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King County

TECHNICAL MEMORANDUM

November 13, 2013

TO: Recipients

FM: Carly Greyell, Richard Jack, Jenée Colton, Science and Technical Support Section, Water
and Land Resources Division, Department of Natural Resources and Parks

RE: Lake Washington Tissue Data Addendum to Estimating PCB and PBDE Loadings to the Lake
Washington Watershed: Data Report

1.0 Objective

Polychlorinated biphenyl (PCB) concentration data for Lake Washington biota are needed to test performance
of the bioaccumulation model in the Modeling PCB/PBDE Loadings Reduction Scenarios for the Lake
Washington Watershed project. See the Lake Washington PCB Modeling Quality Assurance Project Plan (QAPP)
for details describing how historical biota concentration data are used in the models (King County 2012). This
addendum describes the aquatic biota data sources, presents a data acceptability review, and summarizes
these data for use in the modeling phase of this project.

The origins of most data presented here are described in other cited reports and documents. However, some
data have never been previously published; additional information and details are presented for these data.

2.0 Data Sources

This addendum compiles PCB tissue data from pre-existing reports and databases. Polybrominated diphenyl
ethers (PBDESs) are not part of the loadings reduction scenario modeling and are not included. Sources were
selected because they provided ready access to electronic records with minimal manual data entry, collection
methods for samples were known or documented, and data were of known quality.

Tissue/biota data were acquired from the following four sources:

1) Washington State Department of Ecology’s (Ecology) Environmental Information Management (EIM)
system database.

2) King County’s Laboratory Information Management System (King County 2010) database.

3) J. Mcintyre’s (2004) Master’s thesis and supporting data files provided by the author.
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Downloaded data were cross-checked by laboratory sample ID, sample date and location to ensure records
were not duplicated. Only data collected between January 1, 2000, and December 31, 2012, were included.

Lake Washington was defined as the lake area downstream of a perpendicular line drawn across stream and
river mouths. The Montlake Bridge was the downstream boundary between Lakes Washington and Union.
Tissue data locations were not otherwise mapped since fish and invertebrate location information were
sparse. In many cases, tissue samples were composited from fish collected from different locations around the
lake.

Parameters Reported

With the exception of four tissue samples which were analyzed as congeners, all tissue data were based on
Aroclor analysis. Total PCBs were calculated as the sum of detected Aroclors or the sum of detected PCB
congeners. Non-detect Aroclors and congeners were not included in these sums and tentatively identified
Aroclors were also not included. Tentatively identified Aroclors may have been a mixture of other chlorinated
compounds such as DDT or chlordane, which are known to be present in Lake Washington fish tissues. When
no Aroclors were detected, the single highest method detection limit (MDL) is presented.

Ancillary information was also collected for fish and invertebrate tissue. The following were compiled:

1) Species

2) Number of individuals in sample (i.e., composite or individual)
3) Portion of fish analyzed (fillet or whole fish)

4) Fish length (total and/or fork length)

5) Wet weight of whole fish

6) Percent lipids (fat)

Both PCB concentrations and ancillary tissue data are reported and analyzed here to support future PCB
modeling efforts (King County 2012).

3.0 Sampling Methods

This section provides an overview of tissue sampling methods. Only those data collected, analyzed, and
reported via methods comparable to one another are reported in this memorandum.

King County 2010

In 2010, King County collected fish tissue samples from Lake Washington (King County 2010); sample handling,
storage and preparation generally follow EPA (2000) guidelines and are further described in the Sampling and
Analysis Plan (SAP). In brief, during three nights in August and September 2010, seven gill nets were deployed
parallel to the shore to collect northern pikeminnow, peamouth chub, yellow perch and smallmouth bass from
late afternoon to the following morning. Nets were places as far north as Saint Edwards State park and as far
south as Seward park. Beach seine nets and minnow traps baited with canned salmon were used in shallow
areas with public access (< 4 feet) to collect sculpin. Sculpin were collected at beaches in Kirkland, Madison
Park, Rainier Beach, and Mathews Beach.

Fish were carefully removed from the nets and identified to species; only target species of fish were retained.
Specimens were kept on ice for transport to the King County Environmental Laboratory (KCEL) for processing
and analysis. At the end of each sampling day, individual fish were weighed, and their fork lengths measured.
Individual fish were then wrapped in new aluminum foil, labeled with a unique number, and stored frozen in

plastic bags until processed for analysis.
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After all fish were collected, composite samples were created using fish of the same species from similar size
classes per national guidance (EPA 2000). Numbers of fish in each composite ranged from three (all peamouth
chub composites and one northern pikeminnow composite) to about 75 (<20 mm sculpin composites).
Individual fish were identified for analysis based on the general objectives of the SAP (King County 2010). All
samples were analyzed for PCB Aroclors, percent solids, and percent lipids per the SAP.

Deviations from the King County 2010 SAP

Significant deviations from the SAP occurred due to the sizes and species of fish actually collected. The sizes
and species of fish actually collected were assigned to composites or for individual analysis based on the
project’s objective of updating the fish tissue results of Mcintyre (2004) to address both human health
consumption advisory development and assessment of ecological risks.

Although targeted, large sculpin (>80 mm total length) were not successfully collected. Dozens of sculpin
about 10 mm in total length were collected; with three individual sculpin ranging in size up to 70 mm. The
smaller sculpin had sufficient mass for two ~10 gram composite samples comprised of sculpins less than
20 mm long. One additional composite sample was created from 3 sculpins ranging from 20 to 70 mm in
length.

Cutthroat trout were targeted for collection; however, large numbers of smallmouth bass were caught as by-
catch instead. The project team decided to analyze the smallmouth bass instead of cutthroat trout because
bass are a predatory species likely to bioaccumulate PCBs and mercury. They are also pursued by recreational
fishermen and consumed by wildlife. The bass were split into five composite and five individual fish samples.
The three smallmouth bass samples previously collected by McIntyre (2004) were insufficient to evaluate
human health risks (Washington State Department of Health, 2004). Thus, the 10 smallmouth bass samples
collected by this study serve to augment human health, ecological, and bioaccumulation assessments.

Small to mid-sized smallmouth bass (255 to 325 mm fork length) were selected for individual whole fish
analysis. This size range is more likely to be consumed by predators and these data will support future
ecological assessments. The larger smallmouth bass were assigned to one of five composite samples stratified
by fork length. The smallest average fork length smallmouth bass composite was 351 mm while the largest
was 441 mm. An equal mass of skin-on fillet tissue was collected from each fish and homogenized into an
analytical sample for PCB Aroclors, percent lipids and total solids.

A similar strategy was employed with the northern pikeminnow by-catch collected in the gill nets while
pursuing other species. First, five composite samples were created from the largest whole northern
pikeminnow collected (349 to 472 mm average fork length). This size range would be most likely retained by
fishermen pursuing pikeminnow for consumption. Five smaller northern pikeminnow were then analyzed as
whole individual fish to help characterize the intermediate size class (190 to 205 mm fork length).

Due to a processing oversight, not all northern pikeminnow composites were composed of five fish each as
planned. Three composites consisted of five whole fish, one composite had four fish, and two composites had
three fish. As with the smallmouth bass, chub, and yellow perch composites, all composites, whether of whole
fish or fillet tissue were composed of equal mass aliquots from each contributing fish. Fillets or whole fish
were homogenized before weighing out equal masses of tissue to combine into the composite for analysis.
Table 1 presents a summary of all fish tissue samples collected and analyzed by King County in 2010.

Table 1. Fish tissue samples collected and analyzed by King County in 2010

. . Number of . Number of Fish per
Fish Species Sample Type S Tissue Type Analytical Sample
Northern Pikeminnow composite 5 whole 3to5
Northern Pikeminnow individual 5 whole 1
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Fish Species Sample Type N:an;b;;:f Tissue Type I\,IAl:;Itl‘teirc:If ::::I:r
Smallmouth bass composite 5 skin-on fillet 5
Smallmouth bass whole 5 whole 1

Yellow perch composite 5 skin-on fillet 5

Peamouth chub composite 9 whole 3
<2 c¢m Sculpin composite 2 whole ~75
>2 cm Sculpin composite 1 whole 3

Other Studies’ Fish and Invertebrate Collection Methods

Mclntyre (2004) collected fish between October 2001 and November 2003 using set traps and nets, mid-water
trawls, electroshocking, angling, gill nets, minnow traps, conical nets, SCUBA diving, and snorkeling. Pelagic
biota including bulk zooplankton, Daphnia sp. and mysid shrimp (Neomysis mercedes) were collected with a
135-um mesh net. Signal crayfish (Pacifasticus leniusculus) were collected by hand from the littoral zone (<1-
5m depth) at two park shorelines; one from St. Edwards State Park (in the northeast) and three from Mt. Baker
Park (in the southwest).

Ecology fish tissue monitoring programs (e.g. data retrieved from EIM) used a combination of electrofishing
and gill nets to collect their specimens (Ecology 2002). Fish were composited and analyzed for percent lipids
and either PCB Aroclors or, for four samples, PCB congeners.

Summary of Sampling and Analytical Methods and Significant Differences

Fish and other organisms were collected for tissue analysis by a variety of methods. Because this
memorandum is a synthesis of a variety of data collected by multiple investigators, different fish and
invertebrate collection techniques were employed. These different techniques may have biased the tissue
collections towards particular species, size or age classes of fish. For instance, carp are challenging to electro-
fish compared to salmonids and different gill net mesh sizes preferentially collect specific size ranges
depending on the species. However, the potential biases of the variety of collection methods employed are
presumed to counteract one another and no systematic bias has been identified. The use of various studies
and data sources as multiple lines of evidence provides the most complete dataset of tissues practicable.

While different laboratories were used, data were all evaluated by chemists experienced with PCB Aroclor
guantitation at KCEL or Ecology’s Manchester Laboratory (MEL). To derive a “total PCBs” concentration in
tissues, the detected PCB Aroclors or congeners were summed; and non-detect Aroclors were ignored. When
all PCB Aroclors were non-detect, the single highest reported method detection limit (MDL) was reported as a
non-detect. At least one congener was detected in all samples when congeners were analyzed.

4.0 Tissue Results

This section summarizes data from recent studies of PCBs in Lake Washington tissue. The fish tissue data
collected by King County in 2010 were never published previously; thus, data from this study will be
summarized separately as well as aggregated with other fish tissue data.

In 2010, King County collected sculpin, yellow perch, peamouth chub, smallmouth bass and northern
pikeminnow from Lake Washington. Fish species included in Mcintyre (2004) and Ecology’s EIM database
were black crappie, carp, cutthroat trout, largemouth bass, longfin smelt, pumpkinseed sunfish, juvenile and
adult sockeye salmon, steelhead trout, and threespine stickleback. Crayfish, Daphnia sp., Mysid sp. and
zooplankton invertebrates were also included in McIntyre (2004). Statistical methods used are presented
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below, followed by the actual tissue results. In the summaries below, results are aggregated by species code,
composite vs. individual, and type of sample analyzed (whole fish or fillet).

An alpha level of less than 0.05 was used to determine significant differences for all statistical tests. Before
statistical testing, all parameter groups were analyzed for normal distributions using a Shapiro-Wilk Normality
Test. Thereafter, normally distributed parameter correlations were analyzed using Pearson Product Moment
Correlations and nonparametric parameter correlations were analyzed using Spearman Rank Order
Correlations. Statistically significant differences between two data sets (i.e., whole vs. fillet tissue samples)
were determined using one-tailed t-tests for parametric data sets and Mann-Whitney Rank Sum Tests for
nonparametric data.

Visual data summaries are presented in the form of box plots in this section. Figure 1 explains the information
provided in the box plots discussed later in this addendum.

) 95" percentile

90" percentile

75" percentile

median

I — 25" percentile

10" percentile

® — 5" percentile

Figure 1. Box plot legend

Size and Weight

In King County’s 2010 study, fork lengths of fish ranged from less than 20 mm (sculpin composites) to 472 mm
(average fork length in large northern pikeminnow composite). Sculpin were separated into two groups based
on fork length greater than or less than 20 mm; although individual fork lengths and weights were not
recorded. Sculpin less than 20 mm in length were approximately 8-12 mm in length and weighed less than 1
gram each. Table 2 documents the lengths and weights for the remainder of the species in this study. Fish
weights ranged from 62 g (individual small northern pikeminnow) to 1488 g (average of 5 fish in smallmouth
bass fillet composite). Smallmouth bass were the most varied in size with fork lengths ranging from 34 to 46
cm and weights ranging from 740 to 1610 g. Overall, forage fish (peamouth chub), small northern pikeminnow
and lesser predators (yellow perch and sculpin) were generally smaller than the primary piscivores of Lake
Washington (large northern pikeminnow and smallmouth bass).
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Table 2.  Summary table of sample type, fish lengths, and weights.

Soacies Nur:fber Comoosite Tissue Length (mm) Weight (g) Data
P P Type Min Max Average Min Max Average Source
Samples
Black crappie 3 Yes Fillet 192 196 194 136 162 150 EIM
Carp 5 Yes Fillet 467 698 576 1807 5,559 3,173 EIM
Crayfish 4 No Whole 94.8 120 108 25.2 50.9 37.2 Mclntyre
Cutthroat 12 Yes Fillet 183 446 355 58.4 1,027 610 EIM
trout 18 No Whole 189 500 348 36 1660 530 Mclintyre
Largs;;;)uth 1 Yes Fillet n/a n/a 280 n/a n/a 399 EIM
Lonefin smelt 9 Yes Whole 52.8 106 78.5 0.49 6.68 2.70 Mclntyre
g 2 No Whole 135 135 135 16.7 17.7 17.2 Mclntyre
Northern 5 No Whole 175° 205° 192° 62 112 79 CEL”ngty
p'kérq':ﬁ‘)ow 2 Yes Fillet 234 250 n/a 139 165 n/a EIM
9 No Whole 198 297 244 55 218 129 Mclntyre
Northern 6 Yes Whole 349° 472° 396° 489 1,159 692 CEL”ngty
p'kzra“r'”en)ow 2 Yes Fillet 363 430 n/a 496 917 n/a EIM
c 10 No Whole 402 568 459 658 1720 907 Mclntyre
Peamouth 9 Yes Whole 242° 308° 283° 183 345 295 King
chub County
Pumpkinseed 5 Yes Fillet 118 126 122 37.3 45.7 41.7 EIM
sunfish
2 Yes Whole n/a <20 n/a n/a n/a n/a King
County
Sculpin 1 Yes Whole >20 n/a n/a n/a n/a n/a King
P County
11 Yes Whole 30.2 103 72.0 0.28 11.9 6.46 Mclntyre
10 No Whole 121 167 135 19.9 51.5 29.0 Mclntyre
Smallmouth 5 Yes Fillet 351° 441° 398° 780 1,488 1123 CELnngty
bass 5 No Whole 255° 325° 290° 268 690 462 King
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Soacies Nur:fber Comoosite Tissue Length (mm) Weight (g) Data
P P Type Min Max Average Min Max Average Source
Samples
County
3 No Whole 385 466 419 1,034 1,540 1,247 Mclintyre
Sockeye 6 Yes Whole 114 127 121 12.9 15.9 14.2 Mcintyre
salmon (Juv.)
S 10 No Whole 553 660 606 1,708 3,046 2,346 | Mcintyre
salmon (Adult)
Steelhead 1 Yes Fillet n/a 266 n/a n/a 213 n/a EIM
Threespine 4 Yes Whole 70.9 72.1 715 3.63 3.87 3.75 Mclntyre
stickleback
. a a a King
5 Yes Fillet 244 287 262 206 280 267
Yellow perch County
7 Yes Fillet 193 297 227 98 438 171 EIM
29 No Whole 116 333 225 10.35 516 191 Mclintyre

®Fork length instead of total length
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Lipid Content

This section discusses lipid content in fish sampled from Lake Washington; data are summarized in Table 3.

King County 2010 Fish Tissue Monitoring Program

Lipid content of fish sampled in this study ranged from 0.3% (yellow perch composite) to 13.1% (peamouth
chub composite). Lipid content was higher in adult northern pikeminnow than in juveniles (one-tailed t-
test). Lipid content varied the most in smallmouth bass where lipid content ranged from 1.04 to 6.82%
(n=10). Figure 2 illustrates lipid content by species for this study.
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Figure 2. Lipid content (% wet weight) by species for the 2010 King County Fish Tissue
Monitoring Study. Samples are whole fish unless specified otherwise.



Table 3. Summary table of sample type and lipid content.
Species NsuaTnbpeIL:f Composite Tissue Type Min Llpl:::x(% ww) AT Data Source
Black crappie 3 Yes Fillet 0.62 1.16 0.91 EIM
Carp 6 Yes Fillet 1.42 9.74 5.46 EIM
Crayfish 1 No Whole n/a 0.24 n/a Mclintyre
12 Yes Fillet 1.24 5.9 3.35 EIM
Cutthroat trout
18 No Whole 1.07 9.25 4.35 Mclntyre
Largemouth bass 1 Yes Fillet n/a 0.82 n/a EIM
Longfin smelt 8 Yes Whole 2.27 11.4 6.17 Mclntyre
Northern 5 No Whole 2.61 4.35 3.75 King County
pikeminnow 2 Yes Fillet 2.16 2.58 n/a EIM
(small) 2 No Whole 2.79 3.53 n/a Mclntyre
Northern 6 Yes Whole 6.87 9.8 8.3 King County
pikeminnow 2 Yes Fillet 2.71 4.8 n/a EIM
(large) 10 No Whole 3.93 11.6 7.1 Mclntyre
Peamouth chub 9 Yes Whole 8.94 13.1 11.1 King County
Pumpkinseed 5 Yes Fillet 0.3 0.48 0.39 EIM
sunfish
2 Yes Whole 1.46 3.8 n/a King County
Sculpin 1 Yes Whole n/a 2.32 n/a King County
6 Yes Whole 1.3 2.51 1.63 Mclntyre
7 No Whole 0.5 2.57 1.67 Mclntyre
5 Yes Fillet 1.04 1.72 1.49 King County
Smallmouth bass 5 No Whole 3.86 6.82 5.33 King County
3 No Whole 3.11 5.14 4.15 Mclntyre
Sockeye salmon 6 Yes Whole 2.52 5.37 3.89 Mcintyre
(Juv.)
SeE e el 10 No Whole 4.57 9.39 6.88 Mcintyre
(Adult)
Steelhead 1 Yes Fillet n/a 2.06 n/a EIM
Threespine 4 Yes Whole 5.35 6.45 5.74 Mclntyre

Tissue addendum
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Species Number of Composite Tissue Type Lipids (% ww) Data Source
stickleback
5 Yes Fillet 0.28 0.52 0.35 King County
Yellow perch 7 Yes Fillet 0.37 0.78 0.54 EIM
25 No Whole 0.5 6.43 3.74 Mclntyre

ww — wet weight

10
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All Studies Combined

Taking into account whole fish samples for all studies and species, lipid content ranged from 0.2%
(crayfish; Mcintyre 2004) to 13.1% (peamouth chub composite; King County 2010). Figure 3 presents
lipid content by species for all studies. Lipid content varied most in cutthroat trout ranging from 1.07 to
9.25% (n=18; Mclintyre 2004). With the exception of cutthroat trout, lipid content was higher in whole
fish than in skin-on fillets for all species where both data types were available. This is to be expected
since lipids are normally less prevalent in muscle tissue (i.e. fillets) than in whole fish which includes
ventral (i.e. belly) or other fat deposits. These lipid content differences between muscle tissue fillets
and whole fish were statistically significant for northern pikeminnow and smallmouth bass (one-tailed t-
tests), and for yellow perch (Mann-Whitney Rank Sum Test). Figure 3 illustrates differences in lipid
content for whole fish; Figure 4 illustrates difference for both whole and fillet fish tissue for all studies
combined.
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Figure 3. Whole fish tissue lipid content by species, all studies combined.
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Figure 4. Whole and fillet fish tissue lipid content by species, all studies combined.

King County 2010 Fish Tissue PCB Concentrations

Detected PCB concentrations in whole fish and invertebrate tissue samples ranged from 28.9 ug/Kg
(small northern pikeminnow) to 1,956 pg/Kg (large northern pikeminnow) (Table 4). The highest
average PCB concentrations were detected in large northern pikeminnow (1,441 pg/Kg). The greatest
variability in PCB detections was observed in smallmouth bass whole fish samples where concentrations
ranged from 62 to 1,755 ug/Kg. PCBs were not detected in any of the three yellow perch fillet samples
(highest single Aroclor MDL was 11 pg/Kg). Figure 5 presents tissue PCB concentrations by species.

12
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Table 4. Summary table of whole organism tissue PCB concentration and sample information.
Number of Tissue PCBs (pg/kg)
Species Samples Composite Tissue Type Data Source
(ND) Min Max Average
Black crappie 3 Yes Fillet 5.8 8.5 6.9 EIM
Carp 6 Yes Fillet 177 1,339 4772 EIM
Crayfish (4) No Whole 3.6° 4.0° 3.9° Mclintyre
12 Yes Fillet 30 384 134° EIM
Cutthroat trout
18 No Whole 21.4 563 244 Mclntyre
Daphnia sp. (3) Yes Whole 4° 4° 4° Mclintyre
Largemouth bass 1 Yes Fillet n/a 10.8 n/a EIM
Longfin smelt 11 Yes Whole 40.1 659 194 Mcintyre
Mysid sp. (4) Yes Whole 6.4° 8° 7.7° Mclntyre
. . 5 No Whole 28.9 375 32.3 King County
Norther(r; ﬁ':l‘le)m'””ow 2 Yes Fillet 21 42 n/a EIM
9 No Whole 57.9 230 140 Mclntyre
. . 6 Yes Whole 881 1,956 1,441 King County
Northeraaﬁg;m'””ow 2 Yes Fillet 116 241 177° EIM
10 No Whole 210 2,289 1,071 Mclintyre
Peamouth chub 9 Yes Whole 63.5 596 325 King County
Pumpkinseed sunfish 5 Yes Fillet 6.9 23.5 11.8 EIM
2 Yes Whole 40.7 57.8 n/a King County
Sculpin 1 Yes Whole n/a 99.9 n/a King County
10 Yes Whole 14.5 127 37.9 Mclntyre
11 No Whole 37.6 468 208 Mclntyre
5 Yes Fillet 119 221 152 King County
Smallmouth bass 5 No Whole 62 1,755 822 King County
3 No Whole 304 425 371 Mclntyre
Sockeye salmon (Juv.) 6 (3) Yes Whole 46° 76.8¢ 65.3° Mclntyre
Sockeye salmon (Adult) 10 (5) No Whole 7.3°¢ 13.8°¢ 9.7°¢ Meclntyre

13
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Species Number of Composite Tissue Type Tissue PCBs (pg/kg) Data Source
Steelhead 1 Yes Fillet n/a 8.4 n/a EIM
Threespine stickleback 4 Yes Whole 47.3 241 164 Mclntyre
5(3) Yes Fillet 9.5¢ 12° 10.8°¢ King County
Yellow perch 7 Yes Fillet 5.1 40 15.2 EIM
29 No Whole 19 287 97.8 Mclintyre
Zooplankton (9) Yes Whole 2.7° 8° 5.6° Mclintyre

®averages also include Total PCB results from PCB congener analysis. Number of fish analyzed for PCB congeners are as follows: one carp, two
cutthroat trout and one northern pikeminnow.

® hon-detect (nd); reported concentration is highest Aroclor MDL

“excludes non-detects

14
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Figure 5. Total PCB tissue concentrations by species for the 2010 King County Fish
Tissue Monitoring Study, fillet and whole samples seperately.

All Studies Combined

Taking into account whole fish samples for all studies, detected PCB concentrations ranged from 3.6
ug/Kg (crayfish: Mclntyre, 2004) to 2,289 ug/Kg (large northern pikeminnow: Mcintyre 2004). PCBs
were not detected above analytical detection limits in some samples of crayfish, mysids, juvenile and
adult sockeye salmon, zooplankton and yellow perch fillet samples (highest Aroclor MDLs were 4, 8, 8, 4,
8, and 11 pg/Kg, respectively). Detected PCB concentrations varied most in large northern pikeminnow
with a range of 210 to 2,289 pg/Kg (n=16: Mcintyre 2004 and King County 2010). With the exception of
cutthroat trout, PCB concentrations were higher in whole fish than in filleted fish for all species where
both data types were available. This is likely due to the association of PCBs with lipids and the increased
lipid content of whole fish. These differences were statistically significant based on a Mann-Whitney
Rank Sum Test. PCB Aroclors were not detected in invertebrate samples; congener analysis was not
performed on these samples. Figures 6 and 7 illustrate differences in PCB concentrations for whole fish
and between whole and filleted fish tissue respectively.
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Figure 6. Total tissue PCB concentrations by species for whole samples, all studies
combined.
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Figure 7. Total PCB concentrations in whole and fillet tissue samples by species.
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Analysis of relationships between size, lipid content, and PCB concentration were conducted to evaluate
the predictive power of these data. In general, larger, older, or more lipid-rich predatory fish are
expected to preferentially bioaccumulate lipophilic contaminants like PCBs. The existence of these
relationships may confirm expected patterns in bioaccumulation; whereas substantially different or
unique relationships between these parameters suggest novel bioaccumulation patterns or inadequate
food web understanding.

King County Fish Monitoring (2010)

Tissue PCB concentrations were positively correlated with various physical parameters for individual
species in the 2010 King County study (Table 5). Tissue PCB concentration was positively correlated with
fork length, weight and lipid content for all species combined.

Table 5.  Significant correlations (p<0.05) between PCB concentrations and size or lipid content
for the King County Fish Tissue Monitoring Study.
Tissue Correlation Correlation
i N P P Val
Species Type Test arameters Coefficient? alue
_ Northern Whole | orson 5 | PCBs& Weight 0.905 0.0348
pikeminnow (small) Body
. Northern Whole Pearson O No Correlations---------------
pikeminnow (large) Body
PCBs &
S 0.946 <0.001
Peamouth chub V\Blz(cj)le pearman 9 Fork Length
y Pearson PCBs & Weight 0.812 0.00784
Yellow perch Fillet Spearman 5 | e No Correlations---------------
, PCBs & 0.623 0.000143
All species Spearman 32 Fork Length
combined P PCBs & Weight 0.568 0.000755
PCBs & Lipids 0.629 0.0000530

®Only correlations with coefficients greater than |0.5| were included in this table.

All Studies Combined

Taking into account all studies, tissue PCB concentrations were correlated with various physical
parameters for individual species (Tables 6 and 7). Tissue PCB concentration was positively correlated
with fork length, weight, and lipid content for all species combined (Table 6). The origin of the strong
negative correlation between juvenile sockeye salmon lipid content and PCB Aroclor concentration is

unknown.
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Table 6.  Significant correlations (p<0.05) between PCB whole fish concentrations and size or lipid content for all data combined.
Species Correlation Test N Parameters Corre.la-tlor; P Value Data Source
Coefficient

PCBs & Lipids 0.733 <0.001
Pearson 18 PCBS & Fork Length 0.825 <0.001

Cutthroat Trout Mclntyre
PCBs & Total Length 0.822 <0.001
Spearman 18 PCBs & Weight 0.786 <0.001

Longfin smelt Pearson 8 PCBs & Lipids 0.924 0.001 Mclntyre

Northern Mcintyre

pikeminnow (small) Spearman 14 PCBs & Fork Length 0.597 0.023 & King County
Northern Mclntyre
SAarifinmem e Pearson 12 PCBs & Length 0.645 0.024 % i Caur

Pearson PCBs & Weight 0.812 0.008

Peamouth chub 9 King Count

Spearman PCBs & Fork Length 0.946 <0.001 8 y
Sculpin Spearman 20 PCBs & Length 0.720 <0.001 Mclntyre
. : PCBs & Weight 0.698 <0.001 v

Sockeye salmon (juv.) Pearson 6 PCBs & Lipids -0.956 0.003 Mclntyre
29 PCBs & Fork Length 0.694 <0.001

Yellow perch Spearman 25 PCBs & Length 0.692 <0.001 Mclntyre
28 PCB & Weight 0.687 <0.001
107 PCBs & Fork Length 0.527 <0.001

All i bined S All Studi
species combine pearman 165 PCBs & Lipids 0.646 <0.001 udies

®Only correlations with coefficients greater than |0.5| were included in this table.
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Table 7.  Significant correlations (p<0.05) between fillet PCB concentrations and size or lipid content for all data combined.
Correlation
Species Correlation Test N Parameters Coefficient® P Value Data Source
Black crappie (Fillet) Pearson 3 PCBs & Length 0.999 0.022 EIM
Carp (Fillet) Pearson 6 PCBs & Weight 0.928 0.017 EIM
PCBs & Length 0.628 0.039
Cutthroat Trout Pearson 11 PCBs & Weight 0.700 0.017 EIM
PCBs & Lipids 0.778 0.005
EIM & Ki
Yellow perch Spearman 7 PCBs & Length 0.857 0.006 & King
County
7 PCBs & Fork Length 0.821 0.015
39 PCB & Length 0.859 <0.001
All i bined S All Studi
species combine pearman 46 PCB & Weight 0.845 <0.001 udies
46 PCBs & Lipids 0.763 <0.001

®Only correlations with coefficients greater than |0.5| were included in this table.
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PCB Aroclors were not detected in three of six juvenile sockeye samples (MDL - 8 ug/Kg); concentrations in
the remaining three samples ranged from 46 to 77 ug/Kg. Lipid content was 4.6 to 5.4% wet weight (ww) in
the non-detect samples and 2.5 to 3.0% ww in samples with Aroclor detections. The juvenile sockeye with
undetectable PCB Aroclors were collected in late October, 2001 while the juvenile sockeye with detected
Aroclors were collected in late March, 2002; all fish were of similar length. The origins of the differences in
concentration and the resulting negative correlations with percent lipids may be a reflection of the time of
year these fish were sampled. Body weight was measured for the juvenile sockeye collected in October,
2001, but not for fish collected in late March, 2002. Thus, differences in body weight are unknown. There
were no correlations between PCBs and physical characteristics for crayfish, pumpkinseed, sockeye salmon
(adult) and threespine stickleback.

Lipid-normalized Results

PCB concentrations were lipid-normalized to examine how much of the PCB body burden was associated
with lipid content. These results are shown on Figure 8.

400 = Code Species
oy n=18
% — BC Black crappie
% CT Cutthroat trout
= - LMB Largemouth bass
; 300 A il LFS Longfin smelt
> NPM Northern pikeminnow
g PMC Peamouth chub
= ) PS Pumpkinseed sunfish
@ 200 - s = SMB Smallmouth bass
8 . SES Sockeye salmon
b n=6 SH Steelhead
N TSB Threespine stickleback
g Yoo - ?(P YeIIon perch
o) . juv. Juvenile
'§. HQS e =0 n=6 ki
= =3 ™ - E E D O n=10n=1 ]

0-L— ——

Species

Figure 8. Lipid-normalized PCB concentrations by species for all data combined.

5.0 Data Usability

This report is a compilation of “recent” fish tissue PCB concentrations with associated data for conventional
parameters such as length, weight and percent lipids. “Recent” is defined as from January 1, 2000, to
December 31, 2012. Ambient fish tissue concentrations of PCBs are typically stable year to year taking
decades to decline (USGS, 2003), and thus the 12 years of various sampling and analysis efforts are believed
to effectively represent current conditions.

Fish tissue samples were collected by gill nets, electrofishing, angling, mid-water trawls, conical nets, and
minnow traps. Crayfish were collected by hand and snorkeling. Remaining Daphnia and Neomysis
invertebrates were collected with 135-um mesh nets. With the exception of four tissue samples that were
analyzed for PCB congeners, all data presented here are based on Aroclor analysis. All tissue samples were
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also analyzed for, lipids and solids by either MEL or KCEL. The field methods employed a broad range of
sampling techniques; they are not known or suspected to have contributed any bias to the resulting data.
The fish retained from these varied sampling efforts were primarily medium to larger specimens potentially
suitable for consumption. Few small fish were analyzed so any sampling bias is secondary to the selection
bias. With the exception of anadromous sockeye salmon, the aggregate fish tissue dataset reasonably
represents most of the resident species and size ranges of fish potentially consumed by people fishing in
Lake Washington. The multiple investigations presented here have used angling, electrofishing, gill nets,
and traps. All of these collection methods have varying size and species biases, yet have collected the same
species and size ranges, suggesting that the upper trophic levels and larger size classes have been
adequately characterized.

The Aroclor analysis methods require some analyst discretion to determine which chromatogram peaks
should be attributed to PCBs. However, chemists from both KCEL and MEL have discussed Aroclor
guantification and chromatogram integration in the past and both laboratories use comparable approaches
(D. McElhany, pers. comm.).

Data included in this memorandum are considered usable for the purposes of modeling food web
bioaccumulation or for comparisons with fish consumption advisories. No special qualifications or caveats
are considered necessary.

6.0 Discussion and Summary

PCB concentrations may differ with fish age for a variety of reasons: age or development-related shifts in
diet and habitat, differing exposure duration, etc. While data for multiple size/age classes for several
species were available, only sockeye salmon and northern pikeminnow were separated into different
cohorts for analysis in this report. Both species had distinct size separations with relatively large
differences in PCB concentration between them. Considering these size classes separately provides a
better representation of tissue PCB concentrations for these species. Mclntyre (2004) reported juvenile
and adult sockeye salmon separately; therefore, no changes were made regarding how this species was
presented. Northern pikeminnow samples had a distinct break in size and lipid content, which allowed for
easy separation of small and large cohorts.

In general, for all species analyzed as both whole body and fillets, fillet samples were not representative of
whole fish lipid content or PCB concentration. Figure 8 illustrates a large increase in lipid normalized PCB
concentrations between small and large northern pikeminnow is due to more than an increase in lipid
content. As large northern pikeminnow are apex predators, this increase in PCB concentration is likely due
to diet. Figure 8 also illustrates the wide range of PCB concentrations for smallmouth bass and large
northern pikeminnow is not due to differences in lipid content. Future modeling will examine the food
web, size classes, and PCB bioaccumulation in more detail.

There are currently fish consumption advisories in place for several species of fish that reside in Lake
Washington due to elevated levels of PCBs. The Washington State Department of Health (DOH)
recommends no consumption of northern pikeminnow and carp. They suggest limiting cutthroat trout
consumption to one meal per month and yellow perch to one meal per week (DOH 2004). These advisories
were put in place based on the Mclintyre (2004) data that are included in this data summary. DOH does not
currently advise limiting smallmouth bass consumption; however, this may be due to the limited amount of
smallmouth bass sample data available at the time of their review. In both the King County (2010) study
and all studies combined, smallmouth bass have the second highest average PCB concentrations of all
species.

In conclusion, PCB concentrations in tissues of several Lake Washington fish species are at elevated levels
similar to those responsible for the current fish consumption advisories.
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