmon were not found in the 
digestive tracts of smallmouth bass collected from RM 12 of the LWR during peak juvenile 
salmonid migration from April to June and do not appear to be a typical prey species of 
smallmouth bass (Fishman 2001).  

Representative crayfish and fish prey tissue data for smallmouth bass are available from the 
Study Area. Based on the data reported in the reviewed literature, smallmouth bass in the 
Study Area likely feed primarily on sculpin and other small fish. Because the smallmouth 
bass collected in Round 1 and Round 3 ranged from 8.66 to 17.0 inches (220 to 432 mm) in 
length, the prey portions for this receptor were based on the smallmouth bass > 7.87 inches 
(200 mm) reported in Pribyl et al. (2005), in which small fish (sculpin) made up the 
majority of the prey items. For the evaluation of individual prey species, exposure 
concentrations in the smallmouth bass diet were modeled using the following prey items: 
sculpin, crayfish, and worms.  

In the evaluation of multiple prey species, the dietary portions were assigned to represent a 
more realistic dietary scenario. Sculpin made up 90% of the stomach contents in LWR-
collected sculpin based on Pribyl et al. (2005), and shrimp and crayfish made up 7% and 
3% of the stomach contents, respectively. Based on these data, the smallmouth bass diet 
was modeled assuming sculpin represented 10% of the diet, and crayfish and laboratory 
exposed worms each represented 5% of the diet.  

The use of worm tissue chemical concentrations based on 28-day laboratory 
bioaccumulation testing as representative of benthic prey living in the Study Area is also 
uncertain. Field and steady-state conditions may not be represented by tissue chemical 
concentrations measured in laboratory testing conditions. Worm tissue concentrations of 
neutral organic COPCs were adjusted to reflect steady-state concentrations using the 
process in the Inland Testing Manual (EPA and USACE 1998). Attachment 3 presents the 
methods used to derive steady-state concentrations. As with the use of any model, the 
equations (based on McFarland (1995)) and assumptions (i.e., KOW value) associated with 
the steady-state adjusted concentrations are uncertain, and adjusted worm tissue chemical 
concentrations may over or underestimate steady-state concentrations expected in worms in 
the Study Area.   

2.6.4 Scale of Exposure Areas 
Foraging ranges and movements reported in the literature and in region-specific studies for 
smallmouth bass have supported small home ranges that are smaller than the entire length 
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of the Study Area. Pribyl et al. (2005) conducted a study from 2000 to 2003, in which the 
movement of predatory resident fish (including smallmouth bass) was tracked using radio-
tagged fish in the LWR. Radio-tagged smallmouth bass tended to stay near release points, 
and the median of the maximum distance traveled by smallmouth bass was 1.4 miles (2.3 
km) from the release site over the tracking period; however, most smallmouth bass traveled 
only 0.25 mile (0.4 km) within 1 month after the release. In addition, all of the radio-tagged 
smallmouth bass collected from the lower portion of the Willamette River (from RM 0 to 
RM 22.5) were located within 20% of the width of the river from either shore, suggesting a 
preference for nearshore habitat. An exposure area of approximately 1 mile (1.6 km) was 
assumed to be representative of the foraging range of the smallmouth bass. 

2.7 NORTHERN PIKEMINNOW 

This section provides the rationale for northern pikeminnow-specific exposure parameters, 
as summarized in Tables 2-1 and 2-2.  

2.7.1 Body Weight and Daily Food Ingestion Rate 
The average body weight reported for individual northern pikeminnow collected in Round 1 
sampling was 558 g. This body weight was used to estimate the food ingestion rate. Using 
the body weight and Equation 2-1, the estimated food ingestion rate for northern 
pikeminnow was 0.030 kg ww/day.  

2.7.2 Incidental Sediment Ingestion Rate 
As with smallmouth bass, northern pikeminnow may occasionally come into contact with 
sediment when foraging, though they are not likely to have substantial direct contact with 
sediment. Therefore, it was estimated that northern pikeminnow may incidentally ingest 
sediment equal to 1% of the volume of food typically ingested. Using the food ingestion 
rate and an assumption of 74% moisture in the diet (average percent moisture of fish tissue 
analyzed from the Study Area), the estimated sediment ingestion rate for peamouth was 
0.000078 kg dw/day.  

2.7.3 Diet Composition 
Northern pikeminnow is a benthopelagic species, consuming predominately fish and some 
insects (Buchanan et al. 1981; Jeppson and Platts 1959). Fish and crayfish were the 
dominant prey items in the stomachs of northern pikeminnow collected from the mid-
Columbia River, making up 32 and 16%, respectively, of the diet by volume (Gray and 
Dauble 2001). Crayfish and fish have been found to be dominant prey items of the northern 
pikeminnow in the Willamette River as well. Fish, crayfish, and insects were present in 36, 
31, and 26%, respectively, of northern pikeminnow stomachs that contained prey items for 
fish collected from locations in the Willamette Basin (Buchanan et al. 1981). In the same 
study, sculpin, salmonids, and other fish (i.e., cyprinids, catostomids, and lampreys) made 
up 68, 10, and 22%, respectively, of the total northern pikeminnow fish diet based on 
stomach contents (Buchanan et al. 1981). In another study, crayfish made up approximately 
58% (by wet weight) of the digestive tract contents of northern pikeminnow collected in the 
LWR (n = 20) from 2002 to 2003 (Pribyl et al. 2005). Other prey made up 42% of the 
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contents in northern pikeminnow digestive tracts. Fish and crayfish remains were found in 
the stomach contents of four northern pikeminnow collected from the Study Area during 
Round 1 tissue sampling (Attachment B6 of the programmatic work plan [Integral et al. 
2004]).  

Based on the site-specific data and the reviewed literature, northern pikeminnow likely feed 
on a variety of fish species as well as on crayfish and benthic invertebrates in the Study 
Area. For the evaluation of individual prey species, the northern pikeminnow diet was 
modeled using crayfish, sculpin, worms, largescale sucker, carp, peamouth, and northern 
pikeminnow). Sculpin and crayfish likely make up the largest portion of prey in the 
northern pikeminnow diet. 

In the evaluation of multiple prey species, the dietary portions were assigned to represent a 
more realistic dietary scenario. Based on the regional data presented above, the following 
prey portions and species were selected: crayfish, worms, and sculpin were selected to 
represent 30%, 25%, and 25% of the diet, respectively; and largescale sucker, carp, 
peamouth, and northern pikeminnow were each selected to represent 5% of the total diet.   

The use of worm tissue chemical concentrations based on 28-day laboratory 
bioaccumulation testing as representative of benthic prey living in the Study Area is 
uncertain. Field and steady-state conditions may not be represented by tissue chemical 
concentrations measured in laboratory testing conditions. Worm tissue concentrations of 
neutral organic COPCs were adjusted to reflect steady-state concentrations using the 
process in the Inland Testing Manual (EPA and USACE 1998). Attachment 3 presents the 
methods used to derive steady-state concentrations. As with the use of any model, the 
equations (based on McFarland (1995)) and assumptions (i.e., KOW value) associated with 
the steady-state adjusted concentrations are uncertain, and adjusted worm tissue chemical 
concentrations may over or underestimate actual steady-state concentrations expected in 
worms in the Study Area.   

2.7.4 Scale of Exposure Areas 
Foraging ranges and movements reported in the literature indicate that northern 
pikeminnow may forage in stretches that are smaller than the entire length of the Study 
Area. Pribyl et al. (2005) conducted a study from 2000 to 2003, in which the movement of 
predatory resident fish (including northern pikeminnow) was tracked using radio-tagged 
fish in the LWR. Radio-tagged northern pikeminnow tended to stay near release points, and 
the median of the maximum distance traveled by northern pikeminnow was 0.87 mile (1.4 
km) from the release site over the tracking period. In addition, the majority of northern 
pikeminnow collected from the lower portion of the Willamette River (from RM 0 to 
RM 22.5) were located within 20% of the width of the river from either shore, suggesting a 
preference for nearshore habitat. An exposure area of approximately 1 mile (1.6 km) was 
conservatively assumed to be representative of the foraging range of the northern 
pikeminnow.  
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3.0 DIETARY ASSESSMENT EFFECT ASSUMPTIONS 
Section 7.6.3 of the BERA presents a summary of the effects data used in the dietary 
assessment for fish. Effects data were based on fish dietary TRVs. Table 3-1 presents the 
fish dietary TRVs selected for the fish dietary risk assessment. The following subsections 
present the details on the selected TRVs. 

Table 3-1.  Fish Dietary Dose TRVs 

COPC 
TRV (mg/kg bw/day) 

Source NOAEL LOAEL 
Cadmium 0.002a 0.01 Kim et al. (2004), Kang et al. (2005) 
Copper 0.24 0.48 Murai et al. (1981) 

Mercury 0.005 0.013 Matta et al. (2001) 

TBT 0.00042a 0.0021 Shimasaki et al. (2003) 
Benzo(a)pyrene 0.66 1.4 Rice et al. (2000) 
Total PAHs 6.1 18 Meador et. al. (2006) 

a NOAEL extrapolated from LOAEL using an uncertainty factor of 5. 
bw – body weight 
COPC – chemical of potential concern 
LOAEL – lowest-observed-apparent-effect level 
NOAEL – no-observed-apparent-effect level 
 

PAH – polycyclic aromatic hydrocarbon 
TBT – tributyltin 
TRV – toxicity reference value 
 

3.1 CADMIUM 

A lowest-observed-adverse-effect level (LOAEL) of 0.010 mg/kg bw/day, derived from 
Kim et al. (2004) and Kang et al. (2005), was selected to evaluate risks to fish via dietary 
cadmium exposure. At this LOAEL, juvenile rockfish growth was reduced following 
dietary exposure to cadmium for 60 days (Kim et al. 2004; Kang et al. 2005). This was the 
lowest LOAEL derived from the nine studies measuring the toxicity of dietary cadmium 
that were reviewed (Attachment 14). No no-observed-adverse-effect level (NOAEL) below 
this selected LOAEL TRV was derived from the reviewed studies, so a NOAEL TRV was 
extrapolated from the LOAEL TRV using an uncertainty factor (UF) of 5. The resulting 
NOAEL of 0.0020 mg/kg bw/day was selected at the NOAEL TRV.  

There is some uncertainty associated with the selected dietary fish TRVs for cadmium. The 
selected LOAEL TRV is two to three orders of magnitude lower than the NOAELs reported 
in six of other studies reviewed (1.0 to 9.4 mg/kg bw/day) and three orders of magnitude 
lower than the LOAELs reported in the three other studies that reported LOAELs (4.6 to 68 
mg/kg bw/day) (Attachment 14). As such, the selected TRVs are conservative because the 
majority of the toxicological studies reviewed indicate that the selected TRVs may over-
predict cadmium toxicity to fish (by several orders of magnitude). There is additional 
uncertainty associated with the use of a UF to derive a NOAEL TRV. 
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3.2 COPPER 

The LOAEL and NOAEL of 0.48 and 0.24 mg/kg bw/day, respectively, were selected as 
the dietary TRVs for copper. These TRVs were derived from Murai et al. (1981). At the 
selected LOAEL, a significant decrease in body weight was reported for channel catfish 
fingerlings exposed to 16 mg/kg dw of copper as copper sulfate in a prepared diet for 16 
weeks compared to the control group. Growth was not significantly affected in fish fed 8 
mg/kg dw relative to controls. The selected LOAEL was the lowest LOAEL derived from 
the 13 studies measuring the toxicity of dietary copper that were reviewed (Attachment 14).   

There is high uncertainty associated with the selected dietary TRVs for copper because the 
sensitivity of channel catfish fingerlings documented by Murai et al. (1981) has not been 
confirmed in subsequent studies using similar exposures and fish of similar age (Erickson et 
al. 2003; Gatlin and Wilson 1986) and has been characterized as atypical by other studies of 
copper in fish (Lorentzen et al. 1998). Gatlin and Wilson (1986) attempted to reproduce the 
exposure conditions used by Murai et al. (1981) using fingerling catfish that were larger 
(body weight = 5.5 g) than those used in Murai et al. (1981) (body weight = 1 g). Gatlin and 
Wilson (1986) reported no difference in weight gain in their highest dietary exposure of 40 
mg/kg dw. Likewise, Erickson et al. (2003)7 reported no differences in weight gain 
following exposure for 30 days to copper-contaminated prey at dietary concentrations of 
157 and 246 mg/kg dw using much smaller fingerling channel catfish (0.2 g/fish). These 
studies help bracket the size of fingerlings tested and confirm that the Murai et al. (1981) 
study results are anomalous. The next lowest NOAEL and LOAEL TRVs from the toxicity 
studies reviewed were 1.0 and 2.0 mg/kg bw/d, respectively, based on Kang et al. (2005). 
At this LOAEL, a reduced growth rate of rockfish was observed following exposure to 
dietary copper for 60 days.  

3.3 MERCURY 

The LOAEL and NOAEL of 0.005 and 0.013 mg/kg bw/day, respectively, were selected as 
the dietary TRVs for mercury. At the selected LOAEL, a decrease in male mummichog 
survival was observed; and at the selected NOAEL, no effect on male mummichog survival 
was observed (Matta et al. 2001). The selected TRVs were the lowest TRVs reported in the 
six reviewed toxicological studies in which relevant fish endpoints of survival, growth, or 
reproduction were directly measured (Attachment 14). A lower LOAEL TRV of 0.0091 
mg/kg bw/day was derived from Webber and Haines (2003), in which predator avoidance 
behavior was reduced in golden shiners exposed to dietary methylmercury for 90 days. The 
authors contend that the observed behavioral changes could affect fish survival; however, 
this has not been confirmed in field studies. Therefore, the LOAEL based on Webber and 
Haines was not selected. 

                                                 
7 Erickson (2003) is currently under review for publication but has not yet been published and was not included in 
the studies evaluated for TRV derivation in Attachment 14. 
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3.4 TRIBUTYLTIN 

A LOAEL of 0.0021 mg/kg bw/day, derived from Shimasaki et al. (2003), was the selected 
as the dietary LOAEL TRV for tributyltin (TBT). This selected LOAEL was based on the 
only study reviewed on the toxicological effects of dietary TBT on fish (Attachment 14). In 
this study, the effects on reproductive success of Japanese flounder larvae following 
exposure to dietary TBT were reported. The flounder larvae that were exposed to TBT were 
generated from two parents that were genetically female; however, one parent was 
phenotypically and functionally male, and offspring were generated. All offspring produced 
were genetically female. The female offspring larvae were exposed to TBT as tributyltin 
oxide for approximately 65 days at two different doses, and the effects on growth and sex 
reversal were measured relative to a control. A significant reduction in growth was reported 
at 100 days at 0.0021 mg/kg bw/day. No NOAEL was reported in this study, so a NOAEL 
was extrapolated from the selected LOAEL using a UF of 5.  

An increase in sex reversal was reported in TBT-exposed fish. The actual impact of TBT on 
sex reversal is unclear because sex reversal was apparent in the parent fish, prior to TBT 
exposure; and sex reversal did not appear to affect the production of offspring. The 
ecological significance of the sex reversal endpoint is uncertain. No difference in the 
concentration was calculated converting the LOAEL TRV for TBT from tributyltin oxide 
into tributyltin ion (due to significant figures). There is uncertainty associated with the 
selected TRVs because the literature dataset for the dietary toxicity of TBT to fish is limited 
to one study. Extrapolating a NOAEL from a LOAEL using a UF is also uncertain.  

3.5 BENZO(A)PYRENE 

The NOAEL and LOAEL of 0.66 and 1.4 and mg/kg bw/day, respectively, derived from 
Rice et al. (2000), were selected as the benzo(a)pyrene TRVs for fish. These were the 
lowest TRVs derived from the four toxicological studies reviewed (Attachment 14). In the 
selected study, Rice et al. (2000) fed juvenile English sole polychaete worms that were 
exposed to benzo(a)pyrene-spiked sediments. Adverse effects on body weight were 
observed in the highest-dose group (at 1.4 mg/kg bw/day). There is uncertainty associated 
with the selected TRVs for benzo(a)pyrene because the literature set for the toxicity of 
benzo(a)pyrene is limited.   

3.6 TOTAL PAHS 

The NOAEL and LOAEL of 6.1 and 18.0 and mg/kg bw/day, respectively, derived from 
Meador et al. (2006), were selected as the PAH mixture TRVs for fish. In the selected 
study, Meador et al. (2006) exposed juvenile Chinook salmon to a mixture of 21 PAHs8 in 
a prepared diet at a total PAH dose of up to 22 mg/kg bw/day. Adverse effects on weigh
were observed in the highest dose relative to the control on a wet-weight basis. Adverse 

t 

                                                 
8 The PAH mixture included the following chemicals: naphthalene, 2-methylnaphthalene, dimethylnaphthalene, 
dibenzothiophene, acenaphthene, fluorene, 1,8-dimethyl(9H)fluorene, phenanthrene, 9-ethylphenanthrene, 9-ethyl-
10-methylphenanthrene, 1-methyl-7-isopropylphenanthrene, anthracene, fluoranthene, pyrene, methyl pyrene, 
benz[a]pyrene, benzo(k)fluoranthene, benzo(g,h,i)perylene, dibenzanthracene. 
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effects on weight were also observed at the next highest dose (18.0 mg/kg bw/day) relative 
to the control when fish weights were considered on a dry-weight basis.  

The selected LOAEL TRV was the lowest acceptable LOAEL reported in the three studies 
reviewed (Attachment 14). A lower LOAEL of 0.12 mg/kg bw/day was derived from Rice 
et al. (2000), in which juvenile English sole were fed a few polychaete worms that had been 
previously exposed to field-collected sediments from Eagle Harbor, Washington. However, 
this LOAEL was not selected because the dietary prey (i.e., worms) was exposed to field-
collected sediments with uncharacterized chemicals, and the significance of the effects 
observed at this concentration were statistically ambiguous.  

There is uncertainty associated with the selected TRVs. The PAH mixture used in the 
selected study was designed to resemble the PAH mixture observed in juvenile Chinook 
stomach contents collected in the Duwamish River, Seattle (Meador et al. 2006). This 
mixture may or may not be consistent with PAH mixtures found in the Portland Harbor 
Study Area. There is additional uncertainty associated with the selected TRVs because the 
literature dataset for the toxicity of PAH mixtures to fish is limited to only two studies 
reporting effect-level concentrations.  
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