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SUMMARY

Assessing the health of Puget Sound can be likened to working on a jigsaw
puzzle. Each year of monitoring adds more pieces and takes us one step
closer to being able to see the whole picture. Adding to the complexity of
the puzzle is the fact that the picture is constantly changing, due both to nat-
ural conditions such as weather patterns and human-related conditions such
as population growth.

After five years of monitoring through the Puget Sound Ambient Monitor-
ing Program (PSAMP), the picture of the Sound’s long-term health is begin-
ning to take shape. Although we cannot yet draw conclusions about long-
term environmental trends, data collected indicates that the health of Puget
Sound is generally good, although serious problems exist. Widespread
destruction and degradation of natural shoreline areas has greatly
decreased the quality and quantity of fish and wildlife habitat. Sediments in
many urban bays and along shorelines close to pollutant sources exceed
sediment quality standards. In several urban bays, bottomfish exhibit high
percentages of liver tumors. Fecal contamination has resulted in the closure
of large areas of the Sound to commercial and recreational shellfish harvest.
Populations of many species of marine fish and salmonids are decreasing
dramatically.

At the same time, the PSAMP has shown that many contamination prob-
lems are restricted to fairly small areas near the shorelines and urban bays.
Sediment contaminants are generally found in low concentrations in areas
distant from shorelines or pollutant sources. While fecal contamination is
evident in fresh waters and in nearshore marine waters throughout the
Sound where shellfish resources are harvested, the open marine waters of
the Sound exhibit lower levels of fecal coliform bacteria. .

Designed in 1988 and initiated in 1989, the PSAMP expands on existing
monitoring programs and coordinates the collection of information to
address the environmental quality of Puget Sound in a comprehensive fash-
ion. The program measures ambient, or background, conditions. In doing
50, it complements existing monitoring near direct (point) sources of pollu-
tion and in problem areas, and evaluates the degree to which contamination
disperses to affect broader areas of the Sound. In addition, the PSAMP is a
long-term program designed to address changes in Soundwide conditions
over time. PSAMP uses information collected by the program as well as
information gathered by other monitoring programs to provide a compre-
hensive evaluation of environmental conditions in Puget Sound.

Continued monitoring will let us know whether the extent and severity of
water quality problems in Puget Sound are increasing over time.

SUMMARY 1



Reporting results of the Puget Sound
Ambient Monitoring Program

The 1994 Puget Sound Update is the fifth annual
report of the Puget Sound Ambient Monitoring
Program (PSAMP). It reports the results of sam-
pling undertoken in 1993, the most current yeor
for which the dato have undergone anolysis and
quality essurance fests.

The program is o coordinoted effort among five
state and two federol ngencies to measure sedi
ment and water quality; populofion levels and
contaminant concentrations in fish, shellfish,
marine mommals, and birds; ond the omount
and fypes of nearshore habifats within Puget
Sound. PSAMP monitors ambient, or back-
ground, conditions. Monitoring is conducted
away from the immediate proximity of poliution
sources to evaluate the extent to which these
pollution sources affect wider areas of the Sound.

2o SUMMARY

MEASURING THE HEALTH OF PUGET SOUND
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The PSAMP determines Puget Sound’s health by examining five key indica-
tors that measure the extent to which human activities adversely affect dif-
ferent parts of Puget Sound’s ecosystem. The indicators are chemical conta-
mination of sediments and biological organisms; fecal contamination of
marine waters, fresh waters and shellfish; types and amounts of nearshore
habitat; abundance of biological resources; and the quality of marine waters
as measured by conventional parameters such as dissolved oxygen levels.

The program is performing a valuable function by filling data gaps and col-
lecting information in areas not sampled by other monitoring programs.
While many programs collect data in urban bays, few other than the PSAMP
monitor the rural bays and open waters of Puget Sound. The collection of
this data is expanding and refining our understanding of the status of envi-
ronmental conditions throughout Puget Sound. As more years of data are
collected, the program will increasingly address how these conditions are
changing over time.

1993 monitoring results for these indicators point to the following conclu-
sions about the overall condition of Puget Sound:

CHEMICAL CONTAMINATION

Sediments, fish, shellfish and birds were used by the PSAMP to assess
chemical contamination from heavy metals and organic contaminants, such
as lead, mercury, petroleum hydrocarbons and synthetic pesticides.

1993 PSAMP data on sediment chemistry results were consistent with past
findings of the program. At ambient sites, many contaminants are found at
low levels near analytical detection limits. Contaminants are generally
more concentrated in urban bays, although levels at ambient monitoring
sites in urban bays are considerably lower than in nearshore sediments close J
to sources. Ambient monitoring refers to sampling conducted away from
the immediate proximity of pollution sources. As in past years, only a few
PSAMP stations exceeded standards for sediment quality. Sinclair and Dyes
inlets had levels of mercury above sediment standards for the fifth straight
year. For the second consecutive year, Elliott Bay exceeded standards for
HPAHS (high molecular weight polycyclic aromatic hydrocarbons, which
result primarily from combustion of petroleum products and organic mate-
rials).

Building on previous years of sampling, which established levels of contam-
inants in fish, in 1993 the PSAMP focused on determining the nature of this
contamination. How, for example, do chemical concentrations vary with
the age of fish, among sites where the fish are found, and among tissues
within the fish’s body? Monitoring results showed that some contaminant
levels increased with the age of the fish, suggesting that fish accumulate tox-
icants throughout their lives. The PSAMP found some significant variations
in chemical concentrations among sites; higher levels did not always corre-
late with a higher degree of urbanization. Levels of PCBs—chlorinated
organic contaminants—in English sole were higher in urbanized areas, but



the same correlation was not found for metal contaminants. It could not be
determined, however, if the correlation between the degree of urbanization
and contamination concentrations is applicable to other organic chemicals.
Concentrations of chemical contaminants (with the exception of arsenic)
were much higher in liver tissue of fish than in muscle tissue. L

PSAMP monitoring generally revealed low levels of chemical contamination
in the tissue of native littleneck clams collected over the last several years—a
somewhat surprising result considering that a number of sampling sites
were in urban bays near potential pollution sources, and that these organ-
isms live within sediments, where contaminants may accumulate. Tissue
concentrations varied little among sites, with the exception of lead and mer-
cury. Clam tissue from Eagle Harbor had lead concentrations three times
higher than all other sites. When compared to other sites, mercury concen-
trations were twice as high at Eagle Harbor. Organic contaminants were
detected infrequently. The threat to human health associated with consum-
ing fish and shellfish from sites sampled by the PSAMP is considered to be
low for all chemicals other than lead, mercury and PCBs. (The Environmen-
tal Protection Agency is currently reviewing human health-related criteria
for lead, mercury and PCBs. Therefore, health-related conclusions for these
contaminants are not available at this time.)

Although the number of bald eagles has been increasing throughout Wash-
ington state in recent years, reproductive success has remained low for the
past 13 years in bald eagles nesting near Hood Canal. Preliminary results of
an interagency investigation (not part of the PSAMP) into the causes of this
reproductive failure indicate that bald eagle eggs in the Hood Canal area
contain high levels of PCBs; these levels have been associated with repro-
ductive failures in other studies.

FECAL CONTAMINATION
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Fecal waste from humans and animals enters Puget Sound through a num-
ber of sources, including runoff of surface water and failing on-site sewage
(septic) systems. Concern over fecal contamination stems from the fact that
the pathogens (bacteria, viruses and protozoa) associated with human and
animal waste have the potential to make people who swim in or eat shellfish
from contaminated waters sick. The PSAMP monitors fecal coliform bacte-
ria in marine waters, fresh waters and shellfish as an indicator of the pres-
ence of fecal waste and associated pathogens.

Monitoring from several programs outside of the PSAMP has shown high
levels of fecal coliform bacteria at nearshore areas around the Sound, sug-
gesting that large amounts of fecal waste are entering the basin. Bacteria
levels at ambient sites located away from shorelines were much lower, prob-
ably due to the fact that fecal coliform bacteria do not survive well in marine
waters.

Fecal coliform bacteria levels in almost half the rivers and streams moni-
tored in the Puget Sound basin (15 of the 34 sites sampled in wateryear 1993)
had annual geometric means above levels allowed by state water quality
standards. Five of the 10 major rivers in the basin exceeded standards.

SUMMARY « 3
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Many of these rivers have had high bacterial levels for several years, sug-
gesting chronic contamination that is not improving.

Fecal contamination found in shellfish tissue revealed patterns similar to
results from past years. Some of the most contaminated sites are in rural
areas exposed to a variety of pollution sources, indicating that fecal contam-
ination is not limited to urban areas.

In 1993, the Washington State Department of Health (DOH) began classify-
ing recreational shellfish beaches to improve the safety of recreational shell-
fish harvesting. Twenty-nine recreational beaches are classified as open to
harvest, four are conditionally closed to harvest (i.e., closed after heavy rain-
falls), and 37 are closed to harvest. Seventy-two recreational beaches remain
unclassified because these areas have not been monitored sufficiently to
assess the risk of exposure to fecal contamination. Although harvest restric-
tion continued in large portions of commercial shellfish growing areas,
results from 1993 were promising. 1993 marked the first year in with the
DOH upgraded more commercial growing areas than it downgraded. Four
commercial growing areas, totaling 2,690 acres, were upgraded, compared
with 1,070 acres downgraded in two growing areas.

NEARSHORE HABITAT
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PSAMP monitoring of nearshore habitat continues to focus on determining
the composition and coverage of these important intertidal and subtidal
areas. Progress is necessarily slow, as the technology used to inventory
nearshore habitat is new and complex.

Using remote sensing, the Washington Department of Natural Resources
(DNR) mapped five nearshore habitat areas in 1993 and 1994—Cherry Point
in Whatcom County, a portion of central Hood Canal, and three areas in
Elliott Bay. Aquatic vegetation at Cherry Point is dominated by eelgrass,
whereas vegetative coverage within Elliott Bay is dominated by various
types of algae, with small eelgrass beds present.

The Department of Ecology and Thurston County conducted a study ana-
lyzing shoreline hardening or armoring (the construction of structures to
prevent shoreline erosion) in Thurston County from 1977 to 1993. The
analysis indicates that the amount of shoreline with armoring structures
more than doubled during that time. Over the 16-year-period, the length of
armored shoreline increased an average of approximately one percent, or
slightly more than one mile, per year. Currently, one-third of the county’s
shoreline is armored. If the rate of armoring documented by the study con-
tinues, the entire shoreline in Thurston County will be armored within 50
years.

BIOLOGICAL RESOURCE ABUNDANCE
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Determining the effects of human activities on the abundance of natural
populations is a difficult task and the PSAMP is still in the beginning stages
of monitoring. Because of this the program tracks numerous outside studies
to assess biological resource abundance.



PSAMP monitoring thus far has focused mainly on bird populations. The
results provide some preliminary indications of distribution patterns. The
data indicate that bird populations in Puget Sound are more than twice as
abundant in winter as in summer, and that gulls are the dominant popula-
tions during summer, while ducks and geese are the most numerous groups
in winter. Intensive shorebird surveys indicate that the most common
shorebird in Puget Sound during the winter is the dunlin, and that species
richness (total number of species) of shorebirds has been highest in the
Strait of Juan de Fuca and Admiralty Inlet over the last three surveys. The
greatest total numbers of shorebirds, however, occur in north Puget Sound,
particularly in Port Susan, Skagit Bay, Padilla Bay and Samish Bay.

A study conducted by the Washington Department of Fish and Wildlife
(WDFW) on marbled murrelet populations suggests that the proportion of
juveniles in the Puget Sound region may be higher than in Oregon and Cali-
fornia. The WDFW also assessed gillnet mortality among marine birds.
Their sampling indicates that common murres were captured in gillnets
more frequently than other species and provides a preliminary entangle-
ment rate for the fisheries observed in 1993.

A review of information on marine fish in Puget Sound indicates that
marine fish populations are declining dramatically. WDFW data indicate
that harvest rates of many Puget Sound fish are at their lowest level in 55
years, due to decreasing populations and increasing harvest restrictions.

Of the 14 sites monitored for shellfish abundance, Dosewallips State Park
has the highest concentrations of manila clams, two sites in Sequim Bay
have the highest concentrations of Native littleneck clams, and Shine Tide-
lands and Camano Island have the highest concentrations of butter clams.
Although the three years of data gathered to date are insufficient to draw
conclusions about population trends, no dramatic increases or decreases in
the abundance of shellfish are evident. '

Nine different gray whales were sighted in Puget Sound in 1993, compared
to six in 1992 and 17 in 1991. Five of the whales sighted in,1993 were locat-
ed in the Port Susan/Whidbey Island area; four were sighted in the Strait of
Juan de Fuca. Asin 1992, there were no strandings of dead gray whales in
1993 in Puget Sound, whereas three were stranded in 1991. ‘

CONVENTIONAL WATER QUALITY

“Conventional” water quality problems are generally caused by contami-
nants other than toxic compounds. Examples of conventional water quality
problems include oxygen depletion, sedimentation, excessive acidity or
alkalinity, and high water temperatures.

1993 PSAMP monitoring reveals some degree of water column stratification
at many stations sampled throughout the Sound. Stratification refers to the
horizontal layering of the water column, in which density increases with
depth so that surface waters tend not to mix with denser, deeper waters.
Stratification can have an important influence on many water quality para-
meters, such as dissolved oxygen and nutrient concentrations.

SUMMARY « 5
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Blooms of phytoplankton (single-celled plants that live suspended in the
water) occurred at many stations where stratification was observed. Phyto-
plankton blooms were infrequent in the winter, when lower light levels
limit photosynthesis and stronger winds reduce stratification. At some sta-
tions, blooms occurred moré frequently in spring and fall, with lower levels
in the summer, possibly reflecting limited nutrients. Other stations showed
elevated chlorophyll 2 concentrations (a measure of phytoplankton abun-

* dance) even in summer months, suggestmg that nutrient depletion did not

limit phytoplankton growth.

The Department of Ecology found low concentrations of dissolved oxygen
at six stations in Puget Sound. These stations exhibited low oxygen levels in

_past years as well, suggesting chronic low levels resulting from various nat-

ural causes and, in some cases, possible human influences. Low oxygen lev-
els can stress or, in severe cases, kill aquatic organisms.

Ecology conducted intensive seasonal monitoring of Budd Inlet in 1992.
Budd Inlet can be separated into three portions, with somewhat different
physical and biological processes occurring in each. Central and outer Budd
Inlet, north of Priest Point, flush well, with characteristics representative of
ambient conditions in greater Puget Sound. Inner Budd Inlet, south of
Priest Point, flushes poorly, with water quality conditions influenced by
outflow from the Deschutes River and Capitol Lake, as well as discharges
from LOTT (Lacey, Olympia, Tumwater, Thurston County)—the regional
sewage treatment plant—and nonpoint pollution sources.

Stratification of Budd Inlet was strongest in the inner bay, and decreased
from the head to the mouth of the inlet. Water column stratification was
strongest during March and July in the inner bay, although some degree of
stratification was present throughout the inlet during the entire study. Phy-
toplankton blooms occurred throughout the bay during the survey. Highest
chlorophyll 2 concentrations consistently occurred in the central bay,
between July and September. Analyses of phytoplankton species composi-
tion revealed that diatom species were dominant in spring and fall, while
dinoflagellates were dominant in summer.

Many parts of the bay had low dissolved oxygen concentrations. In late
summer and early fall, Ecology consistently found dissolved oxygen con-
centrations below 5.0 mg/1 in the central and inner bay. Values below 5.0
mg /1 occurred most frequently in West Bay’s near-bottom waters, and to a
lesser extent in the central bay near the eastern shore. The lowest dissolved
oxygen concentrations were in the near-bottom depths of the inner bay
within East Bay and West Bay. In these areas, values below 3.0 mg/1 were
observed during late August and early October.

Tidal and daily cycles affected many water quality parameters, including
dissolved oxygen and the location of phytoplankton blooms. Understand-
ing how these cycles affect water quality can help in the interpretation of
monitoring data.



INTRODUCTION

HOW HEALTHY IS PUGET SOUND?
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The first question people usually ask when they learn about the Puget
Sound Ambient Monitoring Program (PSAMP) is “how healthy is Puget
Sound?” Five years ago the PSAMP took on the challenging task of answer-
ing that question by assessing the overall condition of Puget Sound’s water,
sediments and biological resources, and by identifying and characterizing
environmental problems. The information collected for the program since
then begins to tell us what types of problems are most serious, where those
problems are most evident, and what changes occur over seasons and
among years.

Today, in many ways, the PSAMP is reaching a critical point—we are
increasingly seeing the benefits of ongoing monitoring. As the body of data
grows, our knowledge of environmental quality problems and their dynam-
ics becomes more definitive. At the same time, the growing body of infor-
mation on the Sound’s water quality suggests there is no simple answer to
the question, “how healthy is Puget Sound?” No area is entirely free from
the effects of human activities, but the degree to which these activities affect
different parts of the Puget Sound ecosystem varies widely. Some
resources, such as shellfish and nearshore habitats, exhibit serious and
widespread degradation. Others, such as the marine water column, do not
appear to be seriously contaminated.

INTRODUCTION o 7



Table 1. Description of full PSAMP sompling

design and implementation. FULL IMPLEMENTATION 1989 - 1994 IMPLEMENTATION
Number of Frequency Number of Sampling dates/

Task Agency” Stations/Surveys  of Sampling Stations/Surveys  frequency

Sediment quality Ecology 75 throughout PS Annually - spring 48 throughout PS March-April, 1989-94
Sediment chemistry
Bioassoys
Benthic invertebrates

Marine water column Ecology
Baseline monitoring 10-12 throughout PS Monthly 21-27 throughout PS  Monthly, 1990-94
[nfensive seasonal monitoring Not specified Annually, spring - fall 2ssites Spring - fall ‘92, ‘93, ‘94
Solstice-cyce monitoring Not specified Summer/winfer solstices Not funded Not funded

Fish WDFW
Tissue chemistry {bottomfish) 21 stations Annually - early summer 12-18 stations May ‘89, 91,92, '93, ‘94
Liver histopathology (bottomfish) 21 stations Annually - early summer 12-18 stations Moy ‘89, 91, ‘92, '93, 94

Tissue chemisiry {cod, rockfish, salmon) 5-10 stations Annually, 3-5 stafions Pacific cod - Feb. ‘90, ‘92, ‘93
depending on species Rockfish - Oct. ‘89, '91, 92, 93
Salmon - April ‘90, Fall ‘92 & ‘93
Shellfish DOH &
Abundance WDFW 35 beaches Annually 10 beaches Summer 1991-93
Bocterial contamination 35 beaches Quarterly 20 beaches Quorierly, 1990-94
Tissue chemistry 35 beoches Annually 10 - 20 beaches Annually, 1990-93
Paralytic shelifish poisoning 35 beaches Monthly (or more often) 16 beaches Monihly {or more), 1990-94
Birds WDFW & Summer 1993, Winter 1993-94
Abundance USFWS Surveys throughout PS  Semi-annually Surveys throughout PS  Summer 1992, Winter 1992-93
Tissue chemistry 3-5 stations Annually Not funded Not funded
Marine mammals WDFW Surveys throughout PS Semi-annually Surveys throughout PS  Summer 1993, Winter. 1993-94
Summer 1992, Winter 1992-93
Nearshore habitat DNR One-third of P Annually Surveys throughout PS  Summer 1991, 1992
Area and type
Fresh Water Ecology 75 throughout watersheds Monthly 10 major rivers Monthly, 1990-94
within the PS basin

* Ecology = Washington Deportment of Ecology; WDFW = Washington Department of Fish ond Wildlife;
DOH = Washington Deportment of Health; USFWS = U.S. Fish and Wildlife Service; DNR = Woshington Deportment of Notural Resources -
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The 1994 Puget Sound Update—the fifth annual summary report of this pro-
gram—evaluates the data collected by the PSAMP in 1993 (the most recent
year for which the data have undergone quality assurance review and inter-
pretation) and compares these data to past information on Puget Sound.
Data available from other programs are included to provide a more com-
plete assessment of conditions within the Sound.

PSAMP is a long-term, multi-agency monitoring program designed to
assess the health of Puget Sound and its resources. PSAMP coordinates the
activities of five agencies in conducting ambient monitoring of eight major
components of the Puget Sound ecosystem (Table 1). Each year, the pro-
gram evaluates the monitoring data collected from the previous year and
describes the results of these analyses in the Puget Sound Update.



The five implementing agencies are responsible for collecting data and pro-
ducing technical reports on monitoring results (Table 1). The Puget Sound
Water Quality Authority is responsible for program coordination and data
management, as well as annual publication of the Puget Sound Update. The
agency technical reports contain more detailed information about specific
findings from each monitoring task, and are available from the implement-
ing agencies (please see the contact list provided at the end of each chapter).
More extensive background information about the PSAMP and the Puget
Sound ecosystem is provided in the first two Puget Sound Updates (PSWQA,
1990, 1991). The policies and status of environmental programs designed to
protect Puget Sound are described in the 1992 State of the Sound (PSWQA,
1992) and the 1994 Puget Sound Water Quality Management Plan.

EVALUATING THE PUGET SOUND
AMBIENT MONITORING PROGRAM

$00060000000000000000000000000000800000000000

Thanks to monitoring conducted under the PSAMP, the amount of environ-
mental data available to resource managers continues to grow, providing
baseline and long-term information on Puget Sound’s water, sediments, bio-
logical populations and habitat. But does this information provide the
answers necessary to protect the Sound?

To ensure that the PSAMP remains an effective and efficient program that
generates data useful to scientists and water quality managers, the Puget
Sound Water Quality Management Plan calls for an evaluation of the program
after its first five years of operation. In 1995, the PSAMP Steering Commit-
tee will identify an independent organization to evaluate the program.
Among other things, the evaluation will consider:

e The effectiveness of PSAMP sampling, analyses and data manage-
ment in meeting program goals.

e The degree to which quality assurance requirements are met and are
effective in generating high-quality data.

e The degree to which PSAMP reports are effective and appropriate in
meeting the program goals.

o The degree to which PSAMP results are used in making decisions
about water quality management.

DETERMINING THE HEALTH OF PUGET SOUND

We measure the condition of Puget Sound by looking at five key indicators
of estuarine health. These indicators, described below, are a measure of the
extent to which natural processes and human activities affect different parts
of the Puget Sound ecosystem.

Chemical contamination. Many toxic chemicals introduced into estuaries
adhere to suspended particles within the water and settle to the bottom.
Areas close to pollution sources may become severely contaminated because
contaminant-laden sediments settle out close to their sources and accumu-
late over time.

Monitoring Puget Sound’s health

Three types of monitoring are availoble fo evah
ate the effect of human activities on envionmen-
tol quality: compliance monitoring, intensive sur-
veys and ombient monitoring.

Compliance monitoring involves monitoring dis-
charges from industrial, sewage treatment and
stormwater facilities to determine whether they
comply with regulations. Somples ore generally
taken from the outfalls of these facilifies,
although some monitoring may be conducted
within the receiving waters to evaluate the
effects of the discharge on receiving waters.

Intensive surveys are short-term, focused ossess-
ments designed to characterize the extent,
nature and dynamics of an identified environmen-
tol problem, and to provide information thot con
be used to determine potentiol sources of the
problem. Intensive surveys are generally concen-
troted on o specific area. A large number of som-
ples may be taken throughout the waterbody and
at several different times to provide dofo on the
specific locations and times when the problem is
most severe.

Ambient monitoring is conducted away from the
immediate proximity of pollution sources and
evaluates the extent to which these sources
offect wider oreas of the Sound. To be useful,
ombient monitoring must be conducted over long
periods of regular intervals (usually monthly or
annually). Sempling is generally conducted in
the middle of urban and rural boys fo evoluate
the cumulative effects of contamination from the
numerous sources within the bay. Sompling is
also conducted at reference stations for removed
from pollution sources to provide valuable infor-
motion ebout natural background levels of chemi-
cals.

Ambient monitoring does not idenfify sources of
pollution. 1t is used to evaluate the overall
health of o body of water, and fo identify emerg-
ing problems at an early stage. When problems
become evident, these findings may frigger inten-
sive surveys to evaluate the extent and likely
sources of o problem. If o [ikely point source is
identified, compliance monitoring results from
that facility may be reviewed os supporting evi
dence. Thus oll three types of monitoring are
complementary ond essentiol for a comprehen-
sive understanding of the nature, dynamics and
causes of water quality problems.

INTRODUCTION » 9



When contaminant levels exceed
state standards

The Puget Sound Update compares monitoring
results fo a set of state environmentol quolity
standards to determine whether contominants
found in sediments, surface waters, fresh waters
and marine waters ore high enough to cause
problems. These standards provide a convenient
benchmork ogainst which fo compare monitoring
results o provide a relative measure of environ-
mentol quality and the severity of environmental
quolity problems.

The terminology associated with the comporisons
con be confusing, however. Does the commonly
used phrase “exceeds standards” meon that o
particulor megsurement meets standards, or that
the observed concentration is above allowable
fimits?

Within the Puget Sound Update, the phroses
“exceeds standards” ond “obove standards”
mecn that the concentration of  particulor pare-
mefer are above levels ollowed in state ston-
dards, and that the measurement does not meet
standards. Phroses such os “below stondards”
ond “meets stondards” mean thet the measured
concentration is within allowable limits specified
in stondards.

10 « INTRODUCTION

Plants and animals that are exposed to toxic contaminants present in the
water and within sediments may accumulate contaminants to levels that
affect their health. Contaminants accumulated in the tissues of these organ-
isms may in turn harm other organisms as the contaminants pass up the
food web. In species harvested for human consumption, contaminated tis-
sues may present a threat to human health.

Fecal contamination. Failing on-site sewage systems (septic systems),
improperly treated sewage, untreated waste discharged from boats,
stormwater runoff, and runoff containing waste from marine birds and
mammals, pets, and wild and farm animals may introduce pathogens con-
tained within fecal matter into estuarine waters. Shellfish, which filter estu-
arine waters for food, can accumulate these pathogens and become contami-
nated.

Types and amounts of nearshore habitat. Construction, dredging and
other human activities that occur along the shoreline and adjacent shallow
areas destroy and degrade kelp and eelgrass beds, salt marshes, mud flats,
and other forms of nearshore habitats. This destruction harms the plants
and animals that depend on these habitats for food, protection and spawn-
ing.

Abundance of biological resources. Habitat destruction, overharvesting
and chemical contamination can affect the abundance of biological resources
and wildlife populations. The effect of human activities is difficult to assess,
since population abundance is controlled by complex natural and human
factors that may vary widely from year to year. Nevertheless, it is clear that
many human activities have the potential to adversely affect biological pop-
ulation abundance.

Conventional water quality. Problems related to conventional water quali-
ty can result from changes in water quality parameters such as temperature,
salinity, nutrients and dissolved oxygen. These parameters affect biological
processes in the water column. Examples of problems include eutrophica-
tion (an increase in nutrients or organic matter that stimulates large phyto-
plankton blooms and leads to oxygen depletion, foul odors and fish kills);
increases in the amount of suspended solids that reduces light penetration
for photosynthesis; or changes in freshwater input that can affect estuarine
circulation.

Editor’s Note: The 1994 Puget Sound Update reports monitoring results in a
more concise manner than previous reports. Each chapter contains an introduction
of the indicator monitored by the PSAMP, a brief summary of the most recent find-
ings and how they improve or expand our understanding of Puget Sound, and an
in-depth section detailing the 1993 results of the PSAMP. Each chapter ends with
a detailed resources section, which lists the technical reports used to compile our
information and the PSAMP contact for the implementing agency or agencies. Our
intention is to make it easier for the reader to access monitoring results and deter-
mine how they fit into the overall patterns of Puget Sound’s water quality.
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WHAT DO WE KNOW ABOUT CHEMICAL CONTAMINATION?
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The Puget Sound Water Quality Management Plan (PSWQA, 1994) defines a
contaminant as “a substance that is not naturally present in the environment
or is present in amounts that can, in sufficient concentration, adversely
affect the environment.” While many chemical contaminants occur natural-
ly (e.g., all metals, petroleum hydrocarbons), others occur solely as a result
of human production (e.g., synthetic organic chemicals such as chlorinated
pesticides). In either case, if discharged in concentrations that exceed the
marine environment'’s ability to readily assimilate them, these substances
can harm Puget Sound and its resources.

What happens to chemical contaminants introduced into the Sound? Most
end up in the surface sediment layer that forms the floor of Puget Sound
because they naturally adhere to particles suspended in the water, such as
silts and clays. As these particles settle out, the associated contaminants are
transported downward and accumulate within the sediment layer. When
measuring contaminants within Puget Sound, scientists generally find very
low or undetectable levels of contaminants in the water (except very close to
pollution sources), and much higher levels within the sediments.

A wide variety of animals, including crabs, clams, oysters, bottomfish, gray
whales and bottom-feeding birds, rely on sediments for food or habitat.

CHEMICAL CONTAMINATION o 11
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When sediments become contaminated, species that rely on sediments may
become contaminated as well, with potentially adverse effects on their
health and populations. In addition, when humans eat those species direct-
ly, or consume organisms that feed on contaminated sediment dwellers,
they may be exposed to contaminants.

The Puget Sound Ambient Monitoring Program (PSAMP) evaluates the
effect of chemical contaminants on the Sound by measuring contaminant
concentrations in sediments and the possible consequences on exposed bio-
logical populations (e.g., bottomfish, shellfish, benthic communities). This
evaluation also provides an assessment of the potential risk to humans con-
suming these resources. Because contaminant levels are generally low or
undetectable in the water column—particularly at the ambient sites sam-
pled—the PSAMP does not monitor toxic chemicals in the water column.

SUMMARY OF 1993 FINDINGS ON CHEMICAL CONTAMINATION
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1993 Sediment Chemistry Monitoring Results

The Department of Ecology (Ecology) conducted a limited set of analyses on
the 1993 PSAMP data on sediment chemistry. The results were consistent
with past findings of the program. At ambient sites, many contaminants are
found at low levels near analytical detection limits. Contaminants are gen-
erally more concentrated in urban bays, although levels at ambient monitor-
ing sites in urban bays are considerably lower than in nearshore sediments
close to sources (see sidebar on page 9 for a description of ambient monitor-
ing). As in past years, only a few PSAMP stations exceeded standards for
sediment quality. Sinclair and Dyes inlets had levels of mercury above sedi-
ment standards for the fifth straight year. For the second consecutive year,
Elliott Bay exceeded standards for HPAHs (high molecular weight poly-
cyclic aromatic hydrocarbons, which result primarily from combustion of
petroleum products and organic materials). ‘

1993 Fish Monitoring Results

The Washington Department of Fish and Wildlife (WDFW) detected several
patterns of tissue contamination in English sole, rockfish and Pacific cod.
Concentrations of several contaminants in English sole and rockfish tissue
varied significantly among sites. For some contaminants, concentrations
increased significantly with the age of fish, suggesting that these contami-
nants accumulate throughout their lives. With the exception of arsenic, con-
taminants in English sole tended to be much more concentrated in liver tis-
sue than in muscle tissue.

1993 Shellfish Monitoring Results

The Washington Department of Health (DOH) reviewed data on tissue
chemistry in native littleneck clams collected over the last several years. In
1993, as in past years, the DOH found low levels (concentrations close to
analytical detection limits) of metal and organic contaminants. Metals var-
ied little among sites, with the exception of lead and mercury. Clam tissue
from Eagle Harbor had lead concentrations three times higher than all other
sites. When compared to other sites, mercury concentrations were twice as
high at Eagle Harbor. Organic contaminants were detected infrequently.

—



The threat to human health associated with consuming fish and shell-
fish from sites sampled by the PSAMP is considered to be low for all
chemicals other than lead, mercury and PCBs. (The U.S. Environmen-
tal Protection Agency is currently reviewing human health-related cri-
teria for lead, mercury and PCBs. Therefore, health-related conclu-
sions for these contaminants are not available at this time.)

1993 Bird Monitoring Results

Although the number of bald eagles has been increasing throughout Wash-
ington state in recent years, reproductive success has remained low for the
past 13 years in bald eagles nesting near Hood Canal. A number of federal
and state agencies have been cooperating in an investigation to determine
potential reasons for this low reproductive success. Preliminary results
indicate that bald eagle eggs collected from this area contain high levels of
PCBs (polychlorinated biphenyls; industrial compounds used to cool and
lubricate electrical equipment until the 1970s), which are associated with

reproductive failures.

DETAILS OF 1993 FINDINGS ON CHEMICAL CONTAMINATION
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Chemical Contamination of Sediments

The Washington Department of Ecology (Ecology) collects and analyzes sed-
iment quality data for the Puget Sound Ambient Monitoring Program.
Although, the PSAMP did not receive a technical report on the sediment
data collected in 1993, Ecology did prepare a brief memo describing the
more prominent results of its 1993 sediment chemistry data. The findings
were consistent with results reported in past Puget Sound Updates (Table 2).
Ecology recently initiated a review of the last five years of sediment data.
This review is scheduled for completion in 1995, and will be reported in the

next Puget Sound Update.

Parameter Past Findings
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Mercury Stations at Sinclair and Dyes inlets

(standard = 0.41 ppm) exceeded sediment quality standards from
1989 - 1993 (PSWQA, 1990; 1991; 1992,
1993).

Table 2. Select results in 1993 PSAMP
sediment dato.

1993 Results

Stations at Sinclair (0.43 ppm) ond
Dyes (averoge = 0.41 ppm) inlets were
ot or borely exceeding standards.

Stations met sediment quality standords.
Highest concentrations at Sinclair
and Dyes inlets (PSWQA, 1993).

Lead, silver, zinc

Stotions met sediment quality standards.
Highest concentrations at Sinclair and
Dyes inlets. Copper levels were also
high at these two stations.

PAHs Concentrations have been highest at stations

(polycyclic aromatic  in Commencement Bay, Elliott Bay, Eagle

hydrocarbons) Harbor and Dyes Inlet. Some sites have
exceeded standards for one or more PAH
compounds (PSWQA, 1990; 1991; 1993).

HPAHs (high moleculor weight PAHs)
exhibited elevated concentrations in
Commencement Bay, Elliott Bay, Eagle
Harbor and Dyes Inlet. Totol HPAHs—
and several HPAH compounds—
exceeded sediment stondards of

Eliiott Bay.

CHEMICAL CONTAMINATION « 13



Figure 1. Total HPAH levels in Elliott Bay,
1989 - 1993.

Total organic carbon valves used fo normalize
1991 and 1993 dota were qualified as estimates.
Dry weight values of several PAH compounds
were qualified as estimates.

Figure 2. 1992 - 1993 concentrations of HPAH
compounds at Elliott Bay, south side.

Total organic carbon values used to normalize
1993 data were qualified as estimates. Dry
weight values of several PAH compounds were
qualified as estimates.

0199
& 1993

—— State standord

14 ¢ CHEMICAL CONTAMINATION

As in past years, few sites had levels of chemical contaminants above stan-
dards for sediment quality. The two exceptions were mercury at Sinclair
and Dyes inlets, where mercury levels exceeded state standards for the fifth
consecutive year, and total HPAHs at Elliott Bay (Figure 1). Total HPAHs,
and several individual HPAH compounds, were above sediment quality
standards at Elliott Bay for the second consecutive year (Figure 2).
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Despite the limited analysis of PSAMP sediment data in 1993, the informa-
tion on sediment quality provided to date by the PSAMP and other efforts
provides an increasingly clear assessment of sediment conditions through-
out the Sound. A few municipal and industrial dischargers, stormwater
utilities, and environmental programs, such as Superfund, collect sediment
data in nearshore areas to evaluate the effect of contaminant sources on near-
by sediment quality. The collective data acquired by these efforts indicate
that extensive portions of the shoreline in urban embayments, and several
isolated areas of shoreline throughout the rest of Puget Sound, exceed sedi-
ment quality standards for metal and/or organic contaminants (Figure 3).



. \
A Bxceeds sediment % ¢
quality standgrds for,” -
one or more mielals, .

O Exceeds sediment
quolity standards for
one or more organic
compounds

Exceeds sediment quol o 3N
@ Ecands eiment qalty a

and organics ; b .
g R S .

T

Reference: SEDQUAL database

The PSAMP complements the information provided by these nearshore
efforts by collecting data in ambient areas removed from sources of contam-
ination and not typically sampled by other programs. This provides an
expanded view of sediment quality throughout the Sound, and supplies
information on whether contamination in nearshore areas has dispersed to
affect broader areas of the Sound. Available PSAMP data suggest that the
widespread contamination in urban nearshore areas does not disperse in
high concentrations beyond the nearshore environment (PSWQA, 1992). In

Figure 3. Organic and mefal contamination of
sediments in nearshore areas and urban bays
monitored by programs other than the PSAMP.
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Figure 4. Sediment-core stations sampled
for long-term patterns in contaminant
concentrations.
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general, the five years of sampling indicate that contaminant concentrations
at most PSAMP sites are well below sediment quality standards, and often
near analytical detection limits. The few PSAMP sites with contaminant
levels above standards (Table 2) are generally in urban bays, many of which
contain Superfund sites (seepage 22 for a description of Superfund sites in
Puget Sound). This suggests that chemical contaminants discharged into
the Sound settle out and accumulate near their sources. This accumulation
tends to result in toxic hot spots of pollution that do not disperse readily,
and can only be removed or covered up by uncontaminated sediments
(through natural processes or by “capping” with clean sediments).

While most chemical contaminants introduced into the Sound remain close
to their sources, there is evidence that low levels of some contaminants dis-
perse to sites removed from their sources. For example, PCBs—human-
made contaminants not found in nature—have been found in the water
(Romberg et al., 1984) and sediments (Romberg et al., 1984; Macdonald and
Crecelius, 1994) of the Puget Sound central basin. Since the areas sampled
in these studies are some distance from likely contaminant sources, these
results suggest that transport of low levels of contaminants does occur. In
addition, some contaminants bind poorly to sediments, so that larger pro-
portions of these toxic chemicals remain dissolved in the water column.
These contaminants, including arsenic, cadmium, LPAHs (low molecular
weight PAHs) and some volatile organochlorines, do not rapidly or com-
pletely settle out with sediments and tend to disperse farther (Macdonald
and Crecelius, 1994).

The PSAMP has not yet evaluated statistical trends over time in the data on
sediment chemistry. The
five years of sampling pro-
vide important baseline
information, but do not
establish a data record of
sufficient length to assess
statistical trends. Longer
data records are generally
required to assess trends
(Shelly, 1994).

Other Studies
on Chemical
Contamination of
Sediments

Sources of information
other than the PSAMP can
help evaluate trends in
sediment contaminants.
Sediment chemists evalu-
ate present and historical
sediment contamination by
taking samples of the sedi-
ment core. Chemists then

analyze different sediment




layers for contaminant concentrations. By aging the different layers of sedi-
ment analyzed within the core, sediment chemists determine when each
layer was deposited and, coupled with the results of the chemical analyses,
how sediment contamination varied over time.

Sediment-Core Studies

Researchers recently reviewed studies of sediment-core data collected in
Puget Sound (Macdonald and Crecelius, 1994) (Figure 4). Although the con-
centrations of different contaminants over time varied widely, several pat-
terns were evident. Many contaminants increased steadily from 1850 until
the early 1970s, at which point concentrations began to decrease. This pat-
tern was evident in contaminants such as lead, arsenic, PCBs and DDT (an
insecticide widely used until it was banned in the 1970s) (Figure 5). Numer-
ous environmental controls, product bans and industry closures around
1970 may underlie these patterns. These included decreasing the use of
leaded gasoline (lead), decreasing production at and eventually closing the
ASARCO plant (arsenic), phasing out and eventually banning PCB use, and
banning DDT. Other contaminants showed variations on this pattern.
PAHs appeared to peak between 1945 and 1960, after which they gradually
decreased (Figure 6). This is probably due to patterns in coal burning,

] O Core A Figure 5. Arsenic in Puget Sound sediments.
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Figure 7. Mercury in King County sediments.
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which produces high levels of PAHs (Macdonald and Crecelius, 1994). Coal
burning increased until about 1950, after which it was gradually replaced by
other fuels. Mercury also reached a peak in 1950, and appears to have
decreased since then. Other contaminants, such as copper and tin, did not
show signs of decreasing.

King County sediment monitoring

The King County Department of Metropolitan Services (Metro) monitors
marine waters throughout King County to assess baseline conditions and
the effects of sewage treatment plant discharges on marine water and sedi-
ment quality. Metro sampled sediments at 10 ambient stations in 1993 for
chemical contaminants and analyzed them for approximately 130 toxicants
listed as Environmental Protection Agency (EPA) priority pollutants. The
findings in 1993, as in past years, indicate that a majority of the pollutants
occur below detection limits at these ambient sites (Metro, 1994). Metro typ-
ically detected metals, which occur naturally in sediments, and PAHs,
which are associated with a wide range of oil, gas and other hydrocarbons
and their combustion products. Most of the chemicals were at low concen-
trations below sediment quality standards, with the exception of mercury at
one site (Figure 7) and select HPAH compounds (Metro, 1994).

oot

Reference: Metro, 1994



Puget Sound Dredged Disposal Analysis Program monitoring

The Puget Sound Dredged Disposal Analysis Program (PSDDA) provides a
cooperative interagency framework for managing the disposal of clean or
mildly contaminated sediments that have been dredged to develop and
maintain navigation and commerce activities. The PSDDA program identi-
fied eight acceptable open-water disposal sites. Participating state and fed-
eral agencies developed evaluation procedures to characterize the suitability
of sediments for disposal at these sites. A key goal of the PSDDA process is
to provide objective standards for management of the disposal sites.
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The PSDDA disposal sites are in Port Gardner, Rosario Strait, Elliott Bay,
Bellingham Bay, Port Townsend, Commencement Bay, Anderson/Ketron
islands, and Port Angeles (Figure 8). Of the eight sites, Port Angeles is the
only site that has not been used yet. Most disposal activity has occurred at
three sites: Port Gardner (1,118,835 cu. yd.), Rosario Strait (787,030 cu. yd.)
and Elliott Bay (389,065 cu. yd.).

The PSDDA agencies have conducted post-disposal monitoring at five of
the sites. The most recently monitored sites were Elliott Bay in 1992,
Bellingham Bay in 1993 and Port Gardner in 1994. A sixth monitoring sur-
vey is scheduled for Commencement Bay in 1995. Due to infrequent use of
the Anderson/Ketron islands site, the PSDDA agencies do not plan to moni-
tor this location in the near future. Site monitoring includes physically
mapping disposed material; characterizing on- and off-site sediment chem-
istry, sediment toxicity and off-site infaunal bioaccumulation; and analyzing
off-site benthic community structure.

The results of the 1993 monitoring at Elliott Bay and Bellingham Bay indi-
cate that dredged disposal material is staying on-site and is not adversely
affecting non-dispersive sites or adjacent areas (PSDDA, 1994). Chemical
data collected along the perimeter of the Elliott Bay site, however, indicate
some elevation of metal concentrations relative to baseline (pre-disposal)
data. Further investigation of metal concentrations at benchmark stations
(in Elliott Bay, but away from the potential influence of dredged material
that has been disposed) revealed levels similar to those observed at the site
perimeter. For example, copper levels were 79 ppm (parts per million) at
the site perimeter and 91 ppm at the benchmark station. Similarly, lead lev-
els were 62 ppm at the site perimeter and 80 ppm at the benchmark station.
The levels at the benchmark site are higher than those recorded in 1988, and
a similar pattern was observed for other metals. This suggests that sedi-
ment quality for metals outside of the disposal zone varies greatly through-
out Elliott Bay, and is not related to PSDDA disposal activity.

At the PSDDA disposal site in Elliott Bay, on-site sediment quality was mea-
sured at the primary station within the disposal zone (station EBZ01) in
1988, 1990 and 1992. Apparent decreases in comparative levels of metals
and organic compounds at the disposal site since 1988 suggest that contin-
ued disposal of relatively clean dredged material may be improving sedi-
ment quality as the site is used (PSDDA, 1994).

The Bellingham Bay PSDDA disposal site was partially monitored in 1993.
Concentrations of organic chemicals of concern at stations along the site’s
perimeter were either much lower or comparable in 1993 relative to the 1989
baseline (pre-dredged disposal) survey. For example, the concentration of
phenol at a perimeter station (BBP04) was 680 nug/kg in 1993 compared to
4,800 pg/kg in 1989. Four organic compounds, however, exceeded trigger
values (PSDDA screening levels that trigger further investigation; equal to
1.47 times the baseline concentration) for perimeter stations, but these val-
ues still did not exceed state levels for sediment quality. A similar pattern
was observed for metals. Relative to 1989, some analytes, such as mercury,
were measured at lower concentrations in 1993, while others, such as
arsenic, were slightly elevated.



Superfund Program

The EPA’s Superfund program identifies, monitors and restores some of
Puget Sound’s most contaminated areas. The U.S. Congress created the
Superfund program in 1980 through passage of the Comprehensive Envi-
ronmental Response, Compensation and Liability Act (CERCLA). Under
the Superfund Program, the EPA evaluates contamination at prospective
sites, and takes long-term cleanup actions to stop or substantially reduce
releases of hazardous substances.

Several Superfund sites may directly affect Puget Sound water or sedi-
ments, or actually include contaminated Puget Sound sediments (Figure 9).
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Figure 9. Superfund sites within Pugef Sound.
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The following Superfund sites occur within Puget Sound:

Commencement Bay
Commencement Bay Nearshore Tide Flats
Commencement Bay South Tacoma Channel
Elliott Bay ‘
Harbor Island
Eagle Harbor
Wyckoff Company-Eagle Harbor
Sinclair Inlet
Puget Sound Naval Shipyard
Dyes Inlet
Jackson Park Housing (U.S. Navy)
The Superfund program does not include sites contaminated by petroleum
products. Contamination by petroleum products is addressed by Washing-
ton’s Model Toxics Control Act, which lists additional contaminated sites
within Puget Sound. These sites will be described in a future Puget Sound
Update.

Puget Sound Superfund site descriptions (source: EPA, 1993a; 1993b)
Commencement Bay

¢ Commencement Bay contains five waterways with extensive industrial
activities. For nearly 100 years, various industries (including metal smelt-
ing, chemical and wood products manufacturing, shipbuilding, shipping,
oil refining, and food processing) released hazardous substances and waste
materials into the soil, ground water and marine environment. Several
studies have revealed a variety of contaminants in the sediments, water, fish
and shellfish of Commencement Bay’s waterways and shorelines (EPA,
1993). The pollutants of most concern to humans and marine life are toxic
metals, PCBs, PAHs (polycyclic aromatic hydrocarbons, by-products from
combusted and uncombusted fossil fuels), and a variety of chemicals used
to make plastics. In many cases, pollution sources could be readily identi-
fied, increasing the chance they could be controlled or reduced.

¢ Ecology’s Urban Bay Action Team is directing activities to control pollu-

tion sources in Commencement Bay, and has confirmed 64 ongoing sources
of problem chemicals that drain to the Thea Foss, Wheeler-Osgood, Middle,
Sitcum and Hylebos waterways.

Hylebos Waterway: At the mouth of the Hylebos, the major problem
chemicals found in sediments are chlorinated organic compounds,
including PCBs. A broad range of sources contribute to contamination
in sediments at the head of the Hylebos including chemical companies,
log sorting yards, landfills in the vicinity of Hylebos Creek, and storm
drains. Three chemicals were selected as indicators of contamination:
arsenic, PAHs and PCBs. Chemical concentrations in approximately
381,000 cubic yards of sediment in this problem area do not meet
cleanup goals.

Thea Foss Waterway: Contamination in the sediments at the head of the
Thea Foss Waterway is attributed to storm drains, maritime industries
and electroplating facilities. PAHs, cadmium, lead and mercury were

selected as chemicals most likely to result in adverse biological effects.



Approximately 575,000 cubic yards of sediments in this problem area
were initially identified as needing cleanup. At the mouth of the Thea
Foss Waterway, contamination in sediments is attributed to petroleum
storage facilities and unknown sources.

Sitcum Waterway: Pollution from ore unloading facilities and storm
drains are responsible for sediment contamination in the Sitcum Water-
way. Copper and arsenic were chosen as chemicals with adverse bio-
logical effects.

¢ In the Commencement Bay South Tacoma Channel area, the source of
contaminants appears to be stormwater runoff from the city of Tacoma
storm sewers. At the Tacoma Landfill, the city of Tacoma operates a
groundwater extraction system that has removed and treated more than 645
million gallons of water since December 1992. The extraction system also
captures vinyl chloride contaminants at this site. '

Eagle Harbor: Wyckoff Company

¢ The Wyckoff facility, which operated between 1903 and 1988, was a wood
treatment facility located at the mouth of Eagle Harbor that used a creosote
pressure-treatment process. Creosote is made up of PAHs such as naphtha-
lene and benzo(a)pyrene. These operations contaminated the site with
PAHSs. Contamination is present in sediments, on beaches and in the soil.
To date, the EPA has removed approximately 20,000 tons of contaminated
material from the site.

* Bottom sediments in other parts of Eagle Harbor are also contaminated
with chemicals from wood treatment and shipyard operations, including
PAHSs and mercury. PAHs are predominant in east harbor sediments, while
mercury is the contaminant of primary concern in the west harbor. The U.S.
Army Corps of Engineers, under supervision of the EPA, has capped
(placed clean sandy materials on top of) the central harbor hot spot and
other heavily contaminated sediments in the east harbor. For the west har-
bor site, the EPA is negotiating an agreement for focused sampling, and
design and planning of the cleanup.

Elliott Bay: Harbor Island

¢ Petroleum products and tributyltin are the primary contaminants of con-
cern at Harbor Island. The federal Superfund statute does not address
petroleum, but it is included under Washington’s Model Toxics Control Act.
For this reason, the EPA placed Ecology in charge of cleaning up contamina-
tion associated with the three petroleum tank farms on Harbor Island.

Sinclair Inlet: Puget Sound Naval Shipyard and
Jackson Park Housing sites

¢ Site investigation studies are under way at these newly listed sites. In
addition, the Puget Sound Naval Shipyard has collected data that is being
evaluated to determine contamination levels and possible remedies.

Collectively, the ongoing and planned cleanup activities conducted under
the Superfund program will address highly contaminated sediment hot
spots presently identified in Puget Sound’s urban bays.

Additional Superfund sites within
the Puget Sound basin (final and
proposed)

The following sites are within the Puget Sound
basin and may directly affect marine water and
the quality of waters draining info Puget Sound,
as well as the heolth of populations (e.g.,
solmon, birds) within the Puget Sound basin.

Whatcom County

Northwest Transformer - Everson

Northwest Transformer (S. Harkness) - Everson
Snohomish County

Tulalip Londfill

King County

Pacific Car & Foundry Co. - Renton

Pacific Sound Resources - Seatfle

Queen City Farms - Maple Valley

Seattle Municipal Landfill (Kent Highlonds) -

Kent
Westem Processing Co., Inc. - Kent
Midwoy Londfill - Kent

Island County
Naval Air Station (Ault) - Whidbey Island*
Naval Air Stotion (Seaplane) - Whidbey Island*

Kitsap County
Bangor Noval Submarine Base - Silverdale™
Bangor Ordnance Disposol - Bremerton™
Naval Undersea Warfare Stafion (four areas) -
Keyport* -
Port Hadlock Detachment (USN) - Kitsap™

Pierce County
Americon Lake Gardens - Tacomo*
Fort Lewis Londfill No. 5 - Tocomo™
Fort Lewis Logistics Center - Tillicum™
Hidden Valley Landfill - Pierce County
Lakewood Site - Lakewood
McChord AFB Wash Rack - Tacomo™

*Denotes o federal facility
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Figure 10. 1992 PSAMP English sole monitoring
sites.
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Chemical Contamination of Fish

The Puget Sound Ambient Monitoring Program measures tissue contami-
nant levels in fish to evaluate the accumulation of contaminants in the
marine food web (PSWQA, 1988). Monitoring tissue contaminants also
helps determine the threat to human health from eating fish. The Washing-
ton Department of Fish and Wildlife (WDFW) monitors contaminants in six
species with differing habitats and diets to assess contamination in fish:
English sole (Pleuronectes vetulus), copper rockfish (Sebastes caurinus), quill-
back rockfish (S. maliger), chinook salmon (Oncorhynchus tshwawytscha),
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coho salmon (O. kisutch) and Pacific cod (Gadus macrocephalus).

English Sole

The WDFW sampled 18 sites throughout Puget Sound in 1992 (the most
recent data that have undergone quality assurance review and interpreta-
tion) (Figure 10). Analyses of the 1992 tissue contaminant data indicate that
statistically significant differences exist in the levels of all metals in liver and
muscle tissue at the different sites sampled (WDFW, in prep. a). However,
patterns of contamination were complex, and did not always reflect the
degree of urbanization. For example, arsenic, copper and mercury concen-
trations were significantly higher in muscle tissue of fish from Sinclair Inlet,
which is an urban embayment, than in tissue from the Strait of Georgia,
which is removed from urban areas. However, arsenic concentrations
found in fish from other urban embayments, such as Bellingham Harbor
and Commencement Bay, were significantly lower than in tissue from the
Strait of Juan de Fuca (Figure 11).

Figure 11. Arsenic in English sole muscle
tissue, 1992. (Mean orsenic concentrations
at sites connected by lines are not signifi-
cantly different.)
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Reference: WDFW, in prep. a

The concentration of metals in muscle and liver tissue of fish generally did
not seem to correlate with concentrations of metals found in sediments. A
relationship between concentrations of tissue contaminants and sediment
contaminants at a particular site might be expected in bottomfish and fish
that feed on benthic organisms. Metabolic activities within fish may remove
contaminants in areas with high levels of sediment contaminants, which
may explain the absence of a significant relationship. Fish are known to
regulate levels of copper, lead and other metals (Phillips and Rainbow,
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Figure 12. Average P(B levels in muscle tissve
from English sole of similar age (mean age =
5.1- 8.3 years). Average concentrations o
vrban sites are significantly different than aver-
ages of near- and non-urban sites.
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