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CONVERSION FACTORS AND VERTICAL DATUM

[SI = International system of units]

Multiply By To obtain

Inch-pound to international system units

inch (in) 254 millimeter
foot (ft) 30.48 centimeter
mile (mi) 1.609 kilometer
acre 0.4047 hectacre

International system units to inch-pound units

centimeter (cm) 0.3937008 inch
millimeter (mm) 0.03937 inch
gram (g) 0.03527 ounce avoidupois

Factors for converting ST metric units to other miscellaneous units
Concentration, in water

milligrams per liter (mg/L) 1 parts per million
micrograms per liter (ug/L) 1 parts per billion

Concentration, in tissue and bed sediment

milligrams per kilogram (mg/kg) 1 parts per million
micrograms per gram (ug/g) 1 parts per million
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Purpose and Scope

This report presents the data from the 1994 study on
the bioaccumulation of trace elements in walleye (Stizoste-
dion vitreum), smallmouth bass (Micropterus dolomieui),
and rainbow trout (Oncorhynchus mykiss) in Lake
Roosevelt and the upstream reach of the Columbia River.
The primary objectives of this study were to:

1. Determine the concentrations of total mercury and
other selected trace elements in fillets of walleye,
smallmouth bass, and both native and net-pen rainbow
trout; and

2. Determine the concentrations of cadmium, copper,
lead, and zinc in the liver tissue of the same species.

Data obtained for the first objective will permit the
USEPA (Region 10) and the Washington State Department
of Health (WDOH) to assess the potential human heaith
effects from the consumption of fish. Data obtained for
the second objective will provide baseline data on the con-
centrations of cadmium, copper, lead, and zinc in fish liv-
ers. Both data sets provide a basis for assessing changes in
contaminants over time.

Description of the Study Area

Lake Roosevelt is the largest reservoir by volume in
Washington and one of the largest in the Nation in total
storage. Located in north-central Washington, Lake
Roosevelt extends about 135 miles upstream from the
dam, reaching to within 15 miles of the international
boundary with Canada, several miles below the town of
Northport, Wash (fig. 1). The surface area of the lake is
about 80,000 acres with a full-pool elevation of 1,289 ft.
The stage level of the lake varies as much as 50 feet due to
operation of Grand Coulee Dam. Historically, the mean
annual retention time of water within the lake has been
about 40 days. Additional data regarding Lake Roosevelt
are provided by Bortleson and others (1994).

The study area included Lake Roosevelt and the part
of the Columbia River upstream from the reservoir to
Northport, Wash. The three sampling areas were the
Sanpoil River embayment, the mid reach of Lake
Roosevelt and lower Spokane River, and Columbia River
and Lake Roosevelt near Kettle Falls.
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MERCURY AND OTHER SELECTED
TRACE ELEMENTS IN FILLETS

During May 16-21 and June 17-19, 1994, fish were
collected for the study from three areas in the Lake
Roosevelt and Columbia River system: the Sanpoil River
embayment, the mid reach of Lake Roosevelt and lower
Spokane River, and the Columbia River and Lake
Roosevelt near Kettle Falls (fig. 1). These areas were
selected for three primary reasons. (1) They are areas
where walleye spawn, or pass through to spawn, and there-
fore contained a larger percentage of the older individuals
required for the study. (2) The areas are commonly fished
recreationally. (3) The geographical distribution of sites
permitted a general assessment of the distribution of trace
elements in fish within the entire reservoir and river sys-
tem. Because the fish species used in this study move
throughout part of (smallmouth bass) or all (rainbow trout
and walleye) of the system, individual fish collected in one
of the three areas are exposed to trace metals from much
larger areas than the area of collection.

Walleye, one of the most commonly harvested species
in Lake Roosevelt, were chosen because past studies have
shown them to have the highest concentrations of mercury
(Serdar, 1993). Smallmouth bass and rainbow trout were
also chosen because they are popular sportfish, but were
collected in a smaller sampling effort. Both native and
net-pen rainbow trout were collected, but were analyzed
separately in this study because native rainbow trout are
exposed to trace metals throughout their life cycles in the
reservoir, whereas net-pen rainbow trout spend their first
year in suspended enclosures and are fed commercial
food.



Field Procedures

The field procedures apply generally to collection of
fish used for both fillet and liver analyses in this study.
Specific methods for collecting fish livers are described in
the section "Cadmium, Copper, Lead, and Zinc in Liver
Tissue”. The size class of fish accepted for this study and
the type of sample used (composite versus individual) var-
ied depending on the species and availability (table 1).
Walleye were collected from four size classes: 10 to
13 in., greater than 13 to 16 in., greater than 16 to 19 in.,
and greater than 19 to 22 in. A total of 34 walleye com-
posite samples were collected, each composite consisting
of 8 individual fillets from fish of the same size class. To
determine whether the concentration of mercury from a
composite sample was similar to the average mercury con-
centration from individual fish samples, a single compos-
ite sample from each of the three sampling areas was
selected from the size class greater than 13 to 16 in. For
these three composite samples, the fillets on the opposite
side of the fish were removed and analyzed individually
for total mercury.

Smallmouth bass were sampled the same as the
walleye, except that fish were collected in a single size
class of 8 to 12 inches (table 1). Rainbow trout were not
sorted into size class, but were analyzed as individuals.
All samples were analyzed for concentrations of total mer-
cury. All smalimouth and rainbow samples were also ana-
lyzed for other trace elements, but only a subset of the
walleye samples were analyzed (table 1).

Fish were collected using two methods. Most of the
walleye were collected with hook and line, and individuals
of all three species were collected using an electroshock
boat. The total length of each fish was measured in order
to assign it to size class. Any fish not needed to complete
a composite sample within a specific size class was
released. The fish that were used were sacrificed, placed in
a labelled and sealed plastic bag, and stored on ice in a
cooler until processed. Contacts between fish and other
objects were minimized.

Fish were transported to a USGS mobile laboratory at
Fort Spokane for processing before being sent to the ana-
lytical laboratory; all fish were processed within 24 hours
of collection. The first processing step was to collect basic
physical information on each fish: total length, from the
anterior-most part of the fish to the tip of the Iongest cau-
dal fin ray when the Iobes of the caudal fin are compressed
dorsoventrally, in millimeters; and total weight, in grams.
Fish scales were collected and sent to the Washington
State Department of Fish and Wildlife for age determina-
tion.

Field processing equipment was made of glass, plas-
tic, or stainless steel. Strict guidelines were followed in
the cleaning of all equipment that came into contact with
samples, and equipment was cleaned between each com-
posite or individual sample. Cleaning procedures for glass
and plastic included washing equipment with phosphate-
free laboratory detergent solution, rinsing in Type I
reagent-grade water, rinsing in 5-percent nitric acid, rins-
ing in pesticide-grade methanol, permitting to air dry, and
then storing in sealed containers. All dissection equip-
ment was stainless steel and was cleaned using the above
cleaning procedures, except for the 5-percent nitric acid
rinse.

Fillet samples were removed in accordance with pro-
cedures in U.S. Environmental Protection Agency (1993),
which included the belly flap. Filleting was done on glass
or teflon cutting boards with stainless steel dissecting
equipment. Once the fillet was obtained and the skin was
removed, the fillet was then weighed (grams) and placed
in a plastic bag that was sealed and placed on dry ice for
shipment. Individual fish were then opened to determine
sex and to remove the liver. All tissue samples were
shipped to the USGS National Water Quality Laboratory
(NWQL) in Arvada, Colo.



Table 1.--Samples collected for the analysis of total mercury and other selected trace elements in fillets of walleye,
smallmouth bass, native rainbow trout, and net-pen rainbow trout

[mg/kg, milligrams per kilogram; nc, none collected; RM, river mile; >, greater than}

Mid reach of Lake Columbia River and
Sanpoil River Roosevelt and lower Lake Roosevelt near
embaymentl Spokane River? Kettle Falls®
Size class,
in inches Number Number Number
(centimeters Number of of fillets Number of of fillets Number of of fillets
Species in parentheses) samples  per sample samples persample samples  per sample
Walleye 410-13  (25.4-33) 1 8 5 8 1 8
4>13-16  (>33-40.6) 2 8 7 8 6 8
>13-16  (>33-40.6) 8 1 8 1 8 1
613-16  (>33-40.6) 1 8 1 8 1 8
416-19  (>40.6-48.3) 2 8 3 8 4 8
451922  (>48.3-55.9) nc ne 2 8 1 8
Smallmouth
bass 468-12  (20.3-30.5) 3 5 2 5 nc nc
Native
rainbow trout +19-22  (48.3-55.9) 4 1 nc nc 2 1
Net-pen
rainbow trout +17-20 (43.2-50.8) 2 1 nc nc nc nc

lSampling reach included the Sanpoil River embayment from its confluence with the Columbia River to the inflow of
the Sanpoil River into the embayment.

2Sampling reach included Lake Roosevelt from RM 638.9 to RM 644.5 and the lower Spokane River from RM 0 to
RM 17.

3Sampling reach included Lake Roosevelt below Kettle Falls (RM 705) to Columbia River at Northport (RM 735).
4Samples were analyzed for total mercury at a detection limit of 0.05 mg/kg.

5 Individual fillet samples were removed from the opposite side of a fish used in a composite sample of the same size
class.

6Samples were analyzed for (detection limits) arsenic (0.1 mg/kg), cadmium (0.03 mg/kg), copper (0.1 mg/kg), lead
(0.05 mg/kg), manganese (0.01 mg/kg), selenium (0.2 mg/kg), and zinc (0.3 mg/kg).



Laboratory Procedures

The USGS NWQL homogenized the fillets in stain-
less steel blenders using clean procedures. Homogenized
muscle tissue samples were placed in pre-cleaned and cer-
tified sample jars, labelled, and shipped frozen (packed on
dry ice) to the USEPA laboratory in Manchester, Wash.,
for chemical analysis; a chain-of-custody form accompa-
nied each sample. For mercury samples, the USEPA
laboratory used cold vapor atomic absorption spectrome-
try, as outlined in Method 245.6 (U.S. Environmental
Protection Agency, 1991a). The detection limit for this
procedure is 0.05 mg/kg (parts per million, wet weight).
The USEPA Laboratory in Manchester used ICP-MS for
the analysis of arsenic (at a detection of 0.1 mg/kg),
cadmium (0.03 mg/kg), copper (0.1 mg/kg), manganese
(0.01 mg/kg), lead (0.05 mg/kg), selenium (0.2 mg/kg),
and zinc (0.3 mg/kg). Laboratory analyses followed
methods outlined in Method 200.8 (U.S. Environmentat
Protection Agency, 1991b).

Quality Assurance and Control

Quality assurance and control were used to insure the
collection, processing, and analysis of data of a known and
acceptable quality. Quality assurance of sample data
included initial examination of captured fish, review by
laboratory personnel of calibration standards and lab-
generated quality-assurance samples, and review by
project quality-assurance personnel of field and laboratory
generated quality-control samples. Potential for contami-
nation was minimized by using clean field procedures
(described earlier) and by using dedicated field equipment
for each sample. Samples were transported to a field labo-
ratory where they were processed within 24 hours; a
chain-of-custody form accompanied all samples. Field
quality-control samples permitted an assessment of
whether field procedures used were "clean". Laboratory
quality control was established to assess sample contami-
nation that might occur during the analytical process, and
to assess analytical accuracy and precision.

A variety of quality-control samples was used to
assess data quality, including field and laboratory blanks to
assess potential contamination; laboratory matrix spike
samples to assess analytical procedures; and analysis of
duplicate sample material to assess analytical accuracy
and data precision.

Field blanks were used to assess contamination that
might have occurred during sample collection, field pro-
cessing, and the homogenization of samples in the labora-

tory. Nine "clean" hatchery-reared fish were used to make
up field and process blank samples. The field-blank fish
were rainbow trout provided by the USEPA laboratory in
Manchester which had been reared under controlled condi-
tions. The field-blank fish were sacrificed, wrapped indi-
vidually, and taken to the field on ice, along with the
sampling and processing equipment. "Clean" rainbow
trout were inserted in the sample group at the point of fish
capture from the lake and processed identically to field-
gathered samples. Individual fillets from three field-blank
fish were combined into a single composite sample for
each sampling site. The three composite field-blank sam-
ples were processed, homogenized, and analyzed in the
same manner as the study samples.

Analytical procedures were assessed for accuracy
through the analysis of procedural blanks and matrix spike
samples. Matrix spike samples were prepared by the addi-
tion of a known quantity of the analyte to a duplicate sam-
ple. Recovery efficiency is based on the comparison of the
results from the analysis of the matrix spike sample with
the expected concentration. The acceptance criterion used
in this study for the matrix spike recovery was from 80 to
120 percent.

The accuracy of the mercury and trace element data
was assessed by analyzing DORM-2 standard reference
material and by comparing the results of four duplicate
samples analyzed by three independent laboratories. The
DORM-2 standard is composed of dogfish muscle tissue
and was selected because it more closely resembles the
sample matrix of this study than other available standard
reference material. These standards are prepared by the
National Research Council of Canada.

Interfaboratory duplicate samples were prepared for
comparative analysis during the homogenization proce-
dures. The interlaboratory comparison samples were sub-
mitted to the project lab (USEPA Manchester Laboratory)
and two additional laboratories (Battelle Marine Sciences
Laboratory in Sequim, Wash., and Frontier Geosciences
Laboratory in Seattle, Wash.). Data accuracy was consid-
ered acceptable if the relative percent difference of con-
centrations of mercury from the USEPA project laboratory
was within 20 percent of the reported analysis of both
Battelle Marine Science Laboratory and Frontier
Geosciences Laboratory.

The precision of sample processing, including sample
homogenization and analytical determinations, was deter-
mined by comparing duplicate analyses of environmental
samples. Duplicate samples were generated under two
conditions. Laboratory duplicate samples were prepared



by the analyzing laboratory, whereas blind duplicates were
prepared during the homogenization process and submit-
ted to the analytical laboratory as blind samples. Analyti-
cal precision was considered acceptable if the relative
percent difference between duplicate samples was within
20 percent.

Results

Mercury

Data on the concentrations of total mercury in fillets
of walleye are shown in table 2. Concentrations ranged
from 0.11 to 0.44 mg/kg with the lowest concentrations
reported from the 10 to 13 inches size class and the highest
concentrations found in the greater than 19 to 22 inches
size class. Table 3 compares data on the concentrations of
total mercury in three composite samples with the average
concentration of mercury from individual fillets from the
same composite samples. As shown, the concentration of
mercury in composite samples closely approximates the
average value based upon eight individual fillets from the
same fish used in the composite samples. Percent moisture
was also similar between composite samples and average
values for the same fish.

Data on total mercury in smallmouth bass, native
rainbow trout and net-pen rainbow trout are presented
in table 4. Concentrations of total mercury in smalimouth
bass ranged from 0.16 to 0.62 mg/kg (n=5), native rain-
bow trout from 0.16 to 0.24 mg/kg (n=6), and net-pen
rainbow trout from 0.11 to 0.16 mg/kg (n=2). All field
data collected on individual fish are presented in
Appendix A.

The results of the quality-control samples associated
with samples analyzed for the concentration of mercury in
fish tissues were all within the quality-assurance criteria.
This indicated that the mercury data are acceptable with
respect to the absence of contamination and to the reliabil-
ity of data accuracy and precision.

The concentrations of mercury and other selected
trace elements in the three rainbow trout composite field-
blank samples are shown in table 5. The concentration of
mercury in all three field blank composite samples was
below the detection limit of 0.05 mg/kg, indicating no
detectable mercury contamination had resulted from sam-
ple handling. Procedural blanks were included in each
group of samples analyzed. Analysis of all laboratory pro-
cedural blank samples resulted in concentrations of mer-
cury and the selected trace elements below the detection
levels, indicating no detectable contamination had
occurred during analysis.

Data accuracy was assessed through interlaboratory
comparison of duplicate samples and the analysis of stan-
dard reference materials. The results of the analysis of
mercury and the analysis of the DORM-2 standard in
duplicate samples by independent laboratories are shown
in table 6. The relative percent differences in the reported
concentration of mercury from duplicate samples submit-
ted to the USEPA project lab and two outside laboratories
were within the 20-percent acceptance range. All labs
reported the concentration of mercury in the DORM-2
standard reference material within the acceptable range;
two of the labs reported concentrations within the certified
range, which is the 95-percent tolerance limit cited by the
supplier. These data indicate that the reported mercury
concentrations are accurate and reliable. The acceptability
criterion for the analysis of the DORM-2 standard was
80-120 percent of the certified value.

Blind replicate samples were sent to the USEPA
project laboratory to assess the precision of the analysis of
mercury concentrations. The identity of the blind qualit-
y-assurance samples was not known to the USEPA project
laboratory. Data from the blind replicate samples, as well
as duplicate samples generated within the laboratory, are
shown in table 6. The relative percent difference of the six
blind duplicate pairs ranged from 0.5 to 11.4 percent. The
relative percent difference of six duplicate laboratory-
generated sample pairs ranged from 1.3 to 12.5 percent.
The relative percent differences of replicate analyses were
within the quality-assurance criteria of 20 percent, indicat-
ing acceptable laboratory analytical precision.



Table 2.--Physical characteristics and age of walleye in composite samples and results of tissue analysis for total
mercury by sampling location and size class. A sample consisted of compositing eight fillets with skin removed.

[USGS, U.S. Geological Survey; cm, centimeter; mg/kg, milligram per kilogram; >, greater than)

Physical characteristics and age

Laboratory analysis

Size class Mean Mean Mean

(inches, USGS composite composite composite Mercury
centimeters Composite ~ sample length weight age Percent (mg/kg,wet
in parentheses) replicate number (cm) (grams) (years) moisture weight)

Columbia River and Lake Roosevelt near Kettle Falls

10-13
(25.4-33) 1 30 31.8 261 2 80 0.21
>13-16 1 14 36.5 393 2 81 21
(>33-40.6) 2 19 38.9 491 4 78 .29
3 15 38.0 454 3 79 21
4 55 36.5 386 2 79 28
5 57 37.9 439 3 79 .26
6 58 36.5 391 3 80 29
Mean 374 426 3 79 .26
>16-19 1 16 429 610 4 80 35
(>40.6-48.3) 2 17 434 650 5 80 29
3 18 43.0 635 4 80 25
4 56 43.8 650 4 80 36
Mean 43.3 636 4 80 31
>19-22
(>48.3-55.9) 1 21 50.3 1,047 5 79 32
Mid-reach of Lake Roosevelt and lower Spokane River
10-13 1 3 30.3 206 1 68 22
(25.4-33) 2 4 309 219 1 80 23
3 8 31.1 233 2 80 .20
4 51 31.1 235 2 80 31
5 52 32.0 251 2 79 37
Mean 31.1 229 2 77 27
>13-16 1 5 36.0 367 2 80 23
(>33-40.6) 2 6 353 330 2 80 27
3 7 35.8 335 2 79 .36
4 50 34.6 335 2 79 30
5 61 35.1 343 2 79 34
6 53 359 347 2 79 34
7 54 35.7 354 2 79 35
Mean 35.5 344 2 79 31



Table 2.--Physical characteristics and age of walleye in composite samples and results of tissue analysis for total mercury
by sampling location and size class. A sample consisted of compositing eight fillets with skin removed--Continued

Physical characteristics and age

Laboratory analysis

Size class Mean Mean Mean

(inches, USGS composite composite composite Mercury
centimeters Composite  sample length weight age Percent (mg/kg,wet
in parentheses) replicate number (cm) (grams) (years) moisture weight)

Mid-reach of Lake Roosevelt and lower Spokane River--Continued

>16-19 1 9 43.4 644 4 80 0.36
(>40.6-48.3) 2 10 44.1 666 5 80 35
3 59 437 632 5 80 .40
Mean 437 647 5 80 .37
>19-22 1 1 50.5 1,034 5 78 | 44
(>48.3-55.9) 2 2 51.2 1,021 4 77 33
Mean 50.9 1,028 5 78 .38
Sanpoil River embayment

10-13
(25.4-33) 1 12 30.4 205 1 79 1
>13-16 1 11 35.3 344 2 78 .36
(>33-40.6) 2 27 38.0 409 3 80 37
Mean 36.7 377 2 79 36
>16-19 1 13 42.7 617 3 79 .36
(>40.6-48.3) 2 23 43.4 726 3 78 42
Mean 43.1 672 3 78 .39




Table 3.--Concentrations of total mercury in individual fillets of 13- to 16-inch walleye compared to concentrations
of total mercury in composite fillet samples. Composite samples consisted of combining eight fillets with skin
removed, from the opposite side of the walleye used for the individual fillet samples.

[USGS, U.S. Geological Survey; mg/kg, milligrams per kilogram, wet weight; RM, river mile}

Mid reach of Lake Roosevelt Columbia River and Lake
Sanpoil River embayment1 and lower Spokane River’ Roosevelt near Kettle Falls
USGS USGS USGS
Repli- sample Mercury Percent sample Mercury Percent sample  Mercury Percent
cate number (mg/kg) moisture number (mg/kg) moisture number (mg/kg) moisture

Individual value

1 27.1 0.15 79 6.1 0.31 91 14.1 0.14 80
2 27.2 0.34 78 6.2 0.21 75 142 0.16 79
3 27.3 0.43 79 6.3 0.24 80 14.3 0.20 80
4 27.4 0.42 79 6.4 0.26 80 14.4 0.15 74
5 27.5 0.65 80 6.5 0.18 80 14.5 0.22 80
6 27.6 0.36 80 6.6 0.28 78 14.6 0.30 79
7 27.7 0.30 78 6.7 0.27 81 14.7 0.16 80
8 27.8 0.26 80 6.8 0.30 78 14.8 0.18 79
Mean 0.36 79 0.26 80 0.19 79

Composite value
27 0.37 80 6 0.27 80 14 0.21 81

1Sampling reach includes the Sanpoil River embayment from its confluence with the Columbia River to the inflow of
the Sanpoil River into the embayment.

2Sarnpling reach includes Lake Roosevelt from RM 638.9 to RM 644.5 and the lower Spokane River from RM 0 to
RM 17.

3Sampling reach includes Lake Roosevelt at Kettle Falls (RM 705) to Columbia River at Northport (RM 735).
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Table 4.--Concentrations of total mercury in smallmouth bass, native rainbow trout, and net-pen rainbow trout.
Smallmouth bass samples were a composite of five fillets without skin, whereas rainbow trout samples were single
fillets without skin.

[USGS, U.S. Geological Survey; cm, centimeter; mg/kg, milligrams per kilogram, wet weight]

Physical characteristic and age

Laboratory analysis

USGS Length
sample Weight Age Percent Mercury
Site name number  (inches) (cm) (grams) (years) moisture (mg/kg)

Smallmouth basst

Sanpoil River embayment 24 10.3 26.3 244 2 78 0.62
25 10.3 26.2 263 2 79 0.17
26 10.2 25.8 239 2 79 0.27
Mid reach of Lake Roosevelt 28 9.8 24.8 236 2 79 0.16
and lower Spokane River 29 10.5 26.6 253 2 79 0.19
Native rainbow trout?
Sanpoil River embayment 33 20.1 51.0 1,216 5 73 0.24
34 199 50.5 1,086 5 80 0.16
35 21.3 54.0 1,188 4 80 0.21
36 19.3 49.0 1,055 4 78 0.20
Columbia River and Lake 31 20.5 52.0 1,245 5 82 0.19
Roosevelt near Kettle Falls 32 20.1 51.0 996 4 82 0.21
Net-pen rainbow trout®
Sanpoil River embayment 37 179 45.5 1,219 3 77 0.16
38 20.1 51.0 1,563 3 72 0.11

1A smallmouth bass sample consisted of a mean value from a composite sample of 5 fish.

’Native and net-pen rainbow trout samples are based on single fish samples.

Table 5.--Concentrations of trace elements in hatchery rainbow trout used as field blanks for part of the quality
control program. Each sample consisted of a composite of three fillets.

[<, less than detectable levels]

Concentration of trace elements in milligrams per kilogram, wet weight

Sample Arsenic  Cadmium Copper Lead Manganese =~ Mercury  Selenium Zinc
1 0.4 <0.1 0.66 <0.01 0.19 <0.05 0.37 4.7
2 0.4 <0.1 <0.5 0.13 0.16 <0.05 0.32 4.5
3 0.4 <0.1 <0.5 0.21 0.14 <0.05 0.33 3.7

11
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Other Trace Elements

The results of analyzing for other selected trace ele-
ments in fillets from walleye, smallmouth bass, and native
and net-pen rainbow trout are shown in table 7. Concen-
trations of both arsenic and cadmium were below detec-
tion limits, or only slightly above, for all samples and
species. Concentrations of copper in fillet tissue ranged
from 0.27 to 0.68 mg/kg, with largest concentrations mea-
sured in native rainbow trout collected from Sanpoil River
embayment. Concentrations of lead ranged from below
the detection limit of 0.05 mg/kg to 0.1 mg/kg; four of the
16 samples had concentrations between 0.06 and
0.1 mg/kg. Manganese ranged from 0.09 to 0.54 mg/kg,
with most samples having similar concentrations among
sites and species. Five of the samples showed below
detection limits for selenium, with the remainder of the
samples having concentrations between 0.22 and 0.39 mg/
kg. Concentrations of zinc were the highest of all the trace
elements measured with values ranging from 3.7 to
6.1 mg/kg; however, 11 of the 16 samples were noted by
the laboratory because spike sample recoveries associated
with those 11 samples were outside the laboratory control
limits. Therefore, concentrations of zinc for these samples
are likely overestimated.

The results of the quality-control samples associated
with samples analyzed for the concentration of arsenic,
cadmium, copper, lead, manganese, selenium, and zinc in
fish tissues were generally within the acceptance criteria.
However, several quality-control samples were outside of
the acceptable range and thus require that the data be noted
appropriately. Overall, the data for arsenic, cadmium,
copper, lead, manganese, and selenium are acceptabie;
zinc required some qualifications.

The concentrations of selected trace elements in the
three field blanks ("clean" fish) were below detection lim-
its for cadmium, with detections in at least one of the three
replicates for each of the other trace elements. Of the trace
elements measured, zinc consistently had the greatest con-
centrations, indicating either consistent contamination of
the fish tissue samples with zinc or, more likely, the pres-
ence of zinc in the hatchery-reared fish.
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Procedural blanks were included as part of the analyt-
ical methods in each group of samples analyzed and are
shown in table 8. With the exception of zinc, the concen-
trations determined in the analysis of blanks were less than
the detection limit concentration for the analysis. For zinc,
the analysis of the blanks resulted in a concentration of
0.3 micrograms per gram which is the detection limit for
that analysis and which is more than an order of magni-
tude smaller than the reported concentrations for zinc in
the fish tissue samples. These data indicate no substantial
or detectable contamination resulting from the analytical
procedures.

Matrix spike recovery data are in table 8. The recov-
ery of matrix spike samples were within acceptable criteria
for all trace elements except for one of two matrix spike
samples for zinc. The acceptable range for matrix spike
recovery data for this study is from 80 to 120 percent of
the spike concentrations. Because one of the matrix spike
recovery samples for zinc yielded recoveries of 131 and
136 percent, all of the zinc data in table 8 were noted to
indicate this condition.

The accuracy of the trace element data was assessed
by the analysis of standard reference materials (table 8).
The acceptability criteria for the analysis of the standard
reference material was 80-120 percent of the certified
value. Reported concentrations of arsenic, copper, manga-
nese, selenium, and zinc were within the acceptable range;
copper and zinc were within the manufactures’ certified
range. The concentrations of cadmium and lead in the
standard reference material reported by the project labora-
tory were above the certified concentrations for the stan-
dard reference material, indicating a small positive bias in
the data. Because all of the cadmium concentrations
reported for fish tissue samples were below the detection
limit, a small positive bias of the magnitude suggested by
the data in table 8 should not substantially affect the inter-
pretation of the results. Similarly, all of the concentrations
of lead reported for the fish tissue samples were below or
near the detection limits, therefore a small positive bias of
the magnitude suggested by the data should not substan-
tially affect the interpretation of the results.

Duplicate analyses were performed for all seven trace
elements from sub-samples generated by the project labo-
ratory. All the duplicate analysis were within the relative
percent difference guidelines of 20 percent (see table 8).



Table 7.--Concentrations of selected trace elements in fillets of walleye, smallmouth bass, native rainbow trout, and
net-pen rainbow trout

[USGS, U.S. Geological Survey; <, less than detectable levels; >, greater than]

Size class Concentration, in milligrams per kilogram, wet weight
USGS

Centi- sample Percent
Species Inches meters number Arsenic Cadmium Copper Lead Manganese Selenium Zinc moisture

Sanpoil River Embayment
Walleye >13-16 (>33-40.6) 11 1012 <0.03 027 <0.05 0.54 1032 246 78

Smallmouth 8-12 (20.3-30.5) 24 1014  <0.03 040 <005 0.16 lp27 258 78
bass 25 1014  <0.03 040 <0.05 0.18 l028 261 79
26 lp.1a <003 041 <0.05 0.15 1031 253 79

Native 1922 (48.3-55.9)33 <0.1 <003 028 ‘005 013 lo22 46 73
rainbow 34 <01 <003 068 01 014 <02 54 80
trout 35 <01 <003 043 <005 016 <02 58 80

36 <01 <003 052 <005 0.2 1037 258 77

Net-pen 1720 (43.2-50.8) 37  <0.1 <0.03 048 l0.07 017 <0.2 237 77
rainbow 38 <0.1 <0.03 040 <0.05 0.12 10.24 246 72
trout

Mid-reach Lake Roosevelt and lower Spokane River
Walleye >13-16 (>33-406) 7  <0.1 <0.03 032 <005 023 1023 247 79

Smallmouth 8-12 (20.3-30.5) 28 1014 <0.03 036 006 018 1025 259 79
bass 29 lp1a <003 040 <0.05 0.16 lop2e 261 79

Columbia River and I.ake Roosevelt near Kettle Falls
Walleye >13-16 (>33-40.6) 19  <0.1 <0.03 038 1007 0.16 1039 252 77

Native 19-22 (48.3-55.9) 31 <0.1 <0.03 0.31 <0.05 0.09 <0.2 4.1 82
rainbow 32 <0.1 <0.03 0.46 I0.05 0.16 <0.2 4.9 82
trout

"The analyte was detected above the method detection limit but below the reporting limit, and therefore are estimates.

20ne of the two (see table 8) spike samples recovery is not within control limits.
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Table 8.--Laboratory quality-control data for analysis of selected trace elements in fish fillets from Lake Roosevelt

[Values are concentrations in micrograms per gram, wet weight, unless otherwise noted; DORM-2, dog-fish muscle
tissue; NIES, National Institute for Environmental Studies; <, less than]

Arsenic  Cadmium Copper Lead! Manganese Selenium Zinc

Procedural blank

Blank <0.1 <0.03 <0.1 <0.05 <0.01 <0.2 0.3

Standard reference material

DORM-2 or 18.0 0.043 2.34 -- 3.66 1.40 25.6
NIES mussel -- -- -- 0.91 .- - -
(95 percent

tolerance limits +1.1 +0.008 +0.16 +04 +0.34 +0.09 +2.3

Analyzed concen-
trations in reference
material 19.5 0.06 2.48 1.13 3.28 1.64 26.1

Relative percent
difference of
reference material

with certified values 8 433 6 22 11 16 2
Matrix spike recovery (in percent)

Spike 1 109 104 102 99 111 116 4136

Spike 1 duplicate 111 107 103 101 109 116 4131

Spike 2 113 106 108 101 113 112 115

Spike 2 duplicate 109 103 103 99 108 11 95

Laboratory duplicate analysis

424 <0.1 <0.03 0.28 30.05 0.134 30.22 4.62

424 duplicate <0.1 <0.03 29 3<0.05 0.149 30.22 4.89

424 relative percent

difference? 0 0 3.5 0 10.6 0 5.7

429 <0.1 <0.03 0.40 <0.05 0.119 30.24 4.62

429 duplicate <0.1 <0.03 40 <0.05 114 30.23 4.36

429 relative percent

difference? 0 0 0 0 4.3 4 5.8

INIES muscle tissue was used as reference material for lead; whereas for the other trace elements DORM-2 tissue was
used.

ZRelative percent difference = ((Lab concentration - certified concentration)/((Lab concentration + certified
concentration/2) X 100.

3The analyte was detected above the method detection limit but below the established reporting limit, and therefore are
estimates.

“Values exceeded quality-assurance guidelines.
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CADMIUM, COPPER, LEAD, AND ZINC
IN LIVER TISSUE

The general procedures for field collection of fish are
described in the section "Mercury and Other Selected
Trace Elements in Fillets--Fleld Procedures”. The field
and laboratory procedures used specifically for the assess-
ment of trace elements in liver tissue are presented here.

Field Procedures

Once the fillets were removed from the fish, the fish
were opened and their livers removed using stainless steel
dissecting equipment. Equipment cleaning procedures
were identical to those described earlier; however, a sepa-
rate set of dissecting equipment was used for extracting
liver tissue. After removal, the livers were rinsed with dis-
tilled water, weighed, and placed into pre-weighed plastic
jars. Samples were placed on dry ice and shipped to the
analytical laboratory.

For both walleye and smallmouth bass, livers were
composited from the same fish used in the fillet composite
sample. Therefore, walleye samples contained eight livers,
and smallmouth bass five livers. Rainbow trout livers
were analyzed individually. Although all smallmouth bass
and rainbow livers were analyzed, only a subset of the
walleye composite liver samples were analyzed. Table 9
summarizes the samples collected in this study.

Laboratory Procedures

Once processed in the field, liver samples were
frozen on dry ice and shipped to Battelle Marine Science
Laboratories in Sequim, Wash., for analysis. Samples
were freeze-dried, ground, digested in nitric acid, and
analyzed by ICP/MS (Crecelius and others, 1993). Sam-
ples were analyzed for four trace elements (detection lim-
its, in micrograms per gram, in parentheses): cadmium
(0.01 ng/g), copper (1.0 ug/g), lead (0.01 ug/g), and zinc
(1.0 ug/g). Percent moisture was also determined for all
samples.

Table 9.--Samples collected for the analysis of selected trace elements in liver tissue of walleye, smallmouth bass,
native rainbow trout, and net-pen rainbow trout. Livers were analyzed for cadmium, copper, lead, and zinc.

[nc, none collected; RM, river mile; >, greater than]

Mid-reach Lake Columbia River and
Sanpoil River Roosevelt and lower Lake Roosevelt near
cmbayment! Spokane River? Kettle Falls®
Size class,
in inches Number Number Number
(centimeters Number of of livers Number of of livers Number of of livers
Species in parentheses) samples per sample samples per sample samples per sample
Walleye  10-13 (25.4-33) 1 8 3 8 | 8
>13-16 (>33-40.6) 2 8 3 8 3 8
>16-19 (>40.6-48.3) 2 8 3 8 3 8
>19-22 (>48.3-55.9) nc nc 2 8 1 8
Smallmouth
bass 8-12 (20.3-30.5) 3 5 2 5 nc nc
Native
rainbow
trout 19-22 (48.3-559) 4 1 nc nc 2 1
Net-pen
rainbow
trout 17-20 (43.2-50.8) 2 1 nc nc nc nc

1Sampling reach includes the Sanpoil River embayment from its confluence with the Columbia River to the inflow of

the Sanpoil River into the embayment.

2Sampling reach includes Lake Roosevelt from RM 638.9 to RM 644.5 and the lower Spokane River from RM 0 to

RM 17.

3Sampling reach includes Lake Roosevelt at Kettle Falls (RM 705) to Columbia River at Northport (RM 735).



Quality Control and Assurance

Quality-assurance and control were incorporated to
assure the collection, processing, and analysis of data of a
known and acceptable quality. Quality assurance of sam-
ple data included initial screening of captured fish; review
by laboratory personnel of calibration standards and lab-
generated quality-control samples; and review by project
quality assurance personnel of field and laboratory gener-
ated quality-control samples. Quality-control samples
were used to assess data quality of trace elements concen-
trations 1n liver tissue and included laboratory blanks to
assess potential contamination, laboratory matrix spike
samples to assess analytical procedures, and the analysis
of standard reference material. Quality-control procedures
included two procedural blanks, two matrix spikes, and
two analyses of standard reference material. The standard
reference material used in the analysis of liver tissue was
DOLT-2 (dogfish liver tissue) prepared by National
Research Center for Canada.

Results

The concentrations of cadmium, copper, lead, and
zinc in liver tissue collected from the three species are
shown in table 10. The concentrations of cadmium in liver
tissue ranged from 0.9 to 15.7 ug/g, with highest concen-
trations measured in walleye and native rainbow trout.
Copper was highest in both native and net-pen rainbow
trout, with values reaching 140 jug/g in native rainbow
trout; smallmouth bass had the lowest concentrations.
Concentrations of lead were similar among the three spe-
cies and ranged from less than 0.03 to 10.9 u/g. Of the
four trace elements, zinc showed the highest concentra-
tions with values ranging from 64.6 to 622 p/g.

The results of the quality-control samples associated
with samples analyzed for the concentration of cadmium,
copper, lead, and zinc in fish liver tissues were generally
within the quality assurance acceptance criteria. Several
extreme values were present in the data, and review of
these data with the project laboratory revealed that the
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results were not the result of analytical or typographical
errors. Several of the standard reference material samples
were outside of the acceptable range for either lead or
zinc. Two standard reference materials were used and the
exceedence of the quality control criteria were not found
in both of the standard reference material samples. Over-
all, the data are of generally acceptable quality.

Procedural blanks were included as part of the analyt-
ical methods in each group of samples analyzed and are
shown in table 11. Concentrations of the selected trace
elements in the procedural blank samples were low, result-
ing in method detections lower than required for the analy-
sis. Overall, the procedural blank data show no substantial
or detectable contamination resulting from the analytical
procedures.

The accuracy of the trace element data was assessed
by the analysis of standard reference materials, the analy-
sis of which are shown in table 11. The acceptance crite-
rion for the analysis of standard reference material was 80
to 120 percent of the certified concentration. Two stan-
dard reference materials were used in the analysis of liver
tissue: the DOLT-2 of dogfish liver tissue from the
National Research Council of Canada and the 1566a oys-
ter tissue from the U.S. National Institute of Standards and
Technology. With the exception of one of the lead analy-
ses of the DOLT-2 standard, all results were within the rel-
ative percent difference guideline of 20 percent when
compared to the certified concentrations. Duplicate analy-
sis of zinc in the oyster tissue resulted in a relative percent
difference of 26 percent, which is larger than the accept-
ability criteria of 20 percent; however, the triplicate analy-
ses of the DOLT-2 standard for zinc were well within the
precision guidelines. One triplicate analysis of lead in the
DOLT-2 standard was quite low and resulted in relative
percent differences larger than 20 percent; however, the
remaining four lead analyses of standard reference mate-
rial were within the precision guidelines. Matrix spike
recovery data are shown for four different spiking levels in
table 11. The data show acceptable spike recovery at all
spiking levels.
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Table 11.--Quality-assurance data for the analysis of cadmium, copper, lead, and zinc in liver tissue of walleye,
smallmouth bass, and rainbow trout. Inductively coupled plasma mass spectography (ICP/MS) analysis from
Battelle Marine Science Laboratory, Sequim, Washington.

[SL, spiking level not adequate; DOLT-2, dog-fish liver tissue]

Concentrations, in micrograms per gram, dry weight

Sample description Cadmium Copper Lead Zinc
Blanks
Blank—Replicate 1 20.005 20.007 20.007 20.783
Blank—Replicate 2 20.007 20.036 20.016 30.8
Blank—Replicate 3 20.003 20.018 20.011 30.8
Mean blank! 0.005 0.020 0.011 0.261
Method detection Iimit 0.02 0.06 0.03 0.8
Standard reference material
1566a—Replicate 1 3.79 62.4 0.319 925
1566a—Replicate 2 3.90 56.2 0.320 710
Certified value 4,15 66.3 0.371 830
Range +0.38 +4.3 +.014 57
DOLT-2—Replicate 1 18.3 25.5 0.195 76.9
DOLT-2—Replicate 2 17.3 24.8 0.206 73.9
DOLT-2—Repilicate 3 18.2 23.1 0.130 71.2
Certified value 20.8 25.8 0.22 85.8
Range +0.5 +1.1 +0.02 +22.5
Matrix spike resuits
Amount spiked 5.00 5.00 5.00 5.00
755USGS-1 (KF1905WAL8030) 5.01 48.8 0.156 92.9
755USGS-1 + Spike 1 9.62 53.8 5.13 98.2
Amount recovered 4.61 5.00 4.97 5.30
Percent recovery 92 100 99 106
Amount spiked 50.0 50.0 50.0 50.0
755USGS-1 (KF1905WAL8030) 5.01 48.8 0.156 92.9
755USGS-1 + Spike 2 46.0 93.1 46.2 135
Amount recovered 41.0 44.3 46.0 41.8
Percent recovery 82 89 92 84
Amount spiked 0.500 0.500 0.500 0.500
755USGS-10 (SP1505WAL8004) 4.72 47.8 0.052 90.7
755USGS-10 + Spike 1 5.32 50.2 0.531 94.3
Amount recovered 0.60 2.40 0.479 3.60
Percent recovery 120 SL 96 SL
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Table 11.--Quality-assurance data for the analysis of cadmium, copper, lead, and zinc in liver tissue of walleye,
smallmouth bass, and rainbow trout. Inductively coupled plasma mass spectography (ICP/MS) analysis from

Battelle Marine Science Laboratory, Sequim, Washington.--Continued

Concentrations, in micrograms per gram, dry weight

Sample description Cadmium Copper Lead Zinc
Amount spiked 50.0 50.0 50.0 50.0
755USGS-10 (SP1505WAL8004) 4.72 47.8 0.052 90.7
755USGS-20 + Spike 2 46.6 97.3 45.6 144
Amount recovered 419 49.5 45.5 53.0
Percent recovery 84 99 91 106
Amount spiked 5.00 5.00 5.00 5.00
755US8GS-29 (SP1903WALS8059) 15.7 51.1 0.094 101
755USGS-29 + Spike 1 19.4 55.4 4.59 101
Amount recovered 3.70 4.30 4.50 0.00
Percent recovery SL 86 90 SL

Value used to blank-subtract data.
2 Analyte reported below reporting limit.
3Not detected at or above detection limit shown.
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Appendix A.--Summary of parameters on individual fish collected during the Lake Roosevelt study

[USGS, U.S. Geological Survey; mm, millimeter; M, male; F, female; U, unknown; yrs, years; Kettle, Columbia River and
Lake Roosevelt near Kettle Falls; Spokane, mid reach of Lake Roosevelt and lower Spokane River; Sanpoil, Sanpoil River
embayment; size class 1, 10 to 12 inches; 2, greater than 13 to 16 inches; 3, greater than 16 to 19 inches; and 4, greater than
19 to 22 inches--, not applicable]

USGS Total Total Fillet Liver USGS Fillet
sample Size  Repli- length weight Gender weight weight Age sample weight
Species Site code class cate  (mm) (grams) M-F-U (grams) (grams) (yrs) code  (grams)
Walleye  Kettle FDRKF1905- 1 1 315 257 U 44 1.4 1 -- -
WAF8030 2 286 182 U 32 2.8 1 - -
3 330 303 U 50 1.2 2 -- -
4 315 247 U 46 4.6 2 -- -
5 318 258 U 31 2 1 -- --
6 322 261 U 34 2.6 2 - -
7 320 241 U 47 33 2 -- -
8 334 342 U 34 1.7 1 -- --
Sample mean 318 261 39 2.6 1.5
Walleye  Kettle FDRKF1605- 2 | 362 350 M 58 4.6 2 F1014.1 63
WAF8014 2 347 314 M 40 3.6 2 F1014.2 37
3 374 444 M 71 44 2 F10143 65
4 343 354 M 44 3.4 2 F1014.4 47
5 343 314 U 56 43 2 F1014.5 48
6 404 560 M 63 6.3 3 F1014.6 67
7 381 409 U 66 3.7 3 F1014.7 52
8 365 401 U 46 4.7 2 F1014.8 33
Sample mean 365 393 55 4.3 2.3
Walleye  Kettle FDRKF1605- 2 1 399 541 ] 79 6.7 3 .- --
WAF8019 2 407 517 M 60 5 4 -- -
3 401 537 M 60 6.7 5 - --
4 380 464 ] 56 3.7 4 -- --
5 370 414 F 72 5 2 -- --
6 387 512 U 59 7.3 4 -- -
7 389 500 M 66 6.3 4 -- --
8 378 444 U 47 4 S -- -
Sample mean 389 491 60 5.4 3.9
Walleye  Kettle FDRKF1605- 2 | 345 329 M 62 2.9 2 -- -
WAF8015 2 373 484 M 51 3.8 2 -- --
3 397 543 F 103 4.7 3 -~ --
4 390 440 M 41 5.1 4 -- -
5 378 400 M 66 59 3 -- -
6 400 555 M 85 6.3 5 - -
7 399 510 M 84 6.4 2 - -
8 360 370 M 39 4.1 2 -- -
Sample mean 380 454 67 52 2.9
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Appendix A .--Summary of parameters on individual fish collected during the Lake Roosevelt study--Continued

USGS Total Total Fillet Liver USGS Fillet
sample Size  Repli- length weight Gender weight weight Age sample weight
Species Site code class cate (mm) (grams) M-F-U (grams) (grams) (yrs) code (grams)
Walleye Kettle FDRKF1906- 2 1 395 495 F 79 33 4 - --
WAF8055 2 340 351 U 39 4.1 2 - -
3 355 344 U 42 3.9 2 - --
4 395 464 U 90 1.3 3 -- -
5 370 384 U 36 2.5 2 - -
6 337 296 U 40 3 2 -- --
7 376 452 U 95 5 2 - --
8 350 208 U 39 2 2 - --
Sample mean 365 386 54 3.1 24
Walleye Kettle FDRKF1906- 2 1 382 473 F 71 34 2 - -
WAF8057 2 405 523 F 107 33 4 - -
3 350 337 U 55 2 2 -- -
4 355 288 F 57 1.8 3 -- --
5 400 549 M 82 3.8 3 -- -
6 371 412 F 82 3.6 3 - -
7 390 470 U 74 4.5 4 - --
8 380 461 F 71 32 3 -- -
Sample mean 379 439 75 3.2 3.0
Walleye  Kettle FDRKF1906- 2 1 365 409 U 62 35 2 - --
WAF8(58 2 400 481 M 105 4.4 3 - --
3 365 393 M 54 3.7 4 - --
4 370 454 F 87 5.5 3 - -
5 351 369 F 50 2.4 2 - --
6 345 309 U 36 2.7 2 - --
7 346 340 F 46 2.2 2 - --
8 380 374 U 72 23 3 - -~
Sample mean 365 391 64 33 2.6
Walleye Kettle FDRKF1605- 3 1 426 594 M 58 6.7 6 -- --
WAF8016 2 453 726 M 120 15 5 - -
3 391 498 M 60 4 4 - --
4 424 508 M 87 5.4 3 - -
5 460 797 M 135 8.6 2 - --
6 448 722 M 82 9 3 -- -
7 415 480 M 79 4.4 5 -- -
8 414 555 M 58 6.4 4 -- -
Sample mean 429 610 89 65 4.0
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Appendix A.--Summary of parameters on individual fish collected during the Lake Roosevelt study--Continued

USGS Total Total Fillet Liver USGS Fillet
sample Size  Repli- length weight Gender weight weight Age sample weight
Species Site code class cate (mm) (grams) M-F-U (grams) (grams) (yrs) code (grams)
Walleye  Kettle FDRKF1605- 3 1 435 655 M 113 6.9 4 -- --
WAFS8017 2 410 506 M 42 49 5 -- --
3 412 575 M 66 5.3 6 -- -
4 458 874 M 111 8.1 4 - -
5 444 562 F 65 5.1 4 - --
6 420 548 M 62 5 4 - --
7 430 601 F 83 53 3 - -
8 460 879 M 85 8.2 7 - --
Sample mean 434 650 73 6.0 4.6
Walleye  Kettle FDRKF1605- 3 1 455 813 M 125 94 5 -- --
WAF8018 2 419 543 M 59 5 3 - --
3 470 800 M 110 7.9 6 -- --
4 424 618 U 85 5.8 4 - -
5 432 710 U 106 6.7 4 -- -
6 410 489 M 49 4.8 4 - -
7 416 544 F 81 54 4 -- -
8 413 565 M 66 6 3 - --
Sample mean 430 635 79 59 4.1
Walleye  Kettle FDRKF1906- 3 1 452 668 M 82 6.3 6 -- --
WAF8056 2 435 626 F 111 6 4 -- --
3 455 711 M 94 35 6 -- --
4 461 680 F 127 53 5 - -
5 435 619 F 63 4.7 4 - -
6 430 701 F 87 39 4 -- -
7 415 578 F 115 3.4 3 -- --
8 420 615 U 76 3 2 -- --
Sample mean 438 650 96 43 4.3
Walleye Kettle FDRKF1605- 4 1 483 755 F 109 9.4 5 -- --
WAF38021 2 523 1,283 F 133 10.8 5 -- --
3 501 1,000 F 158 13.2 5 -- --
4 488 955 U 109 10.3 4 -- --
5 487 657 F 74 b 5 - -
6 520 1,287 F 137 9.8 7 -- --
7 515 1,063 F 175 10.3 5 -- --
8 510 1,373 F 163 15.7 4 -- --
Sample mean 503 1,047 136 10.7 50
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Appendix A.--Summary of parameters on individual fish collected during the Lake Roosevelt study--Continued

USGS Total Total Fillet Liver USGS Fillet
sample Size  Repli- length weight Gender weight weight Age sample weight
Species Site code class cate (mm) (grams) M-F-U (grams) (grams) (yrs) code (grams)
Walleye  Spokane FDRSPI1505- 1 1 310 216 M 33 2.2 1 - --
WAF8003 2 306 219 U 32 0.8 1 -- --
3 290 180 M 32 2 1 - --
4 304 210 U 30 1.6 1 - -
5 308 220 M 38 2.7 1 - --
6 315 222 U 33 1.6 2 - --
7 298 194 U 36 2.1 1 -- --
8 293 188 U 28 0.8 1 - --
Sample mean 303 206 33 1.7 1.1
Walleye  Spokane FDRSP1505- 1 1 281 159 U 22 1.5 1 - --
WAF8004 2 310 217 U 41 2.8 1 - --
3 325 268 U 42 1.8 2 -- -
4 318 244 U 48 33 1 - --
5 306 201 U 28 0.9 1 - --
6 312 218 U 35 2.1 1 -- --
7 304 211 U 34 1 1 - --
8 318 235 M 42 2.2 1 - -
Sample mean 309 219 39 2.0 1.1
Walleye  Spokane FDRSP1505- 1 1 315 219 M 31 1.9 2 -- --
WAF8008 2 276 156 M 34 1.5 1 -- --
3 310 258 M 34 1 1 - -
4 323 237 M 45 1.6 2 - --
5 325 292 M 37 2.5 1 - -
6 310 231 U 45 1.5 2 - -
7 330 282 M 30 1.7 2 - --
8 299 187 M 36 1.7 1 -- --
Sample mean 311 233 37 1.6 1.5
Walleye  Spokane FDRSP1706- | 1 326 286 U 43 29 2 - --
WAF8051 2 275 152 U 18 2.1 1 - --
3 325 258 U 36 2.1 2 - --
4 305 234 U 25 3 2 -- --
5 323 260 U 38 2.1 2 - =
6 305 216 U 31 1.7 2 -- --
7 320 251 U 4] L5 2 -- --
8 305 222 U 35 3.8 2 - -
Sample mean 311 235 32 2.3 1.9
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Appendix A.--Summary of parameters on individual fish collected during the Lake Roosevelt study--Continued

USGS Total Total Fillet Liver USGS Fillet
sample Size  Repli- length weight Gender weight weight Age sample weight
Species Site code class cate (mm) (grams) M-F-U (grams) (grams) (yrs) code (grams)
Walleye  Spokane FDRSP1906- 1 1 330 276 U 34 35 2 - -
WAF8052 2 303 195 U 36 1.4 1 - -
3 330 309 U 30 3.8 2 -- -
4 296 185 0] 35 1.8 1 - -
5 310 231 U 32 25 2 - --
6 322 228 U 72 1.4 2 - --
7 325 272 U 40 0.1 2 -- -
8 344 312 U 61 34 2 -- --
Sample mean 320 251 44 2.1 1.8
Walleye  Spokane FDRSP1505- 2 1 365 368 M 53 2.2 2 - --
WAF8005 2 356 360 M 58 5.6 2 -- --
3 360 389 M 57 2.9 2 - --
4 359 342 M 64 4.3 2 - --
5 350 321 M 43 2 2 ~- -
6 378 428 M 71 5 3 - --
7 340 331 M 47 1.3 i - -
8 368 396 M 65 4.3 2 -- -
Sample mean 360 367 58 3.6 2.0
Walleye  Spokane FDRSP1505- 2 1 341 290 M 38 1.8 2 F1006.1 29
WAF8006 2 356 338 M 51 44 2 F1006.2 48
3 345 279 M 42 24 2 F1006.3 26
4 362 338 M 60 3.3 2 F1006.4 50
5 358 358 U 66 3.8 1 F1006.5 52
6 351 342 U 41 3 2 F1006.6 34
7 346 266 U 46 24 2 F1006.7 45
8 366 432 U 70 2.1 2 F1006.8 47
Sample mean 353 330 54 3.1 1.9
Walleye  Spokane FDRSP1505- 2 1 355 335 U 40 1.2 2 - --
WAF8007 2 340 269 U 53 3.8 2 - -
3 355 370 U 55 22 2 -- --
4 356 337 M 67 4.2 2 -- --
5 364 367 U 44 2.7 2 -- --
6 407 466 U 87 5.7 4 -- --
7 343 258 M 34 1.6 2 -- -
8 344 279 U 52 2.6 2 -- --
Sample mean 358 335 56 33 23
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Appendix A .--Summary of parameters on individual fish collected during the Lake Roosevelt study--Continued

USGS Total Total Fillet Liver USGS Fillet
sample Size  Repli- length weight Gender weight weight Age sample weight
Species Site code class cate (mm) (grams) M-F-U (grams) (grams) (yrs) code (grams)
Walleye Spokane FDRSP1706- 2 1 345 351 M 53 1.5 2 -- --
WAF8050 2 342 340 8] 35 43 2 - -
3 352 315 M 44 2.8 2 - -
4 355 378 M 49 4.1 2 - -
5 345 349 F 56 1.7 2 -- --
6 345 290 U 31 1.5 2 -- --
7 344 337 U 43 1.7 2 -- --
8 342 321 M 43 1.2 2 - --
Sample mean 346 335 43 25 2.0
Walleye Spokane FDRSP1706- 2 1 340 289 M 45 1.9 2 -- --
WAF8061 2 375 434 8] 46 5.5 4 -- --
3 335 289 U 41 3.3 2 - --
4 381 498 M 57 1.5 3 - -
5 355 340 M 39 0.6 2 - --
6 340 262 F 29 2.3 2 - -
7 340 322 U 44 1.7 2 - -~
8 342 311 8] 37 2.8 2 - --
Sample mean 351 343 42 2.5 24
Walleye  Spokane FDRSP1906- 2 1 365 372 U 57 0.1 2 - -
WAF8053 2 375 400 U 80 2.8 2 - --
3 341 305 M 42 2.4 2 - -
4 355 304 U 56 3 2 - -
5 390 460 M 48 4.2 2 - -
6 360 329 U 64 34 2 - -
7 345 312 M 42 24 2 -- -
8 340 294 U 63 2.7 2 -- --
Sample mean 359 347 56 3.0 2.0
Walleye  Spokane FDRSP1906- 2 1 350 309 U 40 3 2 - -~
WAF8054 2 340 300 U 60 38 2 -- --
3 375 416 8] 64 2.9 2 - -
4 360 362 U 68 4.1 2 -- --
5 351 343 U 50 2.8 2 - --
6 364 382 M 78 4.5 2 - -
7 360 318 U 43 3.8 2 - -~
8 357 399 M 71 34 2 - -
Sample mean 357 354 62 3.6 2.0
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Appendix A.--Summary of parameters on individual fish collected during the Lake Roosevelt study--Continued

USGS Total Total Fillet Liver USGS Fillet
sample Size  Repli- length weight Gender weight weight Age sample weight
Species Site code class cate (mm) (grams) M-F-U (grams) (grams) (yrs) code (grams)
Walleye  Spokane FDRSP1505- 3 1 451 777 F 67 3.6 5 - -
WAF8009 2 430 533 M 94 6 3 -- --
3 411 565 M 81 23 2 - --
4 428 550 M 87 24 6 - -
5 440 636 F 97 5.1 6 -- -
6 452 793 F 139 53 6 -- --
7 442 705 M 127 7.6 4 - -
8 421 589 M 117 7 2 - -
Sample mean 434 644 106 5.1 43
Walleye  Spokane FDRSP1505- 3 1 450 759 F 71 2.7 6 -- --
WAF8010 2 425 542 M 84 52 4 - --
3 423 632 M 117 6.6 4 - --
4 465 748 F 77 6.1 -- -- --
5 433 597 M 90 7.1 4 -- -
6 440 695 M 88 6.2 6 -- --
7 419 591 M 112 4.7 4 -- --
8 475 765 M 96 6.7 5 - -
Sample mean 441 666 95 6.1 4.7
Walleye  Spokane FDRSP1906- 3 1 443 706 M 135 4.2 4 - -
WAF8059 2 454 646 M 102 4 6 -- --
3 430 625 F 123 4.6 4 -- --
4 413 527 F 99 5.8 4 -- --
5 437 557 M 57 6.4 4 -- -
6 422 582 M 115 3.7 4 -- -
7 435 648 F 80 4.8 4 -- --
8 460 766 F 75 4.3 8 - -
Sample mean 437 632 93 4.8 4.8
Walleye  Spokane FDRSP1405- 4 1 520 1000 M 67 8.8 5 -- -
WAF8001 2 510 1006 F 63 7.2 5 - -
3 495 1222 M 73 12.8 3 - --
4 510 994 M 64 11.4 8 -- -
5 507 987 M 90 7.7 5 -- --
6 500 959 F 62 7.2 5 - -
7 508 1155 M 82 14.2 4 - -
8 490 948 M 86 10.4 5 - --
Sample mean 505 1,034 74 10.1 5.0
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Appendix A.--Summary of parameters on individual fish collected during the Lake Roosevelt study--Continued

USGS Total Total Fillet Liver USGS Fillet
sample Size  Repli- length weight Gender weight weight Age sample weight
Species Site code class cate (mm) (grams) M-F-U (grams) (grams) (yrs) code (grams)
Walleye Spokane FDRSP1405- 4 1 495 911 F 62 7 4 - -~
WAF8002 2 500 939 M 91 9.7 4 - -~
3 483 747 F 68 6.7 4 - -
4 535 1,242 F 103 11.2 4 - -~
5 540 1,161 F 85 8.4 6 - -
6 500 1,019 F 71 11.2 4 - -~
7 522 987 M 67 11.4 4 - -
8 524 1,165 M 108 10.3 4 - -~
Sampie mean 512 1,021 85 9.8 4.3
Walleye Sanpoil FDRSA1605- 1 1 305 209 U 21 2.1 1 - -
WAF8012 2 315 219 U 30 33 2 - --
3 311 215 U 28 1.5 1 - -
4 315 218 U 29 2.6 2 - -~
5 290 171 U 22 1.6 1 - --
6 310 216 U 32 2 2 - -
7 303 214 U 34 2 1 - -
8 285 176 U 25 0.7 1 - -
Sample mean 304 205 29 2.0 1.4
Walleye  Sanpoil FDRSA1605- 2 1 355 370 U 50 39 2 -- --
WAF8011 2 360 379 U 24 2.1 3 -- --
3 345 293 M 39 3.4 2 - -
4 342 304 M 30 2.4 2 - --
5 365 369 U 36 4 2 - --
6 353 363 U 51 32 2 -- --
7 361 373 M 32 4.4 2 - --
8 341 300 U 41 34 2 - -
Sample mean 353 344 36 33 2.1
Walleye  Sanpoil FDRSA1805- 2 1 380 439 M 52 5.8 2 F1027.1 41
WAF8027 2 373 406 U 61 29 1 F1027.2 57
3 400 466 M 53 4.1 3 F1027.3 41
4 403 484 M 71 4.3 3 F1027.4 60
5 395 494 M 50 3.1 4 F1027.5 36
6 388 401 M 56 4.6 4 F1027.6 49
7 340 248 F 34 29 3 F1027.7 27
8 359 337 F 54 2.5 2 F1027.8 45
Sample mean 380 409 54 3.5 2.8
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Appendix A.--Summary of parameters on individual fish collected during the Lake Roosevelt study--Continued

USGS Total Total Fillet Liver USGS Fillet
sample Size  Repli- length weight Gender weight weight Age sample weight
Species Site code class cate (mm) (grams) M-F-U (grams) (grams) (yrs) code  (grams)
Walleye  Sanpoil FDRSA1605- 3 1 445 658 F 42 49 5 - -
WAF8013 2 415 481 M 54 32 4 - -
3 413 594 M 63 3.7 5 - -
4 418 568 M 62 53 3 - -
5 410 570 M 79 59 3 - -
6 445 795 F 109 8.6 2 - -
7 425 621 F 65 57 2 - --
8 446 649 M 88 8.6 3 - -
Sample mean 427 617 74 59 34
Walleye  Sanpoil FDRSA1705- 3 1 412 638 F 79 5.7 3 - -
WAF8023 2 464 922 F 128 11 3 -- --
3 444 757 F 105 9.1 3 - -
4 423 674 F 107 12.3 3 - --
5 425 688 U 924 4.9 2 - --
6 448 781 M 102 11.4 2 - -
7 425 691 U 78 5.6 2 - .-
8 432 659 M 75 4.3 4 - -
Sample mean 434 726 98 8.4 2.8
Small- Spokane FDRSP1705- - 1 210 136 M 13 1.6 1 - --
mouth SMF5028 2 241 201 M 25 2 2 - -
bass 3 275 323 F 32 39 2 - -
4 280 349 F 36 4.7 2 - --
5 235 173 M 17 1.3 2 - --
Sample mean 248 236 25 2.7 1.8
Small- Spokane FDRSP1705- -- 1 265 246 F 17 27 2 - -
mouth SMF5029 2 287 286 F 37 33 2 - =
bass 3 270 300 M 32 4.1 2 - -
4 279 278 F 29 3.7 2 - -
5 231 157 F 20 1.5 2 -~ --
Sample mean 266 253 27 3.1 2.0
Small- Sanpoil FDRSA1805-  -- 1 260 207 F 18 2.1 2 -- -
mouth SMF5024 2 258 218 M 16 29 2 -- --
bass 3 250 232 F 24 25 2 -- --
4 257 246 M 16 4.1 2 -- -
5 290 318 M 30 3.9 2 - -
Sample mean 263 244 21 3.1 2.0
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Appendix A .--Summary of parameters on individual fish collected during the Lake Roosevelt study--Continued

USGS Total Total Fillet Liver USGS Fillet
sample Size  Repli- length weight Gender weight weight Age sample weight
Species Site code class cate (mm) (grams) M-F-U (grams) (grams) (yrs) code (grams)
Small- Sanpoil FDRSA1805- -- 1 250 214 M 13 2.6 2 -- --
mouth SMF5025 2 281 348 M 31 46 2 -- --
bass 3 252 205 F 22 1.9 2 - -
4 258 268 M 17 4 2 -- --
5 267 278 M 19 4.6 3 - --
Sample mean 262 263 20 35 2.2
Small- Sanpoil FDRSA1805- - 1 250 233 F 26 4.7 2 - --
mouth SMF5026 2 282 299 F 24 5.2 3 -- -
bass 3 251 214 M 23 39 2 -- --
4 252 228 F 14 2.7 2 -- -
5 256 223 M 24 34 2 .- --
Sample mean 258 239 22 4.0 22
Native
rainbow FDRKF1905-
trout Kettle RTF1031 -- | 520 1,245 F 142 12.3 5 -- --
Native
rainbow FDRKF1905-
trout Kettle RTF1032 -- 1 510 996 F 128 6.6 4 - --
Native
rainbow FDRSA1905-
trout Sanpoil  RTF1033 - 1 510 1,216 F 138 15.7 5 -- -
Native
rainbow FDRSA1905-
trout Sanpoil  RTF1034 - 1 505 1,086 M 211 17 5 - -
Native
rainbow FDRSA1905-
trout Sanpoil  RTF1035 -- 1 540 1,188 F 121 22.1 4 - --
Native
rainbow FDRSA1905-
trout Sanpoil RTF1036 -- 1 490 1,055 M 200 12.2 4 -- --
Net-pen
rainbow FDRSA1905-
trout Sanpoil  RTF1037 - 1 455 1,219 F 91 7 3 - -
Net-pen
rainbow FDRSA1905-
trout Sanpoil  RTF1038 - 1 510 1,563 M 187 20.8 3 -- --
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