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ppm parts per million

ug microgram
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Glossary

Acute Occurring over a short time (compare with chronic).

The principal federal public health agency involved with
Agency for Toxic hazardous waste issues, responsible for preventing or reducing the
Substances and Disease harmful effects of exposure to hazardous substances on human
Registry (ATSDR) health and quality of life. ATSDR is part of the U.S. Department

of Health and Human Services.

Cancer Slope Factor

EPA's measure of the ability of a substance to cause cancer based
on the dose of the substance received.

Carcinogen

Any substance that causes cancer.

Chronic

Occurring over a long time (more than 1 year) (compare with
acute).

Comparison Value

Calculated concentration of a substance in air, water, food, or soil
that is unlikely to cause harmful (adverse) health effects in
exposed people. The CV is used as a screening level during the
public health assessment process. Substances found in amounts
greater than their CVs might be selected for further evaluation in
the public health assessment process.

Contaminant

A substance that is either present in an environment where it does
not belong or is present at levels that might cause harmful
(adverse) health effects.

Dose
(for chemicals that are not
radioactive)

The amount of a substance to which a person is exposed over some
time period. Dose is a measurement of exposure. Dose is often
expressed as milligrams (amount) per kilogram (a measure of body
weight) per day (a measure of time) when people come into
contact with media containing the substance (e.g., drinking water,
breathing air, consuming food, skin contact with soil, etc.). In
general, the greater the dose, the greater the likelihood of an effect.
An "exposure dose" is how much of a substance is encountered in
the environment. An "absorbed dose" is the amount of a substance
that actually gets into the body through the eyes, skin, stomach,
intestines, or lungs.

Environmental Protection
Agency (EPA)

The federal agency that develops and enforces environmental laws
to protect the environment and the public's health.

Epidemiology

The study of the occurrence and causes of health effects in human
populations. An epidemiological study often compares two groups
of people who are alike except for one factor, such as exposure to
a chemical or the presence of a health effect. The investigators try
to determine if any factor (i.e., age, sex, occupation, economic
status) is associated with the health effect.

Exposure

Contact with a substance by swallowing, breathing, or touching the
skin or eyes. Exposure may be short-term (acute exposure), of
intermediate duration, or long-term (chronic exposure). Exposure
to a substance occurs when an individual encounters
environmental media containing that substance (e.g., inhaling air,
drinking water, skin/soil contact, etc.).
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Hazardous substance

Any material that poses a threat to public health and/or the
environment. Typical hazardous substances are materials that are
toxic, corrosive, ignitable, explosive, or chemically reactive.

The act of swallowing something through eating, drinking, or

Ingestion mouthing objects. A hazardous substance can enter the body this
way (see route of exposure).
The amount of an environmental medium that could be ingested,
Ingestion Rate (IR) typically on a daily basis. Units for IR are usually liter/day for
water and mg/day for soil.
. Compounds composed of mineral materials, including elemental
Inorganic

salts and metals such as iron, aluminum, mercury, and zinc.

Lowest Observed Adverse
Effect Level (LOAEL)

The lowest tested dose of a substance that has been reported to
cause harmful (adverse) health effects in people or animals.

Media

Soil, water, air, plants, animals, or any other part of the
environment that can contain contaminants.

Minimal Risk Level (MRL)

An ATSDR estimate of daily human exposure to a hazardous
substance at or below which that substance is unlikely to pose a
measurable risk of harmful (adverse), non-cancerous effects.
MRLs are calculated for a route of exposure (inhalation or oral)
over a specified time period (acute, intermediate, or chronic).
MRULs should not be used as predictors of harmful (adverse) health
effects (see oral reference dose).

No Observed Adverse
Effect Level (NOAEL)

The highest tested dose of a substance that has been reported to
have no harmful (adverse) health effects on people or animals.

Oral Reference Dose (RfD)

An amount of chemical, which if ingested on a daily basis over the
course of a lifetime, would not be expected to cause adverse
effects. These estimates (with uncertainty spanning perhaps an
order of magnitude) are published by EPA.

Organic

Compounds that contain carbon, including materials such as
solvents, oils, and pesticides.

Parts per billion (ppb)/Parts
per million (ppm)

Units commonly used to express dilute concentrations of
contaminants. For example, 1 ounce of trichloroethylene (TCE) in
1 million ounces of water is 1 ppm. 1 ounce of TCE in 1 billion
ounces of water is 1 ppb. If one drop of TCE is mixed in a railroad
tank car (13,200 gallons), the water will contain about 1 ppb of
TCE.

Route of exposure

The way people come into contact with a hazardous substance.
Three routes of exposure are breathing (inhalation), eating or
drinking (ingestion), or contact with the skin (dermal contact).

12




Executive Summary

Background

Over the past decade, the Washington State Department of Fish and Wildlife (WDFW) collected
fish tissue data to determine long-term trends in contaminant levels in Puget Sound fish.
Concentrations of many contaminants were measured in muscle tissue (without the skin) from
English sole, four species of rockfish and two salmon species as part of the Puget Sound
Assessment and Monitoring Program (PSAMP - formerly Puget Sound Ambient Monitoring
Program).

Findings

Based on tissue concentrations, frequency of detection, and toxicity, DOH concluded that two of
the contaminants are of potential public health concern: polychlorinated biphenyls (PCBs) and
mercury. DOH assessed these data to address potential health impacts to humans who eat marine
fish from Puget Sound. Findings include:

e Mercury contamination of rockfish species in Puget Sound was primarily related to where
they live and to fish age.

0 Mercury concentrations were highest in yelloweye rockfish. Age-adjusted
mercury levels were higher in rockfish from urban areas of central Puget Sound
than in those from non-urban areas of Puget Sound.

e PCBs were elevated in rockfish from urban bays than in near- and non-urban areas.

e English sole from urban areas had higher contaminant levels (i.e., PCBs and mercury)
than those from near-urban and non-urban areas. Older fish also tended to have higher
mercury levels.

e Puget Sound coho salmon tended to have lower PCB and mercury levels than Chinook
salmon.

e Resident Chinook salmon (also known as blackmouth) from Puget Sound tended to have
higher PCB levels than migratory Chinook salmon. Blackmouth do not migrate to the
open ocean.

Based on contaminant concentrations in fish and on estimates of consumption by recreational
anglers, tribal members, and consumers of fish from the Asian Pacific Islander (API)
community, DOH determined that frequent consumers of certain fish may be exposed to
contaminants above a level of concern.

13



Recommendations

DOH encourages all Washingtonians to eat at least two fish meals per week as part of a heart
healthy diet in accordance with American Heart Association (AHA) recommendations. A
variety of fish is an important part of a balanced diet because:

0 Fish is an excellent source of protein, vitamins, and minerals.

0 The oils in fish are important for unborn and breast-fed babies.

0 Eating a variety of fish helps to reduce the chances of cardiovascular disease.
0 Eating a variety of fish helps to reduce exposure to contaminants of concern.

Most foods, regardless of source, contain some contaminants. Switching from fish to other types
of food may not eliminate contaminant exposure. One can safely continue to eat the American
Heart Association’s recommended two fish meals per week by avoiding fish that are high in
contaminants. The following meal limits are meant to guide people toward making informed
decisions when selecting fish to eat. If people eat Puget Sound fish that have recommended meal
limits (e.g., rockfish), they should choose other fish that are lower in contaminants in order to get
to their heart healthy two meals per week. Good examples of fish that are lower in contaminants
include coho, sockeye and chum salmon, flatfish from non-urban areas of Puget Sound and many
other store-bought fish known to be low in contaminants. DOH has compiled a list of the many
fish low in contaminants based on our own data and previously published data. This list is
available at http://www.doh.wa.gov/fish.

DOH provides the following meal advice for anglers and other consumers of Puget Sound fish.
This advice is emphasized for women of childbearing age and children because young children
may be more susceptible than adults to adverse impacts of contaminant exposure. These
recommendations are based on a 60 kg (132 1b) adult and on an assumption that a fish meal is
eight-ounces of pre-cooked fish. Children should eat proportionally smaller meal sizes. These
recommendations considered exposure to multiple chemicals (i.e., mercury and PCBs) in each
fish meal.

Rockfish from Puget Sound
DOH recommends the following for all consumers with respect to rockfish from Puget Sound:
e No consumption of yelloweye rockfish caught anywhere in Puget Sound. This advice,
although derived from a small sample size, is based on public health concerns due to
high mercury concentrations in these fish. Furthermore, WDFW currently restricts non-

tribal harvest of Puget Sound yelloweye and canary rockfish.

e For all other species of Puget Sound rockfish, follow the guidance given below.

14



Table ES-1. Meal recommendations for rockfish from Puget Sound listed by Washington State
Department of Fish and Wildlife recreational marine areas.

Recreational

Marine Area
(see Figure ES-1)

Consumption
Guidance for rockfish
from Puget Sound

Exceptions
(see Figure ES-2)

East Juan de Fuca

6 . No more than 1 meal/week None
Strait
7 | San Juan Islands No more than 1 meal/week None
Deception Pass,
8.1 | Hope Island, and | No more than 1 meal/week None
Skagit Bay
8.2 Port Susan and No more than 1 meal/week - | No more than 2 meals per month: Mukilteo-Everett
"~ | Port Gardner with noted exceptions and Port Gardner.
9 | Admiralty Inlet No more than 1 meal/week None
No consumption: Elliott Bay (east of imaginary
10 Seattle-Bremerton | No more than 1 meal/week - | boundary from Duwamish Head to Pier 91, including
Area with noted exceptions the Duwamish River) and Sinclair Inlet (west of Dyes
Inlet and Mitchell Point).
Tacoma-Vashon No more than 1 meal/week - No more th.an 2.meals per month: Commencement
11 Area with noted exceptions Bay (SE of imaginary boundary between Sperry Ocean
dock and Cliff House Restaurant).
12 | Hood Canal No more than 1 meal/week None
13 South Puget No more than 1 meal/week None
Sound

NOTE: Meal size equals eight ounces of uncooked fish for an average-sized adult.

English Sole and Other Flatfish

English sole was the only flatfish sampled and analyzed by PSAMP. While differences in life
history may result in varied contaminant concentrations between species, DOH used chemical
results from English sole tissue analyses to develop consumption recommendations for all Puget
Sound flatfish. WDFW sport fish regulations use the term “bottomfish” to define numerous
species. Meal limits specified for flatfish may not be applicable to other bottomfish such as
lingcod.

The following table is a summary of consumption guidance for all consumers of Puget Sound
English sole and other flatfish. Note that consumption of English sole and other flatfish from
urban bays should be limited (Everett, Eagle Harbor, Commencement Bay) or avoided
(Duwamish Waterway). Before fishing, anglers should consult WDFW fishing guidance for
catch limits.
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Table ES-2. Meal recommendations for English sole and other flatfish from Puget Sound listed
by recreational marine areas (see Figure ES-3).

Recreational Consumption Guidance for
Marine Area (s English Sole and other Exceptions
Figure ES-1) Flatfish from Puget Sound (see Figure ES-3)
6 EaSt. Juan de Fuca No meal limit None
Strait
7 | San Juan Islands No meal limit None
Deception Pass,
8.1 | Hope Island, and No meal limit None
Skagit Bay
No more than 2 meals per month: Everett-
8.2 Port Susan and No meal limit — with noted waterfront from Mukilteo ferry dock to City of
" | Port Gardner exceptions Everett. Based on extrapolation from sediment
concentrations.
9 | Admiralty Inlet No meal limit None
No consumption: Duwamish Waterway
(includes Harbor Island East and West
Waterways)
No more than 1 meal per month: Sinclair Inlet
- . (west of Dyes Inlet and Mitchell Point).
10 Seattle-Bremerton | No me.al limit — with noted No more tﬁan 2 meals per month: Elliott Bay
Area exceptions . . .
(east of imaginary boundary from Duwamish
Head to Pier 91).
No more than 1 meal per wk: Eagle Harbor
and Port Orchard (waterway separating
Bainbridge Island and Kitsap Peninsula).
No more than 2 meals per month: Inner
Commencement Bay (SE of imaginary boundary
Tacoma-Vashon No meal limit — with noted between Sperry Ocean dock and CIiff House
1 Area exceptions Restaurant).
No more than 1 meal per wk: Outer
Commencement Bay (SE of imaginary boundary
between Boathouse Marina and Brown’s Point).
12 | Hood Canal No meal limit None
13 South Puget No meal limit None
Sound

NOTE: Meal size equals eight ounces of uncooked fish for an average sized-adult.

Puget Sound Salmon

DOH recommends the following with respect to Chinook and coho salmon in Puget Sound:

e Chinook salmon from Puget Sound may be consumed once (eight ounces) per week (or
four times per month).

0 Anglers who catch resident Chinook salmon (also known as blackmouth) in the Puget
Sound winter blackmouth fishery should limit their consumption to two eight-ounce
meals per month. A Chinook caught in the Puget Sound wintertime fishery weighing




greater than four pounds is likely to be a blackmouth. Blackmouth reside in Puget
Sound and appear to accumulate more PCBs than Chinook that migrate to the ocean.

e There are no restrictions on coho caught from marine or in-river fisheries from all areas
of Puget Sound. Although DOH acknowledges that coho are not free of contaminants,
they are relatively low in contaminants compared to many Puget Sound and store-bought
fish. High-end consumers should follow general advice presented below on eating fish
as part of a healthy diet.

Other Salmon Species

e Sockeye, pink and chum salmon were not sampled as part of the PSAMP effort. Data
from other sources show that sockeye, chum and pink salmon tend to have very low PCB
levels, most likely related to life history and diet. Therefore, DOH has no restriction on
consumption of these species of Puget Sound salmon.

Preparing Fish to Reduce Exposure to PCBs

Many contaminants (e.g., PCBs) are concentrated in fat. The following preparation methods can
further allow consumers to reduce their exposure to some contaminants:

e When cleaning fish, remove the skin, fat, and internal organs before cooking.

e Grill, bake, or broil fish so that fat drips off while cooking.

17



Figure ES-1. Recreational marine areas in Puget Sound, Washington, as defined in WDFW

sport fish regulations.
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Figure ES-2. Meal limit recommendations for rockfish from urban areas of Puget Sound. Area

designations are consistent with WDFW recreational marine areas. The general meal limit

recommendation for rockfish throughout Puget Sound is 1 meal per week.
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Figure ES-3. Meal limit recommendations for English sole and flatfish from urban areas of
Puget Sound. Area designations are consistent with WDFW recreational marine areas.
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Introduction

The Washington State Department of Health (DOH) works to protect and improve the health of
people in Washington State. Part of this mission is to reduce or eliminate exposures to health
hazards in the environment. DOH’s Office of Environmental Health Assessments (OEHA)
evaluates chemical hazards in the environment, develops strategies to reduce exposure to
environmental contaminants, and provides education and outreach to communities to help
minimize health impacts to the public. One focus of OEHA is on human health impacts from
consuming contaminated fish.

The Washington State Department of Fish and Wildlife (WDFW) has collected fish tissue data
from Puget Sound since 1989 in an effort to determine long-term trends in contaminant levels.
DOH was asked to assess these data to address potential health impacts to humans who eat
marine fish from Puget Sound. The scope of this assessment is limited to Puget Sound and
primarily focused on marine fish data collected by WDFW for the Puget Sound Assessment and
Monitoring Program (PSAMP). PSAMP is a long-term, multi-agency effort designed to monitor
the environmental health of Puget Sound. While analyses included many contaminants (West et
al. 2001), DOH identified only two chemicals at levels of potential concern to human health,
polychlorinated biphenyls (PCBs) and mercury, based on frequency of detection, contaminant
concentrations, and contaminant toxicity (Appendix E).

The purpose of this report is to review and evaluate potential health risks that may result from
exposure to bioaccumulative contaminants through the consumption of Puget Sound fish based
on data collected by WDFW. PCBs are assessed for cancer and non-cancer endpoints while
mercury is assessed for non-cancer effects only. Consideration is given to fish life history,
chemical toxicity, potential exposure to contaminants by fish consumers (based on estimated
consumption), consumer body weight, comparison of contaminant levels with fish from other
regions, and the overall health benefits of eating fish. The above factors are weighed by DOH to
provide guidance for consuming Puget Sound fish.

Background

Puget Sound is a fjord, an inlet created by a glacier. The Sound is also an estuary, an arm of the
sea that extends inland to meet the mouth of a river (or rivers) where fresh water meets salt
water. Historically, glaciers scoured Puget Sound to a depth of 275 meters and created shallow
plugs called sills at several locations: at Admiralty Inlet, between the San Juan Islands, at
Deception Pass, at the mouth of Hood Canal, and at The Narrows (near Tacoma). Puget Sound’s
physical characteristics affect the relationship between sediments and organisms, including
transfer of contaminants. Many pollutants, which are generally the result of direct and indirect
discharges into aquatic systems, end up in the bottom sediments. The major types of pollutants
discharged into Puget Sound include sewage, pulp and paper industry wastes, petroleum, heavy
metals, and synthetic organic chemicals (Strickland 1983).

Contaminants in the sediment and water column may accumulate in organisms through processes
called bioaccumulation and bioconcentration. Some contaminants may biomagnify, thereby
concentrating in organisms higher on the food web. Bioaccumulative chemicals are generally
hydrophobic and have an affinity for carbon, either in sediments or the lipids of aquatic
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organisms. Many bioaccumulative contaminants end up in sediments because the organic carbon
content of sediments is higher than that of the water column. PCBs are an example of
bioaccumulative chemicals that adhere to the surfaces of organic particles in the water column,
resulting in their eventual deposition and accumulation in sediments. Since most particles end
up within the sediment in aquatic systems, these sediment-associated contaminants may affect
the health of bottom fish such as English sole and/or other species that eat bottom-dwelling prey.
Highest PCB concentrations are typically found in fine-grained, organically rich sediments (NRC
2001).

Mercury and PCBs have been detected in fish and other organisms in Puget Sound as well as in
other aquatic systems in the U.S. (Dellinger et al. 1996, Giesy et al. 1997, Gerstenberger et al.
1997, Jaffe et al. 1985, Kuehl et al. 1994, Landolt et al. 1985, Landolt et al. 1987, Loganathan et
al. 1995, Maruya and Lee 1998, Miller et al. 1993, Ryan et al. 1984, Stow et al.1995, West et al.
2001, Zabik et al. 1995). Mercury, a heavy metal, can biomagnify in fish species to levels that
can be harmful to humans who consume fish (ATSDR 1999). Most mercury that bioaccumulates
is in the form of methylmercury. Mercury exposure is of particular concern to the developing
fetus and to young children. PCBs, banned from use and production in the U.S. since 1977, are
known as organochlorine compounds. PCBs are of concern to the developing fetus and are
classified as probable human carcinogens. PCBs are persistent and continue to enter the
environment indirectly from such products as electrical transformers, lubricants, plastic, and
paint and indirectly through atmospheric deposition. In Puget Sound, PCBs are generally
concentrated in industrialized urban embayments or waterways such as Sinclair Inlet,
Commencement Bay, or the Duwamish Waterway. The number of U.S. fish advisories based on
PCBs is second only to those based on mercury (EPA 1999a, EPA 2001a).

Fish Species

Rockfish (brown, copper, quillback, and yelloweye), English sole, and Chinook and coho salmon
were collected from Puget Sound as part of PSAMP. Descriptions of each species including
information on their distribution, feeding patterns, and life histories can be found in Appendix A.
“Age” is often an important factor when evaluating contaminant levels in fish because levels of
certain chemicals tend to increase as fish get older. Of the species collected for PSAMP,
rockfish can live the longest (up to 90 years), followed by English sole (between 2 and 21 years),
Chinook salmon (typically up to a few months in freshwater and 2 to 4 years in the marine
environment), and then coho salmon (typically one winter in freshwater and 16 — 18 months in
the marine environment) (Hart 1973; S. O’Neill, personal communication, 2004; G. Ruggerone,
personal communication, 2005).

Chinook and coho salmon are anadromous, which means they are hatched and reared (depending
on species) in fresh water, rear for some of their life in the ocean, and then return to fresh water
to spawn. Some Chinook remain in Puget Sound during the period when most migrate to the
ocean. Chinook that have this life-history type are referred to as “blackmouth.” Chinook and
coho usually feed higher in the food web than other salmon species and therefore have greater
potential for contaminant bioaccumulation than other salmon species. Salmon accumulate most
of their body weight and associated burden of contaminants while foraging in marine waters
(O’Neill et al. 1998).
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English sole are bottom feeders with a limited home range while rockfish tend to be even more
sedentary. Contaminant levels in English sole and other bottom fish may show greater spatial
variation than other species due to the localized nature of sediment contamination in Puget
Sound. Contaminants such as PCBs and mercury may be present at higher levels in older (i.e.,
rockfish) and larger fish because these metabolically-resistant contaminants can bioaccumulate
over time (i.e., exposure time is greater in older fish). Further, contaminants biomagnify
(chemical concentrations increase in species toward the top of the food chain) as fish grow and
consequently feed on higher trophic level prey (Rand 1995).

Contaminants of Concern

PSAMP analyzed fish muscle tissue for over 100 chemicals found on the USEPA Priority
Pollutant List or Hazardous Substance List (Appendix E). Chemicals included chlorinated
pesticides, polychlorinated biphenyls (PCBs), other organic compounds (phenols and substituted
phenols, aromatic hydrocarbons, chlorinated aromatic hydrocarbons, phthalates, and others), and
metals such as mercury, lead, copper and arsenic. Based on analytical results, DOH concluded
that only PCBs and mercury were detected with sufficient frequency and of high enough levels
to warrant an assessment of human health risk. These chemicals are frequently observed in
aquatic organisms due to their persistence, toxicity, and ability to bioaccumulate and/or
biomagnify. A description of these chemicals, including aspects of exposure and toxicity, can be
found in Appendix B.

Additional compounds detected in fish collected for the PSAMP program included DDT, copper,
and arsenic. Other compounds were seldom detected. DDT and its breakdown products (DDD
and DDE) were detected frequently, but mostly at very low levels. Copper was often detected but
always at low levels since fish can regulate copper in their systems. Thus, copper was not an
issue for human health because of the low levels observed and its low toxicity to humans.
Highest arsenic levels were reported in bottomfish (West et al. 2001); however, concentrations
were not related to any known sources of arsenic pollution. Human health impacts due to arsenic
levels in fish tissue were not assessed. The majority of arsenic found in finfish is thought to be
in the form of relatively non-toxic organic compounds. Inorganic arsenic accounted for 0.01-
1.3% in Puget Sound fish and crab analyzed by Washington State Department of Ecology in
2002 (Ecology 2002).

Polybrominated diphenyl ethers (PBDEs), an emerging group of contaminants, were not
analyzed as part of this PSAMP dataset but have been detected in fish tissue from Puget Sound.
Information on PBDEs is presented in the discussion section of this report. WDFW has begun to
sample and analyze PBDEs in Puget Sound fish. Toxicological reference values for PBDEs are
forthcoming from EPA.
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Methods
Fish Sampling
Rockfish

Quillback, copper, yelloweye, and brown rockfish were collected from Puget Sound by SCUBA
divers with spears, by hook-and-line from a boat, or by bottom trawling (West et al. 2001).
Rockfish were also received as donations from sport or tribal fisheries. Various species of
rockfish were collected at several stations beginning in 1989 (quillback and copper rockfish),
1995 (brown rockfish), and 1996 (yelloweye rockfish) (Table 1, Figure 1). Certain stations were
sampled more frequently than others (West et al. 2001).

Although quillback, brown and copper rockfish were analyzed for a number of contaminants,
only results for PCBs and mercury are presented in this report. Brown, copper and quillback
rockfish are widely distributed throughout Puget Sound (Matthews 1990). Since all species of
rockfish are predominantly non-migratory, contaminants in muscle tissue are likely to reflect
local conditions (West et al. 2001). Samples were either from an individual fish or a composite
where muscle tissue from several fish were mixed together. After 1995, all rockfish were
analyzed as individuals.

English Sole

From 1989 to 2001 WDFW collected English sole annually with an otter trawl in the months of
April and May, at numerous locations throughout Puget Sound (Table 1 and Figure 2).* Sites
were classified by WDFW as urban, near-urban, and non-urban. These subjective classifications
were developed for data interpretation and risk communication purposes and not intended for use
in remedial decisions. Eight sites were sampled regularly throughout this period:
Commencement Bay, Elliott Bay, Port Gardner, Sinclair Inlet, Nisqually, North Hood Canal, the
Strait of Georgia, and Vendovi Island. Most English sole samples were composites comprising
20 individuals per composite. Equal amounts of skinned muscle tissue were collected from
individual fish. Sampling methods for fish tissue are described in West et al. (2001).

! Monitoring is on-going. Data from 2003 are available but were not included in analyses due to different extraction
solvents used in sample preparation (S. O’Neill, personal communication, 2006).
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Table 1. Puget Sound English sole (ES) and rockfish (R) sampling stations classified by urban,
near-urban, or non-urban setting.*

Urban stations

Near urban stations

Non urban stations

Commencement Bay (Thea Foss) | ES, R | Budd Inlet ES Apple Cove Point ES
Commencement Bay 2 ES, R | Bellingham Bay (outer) ES Birch Point ES
Duwamish ES Blakely Rock R Carr Inlet 1 ES
Eagle Harbor ES Brown’s Point R Case Inlet 1 (South ES
Case Inlet)
Elliott Bay (Seattle Waterfront) ES, R | Cherry Point ES Case Inlet 3 (North ES
Case Inlet)
Elliott Bay 2 (Harbor Island) ES,R | Commencement Bay 3 ES Day Island R
(Ruston)
Elliott Bay 4 (Myrtle Edwards) ES, R | Commencement Bay 4 ES, R | Discovery Bay ES
(Old Tacoma)
Fuller Shipwreck (Elliott Bay) R Commencement Bay 5 ES, R | Double Bluff R
(Brown’s Point)
Mukilteo-Everett ES, R | Dalco Passage R Fern Cove ES
Outer Commencement Bay ES Dash Point ES Foulweather R
Port Gardner ES, R | Dyes Inlet ES Hood Canal ES,R
Sinclair Inlet ES, R | Elliott Bay 5 (Alki) ES Hood Canal M ES
Sinclair Inlet (Tribal) R Gig Harbor R Hood Canal S ES
Lakota R McAurther Bank ES
Liberty Bay ES Nisqually ES
Port Orchard ES Orcas Island ES, R
Port Townsend ES Outer Birch Point ES
Sinclair Inlet 2 (Outer ES, R | Pickering Passage ES
Sinclair)
Sinclair Inlet 3 ES Possession Point ES
Sinclair Inlet 4 (Battle ES Port Ludlow ES
Point)
Sinclair Inlet 5 (Blake ES Port Madison ES
Island)
Point Roberts ES
Port Susan ES
San Juan Islands R
Saratoga Passage ES
Shilshole ES
Strait of Juan de Fuca | ES
Strait of Georgia ES
Vendovi Island ES
Wollochet ES

* Urban, near-urban, and non-urban stations were determined by WDFW (West et al. 2001) and updated for this

report.
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Figure 1. Puget Sound sites where rockfish were sampled by WDFW for the Puget Sound
Assessment and Monitoring Program.
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Figure 2. Puget Sound sites where English sole were sampled by WDFW for the Puget Sound

Assessment and Monitoring Program.
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Coho and Chinook salmon

Chinook and coho salmon were selected for monitoring because of their importance in tribal,
recreational and commercial fisheries. As such, they represent a pathway through which
contaminants move from Puget Sound to humans (Landolt et al. 1987, West et al. 2001).
Sampling locations for coho and Chinook included rivers and river mouths from which fish were
presumed to originate (“in-river” areas) and offshore marine areas where the origins of the fish
were unknown (West et al. 2001) (Figure 3). Blackmouth, or resident Chinook, were not
collected separately from other Chinook in this study.

Coho and Chinook salmon were collected with a commercial purse seine or purchased from
licensed fish buyers and treaty tribal fishermen in late summer and early fall, beginning in 1990.
Whole salmon were transported to the laboratory on ice where they were measured and weighed,
and scales removed for later age determination. Fish were wrapped individually in aluminum
foil, placed in plastic bags and stored on ice until tissues were removed for contaminant analyses
(West et al. 2001). As with other fish species, salmon analyses were conducted on both
individual and composite samples of skinned muscle tissue.
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Figure 3. Stations where salmon were sampled in Puget Sound by WDFW for the Puget Sound
Assessment and Monitoring Program.
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Tissue Analysis

A detailed description of analytical methods used to measure contaminants in Puget Sound fish
sampled and analyzed by PSAMP is available (West et al. 2001). The following provides a
summary of information described in the WDFW report. Chemical analyses for organic and
inorganic compounds followed procedures from the Puget Sound Estuary Program (PSEP 1989a,
1989b). These protocols reference USEPA Contract Laboratory Program Procedures (EPA
1986a, 1986b) and incorporate additional Quality Assurance/Quality Control (QA/QC)
requirements.

All metals, including mercury, were analyzed as total elemental concentrations and reported as
parts per million wet weight (ppm). Separate digestates were prepared for mercury using the
nitric acid/sulfuric digestion method then analyzed by the cold vapor atomic absorption method.
DOH assumed that total mercury concentrations were available as methylmercury because 90 -
100% of total mercury is typically in the form of methylmercury in adult fish (EPA 2001a).

Organic compounds were extracted from tissue samples by soxhlet extraction (for 1989 and 1990
samples) or sonication with a methylene chloride and acetone mix (for 1991, 1992, and 1993
samples). Beginning in 1991, all extracts were cleaned by gel permeation chromatography. The
extracts were split, one for pesticide and PCB analyses and the other for base/neutral/acid-
extractable (BNA) compounds.

Pesticides and PCBs were analyzed using gas chromatography-electron capture detection
(GC/ECD), with Aroclor mixtures used as standards for quantifying PCB concentrations and
reported as parts per billion (ppb) wet weight. In 1989 and 1990, a dual megabore column was
used on the GC/ECD, but in 1991, 1992, and 1993, a dual narrow-bore column better suited to
analyzing low concentrations was substituted. Starting with 1992 rockfish samples, new
chromatography software was used for quantification of pesticides and PCBs, allowing
laboratory chemists to more accurately quantify low concentrations of these chemicals. Because
of these method changes, PCB data from 1989 and 1990 were not included in this evaluation.
Chromatographic peaks used to quantify individual Aroclors may have contributions from
multiple Aroclors, resulting in overestimation of an individual Aroclor level. Total PCBs in
tissue can be overestimated when inflated results for individual Aroclors are summed.

A congener-specific screening method and estimation of total PCBs and pesticides (using high
performance liquid chromatography with photodiode array - HPLC/PDA) was adopted in 1997
(Krahn et al. 1994). The method provided measures of 15 of 209 PCB congeners (77, 101, 105,
110, 118, 126, 128, 138, 153, 156, 157, 169, 170, 180, and 189). In 1997 and 1998, a number of
tissue samples were analyzed using both the Aroclor-PCB (GC/ED) and the congener-PCB
(HPLC/PDA) method. Results of both methods are included in this report. The HPLC/PDA
method avoids overestimation of PCB concentration inherent in the Aroclor-summation
procedure but may underestimate total PCBs because it only analyzes a fraction of PCB
congeners.
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Total PCBs were estimated in this report using two methods:

Arithmetic summation of individual Aroclors (1248, 1254, and 1260), and

Analytical measurement of total PCBs by the HPLC/PDA screening method (measuring
the concentration of 15 of 209 PCB congeners). This method provided estimates of “total
PCBs” from measurements of total area under the congener curve. These results were
later adjusted to derive an Aroclor-equivalent concentration based on observed trends
from samples analyzed using both methods.

WDFW staff validated 1989 and 1990 data and, beginning in 1991, an independent QA/QC
chemist reviewed tissue chemistry data. Internal QA/QC reports are available from WDFW on
request. For this report, one-half of the detection value was used when chemicals were not

detected above the analytical detection level. The average detection limit for Aroclors was 2.0
ppb and <1.0 ppb for individual congeners by the HPLC/PDA method.

Risk Assessment

The following is an overview of steps used by DOH to determine whether or not fish consumers
are potentially overexposed to contaminants in fish and to develop meal recommendations for
consuming these fish (Figure 4).

The first step is to determine how much fish is consumed by potentially-exposed anglers,
tribal members, additional high-consuming populations, and other citizens. DOH
typically uses mean and 90" (or 95™) percentile population-specific consumption rates to
estimate average and high-end exposures.

The second step is to obtain contaminant data (in this case from PSAMP) or to analyze
fish samples for contaminant concentrations to estimate levels in fish tissue.

Using this information, DOH can establish what contaminants people are exposed to and
estimate the doses a person would receive from consuming fish.

The next step is to determine if the calculated exposure dose is potentially unsafe. This is
done in this report by comparing the calculated exposure dose to an oral reference dose
(RfD) specific to each chemical of concern. A reference dose is a level of exposure
below which non-cancer adverse health effects are not likely to occur. Further, lifetime
increased cancer risk attributable to carcinogenic contaminants (i.e., PCBs) in fish is
calculated and presented.

Finally, if a population is over-exposed (i.e. PCB HQ > 1) based on a representative
consumption rate, DOH then calculates acceptable meal limits based on non-cancer
endpoints. A reference dose is considered protective of both non-cancer and cancer
health effects for contaminants evaluated in this assessment (i.e., PCBs and mercury).
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In a further step, DOH calculates acceptable meal limits based on exposure to multiple chemicals
(in this case, in Puget Sound fish) to account for combined toxicity of chemicals acting on the
same organ systems.

Finally, DOH considers results of the above analyses along with other factors, such as the health
benefits of eating fish and the availability of less contaminated fish or food from other sources,
to formulate public health messages. Advice will be communicated to people who regularly eat
fish from Puget Sound (i.e., Native Americans, anglers, etc.).

Figure 4. Flow chart of steps DOH used to assess human exposure to contaminated fish.
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Approach for assessing non-cancer risk

In order to evaluate the potential for non-cancer adverse health effects that might result from
exposure to contaminated fish tissue, a dose is estimated for each contaminant of concern. The
estimated dose for each contaminant is then compared to EPA’s oral reference dose (RfD). RfDs
are doses below which non-cancer adverse health effects are not expected to occur (so called
“safe” doses). The RfD is an estimate (with uncertainty spanning perhaps an order of
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magnitude) of a daily oral exposure of a chemical
to the human population (including sensitive
subpopulations) that is likely to be without risk of

Oral Reference Dose (RfD)
Oral reference doses (RfDs) are levels of

harmful non-cancer effects during a lifetime. exposure to chemicals below which non-
They are derived from effect levels obtained from cancer effects are not expected. EPA sets
human population and laboratory animal studies. RfDs based on chronic exposure only. An

. RfD is derived by dividing a toxic effect
These outcome levels can be either the lowest P

level determined in animals or humans by

observed adverse effect level (LOAEL) or a no- “safety factors” to account for uncertainty
observed adverse effect level (N OAEL) In and provide added health protection.

human or animal studies, the LOAEL is the lowest
dose or threshold at which an adverse health effect
is seen, while the NOAEL is the highest dose that does not result in any adverse health effects.

Because of uncertainty associated with these data, the toxic effect level is typically divided by
“safety factors” resulting in the lower and more protective RfD. If a dose exceeds the RfD, this
indicates only the potential for adverse health effects. The magnitude of this potential can be
inferred from the degree to which this value is exceeded. If the estimated exposure dose is only
slightly above the RfD, then that dose will likely fall well below the toxic effect level. The
higher the estimated dose is above the RfD, the closer it will be to the toxic effect level.

Comparisons between the exposure dose and the RfD are called hazard quotients (HQ) and are
determined by the following equation:

Hazard quotient = Estimated dose (mg/kg/day)
RfD (mg/kg/dy)

If the hazard quotient is greater than one, then the RfD is exceeded. Exceeding a reference dose
does not mean a person will experience an adverse health effect, only that the potential exists.
The more a hazard quotient exceeds a value of one, the greater potential for adverse health
effects.

The Agency for Toxic Substances and Disease Registry (ATSDR) recommends that interactions
between multiple chemicals be assessed for the potential that combined exposures could result in
adverse effects that are more (synergistic) or less (antagonistic) severe than would be anticipated
from the addition of each chemical dose (ATSDR 2004a). In the absence of any data to suggest
synergism or antagonism, ATSDR recommends that an assumption of additivity be made for
chemicals acting on the same target organ. Mechanistic data on how PCBs and mercury interact
are lacking, so their combined effect is considered additive for the purpose of this assessment
(ATSDR 2004b). The two chemicals of concern in this assessment have been linked to several
harmful effects including impacts on neurodevelopment and the immune system. Non-cancer
effects associated with exposure to multiple chemicals detected in fish tissue were evaluated by
adding the hazard quotients (HQs) for specific harmful effects that can be caused by both PCBs
and mercury. This total is referred to as a hazard index (HI) that can be used to account for
multiple chemical exposures.

33



If a hazard index approach is used, the RfD for each contaminant should be for the same health
effect. The following table shows endpoint-specific RfDs or minimal risk levels (MRLs)? for
chemicals commonly found in fish.

To calculate hazard indices, the endpoint-specific (e.g., developmental endpoint, immunological
endpoint, etc.) hazard quotient for each contaminant must be calculated as shown below:

HQ (Developmental) = Estimated dose / RfD (Developmental).

Next, hazard quotients are summed to determine the hazard index for a specific endpoint, as
shown below:

HI (Developmental) — HQ PCBs (Developmental) + HQ Mercury (Developmental).
The following table shows endpoint-specific RfDs or MRLs for PCBs and mercury.

Table 2. Organ- or endpoint-specific RfDs or MRLs (mg/kg/day) used to calculate an endpoint-
specific hazard index.*

Endpoint/Organ Methylmercury PCBs
Hepatic NA 1x10 -4
Endocrine NA 1x10 -4
Immunological 3x10 -4 2x10 -5
Reproductive 4x10 -4 2x10 -4
Developmental 1x10 -4 3x10 -5
Neurological 3x10 -4 3x10 -5

*All values taken from EPA’s Integrated Risk Information System (IRIS) or ATSDR’s Interaction Profile for
Persistent Chemicals Found in Fish (Chlorinated Dibenzo-P-Dioxins, Hexachlorobenzene, P,P’-DDE,
Methylmercury, and Polychlorinated Biphenyls).

NA = Not available.

Approach for assessing cancer risk

Some chemicals have the ability to cause cancer. Cancer risk is estimated by calculating a dose
and multiplying it by a cancer potency factor, also known as a cancer slope factor, which is an
estimate of the ability of a chemical to cause cancer. Some cancer potency factors are derived
from human population data, others are derived from laboratory animal studies involving doses
much higher than typically encountered in the environment. Use of animal data requires
extrapolation of the cancer potency obtained from these high dose studies down to real-world,
environmentally relevant exposures. This process involves much uncertainty. In the face of
uncertainty, EPA generally uses health protective estimates of a substance’s carcinogenicity (for
example, using the upper 95% confidence limit on the dose response curve) and assumes that the
cancer dose response relationship is linear at low doses.

% Minimal risk levels (MRLs) are derived by the Agency for Toxic Substances and Disease Registry (ATSDR).
Methods of derivation are not substantially different from those used by EPA to derive oral reference doses (RfDs).
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Currently, many risk analyses assume that there is no “safe dose” of a carcinogen and that a very
small dose of a carcinogen is associated with a small increased risk of cancer. However, EPA’s
new “Guidelines for Carcinogen Risk Assessment” stress the need to determine, if possible, a
chemical’s mode of action in causing cancer. For chemicals that are carcinogenic via a
mutagenic mode of action and for carcinogens for which the mode of action is unknown, EPA
assumes public health-protective default positions in reviewing scientific data. For example,
animal tumor findings are judged to be relevant to humans, and cancer risks are assumed to have
no threshold; (i.e., there is no dose without any effect). For other modes of action, nonlinear
approaches may be considered, which is a dose below which no cancer risk is assumed (EPA
2005).

Cancer risk estimates are often not yes/no answers as with non-carcinogens but estimates of
chance (probability) related to exposure. Such estimates, however uncertain, are useful to
determine the magnitude of a cancer threat since, for some carcinogens, any level of exposure
may have some associated risk. The validity of the “no safe dose” assumption for cancer-
causing chemicals is not clear. Some evidence suggests that certain chemicals considered to be
carcinogenic must exceed a threshold of tolerance before initiating cancer.

This document presents estimated lifetime increased cancer risk numerically. For instance, a
cancer risk of 1 x 107 or 1 in 100,000 can be better understood by considering 100,000 exposed
individuals required for an attributed exposure to result in a single cancer case over a lifetime
(e.g., 70 years). These estimates are for excess cancers that might result in addition to those
normally expected in an unexposed population. EPA’s acceptable cancer risk range is typically
10 to 10" when making cleanup decisions at Superfund sites.

Cancer is a common illness and its occurrence in a population increases with age. Depending on
the type of cancer, a population with no known environmental contaminant exposure could be
expected to exhibit a substantial number of cancer cases. Many different forms of cancer result
from a variety of causes. Some forms of cancer are more serious than others and not all are fatal.
Approximately one quarter to one third of people living in the United States will develop cancer
at some point in their lives. For this assessment, cancer risks were calculated for fish consumers
based on their exposure to PCBs.

Uncertainty

There are many uncertainties associated with the risk assessment process described above.
Uncertainty refers to incomplete understanding of factors such as chemical toxicity, human
variability, human behavior patterns, and chemical concentrations in the environment.
Uncertainties can be significant or inconsequential and can only be reduced through further
study.

In risk assessments, uncertainty about chemical toxicity and how it varies among individuals can
be significant. For most chemicals, there is little knowledge of the actual health impacts that can
occur in humans from environmental exposures. In the absence of epidemiological or clinical
evidence, risk assessors rely on toxicological experiments performed on animals. These animals
are exposed to chemicals at much higher levels than are found in the environment. Doses
associated with no observable adverse effect or the lowest observable adverse effect in animal
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studies are often extrapolated to “real world” exposures for use in human health risk
assessments. In order to be protective of human health, uncertainty factors are used to lower that
dose in consideration of variability in sensitivity between animals and humans and the variability
within humans. These uncertainty factors can account for a difference of two to three orders of
magnitude in the calculation of risk. For this reason, results from the risk assessment process are
only one consideration in the establishment of state fish consumption guidance/advisories.

Results
Contaminant Concentrations in Puget Sound Fish Species

The following is a brief summary of PSAMP contaminant data from 1989-2003. Means and
ranges of mercury and PCB concentrations in four species of rockfish, English sole, and Chinook
and coho salmon are presented (Table 3). Mean contaminant concentrations were also calculated
for each fish species by individual sampling location (Appendix D, Tables D1 — D4).

Mercury

The highest mean mercury concentration was observed in rockfish from Puget Sound (mean for
all rockfish species = 0.287 ppm) (Table 3). Increased fish age was the primary factor associated
with increased mercury concentrations in these species (O’Neill and West 2006). Highest
individual mercury concentrations were observed in a 55-year-old yelloweye rockfish from
Brace Point in central Puget Sound (1.44 ppm) and a 90-year-old yelloweye collected near San
Juan Island (0.928 ppm) (Appendix C, Table C6). The mean age-adjusted mercury level in
rockfish from three urban bays of central Puget Sound (Sinclair Inlet, Elliott Bay, Port
Gardner/Everett) was significantly greater than levels from rockfish collected from other Puget
Sound areas (excluding Foulweather Bluff) (O’Neill and West 2006).

The mean mercury concentration was much lower in English sole (0.060 ppm, n = 577) than in
rockfish (0.287 ppm, n = 349). Similar to rockfish, mercury accumulation in English sole was
higher in older fish. English sole mercury concentrations were slightly higher in fish from urban
locations than in near- and non-urban areas.

The lowest mean mercury concentration was observed in Puget Sound coho (0.039 ppm, n =
225). The mean mercury level in Chinook salmon (mean = 0.093 ppm, n = 106) was over twice
as high as levels in coho.

Polychlorinated biphenyls (PCBs)

Location was the primary factor associated with PCB concentrations in rockfish. The highest
mean PCB concentration (sum of Aroclors) for a Puget Sound species was observed in brown
rockfish (213 ppb, n = 11, Table 3), which is reflective of their sampling location - many brown
rockfish were from Sinclair Inlet (326 ppb, n = 6, Appendix C, Table C2). High PCB
concentrations were also observed in quillback rockfish from Elliott Bay (293 ppb, n = 5) and
Sinclair Inlet (144 ppb, n = 3). Mean PCB concentrations from non-urban rockfish were
markedly lower (mean = 5.8 ppb, n = 85). Gender was another important factor with regard to
PCB concentration in tissue, with higher PCB levels observed in male rockfish than females.
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As with rockfish species, location was the primary factor related to English sole PCB tissue
concentrations; PCB levels in samples of English sole from urban areas were higher than in
samples collected from near- or non-urban areas. Highest mean PCB levels were observed in
English sole from the Duwamish River (168 ppb, n = 6)* and Sinclair Inlet (121 ppb, n = 45).
The lowest mean PCB level was found in English sole from non-urban areas (9.3 ppb, n = 186).

For salmon, PCB levels were lower in coho than in Chinook. Mixed stock Chinook salmon from
marine areas of Puget Sound had higher mean PCB levels than those caught in-river (73 ppb and
50 ppb, respectively). Similarly, mean PCB levels in mixed stock coho salmon were slightly
higher than those from in-river areas (34 ppb and 31 ppb, respectively).

Table 3. Summary of mercury (ppm, wet weight) and PCBs (ppb, wet weight) measured in
four species of rockfish, English sole, Chinook salmon and coho salmon from Puget Sound.

Total Total PCBs (Aroclor
Mercury PCBs (Aroclors)? Equivalent)®
Mean Range Mean Range
n Range (ppm) (ppm) n (ppb) (ppb) n (ppb) Mean (ppb)
ROCKFISH
BROWN,
(COPPER AND 349 | 0.002-1.18 | 0.287 | 188 | 3-614 55.3 160 3-384 75.3
QUILLBACK)
Urban | 157 | 0.032-1.18 | 0368 | 59 | 16-614 134 129 12-384 87.8
Near-urban | 68 | 0.002-0.620 | 0.225 | 44 4-141 45.1 12 14-128 39.6
Non-urban | 124 | 0.040-0.806 | 0.218 | 85 3-17 5.8 19 3-32 12.6
Brown Rockfish | 41 | 0.020-1.18 | 0407 | 11 | 20-614 213 40 12-308 70.5
Urban | 34 | 0.033-1.18 | 0471 | 11 | 20-614 213 32 12-308 78.8
Near-urban | 7 | 0.020-0.330 | 0.100 | 0 NA NA 8 14-97 37.2
Copper Rockfish | 50 0.04-0.69 0.172 | 18 6-23 11.3 17 14-105 46.8
Urban | 21 | 0.059-0.690 | 0244 | 5 16-23 17.6 16 14-105 48.6
Near-urban | 10 | 0.060-0.508 | 0.162 1 18.0 18.0 1 16.8 16.8
Non-urban | 19 0.04-0.20 0.099 | 12 6-14 8.2 0 NA NA
Quillback 258 | 0.002-1.06 | 0290 | 159 | 34290 | 493 | 103 | 3-384 81.8
Rockfish
Urban | 102 | 0.056-1.06 | 0360 | 43 | 20-429 127 81 18-384 99.1
Near-urban | 51 | 0.002-0.62 | 0255 | 43 4-141 45.7 3 16-128 53.4
Non-urban | 105 | 0.060-0.806 | 0.240 | 73 3-17 5.5 19 3-32 12.6
Yelloweye 2 | 0928-144 | 1184 | 2 | 1749 | 333 | NA NA NA
Rockfish

3 Recent sampling of English sole from the Duwamish River revealed PCB levels in English sole fillets
approximately 4-5 times higher than in fish collected by PSAMP for this location.
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Table 3. (cont.) Summary of mercury (ppm, wet weight) and PCBs (ppb, wet weight) measured
in four species of rockfish, English sole, Chinook salmon and coho salmon from Puget Sound.

Total Total PCBs (Aroclor
Mercury PCBs (Aroclors)? Equivalent)®
Mean Range Mean Range
n Range (ppm) (ppm) 1 (ppb) (ppb) n (ppb) Mean (ppb)
ENGLISH SOLE | 577 | 0.017-0.14 | 0.060 | 434 | 2-462 38.6 169 4-214 46.6
Urban | 256 [ 0.023-0.140 | 0.072 | 191 | 6-462 73.6 82 12-214 74.1
Near-urban | 81 | 0.020-0.118 | 0.053 | 57 3-76 17.2 27 13-96 36.2
Non-urban | 240 | 0.017-0.130 | 0.051 | 186 | 2-52 9.3 60 4-39 13.7
SALMON
Chinook
g(l)luﬁgpuget 106 | 0.051-0.160 | 0.093 | 210 | 11-223 540 | NA NA NA
In-river | 78 | 0.058-0.160 | 0.096 [ 176 [ 11-223 502 | NA NA NA
Marine’ | 28 | 0.051-0.130 [ 0.082 | 34 [ 21-212 | 732 | NA NA NA
Central Sound 22 | 0.051-0.120 | 0.074 | 18 | 21-170 | 75.6 | NA NA NA
South Sound 6 | 0.092-0.130 | 0.113 | 16 | 24212 | 70.6 | NA NA NA
Coho
‘g‘éluflgp uget 225 | 0.008-0.110 | 0.039 |221 | 5126 | 31.8 | 224 | 16-106 35.5
In-river® | 183 | 0.008-0.110 [ 0.038 [ 175 | 5-98 31.1 139 17-82 34.6
Marine” | 32 | 0.028-0.071 | 0.051 | 46 | 8-126 34.4 42 21-106 42.1
Minter Creek and
Wallace River 10 | 0.020-0.043 | 0.029 | NA NA NA 43 16-106 32.1
Hatchery
Central Sound 26 | 0.028-0.069 | 0.049 [ 20 8-61 183 10 30-59 46.8
South Sound 6 | 0.045-0.071 | 0.057 | 26 | 18-126 | 46.8 32 21-106 40.6

Note: Means reflect equal weighting of individual and composite samples.

% Sum of Aroclors 1248, 1254, and 1260.

® Approximation of equivalent Aroclor concentration from HPLC data.

¢ “In-river” refers to nearshore areas near rivers and river mouths from which salmon most likely originated.
4 “Marine” refers to offshore areas where the origins of salmon are unknown.

Estimating Exposure to Contaminants in Puget Sound Fish
Fish Consumption Rates

Numerous Puget Sound human seafood consumption surveys have been conducted.
Consumption surveys that ask how much fish is being eaten, how often, and which species are
being consumed can be used to estimate exposure rates from eating contaminated fish. DOH
considered four regional seafood consumption surveys for Puget Sound. Members of the
Suquamish Indian Tribe (Suquamish 2000) and the Tulalip and Squaxin Island Tribes (Toy et al.
1996) were interviewed in two separate studies to estimate Puget Sound Native American
consumption rates. A survey of the Asian Pacific Islander (API) community was conducted by
EPA (EPA 1999b) to estimate consumption rates. Recreational anglers from four Puget Sound
areas were surveyed in two studies by NOAA (Landolt et al. 1985, 1987).
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DOH used the mean and 90" percentile fish consumption rates (for consumers only, when
available) from these surveys to estimate exposure to contaminants in Puget Sound fish for
various populations (Appendix C). People who eat fish at the 90™ percentile are considered
high-end consumers. Rates were not adjusted to the fraction of seafood harvested from Puget
Sound, leading to an overestimation of fish consumption rates for individual species and for
Puget Sound exposure but not necessarily for exposure from overall fish consumption.

The following risk estimates use species-specific consumption rates when available. This
approach can result in higher risk estimates for species with lower contaminant concentrations if
consumption rates for that species are high. For example, risks for salmon consumption by
recreational anglers are higher than they are for rockfish despite much lower salmon PCB levels.
Exposure to contaminants from sources other than fish consumption is not considered in this
assessment.

Calculating exposure dose

Exposure doses were calculated using the average species-specific contaminant concentration for
English sole and rockfish from urban, near-urban, and non-urban areas of Puget Sound. For
salmon, doses were calculated based on whether the salmon is from an “in-river” or “marine”
fishery, with marine salmon further divided into south Sound or central Sound categories. This
approach estimates exposure to individuals that consume fish from a wide range of Puget Sound
areas. Station-specific exposure doses were also calculated which help identify specific species
and areas of Puget Sound where advice to limit consumption may be warranted (Appendix C).
Both average and high-end consumption rates were used to estimate hazards, thereby providing
additional information for exposed populations.

Comparison of Exposure to Reference Dose

Exposure doses were compared with PCB and mercury reference doses for each station
(Appendix C). In all cases, the mean concentration of a contaminant in fish was used as a
measure of central tendency. In addition, average concentrations for urban, near-urban, and non-
urban areas of Puget Sound were used for rockfish and English sole, and averages for in-river
and marine areas were used to determine the hazard quotient for each salmon species.

PCB and mercury hazard quotients for each fish consuming population were calculated (Tables 4
and 5). A hazard quotient greater than one indicates that an exposure dose from fish
consumption exceeds the reference dose (RfD).

PCBs in Rockfish

PCB concentrations in non-urban rockfish are sufficiently low so that no average or high-end
consumers eat at a rate resulting in an exposure dose exceeding the reference dose. However,
PCBs in urban rockfish are elevated to the point where average Suquamish and API consumers
of rockfish exceed a hazard quotient of one (i.e., PCB HQ > 1). Thus, PCBs in urban area
rockfish may be at levels that result in PCB exposure above known “safe” levels for some
populations. Rockfish station-specific PCB hazard quotients for each fish consuming population
were also determined (Appendix C, Table C2).
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PCBs in English sole

No population (average or high-end) consumes English sole from non-urban or near-urban
locations at a rate that results in an exposure dose exceeding the reference dose (i.e., their PCB
HQ is less than 1) (Table 4). Only high-end API consumers of urban bottomfish reach a PCB
HQ >1. This indicates that fish consumers are not likely to be exposed to PCBs at levels of
concern from eating Puget Sound English sole (with the exception of English sole from some
urban areas). Species-specific consumption rates were used to estimate exposure doses from
consumption of English sole. Consequently, the true dose from consumption of all types of
Puget Sound flatfish may be underestimated for some people.

PCBs in Salmon

High-end Native American consumers of in-river and marine Chinook salmon exceed a PCB HQ
of 1. This includes estimates based on consumption rates of the Suquamish, Tulalip, and
Squaxin Island Tribes. High-end API consumers and average recreational consumers also
exceed a PCB HQ of 1.

PCB hazard quotients from consumption of Puget Sound coho salmon are less than one for all
consumers except high-end Suquamish consumers of coho from “marine” stocks. Although
average PCB levels in Puget Sound coho are below levels of concern, some individual station
averages may be slightly above levels of concern, as evidenced by station-specific hazard
quotients (Appendix C, Table C5).

Table 4. PCB hazard quotients related to consumption of Puget Sound fish.

Rockfish (Brown, Copper
and Quillback) English sole Salmon
Consumer Near- Non- Near- Non- Chinook Coho
Po pu lation Urban urban urban Urban Urban urban in-river || marine in-river " marine
Suguamish
Average 1.1 0.4 0.0 0.2 0.0 0.0 0.5 0.7 0.3 0.3
90™ %ile 4.9 1.6 0.2 0.7 0.2 0.1 1.5 2.1 0.9 1.0
Tulalip
Average 0.1 0.0 0.0 0.2 0.1 0.0 0.3 0.5 0.3 0.3
90™ %ile 0.2 0.1 0.0 0.5 0.1 0.1 0.7 1.1 0.8 0.9
Squaxin
Average 0.4 0.1 0.0 0.2 0.1 0.0 0.7 1.0 0.3 0.3
90" %ile 1.0 0.3 0.0 0.6 0.2 0.1 1.2 1.7 0.8 0.8
API
Average 2.6 0.9 0.1 0.5 0.1 0.1 0.4 0.6 0.3 0.3
90™ %ile 5.5 1.9 0.2 1.0 0.2 0.1 1.1 1.6 0.7 0.7
Recreational
Average | 08 | 03 [ 00 | o6 | o1 | o1 | 19 | 27 ] 05 | 05

SHADED areas indicate a HQ greater than or equal to 1.
Note: Values > 1.0 indicate that the PCB reference dose is exceeded.
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Mercury in Rockfish

Regardless of location, mercury levels in rockfish are sufficiently high enough to result in
mercury HQs > 1 for high-end rockfish consumers from the Suquamish Tribe and the Asian and
Pacific Islander community (Table 5). However, average consumers from all communities
except the API are not likely to be exposed to mercury at levels of concern from rockfish

consumption.

Mercury in English sole

No consumers of Puget Sound English sole exceed a mercury HQ > 1 (Table 5). All average and
high-end fish consumers are not likely to exceed a “safe” mercury dose from consumption of
Puget Sound English sole.

Mercury in Salmon

No consumers of Puget Sound salmon exceed a mercury HQ > 1 (Table 5). All average and
high-end fish consumers are not likely to exceed a “safe” mercury dose from consumption of
Puget Sound salmon.

Table 5. Mercury hazard quotients related to consumption of Puget Sound fish.

Rockfish (Brown, Copper

c and Quillback) English sole Salmon
Onsumer Near- Non- Near- Non- Chinook Coho
Po pu lation Urban urban urban Urban Urban urban in-river || marine in-river " marine
Suguamish
Average 0.6 0.4 0.4 0.0 0.0 0.0 0.2 0.2 0.1 0.1
90" %ile 2.7 1.6 1.6 0.1 0.1 0.1 0.6 0.5 0.2 0.3
Tulalip
Average 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1
90™ %ile 0.1 0.1 0.1 0.1 0.1 0.1 0.3 0.2 0.2 0.3
Squaxin
Average 0.2 0.1 0.1 0.0 0.0 0.0 0.3 0.2 0.1 0.1
90™ %ile 0.5 0.3 0.3 0.1 0.1 0.1 0.5 0.4 0.2 0.3
APl
Average 1.4 0.9 0.8 0.1 0.1 0.1 0.2 0.1 0.1 0.1
90" %ile 3.0 1.9 1.8 0.2 0.1 0.1 0.4 0.4 0.2 0.2
Recreational
Average | 04 | 03 [ 03 | o1 [ o1 [ o1 | 07 | 06 | 01 | 02

SHADED areas indicate a HQ greater than or equal to 1.
Note: Values > 1.0 indicate that the mercury reference dose is exceeded.

Assessing exposure to multiple contaminants

The above hazard quotients address a population’s exposure to individual chemicals from
consumption of individual species. Since both mercury and PCBs have the potential to impact
developmental and immune endpoints in humans, endpoint-specific hazard quotients were used
to derive hazard indices (ATSDR 2004b). Multiple chemical exposures can be assessed by
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adding hazard quotients for similar endpoints, in this case for developmental and for
immunological effects. Hazard indices for various fish consumer groups at individual stations
were also calculated (Appendix C, Tables C10-C17). Hazard indices are slightly higher than
hazard quotients for each consumer, reflecting the assumption PCB and mercury toxicity is
additive with respect to developmental and immune system endpoints (Tables 6 and 7).

Table 6. Immune system endpoint hazard indices related to consumption of Puget Sound fish.

Rockfish (Brown, Copper

c and Quillback) English sole Salmon
onsurr]er Near- Non- Near- Non- Chinook Coho
Po pu lation Urban urban urban Urban Urban urban in-river || marine in-river " marine
Suguamish
Average 1.3 0.5 0.2 0.2 0.1 0.0 0.6 0.8 0.3 0.4
90" %ile 5.8 2.2 0.7 0.8 0.2 0.1 1.6 2.3 1.0 1.1
Tulalip
Average 0.1 0.1 0.0 0.2 0.1 0.0 0.4 0.5 0.3 0.3
90™ %ile 0.3 0.1 0.0 0.6 0.2 0.1 0.8 1.1 0.9 1.0
Squaxin
Average 0.4 0.2 0.1 0.2 0.1 0.0 0.8 1.1 0.3 0.4
90™ %ile 1.2 0.4 0.1 0.7 0.2 0.1 1.3 1.9 0.8 0.9
APl
Average 3.0 1.1 0.4 0.5 0.1 0.1 0.5 0.7 0.3 0.3
90" %ile 6.6 2.5 0.8 1.1 0.3 0.2 1.2 1.7 0.7 0.8
Recreational
Average | 10 | 04 [ o1 | 06 | 02 [ o1 | 21 | 29 | 05 | 06

SHADED areas indicate a HI greater than or equal to 1.
Note: Values > 1.0 indicate exposure of potential concern.
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Table 7. Developmental endpoint hazard indices related to consumption of Puget Sound fish.

Rockfish (Brown, Copper

c and Quillback) English sole Salmon
Onsumer Near- Non- Near- Non- Chinook Coho
Po pu lation Urban urban urban Urban Urban urban in-river || marine in-river " marine
Suquamish
Average 1.4 0.6 0.4 0.2 0.1 0.0 0.5 0.7 0.3 0.3
90" %ile 5.9 2.7 1.7 0.6 0.2 0.2 1.5 1.9 0.8 1.0
Tulalip
Average 0.1 0.1 0.0 0.2 0.1 0.1 0.3 0.4 0.3 0.3
90™ %ile 0.3 0.1 0.1 0.5 0.2 0.1 0.8 0.9 0.7 0.9
Squaxin
Average 0.5 0.2 0.1 0.2 0.1 0.1 0.7 | 09 0.3 0.3
90™ %ile 1.2 0.6 0.3 0.6 0.2 0.1 1.3 1.6 0.7 0.8
APl
Average 3.1 1.4 0.9 0.4 0.1 0.1 0.5 0.6 0.2 0.3
90" %ile 6.7 3.1 2.0 0.9 0.3 0.2 1.1 1.4 0.6 0.7
Recreational
Average | 10 | o5 [ 03 | 05 | 02 | o1 | 19 | 24 | 04 | 05

SHADED areas indicate a HI greater than or equal to 1.
Note: Values > 1.0 indicate exposure of potential concern.

Cancer Risk Calculations

Increased cancer risks attributable to PCB exposure from average consumption of Puget Sound
fish by species are generally in the 10” to 10 range (Table 8). The highest estimated overall
cancer risk is attributed to high-end Suquamish consumers of rockfish from urban areas (2.0 x
10%). A cancer risk of 1x10™ is the upper end of the range of cancer risks (10 to 10)
considered acceptable by EPA when conducting risk assessments at Superfund sites and a risk of
107 is used as a goal for cleanups in Washington.
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Table 8. Lifetime increased cancer risk attributable to consumption of Puget Sound fish.

Rockfish (Brown,
Copper and Quillback) English Sole Salmon
Consumer Near- Non- Near- Non- Chinook Coho
Population | urban urban urban Urban Urban | urban inriver | marine | in-river | marine
Suquamish
Average 4.5B-05 | 1.5E-05 | 2.0E-06 | 7.7E-06 | 1.8E-06 | 9.7E-07 | 2.0E-05 | 2.9E-05 | 1.2E-05 | 1.3E-05
90" %ile 2.0E-04 | 6.6E-05 | 8.4E-06 | 3.0E-05 | 6.9E-06 | 3.7E-06 | 5.8E-05 | 8.5E-05 | 3.6E-05 | 4.0E-05
Tulalip
Average 4.8E-06 | 1.6E-06 | 2.1E-07 | 9.0E-06 | 2.1E-06 | 1.1E-06 | 1.3E-05 | 1.9E-05 | 1.1E-05 | 1.2E-05
90" %ile 9.1E-06 | 3.1E-06 | 3.9E-07 | 2.2E-05 | 5.1E-06 | 2.8E-06 | 2.9E-05 | 4.2E-05 | 3.2E-05 | 3.5E-05
Squaxin
Average 1.56-05 | 5.1E-06 | 6.5E-07 | 9.1E-06 | 2.1E-06 | 1.2E-06 | 2.7E-05 | 3.9E-05 | 1.3E-05 | 1.4E-05
90" %pile 3.9E-05 | 1.3E-05 | 1.7E-06 | 2.6E-05 | 6.1E-06 | 3.3E-06 | 4.8E-05 | 7.0E-05 | 3.1E-05 | 3.4E-05
API
Average 4.4E-05 | 1.5B-05 | 1.9E-06 | 7.9E-06 | 1.8E-06 | 1.0E-06 | 7.4E-06 | 1.1E-05 | 4.6E-06 | 5.1E-06
90" %pile 9.5E-05 | 3.2E-05 | 4.1E-06 | 1.7E-05 | 4.0E-06 | 2.2E-06 | 1.9E-05 | 2.7E-05 | 1.2E-05 | 1.3E-05
Recreational
Average | 1.4E-05 | 4.6E-06 | 6.0E-07 | 9.9E-06 | 2.3E-06 | 1.3E-06 | 3.2E-05 | 4.6E-05 | 8.2E-06 | 9.1E-06

" SHADED values indicate cancer risk exceeds 107,

Discussion

As part of the Puget Sound Assessment and Monitoring Program (PSAMP), over 100
contaminants were analyzed in muscle tissue from English sole, four species of rockfish, and two
species of salmon collected in Puget Sound. This report focuses on mercury and PCBs based on
frequency of their detection, levels detected in fish, and chemical toxicity. DOH evaluated PCBs
and mercury in fish tissue to determine whether populations that consume Puget Sound fish are
exposed to contaminants at levels that could cause health problems.

Estimated exposures described previously in this report indicate that some consumers of Puget
Sound fish exceed reference doses (or hazard indices) for various contaminants of concern.
When estimated exposures for any given population exceed comparison values considered to be
protective (i.e., RfDs), meal limits are calculated to help formulate recommendations for
consumers. DOH considers all consumers, but meal advice is emphasized for pregnant women,
those who might become pregnant, and children because mercury and PCBs have been shown to
impact the developing fetus.

Calculating meal limits
DOH developed recommended meal limits of individual Puget Sound fish species based on
EPA’s RfDs, an individual’s body weight, and the known contaminant concentration in fish. In

this approach, the RfD is used to calculate the quantity of fish a person of a given body weight
can safely consume, given varying contaminant concentrations found in fish tissue.
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The equation used to calculate a safe consumption rate is shown below, using defined exposure
parameters (Table 9) (EPA 2000):

Number of 8-0z. meals per month = RfD x (Days / Month) x BW
Meal size x C

Table 9. Exposure parameters for calculating eight-ounce fish meal limits.

Parameter Value Units Source / Notes
PCB (immuney = 0.00002

PCB (gevelopmentaly = 0.00003 EPA 1993

Reference Dose (RfD) mg/kg-day EPA 2001b

Mercury (developmental) — 0.0001 ATSDR 2004b

Mercury (immuney = 0.0003

Days / Month 304 Days per month

Body Weight (BW) 60 (adult female) kg EPA 1997

Mean contaminant concentration

Concentration in fish (C) Specific to each fish species and/or location

mg/kg

Meal size 0.227 kg kg per 8 oz

Meal limits were calculated based on non-cancer endpoints of mercury and PCBs. Meal limits
based on the carcinogenic endpoint for PCBs were not calculated because current weight-of-
evidence for PCB toxicity is stronger for non-cancer versus cancer endpoints (Schantz et al.
2003, Longnecker et al. 2003, ATSDR 2000). Results from recent epidemiological studies of
fish consumers in the U.S. suggest that neurodevelopmental impacts on the developing fetus are
associated with PCBs. Immune system sensitivity to PCB exposure has also been shown in lab
primates. Although high doses of PCBs are carcinogenic in laboratory animals, studies of human
populations exposed to PCBs at environmentally relevant levels have not shown a clear cancer
link. Therefore, DOH used the PCB non-cancer endpoint (PCB RfD) in conjunction with the
mercury RfD as primary determinants for calculating recommended meal limits in this health
assessment.

This assessment considers additive non-cancer effects of PCB and mercury exposure. Because
mercury and PCBs have similar toxic endpoints (immune and developmental endpoints), the
preceding equation can be adapted to calculate meal limits that account for additive toxic effects.
The adapted equation is shown below:

Number of 8-0z = RfD (mercury developmental). * (Days/ Month) x BW
meals per month

Meal size x [C PCB x (Rﬂ) (mercury developmental) / RfD (PCB developmental) + C mercury)]

For many risk assessments addressing the general population, the average adult (including males
and females) is assumed to weigh 70 kg (approximately 154 Ibs) (EPA 1997). For this
assessment, DOH used an assumed body weight of 60 kg (approximately 132 lbs, the average
female adult body weight). This weight was chosen to ensure that women of childbearing age
are adequately considered and protected when determining a consumption rate protective of
neurological and developmental endpoints in the developing fetus.
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Determining Allowable Consumption Rates within Recreational Marine Areas (RMAS)

WDFW sampled and analyzed fish in Puget Sound as part of PSAMP. Objectives of the
sampling and analyses were to determine if fish were contaminated, identify what contaminants
were in the fish, assess spatial and temporal trends of contamination, and examine the ecological
risk to fish from bioaccumulation of chemicals. DOH objectives in assessing WDFW’s data
were to establish if Washingtonians are over-exposed to contaminants from consuming Puget
Sound fish, determine potential meal limits if citizens are overexposed, examine the
risks/benefits of eating fish, and establish an effective approach for communicating fish guidance
information. Since the primary sampling objective of WDFW was for ecological purposes and
not for human health assessment, some issues arose regarding data used in this health
assessment.

One question about the data used in this assessment was whether the sample size adequately
represented different species and locations Data collected by WDFW contained many fish
samples analyzed for numerous chemicals, but for a comprehensive health assessment, larger
numbers, greater spatial distribution throughout Puget Sound, and data on fish populations and
fish size by Recreational Management Area (RMA) would have been more appropriate to
evaluate human health effects. The PSAMP sampling effort was designed to estimate spatial and
temporal patterns of contaminants in important Puget Sound species while accounting for factors
(e.g., fish age, location) that affect accumulation of contaminants. Since this DOH health
assessment was based on data collected for PSAMP purposes, certain assumptions were
necessary to extrapolate data for use in developing general health guidance. Accordingly, DOH
used station-specific meal limit calculations to estimate limits for broader areas of Puget Sound
(Appendix D). For rockfish and English sole (flatfish), limits were derived for RMAs as used by
the WDFW to manage non-tribal sport fisheries (Figures ES-1 and 11). These areas are easily
recognized by sport fishers who must abide by existing catch limits set for each zone. While
some areas were sampled at numerous sites, other RMAs were only sampled at a few sites;
moreover, concentrations of contaminants could vary significantly among samples within a
RMA. In situations where data were not available, DOH used best professional judgment to
extrapolate station-specific data over a broader area (e.g., a RMA).

Rockfish

Four species of rockfish were sampled in Puget Sound. The extent to which these data can be
extrapolated to other marine species is unclear. Since various rockfish species are not distributed
evenly throughout the Sound, meal limit advice for each RMA is based on available but limited
number of samples. In general, younger copper rockfish are found south of Tacoma Narrows
while older quillback and brown rockfish are usually observed in north Puget Sound. At present,
non-tribal rockfish fisheries are open in all sportfish marine areas except Area 12 (Hood Canal);
this area is closed because of concerns about low dissolved oxygen. WDFW currently has a non-
tribal sportfish catch restriction on all yelloweye (and canary) rockfish in Puget Sound based on
conservation issues.

Only two individual yelloweye rockfish were caught for analysis, aged 55 and 90 years. Both

fish had very high levels of mercury. While these two samples are not necessarily indicative of
contamination in the yelloweye population across Puget Sound, DOH recommends no
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consumption of this species based on the high levels of mercury found in these fish. Therefore,
the following discussion of rockfish by RMA excludes yelloweye rockfish.

Mercury is the key contaminant of concern in rockfish, although PCB concentrations are also
elevated in urban area rockfish (Appendix D, Table D1).* Age is a primary factor in
concentration of mercury in rockfish, with older fish exhibiting higher concentrations of mercury
than younger rockfish. However, older rockfish are not necessarily larger than younger rockfish.
Since age is the main factor for predicting mercury concentrations in rockfish from non- and
near-urban areas, it would be helpful to understand the age distribution of rockfish in different
areas of Puget Sound (e.g., recreational marine areas). Unfortunately, substantial age data for
rockfish by RMA is not currently available.” For the purpose of this discussion, DOH assumes
that rockfish age is equally distributed throughout Puget Sound. Therefore, meal limit
recommendations for rockfish (excluding yelloweye) for non-urban and near-urban areas are
consistent across Puget Sound at one meal per week with a few exceptions. Levels of both
mercury and PCBs in rockfish from urban areas are elevated resulting in more stringent meal
limits as follows:

e Rockfish in RMA 8.2 were collected at Mukilteo-Everett and at Port Gardner, both urban
areas. No more than two rockfish meals per month are recommended at these sites. The
rest of RMA 8.2 comprises near- or non-urban waters. Although no fish were sampled in
these areas, no more than one meal per week is recommended, based on the assumption
that rockfish from non-contaminated areas within RMA 8.2 have similar contaminant
levels as rockfish in other non-urban Puget Sound areas.

e Most samples from RMA 10 were from contaminated areas such as Elliott Bay and
Sinclair Inlet. Rockfish in these urban bays contained the highest PCB levels observed
for these species. Rockfish from Elliott Bay and Sinclair Inlet should not be consumed.
For other near-or non-urban areas in RMA 10, no more than one meal per week of
rockfish should be consumed.

e Rockfish sampled in Commencement Bay (RMA 11) were relatively young (4.5 years)
yet contained more PCBs than similarly-aged fish in non-urban areas. Older quillback
rockfish sampled near Old Town (Commencement Bay 4) had relatively high levels of
both mercury (0.292 ppm) and PCBs (112 ppb). Therefore, recommended meal limits for
Commencement Bay rockfish are two meals per month.

e Although WDFW’s sampling in South Puget Sound (RMA 13) was represented by only
one location, this area had the lowest levels of contaminants in rockfish, leading to the
highest calculated meal limits. South Puget Sound does not have as much good rockfish
habitat as other areas of Puget Sound, which contributes to fewer and younger rockfish.

* WDFW defines urban areas as Puget Sound bays near commercial or industrial centers. Near-urban areas are
located near developed areas of Puget Sound, while non-urban areas are areas and bays least influenced by industry
and development. In part, these classifications are based on associated sediment contaminant concentrations.

° Presently, WDFW is evaluating catch records to determine rockfish size distribution throughout Puget Sound to fill
this data gap.
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Rockfish in this area are younger than average for Puget Sound (average age of rockfish
sampled from RMA 13 was 5.4 years). Further analyses of WDFW catch record data
may confirm that rockfish from other locations within RMA 13 are also young, thereby
justifying increased meal limits. In the absence of such confirmation, recommended meal
limits for rockfish in RMA 13 are consistent with other areas of Puget Sound: no more
than 1 meal per week of rockfish.

Table 10. Rockfish meal limit calculations based on area-specific chemical concentrations for
brown, copper, and quillback rockfish.

Calculated | Calculated Calculated
Average meals per | meals per meals per
Mercury Average PCB month month month based
concentration | concentration based on based on on additive
Location (ppm) (ppb) mercury PCBs endpoint
Non-urban 0218 5.8 3.7 28 34
locations
Near-urban 0.225 45.1 3.6 3.6 22
locations
Commencement 0.099 53.6 8.1 3.0 27
Bay
Elliott Bay ° 0.340 140 2.4 1.1 1.0
Port Gardner 0267 46.0 3.0 35 19
Everett
Sinclair Inlet ¢ 0.748 198 1.1 1.1 0.6

* Comprised of Commencement Bay, Commencement Bay 2, and Commencement Bay 4 stations.
® Comprised of Elliott Bay, Elliott Bay 2, Elliott Bay 4, and Fuller Shipwreck stations.

¢ Comprised of Mukilteo-Everett and Port Gardner stations

4 Comprised of Sinclair Inlet and Sinclair Inlet Tribal stations.

English sole — Based on PSAMP Tissue Data

For English sole, 52 locations were sampled in areas categorized as urban, near-urban and non-
urban representing a broad range of sediment contamination conditions. In this report,
contaminant information for English sole muscle tissue has been used as a surrogate for other
flatfish species. The extensive amount of English sole contaminant data was adequate to
determine consumption recommendations for flatfish from many specific locations and was used
to extrapolate results, when necessary, from one area of Puget Sound to another.

In most cases, English sole had low contaminant levels in non-urban and near-urban areas of
Puget Sound (Tables 3 and 11). Meal limit calculations for English sole from these areas were
consistently high enough to preclude the need for meal restrictions (Appendix D, Table D2).

English sole from urban areas tended to have higher levels of both mercury and PCBs and
therefore more stringent calculated meal limits. RMAs 10 and 11 represent a large area of Puget
Sound with numerous non-urban, near-urban and urban sampling stations. The following bullets
highlight lower meal limits for several urban areas within RMA 10 and 11:
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e The highest mean PCB level in English sole was found at the Duwamish station (168
ppb). This area is undergoing cleanup under EPA’s Superfund process. DOH recently
issued a fish advisory that recommends avoiding resident fish species within the Lower
Duwamish Waterway (e.g., English sole, flounder and perch).

e Several other stations (e.g., Harbor Island, Sinclair Inlet, Commencement Bay — Thea
Foss, and Eagle Harbor) were located where sediment cleanups have occurred or are
occurring. The second highest mean PCB level in English sole was observed at Sinclair
Inlet (123 ppb) where sediment cleanup is being conducted by the U.S. Navy. The high
level of contaminants in English sole from these areas resulted in more restrictive meal
limit calculations for these sites (Appendix D, Table D2).

Table 11. Calculated meal limits for English sole at non-urban, near-urban and select urban
locations of Puget Sound.

Calculated | Calculated
Average meals per | meals per | Calculated meals
Mercury Average PCB month month per month based
concentration | concentration | based on based on on additive
Location (ppm) (ppb) mercury PCBs endpoint

Non-urban 0.051 9.3 16 17 9.8
locations
Near-urban 0.053 17.2 15 9.3 73
locations
Elliott Bay * 0.080 69.0 10 23 22
Sinclair Inlet 0.074 121 11 1.3 1.3
Commencement 0.069 60.9 12 26 25
Bay

* Comprised of Elliott Bay, Elliot Bay 2, and Elliott Bay 4 stations.
® Comprised of Commencement Bay, Commencement Bay 2, and Outer Commencement Bay stations.

English sole — based on PSAMP sediment PCB concentrations

PCB concentration in sediment appears to be the major factor influencing PCB concentration in
English sole muscle tissue for a given location. In order to address the lack of sampling in some
Puget Sound urban bays, WDFW determined a relationship based on PSAMP sediment and
tissue data to predict English sole PCB concentrations where fish were not sampled (O’Neill and
West 2006). In conjunction with mean sediment PCB concentrations from PSAMP, the
following equation was used to estimate PCBs in English sole tissue at these sites:

[MPCB] = e ***[sPCB]’**e"**Age

Where:
mPCB = concentration of PCBs in muscle as sum of 3 Aroclors, ng/g, wet wt.,
sPCB = concentration of PCBs in sediments as sum of 3 Aroclors, ng/g, dry wt.,

Age = fish age in years.

Although the resulting predicted concentration in fish tissue is an estimate, it is useful to
calculate meal limits for locations where sediment concentrations are known but where English
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sole were not sampled. Four urban locations were identified in non-sampled bays of Puget
Sound: Bellingham Bay, Budd Inlet, Everett Harbor, and Port Angeles.

Table 12. Estimated concentrations of PCBs in English sole (flatfish), based on matched PCB
sediment concentrations.

Sediment PCB | Predicted E. sole
Sediment | concentration concentration Meals per
Location N (ppb, dry wt.) (ppb, wet wt.) month
Bellingham Bay 45 14.8 29.9 5
Budd Inlet 9 13.9 29.3 5
Everett Harbor 33 355 91.0 2
Port Angeles 22 12.7 28.3 6

Estimated flatfish tissue concentrations in non-sampled areas resulted in more stringent meal
limit restrictions for Everett Harbor than estimates based on results from non-urban or near-
urban sampling stations in the same RMA. No meal restrictions are recommended for the other
three sites.

Salmon

Concentrations of contaminants in Puget Sound Chinook and coho salmon were well defined in
this study and DOH believes samples were adequate to determine meal limits for these species.
PCBs were the key contaminants of concern in both Chinook and coho salmon (Appendix D,
Table D3 and Table D4). Only limited data were available to address differences between wild
and hatchery or net pen stocks. Future data collection may address questions of variability
between wild and hatchery fish, as well as chemical concentrations in farm-raised salmon.

Chinook salmon were caught in marine areas of the Sound and near the mouths of five Puget
Sound rivers: Nooksak, Skagit, Duwamish, Nisqually, and Deschutes. Although slight
differences were observed in salmon caught in north vs. south Puget Sound, recommended meal
limits for Chinook are consistent across Puget Sound. Based on PCB concentrations, DOH
recommends a limit of one eight-ounce meal per week of Puget Sound Chinook salmon. Non-
resident Chinook salmon are caught in a marine fishery in late summer and fall by sport,
commercial, and tribal fisheries in north, central and south Puget Sound.

A concern raised from available PSAMP data is the apparently high PCB concentration in
resident Chinook salmon, also known as blackmouth. Blackmouth are caught by recreational
anglers primarily in winter. Resident blackmouth in south Puget Sound (Apple Cove Point) have
higher concentrations of chemicals than non-resident fish captured in the Puget Sound spring or
fall fishery, although blackmouth were not evaluated separately in this report. WDFW has
limited data that show average blackmouth PCB levels at 80-90 ppb compared to an average of
approximately 50 ppb in migratory Puget Sound Chinook. A recent WDFW analysis of
blackmouth tissue revealed that PCB levels in these fish are correlated with length (and therefore
age); that is, PCB levels are expected to increase as salmon length increases. The minimum legal
length for recreationally-caught Chinook in Puget Sound is 22 inches (~56 cm). The predicted
PCB concentration for blackmouth at the minimum legal length is approximately 65 ppb, higher
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than the average PCB level in non-resident Chinook. Using the correlation established by
WDFW, a 70-cm blackmouth would have 100 ppb PCBs (predicted) in muscle tissue. Due to
apparent higher PCB levels, blackmouth require separate advice to protect anglers (and their
families) who target this population. Anglers who catch resident Chinook (i.e., blackmouth) in
Puget Sound should limit themselves to two eight-ounce meals per month.

Coho salmon were sampled near the mouths of the same five Puget Sound rivers as Chinook.
Samples were comprised of Puget Sound marine area fish, hatchery fish returning to Minter
Creek and Wallace Creek, and Agate Pass and South Sound net pen coho salmon. Puget Sound
coho salmon have lower PCB levels than Puget Sound Chinook salmon (Appendix D, Table D4).
Some evidence shows that PCB levels are slightly higher in coho from areas of south and central
Puget Sound compared to north Puget Sound coho. This is likely due to the longer residence
time in Puget Sound of coho from south Sound. The implications of these subtle differences in
PCBs among Puget Sound coho for Puget Sound anglers and Tribal members are unclear, but
differences are not enough to require separate advice for coho from various Puget Sound areas.
Coho salmon is among the least contaminated species of fish that contain a high level of
beneficial omega-3 fatty acids. Of nine most commonly eaten commercial fish species tested by
DOH in 2005, only three species - cod, catfish, and pollock - have lower overall contaminants
than Puget Sound coho (Figure 10). Clearly, coho salmon is one of the best choices of fish to
eat. No limit on consumption of Puget Sound coho is proposed at this time.

Other Considerations

The preceding portion of this document describes how DOH uses fish contaminant data to
determine whether or not broad health advice is necessary and addresses consumption of Puget
Sound fish on a species-specific basis. Calculations used to quantify health risks and site-
specific meal limits above do not account for other important factors such as the presence of
contaminants in other fish and foods or health benefits of fish consumption. The following
discussion considers these issues and how they affect DOH’s risk communication messages.

Presence of Contaminants (Mercury and PCBs) in other Fish and Foods

Most people eat a variety of foods that come from many places. The same contaminants of
concern found in Puget Sound fish (i.e., mercury and PCBs) are widespread in the environment
and, therefore, can be found in fish from other waterbodies and in other foods. Before issuing
advice based solely on risk assessment results, DOH compares contaminant levels in other fish
and foods to levels in Puget Sound fish. This process serves to assist consumers when
considering healthy food options while encouraging fish consumption.

Mercury: Puget Sound Fish vs. Fish Tested by FDA

Mercury is ubiquitous in the environment as a result of natural and anthropogenic releases.
Methylmercury, the most common form of organic mercury and the most toxic, can biomagnify
as it passes from lower to higher trophic levels through consumption of prey organisms. As a
result, fish at the top of the food chain can have mercury concentrations several orders of
magnitude higher than concentrations in surrounding waters. For example, species of fish that
contain the highest mercury concentrations include shark, swordfish, and king mackerel.
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Mercury concentrations in Puget Sound fish were compared to fish from other areas in the
United States (FDA 2006) (Figure 5). The mean mercury concentration in Puget Sound rockfish
(excluding yelloweye rockfish) from urban areas was similar to that of tuna (fresh/frozen and
canned albacore) based on FDA data. Rockfish from near- or non-urban Puget Sound areas had
mercury concentrations similar to levels in halibut. Puget Sound English sole and salmon had
mercury levels lower than half of the listed commercial species. Lowest mean mercury
concentrations were found in commercial sardines, oysters, tilapia, and hake.

52



Figure 5. Average mercury concentrations in fish from Puget Sound (hash-marked bars) and from
the U.S. Food & Drug Administration’s survey of U.S. fish species 1990 — 2004 (solid bars).
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Mercury: Puget Sound Fish vs. Fish from Washington State Markets

Recent testing by DOH determined mercury concentrations for nine species purchased from
markets and grocery stores in Washington State (unpublished data 2003, 2005) (Figure 6). The
nine species tested are the most frequently consumed types of fish in Washington. Mercury
concentrations were lowest in commercial catfish and pollock, while Puget Sound English sole
and salmon had lower mercury levels than six of nine commercial fish analyzed. Mercury levels
in rockfish from near-and non-urban area of Puget Sound were similar to those of red snapper
and halibut. Rockfish from urban areas of Puget Sound had highest mercury levels of all species
but were similar to concentrations in canned white (albacore) tuna tested by DOH.

Mercury concentrations in albacore tuna (white tuna) were almost three times higher than light
tuna. Current advice from DOH recommends that women of childbearing age and young
children should eat no more than one canned albacore tuna meal per week. This is
approximately one can for an adult woman and proportionately less for a child, based on his or
her body weight. Further, DOH encourages women of childbearing age and young children to
choose chunk light tuna over albacore to further reduce mercury exposure.
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Figure 6. Average mercury concentrations in fish collected from markets and grocery stores in
Washington State (solid bars) compared to Puget Sound fish (hash-marked bars) (DOH,
unpublished data, 2005).
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Mercury: Puget Sound Fish vs. Freshwater Fish in Washington State

In 1987, EPA conducted the National Study of Chemical Residues in Fish (EPA 1992). Highest
mercury tissue concentrations were found in smallmouth bass, largemouth bass, and walleye,
with mean concentrations of 340, 460, and 520 ppb, respectively. A similar study conducted in
the northeastern United States and eastern Canadian provinces investigated mercury
concentrations in freshwater sport fish collected in the 1980s and 1990s (NESCAUM 1998). In
this study, largemouth bass, smallmouth bass, and walleye mean mercury levels were 510, 530,
and 770 ppb, respectively. A national dataset compiled by EPA from 43 states also showed
elevated mean mercury concentrations in these same species at 520, 320, and 430 ppb,
respectively (EPA 2001a). For comparison, the highest mercury concentration in an individual
Puget Sound fish was observed in a yelloweye rockfish (1.44 ppm) while highest mean mercury
concentrations were observed in urban rockfish (0.368 ppm, n= 157).
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Concern about mercury in Washington State bass was prompted by limited data from
Washington and extensive data from other North American freshwater systems indicating
elevated mercury levels in these species. In 2002, Ecology sampled and analyzed largemouth
and smallmouth bass for mercury from twenty lakes and rivers throughout Washington (Ecology
2003). The mean mercury tissue level for 185 smallmouth and largemouth bass was 217 ppb,
with a range of 22 to 1280 ppb (Ecology 2003). DOH used the 90" percentile mercury
concentration (450 ppb) of this data set to issue a statewide bass advisory in 2003 recommending
a limit of no more than two meals per month for women of childbearing age and young children
(DOH 2003). While typically the mean concentration is used in risk assessments to set
consumption recommendations, DOH chose the higher value after consultation with numerous
local health jurisdictions. Use of the 90™ percentile ensures adequate public health protection to
consumers of smallmouth and largemouth bass and is based on relatively higher levels observed
nationally compared to somewhat lower levels observed in Washington’s relatively small sample
set.

Polychlorinated biphenyls (PCBs)

PCB levels in environmental media (e.g., sediment, fish) have been declining since production of
PCBs was banned in the U.S. in 1977, but PCBs are still found in most fish and many other
foods. Throughout the northern hemisphere, PCB concentrations in fish declined rapidly in the
1970s through the mid-1980s then leveled off through the mid-1990s (Matta et al. 1986, Stow et
al. 1995, Bignert et al. 1998, Hickey et al. 2006). This trend was demonstrated in salmon as
well, although trends for Puget Sound salmon cannot be assessed given method differences in
determining PCBs (Stow et al. 1994, Lamon et al. 1999, Malins et al. 1980).

Mean total PCB concentrations have been determined in marine fish and shellfish tissues from
various sites across the U.S. In one study, tissue collected from urban sites contained higher
mean total PCB concentrations than those from non-urban sites (Ylitalo et al. 1999), similar to
findings for English sole in this study. Winter flounder tissue from sites in Northeastern U.S.
contained a wide range of total PCBs reflecting localized sediment conditions: New Bedford
Harbor (380 ppb) — an urban site; Deer Island (42 ppb), Merrimack River (22 ppb), Raritan Bay
East (30 ppb) and Salem Harbor (49 ppb) — near-urban sites; and Johns Bay (15 ppb) and Rocky
Point (12 ppb) — non-urban sites. Similarly, English sole PCB levels from non-urban sites, near-
urban and urban sites in Puget Sound reflect localized sediment conditions.

PCBs: Puget Sound Fish vs. Commercial Fish in Washington Markets

PCBs were recently analyzed in fish obtained from several grocery stores by DOH (DOH,
unpublished data, 2005) (Figure 7). The objective of this study was to characterize PCBs,
PBDEs and mercury levels in canned tuna and in frequently consumed fresh fish sold in
Washington grocery stores. The following species were chosen based on frequency of
consumption: catfish, cod, flounder, halibut, red snapper, pollock, Chinook salmon, and tuna
(canned white and light). Forty small and large grocery stores were randomly sampled using
total sales as a proxy for sales of fish. Preliminary results for total PCBs (Aroclors) indicate their
presence in halibut, red snapper, and salmon (>10% detection frequency). Chinook salmon had
the highest average PCB concentration (31.5 ppb PCBs, total Aroclors).
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In general, rockfish and English sole from urban areas of Puget Sound and Puget Sound Chinook
salmon had higher PCB levels than any of the commercial fish analyzed by DOH (including
Chinook salmon from markets) (Figure 7). Rockfish and English sole from non-urban areas had
PCB levels similar to commercial flounder, cod, pollock and tuna. Coho from Puget Sound had
similar PCB levels as Chinook salmon obtained commercially for the DOH study.

Figure 7. Mean PCB concentrations (total Aroclors) in fish collected from markets and grocery
stores in Washington State (solid bars) compared to Puget Sound fish analyzed for this study
(hash-marked bars) (DOH, unpublished data, 2005).
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PCBs: Puget Sound Salmon vs. West Coast Salmon

PCBs have been analyzed in other coastal Chinook salmon populations. Although comparisons
with these fish are complicated by differences in study design, such as analytical methods
(Aroclors vs. congeners), detection limits, fish size, and tissue type, they are useful to assess
large differences in PCB levels in Chinook from other marine areas. Lowest total PCB
concentrations in coastal Chinook salmon were observed in skin-on fillets from Kenai River
fish, Alaska (12 ppb) (Figure 8). PCB levels were also low in Chinook from the coasts of
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Washington, Oregon, and British Columbia (all under 20 ppb). PCB levels in Puget Sound
Chinook were higher than in coastal fish and ranged from 36 ppb (Nooksak River) to 73.2 ppb
in central and south Puget Sound marine areas.

Chinook from coastal Washington contain lower PCB levels than Chinook originating from
Puget Sound. Since Chinook salmon typically consume forage fish from Puget Sound for a
longer period than other populations, they most likely accumulate a portion of their PCBs during
residence in the Sound. In fact, WDFW found elevated PCB levels in salmon prey (Pacific
herring) collected from Puget Sound (S. O’Neill, personal communication, 2004).

Some Chinook spend their entire life cycle in Puget Sound. These fish are available to
commercial and sport fishers from December to February and are known as blackmouth, or
resident Chinook. WDFW has collected some information, and is gathering additional data to
show that these fish have PCB levels significantly higher than Chinook that migrate out to sea.
If warranted, DOH will propose fish consumption guidance specific to resident Chinook from
Puget Sound based on forthcoming information.

Recently, whole body sockeye salmon from Lake Washington were analyzed for total PCBs
(DOH 2004). The average total PCB concentration in ten sockeye from the lake was 7.8 ppb.
Sockeye differ from other salmon species because they require a lake environment for part of
their life cycle and feed largely on zooplankton, especially crustaceans, during their fresh-water
life stage. While at sea, sockeye feed mainly on planktonic foods such as crustaceans, especially
euphausid shrimp, rather than on forage fish.

Other salmon species from Puget Sound include chum and pink salmon. Evaluation of limited
data and using assumptions based on knowledge of fish diets and life histories has led experts to
believe that PCB values for Puget Sound chum and pink salmon would also be lower than for
coho and Chinook (DOH 2004; Hites et al. 2004; S. O’Neill, personal communication, 2005).
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Figure 8. Mean PCB levels in Puget Sound Chinook salmon (hash-marked bars), Washington
coast, Alaska, Oregon, and British Columbia (solid bars).
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PCBs in Other Foods

PCBs are found not only in fish but also in meat and dairy products. PCB concentrations in fish,
meat, and dairy products vary widely depending on where they are caught or raised and on
processing/cooking techniques. FDA conducted market basket surveys from 1991-2003 and
measured PCB concentrations in various foods (Figure 9) (FDA 2003). Sample sizes were very
low for most foods (n = 1) except tuna (n =14) and popcorn (n =4). Firm conclusions about
PCBs in other foods cannot be made based on these data, but this information demonstrates that
avoiding fish will not eliminate dietary exposure to PCBs.
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Figure 9. PCB levels in other foods as tested by the U.S. Food & Drug Administration (2003)
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Note: Sample sizes were very low for most foods (n = 1) except tuna (n =14) and popcorn (n = 4).
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Comparing PCBs and Mercury

When choosing fish, it is important to consider levels of both mercury and PCBs. Here, PCBs
and mercury are shown with the corresponding number of meals per month shown on the
secondary (top) axis (Figure 10). Meals per month below consider additive developmental
and/or immune effects of PCBs and mercury. It is easier to identify fish low in both mercury and
PCBs when viewing concentrations of both chemicals on the same graph. As an example,
consider halibut vs. Chinook salmon. Based solely on PCBs, a person would conclude that
commercial halibut is a better choice than Puget Sound Chinook salmon. When considering both
mercury and PCBs concentrations, halibut and Puget Sound Chinook are equal choices.
Considering meals/month (hatched lines), Puget Sound coho and non- and near-urban English
sole are among the top five fish listed that can be eaten most frequently.

Figure 10. Average PCB and mercury concentrations (ppb) for commercial and Puget Sound
fish plotted with corresponding meals per month (hatched bar).
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Sources of Contamination

Most contaminants in Puget Sound are thought to originate primarily from anthropogenic
sources. PCBs were widely used for industrial applications prior to the 1970s and have become
distributed throughout the environment from disposal of equipment. Mercury continues to be
deposited into Puget Sound due to airborne emissions from industrial operations and natural
events.

Highest average total PCB sediment concentrations in Puget Sound are observed in urban bays
like Elliott Bay and Sinclair Inlet (372 ppb dry weight, n = 496 and 148 ppb dry weight, n =267,
respectively) and in known contaminated areas such as the lower Duwamish River (439 ppb dry
weight, n = 1,079) (M. Dutch, personal communication, 2004) (Puget Sound summaries were
calculated based on detected and undetected values). Contaminant sources in urban bays include
industrial sites, urban runoff, municipal waste facilities, shipyard activities, Department of
Defense sites, and other current and historic releases. Sediment-associated contaminants have
resulted in demonstrable bioaccumulation in Puget Sound fish.

Benefits of Fish Consumption

Recent studies have attempted to quantify risks of eating contaminated fish with benefits
associated with their ingestion (Rembold 2004, Tuomisto et al. 2004, Lund et al. 2004, Sakamoto
2004, SACN 2004, Bouszan et al. 2005, Cohen et al 2005, Konig et al. 2005) Further work is
expected on this subject as more reports on fish contaminant levels and human health become
available. At present, fish are known to be an excellent protein source that is low in saturated
fats, rich in vitamin D and omega-3 fatty acids and other vitamins and minerals.

The primary health benefits of eating fish are well documented and relate to the reduction of
cardiovascular disease (Yuan et al. 2001, Rodriguez et al. 1996, Hu et al. 2002, Marckmann and
Gronbaek 1999, Mozaffarian et al. 2003, Simon et al. 1995, Burr et al. 1989, 1994, Singh et
al.1997, and Harrison and Abhyankar 2005) and positive pregnancy outcome (Williams et al.
2001, Jorgensen et al. 2001, Olsen et al. 1992, Olsen et al. 1995, Olsen and Secher 2002, Carlson
et al. 1993, Carlson et al. 1996, Fadella et al. 1996, San Giovanni et al. 2000, and Helland et al.
2003). Limited data show a link between fish consumption and a decrease in development of
some cancers (SACN 2004). Eating fish has also been associated with impacts on brain
function, including protection against cognitive decline (SACN 2004). Cardiovascular disease,
cancer, and cognitive decline are serious health problems that affect large portions of the U.S.
population. Health benefits of eating fish are associated with low levels of saturated versus
unsaturated fats. Saturated fats are linked with increased cholesterol levels and risk of heart
disease while unsaturated fats (e.g., omega-3 polyunsaturated fatty acid) are an essential nutrient.
Replacing fish in the diet with other sources of protein may reduce exposure to contaminants but
could result in increased risk for certain diseases. For example, replacing fish with red meat
could increase the risk of cardiovascular disease since red meat has higher levels of saturated fat
and cholesterol.
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Advisories can be protective (while acknowledging the benefits of eating fish) by recommending
decreased consumption of fish known to have high contaminant concentrations in favor of fish
that are lower in contaminants. DOH supports the American Heart Association and the U.S.
Food and Drug Administration recommendation of at least 12 ounces (about 3 — 4 servings) of
fish per week as part of a healthy diet.

Health benefits of eating fish deserve particular consideration when dealing with groups that
consume fish for subsistence. Removal of fish from the diet of subsistence consumers may have
serious health, social and economic consequences. Such populations are encouraged to consume
a variety of fish species, to fish from locations with low contamination, and to follow
recommended preparation and cooking methods.

Communicating Risk vs. Benefits

All fish contain some level of persistent and bioaccumulative contaminants. A strict risk
assessment approach would provide a meal limit, no matter how large or small, for every fish
species. While meal limit calculations are a useful and necessary component of providing advice
about eating fish, such messages should not stand alone. DOH considers the health benefits of
eating fish to be an important part of consumption advice provided to the public. Since methods
are not currently available to quantify these benefits with respect to risk, DOH chooses to
promote consumption of fish that are lowest in contaminants. This approach moves away from
setting strict limits and moves toward encouraging consumers to eat fish but to be smart about
their choices.

EPA has recently revised estimates of per capita seafood consumption and found that the average
fish consumption rate in the US is 20 g/day for all respondents (including non-consumers) for
anadromous and resident finfish and shellfish from fresh, estuarine, and marine environments
(EPA 2002). This equates to 2-3 eight ounce meals per month, which is much lower than the
American Heart Association’s (AHA) recommendation of at least two fish meals per week. The
goal of DOH fish advice is to encourage Washingtonians to eat two fish meals per week (roughly
50 — 65 g/day) while following localized fish advisories and general fish consumption guidance
(such as limiting consumption of species high in mercury and/or PCBs).

Some considerations in risk communication include the importance of gender, age, body weight,
genetics and culture. Pregnant women and women of child-bearing age are an important
population to advise about potential risk of mercury and PCBs in fish because of ongoing
neurological development of the fetus. In addition, children often consume larger meals, pound
per pound, than adults and so receive a higher dose of contaminants. This consideration applies
to adults of various body weights as well; those of higher body weight can eat larger portions
while those of lower body weight should eat smaller portions (advice in this report is based on an
assumed bodyweight of 60 kg).

It is also important to understand the importance of fish in different cultures and how health
messages may need to be adapted culturally. Connecting with culturally diverse communities
often requires outreach that goes beyond traditional governmental methods of communicating
such as meetings sponsored by agencies, informational mailings and press releases. Some
communities prefer visual and verbal communications, for example, use of local access cable.
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Meeting with community groups on their own terms demonstrates sincerity and can build trust.
Accurate translation of printed material is essential.

DOH believes that recent news articles about limits may scare people from consuming fish and
prevent some members of the public from getting the benefits of good fish choices. The public
should understand that removing fish from the diet will not eliminate exposure to contaminants
and that other sources of protein, such as beef, chicken and dairy products also contain persistent
bioaccumulative toxins (PBTs). The best approach is to eat fish but to be smart about fish
choices.

Future Considerations

Over the long-term, species sampled as part of PSAMP should continue to be collected and
analyzed for PCBs and mercury to determine long-term contaminant trends. Long-term
monitoring would also help to identify the presence of emerging contaminants such as PBDEs.

Additional Species

WDFW sampled and analyzed two species of salmon (Chinook and coho) that were expected to
reflect contaminant conditions within the Puget Sound food web. They collected muscle tissue
without skin for contaminant analyses. Due to life history and diet, other Puget Sound salmon
species (sockeye, pink and chum) are expected to have lower concentrations of contaminants
than coho or Chinook. Sockeye salmon collected and analyzed from Lake Washington indicated
low levels of contaminants (DOH 2004). A limited analysis of Puget Sound pink, chum, and
sockeye salmon is recommended for the purpose of confirming that contaminant levels are lower
in these species than in Chinook and coho. Finally, contaminant levels in farmed, hatchery-
released and pen-reared salmon of any relevant species should be investigated to complete our
evaluation of human health impacts from consuming Puget Sound salmon.

Limited analysis of other marine species such as lingcod, cabezon, Dungeness crab, shrimp, and
bivalves would also be useful for answering frequent questions from the public on human health
impacts from consuming these fish or invertebrates. Currently, PSAMP is collecting and
analyzing contaminants in herring with a focus on this species’ role as forage fish. DOH will
assess the impact on human health of consuming herring once these data are available.

Multi-species/Multi-food Considerations

Another issue to consider is that most consumers and anglers do not eat only one species of fish.
Instead, a consumer is advised, for example, to eat either four rockfish meals per month from
RMA 7, or four Chinook salmon meals per month. As part of our “either/or” guidance, DOH
encourages citizens to eat two fish meals per week, so a consumer should choose accordingly.

DOH recognizes the need to conduct a “market basket” assessment of PCBs and other

contaminants in foods. This would include not only fish but also beef, poultry, pork, etc. since
available contaminant data are limited.
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Additional Analytes

Researchers are interested in obtaining PCB congener data rather than Aroclor mixtures to assess
toxicity. In particular, it would be valuable to evaluate the relationship between the two
estimates of total PCBs using analysis of all 209 congeners (although not all 209 congeners are
likely to be found in tissue samples). Because Aroclor analysis likely overestimates the amount
of PCBs present in fish, tissue should be analyzed for all 209 PCB congeners to get a more
accurate measure of total PCB concentrations in Puget Sound fish. This may serve to determine
whether Aroclor analysis overestimates the amount of total PCBs and whether less expensive
Aroclor analysis should be continued.

Existing congener data from PSAMP consists of 15 of 209 congeners. Estimating total PCBs
from this limited set of congeners likely underestimates total PCBs. Eight of the 15 congeners
analyzed were co-planar dioxin-like PCB congeners and therefore useful for determining PCB
dioxin toxic equivalents (TEQs). Four congeners not analyzed by PSAMP also have dioxin toxic
equivalency factors (TEFs). The most potent dioxin-like congeners, PCBs 126 and 169, were
analyzed by PSAMP but not detected in any fillet sample. More sensitive analytical methods
would aid in the ability to quantify health risks associated with dioxin-like PCB congeners in
fish.

PSAMP data have no dioxin/furan analysis. Collection of this information is important,
particularly in examining cumulative risks from dioxins/furans and PCBs with dioxin-like
effects.

Emerging Contaminants: Polybrominated diphenyl ethers

A new area of concern for human health is the widespread environmental presence of
polybrominated diphenyl ethers (PBDEs), which are flame retardants used in a variety of
consumer and industrial products. PSAMP has begun collecting fish tissue data for this analyte.
PBDEs were recently identified as bioaccumulative in the environment and have been detected
in a variety of human tissues and in other organisms. Given the long life of many PBDE
products and the length of time they remain in the environment, exposure can continue for years
after their production. Washington State has developed a draft chemical action plan to identify
efforts the state may take to reduce threats posed by some PBDEs (Ecology/DOH 2004).

Information on possible health impacts of PBDEs comes primarily from animal toxicity studies
(Ecology/Health 2004). In general, specific PBDE congeners found in Penta-PBDE commercial
products are more toxic than Octa-PBDE and Deca-PBDE. Deca-PBDE breaks down to Penta-
PBDE. The most sensitive toxic effect associated with Penta-PBDE congeners appears to be
developmental neurotoxicity, although Penta-PBDE may also impact thyroid and other hormone
systems. Octa-PBDE showed fetal toxicity and liver changes in rat and rabbit studies. Dietary
intake of Deca-PBDE was associated with liver, pancreas and thyroid tumors at very high doses
in rodent studies. Washington State’s PBDE chemical action plan states that human health risks
are associated with PBDE exposure, although pathways and levels that may result in harm are
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not clearly understood. While consumption of food, including fish, may be an important
exposure pathway for these chemicals, the indoor environment poses a unique exposure pathway
for PBDESs unlike pathways for other persistent bioaccumulative toxins.

In the past year, PSAMP measured PBDE levels in selected fish from some areas of Puget
Sound. Rockfish (from Elliott Bay) and English sole from Elliott Bay, Sinclair Inlet, Hood
Canal, Strait of Georgia, and Vendovi Island had the lowest PBDE levels (sum of 10 congeners)
(O’Neill, WDFW, personal communication, 2005). PBDEs were higher in Pacific herring, a
pelagic fish — all had levels of PBDEs between 15 — 40 ppb, wet wt. Lingcod, which are benthic
and/or demersal fish, had levels between 30 and 40 ppb, wet wt. Puget Sound resident Chinook
salmon, or blackmouth, also had higher levels of PBDEs (around 30 ppb, wet wt) compared with
English sole and rockfish. The higher levels observed in Chinook salmon were, in general,
associated with greater fish length. Relatively low levels in bottom feeding fish as compared to
higher levels in pelagic-feeding fish suggests that PBDEs are more available in the pelagic food
web than in the benthic community.

Current PBDE toxicity values as provided by EPA do not indicate the need to provide fish
consumption advice based on this contaminant (RfDs = 1x 10~ mg/kg-day for
decabromodiphenyl ether, 3 x10~ mg/kg-day for octabromodiphenyl ether, and 2 x10~* mg/kg-
day for pentabromodiphenyl ether) (mg/kg = ppm). Unfortunately, toxicity data for PBDEs are
limited. EPA is currently updating critical toxicity values for PBDEs that consider recent
animal studies showing similar adverse neurodevelopmental effects as observed with mercury
and PCBs. If necessary, DOH will adjust fish consumption advice as more PBDE toxicity
information becomes available.

At present, Ecology and DOH are working together on a statewide effort to decrease impacts of
persistent and bioaccumulative toxins (PBT) on human health and the environment. To date, the
PBT initiative has developed chemical action plans for decreasing levels of mercury and PBDEs
in the state. Additionally, Ecology has promulgated a rule to formalize the steps for selecting
future PBTs for chemical action plan development. DOH is a full participant in the PBT
initiative which represents an important effort to reduce environmental contamination in the
state.

Consumption Surveys

Consumption information is available for three Puget Sound Native American Tribes, a broad
spectrum of Asian/Pacific Islanders (API) from King County, and recreational anglers (from the
1980s). Although these surveys were conducted using different methods, resulting information
is useful to determine who may be consuming fish or shellfish at levels that may lead to
overexposure of contaminants and to help direct risk communication efforts. Members of other
Puget Sound Tribes may consume fish at rates different than the Tulalip, Squaxin, or Suquamish
Tribes and this information would be of use to DOH. Gathering better information on API
consumption patterns and information on API consumption from other parts of Puget Sound is
also recommended. Since consumption information for recreational fishers is not up-to-date for
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Puget Sound, DOH recommends further studies and surveys to address this issue. Such
information on tribal, API, and recreational consumption patterns aids in effectively directing
risk communication efforts and resources.

Conclusions

Fish is an important part of a healthy diet. It is a good protein source that is low in saturated fats
and high in beneficial omega-3 fatty acids and other nutrients. Fish consumption, especially that
of oily fish, decreases the risk of cardiovascular disease. Further, increased fish consumption has
been shown to produce beneficial effects to pregnant and lactating women. Other reported
benefits of fish consumption include a decrease in some cancers and protection against declines
in brain function. DOH supports the American Heart Association’s (AHA) recommendation for
all consumers, including pregnant women, to eat at least 2 portions of fish per week. An increase
in population consumption of oily fish would result in significant public health benefits with
regard to reduced cardiovascular disease (SACN 2004).

Balanced against the benefits from eating fish are possible negative effects associated with
contaminants in fish. Results of the fish tissue analysis conducted under PSAMP indicate the
need for advice on ways that consumers of Puget Sound fish can reduce exposure to
contaminants. Specifically, results of the PSAMP fish tissue analysis indicate:

e Polychlorinated biphenyls (PCBs) and mercury are at high enough levels in some Puget
Sound fish to warrant advice that will minimize exposure while consumers continue to
eat Puget Sound fish as part of a healthy diet.

e Salmon are generally low in contaminants and do not require meal limit advice, with the
exception of Chinook salmon. Chinook have higher levels of contaminants most likely
because of their life cycle. Resident Chinook, also known as blackmouth, have the
highest levels of PCBs of any salmon because they spend all of their life in Puget Sound.

e Impact on childhood development following exposure of the fetus is the most sensitive
and important health consideration regarding contaminants in fish. These developmental
effects relate to subtle changes in learning and behavior and have been found only
through careful study of large populations. This fact indicates that women of
childbearing age and children are the populations of most concern.

o Emerging contaminants such as polybrominated diphenyl ethers (PBDEs) are being
found in Puget Sound fish. Health implications of this result are not yet clear.

e Continued monitoring, especially for emerging contaminants, is warranted in order to
assess the health implications of future exposure to contaminants in Puget Sound fish.

Puget Sound fish are not alone with regard to elevated chemicals of concern, but fish purchased
in markets also have been found to contain these same contaminants. The level of contamination
in fish is dependant upon the species, age, size and/or location where the fish spends its life.
Puget Sound salmon are generally lower in contaminants than fish that spend their entire life in

Puget Sound urban areas (e.g., bottomfish) or very long-lived species (e.g., some species of
rockfish).
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Recommendations

The following recommendations provide broad advice to people who eat fish from Puget Sound.
These recommendations are based on several factors, including the level and toxicity of
contaminants, benefits of eating fish, and the need for a clear health message. The goal of this
advice is to encourage Washingtonians to eat fish while at the same time reducing exposure to
contaminants by making healthy, informed choices.

Levels of contamination in Puget Sound fish vary and advice varies accordingly. Depending on
fish species and catch location, rockfish and bottomfish advice ranges from no fish consumption
to no fish meal restrictions. Meal limit advice is provided only when DOH’s assessment
indicated a need to reduce consumption below two meals per week. While restrictions are not
provided in areas of Puget Sound above this point, a consumer’s exposure to contaminants is
never zero when eating fish or other protein sources such as beef, chicken, and dairy products.
Advice given below is meant to guide people toward making informed decisions when selecting
fish to eat. People who eat Puget Sound fish that have recommended meal limits (e.g., rockfish)
should choose other fish that are lower in contaminants for their heart-healthy second meal per
week. Good examples of fish lower in contaminants include coho, sockeye, and chum salmon,
and flatfish from non-urban areas of Puget Sound. Further, DOH has compiled a list of store-
bought fish low in contaminants based on our own data and previously published data.

General Advice

DOH encourages all Washingtonians to eat at least two fish meals per week as part of a heart
healthy diet in accordance with American Heart Association (AHA) recommendations. People
may eat fish more than two times weekly, but such frequent consumers should take the following
steps to reduce exposure to contaminants in the fish that they eat.

e [Eat a variety of fish that are low in contaminants according to guidance provided on our
website at http://www.doh.wa.gov/fish.

e Follow advice provided by DOH and local health agencies for water bodies where you
fish.

e Young children and small adults should eat proportionally smaller meal sizes.

e Grill, bake, or broil fish so that fat drips off while cooking.

e Eat fillets without the skin.
Rockfish
Contamination of rockfish species in Puget Sound is related to fish age. However, age is not
related to length for all species of Puget Sound rockfish throughout their life history. Therefore,

guidance for consumption of rockfish based on fish size, a common practice for some species, is
not appropriate for rockfish. Consumption advice is organized by marine recreational areas
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previously determined by WDFW rather than for each site where rockfish were sampled,
allowing for coordination with WDFW’s rockfish catch limits.

DOH recommends the following with respect to rockfish from Puget Sound:

e No consumption of yelloweye rockfish collected anywhere in Puget Sound. This advice
is based on public health concerns and is derived from a very small sample size. For
conservation purposes, WDFW currently restricts non-tribal harvest of yelloweye and
canary rockfish in Puget Sound.

e For all other species of Puget Sound rockfish, follow the guidance given below.

Table 13. Meal recommendations for rockfish from Puget Sound listed by WDFW recreational

marine areas.

Recreational

Marine Area
(see Figure ES-1)

Consumption
Guidance for rockfish
from Puget Sound

Exceptions
(see Figure ES-2)

East Juan de Fuca

6 . No more than 1 meal/week None
Strait
7 | San Juan Islands No more than 1 meal/week None
8.1 | Deception Pass, No more than 1 meal/week
Hope Island, and None
Skagit Bay
8.2 | Port Susan and No more than 1 meal/week - | No more than 2 meals per month: Mukilteo-Everett
Port Gardner with noted exceptions and Port Gardner.

9 | Admiralty Inlet

No more than 1 meal/week

None

Seattle-Bremerton
Area

No more than 1 meal/week -
with noted exceptions

No consumption: Elliott Bay (east of imaginary
boundary from Duwamish Head to Pier 91, including
the Duwamish River) and Sinclair Inlet (west of Dyes
Inlet and Mitchell Point).

11 | Tacoma-Vashon No more than 1 meal/week - | No more than 2 meals per month: Commencement
Area with noted exceptions Bay (SE of imaginary boundary between Old Town
Dock and Tyee Marina).
12 | Hood Canal No more than 1 meal/week None
13 | South Puget No more than 1 meal/week
None
Sound

NOTE: Meal size equals eight ounces of uncooked fish for an average-sized adult.

English sole and Other Flatfish

English sole was the only flatfish sampled by PSAMP. Results from English sole tissue analyses
were used to develop recommendations for all Puget Sound flatfish. While differences in life
history may result in different contaminant concentrations between species, DOH assumes that
patterns of contamination for English sole are representative of other Puget Sound flatfish
species, including sole, flounder, and sanddab species. WDFW sport fish regulations use the
term “bottomfish” to define numerous species, and meal limits specified for flatfish may not be
applicable to other bottomfish such as lingcod.
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The following table is a summary of consumption guidance for all consumers of Puget Sound
English sole and other flatfish. Note that consumption of English sole and other flatfish from
urban bays should be limited (Everett, Eagle Harbor, Commencement Bay) or avoided
(Duwamish Waterway). Before fishing, anglers should consult WDFW fishing guidance for

catch limits.

Table 14. Meal recommendations for English sole and other flatfish from Puget Sound listed by
WDFW recreational marine areas.

Recreational

Consumption Guidance for
English sole and other

Marine Area (sce > Exceptions
Figure ES-1) Flatfish from Puget Sound (see Figure ES-3)
6 EaSt. Juan de Fuca No meal limit None
Strait
7 San Juan Islands No meal limit None
Deception Pass,
8.1 | Hope Island, and No meal limit None

Skagit Bay

Port Susan and

8.2 Port Gardner

No meal limit — with noted
exceptions

No more than 2 meals per month: Everett-
waterfront from Mukilteo ferry dock to City of
Everett. Based on extrapolation from sediment
concentrations.

9 Admiralty Inlet

No meal limit

None

Seattle-Bremerton

10 Area

No meal limit — with noted
exceptions

No consumption: Duwamish Waterway
(includes Harbor Island East and West
Waterways)

No more than 1 meal per month: Sinclair Inlet
(west of Dyes Inlet and Mitchell Point).

No more than 2 meals per month: Elliott Bay
(east of imaginary boundary from Duwamish
Head to Pier 91).

No more than 1 meal per wk: Eagle Harbor
and Port Orchard (waterway separating
Bainbridge Island and Kitsap Peninsula).

Tacoma-Vashon

11 Area

No meal limit — with noted
exceptions

No more than 2 meals per month: Inner
Commencement Bay (SE of imaginary boundary
between Sperry Ocean dock and Cliff House
Restaurant).

No more than 1 meal per wk: Outer
Commencement Bay (SE of imaginary boundary
between Boathouse Marina and Brown’s Point).

12 | Hood Canal No meal limit None
13 South Puget No meal limit None
Sound

NOTE: Meal size equals eight ounces of uncooked fish for an average-sized adult.
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Puget Sound Salmon
Chinook Salmon

Chinook salmon spend more years at sea than coho salmon and are generally larger with a higher
fat content, leading to higher concentrations of bioaccumulative chemicals such as PCBs and
mercury. Chinook salmon from south Puget Sound tend to have slightly higher levels of
chemicals of concern in their muscle tissue (fillet) than Chinook salmon from north Puget Sound.

e Resident Chinook, also known as blackmouth, are caught by recreational anglers
primarily in winter. Preliminary data show that Puget Sound blackmouth have higher
concentrations of chemicals than non-resident fish captured in the Puget Sound spring or
fall fishery, although blackmouth were not evaluated separately in this report. Anglers
who catch resident Chinook in Puget Sound should limit themselves to two eight-ounce
meals per month.

e Puget Sound Chinook salmon from other areas may be consumed at a rate of one eight-
ounce meal per week (or four times a month). Non-resident Chinook salmon are caught
in a marine fishery in late summer and fall by sport, commercial, and tribal fisheries in
north, central, and south Puget Sound.

Coho Salmon

Coho salmon typically spend one winter in the ocean before returning to spawn in their stream of
origin. Coho are more abundant than Chinook salmon and are important in recreational,
commercial, and tribal fisheries throughout Puget Sound. Coho salmon from all areas of Puget
Sound, including estuaries and rivers, and coho salmon produced in hatcheries and net pens have
low levels of contaminants relative to Puget Sound Chinook salmon. Therefore, DOH has no
consumption restrictions on these fish (i.e., coho from Puget Sound may be consumed at a rate of
at least two eight-ounce meals per week).

e High-end consumers (e.g., those who eat more than two meals per week) are encouraged
to follow general preparation advice to reduce exposure to some contaminants in Puget
Sound coho.

Other Salmon Species

Other salmon species were not sampled as part of the PSAMP effort. However, data from other
sources show that sockeye, chum, and pink salmon tend to have very low levels of contaminants,
most likely a result of life history and diet. Based on limited data from other sources, DOH

recommends that:

e Puget Sound sockeye, chum, and pink salmon may be consumed at a rate of at least two
eight-ounce meals per week (eight meals per month).
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Public Health Communication
DOH recognizes that this evaluation is the first step in developing health protective messages for
consumers of Puget Sound fish. The next step involves communicating health messages to
affected communities. DOH will provide results and recommendations of this evaluation to
various economic, ethnic and interested communities through the following means:

e  WDFW’s annual sport fishing rules pamphlet

e News media

e Fishing magazines

e Web posting at www.doh.wa.gov/fish

e Fact sheets / Healthy fish eating guide

e Presentations to interested parities. For example,
0 Indian Nations
O Asian and Pacific Islander communities
0 Angler groups

0 DOH Women, Infants and Children Nutrition Program (WIC)
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Figure 11.

Map of Puget Sound recreational marine areas.
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Rockfish

Four species of rockfish from Puget Sound were assessed for contaminants. These rocky-reef
fish consume a wide variety of benthic, demersal, and pelagic fish and invertebrates. They are
widely distributed in the Sound and do not migrate. Thus, according to West et al. (2001),
“contaminants found in their tissues are likely to reflect local conditions.” Unpublished PSAMP
data show that rockfish are some of the longest-lived fish in Puget Sound; quillback and
yelloweye rockfish have attained ages of 60 and 90 years. Their exposure to contaminants
through consumption of prey may be greater than other fish because they occupy a high position
in the food web and thus biomagnify contaminants (West et al. 2001). Since rockfish are
targeted by recreational anglers (Landolt et al. 1985, Landolt et al. 1987), “they represent a food-
web pathway through which contaminants can move from the Puget Sound ecosystem to
humans” (West et al. 2001). The following provides an overview of the individual rockfish
species in Puget Sound considered in this report.

e Brown Rockfish (Sebastes auriculatus)

Brown rockfish are light brown mottled with dark brown and
vague dark bars across the back. Dark blotches are on the
upper portion of the operculum. They have a pink or yellowish
lower part of the head. Also, they can be recognized by their
strong prostrate coronal spines. They are well known in Puget
Sound and are widely but sparsely distributed in shallow water. The scientific name is from the
Greek sebastos (magnificent) and the Latin auriculatus (eared) (Hart 1973).

Brown Rockfish

e Copper Rockfish (Sebastes caurinus)

Copper rockfish have a body that is variable in color with a light
colored stripe along the rear. Copper rockfish have two fins on
their back. They are common in many shallow water areas. They
grow up to 21.5 inches and are notable for their dark fins. The
scientific name is from the Greek sebastos (magnificent) and the Latin caurinus (northwest)
(Hart 1973).

e N T

Copper Rockfish

e Quillback Rockfish (Sebastes maliger)

Quillback rockfish have a brown body and a high fin on the back,
both with yellow mottling. They may have freckles on the head and
throat and have spines on the head. The length of quillback
rockfish is up to 24 inches, and they are distributed from central Quillback Rockfish
California to southeast Alaska or Gulf of Alaska. They live in inlets and in shallow rockpiles in
the northern part of their range. The scientific name is from the Greek sebastos (magnificent)
and the Latin malus (mast) and gero (bear) (Hart 1973).
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e Yelloweye Rockfish (Sebastes ruberrimus)

Yelloweye rockfish are large and are orange-red to yellow in
body color. They have a bright yellow eye and their fins may be
tinged with black. Other names for the yelloweye are rasphead Yelloweye Rockiish

rockfish and red snapper. In very large fish there may be black mottling around the head. They
are caught by most kinds of fishing gear and because they have a swim bladder, as with most
rockfish, are killed by pressure change when brought to the surface. Yelloweye rockfish are
known to eat crustaceans and lingcod spawn. They are distributed from Ensenada in Baja
California, north to the Gulf of Alaska, and are common around reefs in both inside and outside
waters. The scientific name is from the Greek sebastos (magnificent) and the Latin ruberrimus
(very red) (Hart 1973).

English sole (Parophrys vetulus)

English sole and other flatfish are bottom-dwelling and have a close
association with sediments. They consume benthic invertebrates that live
in bottom sediments and thus represent a food-web pathway whereby
sediment associated contaminants can move from sediments to humans.
English sole have a small-mouth and primarily consume clams and clam English Sole

siphons, other small mollusks, marine worms, small crabs and shrimp,

and brittle stars. Consumption studies have shown that English sole are caught and consumed by
anglers in Puget Sound (Landolt et al. 1987, Toy et al. 1996). English sole are widely distributed
throughout Puget Sound.

English sole have a highly asymmetrical and compressed body with both eyes on the right side.
The head is slender, pointed and asymmetrical. Color on the eyed side is in shades of uniform
brown.

In early life, sole are found in the intertidal zone and in shallow water. As they grow they move
into deeper water. Seasonally, they usually concentrate in shallow water in spring and in deeper
water in winter. Studies have shown that major stocks are segregated or isolated. English sole
are distributed along coastal waters or the heads of inlets from Baja California to Unimak Island
in western Alaska. The scientific name is from the Greek para (near) and ophrys (eyebrow —
narrow interorbital space), and vetulus (old man) (Hart 1973).

Salmon
Chinook (Oncorhynchus tshawytscha)

Chinook salmon are the largest of the five Pacific salmon
species which is why they are also known as “king” salmon.
When mature, the Chinook salmon averages about 36 inches in "

length (range: 16 — 60) and weighs about 22 pounds (range: 2.5 — 125) (Wydoski and Whitney

1979). Chinook are the least abundant salmon on the Pacific coast. They are most abundant in
large streams and consequently have suffered most from dam construction. Puget Sound
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Chinook salmon are listed as threatened in a recent Endangered Species Act status report on
West Coast salmon and steelhead (updated final listing determination as of June 28, 2005).

Chinook salmon are found along the Pacific coast from the Ventura River in southern California
to Point Hope, Alaska. Spawning adults are found in most of the larger streams of the upper and
lower Columbia River drainage, Washington coastal drainage, and the Puget Sound drainage.

The color of marine adults along the back, top of the head, and upper sides is iridescent green to
blue-green with gold flecking or sheen. The body below the lateral line is silvery, and the back
upper sides and all fins have at least a few black spots. The lower gums are also black (Scott and
Crossman 1973). The body is streamlined and deeper than other species with the head about
20% of total length.

Juvenile Chinook salmon spend about a year in fresh water before smolting and migrating to the
Pacific Ocean. Feeding fish generally remain in the ocean from 3 to 4 years (range: 2 - 8 years)
before they mature and return to their parent streams to spawn. Females are usually 4 or 5 years
old (Scott and Crossman 1973). Adults begin to ascend coastal streams in late May and early
June. Principal spawning months are July through September. Fish from the early run are
referred to as spring Chinook and spawn in late summer, while fall Chinook migrate up streams
in August and September and spawn as soon as spawning grounds are reached. Juveniles remain
in fresh water from a few days to 3 years. Usually, juvenile fall Chinook feed for a short time
then migrate to the ocean, while most juvenile spring Chinook remain in the stream for one year
before migrating. Some individuals may stay in fresh water for longer periods before going to
sea, especially in systems with lakes (such as the Lake Washington system) (Wydoski and
Whitney 1979).

Young Chinook salmon feed on small invertebrates in fresh and salt water. In fresh water,
summer food is primarily aquatic insect larvae and terrestrial insects. In salt water young
Chinook feed on small crustaceans and other bottom items. In an Oregon study, maturing
Chinook fed mostly on fish such as herring, anchovies, pilchard, sand lance, rockfish, and ratfish.
Other food included crab larvae, euphausids, and shrimp.

Oncorhynchus means hooked snout, while tshawytscha is the common name of this species in

Kamchatka. Common names include Chinook, spring, king, and tyee (Scott and Crossman
1973).

Coho (Oncorhynchus kisutch)

Coho salmon are fourth in abundance among the Pacific salmons o L : 1
but provide most of the sport harvest (Wydoski and Whitney H =
1979). They are taken by hooks more readily when they are Coho Saimon

concentrating on a fish diet. Adults are caught commercially by trolling, purse seining, and
gillnetting from July to September, with a peak in August (Scott and Crossman 1973). Marine
anglers catch coho from July to October in the Pacific Northwest. Puget Sound/Strait of Georgia
coho salmon are listed as a species of concern in a recent Endangered Species Act status report
on West Coast salmon and steelhead (updated final listing determination as of June 28, 2005).
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Coho salmon have an elongated body with a large terminal mouth directed forward. Their color
is metallic blue on the dorsal surface, silvery on the sides, ventral surface and the caudal
peduncle. They have irregular black spots on the back and upper lobe of the caudal fin, a
primary key to recognition, along with no black along the base of their needlelike and firmly set
teeth. Maturing males in fresh water have bright red on the sides, bright green on the back and
head, and are often dark on the belly. Females are less strongly colored. The flesh of coho is
pink to red.

Coho occur along the Pacific coast from Monterey Bay, California, to Point Hope, Alaska.
Spawning adults are found in most streams of the upper and lower Columbia River drainage,
Washington coastal drainage, and the Puget Sound drainage. Coho from the Puget Sound
drainage do not go south of the Columbia River or north of Vancouver Island. Coho are
anadromous and spawn in fresh water where the young spend from 1 to 2 years before becoming
smolts and migrating to the ocean. These salmon usually remain in the ocean for about 18
months before maturing and returning to their stream of origin for spawning. Spawning occurs
from September through December, although a late run of large fish spawns in January in the
Satsop River, Washington. All coho die after spawning. The young hatch in about 6 to 8 weeks,
depending on water temperature.

Juvenile coho grow to about 4 — 7 inches before they become smolts and migrate to the ocean.
While in the ocean for 1 — 2 years, coho may reach a length of 38 inches and a weight of 31
pounds. Most adults weigh between 8 to 12 pounds when they return to their parent streams at
the end of their life cycle (Wydoski and Whitney 1979).

In reservoirs, juvenile coho feed primarily on zooplankton and emerging insects. In streams,
juveniles feed primarily on insects such as Diptera, mayflies, and stoneflies and also on sockeye
salmon fry. Food of marine adults is more varied than that of many Pacific salmon (Scott and
Crossman 1973). While at sea, coho feed primarily on fish such as herring, pilchard, anchovies,
sand lance, rockfish, and ratfish, and invertebrates such as crab larvae, euphausid shrimp, other
shrimp, and squid.

The name Oncorhynchus means hooked snout. Kisutch is the vernacular name for this species in
Kamchatka, Russia. Common names are coho salmon, coho, silver salmon, and blueback (Scott
and Crossman 1973).
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APPENDIX B

Toxicological Profiles for Contaminants of Concern:
Mercury and Polychlorinated biphenyls (PCBs)
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Washington State Department of Fish and Wildlife (WDFW) analyzed numerous chemicals in
fish muscle tissue as part of the Puget Sound Assessment and Monitoring Program (West et al.
2001). All chemicals were found on the U.S. EPA Priority Pollutant List or Hazardous
Substance List and included chlorinated pesticides, polychlorinated biphenyls (PCBs), other
organic compounds (phenols and substituted phenols, aromatic hydrocarbons, chlorinated
aromatic hydrocarbons, phthalates, and others), and metals such as mercury, lead, copper and
arsenic. Of these compounds, only PCBs and mercury were detected regularly at levels high
enough to indicate the need for an assessment for human health risk as indicated by the screening
process (Appendix E). The following is a synopsis of background information on mercury and
PCBs from ATSDR documents, EPA IRIS, and journal articles.

Mercury
Background

Mercury is widespread in the environment as a result of natural and anthropogenic releases.
Everyone is exposed to small amounts of mercury over the course of a lifetime (Clarkson 1993,
and Clarkson 1997, in Goldman and Shannon, 2001). Most atmospheric mercury is elemental
mercury vapor and inorganic mercury, and mercury present in water, soil, plants and animals is
typically present in organic or inorganic forms. Organic mercury is primarily in the form of
methlymercury.

Mercury is released into surface waters from natural weathering of rocks and soils and from
volcanic activity. Mercury is also released from human action such as industrial activities, fossil
fuel burning, and disposal of consumer products (i.e., mercury thermometers, fluorescent bulbs,
dental amalgams). Global cycling of mercury via air deposition occurs when mercury evaporates
from soils and surface waters to the atmosphere. From the atmosphere, mercury is redistributed
on land and surface water then absorbed by soil or sediments. Once inorganic mercury is
released into the environment, bacteria convert it into organic mercury, which is the primary
form that accumulates in fish and shellfish (ATSDR 1999).

Exposure

In the aquatic food chain, methylmercury biomagnifies as it is passed from lower to higher
trophic levels through consumption of prey organisms. Fish at the top of the food chain can
biomagnify methylmercury approximately 1 to 10 million times greater than concentrations in
surrounding waters. Nearly all of the mercury found in fish and other aquatic organisms is in the
methylmercury form. Long-lived predatory ocean fish may have increased methylmercury
content because of exposure to natural and industrial sources of mercury (Goldman and Shannon
2001). Methylmercury content of fish varies by species and size of the fish as well as harvest
location. The top ten commercial fish species (canned tuna, shrimp, pollock, salmon, cod,
catfish, clams, flatfish, crabs, and scallops) represent about 85% of the seafood market and
contain a mean mercury level of approximately 0.1 ug/g (Goldman and Shannon 2001).

Some states have issued advisories about consumption of fish containing mercury. DOH issued
a statewide fish consumption advisory for women of childbearing age and young children based
on elevated levels of mercury in various commercially purchased fish as well as freshwater bass
caught for recreation (DOH 2003) (http://www.doh.wa.gov/fish).
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Toxicity

Most organic mercury compounds are readily absorbed by ingestion and appear in the lipid
fraction of blood and brain tissue. Organic mercury readily crosses the blood-brain barrier and
also crosses the placenta. Fetal blood mercury levels are equal to or higher than maternal levels
(Goldman and Shannon 2001). Methylmercury also appears in human milk. Organic mercury
compounds are most toxic in the central nervous system and may also affect the kidneys and
immune system (Clarkson 1993, and Clarkson 1997, in Goldman and Shannon, 2001).

Methylmercury is toxic to the cerebral and cerebellar cortex in the developing brain and is a
known teratogen. In Minamata Bay, Japan, mothers who were exposed to high amounts of
mercury but were asymptomatic gave birth to severely affected infants. The infants often
appeared normal at birth but developed psychomotor retardation, blindness, deafness, and
seizures over time. Since the fetus is susceptible to neurotoxic effects of methylmercury, several
studies have focused on subclinical effects among children whose mothers were exposed to high
levels of methylmercury. A study in the 1970s of Iraqi children exposed to high levels of
methylmercury in contaminated seeds demonstrated motor retardation in children whose mothers
had hair mercury levels in the range of 10-20 ppm. Two prospective epidemiologic studies were
conducted in the Seychelles and the Faroe Islands. Results from the Faroe Islands suggest that
exposure in utero to mercury at lower levels is associated with subtle adverse effects on the
developing brain (maximum level in hair was 39.1 ppm and in blood was 351 ppb). Memory,
attention, and language tests were inversely associated with higher methylmercury exposures in
children up to 7 years of age (Grandjean et al. 1997, in Goldman and Shannon 2001). In the
Seychelles study, adverse effects on development or IQ have not been found up to 66 months of
age. The Faroe Islands and Seychelles studies are continuing in order to provide a long-term
developmental evaluation of exposed children. Further support for the developmental effects
seen in Faroese children is demonstrated in a study of New Zealand children exposed in utero to
methylmercury in fish consumed by their mothers.

In 1998, the National Academy of Sciences (NAS) was directed by the United State’s Congress
to evaluate methylmercury toxicity and provide recommendations on exposure limits (NRC
2000). The study established a reference dose for mercury of 0.1ug/kg-day (ug/kg = ppb). EPA
has recently reconfirmed 0.1 ug/kg/day as its Reference Dose (RfD) (EPA IRIS 2003). This RfD
is based on health effects data specific to the protection of the developing fetus. As the
developing fetus represents the population of greatest concern, the RfD is considered protective
of all other populations that are less exposed and/or less sensitive. The current action level of
FDA for mercury in fish tissue is 1 ppm (1000 ppb). While FDA has not changed the 1.0 ppm
action level in a recent reassessment, the agency is re-evaluating it in light of significant new
data on the health effects of methylmercury from consumption of fish. These data have become
available since the action level was developed.
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Polychlorinated Biphenyls (PCBs)
Background

Polychlorinated Biphenyls (PCBs) are persistent environmental contaminants that are ubiquitous
in the environment due to intensive industrial use. PCBs were used as commercial mixtures
(Aroclors) that contain up to 209 different chlorinated biphenyl congeners, which are structurally
similar compounds that vary in toxicity. A smaller subset of 50 to 60 congeners is commonly
found in Aroclor mixtures (NRC 2001). Each congener has a biphenyl ring structure but differs
in the number and arrangement of chlorine atoms substituted around the biphenyl ring. PCBs are
lipid soluble and very stable; their stability depends on the number of chlorine atoms and their
position on the biphenyl molecule. PCBs’ lipophilic character and resistance to metabolism
enhances concentration in the food web and exposure to humans and wildlife.

The name Aroclor 1254, for example, means that the molecule contains 12 carbon atoms (the
first 2 digits) and approximately 54% chlorine by weight (second 2 digits) (ATSDR 2000). Each
mixture (1016, 1242, 1254, and 1260) contained many different PCB congeners. In 1971, the
sole U.S. producer of PCBs (Monsanto Chemical Company) voluntarily stopped open-ended
uses of PCBs and in 1977 ceased their production. Because PCBs do not burn easily and are
good insulators, they were commonly used as lubricants and coolants in capacitors, transformers,
and other electrical equipment. Old capacitors and transformers that contain PCBs are still in
operation. Over the years, PCBs have been spilled, illegally disposed, and leaked into the
environment from transformers and other electrical equipment. PCBs in the environment have
decreased since the 1970’s but are still detectable in our air, water, soil, food, and in our bodies.

The breakdown of PCBs in water, sediment, and soil occurs over many years and is often
incomplete. Lower chlorinated PCBs are more easily broken down in the environment, while
adsorption of PCBs generally increases as chlorination of the compound increases. The highly
chlorinated Aroclors (1248, 1254, and 1260) resist both chemical and biological degradation in
the environment. Microbial degradation of highly chlorinated Aroclors to lower chlorinated
biphenyls has been reported under anaerobic conditions, as has the mineralization of biphenyl
and lower chlorinated biphenyls by aerobic microorganisms. Although they are slow processes,
volatilization and biodegradation are the major pathways of removal of PCBs from water and
soil (ATSDR 2000), and volatilization is more significant for lower chlorinated congeners. In
water, photolysis appears to be the only viable chemical degradation process. The chemical
composition of the original Aroclor mixtures released to the environment changes over time
since the individual congeners degrade and partition at different rates (ATSDR 2000).

Many PCB congeners persist in ambient air, water, marine sediments, and soil at low levels
throughout the world. The half-life of PCBs (the time it takes for one-half of the PCBs to
breakdown) in the air is 10 days or more, depending on the type of PCB. PCBs in the air can be
carried long distances and may be deposited onto land or water. Once in water, most PCBs tend
to adsorb to organic particles and sediments. The rate and extent of degradation is a function of
temperature and the degree to which PCBs are bound to organic material and hence unavailable
for degradation.
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In Puget Sound and other waterbodies, sediment-associated PCBs are accumulated in the bodies
of aquatic organisms, which are in turn consumed by creatures higher in the food web. Fish,
birds, and mammals tend to accumulate certain congeners over time in their fatty tissue.
Concentrations of PCBs can reach levels hundreds of thousand times higher than the levels in
water. Bioconcentration is the uptake of a chemical from water alone, while bioaccumulation is
the result of combined uptake via food, sediment, and water. These processes can lead to high
levels in the fat of predatory animals (ATSDR 2000). Also, PCBs can biomagnify in fresh and
saltwater ecosystems. Humans may be exposed to detectable quantities of PCBs when they eat
fish, use fish oils in cooking, or consume meat, milk or cheese; the half life of PCBs in humans is
estimated to be 2 — 6 years (Shirai and Kissel 1996).

Exposure

The general population is exposed to PCBs by inhaling contaminated air and ingesting
contaminated water and food. The dominant source of PCBs to humans is through consumption
of meat, seafood, and poultry (Figure 10, main report). Of particular concern to this report is the
exposure to citizens from consumption of fish. Some groups may consume greater amounts of
fish than others; for example, Native Americans, Asian immigrant populations, and sport anglers
are three groups with high rates of seafood ingestion in the Puget Sound area (Landolt et al.
1985, Landolt et al. 1987, Toy et al. 1996, EPA 1999, Suquamish 2000). Further, numerous
studies have found PCBs in local seafood (Landolt et al. 1987, PSAMP 1997, O’Neill et al.
1998, West and O’Neill 1998, PSAMP 2000, O’Neill and West 2001, West et al. 2001).

Toxicity

Toxic responses to PCBs include dermal toxicity, immunotoxicity, carcinogenicity, and adverse
effects on reproduction, development, and endocrine functions. Several epidemiological studies
indicate that consumption of background levels of PCBs may cause slight but measurable
impairments in physical growth and learning behavior in children while others have not. Some
PCB congeners have a structure and biological activity that is similar to dioxin.

Dioxins are a family of chemicals produced by incomplete burning of organic material through
natural and industrial processes (DOH 2003). Like PCBs, dioxins (and a very similar family of
chemicals called furans) are persistent in the environment and have been shown to be toxic
through a particular mechanism shared by certain PCB congeners. Toxic equivalency factors
(TEFs) are used to account for the potential of these PCB congeners to exert dioxin-like toxicity.
TEFs are available for twelve dioxin-like PCB congeners (Van den Berg et al. 1998). The larger
the TEF, the more toxic the PCB congener is. Each congener is multiplied by its TEF to give the
dioxin toxic equivalent value (TEQ). The TEQs for each congener are then summed to give the
overall PCB-TEQ. TEFs for each congener are based on the toxicity of one well studied dioxin
congener known as 2,3,7,8-tetrachlorodibenzo-p-dioxin.

EPA has determined that PCBs are probable human carcinogens and assigned them the cancer
weight-of-evidence classification B2 based on animal studies. Human studies are being updated;
current available evidence is inadequate but suggestive regarding cancer to humans. The upper-
bound cancer slope factor for PCBs is 2.0 (mg/kg /day)™.
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Part of the uncertainty in assessing PCB effects from consuming fish is that PCB congeners
selectively bioaccumulate in fish in different patterns than found in commercial mixtures of
PCBs or in the environment (Schwartz et al. 1983). Another issue is how to combine cancer
risks computed using PCB cancer potency factors based on Aroclors with cancer risks computed
using TEFs for dioxin-like PCBs. The congener mix encountered by a fetus during pregnancy
and via nursing may be quite different than congener patterns initially released into the
environment. Since PCB congeners differ in their potency and in the specific ways they interact
with biological systems, health criteria based on data from Aroclor mixtures fed to animals (e.g.,
the EPA RfD) may not account for biodegradation or selective accumulation by an organism.
EPA has addressed this uncertainty by a policy decision to use an upper bound, health-protective
estimate of the PCB cancer potency factor when computing cancer risks for PCBs found in fish
tissue (EPA 1996). Some information on pattern changes is available from studies in the Great
Lakes (Kostyniak et al. 1999, Humphrey et al. 2000. This issue is being investigated at a
national and international level.

DOH recently conducted a thorough review of the scientific literature on PCB toxicity in an
attempt to set a state standard for PCB exposure through consumption of fish and shellfish.
DOH concluded that ATSDR’s MRL of 0.02 ug/kg/day for chronic-duration oral exposure to
PCBs would be protective of the most sensitive population (fetus) for the most sensitive
endpoints reviewed (immune and developmental). The chronic oral MRL is based on a lowest
observed adverse effect level (LOAEL) of 0.005 mg/kg-day for immunological effects seen in
adult monkeys’ exposure to Aroclor 1254 (ATSDR 2000). EPA verified an oral reference dose
(RfD) of 0.02 ug/kg-day for Aroclor 1254 (IRIS 2000), based on dermal/ocular and
immunological effects in monkeys.
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Introduction

The following tables present non-cancer and cancer risk estimates for consumption of Puget
Sound fish species by Native Americans, Asian and Pacific Islander communities and
recreational anglers. Estimates are provided for individual sampling stations based on site-
specific contaminant levels. Contaminants of concern include mercury and polychlorinated
biphenyls (PCBs). Average and upper-bound exposure scenarios were evaluated using the
following equations and exposure assumptions to estimate contaminant doses associated with

fish consumption (Table C1).

Dose (non-cancer (mg/kg-day)) = CxIRxCFx EF X ED
BW X ATHOn-CaﬂCCT
BW X ATcanCer

Table C1. Exposure assumptions.

Parameter Value Unit Comments
Species - Average detected chemical value
Concentration (C) peet mg/kg in fish from Puget Sound
specific . .
sampling stations.
Suquamish * | 14.00 | 40.67 Suquamish 2000
Tulalip * 9.10 | 20.30 Toy et al. 1996
. . Squaxin® | 18.69 | 33.32 Toy etal. 1996
Ch k I tion Rate (IR ;
inook Ingestion Rate (IR) API® [ 12.10[30.50 EPA 1999
Recreational | 5) 7 |\ Landolt et al. 1987
Angler
Suquamish * | 13.37 | 40.88 Suquamish 2000
Tulalip * 12.46 | 36.05 Toy et al. 1996
. Squaxin® | 14.14 | 34.37 Toy et al. 1996
Coho I tion Rate (IR
oho Ingestion Rate (IR) API® | 12.10 | 30.50 EPA 1999
Recreational | 51 60| NA Landolt et al. 1987
Angler /da
Suquamish® | 3.64 | 1407| &Y [Suquamish 2000
E. sole Ingestion Rate (IR) Tulahp ; 4.27 110.43 Toy et al. 1996
Urban. near-urban. non-urban Squaxin 4.34 | 3.08 Toy etal. 1996
’ ’ API® 7.50 |16.30 EPA 1999
Recreational | 4y o | Np Landolt et al. 1985
Angler
Suquamish ® | 11.83 | 50.96 Suquamish 2000
Tulalip * 1.26 | 2.38 Toy et al. 1996
Copper , Brown, and Quillback Squaxin * 3.92 [10.29 Toy etal. 1996
Rockfish Ingestion Rate (IR) API? 22.90 | 49.70 EPA 1999
Recreational | g 4 | NA Landolt et al. 1985
Angler >

99




Table C1. (cont.) Exposure assumptions.

Parameter Value Unit Comments
Conversion Factor (CF) 0.001 kg/g grzrg:?;)rﬁisﬂzggisﬂ&;

Assumes daily exposure

Exposure Frequency (EF) 365 days/year | consistent with units of ingestion
rate given in g/day.

Exposure Duration (ED) — Adult 30 years I;:lillzerre(;fgs?gpylf 9g9{7r;)P uget
Exposure Duration (ED) — Native American Number of years living in Puget
70 years .
Adult Sound region
Body Weight (BW) — Adult 70 kg EPA 1997b
Averaging Time,,n_cancer (AT) 10950 30 years
Averaging Timemn_c:&ncer (AT) — Native 20075 days 70 years
American

Averaging Time ,nce; (AT) 25550 70 year lifetime

Mercury = le-4 (developmental)
Chemical- 3¢-4 (immune)
Reference Dose (RfD) specific mg/kg/day |PCBs = 2e-5 (immune)
3e-5 (developmental)
Source: EPA, ATSDR
Cancer Slope Factor (CSF) Csl;eézlilfc.lil_ mg/kg-day'1 E(IEABSH_{IzS

* Consumption rates were reported in grams per kg body weight per day. Consumption rate was adjusted by

assuming a 70 kg body weight.

" Consumption rate was reported in grams per day during the fishing season. Rates used in dose calculations do not
account for length of fishing season (i.c., assumes 365 day fishing season) potentially overestimating

consumption.

¢ Recreational consumption rate for yelloweye rockfish is not available.
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Non-cancer Risk Calculations (Hazard Quotients)

Non-cancer impacts evaluated in this assessment include developmental and immune effects

from exposure to PCBs and mercury. The following tables present hazard quotients based on

estimates of PCB or mercury exposure doses. A hazard quotient greater than one signifies a dose
that exceeds EPA’s reference dose (RfD); an RfD is a dose where no adverse non-cancer health

effects are expected. The degree to which a hazard quotient exceeds one indicates the relative

potential for an exposure to cause harm.

Table C2. PCB hazard quotients (HQ) based on mean and 90" percentile rockfish consumption
rates for three Puget Sound Native American Tribes, API, and recreational fishers (by station and

rockfish species).

. . PCB | Sugquamish Tulali Squaxin API Rec
RMA | Station Species c 9 P ‘ | ‘
(ppb) | Avg | 90th Avg | 90th | Avg | 90th | Avg | 90th | Avg
Orcas Island Quillback 7.6 0.1 0.3 0.0 0.0 0.0 0.1 0.1 0.3 0.0
7 Quillback 3.7 0.0 0.1 0.0 00 | 0.0 0.0 0.1 02 | 0.0
San Juan
Yelloweye | 49.2 0.4 1.8 0.0 0.1 | 0.1 0.4 09 | 20 | 02
Mukilteo- Quillback | 31.8 0.3 12 0.0 0.1 | 0.1 0.2 0.6 13 | 02
8-2 Everett Copper 17.6 0.1 0.6 0.0 0.0 | 00 0.1 03 | 07 | 0.1
Port Gardner Copper 47.8 0.4 1.7 0.0 0.1 0.1 0.4 0.9 2.0 0.2
0 Double Bluff | Quillback 5.4 0.0 0.2 0.0 0.0 | 00 0.0 0.1 02 | 00
Foulweather Quillback 9.9 0.1 0.4 0.0 0.0 0.0 0.1 0.2 0.4 0.0
Blakely Rock | Quillback | 34.8 0.3 1.3 0.0 0.1 | 0.1 0.3 0.7 14 | 02
. Quillback 122 1.0 4.4 0.1 02 | 03 0.9 23 | 50 | 06
Elliott Bay
Brown 92.7 0.8 34 0.1 02 | 03 0.7 18 | 38 | 05
Elliott Bay 2 | Quillback | 293 2.5 10.7 0.3 05 | 08 22 56 | 121 | 14
Quillback 117 1.0 43 0.1 02 | 03 0.9 22 | 48 | 06
Elliott Bay 4 Brown 30.4 0.3 1.1 0.0 0.1 | 0.1 0.2 0.6 13 | 0.1
10 Copper 61.0 0.5 2.2 0.1 0.1 0.2 0.4 1.2 2.5 0.3
Fuller Quillback 111 0.9 4.0 0.1 02 | 03 0.8 21 | 46 | 05
. Quillback 144 1.2 5.2 0.1 02 | 04 1.1 27 | 60 | 07
Sinclair Inlet
Brown 326 2.8 11.9 0.3 06 | 09 24 6.2 | 135 | 1.6
Smdazlr Tnlet | copper 184 | 02 0.7 0.0 00 | 01 | o1 | 04 | 08 | 0.1
Sinclair Inlet Brown 774 | 0.7 2.8 0.1 01 | 02 | 06 15 | 32 | 04
Tribal
Brace Point Yelloweye 17.3 0.1 0.6 0.0 0.0 0.0 0.1 0.3 0.7 0.1
Browns Point | Quillback 75.5 0.6 2.7 0.1 0.1 0.2 0.6 1.4 3.1 0.4
Commence- Brown 47.2 0.4 1.7 0.0 01 | 0.1 0.3 09 | 20 | 02
ment Bay
11 Commence- Brown 433 0.4 1.6 0.0 01 | 0.1 0.3 08 | 1.8 | 02
ment Bay 2
Commence- | Quillback 128 1.1 4.7 0.1 02 | 04 0.9 24 | 53 | 06
ment Bay 4 Brown 97.0 0.8 35 0.1 02 | 03 0.7 18 | 40 | 05
Commence- | ek | 162 0.1 0.6 0.0 00 | 00 | 0.1 03 | 07 | o1
ment Bay 5
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Table C2. (cont.) PCB hazard quotients (HQ) based on mean and 90" percentile rockfish
consumption rates for three Puget Sound Native American Tribes, API, and recreational fishers
(by station and rockfish species).

RMA | Station | Species (Ppcp:g Suguamish Tulalip Squaxin API Rec
Brown 28.7 0.2 1.0 0.0 00 | 0.1 0.2 0.5 12 | o1
Dalco Quillback | 64.5 0.5 23 0.1 01 | 02 | 05 12 | 27 | o3
Passage
Gig Harbor | Quillback | 78.1 0.7 2.8 0.1 0.1 | 02 0.6 15 | 32 | 04
Lakota Quillback | 62.8 0.5 2.3 0.1 0.1 | 02 0.5 12 | 26 | 03
. Hood Canal |_Quillback 7.7 0.1 0.3 0.0 00 | 0.0 0.1 0.1 0.3 0.0
Copper 6.5 0.1 0.2 0.0 00 | 0.0 0.0 0.1 03 | 00
13 Day Island Copper 8.3 0.1 0.3 0.0 00 | 0.0 0.1 02 | 03 0.0
NOTE: Bold values represent Aroclor equivalent concentrations calculated from HPLC analyses. PCB values in regular font
represent Aroclor concentrations measured by GC/ECD. Shaded areas indicate a HQ greater than or equal to 1.0.
Table C3. PCB hazard quotients (HQ) based on mean and 90™ percentile English sole
consumption rates for three Puget Sound Native American Tribes, API, and recreational fishers
(by station).
PCB | Suquamish | Tulalip Squaxin API Rec
RMA Station (pb) | Avg | 90th | Avg | 90th | Avg | 90th | Avg | 90th | Avg
6 Discovery Bay 3.9 0.0 0.0 0.0 | 0.0 0.0 0.0 0.0 0.1 0.0
Strait of Juan de Fuca 7.0 0.0 0.1 0.0 0.1 0.0 0.1 0.0 0.1 0.1
Be“‘?og;‘tzrr‘; Bay 3.8 0.0 00 | 00 | 00| 00 | 00 | 00 | 01 0.0
Birch Point 5.1 0.0 0.1 0.0 | 0.0 0.0 0.0 0.0 0.1 0.0
Cherry Point 13.9 0.0 0.1 0.0 | 0.1 0.0 0.1 0.1 0.2 0.1
McAurther Bank 32 0.0 0.0 0.0 | 0.0 0.0 0.0 0.0 0.0 0.0
7 Orcas Island 3.6 0.0 0.0 0.0 | 0.0 0.0 0.0 0.0 0.0 0.0
Outer Birch Point 3.1 0.0 0.0 0.0 | 0.0 0.0 0.0 0.0 0.0 0.0
Point Roberts 48 0.0 0.0 0.0 | 0.0 0.0 0.0 0.0 0.1 0.0
Strait of Georgia 5.8 0.0 0.1 0.0 | 0.0 0.0 0.1 0.0 0.1 0.0
Vendovi Island 3.8 0.0 0.0 0.0 | 0.0 0.0 0.0 0.0 0.1 0.0
8-1 Saratoga Passage 20.2 0.1 0.2 0.1 0.2 0.1 0.2 0.1 0.3 0.2
- Port Gardner 17.5 0.0 0.2 0.1 | 0.1 0.1 0.2 0.1 0.2 0.1
Port Susan 55 0.0 0.1 0.0 | 0.0 0.0 0.0 0.0 0.1 0.0
Possession Point 11.7 0.0 0.1 00 | 0.1 0.0 0.1 0.1 0.2 0.1
9 Port Ludlow 6.7 0.0 0.1 0.0 | 0.0 0.0 0.1 0.0 0.1 0.1
Port Townsend 9.7 0.0 0.1 00 | 0.1 0.0 0.1 0.1 0.1 0.1
Apple Cove Point 9.8 0.0 0.1 00 | 0.1 0.0 0.1 0.1 0.1 0.1
Duwamish 168 0.4 1.7 0.5 1.3 0.5 1.5 1.1 2.3 1.3
0 Dyes Inlet 28.0 0.1 0.3 0.1 | 02 0.1 0.2 0.2 0.4 0.2
Eagle Harbor 42.6 0.1 0.4 0.1 | 03 0.1 0.4 0.3 0.6 0.3
Elliott Bay (Seattle | ¢, 4 02 | 06 | 02 | 05| 02 | 06 | 04 | 09 | 05
Waterfront)
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Table C3. (cont.) PCB hazard quotients (HQ) based on mean and 90™ percentile English sole
consumption rates for three Puget Sound Native American Tribes, API, and recreational fishers
(by station).

PCB
RMA Station (ppb) | Suquamish | Tulalip Squaxin API Rec
Elliott Bay 2 (Harbor | g5 02 09 | 03 |06 | 03 | 08 | 05 | 12 0.7
Island)
Elliott Bay 4 (Myrtle | o) 0.1 02 | o1 |02 ] o1 02 | 01 | 03 0.2
Edwards)
Elliott Bay 5 (Alki) 16.7 0.0 0.2 01 | 01| o1 01 | o1 | 02 0.1
Liberty Bay 233 0.1 0.2 01 | 02 | o1 02 | 01 | 03 0.2
Port Madison 13.3 0.0 0.1 00 | 01 | 00 01 | 01 | 02 0.1
Port Orchard 36.8 0.1 0.4 01 | 03| o1 03 | 02 | 05 03
10 Sinclair Inlet 121 0.3 12 04 | 09 | 04 1.1 | 08 | 16 1.0
Sinclair Inlet 2 (Outer | =, g 0.1 02 | o1 |02 ] o1 02 | 01 | 03 0.2
Sinclair Inlet)
Sinclair Inlet 3 63.8 0.2 0.6 02 | 05| 02 06 | 04 | 09 0.5
Sinclair Inlet 4
(Battle Point) 38.8 0.1 0.4 01 | 03| o1 03 | 02 | 05 0.3
Sinclair Inlet 5
(Blake Island) 31.0 0.1 03 01 | 02| o1 03 | 02 | 04 0.2
Shilshole 22.9 0.1 0.2 01 | 02| o1 02 | 01 | 03 0.2
Commencement Bay | 5 0.2 0.6 02 | 05 | 02 06 | 04 | 09 0.5
(Thea Foss)
Commenczeme“t Bay | 654 0.2 0.8 03 | 06| 03 07 | 05 1.1 0.6
Commencement Bay | 4, 0.1 0.3 01 | 03 | o1 03 | 02 | 05 0.3
3 (Ruston)
Commencement Bay
1 4 (O1d Tacoma) 43.2 0.1 0.4 01 | 03| o1 04 | 03 | 06 0.3
Commencement Bay | g5 o 0.1 06 | 02 |04 | 02 | 05 | 03 | 08 0.4
5 (Brown's Point)
Dash Point 28.5 0.1 03 01 [ 02| o1 03 | 02 | 04 0.2
Fern Cove 19.3 0.1 0.2 01 | 01 | o1 02 | o1 | 03 0.2
Outer Commence- 41.8 0.1 0.4 01 | 03| o1 04 | 03 | 06 0.3
ment
Hood Canal (North) 6.4 0.0 0.1 00 | 00 | 00 01 | 00 | o1 0.1
Hood Canal Mid
12 Middle) 35 0.0 0.0 00 | 00 | 00 00 | 00 | 00 0.0
Hood Canal South 4.8 0.0 0.0 00 | 00 | 00 00 | 00 | o1 0.0
Budd Inlet (Dana 8.8 0.0 0.1 00 | 01 | 00 01 | 01 | 01 0.1
Passage)
Carr Inlet 14.0 0.0 0.1 00 | 01 | 00 01 | 01 | 02 0.1
Case Inlet 1 (South 16.0 0.0 02 | 00 |01 ] 00 | o1 | o1 | 02 0.1
3 Case Inlet)
Case Inlet 3 (North 8.3 0.0 0.1 0.0 | 0.1 0.0 0.1 0.1 0.1 0.1
Case Inlet)
Nisqually 215 0.1 0.2 01 | 02 | o1 02 | o1 | 03 0.2
Pickering Passage 9.2 0.0 0.1 0.0 0.1 0.0 0.1 0.1 0.1 0.1
Wollochet 26.3 0.1 03 01 | 02 | o1 02 | 02 | 04 0.2

NOTE: Bold values represent Aroclor equivalent concentrations calculated from HPLC analyses. PCB values in
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Table C4. PCB hazard quotients (HQ) based on mean and 90™ percentile Chinook consumption rates for
three Puget Sound Native American Tribes, API, and recreational fishers (by station).

mish | Tulali in API R
e PCB Suquamis ulalip Squax ec
Area Station (ppb) | Avg | 90th | Avg | 90th | Avg | 90th | Avg 90th Avg
Nooksak 37.9 0.4 11 | 02 | 05| 05 [ 09 0.3 0.8 1.4
Skagit 40.6 0.4 12 | 03 | 06 | 05 1.0 0.4 0.9 1.5
In-river | Duwamish 57.2 0.6 17 | 04 [ 08 | 08 | 14 0.5 1.2 2.1
Nisqually 41.9 0.4 12 | 03 [ 06 | 06 1.0 0.4 0.9 1.5
Deschutes 60.4 0.6 18 | 04 | 09 | 08 | 14 0.5 1.3 2.2
All Central 757 | 09 | 26 | 06 | 13 | 12 | 22 0.8 2.0 3.4
Mari Sound stations
arine
Central | 2P €OV 908 | 09 | 26 | 06 | 13 | 12 | 22 0.8 2.0 34
Sound " Cenral NA 