Publication No. 84-e44

WA-15-0020

CHEMICAL CONTAMINANTS IN CLAMS AND CRABS
FROM EAGLE HARBOR, WASHINGION STATE,
WITH EMPHASIS ON POLYNUCLEAR AROMATIC HYDROCARBONS

October 1984

by:

Bill Yake
Joe Joy
Art Johnson

Water Quality Investigations Section
Washington State Department of Ecology



CHEMICAL CONTAMINANTS IN CLAMS AND CRABS
FROM EAGLE HARBOR, WASHINGTON STATE:
WITH EMPHASIS ON POLYNUCLEAR AROMATIC HYDROCARBONS

Introduction

In early 1984, the results of initial studies by the Northwest and Alaska
Fisheries Center (National Oceanic and Atmospheric Administration, NUAA) in
Fagle Harbor (Bainbridge IsTand) were transmitted to the federal Environmental
Protection Agency (EPA, Region 10) and the Washington State Department of
Ecology (WDOE). A Tetter dated March 19, 1984, from Dr. Donald Malins (NOAA)

to Dr. Gary 0'Neal (EPA) summarized findings from these studies including high
concentrations of polynuclear aromatic hydrocarbons (PNAs) and pentachlorophenol
(PCP) 1in Eagle Harbor sediments and a high incidence of pathological disorders
in English sole collected in Eagle Harbor.

Although the data available at this time were not complete, particularly with
regard to the public health implications of the preliminary findings, the
environmental and public health agencies decided that it would be prudent to
issue an advisory regarding consumption of fish and shellfish taken from Eagle
ltarbor. Therefore, the DBremerton-Kitsap County Health Department (BKCHD) is-
sued an advisory on March 23, 1984, recommending that fish, crabs, and shell-
fish from Eagle Harbor not be consumed. Simultaneouslty, NOAA, EPA, and WDOE
coordinated plans for investigations to collect data which would help address
remaining environmental and public health questions.

Dr. Malins and his associates proceeded with the analysis of bottomfish
tissues. One of the major purposes of this work was to quantify concentra-
tions of PNAs and PNA metabolites in tissues including the edible muscle
tissue of the English sole.

EPA collected and analyzed a number of surface sediment samples from Eagle
Harbor. Both subtidal and intertidal sediments were collected, with the
results intended to better define the extent and degrec of surfacc scdiment
contamination in and near the harbor.

The Water Quality Investigations Section (WOIS) of WDOE was responsible for
collecting, analyzing, and providing the initial interpretation of shellfish
sample results from Eagle Harbor. This effort initially included only clams,
but was later expanded to include crabs. The primary purpose of this work is
to generate data which will help to provide a sound basis for the public
health agencies to make decisions on advisories addressing consumption of
Eagle Harbor crabs and clams.

This report presents the results of WDOE's Eagle Harbor shellfish analyses and
compares concentrations found here to Food and Drug Administration (FDA)
"action levels" where applicable. In addition, PNA concentrations in Fagle
Harbor shellfish are compared to concentrations in samples collected at
"control" Tlocations as well as concentrations reported in the literature for
shellfish in Puget Sound and other waters. Finally, PNA concentrations in
Eagle Harbor shellfish are compared to concentrations reported in several
other types of food.



These data will be reviewed by public health agencies including the BKCHD
and the Washington State Department of Social and Health Services (DSHS) in
their re-evaluation of the advisory for Eagle Harbor. Modifications to the
original advisory will be issued, as necessary, by these agencies.

Methods

Site Selection. Site selection for the collection of clams and crabs was

based on: (1) historical use of the location for shellfish collection by the
public, and (2) the potential for contamination based on available information
regarding contaminated sediments and other potential sources of contamination.
A "control" station located some distance from Eagle Harbor was also selected
for each survey.

Station locations were chosen after consulting Don Miles of the BKCHD, Al
Scholz of the Washington State Department of Fisheries (WDF), Dan Tangarone
of EPA, and several Bainbridge Isiand residents.

Figure 1 shows the locations of sampling sites. Numbers for the clam collec-
tion sites correspond to numbers assigned to intertidal sediment samples col-
lected by EPA in their sediment sampling effort. There are a total of nine
clam collection sites: six in Eagle Harbor, two just outside Eagle Harbor
(one on the north side of Wing Spit, the other along the east shore of Wyckoff
property just south of the entrance of Eagle Harbor), and one control site
located at Point Blakely about 1.7 miles south of Eagle Harbor. These sites
are described in Table 1.

Crab collection sites are also noted in Figure 1. Crabs were collected at
four locations. Site A on the north shore of Eagle Harbor is a popular pub-
lic crabbing area; Site B in the middle of the harbor is located where NOAA
scientists found the highest concentrations of PNAs in sediment; and Site C
which is also a crabbing area is located off the east-facing shore south of
the harbor entrance near a location where contaminated seepage has been noted.
The conlrol (Station D) was placed in Rolling Bay. Rolling Bay was selected
rather than Point Blakely because it represents better crab habitat and is a
public crabbing area.

Sample Collection. Clam samples were collected on April 17 and 18, 1984, by
Joe Joy and Art Johnson (WDOE, WQIS). A total of four clam species were
represented in the collection. The number and type of clams collected at each
site are given in Table 1. Butter- and steamer (littleneck) clams were selec-
ted preferentially wherever available. Horse clams were retained for analysis
only when an insufficient number of butter- and steamer clams were available.
Only undamaged clams were retained for analysis. These were rinsed in on-site
sea water, placed in plastic bags, tagged, and stored on ice. A1l samples

were transported within six hours to the WDOE/EPA Environmental Laboratory at
Manchester, Washington, where they were refrigerated pending sample preparation.




A inoLE300 FT.
T
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Crab samples were collected between July 29 and 31, 1984, by Art Johnson,
Dale Norton, and Bill Yake. Crabs were collected using pots baited with
fish scraps. All of the crabs caught at the three stations in and near
Eagle Harbor were Red Rock crabs (Cancer productus). Although several
Dungeness crabs (Cancer magister) were caught at the Rolling Bay control
site, only Red Cock crabs were retained for analysis so that all four sam-
ples would be as comparable as possible. The largest crabs obtained at
each site were killed, wrapped in aluminum foil (previously rinsed with
pesticide-grade acetone and methylene chloride), and placed on ice. C(rabs
were returned to the EPA/WDOE Manchester Laboratory on the day of collec-
tion and frozen pending sample preparation.

Sample Preparation. Clam samples were prepared on April 20, 1984, two to
three days after collection. The clams were shucked; rinsed with distilled,
de-jonized water; and placed in pre-weighed glass jars with teflon 1lids.

A11 soft tissues of the butter- and steamer (1ittleneck clams) were retained
for analysis; however, only the neck, mantie, and foot of the horse clams
were used. Thus, these samples represent commonly eaten clam tissues; and,
at all but one station (32), represent whole (soft tissue) clam samples.

The total weight of each sample was determined (Table 1) and samples refrig-
erated pending analysis.

Crab samples were prepared within two days of collection. FEach crab was
weighed, carapace width measured, and sex recorded. Al1l of this informa-
tion is presented in Table 2. The crabs were then dissected on solvent-
rinsed aluminum foil. Muscle and hepatopancreas tissues were removed with
stainless steel scissors, forceps, and scalpels, and placed in pre-weighed
one-pint glass jars with teflon lids. The total weight of each sample was
determined (Table 2) and samples re-frozen to await analysis.

To prevent cross-contamination of samples, all instruments used to prepare
these samples were cleaned between processing each sample. The cleaning
procedure consisted of: (a) washing with detergent, rinsing with tap water,
then rinsing thrce times with distilled-deionized water, (b) rinsing twice
with acetone, (c) rinsing twice with methylene chloride, and (d) drying for
at Teast ten minutes at 100°C.

Glass jars with teflon lids were used to store prepared samples. These jars
were cleaned using the following procedure: (a) washing with hot water and
detergent, (b) rinsing with tap water, (c) rinsing with distilled water, (d)
drying overnight at 350°C, (e) rinsing with pesticide-grade acetone, (f)
rinsing with pesticide-grade methylene chloride, and (g) air-drying.

Sample Digestion, Extraction, and Analysis. Tissue analyses were conducted

at two laboratories--the WDOE/EPA Environmental Laboratory at Manchester,
Washington, and NOAA's Northwest and Alaska Fisheries Center at Montlake
(Seattle, Washington). The anlayses performed at each laboratory are given
in Tahle 3.
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Table 3. Analyses performed on Fagle Harbor tissue samples.

Sample Type CTams Crabs
Tissue (see text) Muscle Hepatopancreas
Laboratory WDOE/EPA  NOAA WDOE /EPA WDOE /EPA
Analyses
Metals X
PCBs X
PNAs X X X X
Chlorinated phenols X X X
Percent 1ipids X X X X
Percent solids X X X X

The initial analyses of clam tissues conducted at the WDOE/EPA laboratory

included determination of metals and PCB concentrations. Methods used for
the digestion, extraction, and analyses of metals and PCBs have previously
been detailed in Gahler et al., 1982.

Percent solids and lipids were determined for all samples. Solids were de-
termined using method 160.3 (EPA, 1979). Lipids were determined by 1iquid
extractions of a tissue subsample. The subsamples were each extracted three
times in petroleum ether. The extract was subsequently dried and the 1ipid
content determined gravimetrically (EPA, 1980).

Analysis for PNAs and chlorinated phenols in these samples required some modi-
fications in techniques previously used by the WDOE/EPA laboratory. These
changes were necessary both because of the nature of tissue samples (matrix
effects and the presence of numerous arganic compounds in tissues) and the
relatively Tow detection limits required. These modifications were incorpora-
ted after discussions between WDOE/EPA and NOAA laboratory personnel.

The method developed and used at the WDOE/EPA Manchester laboratory is inclu-
ded in the appendix. The major steps in the extraction and analysis are shown
in Figure 2.

Weilgh Sample

Add surrogate spikes g

Extract with 2:1
Methylene Chloride
and Methanol

Re-extract Water Phase
Filter

Gel Permeation Chromatography Clean-up

Silica Gel Clean-up » Methylatian

PNAs by GC/MS Florisil clean-up

PCP by GC/EC

Figure 2. WDOE/EPA Manchester analytical scheme for PNA and PCP in tissue.
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The methods used by the NOAA laboratory for tissue extraction and subsequent
analysis for PNAs were slight modifications of those described by Malins et
al. (1980). The methods used are described in detail by MaclLeod et al. (1984,
In press).

Four of the clam tissue samples were split for PNA analysis by both the WDOE/
EPA Taboratory and the NOAA Taboratory. In comparing the results, it is im-
portant to keep in mind several differences between the laboratories and their
procedures:

1.

The WDOE/EPA Taboratory used gas chromatographic/mass spectral (GC/MS)
analysis to detect and quantify individual PNAs, while the NOAA labora-
tory used gas chromatographic/flame jonization detection (GC/FID) for
this purpose.

Extraction of PNAs from tissues and subsequent analysis involves a number
of painstaking procedures. Differences in experience, technique, and

analytical equipment make comparison of results from different laborator-
ies somewhat difficult and should be considered when interpreting results.

Both laboratories add specific deuterated compounds (for instance, D-10
pyrene) early in the extraction procedure to determine the efficiency
with which this compound is recovered during extration and analysis.
Although there are some differences between the laboratories in how this
is done (WDOE/EPA calls these deuterated compounds "surrogate spikes”

and adds them directly to the homoyenaled Lissue in the flask prior to
solvent addition, while NOAA calls them "internal standards" and adds
them to the homogenated tissue in the flask just after solvent addition),
the procedures appear to be essentially equivalent. The major differen-
ces between the Taboratories appear to be the degree of recovery obtained
and whether or not the final results are corrected for any losses which
may occur in the extraction/analysis process.

Table 4 summarizes the recoveries obtained by each laboratory for their
surrogate spikes (internal standards).

Table 4. Percent recovery of surrogate spikes or internal standards.
mean percent and (rangc).

SampTe Type CTam Crab
Tissue Type {see text) Musc Te Hepatopancreas
Laboratory WDOE /EPA  NOAA WDOE /EPA WDOE /EPA
Deuterated Compound
D-8 naphthalene 86(//-92)
D-10 pyrene 31(17-44) 95(88-100) 72(50-89) 76(59-102)
D-12 perylene 101(99-103) 72(29-97) 74(65-90)




Clam

It is clear that the NOAA Taboratory was able to achieve consistently
higher recoveries than the WDOE/EPA Tlaboratory. WDOE/EPA laboratory
recoveries for the clam samples were noticeably lower than those ob-
tained by NOAA for the same samples. This is not unexpected when con-
sidering that this was the first time the WDOE/EPA laboratory had used
this particular analytical procedure.

A second significant difference between the laboratories is that while
Lhe NOAA laboratory uses their internal standard recovery to adjust their
final reported results, the WDOE/EPA Tlaboratory does not. The disparity
in recovery rates coupled with this reporting difference is probably
largely responsible for the fact that WDOE/EPA's rcported clam tissue PNA
concentrations are consistently lTower than NOAA's.

Results and Discussion
Tissue

Metals. The concentrations of seven metals (As, Cd, Cr, Pb, Hg, Ni, and
7n) in clam tissues are summarized in Table 5. These concentrations are
reported on both a wet-weight (Table 5A) and dry-weight (Table 5B) basis.
In qgeneral, metals concentrations in clams from the control location are
equivalent to metals concentrations in clams taken from Eagle Harbor.
There is some indication that lead and mercury concentrations may be
slightly elevated in some of the Eagle Harbor samples.

Table 6 compares metal concentrations in Eagle Harbor clam tissue to con-
centrations reported in other Puget Sound clams and bivalves. In all
cases, metals concentrations in Eagle Harbor clams appear to be within
the range of previously reported values. In addition, these concentra-
tions are compared to FDA guidelines and "action levels" for edible
tissues of fish and shellfish. In the case of the three metals for which
guidelines or "action levels" exist, concentrations in Eagle Harbor clam
ticsue are well helow these criteria.

Polychlorinated Biphenyls (PCBs). PCB concentrations in clam tissue

are given on a wet-weight basis in Table 7A, and on a dry-weight basis on
Table 7B. These concentrations are aquite low, ranging from less than 10
to 28 ug/Kg (ppb) wet weight. As noted in Table 6, these concentrations
are about 1 percent of the FDA action level for edible fish tissue. They
are also at the lower end of the range of PCB concentrations reported in
clam tissues from seven rural and urbanized embayments (Malins et al.,
1980). The dry-weight concentrations of PCBs in Eagle Harbor clams (<54
to 155 ppb) correspond well to concentrations (24 to 160 ppb) reported by
Malins et al. (1982) for clams from reference areas. It should be noted,
however, that the clams analyzed by Malins et al. (1980, 198?) were
different species than those collected in the Eagle Harbor area.
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Chlorinated phenols (tetrachlorophenol and pentachlorophenol). Con-
centrations of tetrachlorophenol (TCP) and pentachlorophenol (PCP) in
clam tissues are given in Tables 7A (wet weight) and 7B (dry weight).
Concentrations in clams from the "control" site at Point Blakely were
generally equivalent to concentrations in clams in and near Eagle Harbor.

It is somewhat difficult to place TCP and PCP concentrations in Eagle
Harbor clams in perspective hecause few literature values are available
for comparison. Murray ct al. (1980) report PCP concentrations of 3.4
to 8.3 ppb (wet weight) Tn oysters from Galveston Bay, Texas. This
compares to the 0.3 to 9.3 ppb concentrations reported in Eagle Harbor
clams.

Based on available information, the reported PCP concentrations do not

appear to imply significant human health effects. EPA (1980) cites an

"upper limit for non-occupational daily exposure" to PCP at 0.03 mg/Kg

or 2.1 mg/70 Kg person. To reach this exposure, a person would have to
consume 225 Kg (about 500 pounds) daily of the Eagle Harbor clams with

the highest PCP concentration (9.3 ppb, wet weight).

Polynuclear Aromatic Hydracarhons (PNAs). The results of analyses
for PNAs and other ringed organic compounds are given in Tables 7A
(wet weight) and 7B (dry weight). 1In addition, an indication of the
carcinogenic activity of several compounds is given in the left-hand
margin.

Figure 3 graphically displays the concentrations of 2- and 3-ring PNAs,
as well as the 4-, 5-, and 6-ring PNAs in clam tissue. In general, the
concentrations of PNAs in clams in and near Eagle Harbor are substan-
tially higher than those in clams taken from the control site at Point
Blakely. The highest PNA concentrations were found in clams collected
from the east-facing shore of Wyckoff Company (a pole and piling pre-
serving plant) property on Bill Point south of the mouth of Eagle Harbor.

The distribution of PNAs in clam tissue shown in Figure 3 is generally
consistent with what is known about sediment contamination, potential
sources, and circulation patterns in and near Eagle Harbor. The only
apparent anomaly in this pattern is the relatively low concentration

of PNAs found in the clams collected at site #32 near the Wyckoff log
rafting area. One potential explanation for this result may be related
to the type of clams collected here and their preparation prior to analy-
sis. As noted earlier, this was the only site where horse clams were
retained for analysis. Half (11 of 22) of the clams in this sample were
horse clams, and because they are generally much larger than individuals
of other clam species, most of this sample consisted of horse clam tissue.
As noted in the Methods section, only the foot, neck, and mantle of horse
clans were retained for analysis. The Tow PNA results may reflect the
fact that the internal organs (including digestive glands) of the horse
clams were not analyzed. Further work would be required to test this
hypothesis and determine if, in fact, the internal organs of horse clams
(and other clam species) contain much higher concentrations of PNAs than
other tissues like the foot, mantle, and neck.

-12-



Table 7A. PHAs, PCBs, and chilorinated phenols in Fagle Harbor clan tissae (wa/Kg, wel weight basis),

HyckofF E.of Wing Kies
Control/ Wyckoff Log City Condos/ Tariai- North Shore Point Byiee
Pt. Blakely Fast Shore Starage Park WS Ferries _nal Opp. Wyckoff Lagoon  Spit
Station Number: 0 1 37 a1 3 5 13 18! 7
Laboratory Sample Number: 16508 o lesor o 16504 16506 L6505 16503 16502 16501
Lahoratory: SOAAL word  woaal T Wa0EZ  WooE?  wWpOEZ  NOAAL  WDQEZ  wWp0Ee  wOAAL  WDOEZ  WiUEe
C.A.2 Polynuclear Aromatic Hydrocarbons
Priority Pollutant PNAs
Naphthalene * 2u 26 6.6 2u 2u 6.4 2u 2u 6.1 2u 3.1 2u
Acenaphthene 1.8 2u 130 55 2u 2.1 6.1 3.2 2u 5.4 2u 2u 2u
Fluorene 7.9 2u 180 82 2u 2u 11 5.3 2u 11 5.3 5.7 e
- Phenanthrene 36 21 740 480 19 35 73 45 45 84 49 53 14
- Anthracene 23 2u 130 67 2.2 2u 33 7.9 6.4 12 6.5 6.9 2y
-P/Co M Fluoranthene 63 35 970 560 43 ) 200 130 130 210 130 120 28
-P/Co,M Pyrene 47 29 920 430 26 66 200 99 81 230 85 81 13
¥ Benzo{a)anthracene 10 2u 210 210 2u 22 35 31 28 46 31 32 2u
t Chrysene 15 12 360 210 2u 28 120 46 44 I 46 39 2u
Benzofluoranthenes 14 2u 120 120 2u 24 54 42 33 48 37 26 24
ttt,M Benza{a)pyrene 3.2 6u 50 45 6u bu 14 11 6u 15 6u 6u [3¥]
iRl Dibenzo{a,h)anthracene 2.2 12u 8.6 12u 12u 12u 5.0 12u 12u 2.5 12u 12u 124
t,M Indero{1,2,3-cd)pyrene 0.9u 12u 11 12u 12u 12u 6.9 12u 12u 6.3 12u 120 124
-P/Co,M Benzo(g,h,i)perylene 2.5 12u 21 12u 12u 12u 7.9 12u 12u 8.4 12u 12u 12u
Non-Priority Pollutant PNAs
1-methylnaphthalene 1.2 63 3.1 2.6
2-methylnaphthalene * 2u 160 44 2u 2u 6.3 2u 2u 5.4 2u 2u 2u
1, 3-dimethylnaphthalene 75T
2,6-dimethylnaphthalene 9.0 79 2.8 3.1
2,3,5-trimethyinaphthalene * 35 * *
1-methyiphenanthrene I 97 I 28
2-methylphenanthrene 67T
3,6-dimethylphenanthrene 5.0 41 8.6 5.9
2-methylanthracene 1107
11H-benzo(a)fluoranthene 1507
- Benzo(e)pyrene * 76 56 35
Perylene * 15 4.1 3.5
Cther Ringed Compounds
Biphenyl 1.0 35 1.2 1.3
Dibenzothiophene 1.2 71 3.3 4.3
Dibenzofuran 1.8 2u 120 62 2u 2u 3.5 2u 2u 4.5 2u 2u 2u
Carbazole 1.0u 2.1u 1.2u 1.3u
PCBs
PCB-1254 10u 10u 10u 16 21 28 16 10u 10u
Chlorinated Phenols
Tetrachlorophenol 3.6 10 3.1 5.8 12 5.6 0.2 3.6 3.3
Pentachlorophenol 5.1 8.3 6.3 7.8 [ 7.8 n_3 A5 a1
Other Analyses '
Percent Lipids . 1.2% 1.3% 0. 8% 1.0% 1.1% 1.2% 1.0% 1.2%
Percent Solids 16.5% 17.4% 16.5% 18.3% 17.0% 14.0% 18.0% 17.6% 18.0% 16.5% 17.7% 17.5% 17.7%

Ipata reported in letter (8/10/84) from Donald Malins (NOAA, HMFS-Seattle) to Bill Yake (WDOE, WQIS-Olympia).

2Data reported in memorandum (8/8/84) from Dick Huntamer and Mike Schlender (Chemists, Manchester Laboratory) to Merley McCall and Bill Yake, “Analysis
of Eagle Harbor shellfish for polynuclear arcmatic hydrocarbons and pentachlorophenol."

L ]
TR TR TRt}

flot detected at

Tentatively identified compound.
Present; however, also present in blank.
Present, but concentration below level of guantification.
Timit of detection.

Data not availabie due to interfering peak at the same retention time.

Carcinogenic Activity: From Mix and Schaffer (1983) and Table 1.1 of Pucknat (1981), all routes of exposure.

P/Co

= Not carcinogenic
promoter or cocarcinogen

M = Ames test =mutagen
= Carcinogenic
tit =

Strongly carcinogenic
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Table 78B. PNAs, PCBs, and chlorinated phencls in Eagle Harbor clam tissue (ug/Rg, dry weight basis).

TRy fTTT EoF Wing — Wing
Contrel/ Wyckcff Log City Condos/ Termi- North Shore Point Foint
Pt. Blakely Cast Shore Park WS Ferries nal Opp. Wyckoff Lagoon  Spit
Station Number: 0 1 T TR T 75 ~~PMITL— I 7
Laboratory Sample Number: . lsses 16506 16505 16503 16502 16501 16500
Laboratory: WAL wnop? WI0E2 AL wDOEZ  wWooEZ  NOAAL wboE2  wpog?  wWpoe?
C.A.3 PFolynuclear Aromatic Hydrocarbons
Priority Pollutant PNAs
Naphthalene * 1lu 160 36 12u 1l4u 36 1lu 1lu 37 11u 18 11lu
Acenaphthene 11 1lu 800 300 12u 15 34 i8 1lu 33 1iu 11u 1lu
Fluorene 48 1lu 1100 450 12u 14u 60 30 11u 69 30 33 11m
- Phenanthrena 220 120 4500 2600 110 250 410 260 250 500 280 300 79
- Anthracene 140 1lu 800 370 3 14u 180 45 36 72 37 39 11u
-P/Co M Fluoranthene 380 200 5900 3100 250 640 1100 740 720 1300 730 690 150
~P/Co, M Pyrene 610 170 5600 2300 150 470 1100 560 450 1400 480 460 110
t Benzo{ a)anthracene 62 1iu 1200 1100 12u 160 190 180 160 280 180 180 1lu
+ Chrysene 85 69 2200 1100 12u 200 690 260 240 1 260 220 11u
Benzofluoranthenes 83 1lu 710 660 12u 170 310 240 180 290 210 150 11lu
1t ,M Benzo(a)pyrene 19 34u 350 250 35u 43u 7 63 33u 89 24y 34u 34u
tit Dibenzo{a,h)anthracene 13 6%u 52 66u 7lu 86u 27 68u 67u 15 68u 69u 68u
T M Indeno(1,2,3-cd)pyrene 5.7u 6%u 64 664 lu 86u 8 68u 67u 38 63u 69u 68u
-P/Co M Benzo(qg,h,i)perylene 15 69u 130 66u 7lu 86u 44 68u 67u 51 68u 6%u 63u
Non-Priority Pollutant PNAs
l-methyinephthalene 7.0 380 17 16
2-methyTnaphthalene * 11u 940 240 12u 14u 35 11u 1lu 33 1lu 1lu 11u
1,3-dimethylnaphthalene 4207
2,6-dimetnylnaphthalene 22 480 15 19
2,3,5-trimethylnaphthalene * 210 * *
1-methylphenanthrene I 590 I 170
2-methylphenanthrene 3707
3,6-dimethylphenanthrene 30 250 48 36
2-methylanthracene 6007
11H-benzo(a) fluoranthene 820T
- Benzo(e)pyrene * 460 310 210
Perylene . * 90 23 21
Other Ringed Compounds
Biphenyl 6.0 210 6.5 8.1
Dibenzothiophene 7.5 430 18 26
Dibenzofuran 11 1lu 720 340 12u 14u 19 11u 11u 27 11u 1lu 11u
Carbazole 6.0u 13u 6.5u 8.1u
PCBs
PCB-1254 57u 54u 58u 114 119 155 30 57u 56u
Chlorinated PHenols
letrachiorophenol 21 55 18 41 68 31 1.3 21 19
Pentachlorophenol 29 51 37 54° 52 42 1.7 37 1
Other Analyses .
Percent Lipids 1.4% 1.2% 1.3% 0.8% 1.0% 1.1% 1.2% 1.0% 1.2%
Percent Solids 16.5% 17.4% 16.5¢ 18.3% 17.0% 14.0% 18.0% 17.6% 18.0% 16.5% 17.7% 17.5% 17.7%

Ipata reported in letter (8/10/84) from Donald Maiins (NOAA, AMFS-Seattle) to Bill Yake (WDOE, WQIS-0lympia).
2Data reported in memorandum (8/8/84) from Dick Huntamer and Mike Schlender (Chemists, Manchester Laboratory)

of Eagle Harbor shellfish for polynuclear aromatic hydrocarbons and pentachloraphenal ®

—e B

3Carcinogenic Activity: From Mix and Schaffer (1983} and Table 1.1 of Pucknat {1981), all routes of exposure.

WO onoHow

Tentatively identified compound.

Present; however, also present in blank.

Present, but concentration below level of quantification.

Not detected at limit of detection.

Data not avaiiable due to interfering peak at the same retention time.

- = Not carcinogenic

P/Co = promoter or cocarcinogen
M = Ames test mutagen
T = Carcinogenic

T¥F = Strongly carcinogenic
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The fairly consistent discrepancy between PNA concentrations reported

by the WDOE/EPA laboratory and those reported by the NOAA laboratory are
discussed in some detail in the Methods section. In the judgment of

the writers, we recommend the reader use the conservative approach of
accepting the NOAA results as closer approximations of reality and
recognize that the actual concentrations of PNAs in the clam tissue
samples analyzed by the WDOE/EPA laboratory may be approximately twice
the values reported.

To place the PNA concentrations reported here in some perspective, tables
have been generated which compare these concentrations to those reported
in shellfish from Puget Sound and other Tocations (Tables 8 and 9) and
%oncentrations in other foods with relatively high concentrations of PNAs
Table 9).

Although there is some difficulty in comparing PNA concentrations reported
in clam tissues by various authors because of differences in species ana-
lyzed, sample preparation, and analytical techniques, some useful generali-
zations may be ohtained from Table 8.

Concentrations for individual PNAs in clams in Fagle Harbor proper (i.e.,
NOAA results for sites 13 and 34) are at or near the upper end of the
range of concentrations measured in clams from urbanized areas. Even the
concentrations reported for the "control" site clams appear to be higher
than many of the values reported in the literature, especially values
reported for sites more remote from intense human activity.

PNA concentrations in the clams taken from site 1 (east shore of Wyckoff
property) were substantially higher than concentrations commonly reported
in the literature. Individual PNA concentrations ranged from about 2 to
15 times higher than the highest Titerature values summarized in Table

8.

Table 9 compares PNA Tevels in Eagle Harbor clams to concentrations re-
ported for other types of shellfish and foods containing high concen-
trations of PNAs. It should be noted that data reported here represent
the upper Timit of PNA concentrations reported in food. For instance,
Santodonato et al. (1981) estimate that the average concentration of
benzo(a)pyrene [BaP) in foods is 0.1 to 1.0 ppb and that the concentra-
tion of total PNAs in food is 1 to 10 ppb. Using the NOAA data, this
compares to a BaP concentration of about 15 ppb in Fagle Harbor clams (58
ppb in the clams off Wyckoff) and a total PNA concentration of about 800
pph in Eagle Harbor clams (3900 ppb in the clams off Wyckoff). Thus,
clams from the Eagle Harbor area contain BaP concentrations one to two
orders of magnitude higher than the average concentrations in food, and
total PNA concentrations two to three orders of magnitude higher.

The concentrations of PNAs in Eagle Harbor clams are generally near the
upper end of the range of PNAs reported in PNA-contaminated foods. As
noted in Table 9, these foods include smoked and charcoal-broiled meats
and fish, as well as leafy vegetables and shellfish from contaminated
environments.
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fable 8.

-P/Co,M
-P/Co,M
:

N
Tt

T,
i
M
-P/Co M

Comparison of polynaclear wonatic hydrocarhon concentrat fons {ug/

other locat fons,

Padynuctear Aromatic Hydrocarbons

Priovity Pollutant PN
Raphthalene
Acenaphthene
Fluorene
Phenanthrene

Anthracene
Fluoranthens

Pyrene

Benzo{ a)anthracene
Chrysene
Benzo(b}fiuoranthene
Benzo{k)fluoranthone

(Benzof Tuoranthenes)
Benza{alpyrene
Dibenzo{a,h)anthracene
Indeno(1,2,3-cd)pyrene
Benzo(q,h,i)perylene

Non-Priority Pollutant Phas

l-methylnaphthalene
2-methylnaphthalene
1,3-dimethyln thalene
2,6-dimethylinaphthalene
2,3,5-trimethylnaphihalene
1-methylphenanthrene
2-methylphenanthrene
3,6-dimethylphenanthrene
2-methylanthracene
114-benzo{a)fluoranthene
Benzo(e)pyrene

Perylene

Other Ringed Compounds

Biphenyl
Dibenzothiophene
Dibenzofuran
Carbazole
PCBs
PCB-1254
Chlorinated Phenols

Tetrachlorophenol
Pentachlorophenol

Other Analyses

Percent Lipids
Percent Solids

Bavrier Rh
Reetl g
0.
0.1u-3.2
0.06-0.7 1.
0.1u-1.4 1.
0.
0.1u-1.4 0.
0.003u-0.02
0.01u-0.02
0.07u-0.3

6.04u-0.08

1

g, nphowet

ode fast
"o ae Caos Bay
0.4u-4.8
2-1.7 0.7u-2.4u 9.4-167
0.4u-1.5u
0-7.2 0.94-9.5u 7.7-119
2-6.6 Ju-12 5.3-98.8
1-0.4 5.7 lu-1 2.0-71.5
3-0.9 0.7u-3.8 5.9-38.9
0.4-14.8
1.1-10.9
0.%u-4.8u 1lu-0.3 2.3-11.4
1.5-9.%
1.3-8.7
2.0-8.0
0. 4u-1.2
lu-12
0.9u-4.8u
1.1u-4.8u
0.4n-1 8,
1.1u-3u
10-70%
15-33

welaht)

O.7u
1. 5u
0
N

0. 7uv

)
0.7u
0.7u
2.2u
0. 7u

2.9
0.7u

1.5u

Tu
7u

< O

L7u

7u

O

vpa—
oo
< =

~7u
.5u

-0

in clany

5.0 4.5
ACIT Y
1.8uw 1.he
N 12u
1.8u 6
7.2 42
11 N
3.6u 68
3.6 54

5 40 36
L.8u

1.8a 3u
1.8u 1.5u
3.6u 7.5u
1.8 . Su

. 1
1.8u 1.5u

5.4 3B
1.8u 17
1.0 20
3.6u 3.0u
29* 170%
18 15

from Lhe

59.2
5u

48
6.4u

16

{anie Harbor wrea to ¢l

163%

from

fagle Harbor

HOAA WIOE
13 13u u-6.6
N § 2u-55
84008 2u-82
57 N 14-48
I 18 2u-6
110 45 ) 26-560
180 45 200-920  13-430
00 22 35-210 u-210
69 26 35-360 2u-210
23 14y 2u-170
35 3.2y bii-d4%
12
1.4y 3.2u 12u
1Zu
4.2 1.6u 2.5-63
5.6 1lu 5.4-160  2u-44
757
17 32 2.8-79
1.4u 3.2u 35
28-97
677
5.9-41
1107
1807
36 13u 35-76
9.8 3.2u 3.5-15
3.2 1.2-35
13 4.8u 3.3-71
3.5-120  2u-62
1.2u-2.1u
122%  55% 10u-28
0.2-12
0.3-9.3
0.8-1.4
14 16 16-18.5 14.0-18.3

Ismith, Bagq, and Bycroft (1984) Tridacna maxima from the Great Barrier Reef, Australia.

2Prue]1, Hoffman and Quinn (1984) Mercenaria mercenaria from Rhode Island seafood stores.
York Bight.

3McLeod, dro, et al. (1981) "Surf clams" from the Hew

4 ancirov and Brown (1977) Yclams" from Virginia, New
ix and Schaffer (1982a) Mya arenaria from Loos Bay,

6Ma]ins, et al
Waterway, FZ-Ceattle w3
Not quantified.

Not detected at limit of detection.

Total PCEs.

Tentatively identified compound.

ix and Schaeffer (1983

- = Kot carcinnge

N =
" -
* =
T =
*Carcin

et al. (1920) Mac

asuta, M,

carlottensis

ic fetivity: From

front, C3-Com
s

cement Bay

B/Co- = promoter or cocarcinogen
M = Ames test mutagen
1 = Carcinogenic
1, T4t = Strongly carcinrsgenic

Jarsey,

1]

and Tabl

and Connecticut.

a castrensis from: CI-Case Inlet, PM-Port Madison, SI-Sinclair

“CZ-HyTehos Waterway.

e 1.1 of Pucknat (1921),
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Crab

In summary, Eagle Harbor area clams appear, in general, to have PNA con-
centrations which match or exceed reported PNA concentrations in clams
from urbanized areas. These concentrations also match or exceed PNA
concentrations found in foods with high PNA concentrations.

Tissue

Crabs were collecled and analyzed afler inilidl resulls were available
from the analysis of clams. Based on these initial results, analysis

of crab tissue was limited to PNAs and chlorinated phenols. As noted
earlier, crab muscle and hepatopancreas tissues were analyzed separately.
A1l of these analyses were performed by the WDOE/EPA laboratory in
Manchester.

The results of these analyses are summarized in Table 10A (wet-weight
basis) and Table 10B (dry-weight basis).

Chlorinated phenol results were generally equivalent to those for clams.
TCP and PCP concentrations in crab muscle were at or near detection
Timits (0.5 to 1 ppb wet weight) while concentrations in hepatopancreas
were in the l-to-10-ppb wet weight range. Concentrations in crabs from
the Rolling Bay control site were generally equivalent to concentrations
in Eagle Harbor crabs. As noted earlier for clam tissues, the reported
PCP concentrations in crabh tissues do not appear to imply significant
human health effects.

PNA results appear to have more significant implications. As noted in
Table 4, the WDOE/EPA laboratory achieved substantially better recoveries
for the deuterated compounds (surrogate spikes, internal standards) added
to the crab tissue samples than with the previous clam samples. Thus
allhough duplicate analyses were nol performed by Lhe NOAA Taburdlory,

the results reported here are probably reasonable approximations of actual
PNA concentrations in these crab tissues.

Figure 4 displays the total PNA data in graphical form. Several generali-
zations are apparent from this figure: (1) PNA concentrations in hepato-
pancreas are higher than those in the muscle of crabs collected at the
same location, (2) PNA concentrations in tissues from crabs collected in
and near Eagle Harbor are much higher than those in crabs collected from
the Rolling Bay control site, and (3) the distribution of PNA concentra-
tions in tissue of crabs collected in and near Eagle Harbor does not sug-
gest any clear differentiation in crabs collected at different locations
in and near the harbor. This latter obscrvation may be duc to the mobil-
ity of crabs and the possibility that collections at each of the sites
sampled the same or intersecting populations of crabs.

It is interesting that a fairly large number (Table 2) of crabs were col-
lected at Site B which was located as close as possible to the site at
which Malins (1984a) found the highest concentrations of PNAs in sediments.
These are sediments which displayed a high degree of toxicity to various
organisms in six different bioassays (Malins, 1984b).
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Figure 4.
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PNA concentrations in crab tissues were generally lower than those found
in clams but were within the same order of magnitude.

Relatively little information on PNA concentrations in crab tissue could
be found in the literature. Table 11 summarizes the data that were
available. Based on this information, it appears that PNA concentrations
in Eagle Harbor are elevated; however, it is not possible to provide a
good estimate of what concentrations one would expect in crabs from
background locations or even other urbanized cmbayments in Puget Sound.
Concentrations in Eagle Harbor crabs do appear to be generally higher
than those reported in Elliot Bay (Romberg, personal communication, Table
11) and Commencement Bay (Barrick, personal communication) where concentra-
tions of the higher-weight PNAs (3- to 6-ring) were not found at the 10
ppb detection Timit.

Table 12 compares PNA concentrations in crab hepatopancreas to concentra-
tions reported from six Puget Sound locations by Malins et al., 1980.
Eagle Harbor crabs appear to have higher concentrations of PNAs in
hepatopancreas than concentrations reported in crabs from these other
locations. The differential is particularly marked for the higher-weight
(4- to 6-ring) PNAs.

In comparing crab PNA concentrations to concentrations in other types of
food, the reader is referred to the section discussing clam tissue
results. Note that concentrations reported in crab hepatopancreas are
generally equivalent to those reported for clam tissue, while crab muscle
appears to contain PNA at concentrations approximately 10 to 40 percent of
those reported in clams and crab hepatopancreas.

Summary and Conclusions

This paper reports the results of tissue analyses of clams and crabs collec-
ted in and near Eagle Harbor. The primary purpose of this work is to report
data which will help provide a sound basis for public health agencies to make
decisions on advisories addressing consumption of Eagle Harbor crabs and clams.
To do this the concentrations of various compounds found in Eagle Harbor shell-
fish are compared to concentrations found at "control" sites, concentrations
reported tor similar tissues in other studies, and to other foods 1in the human
diet. Observations and conclusions based on these data and subsequent compari-
sons include:

1. Trace metal and polychlorinated biphenyl (PCB) concentrations in Eagle
Harbor clams are well within the range of concentrations which have
heen reported for clams and other shellfsh taken from Puget Sound.
Although there 1is some indication that lead and mercury concentrations
in some of the Eagle Harbor clam samples may be slightly elevated in
comparison to the control site at Point Blakely, concentrations of
these metals, as well as cadmium and PCB, are well below FDA guide-
lines, or "action levels," for edible fish and/or shellfish tissue.
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Concentrations of tetrachlorophenol (TCP) and pentachlorophenol (PCP)
in clam, crab muscle, and crab hepatopancreas were generally equivalent
between samples collected at the "control" sites and samples collected
in and near Eagle Harbor. Few data were available reporting TCP or

PCP concentrations in shellfish or other foods. Based on available
information, the reported PCP concentrations do not appear to imply
significant potential human health effects.

Concentrations of polynuclear aromatic hydrocarbons (PNAs) in clam,
crab muscle, and crab hepatopancreas samples from in and near Eagle
Harbor were substantially elevated with respect to concentrations at
“control" locations. Concentrations were highest in clams collected
from the east shore of Wyckoff Company property south of the entrance
to Eagle Harbor. Tissues from clam samples collected within Eagle
Harbor proper contained PNA concentrations which were at or near the
upper end of the range of concentrations reported in clams from other
urbanized embayments. PNA concentrations in clams from Site 1 (east
shore of Wyckoff property) were substantially higher than values
commonly reported in the Titerature.

PNA concentrations in Eagle Harbor crab hepatopancreas were roughly

equivalent to the concentrations found in Eagle Harbor clam tissue,

while crab muscle concentrations were somewhat lower (about 10 to 40
percent of clam tissue concentrations).

PNA concentrations in Eagle Harbor clams are generally near the upper
end of the range of PNAs reported in PNA-contaminated foods (including
smoked and charcoal-broiled meats and fish, as well as leafy vegetables
and shellfish from contaminated environments). These concentrations
are one to three orders of magnitude higher than the average concentra-
tions in the human diet.

The data for PNAs in clam tissue suggest the possibility that there may

be some substantial difference between PNA concentrations in clam viscera
and other tissues. This hypothesis is based on the observation that the
PNA concentrations in clams collected at site 32 (west of Wyckoff log

dump) were substantially lower than concentrations in clams collected at
other Eagle Harbor locations. This was the only sample which predominantly
contained horse clams which, in turn, were the only type of clams which
were "cleaned" during sample preparation prior to analysis. The possi-
bility of partitioning of PNAs in clam viscera should be pursued to deter-
mine if this hypothesis should be accepted or rejected.
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APPENDIX

(Provided by Mike Schlender, WDOE/EPA Manchester laboratory)

PNAs AND PCP IN TISSUE

Range and Application of Method

The method described is specific for the quantification of polynuclear aro-
matic hydrocarbons (PNA) and pentachlorophenol (PCP) in biological tissues.
This method involves liquid extraction, gel permeation/silica gel chromatog-
raphy, and gas chromatographic electron capture (GC/EC) or gas chromatographic
mass spectral (GC/MS) analysis.

Procedure

Tissue Extraction. Weigh approximately 100 grams of tissue homogenate
into a 200 mL centrifuge tube and add appropriate surrogate internal
standard compounds. Add 80 mL of methylene chloride in methanol (2:1)

to the centrituge-extraction vessel. With the aid of a Brinkman Polytron,
grind the tissue for three minutes or until the liquid fully saturates
the tissue. Centrifuge the mixture for two minutes at 1500 rev./min.
Centrifugation yields three Tayers; an aqueous layer, a tissue layer, and
an organic solvent Tayer. The aqueous and solvent layers as well as
subsequent extraction vessels rinses, are filtered through a Whatman #1
filter paper and collected by vacuum filtration. After filtration, the
tissue is replaced into the centrifuge tube and the extraction process is
twice repeated, combining the extracts.

PCP Extraction. The tissue extract, wich typically contains water, is
transferred to a 250 mL separatory funnel. The aqueous layer is retained
in the funnel while the organic Tayer is collected in a 500 mL Kuderna-
Danish (K-D) concentrator flask. The aqueous layer is acidified to a pH
2 and extracted three times with 50 mL portions of methylene chloride.
Each 50 mL portion is passed thorugh a pre-washed glass wool plug and
combined with the methylene chloride-methanol extract. The K-D boiling
flask is then fitted with a three-ball Syner condensing column and the
extract volume is reduced to approximately 10 mL on a steam bath.

Pre-column Cleanup. To remove tissue and particulate matter which may
interfere wilh subsequent column chromatography, the concentrated extract
is passed through a 10 micron pore-size teflon filter. The resulting
filtrate is then fractionated according to molecular size using gel per-
meation (Bio-Beads) column chromatography (30 X 3.0 cm I.D. col.). The
appropriate PNA/PCP fraction of methylene chloride eluent is collected
from 50 to 110 minutes after sample application.
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Silica Gel Separation. Isolation of the PNA components is accomplished
using silica gel column chromatography. To prepare for separation, a 25
X 2 cm I.D. glass column is wet-packed with 10 grams of silica gel (acti-
vated at 130°C overnight). The sample is exchanged to cyclohexane and is
applied to the head of the column. Aliphatic components are eluted from
the sample with 25 mlL of pentane and discarded. The PNA components are
collected by eluting the sample with 25 mL of 40 percent methylene chlor-
ide in pentane. The PNA extract is then concentrated to 1.0 mL under a
strcam of Ultra-purc nitrogen and subjccted to gas chromatographic mass
spectral analysis.

PCP Preparation. A portion of the organic extract after gel permeation
separation 1s retained for PCP analysis. The extract is exchanged to
diethyl-ether (ethanol free), and methyl esterification of the PCP is
accomplished using EPA method 615 (Section 10.2.2). The extract is
exchanged to iso-octane and column chromatographed with 5 mL of iso-
octane on a 7.0 X 0.5 cm Florisil micro column. The iso-octane elutent
is then concentrated to 1.0 mL and analyzed by GC/EC.
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