9.0 Comparisonsof Fish Tissue Chemical Concentrations
9.1 Comparison by Chemical Concentration

In this section the fish tissue residues from our study are compared to other food types and studies
of contaminantsin fish reported in literature. This section aso includes a comparison of fish

tissue concentration data for smallmouth bass and channd catfish in addition to the 13 fish

gpecies which were the main focus of this report.

9.1.1 Chlordane

Chlordane was used as a pesticide from the 1940's until the late 1980's. Until 1983 it was used on
corn and citrus fruits, lawns and gardens. 1t was banned in 1988.

Like most of the other cylclodiene pesticides (heptachlor, heptachlor expoxide, ddrin, dieldrin,
endrin, and endosulfans | and I1) chlordane degrades very dowly. Various of its metabolites can
day in the soil for over 20 years and can bioaccumulate in tissues of higher organisms.

Exposure to chlordane occurs largely from esting contaminated foods, such as root crops, meats,
fish, and shdllfish, or from touching contaminated soil.  In the early 1980's chlordane was
detected in 4 of 324 food composites. 3 potato composites ranging from trace to 2 pg/kg, and 1
garden fruit composite a atrace levd (Gartrell et d., 1986). Inthe 1980 U.S. Food and Drug
Adminigration (USFDA) market basket survey of infant and toddler diet samples, chlordane was
detected at 5 pg/kg in one of 143 toddler food composites (Gartrell et a., 1985).

Chlordane concentrations of 118 to 290 ug/kg were measured in various estuarine fish in coastal
states surveyed (Butler and Schutzmann, 1978). In amore recent survey, Munn and Gruber
(1997) reported fish concentrations of 140 - 610 pg/kg of the sum of chlordane in composite
samples of whole body fish from the Centrd Columbia Plateau.

The average concentrations of total chlordane found in anadromous fish tissue from our study
ranged from <4 pg/kg in eulachon and coho sdmon to 43 pg/kg in Pecific lamprey (Table 2-3).
Egg samples from spring chinook sample had the highest average concentration (66 pug/kg) in our
sudy (Table 2-3). The average concentrations of total chlordane in the resdent fish speciesin
our study ranged from < 2.4 pg/kg in rainbow trout and bridgdip sucker to 29 pg/kg in white
sturgeon (Table 2-3).

9.1.2 Total DDT
Thelegd use of DDT in agriculture has been banned in the United Statessnce 1972. DDT and

its derivetives are pergstent, bioaccumulative compounds which are ubiquitous in the organisms,
sediments, and soils.
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Exposureto DDT and its structurd analogs (DDE, DDD) occurs primarily from eating
contaminated foods, such asroot and leafy vegetables, mest, fish, and poultry. From 1967 to
1972 the concentrations of total DDT in mest, fish and poultry decreased from 3,200 pug/kg to 900
ug/kg (IARC, 1978). From 1970 to 1973, DDE residues decreased only 27%, compared to a
decrease of 86% and 89% for DDT and DDD, respectively (USEPA, 1980).

Based on data from the US Fish and Wildlife Service Nationa Pesticides Monitoring Program
(Schmitt et d., 1981), the DDT concentrationsin fish ranged from 100 to 11,000 pg/kg.

DDT was detected in meats (0.3 pg/kg) and raw berries (2.0 pg/kg) consumed by indigenous
residents of the Canadian Arctic (Berti et d., 1998).

The maximum concentration of DDE in the fish from severd USGS surveys was in awhole body
composite sample of carp (3,300 pg/kg) from the Brownlee Reservoir on the Snake River, Idaho
(Table 9-1). The maximum concentration of DDE in our study was in the whole body composite
sample of white sturgeon (1400 ug/kg) from the Hanford Reach of the Columbia River (Sudy Ste
9U). The maximum concentrations of DDE in bridgelip sucker, rainbow trout, and largescde
sucker levelsin our sudy were higher than levels found by Munn and Gruber (1997) in the
Centrd Columbia Plateau (Table 9-1). The largescade sucker levelsin our study were smilar to
the largescde sucker levels reported by Clark and Maret (1998) for the Snake River Basin.

Table9-1. Comparison of range concentrations of sum of DDE (o,p’ & p.p’) in whole body compositefish
samples Columbia River Basin.

Fish ug/kg L ocation Reference
carp 3300 BrownleeReservoir, SnakeRiver,Idaho  Clark and Maret ,1998
bridgelip sucker 87 PalouseRiver, Central ColumbiaPlateau Munn and Gruber, 1997
bridgelip sucker 120-340 Northern Desert, Central Columbia  Munn and Gruber ,1997
bridgelip sucker 347 - 612 Columbia River Basin Our study, 1996-1998
rainbow trout 9.5-32 Northern Desert, Central Columbia ~ Munn and Gruber, 1997
rainbow trout 5-89 Columbia River Basin Our study, 1996-1998
largescal e sucker 33-1300 Snake River Basin Clark and Maret ,1998
largescal e sucker 120-400 Pal ouseRiver, Central ColumbiaPlateau Munn and Gruber, 1997
largescale sucker 29-1312 Columbia River Basin Our study, 1996-1998
9.1.3 PCBs

PCBs, are gable, man-made chemicals that only degrade at very high temperatures. They do not
conduct eectricity and mogt of the various types of PCBs and PCB mixtures take the form of
liquids. For these reasons, PCBs have been used extensively in much of the world as dectrical
insulating fluids, especidly in capacitors and transformers which deliver high voltagein critical
devices and Situations where fire prevention is of great concern. PCBs have aso been used
extensvey as hydraulic fluids, as wdl asin the manufacture of carbonless copy paper, €tc.
Environmental contamination with PCBs has resulted from industria and domestic discharges,
landfills, and atmaospheric trangport of incompletely incinerated PCBs.

Under environmental conditions, PCBs are extremely stable and dow to chemicaly degrade
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(Eider, 1986b). PCBs enter the environment as mixtures containing a variety of individud
components (congeners) and impurities thet vary in toxicity. The chlorinated nature of the
various PCB molecules also makes them more fat soluble, and thus cgpable of biocaccumulating in
aquatic food webs. The lipid solubility of the PCBs increases with increased chlorine
subgtitution.  This lipophilicity aso tends to increase resistence to biodegradation.

Because of the relatively greet environmenta persistence and lipophilicity of this group of
pollutants, low-level PCB contamination is now agloba phenomenon, with PCB residues
occurring amogt universdly in human milk, other human tissues, food, etc. For the generd
population, likely routes of ongoing chronic exposure to PCBs are primarily from food
(Table 9-2).

Table9-2. PCB residuesin raw agricultural commodities, 1970-76.
(Source: Duggan et al, 1971)

Number of Per cent Average

Food Type samples Detected (ua’ka)
fish 2,901 46 892
eggs 2,302 9.6 72
milk 4,638 41 67
cheese 784 0.9 11
red meat 15,200 0.4 8
poultry 11,340 0.6 6

The estimated PCB content of atypical teenage boy’ s diet was about 15 pg/day in 1971,
decreasing by 1975, to about 8.1 pg/day (IARC, 1978). Thelevels of PCBs have declined in
ready-to-eat foods from 1978 to 1982 (Table 9-3). However, the human body burden remains
high. The body burden of PCBsin human fat ranged between 500 and 1,500 pg/kg in 1987
(USEPA, 1987).

Table9-3. Thedeclining trendsin PCBsin ready-to-eat foods collected
in markets of a number of UScities (Source: Duggan et al., 1971).

Number of Percent Average
Year samples Detected (parkg
1978 360 9 trace - 50
1979 360 4 <1-2
1980 360 2 2
1981- 82 324 2 1

In the 1980 -1981 USFWS survey of PCBsin fish from 107 locations the geometric was
530 pg/kg (Schmitt et al., 1985). Thiswas lower than mean PCB leves from previous monitoring

efforts, in which geometric means for PCBs were 880 ug/kg (1976-1977) and 850 ug/kg from
(1978- 1979) (Schmitt et al., 1985).

Ina1976-1980 EPA survey of PCB residues in finfish from the Chesgpeake Bay watershed, the
concentrations ranged from non detectsto 4,640 pg/kg (Tale 9-5). There was no trend over time
as was observed in the USFWS Peticide Monitoring Program.
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Table9-4. The1976-80 rangesfor PCB residues from 547 finfish from
the Chesapeake Bay and itstributaries ( Source: USEPA, 19874).

Y ear k
1976 ND - 980
1977 30-510
1978 60 - 4,640
1979 10- 1,600
1980 3-1,450

In later studies concentrations of total PCBsin avariety of fish tissue types ranged from

10 pg/kg in white sucker filletsin Saginaw Bay, Lake Huron, Michigan to 14,500 pg/kg in fish
from the Spokane River, Washington (Table 9-5). Measurements of Aroclor 1254 and 1260 in
white croaker muscle in Cdiforniaranged from 1 pg/kg to 713 pg/kg (Table 9-6).

Table9-5. Total PCB concentrationsin fish tissue from studiesreported in theliterature from 1978-1994.

Species & Tissuetyvpe ua/kg Location/date of study Reference

fish livers 132-772 near the outfall for the Los Angeles County Gossett et al., 1983.
wastewater treatment plant 1980-81,

750 fish samples 70 - 14,500 11 major lakes and riversin Alberta, Canada Chovelonet al., 1984

25 white suckersfillets 10-180 Saginaw Bay, Lake Huron, 1979-1980 Kononen, 1989

freshwater fish (whole body) mean = 36 Spokane River, WA, 1999 Johnson, 2001

maximum =930

Table9-6. Concentrations Aroclor 1254 & 1260 in white croaker muscle
tissuefrom Californiawater bodiesin the spring of 1994. (Source: Fairey et

al., 1997)
ug/kg L ocation
137 - 613 13 locations throughout San Francisco Bay
1 Southern California Dana Point,
757 Malibu

The concentration of Aroclor 1254 ranged from 480 ug/kg to 9,930 pug/kg in lake trout from lakes
in Michigan (Table 9-7). The concentration of Aroclor 1254 in resident fresh water species from
our study ranged from 10 pg/kg in rainbow trout to 930 pg/kg in mountain whitefish.

Table9.7. Concentrationsof Aroclor 1254 in laketrout from lakesin Michigan
during 1978-82 (Devault et al., 1986).

ug/kg L ocation
5630 - 9930 Lakes Michigan
2100 - 3660 Lake Huron
480-1890 Lake Superior

The concentration of Aroclorsin chinook salmon eggs from Lake Michigan were much higher
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than the levels found in our study (Table 9-8).

Table 9-8. Aroclor concentrationsin chinook salmon eggsreported for Lake Michigan, Michigan,
compared to our study of Aroclorsin the chinook salmon eggs.

uo/kg N salmon L ocation/date of study
Aroclor 1254
5,400 chinook Lake Michigan, 1982 (Jaffet et al., 1985)
12 1 fall chinook Columbia River Basin, 1996-1998
15-20 6 spring chinook Columbia River Basin, 1996-1998
Aroclor 1260
1,100 chinook Lake Michigan, 1982 (Jaffet et al., 1985)
<19 1 fall chinook Columbia River Basin, 1996-1998
<18 spring chinook Columbia River Basin, 1996-1998

< = detection limit

Concentrations of PCBs measured in fish from our sudy were compared to other fish surveysin
Lake Roosavet on the upper Columbia River in Washington (Table 9-9). The maximum
concentration of Aroclors 1254 and 1260 in walleye and rainbow trout were lower in our study of
the Columbia River Basin than the EPA (USEPA, 1998c) and USGS (Munn, 2000) surveys of
Lake Roosevdt, Washington. Concentrations of the Aroclorsin white sturgeon were higher in
our study than the EPA study of Lake Roosavelt, Washington (Table 9-9).

Table9-9. Concentrationsof Aroclors 1254 and 1260 in composite samples of fish filletsfrom Lake
Roosevet, Washington compared concentrations measured in our sudy of the Columbia River

N - number of samples

<= detection limit * White sturgeon wereindividual filletswithout skin
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Basin.
Fish Species pa/kg N L ocation Reference
Aroclor 1254
small walleye 30-10 9 Lake Roosevelt, 1994 USEPA, 1998c
large walleye 35-89 2 Lake Roosevelt, 1994 USEPA, 1998c
walleye 12-14 7 Columbia River Basin, 1996-1998 our study
white sturgeon* 15-77 2 Lake Roosevelt, 1994 USEPA, 1998c
white sturgeon* 10- 190 16 Columbia River Basin, 1996-1998 our study
rainbow trout 13-45 10 Lake Roosevelt, 1994 USEPA, 1998c
rainbow trout 3-49 16 Lake Roosevelt, 1998 Munn, 2000
rainbow trout 10- 20 7 Columbia River Basin, 1996-1998 our study
smallmouth bass ND -8 9 Lake Roosevelt, 1994 USEPA, 1998c
smallmouth bass 38-83 3 Columbia River Basin, 1996-1998 our study
kokanee 28-40 4 Lake Roosevelt, 1994 USEPA, 1998c
|ake whitefish 31-51 3 Lake Roosevelt, 1994 USEPA, 1998c
Aroclor 1260
small walleye 4-13 9 Lake Roosevelt, 1994 USEPA, 1998c
large walleye 23-32 2 Lake Roosevelt, 1994 USEPA, 1998c
walleye <19 7 Columbia River Basin, 1996-1998 our study
white sturgeon* 13- 102 2 Lake Roosevelt, 1994 USEPA, 1998c
white sturgeon* 13- 200 16 Columbia River Basin, 1996-1998 our study
rainbow trout 5-72 10 Lake Roosevelt, 1994 USEPA, 1998c
rainbow trout <18 7 Columbia River Basin, 1996-1998 our study
smallmouth bass 3-6 9 Lake Roosevelt, 1994 USEPA, 1998c
smallmouth bass 68 - 220 3 Columbia River Basin, 1996-1998 our study
kokanee 10- 14 4 Lake Roosevelt, 1994 USEPA, 1998c
lake whitefish 16 - 29 3 L ake Roosevelt, 1994 USEPA, 1998c



9.1.4 Chlorinated Dioxins and Furans

Because of ther chlorination and specific chemica sructures, most chlorinated dioxins and
furans are highly fat soluble, and difficult for the body to quickly degrade and excrete. They are
amilar to some of the other persistent chlorinated residues like DDT and PCBs. Also like PCBs
and DDTS, chlorinated dioxins and furans can bioaccumulate in fish. The amount of furansin
fish can sometimes be tens of thousands times higher than the levelsin the surrounding water.

The chlorinated dibenzodioxins and chlorinated dibenzofurans are not produced intentionaly by
indugtrial processes. Rather, mogt chlorinated dioxins and furans are generated in very small
amounts as unwanted impurities during the manufacture of severd chlorinated chemicas and
consumer products, including certain wood treatment chemicals, some meta's, and paper
products. When the waste water, dudge, or solids from these processes are released into
waterways or soil in dump gites, the Stes may become contaminated with chlorinated dioxins and
furans. These unwanted contaminants dso enter the environment from burning municipa and
indugtrid waste in incinerators, as well as from gasoline exhaust, and the burning of coa, wood,
or oil for home heating and production of dectricity. Other production chemicas which can
generate unwanted trace amounts of 2,3,7,8-TCDD have included the forestry herbicide 2,4,5-
trichlorophenoxy propionic acid (Silvex), and theindudtrid chemica

2,4, 5-trichlorophenol. Unwanted trace amounts of some of the higher-chlorinated dioxins,
especidly the hexa and octaisomers, have aso been associated with the production of the widely
used wood preservative, pentachlorophenal.

Many of the various chemicals and processes which sgnificantly produce chlorinated dioxins and
furansin the environment are either being dowly phased out or are drictly controlled. Itis
currently believed that chlorinated dioxin and furan emissions associated with incineration and
combustion activities are the predominant environmental source of these contaminants (USEPA,
2000e). Chlorinated dioxins and furans also arise from natural processes in the environment such
asforest fires and volcanos.

TCDF is often found in fish tissue because of its affinity for lipids and because of itsformation as
aby-product in theindustrid processes, especidly pulp and paper mills (USEPA, 2000e). The
concentration of 2,3,7,8-TCDF was measured in avariety of fish species from Lake Roosevdlt,
Washington by the USEPA in 1994 (Table 9-10). The concentrations of 2,3,7,8-TCDF in walleye
ranged from 0.0001 to 0.0063 pg/kg (Table 9-10). The maximum concentration from our study
was lower than the maximum reported for Lake Roosavelt, Washington.  The white sturgeon
2,3,7,8-TCDF maximum concentration in our study was higher than the maximum from the 1994
Lake Roosevdt study (Table 9-10). The rainbow trout 2,3,7,8-TCDF concentrations were similar
in both studies.
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Table9-10. Concentrationsof 2,3,7,8-TCDF in composite samples of fish fillets collected from Lake
Roosevet, Washington in 1994 compared with our 1996-1998 survey of the Columbia River Basin.

Fish uno/kg

N Collection date Reference
small walleye 0.0001 - 0.0016 9 Lake Roosevelt, 1994 USEPA, 1998c
large walleye 0.0007 - 0.0063 2 Lake Roosevelt, 1994 USEPAC 1998c

walleye 0.0006 - 0.00085 3 Columbia River Basin, 1996-98 our study
white sturgeon 0.016 - 0.025 2 L ake Roosevelt, 1994 USEPA, 1998c

white sturgeon 0.0025 - 0.054 16 Columbia River Basin, 1996-98 our study
small rainbow trout 0.000098 - 0.0015 6 Lake Roosevelt, 1994 USEPA, 1998c
large rainbow trout 0.0015 - 0.00188 10 Lake Roosevelt, 1994 USEPA, 1998c

rainbow trout 0.0001 - 0.0003 7  Columbia River Basin, 1996-98 our study
kokanee 0.0028 - 0.0031 4 Lake Roosevelt, 1994 USEPA, 1998c
smallmouth bass 0.00001 - 0.0041 9 Lake Roosevelt, 1994 USEPA, 1998c
lake whitefish 0.0038 - 0.01610 3 Lake Roosevelt, 1994 USEPA, 1998c

N= number of samples

In the USEPA Nationd Dioxin Survey (USEPA, 2000d) background levels of toxicity
equivalence concentrations for chlorinated dioxins, furans, and dioxin-like PCB congeners were
0.00116 +0.00121 pg/kg in fish and 0.00046 + 0.00099 ug/kg in beef. In our study the average
toxicity equivaence concentrations ranged from alow of 0.0004 pg/kg in fal chinook samon to
the highest average concentration of 0.0063 pig/kg in mountain whitefish.

9.1.5 Metals

The metals measured in our study are naturaly occurring substances. Some of these metds are
essentid at trace levels for survival of vertebrates. These chemicas may combine with other
chemicas to form compounds,(e.g. methylmercury, dimethyarsenic, arsenocholine, arsenosugars)
which dterstheir bicavailability and toxicity. Most can become toxic if sufficiently high levels

are encountered in the environment. Many of the metals which are taken up by fish tend to
increase in concentration as the organisms age and increase in body size (Wiener and Spry, 1996,
reported in Clark and Maret, 1998).

Information about barium, beryllium, cobalt, and manganese and are not included in this section.
Background information on these chemicasisincluded in the Toxicity Profiles (Appendix C)

9.1.6 Aluminum

Aluminum is the most common and widely digtributed metd in the earth’s crust. Concentrations
as high as 150,000 - 600,000 mg/kg have been reported in soil. The average ingestion of
auminum by humans has been estimated at 30 - 50 mg/day (Bjorksten, 1982). This estimate may
be low, in light of a 1997 United Kingdom (UK) tota diet study involving 20 different food

groups from 20 representative towns, for the general UK population, where the highest mean
concentrations of duminum were found in the bread (6,600 pug/kg) and fish (6,100 pg/kg) (Y sart
et d., 2000). Aluminumis present in the naturd diet, in amounts varying from very low in

anima products to rdaively high in plants.
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In our study the basin-wide average auminum concentrations ranged from non-detect in coho
sdmon (whole body and fillet) to 69,000 pg/kg in whole body largescale sucker. The maximum
concentration was 190,000 pg/kg in the largescale sucker composite sample from the main-stem
Columbia River (study dte 8).

9.1.7 Arsenic

Arsenic isfound widdly in nature, and occurs mogt abundantly in sulfide ores. Arsenic levelsin
the earth’s crust average about 5,000 ug/kg. Arsenic isfound in trace amounts in aguetic
environments. Aswas described in Section 5, arsenic exigts in both organic and inorganic forms.
The most common combined form of arsenic is the inorganic compound, arsenopyrite (FEASS).
The organic arsenic compounds are less toxic than the inorganic arsenic compounds.

Arsenic does not readily bioconcentrate in aquatic organisms. It istypicaly water soluble and
does not combine with proteins. Since, aquatic invertebrates accumulate arsenic more reedily
than fish biomagnification is unlikely (Spehar et d., 1980). Planktivorous fish are more likely to
concentrate arsenic than omnivorous or piscivorous fishes (Hunter et d., 1981). Eider (1988a)
found no evidence that biomagnification occursin aquatic food chains. In 1995, Robinson et d.,
found no evidence of arsenic uptake or accumulation from water in both rainbow and brown
trout. The rainbow trout in our study had the lowest arsenic concentrations (<25 pg/kg fillet; 120
Hg/kg whole body) of the fish species sampled.

Ina1997 UK study, dietary exposures to arsenic were estimated to be about 65 pg /day (Y sart et
a., 2000). The“fish” food group had the highest mean arsenic concentration (400 pg/kg; Ysart et
al., 2000).

Arsenic levels recorded for fish tissues seem to be quite variable. Fish taken from the Grest lakes
contained 5.6 - 80 pg/kg arsenic; primarily in the lipid fraction of the fish tissue

(Lunde, 1970). Inastudy of African tilgpiafish, muscle tissue contained arsenic levels ranging
from110 pg/kg(lkdu and Marget Lakes) to one specimen with 10,500 pg/kg (Abu Quir Bay)

( El Nabawi et d., 1987). Ashraf and Jaffar (1988) measured arsenic levels of 2,880 pg/kg and
2510 pg/kg in two tuna species from the Arabian Sea. The authors noted that increased arsenic
content was proportiond to increased weight in the tuna species.

The average arsenic levels in resident, fresh water fish speciesin our study ranged from not detect
in rainbow trout fillet to 490 pg/kg in whole body walleye (Table 2-14). The average
concentrations in anadromous species from our study ranged from 310 pg/kg in Pecific lamprey
fillet to 890 pg/kg in whole body eulachon.  There was no correlation between lipid and arsenic
in fish in our study, as was observed in the Great Lakes study (Lunde, 1970) or body weight and
arsenic as observed by Asraf and Jaffar (1988).
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9.1.8 Cadmium

Cadmium naturaly occurs in the aquatic environment, but is of no known biologicd useand is
congdered one of the mogt toxic metals. While cadmium is released through natura processes,
anthropogenic cadmium emissions have greetly increased its presence in the environment. In
aquatic systems, cadmium quickly partitions to sediment, but is readily remohilized through a
variety of chemica and biologica processes (Currie et d., 1997). Cadmium does not
bioconcentrate Sgnificantly in fish gpecies, but does tend to accumulate more reedily in
invertebrates. Omnivorous and insectivorous predators tend to accumulate cadmium in their
tissues more than piscivorous predators (Scheuhammer, 1991). Saiki et d., (1995) found no
evidence of biomagnification of cadmium in steehead on the Upper Sacramento River. Eider
(19853) dso maintains that evidence for cadmium biomagnification suggests that only the lower
trophic levels exhibit biomagnification. Cadmium tends to form stable complexes with
metalothionan (a sulfhydryl-rich protein). The resulting cadmium complexes have long haf-
lives and a tendency to accumulate with age in exposed organisms. As such, long lived species
tend to be a a higher risk from chronic low-leve dietary cadmium exposure.

People who are smokers are exposed to sgnificant levels of inhaled cadmium. The mgor
expaosure route for the non-smoking human population isviafood. 1na1997 UK sudy, the
mean population dietary exposures to cadmium was estimated to be about 12 ug/kg/day for the
generd UK population (Ysart et d., 2000). Cadmium concentrations were highest in the viscera
and trimmings of animas (77 pg/kg), and nuts (59 pg/kg), while the bread and potato food groups
made up the greatest contributions (both 25%) to dietary exposure of the genera population.

Certain cruciferous vegetable crops are known to be able to sequester elevated cadmium levelsif
grown in sufficiently contaminated soils. Queiroloa et a. (2000) reported ranges of 0.2 to

40 pg/kg for cadmium, with highest levels being found in potato skin in astudy of vegetables
(broad beans, corn, potato, dfafaand onion) from farming villages in Northern Chile.

The WHO (1992) indicates that marine organisms generaly contain higher cadmium resdues

than their freshwater and land-dwelling counterparts. In our study the highest cadmium levels
were in whole body samples of largescale sucker (250 pg/kg ) followed by spring chinook salmon
(170 pg/kg) and Pacific lamprey (150 pg/kg).

Average cadmium concentrations ranged from non detect in fillet samples of walleye, coho
sdmon, and fal chinook sdmon to 120 pg/kg in whole body spring chinook salmon. The
maximum concentration (250 pg/kg) was in the largescae sucker composite sample from the
Hanford Reach of the Columbia River (study ste 9U).

9.1.9 Chromium
Chromium iswiddly distributed in the earth’s crugt, with an average concentration of about

125,000 pg/kg. Itisfoundin smal amountsin dl soilsand plants. Mogt of the chromium
present in food isin the trivdent form [Cr(I11)], which is an essentid nutrient. The hexavaent
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form ismore toxic, but is not normally found in food. In freshwater environments, hydrolysis and
precipitation are the most important processes in determining the environmental fate of
chromium, while absorption and bioaccumulation are considered minor. Chromium (V1) is highly
soluble in water and thus very mobile in aguatic systems (Ecologica Andydts, 1981).

The mean dally dietary intake of chromium from air, water, and food, is estimated to be about
0.2- 0.4 pg, 2.0 pg, and 60 pg, respectively (ATSDR, 2000). The predicted intakes from air
chromium are probably exceeded considerably in the case of smokers, and those who are

occupationaly exposed.

Ina1997 UK study, meat products contained the highest mean chromium concentration

(230 pg/kg), but beverages made the greatest dietary contribution (19%) to the population
exposure to chromium (Ysart et a., 2000). The US Food and Nutrition Board has recommended
asafe and adequate dietary intake of chromium of 0.05 - 0.20 pg/day (Seller and Sigel, 1988).

Chromium was found in fish sampled from 167 lakes in the northeest United States @ levels
ranging from 30-1,460 pg/kg with amean of 190 ug/kg (Yeardley et d., 1998). Seaweeds have
been shown to sequester tota chromium by a bioaccumulation factor of about 100 times greater
than ambient levelsin seawater (Boothe and Knauer, 1972). Snails showed an accumulation
factor of 1 x 10 ° for totd chromium (Levine, 1961).

In our study, basin-wide average chromium concentrations ranged from <100 pg/kg in eulachon
to 360 pg/kg in the whole body white sturgeon (Table 2-14). The maximum concentration
(2000 pg/kg) was measured in the whole body white surgeon sample from the main-stem
Columbia River (study ste 8)

9.1.10 Copper

Because of its ubiquitous occurrence in the environment, and its essentidity for life, copper is
found naturaly at trace levelsin aguatic and terrestria organisms. Copper is not strongly
bioconcentrated in vertebrates, but is more strongly bioconcentrated in invertebrates. In
samonids the accumulation of copper in muscle, kidney, and spleen tissues occurred at copper
concentrations ranging from 0.52-3 ug/L in both seawater and freshwater (freshwater
hardness=46-47 mg/L)(Camusso and Baestrini, 1995; Peterson et d., 1991; Saiki et ., 1995).
The concentrations of copper in fish tissues reflect the amount of bioavailable copper in the
environment. Baudo (1983, Wren et d. (1983), and Mance (1987) have al concluded that
copper, dong with zinc and cadmium do not biomagnify in the aguatic environment.

Intake of copper from food tends to be about one order of magnitude greater than intake from
drinking water (USEPA, 1987). Exceptionsto thisarein rdaively rare Stuationsinvolving
consumption of “soft” drinking water sources supplied by copper pipes, which can result in daily
individua drinking water intakes of copper in excess of 2 mg/day. 1na1997 UK diet study,
copper was highest in viscera and trimmings (50,000 pg/kg) and nuts (8,500 pg/kg), with mean
concentrations in the other food groups ranging from 50 to 2,100 pg/kg (Ysart et d., 2000).
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In our study, the copper concentrations ranged from 250 pg/kg in white sturgeon fillet sample to
4500 pg/kg in whole body Pacific lamprey. The maximum concentration (14,000 pg/kg) wasin
the whole body fdl chinook sdmon composite sample from the main-sem Columbia River
(study dte 14).

9111 Lead

Lead isanaturaly occurring, ubiquitous compound that can be found in rocks, soils, weter,

plants, animas, and air. Lead isthe fifth most prevaent commercid metd inthe US. Lead is
found naturdly in dl plants, with norma concentrations in leaves and twigs of woody plants of
about 2,500 pg/kg, pasture grass 1,000 pg/kg, and cereals from 100 -1,000 pg/kg (IARC, 1980).

Absorption of lead by aguatic animds s affected by the age, gender and diet of the organism, as
well asthe particle Size, chemical species of lead, and presence of other compounds in the water
(Eider, 1988b; Hamir et d., 1982). Although inorganic lead is poorly accumulated in fish, it has
been shown to bioconcentrate in aguatic species. Invertebrates tend to have higher lead
bioconcentration factors than vertebrates. A bioconcentration factor of 42 was observed in brook
trout embryos (Eider, 1988b). Bioconcentration factors decrease as waterborne lead
concentrations increase, thus suggesting accel erated depuration or saturation of uptake
mechanisms (Hodson et d., 1984). Exposures of rainbow trout to 3.5-51 pug/L tetramethyl lead
from 7 - 14 days resulted in rapid accumulation of lead. However, once the fish were removed to
clean water, lead decreased rapidly from organs, followed by a dower release from other body
components, until basdine levelswere reached. An increasein dietary calcium of 0-8400 pug/kg
reduced the uptake of waterborne lead in coho saimon, possibly due to interactions with gill
membrane permesability (Hodson et al., 1984). In vertebrates, lead concentrations tend to increase
with age and locdlize in hard tissues such as bone or tegth.

The primary exposure route for lead isfood (Table 9-11). Foods which are likely to have
elevated lead levels are dried foods, liver, canned food, and vegetables which have a high area-to-
mass ratio. Historic use of soldered food cans greetly increased the lead content of prepared and
processed foods. Sherlock (1987) reported that while ravioli from welded (no lead) cans
contained 30 pg/kg lead, ravioli from a 98% lead soldered can was found to contain amean
content of 150 pg/kg lead.
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Table9-11. Lead concentrationsin food purchased in five Canadian cities between
1986 - 1988 (Source: Dabeka and McKenzie, 1995.

category % contribution to mean maximum
dietary intake pa/kg pa/kg

fruits and fruit juice 13.9 444 372.7

miscellaneous 6.1 417 178.9

vegetables 16.8 24.4 3317

meat and poultry 7.6 20.2 523.4

fish 0.7 19.3 72.8

sugar and candies 15 18.3 111.6
soups 45 155 48.7

bakery goods and cereals 20.6 13.7 66.4
beverages 20.9 9.9 88.8

fats and oils 0.3 9.6 19.7

milk and milk products 7.1 7.7 4.7
canned and raw cherries 203
canned citrus fruit 126
canned beans 158
canned luncheon meats 163

The basin-wide average lead concentrationsin fish from our study of the Columbia River Basin
ranged from non detect in fillets of Pacific lamprey, walleye, and rainbow trout to 500 pg/kg in
whole body eulachon (Table 2-14). The maximum concentration (1200 pg/kg) in our study was
in the whole body fal chinook salmon from the main-s¢em Columbia River (Sudy Ste 14).

9112 Mercury

While mercury does occur naturdly in smal amounts in aquatic environments, the cyding of
mercury prolongs the influence of man-made mercury compounds (Hudson et d., 1995). Mercury
Is cycled through the environment through an atmospheric-oceanic exchange. Thiscycdling is
facilitated by the volatility of the metalic form of mercury. Naturdl bacterid transformation of
mercury resultsin stable, lipid soluble, dkylated compounds such as methyl mercury (Bejer and
Jerndlov, 1979. In sediments, mercury is usudly found in itsinorganic forms, but aguetic
environments are amajor source of methyl mercury (USEPA, 1985). In background freshwater
systems, mercury occurs naturdly at concentrations of 0.02-0.1 pg/L (Moore and Ramamoaorthy,
1984).

Mercury has been shown to bioconcentrate in avariety of aquatic organisms. Aquatic predators
face the greatest danger of bioconcentrating mercury, and thus their tissue concentrations best
reflect the amount of mercury avallable to agueatic organisms in the environment. Fish have been
shown to concentrate mercury as methyl mercury even when they are exposed to inorganic
mercury. Fish, such as rainbow trout, have been found to accumulate mercury in the form of
methyl mercury at aguatic concentrations as low as 1.38 ng/L (Ponce and Bloom, 1991).

Some evidence supports the biomagnification of mercury in aguatic food chains. When
comparing benthic feeding fish, fish that feed on plankton, invertebrates, and vertebrates, the
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greatest mercury concentrations were found in piscivorus fishes. Thus, the authors of this study
concluded that mercury content in fish increased with higher trophic levels (Wren and
MacCrimmon, 1986).

Freshwater ecosystems historically associated with heavy gold mining activity have often been
impacted by devated mercury levesinfish. Thisisin large part dueto the use of liquid
eementa mercury, or quicksver, as ameans of separating out gold during the mining process,
especidly during higoric times.

Dietary sources greatly exceed other medialike air and water as a source of human mercury
exposure and uptake. Ina1997 UK diet study, fish contained the highest mean concentration (43
Hg/kg), and made the greatest contribution (33%) to the population dietary exposure estimate
(Ysart et a., 2000). The World Hedth Organization, EPA, and others indicate that risk to
humans from mercury contamination via ocean fish is mainly through the consumption of

predator species like swordfish, king mackerd, and shark (WHO, 1976).

Ina monitoring study of fish in British Columbia, Canada, mercury concentrations in muscle
tissue of various fish ranged from 40 pg/kg in rainbow trout to 2,860 pg/kg in lake trout
(Table 9-12). In our study, rainbow trout the average mercury concentrations ranged from
73 pg/kg in whole body samplesto 77 pg/kg in thefillet samples (Table 2-14).

Table9-12. British Columbia monitoring study of mercury
concentrationsin fish fillet tissue. (Source: Bligh and Armstrong 1971)

Fish Species (study location) uno/kg
Rainbow trout (Tezzeron Lake) 40
herring 70
dolly varden or char (Carpenter Lake) 410-1,940
dogfish or shark (English Bay) 1,080
lake trout (Pinchi L ake) 2,860

A 1984 EPA naiond survey of fish tissue found mercury ranging from 50 pg/kg in sdlmon to 610
Hg/kg in pike (Table 9-13). In our study average mercury concentrationsin fillet samples of
samon was 84 pg/kg in fal chinook, 100 pg/kg in spring chinook, and 120 pg/kg in coho.

(Table 2-14).
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Table9-13. EPA 1984 survey of total mercury concentrations in ediblefish tissue, shrimp,
and prepared foods. (Source USEPA, 1934b)

Fish Species po/kg Invertebrates uno/kg Prepared food uno/kg
salmon 50 shrimp 460 fish sticks 210
whiting 50 canned tuna 240
sardines 60
flounder 100
snapper 450

bass 210
catfish 150
trout 420

pike 610

In amore recent EPA nationd survey of mercury in fish tissue, median mercury levels ranged
from 1 pg/kg in largemouth bass, channd catfish, bluegill sunfish, and common carp to 8,940
pg/kg in largemouth bass (Table 9-14). The concentrations of mercury fillets of fish tissue in our
Study were 380 - 470 pg/kg in smalmouth bass, 160 - 200 pg/kg in waleye, and

240 - 280 pg/kg in channd catfish (Table 9-27). All of these fish species had lower
concentrations in our sudy than in the EPA 1990-1995 survey (USEPA, 1999€).

Table9-14. Mercury concentrations from an EPA 1990 - 1995 national
survey of fish fillets (Source : USEPA, 1999%).

Species po/kg
largemouth bass 1-8,940
Smallmouth bass 8-3,340

walleye 8- 3,000

northern pike 100 - 4,400
channel catfish 1-2570
bluegill sunfish 1-1,680

common carp 1-1,800

white sucker 2-1,710

yellow perch 10- 2,140

In 1999, May et a. (2000) collected 141 samples of fish from reservoir and stream areas in the
Bear and South Y uba River watersheds in the Serra Nevada of Northern California (Table 9-15).
Fish concentrationsin the Cdifornia survey ranged from 20 pug/kg to 1,500 pugkg

(Table 9-15). Rainbow trout mercury concentrations in fillets ranged from 45 - 150 pg/kg

(Table 9-27). Channd catfish mercury concentrations ranged from 240 - 280 pg/kg

(Table 9-27).
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Table9-15. USGS survey of mercury concentrationsin fish tissuefrom
reservoirsand streamsin Northern California. (Source: May et al, 2000).
Fish werefilletswithout skin

Reservoir %
largemouth bass 20- 1,500
Reservoir sunfish <100- 410

channel catfish 160 - 750
Streams ug/kg

Brown trout 20-430

rainbow trout 60 - 380

Severd recent surveysin Washington measured concentrations of mercury in resident fish species
(Table 9-16). The waleye samples from our study were within the range of the samples from
Munn and Short (1997) and Munn (2000). Smallmouth bass from our sudy were within the
range of the studies by Munn et d. (1995) and Sedar et d. (2001) athough the maximum
concentrations in our smalmouth bass were lower than the levels found in Lake Roosavelt,
Washington (Munn et al.,1995) and Lake Whatcom (Serdar et al., 2001). Serdar et d., (2001)
reported a mean concentration of (70 pg/kg) in most fish speciesin Washington State. The
authors found higher concentrations of mercury in 6 of 8 fillets with the skin off. In our sudy al
thefillets, except white sturgeon, were anadlyzed with skin. There was aso no consstent pattern
between fillets with skin or whole body. Rainbow trout concentrations from our study were also
within the range observed in rainbow trout from Lake Roosevet, Washington, athough the
maximum was lower than the maximum observed in Lake Roosevelt (Munn et d, 1995).

Table9-16. Mercury concentrationsin fish fillets collected in Lake Whatcom and L ake Roosevelt,
Washington compared to our study of the Columbia River Basin .

Fish species Tissue Type ug/kg N L ocation
walleye composite 110- 440 34 Lake Roosevelt, 1994 Munn and Short 1997
walleye individual 110- 150 8 Lake Roosevelt, 1998 Munn 2000
walleye composite 160 - 200 3 Columbia River Basin, 1996-1998 our study
smallmouth bass composite 160 - 620 5 Lake Roosevelt, 1994 Munn et al., 1995
smallmouth bass individual 100-1840 96 L ake Whatcom, 2000 Serdar et al., 2001
smallmouth bass ~ composite 380 - 470 3 Columbia River Basin, 1996-1998 our study
rainbow trout individual 110- 240 6 Lake Roosevelt, 1994 Munn et al., 1995
rainbow trout composite 45 - 150 7 Columbia River Basin, 1996-1998 our study
perch individual 120 - 290 30 L ake Whatcom, 2000 Serdar et al., 2001
kokanee individual 100 - 130 30 Lake Whatcom, 2000 Serdar et al., 2001
pumpinkinseed individual 70-120 30 L ake Whatcom, 2000 Serdar et al., 2001
cutthroat trout individual 60 - 80 30 L ake Whatcom, 2000 Serdar et al., 2001
brown bullhead individual 70 - 440 30 Lake Whatcom, 2000 Serdar et al., 2001

N=Number of samples

9.1.13 Nickel

Nicked occurs naturaly in rocks and soils and can leach into aguatic environments. However,
westhering of nicke-containing substrates results in only smal amounts of nickd entering into
aquatic systems. Manmade sources of nickel include mining, combustion of cod, petroleum and
tobacco, manufacture of cement and asbestos, food processing, textile and fur fabrication,
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laundries, and car washes (USEPA, 1983). The Nationa Academy of Sciences reports that fish
contain nickel a amaximum of 1,700 pg/kg (NAS, 1975).

Nickel concentrations the maximum nicke concentration was 17,000 pg/kg in awhole body
geelhead sample from the Klickitat River (Sudy Ste 56). This sample was an anomaly since the
other samples from this site were 170 and 520 pg/kg. The average concentrations in fillet
samples ranged from 15 pg/kg in Pacific lamprey to 260 pg/kg in waleye; whole body ranged
from 50 pg/kg in eulachon to 1200 pg/kg in Coho samon.

9.1.14 Sdenium

While sdlenium is ubiquitousin the earth’s crugt, only trace levels normaly occur in aguatic
environments. Sdenium enters agquatic habitats from a number of anthropogenic and naturd
sources. Elevated levelsin aguatic systems are found in regions where soil is selenium-rich or
where soils are extensvely irrigated (Dobbs et d., 1996). As an essentid micronutrient, selenium
isused by animals for normd cdll functions. However, the difference between useful amounts of
sdenium and toxic amountsissmal. Selenium &t low levelsin the diet is an essentid dement for
humans. At eevated dose levels, it exhibitstoxicity (selenosis). Organic and reduced forms of
sdenium (e.g. seleno-methionine and sdenite) are generdly more toxic and will bicaccumulate
(Besser et d., 1993; Kiffney and Knight, 1990). Bioconcentration of selenium may be modified
by water temperature, age of receptor organism, organ and tissue specificity, and mode of
adminigration (Eider, 19854). Fish bioconcentrate sdenium in their tissues with particularly

high concentrations observed in ovaries when compared to muscle tissues (Lemly, 1985;
Hamilton et d., 1990) and milt (Hamilton and Waddall, 1994). Sdenium that is bioconcentrated
appears to occur in its most harmful concentrations in predator species such as chinook saimon
(Hamilton et d., 1990). Bioconcentration factors (BCFS) in rainbow trout range from 2-20 after
exposure to 220-410 pg/L selenium. The magnitude of the BCFs appeared to be inversdy related
to exposure concentrations (Adams and Johnson, 1977). Biomagnification of sdenium has also
been well documented. The magnitude of the biomagnification ranges from 2-6 times between
producers and lower consumers (Lemly and Smith, 1987). Piscivorous fish accumulate the
highest levels of selenium and are generdly one of the first organisms affected by seenium
exposure, followed by planktivores and omnivores (Lemly, 1985).

Sdenium has been frequently detected in a greet variety of commonly consumed foods. Ina

1997 UK diet study the mean selenium concentrations in the viscera and trimmings was estimated
to be 490 pg/kg and 250 pg/kg in nuts (Ysart et d., 2000). Meat products (15%), fish (13%), and
bread (13%) groups make the greatest contributionsto diet (Y sart et d., 2000).

In the US infant diet the average concentration of sdenium was highest in grains and cereds
followed by fish (Table 9-17).
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Table 9-17.

Gartrell et al.. 1985 and 1986).

Selenium concentrations in US infant diet. (Source:

Food Group 1979 pg/kg 1981-1982 ug/kg
other dairy products 2 15
potatoes 2 2
beverages 2
whole milk 4 9
vegetables 4 7
sugars and adjuncts 11
oilsand fats 12 5
meat, fish and poultry 107 112
grain and cereals 156 192

Sdenium iswdl known to accumulate in living tissues. Sdenium has been found in marine fish
medl at levels of about 2,000 pug/kg, which is about 50,000 times greater than the selenium levels
in seawater (Wilbur, 1980). Table 9-18 isalist of selenium concentrationsin avariety of fish

tissue types.
Table9-18. Concentrationsof sdlenium in fish reported in theliterature.
Fish type ua/kg L ocation and date Reference
Mean
Razorback sucker eggs 3,700- 10,600 Utah (1992) Hamilton and Waddell, 1994
largemouth bass and bluegills 2,630 - 4,640 power plant cooling reservoirs Baumann and Gillespie, 1986
gonads (1994)
rainbow trout, edible portion 270 Toronto Harbor, Canada 1980 Davies, 1990
northern pike, edible portion 250 Toronto Harbor, Canada 1980 Davies, 1990
Geometric
mean
freshwater fish 560 112 selected US monitoring Lowe et al., 1985
460 stations during from 1976-
470 1979
brown trout liver 6,290 South Platte River Basinin Heiny and Tate, 1997
1992 -93
carp liver 8,130 South Platte River Basinin Heiny and Tate, 1997
1992 -93
white sucker liver 17,900 South Platte River Basinin Heiny and Tate, 1997
1992 -93
lake trout 500 to 860 Lake Huron from 1980 - 85 Great Lakes Water Quality
Board, 1989
walleye and splake /backcross lake 650 to 790 Lake Huron 1980 - 85 Great Lakes Water Quality
trout Board, 1989
walleye and splake /backcross lake 700 to 790 Lake Huron 1979 and 1985, Great Lakes Water Quality
trout Board, 1989
Maximum
carp 3,650 Colorado River 1978 -79, Loweet al., 1985

The average concentrations of slenium in our study ranged from 220 pg/kg in arainbow trout
fillet to 1,100 pg/kg in the white sturgeon fillet (Table 2-14). The maximum concentration
(2700 pg/kg) was in awhite sturgeon fillet sample from the Hanford Reach of the Columbia
River (sudy site 9U).
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9.1.15 Vanadium

Vanadium is found in vegetables from about 0.5 to 2 pg/kg, with an average of about 1 pg/kg
(Beyerrum, 1991). Ved and pork have been found to contain about 0.1 pg/kg. According to
ATSDR (1992), foods containing the highest levels of vanadium include ground pardey, 1,800
Hg/kg; freeze-dried spinach, 533 - 840 pg/kg; wild mushrooms, 50 - 2,000 pg/kg; and oysters,
455 pg/kg. Intermediate levels are found in certain cereds, like maize (0.7 pg/kg), and
Macedonian rice 30 pg/kg). Also vanadium has been found in beef at 7.3 pg/kg, and in chicken
at about 38 pg/kg. Seller and Sigdl (1988) indicate that beverages, fats, oils, and fresh fruits and
vegetables contained the least vanadium, ranging from lessthan 1 to about 5 pglkg. Grains,
seafoods, meats, and dairy products were generally from about 5 to 30 pg/kg. Prepared food
ranged from 11 to 93 pg/kg, and dill seed and black pepper contained 431 and 987 pg/kg
vanadium, respectively. ATSDR (ATSDR, 1992) indicates that in general, seafoods have been
found to contain somewhat higher levels of vanadium than do tissues from terrestrid animals.

Mackerd has been found to contain about 3.5 pg/kg of vanadium, with 28 ug/kg in freeze-dried
tuna (ATSDR, 1992). Konasawich et a. (1978) found vanadium in whole-fish samples of burbot
and bloater chub taken from Lake Huron at concentrations of 75 pg/kg and 260 pg/kg,
respectively. The same authors aso found vanadium in whole samples of 1ake trout from Lake
Superior, a 85 pg/kg. Nakamoto and Hasder (1992) found vanadium in the carcasses of mae
and femae bluegill taken from the Merced River and the Sat Sough, Cdifornia, & mean
concentrations of 2,200 and 1,700 pg/kg, respectively.

In our study the average vanadium concentrations ranged from 5 pg/kg in fillet samples of spring
chinook salmon and waleye to 310 pg/kg in whole body largescae sucker. The maximum
concentration (770 png/kg) was in awhole body rainbow trout composite sample from the
UmatillaRiver (Sudy site 101).

9.1.16 Zinc

Zinc occurs naturdly in the earth’ s crust at an average concentrations of about 70,000 pg/kg. Itis
introduced into aguatic systems vialeaching from igneousrocks. Zincisfound indl living
organisms and is an essentiad eement for growth, development and reproduction. However
aquatic animals tend to accumulate excess zinc which can result in growth retardetion,
hyperchromic anemia, and defective bone minerdization. Because zinc combines with
biomoleculesin target species and most of these species accumulate more than they need for
norma metabolism, data showing bioconcentration factors for target receptors may be
mideading. Bioconcentration factors (BCF s) reported by EPA ranged from 51 in Atlantic
sdmon (Salmo salar) to 1,130 for the mayfly (Ephemerella grandis) (USEPA, 1987c). Littleto
no evidence exigts indicating the successive biomagnification of zinc in tissues of fish and avian
receptors (USEPA, 1987¢).

Inthe ATSDR survey of food groups the levels for zinc ranged from 29,200 pg/kg in
fishymedl/poultry to 2,300 pg/kg in leafy vegetables (Table 9-19).
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Table9-19. Concentrationsof zincin food groups. (Source: ATSDR, 1993)

Food Group ug/kg Food Group ug/kg

meat/fish/poultry 29,200 dairy products 4600

grain/cereals 8,700 legumes 8300

legumes 8,300 leafy vegetables 2300
legumes 8,300

The average concentrations of zinc in whole body fish tissue from our study ranged from
3800 pg/kg in the white sturgeon fillet to 30,000 pg/kg in the whole body coho salmon
(Table 2-14). The maximum concentration (40,000 pg/kg) was in the whole body mountain
whitefish from the Deschutes River (Study Ste 98).

9.2 Comparisons By Fish Species

This section includes genera descriptions of each of the chemicals measured in this study

followed by brief comparisons of these chemicals with data reported in databases or other studies.
More information about each chemicd is provided in Appendix C (Toxicity Profiles). In addition
to chemica descriptions, this section includes a summary of the life history of the fish species.

This brief discussion of the habitat preferences and feeding habitsis intended to provide some
understanding of how the fish may be exposed to pollutants. Appendix B (Fish Life Histories)
contains detailed information on each fish species.

The chemica levels measured in fish tissue from our study in largescale and bridgelip sucker,
mountain whitefish, rainbow trout, channe catfish, smalmouth bass, fal and spring chinook, and
coho were compared with levels reported in 4 databases and two other smilar sudiesin the
Columbia River Basin. Only those concentrations which had more than a 10 fold difference are
discussed.

Information on white sturgeon, walleye, stedhead, eulachon, and Pecific lamprey was not found
in these databases or reports. However their life histories and a synopsis of the literature
information described in Section 9.1 are added to this section to complete the summary for dl
gpecies from this study.

The 4 databases were developed by:

1) the USGS, Nationd Contaminant Biomonitoring Program (NCBP) database
(Schmitt et ., 1999a),

2) the USGS, Biomonitoring of Environmental Status and Trends (BEST) database
(Schmitt et a., 1999b)

3) the State of Washington, Puget Sound Ambient Monitoring Program (PSAMP) (West
eta., 2001 and

4) EPA’s 1994 survey of literature reports on chemica data from the Columbia River
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Basin (USEPA 1994d)

The NCBP database includes data on pergastent organochlorine insecticides, industrial chemicals,
herbicides, and potentidly toxic contaminants that may threaten fish and wildlife resources
(Schmitt et ., 1999a). The NCBP database, from the early 1960’ s through 1986, contains
measured vaues of average whole-body composite fish samples where each composite sample
was comprised of five individud fish samples

The BEST database includes data from the smalmouth bass sampled from the Missssppi River
drainage during August-December 1995 (Schmitt et a., 1999b). Fish tissue data consisted of
whole body composite samples, where, idedly, each composite sample consisted of 10 individua
fish samples.

The PSAM P database conssts of measured chemica concentrationsin fillet (without skin)
composites of adult chinook and coho salmon (West et al., 2001). Composite samples include 2-
5 individud fish, with five individud fish per composite being the most common.

EPA’s 1994 database includes a compilation of data from 1984 to 1994 on chemicd
concentrations in fish tissue and sediments from the Columbia River Basn.  The information in
the database includes individuals and agencies contacted, data sources, abstracts for contaminant
studies, and an overview of future or ongoing studies (USEPA, 1994d).

The datafrom two surveys of chemicasin fish from the Columbia River Basn were dso
compared to fish tissue residues from our study:

1) The Lower Columbia River Bi-State Water Quality Program (Tetra Tech, 1996) and

2) Willamette River Human Hedlth Technical Study (EV'S, 2000)

The Lower Columbia River Bi-State Water Quality Program (Tetra Tech, 1996) characterized
potentia human hedlth risks associated with consuming fish from the lower Columbia River,
below the Bonneville Dam. The Bi-State study was conducted during two periods. 1991-1993
and 1995. Datafrom 1991-1993 conssted of data that measured chemica contaminant
concentrations in fillet tissues of five different resdent target fish species (largescae sucker, carp,
peamouth, white sturgeon, and crayfish). Five individua fish were composited to form single
composite samples. Data from 1995 included measured chemica concentrationsin fillet fish
tissue from largescale sucker, smalmouth bass, chinook sdmon, and coho salmon. Fish tissue
data for these species conssts of range and mean data from three composite samples where each
sample was made up of eight fish.

The Willamette River Human Hedlth Technicd Study (EV'S, 2000) included data from four fish
gpecies of which smalmouth bass and largescae sucker were used for comparisons with our
sudy. Datawere compared for both fillet with skin and whole body tissue. All samples from the
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Willamette study were composite samples formed by homogenizing tissue from five to eight
individud fish.

9.2.1 Largescale Sucker (Catostomus macrocheilus) and Bridgelip Sucker (C. columbianus)

The largescde sucker is native to the Pacific Northwest in tributaries to the Pacific Ocean from
the Skeena River in British Columbiato the Sixes River in Oregon (Scott and Crossman 1973).
Largesca e suckers are abundant throughout the Columbia River and are the most common
resident fish species collected in the Hanford Reach (Gray and Dauble 1977).

Dauble (1986) found that agal periphyton was the mgjor food item for fry, juvenile, and adult
largescde suckers in the Columbia River. The ssomachs of adults may also contain crustaceans,
aguatic insect larvae, snails, fish eggs, sand, and bottom debris (Dauble 1986, Scott and Crossman
1973). Stream fish appear to feed upon more agae, diatoms, and aquatic insect larvae other than
Chironomidae, wheress |ake fish include Amphipoda and Mollusca (Carl 1936).

The bridgelip sucker isfound in the Fraser and Columbiariver basins from British Columbiato
southeastern Oregon, including the Harney basin, below Shoshone Fdlsin the Snake River, and

in northern Nevada (Scott and Crossman 1973, Lee et d. 1980). Throughout its range in coexists
and hybridizes with the largesca e sucker (C. macrocheilus) (Dauble and Buschbom 1981).

The life history and behavior of the bridgdlip sucker are poorly understood. According to Scott
and Crossman (1973), thisfish usualy inhabits smdl, swift, cold-weter rivers with grave to

rocky substrates, whereas Wydoski and Whitney (1979) report it inhabits quiet backwater areas or
the edges of the main current of rivers with sand or mud bottoms. In the Y akima River, Patten et
d. (1970) found thisfish in warm flowing waters. In the mid Columbia River during the day,
Dauble (1980) found that subadult and adult bridgelip suckers were common in the tailouts of
pools, at the end of riffles, and above bouldersin the main current. At night, these fish were more
abundant near shore in flowing water 0.6 to 1.5 m deep.

Thediet of C. columbianusisadmog entirely periphyton during dl seasons. Thisfish hasan
expanded cartilaginous lower lip on its mouth that enablesiit to efficiently crop agee attached to
the bottom. However, like dmost dl other suckers, this species also feeds to some extent on
aguatic insect larvae and crustaceans (Dauble 1978, Wydoski and Whitney 1979). Mammasand
some birds prey on this species (Scott and Crossman 1973).

Chemica concentrations in largescae sucker fish tissue were compared for arsenic, cadmium
copper, mercury, lead, selenium, zinc, p,p’-DDE, p,p’-DDT, Aroclor 1254, and Aroclor 1260
were compared data in the NCBP databases and the Bi-State and Willamette River studies (Table
9-20a).

While the meta concentrations in largescale sucker from our study were within the range of the
other studies and databases examined, the maximum concentrations of metas were higher or
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lower depending on the chemical (Table 9-208).  Cadmium concentrations were 25 times higher
in our study than in the Willamette River study and National NCBP database. Lead in largescde
sucker from our study was 9 times higher than in largescale sucker from the NCBP Nationa
database.

The organic chemica comparisonsin largescale sucker were dso quite variable (Table 9-204).
With exception of the Aroclors the organic chemica concentrations in our study were al within
the range of the other databases and studies. However, the maximum concentrations were
different. The maximum concentration of p,pDDE in largescae sucker was 9 times higher in our
sudy than in the Bi-State study, and 14 times higher than in the NCBP Columbia River sation
98.

The maximum Aroclor 1254 concentrations in largescale sucker were higher in the Columbia
River NCBP gations (from 8x to 46x) than in our study. The detection limits were too high in
the Nationa NCBP database to discern adifference in Aroclor 1254 and our study.

With the exception of cadmium, the Willamette River study results for metals and organic
chemicaswere Smilar to our sudy.

The concentrations of chemicalsin bridgelip sucker were within the range found in largescale
sucker, except the largescale sucker had higher maximum concentrations (Table 9-20a,b).
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Table9-20a. Comparison of chemical concentrationsin composites samples of whole body lar gescale sucker.

USGS- NCBP- Columbia River Basin USGS- NCBP EPA
Station Columbia  Columbia Columbia Snake National Willamette Bi-State Our study
(46) (47) (98) (41,42,96)
single
range range range range composite mean max ave range
Chemical pg/kg pg/kg pg/kg pg/kg pg/kg pg/kg pokg  pglkg ug/kg pg/kg
Arsenic <50- 870 130 - 290 111 - 333 <50 - 260 40- 270 120 8 385 160 74- 320
Cadmium <50 - 160 <50 - 600 50 - 410 <50 - 260 <5-9 10 37 66 55 13-250
Copper 850-1340 1070-1283  720- 1150 490- 4318 600 - 1010 1780 912 1230 1400 800-5600
Lead 90 - 390 100 - 520 160 - 2570 10 - 290 20- 120 37 171 860 170 27-1100
Mercury 50- 320 <10- 160 20-130 10- 230 10- 370 121 122 264 130 <58-250
Selenium 60 - 430 60 - 386 190 - 250 170- 450 80 - 340 ND 132 260 310 <180-500
p,p’-DDE 20 - 2000 20- 1100 10-90 50 - 560 10- 970 835 59 150 370 28-1300
p,p’-DDT 10 - 270 10 - 430 10-70 10 - 440 10- 190 190 10 56 33 <1-180
Aroclor 1254 100 - 2100 5- 3000 100 - 600 <5-500 <100 53 176 270 30 <14-65
Aroclor 1260 100 - 700 <5-100 100 - 300 <5-300 <100 - 300 36 35 1300 38 <12-100

Min= minimum; Max = maximum, Ave = average < = detection limit

NCBP=USGS Nationa Contaminant Biomonitoring Program 1969-1986. Range of average whole body composites. Station numbersarein parentheses.
Willamette = compositeswithout replication, EV'S, 2000.

Bi-State =whole body concentrations of fish collected during 1991-1993 from the lower Columbia River, below Bonneville Dam. Mean and maximum (max) TetraT ech, 1996
EPA- Our study = range of composite fish samplesfrom sitesin the ColumbiaRiver Basin. Seetable 1-1 and 1-2 for description of sites.
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Table 9-20b . Comparison of ranges of chemical concentration in composite samples of whole body bridgelip sucker.

USGS - NCBP- Columbia River Basin NCBP EPA

Station ~  Salmon (43) Snake (96) Columbia (98) National Our Study
Chemical ug/kg ug/kg pg/kg pg/kg pg/kg
Arsenic 160 - 330 No Data 180 - 270 60 260 - 300
Cadmium 20-50 No Data 70 - 280 <50- 60 22-32

Copper 680 - 1900 No Data No Data No Data 880 - 1800

Lead 100 - 220 No Data 530 - 1000 <100- 110 37-78

Mercury 40- 80 120 20-70 80 - 160 <40- 53
Selenium 200 - 470 No Data 200 - 260 No Data 280
p.p’’-DDE 10- 30 340 - 440 <10- 40 200 - 350 310 - 560
p,p’’-DDT <10- 20 190 - 200 <10- 40 180 - 380 37-52
PCB1254 <100 <100 - 500 <100 1000 - 2800 18-32
PCB1260 <100 <100 <100 - 4800 No Data 27-49

< = detection limit
NCBP = USGS National Contaminant Biomonitoring Program 1969-1986 Range of average whole body composites. Station numbers

arein parentheses.
EPA- Our Study = range of compositesfrom the Y akima River (study site 48).

9.2.2 Mountain Whitefish (Prosopium williamsoni)

The mountain whitefish is native to cold water rivers and lakes in western North America, both
east and west of the Continental Divide (Scott and Crossman 1973). Seven-year old fish rangein
length and weight from 307 to 387 mm and from 475 to 890 g, respectively, while the ranges for
8-year old fish are 330 to 410 mm and 501 to 944 g (Scott 1960, Pettit and Wallace 1975,
Thompson and Davies 1976). Mountain whitefish feed primarily on immature forms of bottom-
dwelling aquatic insects such as Diptera (true flies and midges), Trichoptera (caddisflies),
Ephemeroptera (mayflies), and Plecoptera (stoneflies) (Wydoski and Whitney 1979, Cirone et d.
2002).

The ranges of chemica concentrations in the whole body mountain whitefish, from the present
Study were compared with mountain whitefish data from the NCBP database (Table 9-21). There
was no congstent pattern between the meta concentrationsin our study of mountain whitefish

and NCBP database (Table 9-21). The maximum arsenic and cadmium levels were Smilar in our
study and the NCBP database. The maximum copper concentrations in mountain whitefish in our
study were 6 to 9 times higher than the concentrationsin the NCBP database. Lead
concentrations were higher in the NCBP database. The maximum mercury levels measured in the
Sdmon River in NCBP database were higher than the levels measured in our study; thelevelsin
the NCBP Snake River mountain whitefish were lower. The maximum s&lenium concentrations
were lower in the NCBP database than in our study.

The maximum p,p’ DDE concentrations in mountain whitefish in our study were 700 times higher

than the concentrations in mountain whitefish from the NCBP Samon River gation. The Aroclor
concentrations were not comparable because of the higher detection limitsin the NCBP database.
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Table9-21. Comparison of ranges chemical concentrationsin composte
samples of whole body mountain whitefigh.

USGS-NCBP - Columbia River Basin EPA
Station _Salmon (43) Snake (96) Columbia (97) Our_Study
Chemical ug/kg ug/kg pg/kg ug/kg
Arsenic 120 No data No data 120- 180
Cadmium 40 No data No data <4-54
Copper 840 590 No data 620 - 5000
Lead 100 103 No data 10-72
Mercury 290 65 190 <47 - 130
Selenium 680 472 No data 590 - 1800
p.p’-DDE <10 590 1410 13- 770
p,p’-DDT 20 30 350 <2-49
Aroclor 1254 <100 100 <100 <21-140

Aroclor 1260 <100 100 100 <18-130

< =detection limit
NCBP=USGS Nationa Contaminant Biomonitoring Program 1969-1986. Range of average whole body composites. Station numbers
arein parentheses.
EPA- Our Study = range of composite fish samplesfrom sitesin the ColumbiaRiver Basin. Seetable 1-1 and 1-2 for description of sites

9.2.3 White Sturgeon ( Acipenser transmontanus)

White sturgeon is native to the Pecific Northwest where it has evolved life history characterigtics
that have dlowed them to thrive for centuriesin large, dynamic river sysems containing diverse
habitats. These characterigtics include opportunistic food habits, delayed maturation, longevity,
high fecundity, and mohility (Beamesderfer and Farr 1997). White sturgeon may attain lengths
and weights of more than 6 m and 580 kg, respectively, during alife span of over 100 years (Scott
and Crossman 1973). White sturgeon body weight ranged from 9 to 34 kg.

White sturgeon take advantage of scattered and seasona food sources by moving between
different riverine habitats. They feed on awide range of food items including zooplankton,
molluscs, amphipods, aguetic larvae, benthic invertebrates, and fish (McCabe et d. 1993). White
sturgeon are more predaceous than any other North American sturgeon (Semakulaand Larkin
1968) and can capture and consume large prey (Beamesderfer and Farr 1997). Seasonal
migrations occur in the Lower Columbia River where sturgeon move to feed on eulachon
(Thaleichthys pacificus), northern anchovy (Engraulis mordax), American shad (Alosa
sapidissima), moribund salmonids, amphipods, and other invertebrates (DeVore et d. 1995).

Concentrations of the Aroclors and 2,3,7,8-TCDF and in white sturgeon from our study of the
Columbia River Basin were higher than the EPA 1994 (USEPA, 1998c) studies of Lake
Roosevelt, Washington (Tables 9-9 and 9-10).

9.24 Walleye (Stizostedion vitreum)
The origind range of the waleye generdly east of the Rocky Mountains was expanded when it
was introduced to the Columbia River below Roosevelt Dam in the 1940's or 50's (Wydoski and

Whitney 1979). This species shows a preference for large, semi-turbid waters, but is capable of
inhabiting alarge range of physica and chemica conditions (Colby et d. 1979).
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Feeding usually occurs near or at the bottom, and walleye may move into shallow water to feed.
Walleye fry feed on rotifers, copepods, and cladocerans. Juvenile and adult walleye are largdly
piscivorus, but invertebrates (e.g., mayfly nymphs and amphipods) may be alarge part of their
diet in the late Soring and early summer. Cannibaism is common with this species (Colby et d.
1979, Eschmeyer 1950). Prey for this speciesin the Columbia River includes mainly cottids,
cyprinids, catostomids, and percopsds; out migrating juvenile simonids were asmdler part of
their diet (Zimmerman 1999).

Adult waleye are not usudly preyed upon by other fish. However, in its native range northern
pike and muskellunge do prey on thisfish (Colby et d. 1979). They are dso probably preyed
upon by fish eating birds and mammas (Sgler and Sigler 1987).

The maximum concentration of Aroclors 1254 and 1260 and 2,3,7,8-TCDF in walleye were lower
in our study of the Columbia River Basin than levels found in surveys of Lake Roosevelt,
Washington, (USEPA, 1998c; Munn, 2000) (Tables 9-9 and 9-10).

9.25 Channd catfish (I ctalurus punctatus)

The origina range of the channe ceatfish, east of the Rock Mountains was expanded when it was
introduced to Idaho watersin 1893, but the date of itsintroduction to Washington watersis
unknown (Wydoski and Whitney 1979, Simpson and Wallace 1982).

Y oung channe catfish tend to feed primarily on aguatic insects and bottom arthropods, but after
attaining about 100 mm in length they are usualy omnivorous or piscivorus (Carlander 1969).
Adult channd catfish consume awide variety of plant and anima materia induding cdlams,
snals, crayfish, pondweed, and small terrestrid vertebrates (Eddy and Underhill 1976, Moyle
1976).

Y oung channel cetfish are prey to avariety of fishes and piscivorus birds but the adults, due to
their size and bottom occurrence, are probably free of predation (Scott and Crossman 1973,
Schramm et d. 1984).

The concentrations of chemicals measured in channd catfish our sudy were compared to levels
reported in the NCBP database (Table 9-22). The concentrations of metals were higher in the
National and Columbia Basin NCBP databases with two exceptions. The maximum
concentrations of arsenic and slenium concentrationsin channe catfish were 10 times higher in
our study than the NCBP Willamette sation. The concentrations of the following metals were
higher in the NCBP nationd database: cadmium 29x , lead 60x, mercury 14x, and sdenium 4
times higher.

The concentrations of organic chemicas were higher in the NCBP Nationd database than in our
sudy. The maximum concentrations of the following chemicasin channd catfish from the

National NCBP database were higher than the levelsin channd catfish in our study: p,p' DDE

47x, p,p' DDT 166x, Aroclor 1260 672x, and Aroclor 1260 42 times higher.  The concentrations
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of p,o DDT inthe NCBP Columbia Basin stations were 5 - 23 times higher than in our studly.
The maximum concentrations of Aroclor 1254 in channe catfish was from the NCBP Columbia
Basin Stations were 24 to 76 times higher than in our study.

Table9-22. Comparison of ranges of chemical concentrationsin whole body channel

USGS- NCBP EPA
Station Willamette (45)  Snake (96) National Our Study
ave
Chemical ug/kg pg/kg ug/kg — ugkg
Arsenic <50 <50- 610 10- 630 230 110- 430
Cadmium <50 <50 3-760 17 13- 26
copper no data no data no data 510 410 - 590
Lead 100 <100 - 210 30 - 2000 21 12- 33
Mercury 290 80 - 900 <10 - 4500 210 140 - 320
Selenium 60 70- 180 <50 - 2500 500 410 - 630
p,p’-DDE 570 <10 - 1050 10 - 42300 570 280 - 900
p,p’-DDT <10 - 1050 <10- 220 <5 - 7500 21 0.8-45
Aroclor 1254 4400 <10 - 1400 <50 - 39000 38 25-58
Aroclor 1260 No Data <100 - 500 <50 - 5900 77 32 -140
*Sanplesaefileewithskin, _ Ave=average

NCBP=USGS National Contaminant Biomonitoring Program 1969-1986. Range of average whole body composites. Station numbers
arein parentheses.
EPA-Our Study = whole body composite samples from the ColumbiaRiver (study site 8) and the Y akimaRiver (study site 48)

9.2.6 Smallmouth Bass (Micropterus dolomieu)

The range of the smalmouth bass, originaly restricted to freshwaters of eastern-centra North
American, was expanded by plantings in the Pacific Northwest in the late 1800s and early 1900s.
In Washington, smalmouth bass are most numerous in the Columbia and Snake rivers (Wydoski
and Whitney 1979, Simpson and Wallace 1982).

Smalmouth bassfry initidly eat copepods and cladocerans and at lengths of 2 to 5 cm changeto
adiet of insects and small fish (Hubbs and Bailey, 1938). Tabor et d. (1993) found that
sdmonids made up from 4 to 59% (by weight) and from 19 to 30% (by volume) of the diet of
samllmouth bass in the Columbia River Basin. The authors concluded that predation rates on
sdmonids were high during the oring and early summer when subyeerling ssimon were
abundant and of suitable forage sze and shared habitat with the smalmouth bass.

Smalmouth bassin the Columbia River grow at arate equa to or better than that of bass from
other locationsin the United States. 1n a 1952 study, the weights and totd lengths of the
Columbia River fish a age four were 510 g and 32 cm; age Six, 794 g and 38 cm; age eight, 1,304
g and 43 cm; and at age ten, 1,814 g and 47 cm, respectively (Henderson and Foster 1957,
Wydoski and Whitney 1979). The body weight of smalmouth bass in our study ranged from
1300 to 1400 g.

Smallmouth bass from our study were compared to data reported in the BEST and NCBP
databases (Table 9-23). The concentrations of al chemicalsin smalmouth bass from the NCBP
Nationa database were higher than in our study. In particular, Aroclor 1254 was higher (68x) in
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the NCBP Nationa database. The Aroclor concentrationsin Columbia River Basn NCBP
gations had higher detection limits than in our study.

Table9-23. Comparison of ranges of chemical concentr ationsin whole body smallmouth bass.

USGS- NCBP UGS EPA
Chemical Yakima(44)  Snake(42) Salmon (43) Willamette(45) National BEST Our_Study
Chemical ug/kg pa/kg pa/kg pg/kg ug/kg pa/kg po/kg
Arsenic No data 50 - 60 <30-50 250 40 - 670 <178 - 263 160 - 170
Cadmium No data 10-50 6-60 50 2-50 <36-43 5-19
Copper No data 380 1182 No data 257 - 1950 445 - 501 500 - 560
Lead No data <100 100- 170 120 10- 320 8-100 10- 140
Mercury 140 - 270 150 - 280 210 - 360 130 60 - 1200 80 - 280 220 - 360
Selenium No data 440 606 - 830 No data 80 - 1260 203 - 491 480- 710
p,p’-DDE 940 - 1660 80 - 2540 280 - 690 60 10- 950 10- 65 970- 1700
p,p’-DDT 200 - 420 80-170 80-170 20 <5-590 10- 84 44 - 80
Aroclor 1254 100 - 600 <100 <50 - 400 <400 <50 - 6400 No data 46 - 94
Aroclor 1260 200 <100-800 <50- 100 <200 <50 - 1300 No data 80- 190

NCBP = USGS National Contaminant Biomonitoring Program 1969-1986. Range of average whole body composites. Station
numbers are in parentheses.

BEST = USGS Biomonitoring of Environmental Status and Trends Program - 1995 Fish Samples from the Mississippi Delta.
EPA- Our Study = whole body composite samples from the Y akima River (study site 48)

9.2.7 Rainbow and Steelhead (Oncorhynchus mykiss)

Oncorhynchus mykiss are native to the Pacific Northwest and appear in two forms: the resident
rainbow trout and the anadromous steelhead, both of which occur in the Columbia River Bbasin.
It aso has the greatest diversity of life history patterns of any Pacific sdmonid species (Wydoski
and Whitney 1979, Pauley et d. 1986). This divergty includes degrees of anadromy, differences
in reproductive biology, and plasticity of life history between generations (Peven 1990, Busby et
al. 1996).

The diet of rainbow trout and juvenile stedlhead changes seasondly, depending on food

availability. They may feed on aquatic insects, amphipods, leaches, snalls, and fish eggs. The
stedhead’ s diet in the ocean includes crustaceans, squid, herring, and other fish (Withler, 1966;
Wydoski and Whitney, 1979). Adult non-migratory rainbow trout average 0.9 to 1.8 kg in weight
and usualy have alife span of 5 to 6 years (Smpson and Wallace, 1982; Sigler and Sigler, 1987).
Steelhead can achieve 9 years of age, weights of 16 kg, and lengths to 122 cm (Scott and
Crossman, 1973; Wydoski, and Whitney, 1979). The average body weight of rainbow trout in

our study ranged from 47 - 571g. The steelhead average body weight ranged from 1633 to 6440g.

The chemica residues in rainbow trout measured in our study were compared to the NCBP
databases (Table 9-24).  The maximum concentration of p,p’ DDE in rainbow trout was 300
times higher in the NCBP Columbia River Basin gation (Snake River) than in our study.

Steelhead concentrations of metas in fish tissue were within the range of rainbow trout (Table 9-
24). The maximum concentrations of arsenic and lead were higher (4x and 2x respectively) in the
stedhead, while p,p' DDE was lower in the steelhead than the rainbow trout.
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Table9-24. Comparison of ranges of chemical concentrationsin composite samples of whole body

rainbow trout.
USGS - NCBP EPA ( Our Study)
Station Snake (41) National rainbow trout  steelhead
Chemical La/kg ua’kg ua/kg
Arsenic <50- 145 <50 - 260 <50 - 560 290 - 1200
Cadmium 5-50 10-70 <4-58 29-88
Copper 680 - 3130 1130 - 4620 900 - 5000 1900 - 6800
Lead 9-100 10 - 650 <10- 88 <10- 360
Mercury 30-130 10- 270 <33-380 <50-420
Selenium 220 - 540 170 - 3000 230- 790 460 - 940
p,p’-DDE 80 - 25400 10- 140 3-8 5-33
p,p’-DDT 5-70 5-40 <2-12 <1-6
Aroclor 1254 100 - 600 <50 - 300 <10-20 9-29
Aroclor 1260 <50 <50-100 <6-22 <6-21
NCBP=USGS National Contaminant Biomonitoring Program 1969-1986. Range of average whole body composites. Station numbersarei

in parentheses.
EPA- Our study = range of composite fish samplesfrom sitesin the ColumbiaRiver Basin. Seetable 1-1 and 1-2 for description of sites.

9.2.8 Chinook Salmon (Oncorhynchus tshawytscha)

Chinook salmon are the largest of the Pacific salmon and have avarigble life higtory. Timing of
migration and spawning, and the duration of freshwater, estuarine, and ocean residencies varies
for this species (Meehan and Bjornn 1991). ‘ Stream-type’ and ‘ ocean-type’ chinook are the two
main races. Stream-type chinook are also referred to as spring or summer chinook salmon, and
ocean-type asfdl chinook sdmon. Most (78%) of the chinook salmon in the Columbia River are
ocean-type and they spawn from mid-September to late December. Ocean-type juveniles migrate
to the estuary a 3 to 6 months of age when they are 70 to 90 mm in length (Meehan and Bjornn
1991). Inthe estuary, these juveniles prefer low banks and subtidal refuge areas and their diet
congsts of insect and crab larvae and smdll fish (Hedley 1991). Stream-type juveniles overwinter
in freshwater before out migrating as yearlings from April to June. Some will spend two winters

in freshwater. Deep pools with rock crevices provide over wintering habitat. In freshwater,
juvenile diet is primarily insects, both agquetic larvee and terredtrid adults. During outmigration,
yearling smolts spend a brief period in the estuary where they occupy the outer part of the

estuary, thus, their habitat does not overlap with the smaller ocean type chinook (Hedley 1991).

Chemica concentrations of metas and organic chemicals measured in fal chinook salmon from
our study of the Columbia River Basin were compared to fal chinook sdmon measurementsin
PSAMP databse and the Bi-State study (Table 9-25).

The concentration of arsenic in chinook salmon was similar in our study, PSAMP, and the EPA
1994 database, while the Bi-State arsenic concentrations were lower (48x for fal chinook salmon;
52x for gpring chinook sdlmon). The cadmium levelsin chinook saimon were higher (13x fdll
chinook salmon; 3x spring chinook salmon) in the EPA 1994 database than our sudy. The
maximum lead concentrations were higher in the soring chinook salmon in our study than in the
Bi-State study (14x). Fdl chinook and spring chinook salmon from our study had higher
concentrations of Aroclor 1254 than the Bi-State study (35x and 24x, respectively).
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The chemica concentrations in fal and spring chinook salmon from our study were Smilar to
each other with the exception of cadmium, lead, and mercury which were higher in spring
chinook (15x, 8x, and 5x, respectively; Table 9-25).

Table 9-25. Comparison of chemical concentrationsin chinook salmon fillet with skin.

EPA EPA
1994
Station Database _PSAMP Bi-State Our_Study
fall chinook salmon spring chinook salmon
range range ave max ave range ave range
Chemical po/kg ug/kg pg/kg  uglkg pg/kg pg/kg ug/kg ug/kg
Arsenic 20- 1110 570 - 13 23 810 530- 1100 850 560 - 1200
1600
Cadmium 20-50 No data 2 25 <2 <4 2 <4-15
Copper 240 - 1900 370 - 860 1010 640 540 - 760 790 240 - 1000
1200
Lead 20-40 no data 7 10 7 <10-16 14 <10- 140
Mercury 62-164 58-160 100 130 84 <50- 150 100 <83-510
Selenium 360-370 nodata 280 340 330 280 - 380 350 290 - 430
p,p’-DDE no data 4-48 85 11 12 4-26 12 6-18
p.p’ -DDT 3 05-4 15 3 25 <2-8 4 3-8
Aroclor 1254 18-20 5-88 0.9 0.9 17 9-35 16 9-24
Aroclor 1260 16-30 1-72 10 15 9.9 <19 11 <18

2,3,7,8-TCDD 0.00014 no data 0.0002 0.0006 0.00002 <0.00001-0.00005  0.00002 <0.00001-0.00005
2,3,7,8-TCDF 0.0009 no data 0.0016 0.00027 0.00068 <0.00003-0.0014 0.0006  0.0004-0.00074

Ave= average; max = maximum < = detection limit

EPA 1994 database = EPA survey of datafrom the Columbia River Basin from 1983-1994. Does not differentiate between spring and fal chinook
sdmon

Bi-State = 1995 concentrationsin fill ets of fish from the lower ColumbiaRiver, below Bonneville Dam. Does not differentiate between fall and
spring chinook salmon (TetraTech, 1996) .

PSAMP =1992-1995, dataisfor fillet without skin. Does not differentiate between fall and spring chinook salmon

EPA- Our study = range of composite fish sasmplesfrom sitesin the ColumbiaRiver Basin. Seetable 1-1 and 1-2 for description of sites

9.2.9 Coho Salmon (Oncorhynchus kisutch)

Coho samon are one of the five Pacific sdmon speciesin North America. The life span of most
coho isthree years, during which they attain average weights ranging from about 3,000 to 6,000g
(Wydaoski and Whitney 1979). The average body weight of the coho salmon in our study was
2,855g to 3,960g.

The coho sdmon fish typicaly spend up to 21 monthsin freshweter followed by agpproximately
16 months in the ocean before returning to freshwater where they will spawn and die. Thesefish
rarely feed on non-moving food or off the bottom in streams (Sandercock 1991). Juveniles
consume insects (larvae, pupae, and adults), worms, smdl fish, and fish eggs. In reservoirs, coho
juveniles feed primarily on zooplankton and emerging insects (Wydoski and Whitney 1979).

Samples of coho saimon from our study were compared to data from PSAMP and the Bi-State
sudy (Table 9-26). The maximum concentrations of severd chemicas were higher in coho
sdmon from our study than the coho salmon from the Bi-State study: arsenic (85x), lead (25x),
and Aroclor 1254 (19x).
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Table 9-26. Comparison of chemical concentrationsin coho salmon fillet with skin.

Station PSAMP Bi-State EPA - Our study
range mean max ave range
Chemical pg/kg pg/kg ug/kg pg/kg po/kg
Arsenic 570 - 1600 2.7 7 540 450 - 600
Cadmium No data 3 5 <4
Copper 410- 1010 810 850 1700 680 - 3600
Lead No data 4 9 81 <10- 230
Mercury 58- 160 44 48 120 110- 120
Selenium No data 168 188 290 270- 310
p,p’-DDE 1.3-26 3 5 33 29-35
p,p’-DDT 052-14 0.8 1 2 <2-4
Aroclor 1254 2-66 0.6 0.9 16 12-19
Aroclor 1260 1-32 3 4 <18
2,3,7,8-TCDD No data 0.0003 0.0009 0.000017 <0.00001 - 0.00004
2,3,7,8-TCDF No data 0.0007 0.0009 0.0005 0.0004 - 0.0005

Ave=average; max = maximum; < = detection limit

PSAMP = 1992-1995, dataisfor fillet without skin

Bi-State = 1995 whole body concentrations of fish from thelower ColumbiaRiver, below Bonneville Dam. (TetraTech, 1996)
EPA - Our study = range of composite fish samplesfrom sitesin the ColumbiaRiver Basin. Seetable 1-1 for site descriptions.

9.2.10 PacificLamprey (Lampetra tridentata)

The Pacific lamprey is a native anadromous fish with awidespread digtribution in the Columbia
River Basin (Wydoski and Whitney 1979).

The adults overwinter in freshweter, do not feed during this time, and spawn the following spring
(Beamish 1980). Larvae (ammocoetes) leave the gravel approximately 2 to 3 weeks after
hatching, drift down current, settle in dow back water areas, burrow in soft substrates with
organic debris, and take up afilter feeding existence (Pletcher 1963, Kan 1975). The ammocoete
life stage may range from 4 to 7 years, during which time they remain buried in the sediment
(Beamish and Levings 1991, Close et d. 1995). Ammocoetes are reported to feed on vegetative
materid (Clemens and Wilby 1967), diatoms and desmids (Pletcher 1963), and detritus and agae
suspended above and within the substrate (Moore and Mallatt 1980). Juvenile lampreys play an
important role in the diets of many freshwater fishes, including channd ceatfish, northern pike
minnow, and severd species of cyprinids and cottids. Samonid fry prey upon lamprey eggs, but
do not feed on the ammocoetes. The larvae are aso taken by several species of gulls and terns
(Pletcher 1963, Close et a. 1995).

Metamorphosis occurs from July to October. Shortly theregfter, the downstream migration of
young adult lampreys begins usudly at night and with an aborupt increese in river flow. Pecific
lampreys migrate to salt water where they take up a parasitic life, but feeding may sart in
freshwater (Pletcher 1963, Beamish 1980, Beamish and Levings 1991).

The ocean phase of the adult life cycle may last 3.5 years (Beamish 1980). In ocean and estuarine
aress, adults are important prey for severa pinniped species. After entering the Columbia River
they become a prey item for white sturgeon (Wydoski and Whitney 1979, Roffe and Mate 1984,
Closeet a. 1995).
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There were no comparable studies of Pacific lamprey in the literature.
9.2.11 Eulachon (Thaleichthys pacificus)

The eulachon occurs only on the west coast of North America, including the Columbia River
Basin (Scott and Crossman 1973). This anadromous species spawns in the main channd of the
Columbia River and periodicaly in the Grays, Cowlitz, Kdama, Lewis, and Sandy Rivers (Smith
and Saafeld 1955).

It is believed that developing larvae do not to feed in freshwater, but rely on their yolk sac for
nourishment until they reach the ocean (Smith and Sdlfeld 1955, Scott and Crossman 1973). At
seq, podt-larval eulachon move into deeper water asthey grow. They feed on plankton, mysids,
ostracods, copepods and their eggs, and barnacle, cladoceran, and polychaete larvae (Hart 1973).
Juvenile and adult fish feed primarily on euphausid shrimp, crustaceans, and cumaceans. Adults
do not feed after they return to freshwater (Barraclough 1964).

Asare other smdlts, T. pacificus is avery important food item for awide variety of predators.
Adults are fed on by many piscivorus fishes including Pacific sdmon and white sturgeon, marine
mammals ranging from the harbor sedl to the finback whale, seabirds, waterfowls, and gulls
(Scott and Crossman 1973). The larval and post larva stages contribute modestly to the diet of
gmall salmon off the Fraser River (Hart 1973).

There were no comparable studies of eulachon in the literature.
9.3 Comparisons across all species
9.3.1 Resident Fish

White sturgeon, mountain whitefish, whole body walleye, largescale sucker, smalmouth bass,
and channd catfish had the highest concentrations of organic chemicals of al the speciestested in
this study (Table 9-27ab). Bridgdip sucker and walleye fillet samples had much lower chemica
resdues, smilar to the sdmonids and eulachon.

The largescae sucker was the fish species with the most frequent detection of PAHSs (Table 2-1a).
The phenols were detected in only one white sturgeon sample from the main-slem Columbia
River (Sudy ste 8) (Table 2-14).

The basin-wide average concentrations of total DDT (Table 2-4) in the salmonids (chinook, coho,
rainbow trout, and steelhead ) and eulachon were much lower than, white sturgeon, mountain
whitefish, largescae sucker, and smdlmouth bass. The maximum concentrations p,p’ DDE was
found in whole body smalmouth bass followed by white sturgeon fillet, channd cetfish fillet, and
whole body largescale sucker (Table 9-27a).

The white surgeon, mountain whitefish, whole body walleye, and smalmouth bass had the
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highest concentrations of Aroclors. The maximum concentration of TCDF was in the white
surgeon (Table 9-27ab). The next highest average concentration was in the mountain whitefish.

The maximum concentrations of metals (arsenic, cadmium, copper, lead, mercury, selenium)
were lower in the resident species than in the anadromous species, except for largescale sucker
which had the highest concentration of cadmium (Table 9-27a,b). When doing a comparison of
fish tissue across dl speciesit isimportant to not only consider the maximum concentrations but
aso some measure of the variability. In this study, the average concentration is a measure of
variability. While the maximum mercury and selenium concentrations were in the soring

chinook salmon, the basin-wide average concentrations of mercury were highest in the largescae
sucker, waleye, and white sturgeon.

The higher concentration of organic chemicals may be attributed to size in some species or lipid
content. The white sturgeon were some of the largest fish measured in the study. The samples
included only singlefish. It isaso known to have avery long life span. Thus, it isnot clear
whether the high levels of organic chemicasin thisfish may be due to an anomay in the few fish
that were sampled, their Size, or their age.

The association of organic chemica concentrationsin the tissues of resident species and percent
lipid was not particularly evident in this study. There was an association with lipid in the white
sturgeon samples from one study Ste (Study Ste 6).  The difference in chemica content between
the whole body walleye and thefillet was aso associated with lipid. However, there were no
other clear associaions of whole body and fillet with lipid and organic chemicasin fish tissue.

Therewas an indication of high concentrations of organic chemicasin the resdent fish collected
from the Hanford Reach of the Columbia River (Sudy ste9U). However, thereisno
information in this sudy to explain the levelsin fish from this Sudy Ste.

9.3.2 Pacific lamprey and eulachon

Of the anadromous fish species, Pacific lamprey had maximum concentration of organic
chemicas (DDE and Aroclor 1254; Table 9-27b). The high concentration of organic chemicasin
the Pacific lamprey may have been dueto its high lipid content.

The metas content of the Pacific lamprey was not consistent across different metals. For
example when compared to the other anadromous species, the arsenic concentrations were low
for Pacific lamprey while concentrations of copper, lead, mercury, and selenium were within the
range of the range of these other fish species.

While eulachon dso had a high lipid content, they had some of the lowest levels of organic

chemicas of al the speciestest. Aroclors and chlordane were not detected in the eulachon.
Eulachon had the highest average concentration of arsenic and lead.
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9.3.3 Salmonids

The sdmonids had the lowest concentrations of organic chemicas with afew exceptions. There
were no semi-volatile chemicals detected in the fall chinook sadlmon or coho salmon tissue
samples. Pyrene was found at the highest concentrations of al the PAHs in arainbow trout
collected from the upper Y akima River (study ste 49). Thefillet or whole body samples of
rainbow trout, eulachon, and coho salmon had no detectable concentrations of any of the
chlordane compounds.

The concentrations of metas in the chinook salmon and steelhead were higher than the other
resdent or anadromous fish species. Steelhead had the maximum concentration of arsenic.
When doing a comparison of fish tissue across dl speciesit isimportant to not only consider the
maximum concentrations but aso some measure of the variahility. In this sudy, the average
concentration is ameasure of variability. Thus, while stledhead had the maximum concentration
of arsenic, the average concentrations were higher in eulachon, and chinook salmon (Table 2-14).
From this study, the sdlmon, steelhead, and eulachon had higher concentrations of arsenic than
the resdent species and Pacific lamprey. Fdl chinook salmon had the maximum concentration
of leed (Table 9-27b). The average concentrations of lead were highest in eulachon, fall chinook
salmon, and whole body waleye (Table 2-14).

Although the egg samples from the sdlmon and stedlhead had high percent lipid, the concentration
of organic compounds was generdly lower than the fish tissue of the anadromous or resident fish
with afew exceptions. The highest concentrations of tota chlordane were in egg samples from

the spring chinook slmon.  The maximum concentrations of copper and selenium were in egg
samples from the sdlmon and steelhead (Table 9-27b). The basin -wide average concentrations of
copper were highest in the egg samples from the sdimon and steehead followed by the whole
body Pecific lamprey. The basin-wide average concentrations for selenium were highest in

spring chinook salmon egg samples followed by white sturgeon and mountain whitefish. The

high concentration of selenium may aso be associated with the high percent lipid in the egg
samples.
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Table 9-27a. Range of chemical concentrationsin resident fish tissue samples from our study of the Columbia River Basin, 1996-1998.

lar gescale Bridgelip rainbow mountain white walleye channel smallmouth
sucker sucker trout whitefish sturgeon** catfish bass
Chemical T ua/kg ua/kg pa/kg ua’kg ua/kg ug’kg pa/kg pa/kg
N-FS 19 7 12 16 3 5
N-WB 23 3 12 12 8 3 6
Arsenic FS 50 - 100 NS <50 51- 140 150 - 640 290 - 400 50- 330 110- 170
WB 74 - 320 260 - 300 <50 - 560 120- 180 <200 - 640 480 - 510 110- 430 160 - 170
Cadmium FS <4 - 24* NS <4 -5* <4 -14* <4 -6* <4 ND ND
WB 13- 250 22-32 <4-58 4-54 15 -95 100- 110 13- 26 5-19
Copper FS 430-870 NS 440 - 610 510 - 840 <210- 410 500 - 600 310 - 360 510 - 560
WB 800 - 5600 880 - 1800 900 - 5000 620 - 5000 260 - 1800 730 - 5700 410 - 590 500 - 560
Lead FS 10- 140 NS <10 <10- 26 <10 - 29* <10 10- 11* 10-55
WB 27-1100 37-78 <10- 88 10-72 27-330 <10- 490 12-33 10- 140
Mercury FS 71- 370 NS 45 - 150 <49 - 140 38 -430 160 - 200 240 -280 380-470
WB <58 - 250 40 - 53 <33-380 <47-130 73 - 250 120 - 220 140 - 320 220 - 360
Selenium FS 130 - 400 NS 180 - 250 300- 720 310 - 2700 380 - 400 240 - 500 450 - 530
WB <180 - 500 <280 230- 790 590 - 1800 <420 - 1100 410 - 540 410 - 630 480 - 710
p,p’-DDE FS 14 - 740 NS 4-54 8-910 100 - 1400 44 - 52 330 - 1300 480 - 1200
WB 28 - 1300 310- 560 3-84 13- 770 400 - 1100 350 - 440 280 - 900 970 - 1700
p,p’-DDT FS <2-92* NS <2-5* <2-58 2-31 <2-3 2 -87 23 -48
WB <1-180 37-52 <2-12* <2-49 <4-38 7-12 0.8-45 44 - 80
Aroclor 1254 FS 10-46 NS 10-20 <16 - 930 10-190 12-14 29-69 38-83
WB <14 - 65 18- 32 <7-30 <21- 140 38-120 54-98 25-58 46 - 94
Aroclor 1260  Fs <11-75 NS <18 <9-190 <13-200 <19 37-130 68 - 220
WB <12-100 27-49 <6 - 22* <18-130 41 - 160 47 - 61 32-140 80- 190
23,78 TCDD FS  <0.00001- 0.00007 NS <0.0000 - 0.00015 <0.00001 - 0.00021 0.0001 - 0.0014 0.00007 - 0.00008 0.001-0.0014 NA
WB  <0.00001-0.00021 0.00006-0.00008  <0.00001 - 0.0002 <0.00001 - 0.00023 0.00006 - 0.0013 0.00036 - 0.00042 0.0010- 0.0014 NA
23,78 TCDF FS  0.0001-0.0015 NS 0.00014 - 0.00028 0.00014 - 0.014 0.0025 - 0.054 0.0006 - 0.00075 0.0022 - 0.0034 NA
WB  0.0008-0.0036 0.0008-0.001 <0.0004 - 0.00048 0.0002 - 0.012 0.008 - 0.047 0.0038 - 0.0055 0.0022 - 0.0034 NA

N=number of samples; FS- Fillet with Skin; WB = whole body;E=egg; NA = not analyzed;
**whitesturgeon were single fish and fillets without skin.
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Table 9-27b. Range of chemical concentrations ( pg/kg) in anadromous fish tissue samples from our study of the Columbia River Basin.

T steelhead fall chinook salmon spring chinook coho salmon eulachon Pacific lamprey
N-Egg 1 1 6 3
N-FS 21 15 24 3 3
N-WB 21 15 24 3 3 9
Arsenic E ND 240 <410- 510 310 - 360
FS 280- 1500 530 - 1100 560 - 1200 450 - 600 NS 280 - 360
wB 290 - 1200 610 - 1000 570 - 1100 450 - 560 860 -930 150 - 370
Cadmium E 34 <4 22 -72 <4
FS <4-9 <4 <4-15 <4 NS 16- 30
WB 29 -88 5-10 6-170 19-27 9-10 56 - 150
Copper E 18,000 5800 5300 - 6600 4100 - 5000
FS 540 - 940 540 - 760 240 - 1000 680 - 3600 NS 1100 - 1400
WB 1900 - 6800 1000 - 14000 1100 - 2300 720 - 2400 920- 970 3700 - 5500
Lead E 41 <10 <10 -50* <10
Fs <10-23* <11-16 <10- 140 <10- 230 NS <10
WB <10- 360 11 - 1200 <10-92 11-20 370 - 680 <10 - 69*
Mercury E <43 <50 <79 <100
FS 70-210 <50 - 150 <83 - 510* 110- 120 NS <110
WwB <50 - 420 <50 - 200 <71 - 130* 11-20 <35 <91-210
Selenium E 4500 2400 3700 - 5500 1100 - 1300
FS <250 - 500 280 - 380 290 - 430 270- 310 NS 410 - 450
WB 460 -940 <380- 570 360 - 680 330- 420 270 - 300 520 - 760
p.p’-DDE E 7 7 10-16 31-33
FS 5-28 4-26 6-18 29-35 NS 46 - 55
WB 5-33 5-53 11 -22 31-37 10 - 11 35-77
p,p’-DDT E <2 <2 4-7 <2
FS <1l-5 <2-8 <2-7 <2-4 NS 28- 38
WB <1-6 <2-7 3-8 <2-4 <4 6-29
Aroclor 1254 E 15 12 15 - 20 11-17
FS 8-21 9-35 9-24 12-19 NS 80 - 100
wWB 9-29 10- 47 13-26 18-19 <37 60 - 150
Aroclor 1260 E <20 <19 <18 <18
FS <6 - 21* <19 <18 <18 NS <19
WB <6 - 21* <19 <18 <18 <37 <13- 20*
237,8TCDD E <0.00003 <0.00004 <0.00001 - 0.00004 <0.00001-0.00005
FS  <0.000010.00008 <0.00001 - 0.00005 <0.00001-0.00005 <0.00001-0.00004 0.00001-0.00006
WB  <0.00001-0.00006 <0.0000 - 0.00006 <0.00001 - 0.0001 <0.00001 <0.00005-0.0001 0.00002 - 0.0007
2378 TCDF E <0.00022 0.00043 0.00036 - 0.00065 0.00029-0.00066
FS  <0.00018-0.00065 <0.00003-0.0014 0.0004-0.00074 0.00035-0.00054 0.0012-0.0017
WB  <0.00025-0.0006 0.00043-0.0014 0.00057 - 0.0011 0.00036-0.00049 0.00058-0.00078 0.0011-0.0032
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10.0 Uncertainty Evaluation

There are many uncertainties in completing a survey of contaminantsin fish tissueand in
estimating risks from consumption of these fish. This section provides a summary of the
assumptions and uncertainties in evaluating the fish contaminant data and preparing the risk
assessment. Some of the types of uncertainty which were encountered in this study include:

1) errorsin sampling, fish preparation, and chemica analys's,

2) variability in fish tissue concentrations within fish, across species and tissue types, and
among sations,

7) lack of comparable data-sets for comparisons, and
3) lack of knowledge regarding human exposure and toxicity.
10.1 Fish Tissue Collection

Uncertainty in toxic chemicd levesis primarily associated with variahility in fish tissue
concentrations over gpace and time aswell as errorsin chemicd andytica methods. The
tempora (seasona, annual) range of chemica concentrations in fish species was not known.

There was some measure of patid variability in certain fish species which were collected a a
number of gtes (largescale sucker, white sturgeon, mountain whitefish, rainbow trout, chinook
samon, steelhead, Pacific lamprey). Coho salmon, bridgdlip sucker, and eulachon were each
only collected a one location, therefore there was no measure of patid varigbility in these
species. Pacific lamprey and waleye were only collected at two locations. Therefore, there were
gaps in our information on contaminant levels in these gpecies from other sections of the

Columbia River Bagn. In addition to alimited number of sampling locations, some of the Stes
included large stream reaches (Table 1-1). Therefore, the average concentrations from these sites
represent sampling areas of severd miles,

Individua fish tissue were composited to obtain a representative sample of the mean
concentrations of fish tissue. However, by composting the fish there isaloss of certainty in the
variance among individua fish samples. To reduce some of the uncertainty associated with
composites, an attempt was made to collect fish: 1) at the same time and 2) of the same size.

To maintain uniformity in sample sze within composites the smdlest individud within a
composite was supposed to be no less than 75% of the total length of the largest individual.
Seventy-nine percent of the composites were within this guiddine. Of the composite samples not
mesting the guiddine, roughly one-haf were within 70% of the total length of the largest
individud. The compaositing goas were not fully met in dl samples because:
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1) larger fish (rainbow trout and mountain whitefish) were added to some composites to
gain enough fish tissue for andyses,

2) triba members requested that small fall chinook salmon (jacks) be added to samples of
larger adults, or

3) spatid and tempord varidbility in fish species limited the number of fish available for

sampling.

To maintain uniformity across composites the rdative difference between the average length of
the individuas in the smalest-szed composite (i.e,, the one with the smallest average body
lengths) was to be within 10% of the average length of the largest-Szed composite. Eighty-nine
percent of the composites were within the 10% guiddine. Of the 11% not meeting the guiddline,
5 composites were steelhead, and one each were walleye, largescal e sucker, rainbow trout, and
spring chinook salmon.

In addition to collecting composites of the same Sze an attempt was made to collect replicate
samples at each study Ste to provide a more accurate estimate of the variance in tissue anadyses.
The god of collecting at least three replicate composite samples for each sample type from each
study Site was met at 92% of the study sites. Only two replicates or less were collected at 8% of
the study Stes. Replication was limited at study site 30 on the Umatilla River because the
eectro-fishing boat broke down, which prohibited additiona collections of walleye and
largescale sucker. There were alow number of rainbow trout available from study ste 98 in the
Deschutes River.

The uncertainty in the tissue concentrations is also associated with the sampling design. Thefish
type, tissue type, and sample location were al predetermined during the planning conference.
This type of sampling is biased with unequa sample sizes and predetermined sample locations
rather arandom design. Thishiasisto be expected when attempting to provide information for
individuals or groups based on their preferences. The results of this survey should not be
extrapolated to any other fish or fish from other locations.

EPA’ s guidance for preparing fish tissue for chemica andys's recommends scaling fish (USEPA,
2000f). However, CRITFC' s member tribes do not typicaly scaletheir fish (CRITFC tribes,
persond communication). The results of some of the chemica andysesin this report may be
affected by the amount of certain chemicas (e.g. metals) which may be concentrated in the fish
scales.

The homogeneity of ground fish tissue can vary considerably, depending upon the nature of the
tissue sample and the grinding procedures. In this project we attempted to minimize variability of
chemica measurements by specifying the fish grinding procedure (See VVolume 5) and by
monitoring the homogeneity of composite samples.

With the exception of white sturgeon, fish tissue chemical resdues were messured in fillet with

skin and whole body. White sturgeon were the only species which were andlyzed asfillet without
skin. Asdiscussed in Section 2, whole body fish tissue samples tend to be somewhat higher in
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lipids than fillet with skin samples for some fish species. This differencein lipids between whole
body and fillet fish samples was not congstent across species. Thiswas not surprisng since the
preparation of filletswith skin usudly Ieft athin layer of subcutaneous fat remaining under the
sin.

The fillet and whole body samples were not from the same fish. Therefore, any comparisons
between them will be affected by the naturd variability in fish samples as well as the tissue type.

10.2 Chemical Analyses

All data quality objectives established for this project were met. However, there were
uncertainties in the chemica anays's due to interferences, detection limits, and method
development.

A number of problems were encountered in the measurement of target compounds. For
dioxing/furans, dioxin-like PCBs, non-acid labile chlorinated pesticides, and Aroclors, the
primary analytical problem encountered by the |aboratories was the interference of chlorinated
and brominated non-target compounds in extracts of project fish samples. For dioxin-like PCBs,
many sample extracts had to be diluted and re-measured because of high levels of dioxin-like
PCB target compounds in some samples.

The metallic equipment used to grind fish samples was tested prior to sample andlysis for
possible interferences. The resultsindicated that lead, manganese, nickdl, copper, duminum,
zinc, and PCB 105 were found in the rinsate blanks from the fish grinder. The levels of
manganese, nicke, copper, duminum, zinc, and PCB 105 were in negligible quantities and
should not affect the study results. However, the lead levels (77 pg/l) in the rinsate were higher;
therefore, the results reported in this study for lead may be increased over levels that would be
found in tissue samples.

Modifications to digestion procedures for high levels of lipids in some project samples improved
measurements of metals and mercury using EPA methods 200.8 and 251.6. The chemica
anaysis of chlorinated phenolics (EPA Method 1653) and neutrd semi-volatiles (EPA Method
8270) had the largest number of data which were not acceptable due to high quantitation limits.

For this project, analytica methods were chosen to provide detection or quantitation limits which
were aslow as possble given available andytica methods and resources. The true value of
chemicas which were “not detected” is actualy somewhere between the reported detection limit
and zero. For this study %2 the detection limit was used to estimate chemica concentrations.
Appendix E lists each chemica concentration as equa to: 1) the detection limit, 2) zero, and 3)
one-haf the detection limit. The use of %2 the detection limit may have over or underestimated
the true fish tissue concentration.

In the quality assurance review of the chemica data, certain chemica concentrations were
qudifiedwitha“J’'. The"J qudifier desgnates a concentration which is estimated. EPA
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recommends that the J-qualified concentrations be treated in the same way as data without this
qudifier with acknowledgment that there is more uncertainty associated with “estimated” data
(USEPA, 1989). We chose to use these datain this assessment without conditions. Use of this
data to caculate fish tissue concentrations may overestimate the true concentration since these
levels may be incorrect. The data qudifiers are listed with each data point in Appendix D of
Volume 1l andinVolume4.

The percent difference in fid duplicates was estimated for dl chemicas andyzed. There was
less than 10% difference between most of the duplicate samples. The samples with greeter than
10% difference are shown in Table 10-1. The maximum difference was 157% in cobalt
concentrations in fal chinook from study Site 48 (Table 10-1). There was no consstent pattern of
error in fidld duplicate by study site, chemical, or fish species.

The difference in duplicate fillets from the same fish is an indication of the variability of
chemicas within fish tissue, Snce the fillets were from the opposite Sdes of the samefish. Inthis
study, the duplicate vaues were averaged. By averaging the concentration of the duplicate
samples fish tissue concentrations and risk estimates may be lower than the actua exposure that
would occur if the higher fish tissue concentration was used.

Table10-1. Percent differencein field duplicate samplesfrom the Columbia River Basn. Fishare
listed with study siteID in parentheses. The maximum per cent differenceisgiven for the chemical
within a chemical group.

Percent difference for analytes (greater than 10%)

Species (study sites) Dioxins & Furans Metals PCBs Pesticides
steelhead (96) 46 (OCDD) 68 (Ba) 56 (PCB 123) 67 (DDT)
spring chinook (94) 13 (HXCDF) 62 (Cd) 17 (PCB 189) 15 (DDT)
fall chinook (8) 29 (Hg) 14 (PCB 157) 11 (DDD)
fall chinook (48) 18 (TCDF) 107 (Cr); 28 (PCB 126);
157 (Co) 18 (Aroclor 1254)
mountain whitefish (98) 29 (TCDD) 70 (Pb) 32 (PCB 167); 35 (DDE)
32 (Aroclor 1254)
white sturgeon (13) 29 (HxCD) 54 (Hg) 15 (PCB 118); 124 (nonaclor)
11 (Aroclor 1260)
white sturgeon (6) 57 (TCDF & HxCDF) 42 (Co) 39 (PCB 105); 119 (DDT)
109 (Aroclor 1254)
white sturgeon (9) 50 (OCDD) 144 (Co) 27 (PCB 169) 59 (oxychlordane)

10.2.1 Lipid analyses

All samples were measured for percent lipids according to the procedure described in EPA
Method 1613B. Other percent lipid procedures such as the three extraction methods described in
EPA Method 8290 would have produced different percent lipid results because of the different
extraction solvents used and different extraction conditions. While the lipid vaues reported in

our study were congstent because the andyses were dl done within one laboratory using one

10-211



method, there would be considerable uncertainty in comparing the lipid levels measured in this
study with other data generated by different methods or different laboratories.

10.3 Comparing Chemical Data Across Fish Species and with Other Studies

The comparison of this study with other studies is confounded by the methods that were used to
collect the samples, the tissue type, number of samples, and species as wdll asthe inconsstency
in chemicd methods. In particular, methods for analyzing fish tissue for dioxins, furans, and
PCB congeners have changed recently. Thus, chemicad analyss of fish tissue data for these
particular chemicas from the 1970's through the early 1990's will not necessarily give the same
results as were seen in this study.

10.4 Risk Assessment

Uncertainties can occur in dl parts of the risk assessment--exposure assessment, toxicity
assessment, and risk characterization. An uncertainty eva uation has been done as a part of this
risk assessment to show how the risk characterization could be affected if aternative assumptions
had been made and/or different parameters had been used to calculate the cancer risks and non-
cancer hazard indices.

10.4.1 Exposure Assessment
10.4.1.1 Contaminant Concentrationsin Fish Tissue

Asdiscussed earlier in this report, the fish species collected and the sampling study Sites sdlected
were based primarily on datafrom CRITFC's Fish Consumption Report (CRITFC, 1994) and
discussons with triba gaff. Although samples were taken from the study sites used most
frequently by the tribes, many other study sites used for fishing were not sampled. In addition, as
discussad in Section 4.5, there were limited data on the species collected and fishing locations
used by non-triba populations in the Columbia River Basin. Therefore, while the concentrations
of chemicasin fish tissue have been used to characterize risk for the generd public in this study,
this characterization was uncertain due to the lack of data on fishing practices for the generd
public.

Another source of uncertainty for this risk assessment involves the use of the average chemica
concentrations for fish collected over a short period of time to estimate human exposure over 30
and 70-year durations. If average chemical concentrations in fish tissue have changed over time,
or were likely to change in the future, the risk estimates presented in this report may ether
underestimate or overesimate the risk to individuas. The rdaively small amount of exiging
higtoricd data on chemicd contaminants in fish within the Columbia River Basin was insufficient
to reliably evduate trends in chemica concentrations. The seasond range of chemica
concentrations in the target species evaluated in thisrisk assessment is aso not known.

Thus, the risk estimates presented in this report could increase or decrease depending upon how
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concentrations vary over location and time.

Asdiscussed in Section 1.7.5, to calculate average contaminant levelsin fish, avaue of one-half
the detection limit was used in some cases for non-detected chemicas. Risk characterization
based upon one-haf the detection limit could be either an overestimate or an underestimate of the
actua risks.

10.4.1.2 Tissue Type

For this study, both whole fish and fillets were andyzed when possible. Thefillet and whole

body sample types were chosen based on the fish consumption survey for CRITFC' s member
tribes (CRITFC, 1994). In this study, respondents were asked to identify the fish parts they
consume for each species. For most of the fish species sampled as apart of this study, 50% or
more of the respondents said that they consume fish skin. A smaler proportion of the tribal
members consumed other fish parts (head, eggs, bones and organs). In addition to the question of
people consuming fish parts, some chemicas preferentidly accumulaein fat or interna organs,
thus having both whole body and fillet fish tissue samples provides a more comprehengve picture
of the amount of chemica accumulated throughout the fish tissue.  Fillets were andyzed with

skin because mogt triba members consumed the skin with the muscle tissue.

Information on the portions of fish that are consumed most frequently by the genera public were
not available. However, respondents to the quditative fish consumption survey of people from
Wheatland Ferry to Willamette Falls Reach of the Willamette River, Oregon indicated thet they
consume primarily fish fillets as well as other fish parts and the whole body (EV'S, 1998).

In Section 6.2.4, the ratios of the estimated hazard indices and cancer risks for whole body to
filleted fish samples were caculated to determine the possible impact of tissue type on the risk
characterization. These results were calculated for those species that had both fillet and whole
body samples andyzed a a given ste. For non-cancer effects, whole body to fillet ratios were
caculated for the totdl hazard index as well asfor the endpoints of immunotoxicity and
reproduction. The number of whole body to fillet ratios that were greater than 1 compared to the
total number of samples was dso shown. These calculations (Table 6-23) did not show a
conggtent pattern in whole body to fillet ratios for the total hazard indices, the immunotoxicity
hazard indices, or cancer risks a a given Site for aspecies. The whole body to fillet ratios ranged
from 0.2 to greater than 1 for afew species/sites (e.g. high of aratio 6.6 for fal chinook,
Immunotoxicity hazard index). For reproductive effects, the ratios of the hazard indices for
reproductive effects in whole body to fillet samples gppear to be less than 1 more frequently than
those for the other hazard indices or cancer risks. This may be because the hazard index for
reproductive effects is based largely upon the contaminant mercury which is not lipophilic and
binds strongly to protein (e.g., muscle tissue).

Any conclusons, however, on the results of whole body to fillet samples are limited by the small

sample sizes (usudly 3 or less) at each Ste and by the fact that whole body samples were aways
from a composte of fish different than those used for the whole body samples (i.e, fillet and
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whole body samples are not from the samefish).
10.4.1.3 Exposure Duration

Exposure duration is defined as the time period over which an individua is exposed to one or
more contaminants. For adults, two different exposure durations were used for the risk
assessment: 70 years, which represents the gpproximeate average life expectancy of dl individuds
born in the United States in the late 1960s; and 30 years, which represents the 90" percentile
length of time that an individual stays at one residence (USEPA, 1997b).

Thevaue of 70 years was assumed for lifetime exposure in this risk assessment because it isthe
vaue commonly assumed for the generd population in most EPA risk assessments. Also, 70
yearsisthe primary assumption used in the derivation of many of the cancer dope factors found
in IRIS (USEPA, 2000c).

Aswas discussed in Section 4, changes in exposure duration do not impact the exposures
estimated for caculating non-cancer hedlth impacts. This is because the product of the exposure
frequency (EF) times exposure duration (ED) is dways equivaent to the averaging time (AT)
(see Equation 4-1 in Section 4.3).

However, since the averaging time for estimating exposure for cancer risks is dways a person’s
lifetime, changing exposure duration does impact the estimated risk. The cancer risk estimates
for an individual who consumes fish over an exposure duration that differs from the exposure
durations used in this report (ED new) can be determined using the following equation:

(Equation 10-1) ECRwev = ECRro X EDnen/EDro
where:

ECRew = EXcess cancer risk for the new exposure duration

ECRno = Excesscancer risk estimate for alifetime exposure duration of 70 years
EDrew = Individud exposure duration in years

EDro = Default lifetime exposure duration of 70 years

Equation 10-1 shows that the excess cancer risk will change in direct proportion to the ratio of the
new and default exposure durations. For example, if an exposure duration of 9 yearswas

selected, which isthe median length of time an individua Stays a one resdence, the lifetime
exposure cancer risk estimates would be multiplied by afactor of 0.13 (9 years + 70 years = 0.13)
to obtain revised cancer risk estimates for a 9-year exposure duration. Thus, dl total excess
cancer risk estimates for 70 years exposure duration for the fish species and tissue types evaduated
in this report would decrease by approximately an order of magnitude (i.e. ten-fold) for an
exposure duration of 9 years.

10.4.1.4 Consumption Rate
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In this risk assessment, exposures were estimated for both the genera public and for members of
CRITFC s member tribes. For the generd public, adequate quantitative information on fish
consumption rates for those areas of the Columbia River Basin sampled in this study was not
available. Therefore, the ingestion rates assumed for those individuds in this risk assessment

were based on anationa report of fish consumption (USEPA, 2000b). For CRITFC's member
tribes, ingestion rates were taken from CRITFC' s fish consumption study (CRITFC, 1994). For
both the genera population and the tribes, mean and a 99" percentile ingestion rates for children

and adults were selected to evauate potentia risks over arange of possible ingestion rates.

It isnot known if the ingestion rates selected for this risk assessment are representetive of the
actua consumption practices of individuas consuming fish from the sudy area. The exposures
estimated in this report are likely to be higher than those expected for a recrestiond fisherman
who infrequently fishes at any of the study sites. On the other hand, as discussed in Section 4,
Harris and Harper (1997) suggest that an ingestion rate of 540 g/day is more gppropriate for a
triba member who pursues atraditiond lifestyle. Thisis higher than the 99" percentile CRITFC
member triba fish consumption rate of 389 g/day used in this report.

10.4.1.5 Multiple-Species Consumption Patterns

The hazard indices and cancer risk estimates in this report were primarily based upon the
consumption of individud fish species and tissue types. However, these estimates which are
based upon individud fish gpecies may not be an adequate representation of risk for most
individuals snce most people likely eat adiet composed of multiple fish pecies. Therefore, asa
part of the risk characterization, a hypothetica multiple-species diet was aso evauated using
tribal fish consumption data from CRITFC' sfish consumption study. For this hypothetica
multiple-pecies diet, information from Table 17 of the CRITFC fish consumption study
(CRITFC, 1994) was used. Thistable from the CRITFC consumption survey provides
information on the percentage of adults that consumed 10 fish species evaduated in the sudy
(CRITFC, 1994). Aswas shown in Table 6-24 and Figures 6-35 and 6-36 the resultant cancer
risk and non-cancer hazards of the multiple species diet reflect the proportion of the different
types of fish in the diet and the contaminant levelsin those fish. Therefore, the estimated cancer
risks and non-cancer hazards from consuming fish from the Columbia River Basin for any one
individua depend upon the types and amounts of fish they est and may be very different from
those estimated in this report for individua species.

As part of this uncertainty analyses, an estimate of the total cancer risks and non-cancer hazards
from amultiple species diet using data from Table 18 in the CRITFC fish consumption study in
addition to that in Table 17 was calculated (CRITFC, 1994). Table 18 provides average
consumption rates (grams per day) for each species for those adult repondents in the survey who
consume fish. These rates were determined by combining the average consumption rate for each
individua who consumed a particular Species with the average serving size in ounces for that
individua and then caculating the mean of al of the individual consumption rates. The

differences in the consumption rates for the hypothetica multiple diet using the two CRITFC
tables (Table 17 versus Table 18) are shown in Table 10-2. As can be seen from Table 10-2, the
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consumption rates, cancer risks and total hazards for each individua fish species differ using the
results from the two different tablesin the CRITFC consumption study (CRITFC, 1994).
However, the tota estimated cancer risks and total non-cancer hazard indices from consuming al
species are gpproximately the same using ether table.

Table 10. 2. Comparison of estimated total cancer risksand hazard indicesfor a hypothetical multiple
speciesdiet using data from Table 17 and Table 18 in the CRITFC fish consumption report (Source:
CRITFC, 1994).

ResUIts using Table 17 1n the CRITFC fish consumption ResUIts using Table 18 In the CRITFC

sudy® fish consumption study
Consumption ~ Total Non- Cancer Consumption Total Non Cancer
Percentage of Rate Cancer Effects (total Rate Cancer Effects
Fish Species T Hypothetical Diet  (grams/day) Risk HI) __(grams/day) Risk (total HI)
salmon FS 27.7% 175 6E-05 0.6 25.7 8E-05 0.9
trout FS 21.0% 13.3 3E-05 0.3 9.6 2E-05 0.2
whitefish FS 6.8% 4.3 9E-05 0.7 89 2E-04 15
smelt wWB 15.6% 9.9 3E-05 0.1 4.8 2E-05 0.0
lamprey FS 16.3% 10.3 1E-04 0.7 47 5E-05 0.3
walleye FS 2.8% 1.8 4E-06 0.1 3.8 9E-06 0.2
sturgeon FW 7.4% 4.7 7E-05 0.6 33 5E-05 04
sucker FS 2.3% 15 9E-06 0.1 2.8 2E-05 0.2
Totals 100.0% 63.2 4E-04 32 63.6 4E-04 38
(1) Theseresultsare those presented in Section 6.2.5 and Table 6-24 T=tissuetype
FS=filletwithskin FW =fillet without skin WB =whole body HI = hazard index

10.4.1.6 Effectsof Cooking

It was assumed for thisrisk assessment, that (with the exception of skinless white sturgeon fillets)
the skin and fatty areas of the fish are not removed during preparation, and that there is no net
reduction in contaminant concentrations during cooking. Anglers who preparefillets by skinning
and trimming away the fatty area may reduce their exposure to chemicas (such as
organochlorines) that accumulate in fatty areas. It has aso been shown that cooking the fish may
affect exposure concentrations of such chemicas, depending on the cooking method.

EPA’s guidance (USEPA, 2000a) provides a summary of the effects on organochlorine (e.g.,
PCBs, DDT, chlordane, dioxinsfurans) contaminant levelsin fish as aresult of fish preparation
and cooking. This summary shows that the reductionsin chemica concentrations vary
consderably among the different studies because of different fish species, contaminants, cooking
methods, etc. Inthese sudiesmost of the percent reductions in chemical concentrations ranged
from about 10 to 60%. However, much higher losses were aso seen as were net gains of one
contaminant (PCBs). Overal, these studies support the conclusion that organochlorines can be
lost during cooking. But, based on the available information, it is difficult to quantify these

losses for use in arisk assessment since the actua 1osses from cooking depend upon the cooking
method (i.e., baking, frying, broiling, etc.), the cooking duration, the temperature during cooking,
preparation techniques (i.e., trimmed or untrimmed, with or without skin), the lipid content of the
figh, the fish species, and the contaminant levelsin the raw fish.
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Also asdiscussed in EPA guidance (USEPA, 2000a), severa studies indicate that some organo-
metal compounds bind to different fish tissues than the tissue which bind organochlorines.
Mercury, for example, binds strongly to protein, thereby concentrating in the muscle tissue of
fish. Mercury dso concentrates in liver and kidney, though a generdly lower rates. Thus,
preparations such as trimming and guitting, can actudly result in a greater average concentration
of mercury in the remaining tissues compared with the concentration in the whole fish
(Gutenmann and Lisk, 1991). Asdiscussed previoudy in the discussion on effects of sample type
on the risk characterization (Section 6.2.4 and Table 6-23), the ratios of the hazard indices for
reproductive effects in whole body to fillet samples gppear to be less than 1 more frequently than
the ratios for the tota hazard index, hazard index for immunotoxicity, and cancer risks. This may
be because the hazard index for reproductive effectsis based largely upon the contaminant
mercury which is not lipophilic and binds strongly to protein (e.g., muscle tissue). However, any
conclusions based on the ratios of whole body to fillet samples are limited by the small sample
szes (usudly 3 or less) a each ste and by the fact that whole body samples were dways from a
composite of fish different than those used for the whole body andysis (i.e, fillet and whole body
samples are not from the samefish).

Theimpact of cooking on mercury levelswas studied by Morgan et d., 1997. They found that
mercury concentrations (wet weight basis) in pan-fried, baked and boiled walleyefillet ranged
from 1.1 to 1.5 times higher than in the corresponding raw portions; in lake trout the range was
1.5to 2.0 times higher.

10.4.2 Toxicity Assessment

There are ds0 uncertaintiesin the toxicity assessment. These include uncertainties (1) in the
toxicity values (i.e., reference doses and cancer dope factors) used; (2) in the toxicity equivalence
factors developed for dioxing/furans and dioxin-like PCBs and in the relative potency factors used
for PAHs (3) inthe lack of toxicity datafor some of the chemicals that were detected in fish,

and; (4) in the manner in which certain chemicas (Aroclors, dioxin-like PCBs, DDT/DDE/DDD,
and arsenic) were eva uated.

10.4.2.1 Toxicity Values

Asdiscussed in Section 5.0, the mgority of the toxicity factors used in estimating hazard indices
and cancer risks were taken from EPA’s |RIS database which is a database of human hedlth
effects that may result from exposure to various substances found in the environment. For a

small number of chemicas whose toxicity factors were not available in IRIS, toxicity factors
developed by NCEA were used. Although the development of the IRIS toxicity factors has been
reviewed by a group of EPA hedth scientists usng consstent chemica hazard identification and
dose-response assessment methods, there are still severa sources of uncertainty in these factors
and their relevance to the populations for which the risk assessment is being conducted. As
discussed in EPA’ s guidance (USEPA, 1989), some of these uncertainties may include:

. using dose-response information from effects observed at high doses to predict the
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adverse effects that may occur in humans following exposure to the lower levels expected
from human exposure in the environment;

. using dose-response information from short-term studies to predict the effects of long-
term exposures,

. using dose-response information from anima studies to predict effects in humans, and

. using dose-response information from homogenous populations or hedthy human

populations to predict the effects likely to be observed in the genera population conssting
of individuads with awide range of sengtivities.

In addition to the uncertainties in developing reference doses and cancer dope factors based upon
the data that are available, there are so uncertainties in the fact that specific types of effects data
are often not available for a given chemica. Some examplesinclude the lack of dataon a
chemicd’ s cancer and non-cancer impact on vulnerable populations (e.g., children) and alack of
information for some chemicals on non-cancer endpoints such as reproductive, developmentd,
and endocrine disruption. However, the lack of data on non-cancer effectsis usudly considered
when determining what uncertainty factors and modifying factors should be used to develop a
reference dose for agiven chemical. Thelack of data.on cancer is partially addressed by using
conservative assumptions (e.g., upper confidence levels, the most sensitive pecies) in estimating
cancer dopefactors. All of these assumptions are intended to provide a margin of safety to
ensure that the hedth impacts for an individua chemica are not likely to be underestimated.

To better understand the uncertainties associated with the toxicity factors for each of the
chemicals evduated in this risk assessment, refer to the Toxicity Profilesin Appendix C. These
profiles review the data upon which the reference doses and cancer dope factors were devel oped.

10.4.2.2 Toxicity Equivalence Factorsfor Dioxins, Furans, and Dioxin-like PCB Congeners
and Relative Potency Factorsfor PAHs

Toxicity equivalence factors were used for the chlorinated dioxins and furans and the dioxin-like
PCBs measured in this study to caculate toxicity equivaence concentration. These toxicity
equivaence factors were caculated using al of the available data and were selected to account
for uncertaintiesin the available data and to avoid underestimating risk (Van den Berg et d.,
1998). Alternative gpproaches, including the assumption thet al dioxin-like PCBs carry the
toxicity equivaence of 2,3,7,8-TCDD, or that al chlorinated dioxins, furans, and dioxin-like PCB
congeners other than 2,3,7,8-TCDD can be ignored, have been generally rgected as inadequate
for risk assessment purposes by EPA and many other countries and international organizations.
These toxicity equivaence factors are order-of-magnitude estimates relaive to the toxicity of
2,3,7,8-TCDD. Therefore, their use creates uncertainty in the risk assessment, especidly since
chlorinated dioxingfurans and dioxin-like PCBs contribute sgnificantly to the cancer risks
edimated in this risk assessment.
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Also, it should be noted that the cancer dope factor for 2,3,7,8-TCDD is being re-evduated as
part of acurrent review by EPA (USEPA, 2000e). A review of the most current draft document
suggests that this cancer dope factor may increase. This change would affect both the cancer risk
estimates associated with 2,3,7,8-TCDD aswell as those risk estimates calculated for the other
chlorinated dioxins, furans, and dioxin-like PCB congeners having toxicity equivaence factors.

If the dope factor increases, cancer risks estimated for these classes of compounds would aso
increase.

As discussed in Section 5, EPA has developed provisona guidance on estimating risk from
exposure to PAHs (USEPA, 1993). A cancer dope factor is available for only one PAH,
benzo(a)pyrene. In this provisona guidance, relative potency factors have been developed for
gx PAHsrdative to benzo(a)pyrene. These reative potency factors were used to estimate cancer
risk from PAHs in this risk assessment. Aswith the toxicity equivaence factors these relative
potency factors are order-of-magnitude estimates and, therefore, have inherent uncertainties.
However, unlike the toxicity equivaence factors, these relative potency factors for the PAHs are
considered to be more uncertain because they do not meet al of the criteriafor the gpplication of
toxicity equivaence factors to mixtures.,

In our study, with the exception of one composite sample of largescae sucker taken at study Ste
13 (see discussion in Section 6.2), PAHs do not contribute significantly to the levels of
contaminants in fish or to cancer risk estimates from consuming fish. Therefore, the uncertainties
in the use of rdative potency factors for PAHs should not grestly impact the overdl risks
characterized in this report.

10.4.2.3 Chemicals Without Quantitative Toxicity Factors

Asshown in Table 5-1, there were 23 chemicas that were analyzed for in fish tissue that do not
have a cancer dope factor or reference dose. Of the 23 chemicas without toxicity values, the
following 14 chemicals were not detected in any fish species ddta-BHC, dibenzofuran, gamma-
chlordene, tetrachloroguaiacol, 4-bromophenyl-phenylether, 4-chloroguaiacol, 4-chlorophenyl-
phenylether, 3,4-dichloroguaiacol, 4-chloro-3-methylphenol, 4,5-dichloroguaiacol, 4,6-
dichloroguaiacol, 3,4,5-trichloroguaiacol, 3,4,6-trichloroguaiacol, and 3,5,6-trichloroguaiacol.
Six additiond chemicas were detected in less than 3% of the samples. acenaphthylene, dpha
chlordene, benzo(ghi)perylene, phenanthrene, retene, and 1-methyl-naphthalene. Of the
remaining 3 chemicas, DDMU was detected less than 10%; 2- methyl-ngphthalene and
pentachloroanisole were detected greater than 10% of the time.

As discussed in the Toxicity Profiles (Appendix C), the toxicity and mechanism(s) of action(s) of
pentachloroanisole are smilar to those of its parent chemica, pentachorophenol. However,
methylation of the chlorophenols makes them more polar, and thus likely to be somewhat less
reective in biological syssems. Thus the extent of both acute and chronic toxicity of
pentachloroanisole can be reasonably anticipated to be somewhat less than its chlorinated parent,
PCP. DDMU is abreakdown product of the DDT. Littleinformation is available on DDMU or
2-methyl-naphthalene.
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It isimpossible to predict how the lack of toxicity information on these 23 chemicas might
impact the characterization of risk in thisreport. However, given the fact that only 2 of these
chemicass (2- methyl-naphthaene and pentachloroanisole) were detected in greater than 10% of
the samples, any under estimation of cancer risk and non-cancer hazardsis unlikely to be greet.

There are no EPA consensus reference doses available for the chlorinated dioxins and furans and
the dioxin-like PCB congeners, therefore, the possible non-cancer health effects from exposure to
these chemicas from fish consumption could not be estimated in this report. From the most
recent draft of EPA’s reassessment of the toxicity of these compounds (USEPA, 2000e), it is
clear that these compounds can cause non-cancer effects at very low levels of exposure. The
inability to characterize the non-cancer hazards from these compounds may result in an
underestimate of the non-cancer hazards calculated in this report.

10.4.2.4 Risk Characterization for PCBs

Asdiscussed in Section 1, two different measurements were used in this study to determine PCB
concentrations in fish tissue: 1) analysis of Aroclors which are commercid mixtures of both
dioxin-like and non-dioxin-like PCB congeners, and 2) andysisof individua dioxin-like PCB
congeners. The Aroclor methodology included the andlysis of 7 Aroclors. Aroclor 1016, Aroclor
1221, Aroclor 1232, Aroclor 1242, Aroclor 1248, Aroclor 1254, and Aroclor 1260. Only
Aroclors 1242, 1254, and 1260 were detected. Eleven dioxin-like PCB congenersthat exert
toxicity smilar to 2,3,7,8 -TCDD were aso measured. PCB 170 and PCB 180, though measured,
were not consdered in the risk assessment as dioxin-like PCB congeners because they do not
currently have associated toxicity equivaence factors.

Cancer Risksfor PCBs

Because Aroclors are amixture of both dioxin-like and non-dioxin-like PCB congeners,
cdculating and summing the risk associated with both Aroclors and with individud dioxin-like
PCB congeners would likely overestimate cancer risk by accounting for the dioxin-like PCB
congener risk both individudly and within the risk estimates for Aroclors. Therefore, before
using the Aroclor fish concentrations to calculate cancer risk, an adjustment was made to the
Aroclor concentrations by subtracting the concentration of dioxin-like PCB congeners from the
total Aroclor concentrations for each sample. Thisresulted in what is caled the “ adjusted
Aroclor” vaue.

To edimate the impact of using this method on the cancer risk, a comparison was made for
estimates of cancer risk from PCBs using different methods. The excess cancer risks calculated
with these methods (using basin averages) for each fish speciesare shown in Table 10-3. The
risk from dioxin-like PCB congeners adone ranged from 0.5 (coho samon) to 3.5 (rainbow trout)
times (column B/A) the risk caculated for total unadjusted Aroclors alone. Because the mass of
dioxin-like PCB congenersis so smal compared to that of the Aroclors, the risk estimated for
adjusted Aroclors (subtracting the concentration of dioxin-like PCB congeners from the total
Aroclor concentrations) (column C) is only dightly lower than that for total unadjusted Aroclors
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(Column A). Characterizing PCB risks by combining either total Aroclors plus dioxin-like PCB
congeners (A + B) or adjusted Aroclors plus dioxin-like PCB congeners (B + C) is gpproximately

the same. The PCB risks estimated from using “adjusted Aroclors plus dioxin-like PCB

congeners’ isfrom 1.5 to 4.3 times that estimated from using total unadjusted Aroclors done

(Column B+C /A).

Table10-3. Egtimated Cancer Risksfor PCBsUsing Different Methods of Calculation. CRITFC'smember

tribal adult, aver age fish consumption, 70 year s exposur e using aver age Columbia River Basn-wide
chemical concentrations.

A B B/A C A+B B+C (B+C)/ (B+C)/A
(A+B)
Adjusted
Aroclors
plusdioxin-
Total Adjusted like PCB
Aroclors  Aroclorsplus congeners/
Total Dioxin- Adjusted plusdioxin- dioxin-like total
unadjusted like PCB Risk  Aroclors likePCB PCB Risk unadjusted
Aroclors congeners Ratio only congeners congeners Ratio Aroclors
bridgelip sucker 1.1E-04 1.2E-04 11 1.0E-04 2.3E-04 2.3E-04 0.98 2.1
largescal e sucker 7.6E-05 1.1E-04 14 7.1E-05 1.8E-04 1.8E-04 0.97 24
mountain whitefish ~ 3.5E-04 7.7E-04 22 3.0E-04 1.1E-03 1.1E-03 0.96 31
white sturgeon 2.0E-04 1.7E-04 0.8 1.9E-04 3.7E-04 3.6E-04 0.97 18
walleye 2.3E-05 2.6E-05 11 2.1E-05 4.9E-05 4.6E-05 0.95 2.0
rainbow trout 2.5E-05 8.7E-05 35 2.2E-05 1.1E-04 1.1E-04 0.97 4.3
coho 4.6E-05 2.5E-05 05 4.5E-05 7.0E-05 7.0E-05 0.99 15
fall chinook 3.1E-05 3.6E-05 12 3.0E-05 6.8E-05 6.6E-05 0.98 21
spring chinook 2.9E-05 4.8E-05 17 2.8E-05 7.7E-05 7.6E-05 0.98 2.6
steelhead 4.4E-05 7.5E-05 17 4.2E-05 1.2E-04 1.2E-04 0.99 2.7
eulachon ND 9.5E-06 NA ND 9.5E-06 9.5E-06 1.00 NA
Pacific lamprey 1.6E-04 3.3E-04 2.1 1.5E-04 4.8E-04 4.7E-04 0.98 3.0

ND =not detected NA =not applicable

Non-Cancer Effectsfrom Aroclors

The immunologica endpoint was based upon the toxicity of Aroclors. However, only one of the
three Aroclors detected in the fish samples has areference dose - Aroclor 1254. Therefore, two

possible methods were available to estimate the non-cancer hazard for the immunotoxicity
endpoint.

. (A) - edimate the hazard index using the concentration of Aroclor 1254 only and the

reference dose for Aroclor 1254, or

. (B) - assume that the reference dose for Aroclor 1242 and 1260 are equivalent to that for
Aroclor 1254; estimate the hazard index by summing al three Aroclor concentrations and

use this sum with the reference dose for Aroclor 1254.

Method B was used in this risk assessment. To show the potential uncertainties with using

Method B, the hazard indices calculated with both methods (using basin averages) for each fish

species are shown in Table 10-4.
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Table 10-4. Comparison of Hazard Indicesfor the Immunological Endpoint Based on Alternative
Treatmentsof Aroclor Data. CRITFC’smember tribal adult, average fish consumption, usng average
Columbia River Basin-wide chemical concentrations.

Endpoint specific hazard index for
immunotoxicity

(B/A)
(B) Ratio of the hazard index for the sum
(A) sum of Aroclors 1242, 1254, of Aroclorsto the hazard index for
Aroclor 1254 and 1260 Aroclor 1254 only

bridgelip sucker 11 27 25
largescal e sucker 0.8 19 24
mountain whitefish 51 8.7 17
white sturgeon 2.6 5 19
walleye 0.6 0.6 1.0
rainbow trout 0.6 0.6 1.0
coho salmon 0.7 11 16
fall chinook salmon 0.8 0.8 1.0
spring chinook salmon 0.7 0.7 1.0
steelhead 0.7 11 1.6
eulachon ND ND ND
Pacific lamprey 39 39 1.0

ND = Not Detected

Table 10-4 dso shows theratio of the hazard index calculated using (A) Aroclor 1254
concentrations only or (B) the sum of al three Aroclors. For walleye, rainbow trout, spring
chinook, fal chinook, and Pacific lamprey, the method used has no impact on the hazard index
cdculated for the immunotoxicity endpoint. Thisis because for these five species, only Aroclor
1254 was detected in the fish sampled. For the other species, the hazard index based on Method
B (using the sum of al Aroclor concentrations) isfrom 1.6 to 2.5 times higher than the hazard
index based upon Aroclor 1254 done (column B/A).

10.4.2.5 Non-Cancer Effectsfrom DDT, DDD, and DDE

DDT and its derivatives, DDD and DDE, were measured in fish tissue samples; however, only
DDT has areference dose. The reference dose for DDT is based upon its toxic effects on the
liver (hepatotoxicity). For the non-cancer hazard assessment done in this report, two possible
methods for the estimation of the hazard quotient and hazard index from these chemicds were

possble:

. (A) - estimate the hazard quotient using the concentrations of DDT only and the reference
dosefor DDT, or

. (B) - assume that the reference doses for DDD and DDE are equivaent to that for DDT.
Therefore, first sum the concentrations of al of the DDD, DDE and DDT speciesin each
sample and utilize the reference dose for DDT to estimate the hazard quotient from the
summed concentrations of DDD, DDE, and DDD
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Table 10-5. Comparison of Hazard Quotientsand Hazard Indicesfor the Hepatic Health Endpoint Based on
Alternative Treatmentsof DDT, DDD, and DDE Data. CRITFC’smember tribal adult, averagefish
consumption, using aver age Columbia River Basin-wide chemical concentrations.

Hazard Index for hepatic

Hazard quotient endpoint
A B c D
(B/IA) (D/C)
HQ (Total DDT)/ sum of DDT, HI (Total DDT)/
Species DDT only Total DDT HQ (DDT) DDT only  DDE,and DDD HI (DDT)

bridgelip sucker 0.08 0.95 11 0.13 1.00 75
largescal e sucker 0.04 0.44 11 0.10 0.50 5.0
mountain whitefish 0.03 0.76 27 0.19 0.93 4.8
white sturgeon 0.02 1.04 52 0.36 1.38 39
walleye 0.00 0.10 28 0.47 0.57 1.2
rainbow trout 0.01 0.05 8 0.04 0.09 21
coho salmon 0.00 0.01 4 0.06 0.07 12
fall chinook 0.00 0.03 7 0.08 0.10 14
spring chinook 0.01 0.04 4 0.08 0.11 13
steelhead 0.00 0.03 8 0.07 0.10 14
eulachon ND 0.02 NA 0.05 0.07 14
Pacific lamprey 0.06 0.17 3 0.22 0.33 15

ND = not detected; NA =not applicable
HS = hazard quotient

HI = Hazard index

Totd DDT =sumof DDT, DDD, DDE

Method B was used to characterize non-cancer hedlth effectsin thisstudy. Because DDT has
been identified as having a hepatic (liver) toxicity endpoint, the treetment of DDT and its
derivatives will affect not only the hazard quotient for the these pecies, but dso the hazard index
for the hepatic (liver) toxicity endpoint.

Table 10-5 compares the hazard quotients for DDT and its derivatives (in columns A and B) as
well asthe hazard indices for the hepatic endpoint (in columns C and D) using the two methods.
As can be seen from Table 10-5, the hazard quotient increased from about 3 times for Pacific
lamprey to 52 times for white surgeon when al three species (DDT, DDE, DDD) are summed to
cdculate the hazard quotient compared to caculating the hazard quotient using DDT data alone.
The impact on the hepatic endpoint is less because for some fish pecies other chemicasin
addition to DDT and its derivetives are included in the caculation of the hazard index for
hepatotoxicity. The ratio between the hepatic hazard index usng DDT, DDE, and DDD to the
hepatic hazard index using DDT aone ranges from between 1.2 for coho salmon to 7.5 for
bridgdlip sucker, with the highest ratios seen in some of the resident fish species. Thus, the
endpoint specific hazard indices for hepatotoxicity that are discussed in Section 6 may be an
overesimate if DDE and DDD arelesstoxic to theliver than DDT. Thisis primarily true for
severd of the resident species.

10.4.2.6 Risk Characterization for Arsenic

Asdiscussed in Section 5.3.3, totd arsenic was measured in fish tissue samples in this studly.
Because areference dose and cancer dope factor are available for only inorganic arsenic, an
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assumption about the percent of inorganic arsenic in fish had to be made to estimate the non-
cancer hazards and cancer risks. The non-cancer hazards and cancer risks discussed in Section
6.2.1 and 6.2.2, respectively, assumed that for al fish species (resident fish and anadromous fish)
caught in this study, 10% of the total arsenic was inorganic arsenic. The datain Section 5.3.3
as0 suggests that an dternative assumption for anadromous fish species should be considered -
the assumption that 1% of the total arsenic isinorganic. Therefore in Section 6.2.6, the non-
cancer hazards and cancer risks were reca culated for anadromous fish species using basin data
assuming that 1% of the totd arsenic was inorganic.

This comparison of the results from using the two different assumptions (1% versus 10%) for
arsenic in fish shows that the reduction of the non-cancer hazardsis less than 12% for al
anadromous fish species, except eulachon which had about a 50% reduction. However, the
impact is greater on the estimates of cancer risk. With the exception of lamprey for which cancer
risks were reduced by only 6%, the reductions in cancer risks for steelhead were about 29%. The
cancer risks for the other anadromous fish species were reduced from about 40% to 50%. Thus,
the assumptions used for percent inorganic arsenic have the most impact on the cancer risks
estimated for sdlmon, steelhead and eulachon and on the non-cancer hazards for eulachon.

10.4.3 Risk Characterization
10.4.3.1 Cancer Risk Estimates

As recommended by EPA’s guidance on mixtures (USEPA, 2000g), the total cancer risk from a
sampleis cdculaed by summing the risk of individua carcinogenic compoundsin that sample.
This gpproach for carcinogens (response addition) assumes independence of action by the
componentsin amixture (i.e, that there are no synergitic or antagonigtic interactions amnong the
carcinogensin fish and that al chemicas produce the same effect, cancer). |If these assumptions
are incorrect, over- or under-estimation of the actua risks could result. The underlying biologica
basis for assuming synergism is that cancer is a multistage process where a series of events
transforms anormd cdl into a maignant tumor. If two carcinogens act a different stages, their
combined effect can be greater than ether acting done. For example, initiation-promotion
studies have demonsgtrated synergitic effects for some pairs of carcinogens. On the other hand,
smilar-acting carcinogens can compete with each other to result in antagonism. For example, the
presence of one metal can decrease the absorption or effectiveness of asmilar metd.
Interactions can be quite complex and can depend on dose or other factors, including background
exposuresto other carcinogens. In generd, available information seldom alows quantitative
inferences to be made about potentid interactions among carcinogens. In the absence of such
information, the practice is to assume additivity, particularly at low doses for mixtures.

Summeation of carcinogenic risks for substances with different weights-of-evidence for human
carcinogenicity is aso an uncertainty. The cancer risk equation for multiple substances sums al
carcinogens equally, giving as much weight to dlass B or C asto class A carcinogens. Using the
assumption of additivity gives equa weight to al dope factors without regard to their basis from
human data. In this assessment, only arsenicisin the class A carcinogen group (human
carcinogen based on human data) and al of the other mgjor contributors to cancer risk (eg., DDT
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and DDE, DDD, Aroclors, dioxin-like PCB congeners and chlorinated dioxins and furans) arein
the class B2 group (probable human carcinogen based on sufficient evidence in animals and
inadequate or no evidence in humans). It should be noted, however, that EPA’s most recent draft
document on the toxicity of 2,3,7,8-TCDD and related compounds (USEPA, 2000e) characterizes
the complex mixtures of dioxins to which humans are exposed as “likely human carcinogens’.

The cancer dope factors used in thisrisk characterization are primarily from EPA’ s database,
IRIS. Mogt of the IRIS cancer dope factors are considered to be plausible upper bounds to the
actud lifetime excess cancer risk for agiven chemica. Concern has often been raised that adding
multiple carcinogens, whose dope factor are upper bound estimates, will lead to unreasonably
high estimates of the actud risk. Statistica examination of this issue suggests thet the error in the
sample addition of component upper bounds is small compared to other uncertainties, and that as
the number of mixture components increases, summing their upper bounds yields an inflated but
not mideading estimate of the overdl risk (Cogliano, 1997). Infact, divison by afactor of two
can be sufficient to convert a sum of upper bounds into a plausible upper bound for the overal
risk. If one or two carcinogens predominate the risk, however, thisis not of concern.

10.4.3.2 Non-Cancer Health Effects

In Section 6, non-cancer hedlth impacts were evauated in severd ways. Firg, the hazard quotient
was caculated. The hazard quotient, which is the ratio between an individud’ s estimated
exposure to achemica compared to the reference dose for that chemica, assumesthat thereisa
level of exposure (i.e., the reference dose) below which it is unlikely for even sendtive
populations to experience adverse hedlth effects. Asarule, the greater the value of the hazard
quotient, the greater the level of concern. However, it isimportant to emphasize that the leve of
concern does not increase linearly as the reference dose is approached or exceeded for each
chemica because reference doses for different chemicals do not have equa accuracy or precison
and are not based on the same severity of toxic effects. Therefore, the possible hedth impacts
resulting from exposures greater than the reference dose can vary widely depending upon the
chemicdl.

Based on EPA guidance (USEPA, 1986a; USEPA, 1989; USEPA, 2000g), the hazard quotients
cdculated for each chemicd in a sample were then summed to give ahazard index. This
gpproach of adding al of the hazard quotients regardless of endpoint (dose addition) has severd
uncertainties because it assumes that dl compounds in a mixture have similar uptake and
pharmacokinetics (absorption, distribution, and dimination in the body) and it resultsin
combining chemicas with reference doses that are based upon very different critical effects,
levels of confidence, uncertainty/modifying factors, and dose-response curves. Sincethe
assumption of dose additivity is most properly gpplied to compounds that induce the same effect
by the same mechanism of action, EPA guidance recommends that when the total hazard index
for amixture exceeds 1, the chemicasin that mixture should be segregated by effect and
mechanism to derive endpoint-specific hazard indices (USEPA, 19864).

Although deriving endpoint specific hazard indices, as was done for this risk assessment, likely
reduces the uncertainty in the non-cancer hazard evauation in this risk assessment, these

10-225



uncertainties are not eiminated. For example, caculation of endpoint specific hazard indices
may gtill beincorrect estimates of non-cancer hedlth impacts. Although two chemicals may
affect the same organ (e.g. the liver), they may not necessarily do so by the same specific
toxicological process.

However, it should be noted that in this assessment the mgjority of the estimated non-cancer
hazards resulted from alimited number of chemicas Aroclors, mercury, totad DDTS, and arsenic.
The highest endpoint specific hazard indices were for immunotoxicity (due to Aroclors), centra
nervous system and reproduction/developmenta (due to mercury), liver (due primarily to DDT,
DDE and DDD), and hyperpigmentation/cardiovascular (due to arsenic). These endpoint specific
hazard indices are based in large part on asingle chemical or class of chemica (eg. totd DDTS).
Therefore, the many uncertainties regarding calculation of endpoint specific hazard indices usng
amixture of chemicals should not play amgor role in the characterization of non-cancer hazards.

10.4.3.3 Cumulative Risk from Chemical and Radionuclide Exposure

Risks were combined for al carcinogens to equa atotal cancer risk. However, radionuclides
were not included in this estimate because radionuclide andyses were not completed for all
speciesin this assessment.

105 Risk Characterization for Consumption of Fish Eggs

Asdiscussed in Section 4.5, a smdl number of egg samples were collected for some of the
anadromous fish species. Although the fish consumption studies discussed in this report suggest
that both CRITFC's member tribes and some of the generd public consume eggs, none of these
studies provided information on the amount of eggs consumed. Therefore, arisk characterization
of eggs was not included in Section 6. However, to provide information on the potential risks
from consuming eggs, the average fish ingestion rates for adults and children (generd public and
CRITFC's member tribes) were used for estimating cancer risk (adults only) and non-cancer
hazards (adults and children) for eggs. These estimates for eggs, which are shown in Appendix P,
are very uncertain but they serve as a useful comparison to the results for fish consumption.

Three samples of eggs were collected from coho sdmon (Umaitilla), fall chinook (Columbia, Ste
8), and steelhead (Columbia, site 8) and six egg samples were collected from spring chinook (3 at
the Umatillaand 3 at Looking Glass Creek).

Endpoint specific and tota hazard indices for eggs were calculated using the average fish

ingestion rates for each population (adult and child, generd public and; adult and child,

CRITFC s member tribes )(Tables 1.1 and 1.2 (coho saimon), 2.1 and 2.2 (fal chinook salmon),
3.1 and 3.2 (spring chinook salmon), 4.1 and 4.2 (steelhead)). This provides estimates of the non-
cancer hazards for two ingestion rates for adults (7.5 and 63.2 g/day) and children (2.83 g/day, up
to age 6; and 24.8 g/day, up to age 15). No endpoint specific hazard indices and no tota hazard
indices greeter than 1 were found using the average fish consumption rate for the generd public,
adult or child. At the average consumption rate for CRITFC's member triba adults and children,
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some of thetotal hazard indices were greater than 1 for eggs, the highest being gpproximately 4
for stedlhead eggs a the average fish consumption rate for CRITFC's member triba children.
Endpoint specific hazard indices greater than 1 (high of 2) for liver, immunotoxicity, and
sedlenosis were seen for CRITFC's member tribal child, average ingestion rate for spring chinook
and stedlhead; an immunotoxicity endpoint specific hazard index of gpproximately 1 was seen for
coho. Endpoint specific hazard indices greater than 1 were due to exposures greater than the
reference dose for tota Aroclors (immunotoxicity) and selenium (selenosis and liver).

Cancer risks for eggs were cdculated using the average fish ingestion rates for both adult
populations (genera public adult and CRITFC's member triba adult) for both 30 and 70 years of
exposure. These results are found in the tables in Appendix P (Tables 1.3 (coho salmon), 2.3 (fall
chinook salmon), 3.3 (spring chinook salmon), and 4.3 (steelhead). As can be seen from these
tables, cancer risks from consumption of eggs ranged from 4 X 10° for both fal chinook and
steclhead at the lowest exposures (general public adult, average fish ingestion rate, 30 years
exposure) to ahigh of 8 X 10° for the highest exposure calculated (average fish consumption rate,
CRITFC s member triba adult, 70 years of exposure). For these same exposures, coho salmon
eggs ranged from 7 X 10° to 1 X 10 and spring chinook eggs from 9 X 10° to 2 X 10™.
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